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Foreword

Dear Readers,

With the mission to spread industrial culture worldwide, the World Manufacturing Foundation (WMF),
organises several activities, among which the World Manufacturing Forum, where this Report is presented
and discussed by the speakers from industry and academia. The WMF can be considered a dynamic platform
where representatives of countries, organisations, and institutions can exchange views and share their visions,
initiatives, and current activities addressing the evolving paradigms of manufacturing.

The Editorial Board of the World Manufacturing Report, composed of a selected group of experts, harnesses
its expertise and knowledge for the elaboration of the Report itself, which is also enriched by feedback and
suggestions from the international Advisory Board. The annual topic of the Report is aligned with that selected
for the Forum. In this regard, the past Reports are worth mentioning. The first World Manufacturing Forum
Report: Recommendations for the Future of Manufacturing, published in 2018, presented our vision for the future
of manufacturing. The 2019 World Manufacturing Forum Report: Skills for the Future of Manufacturing, analysed the
skills gaps phenomenon in the sector. The 2020 World Manufacturing Report: Manufacturing in the Age of Artificial
Intelligence provided insights on the successful and sound adoption of artificial intelligence in manufacturing.
The 2021 World Manufacturing Report: Digitally Enabled Circular Manufacturing highlighted the key potentialities
of the technological advancements in undertaking a circular transition. Last year, the 2022 World Manufacturing
Report: Redesigning Supply Chains in the New Era of Manufacturing analysed the key global megatrends and their
implications for manufacturing companies.

Thisyear’s Reportwill focus onthe New Business Models for the Manufacturing of the Future. The Report analysesthe
leading-edge trends driving innovation in manufacturing business models while exploiting digital advancements
to address economic, ecological and social needs. As tradition dictates, the World Manufacturing Report proposes
10 Key Recommendations. These recommendations represent suggestions for the manufacturing community
and society at large to advocate the undertaking of actions to move towards the creation of innovative and
sustainable business models, embarking on an ecological and digital transformation.

The World Manufacturing Foundation, through the World Manufacturing Report, commits to producing high-
quality and non-partisan content on major themes and issues in manufacturing. We hope that this whitepaper
will be useful for policymakers, for academia, and for society at large, to promote the redesigning of business
models fostering the ecological transition relying on the current technological advancement.

We thank the 2023 World Manufacturing Report Editorial Team and International Advisory Board for their
valuable contribution.

Prof. Marco Taisch Prof. David Romero
Scientific Chairman Scientific Vice-Chairman
World Manufacturing Foundation World Manufacturing Foundation
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Executive Summary

The 2023 World Manufacturing Report: New Business Models for the Manufacturing of the Future aims to depict
the key trends that are characterising the current economy and thus, indirectly, the manufacturing sector. To
address this purpose, a deep analysis has been conducted on both scientific and grey literature involving an
international panel of experts in the field. As a result, the identified trends suggested the establishment of six
potential business models by manufacturing companies. Through the analysis of the six business models, 10
Key Recommendations have been delineated to suggest how to be competitive in this changed economy while
covering the nine building blocks of the business models.

In the ever-evolving global manufacturing business landscape, manufacturing firms stand at a crucial juncture.
To thrive in the face of technological advancements, changing consumer demands, and environmental
considerations, manufacturers must individually and collectively embrace business model innovation. It is
time to reimagine and reshape the way the manufacturing sector operates to ensure sustainable growth and
resilience in the long run.

Among the key economic trends that the manufacturing sector is experiencing, it is worth mentioning digital
transformation. This transformation is leading to a widespread use of data and artificial intelligence algorithms
supporting the decision-making process in delineating the value propositions of manufacturing companies. In
this changed context, mass customisation is also spreading as a means of addressing customer needs. Inthe same
vein, servitisation is gaining momentum in manufacturing companies, supported by the increase in circularity
principles which are helping to outline sustainability-oriented business models.

Finally,the 10 Key Recommendations proposed have the intention of suggesting actions to be undertakentoface
the trends that are currently characterising the manufacturing sector. More precisely, the suggestions cover all
nine building blocks of business models. Among them, it is recommended that customer-centric innovation be
embraced, by relying on both sustainability principles and mass customisation to define the value proposition.
It is also suggested that new sales channels be created, customer relationships be improved by expanding
partnerships beyond today’s value chains, balancing key resources and exploiting Al and data analytics for new
revenue streams.
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Project Methodology

The World Manufacturing Report is an annual whitepaper discussing key trends in the manufacturing sector. This
year the focus has been directed towards innovative and sustainable business models that can take advantage
of the rapid technological advancement to face disruptive events impacting on manufacturing companies as well
as on the entire society.

The World Manufacturing Report was developed by a heterogeneous Editorial Team, in terms of gender and
country, and supported by the international Advisory Board composed of people from prestigious universities
and organisations. The Report was built upon the integration of sources retrieved from both scientific and grey
literature through an extensive review of the state of the art. This process led to the analysis of the main changes
delineating the key trends driving innovation in manufacturing companies’ business models and related key
implications.

Finally, the World Manufacturing Report, as for the past three years (2020-2022), includes a set of case studies
written by both scientific experts in the field and the Young Manufacturing Leaders. The latter were selected
as winners from among the Young Manufacturing Leaders participants in a dedicated call for papers. The
Young Manufacturing Leaders project, co-funded by the European Union under the EIT Manufacturing Initiative,
is a global network of students and young workers interested in a career in the manufacturing sector.

World Manufacturing Report 2023 7
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What is a manufacturing business

model?

In simple words, a manufacturing business model refers
to the way a manufacturer creates value and structures
its operations to transform raw materials and components
into finished products through a series of design,
production, and logistics processes to create and deliver
value to its customers as well as capture value for itself and
its stakeholders.

Business models are integral to a manufacturer’s success
and competitive edge as they provide a roadmap for
creating value, generating revenue, managing costs,
and adapting to a dynamic business environment®.
Manufacturing firms that strategically design and execute
innovative business models are better positioned for long-
term success?®,

A generic manufacturing business model can be described
in terms of nine key building blocks* that interact to
configure different organisational resources, activities,
and partners to create and deliver products and services
to one or more customer segments through the proper
channels and relations within a reasonable cost and
gaining acceptable revenue and profits. These building
blocks include (see Figure 1):

Customer segments that represent the different groups
of customers a manufacturing business serves with its
products and services. These customer groups could
include industrial clients, wholesalers, retailers, or end-
consumers. ldentifying and understanding the specific
needs and characteristics of each of these customer
groups is crucial for tailoring the manufacturer’s value
propositions accordingly and for effectively configuring the
required resources, activities, and partners for the design,
manufacturing, and delivery of such value propositions
through the proper channels.

The value proposition that stands for the unique value
(benefits) a manufacturing business can offer to its
customers in terms of new product designs and features,

superior quality and performance, mass customisation
or personalisation options, or other value-added factors
such as complementary services that set a manufacturer’s
products apart from those of its competitors.

Channels that determine the most effective ways to
reach and sell to customers. These channels might involve
direct sales, distribution through retailers, e-commerce
platforms,or partnerships with other businesses. Channels
also consider the supply chain and logistics aspects integral
for delivering complete and timely product orders.
Customer relationships that outline how a manufacturing
business will engage with its customers. This could include
customer support, warranty services, and other post-sales
interactions during a product’s middle- and end-of-life as
well as regular communications to understand and meet
evolving customer needs.

Revenue streams that specify the sources of revenue for
the manufacturing business. This could include product
sales, maintenance contracts, licensing fees, or any other
ancillary services that can contribute to the income
streams.

Key resources that account for the critical resources and
assets required to operate a manufacturing business from
raw materials to production facilities and equipment to
skilled labour.

Key activities that define the design, engineering, and
manufacturing processes needed to conceptualise and
develop a product.

Key partners that can enhance the manufacturing
capabilities of the business or provide access to key
resources and assets. These alliances might include
suppliers, distributors, or joint ventures.

Cost structure that outlines the major costs associated
with running a manufacturing business, including raw
materials, labour, facilities, distribution, and overhead
costs.

What is manufacturing business model

innovation?

Manufacturing business model innovation refers to the
process of strategically reimagining and redesigning one
or more of the nine building blocks of a manufacturing
firm’s business model and/or the architecture linking these

building blocks by looking at innovative ways of creating,
delivering, and capturing new forms of value, enhancing
competitiveness, and adapting to changing market and
consumer dynamics?. It involves a systematic and radical

World Manufacturing Report 2023 9



Figure 1

Key Partners
The Business Model
Canvas

Cost Structure

departure from traditional manufacturing approaches,
encompassing significant changes in how a manufacturer
designs, produces, sells, and supports its products along
their lifecycles.

Key areas for manufacturing business model innovation
related to the nine building blocks of a generic
manufacturing business model include but are not limited
to:

New customer-centricity approaches place a strong
emphasis on understanding and meeting the targeted
customer segments’ needs and engaging customers in
value co-creation and co-innovation activities to ensure
that the offered products and services align with their
expectations.

New value propositions focus on creating new mass-
customised or personalised sustainable products,
enhancing existing ones with new sustainable and smart
features, or providing additional services to these to better
meet evolving customer needs.

New sales channels such as online marketplaces and
social media channels sell directly to consumers and
bypass traditional retail channels, thus leading to better
shopping experiences.

Key Activities Value

Key Resources '

Customer
Segments

Customer

Propositions Relationship

Channels

Revenue Streams

New customer relationships prioritise the customer
through  distinctive  loyalty = programmes, special
promotions, and unique shopping experiences, tailored
with customer data insights, which demonstrate a deeper
understanding of customer pains.

New revenue streams beyond selling physical products
explore new recurring income sources based on
the offering of services and solutions, for instance,
maintenance, upgrades, and performance-based contracts
as well as leveraging data monetisation opportunities.
New resources management practices based on the
circular economy principles minimise the impact of finite
resource consumption and create truly sustainable
business models and value propositions.

New activities optimisation efforts enhance efficiency,
boost productivity, minimise waste, reduce costs, and
improve product quality.

New partnership schemes based on collaborations with
other manufacturers, suppliers, or even competitors
create synergies and unlock new value propositions by
integrating complementary products and/or services.
New cost structures analyse and better manage the
various costs incurred in the design, manufacturing, and
delivery of products and services to enhance profitability.

Why does manufacturing business
model innovation matter?

“Today’s competition among (manufacturing) enterprises
is no longer between products, but between business
models.”” Peter Drucker

According to EY’, manufacturers seeking a competitive

10 World Manufacturing Report 2023

edge cannolonger depend on product-centricinnovations.
They must develop business model innovations to create,
deliver, and capture value in new ways. For decades,
manufacturing business models have largely focused on



incremental growth through product improvement or
market expansion. However, stagnating economic growth,
global market disruptions, and diminishing returns from
incremental product and process improvements are
challenging manufacturers. In response, manufacturers
need to broaden their innovation efforts beyond the
customer segments and value proposition building
blocks of their business models. Not doing so can create
opportunities for competitors willing to capitalise on
evolving customer needs and market dynamics.
Manufacturing business model innovations offer an
important opportunity for manufacturing businesses
to transform and upgrade their value propositions and
operating models to adopt the sustainable business models
being demanded by our planet, growing environmentally
conscious consumers, and increasing environmental
regulations®.

Manufacturing business model innovations are a solid
way to create value for customers and stakeholders by
discovering new customer needs, new customer segments,
and new profit-making methods?’. Manufacturing business
model innovations allow manufacturers to acquire and
realign their existing assets and capabilities to better
create and deliver their future value propositions™©.

Key reasonswhy manufacturing business model innovation
matters include*:

Competitive advantage as innovation in a manufacturing
firm’s business model differentiates the business from its
competitors by offering unique products or services, or
better customer experiences.

Cost efficiency and operational excellence as business
model innovation often involves finding new ways to
optimise processes, reduce costs, and enhance operational
efficiency. This can lead to cost savings in manufacturing
processes, supply chain management, and overall
operations, making the manufacturing business more
financially sustainable.

Adaptation to technological advances facilitates
and enables a manufacturing business to innovate its
production processes and stay relevant in the market.

Flexibility and responsiveness allow a manufacturing
business to deal with changes in market conditions,
customer preferences, and regulatory requirements.

Customer-centricity approaches for innovating in the
offering of value propositions based on mass-customised
and/or personalised products, efficient after-sales
services, and new distribution channels that better serve
the needs of customers.

Sustainability and environmental considerations will
push manufacturing businesses towards more sustainable
and innovative practices for reducing waste, using
eco-friendly materials, and adopting energy-efficient
processes.

New income sources will open new, innovative avenues
for generating revenue by introducing complementary
products or services, entering new markets, or establishing
strategic partnerships that create additional sources of
income.

Risk mitigation as diversifying or differentiating the
business model of amanufacturing firm through innovation
can help mitigate risks associated with economic
downturns, changes in consumer behaviour, or disruptions
in the supply chain.

Talent attraction and retention since a forward-thinking
and innovative business model can make a manufacturing
firm more attractive to top talent.

Market Expansion as business model innovation can
offer differentiated strategies for entering new markets,
adapting to diverse cultural and regulatory environments,
and effectively managing international supply chains.

In summary, manufacturing business model innovation is
vital for manufacturing businesses to stay competitive,
adapt to changing environments, and create sustainable
growth in the dynamic landscape of the sector. It will
allow manufacturing firms to align with market trends,
technological advancements, and customer expectations,
positioning them for long-term success.

How does manufacturing business
model innovation impact the sector?

Manufacturing business model innovation can have
a profound influence on the sector by bringing about
positive changes in various aspects such as!? 3

Enhanced customer experience by easing customers’
journeys from ordering to post-sale support and feedback
mechanisms.

Customisation and flexibility by offering mass-
customised and/or personalised products or quickly

adapting production processes in response to market
changes.

Efficiency and productivity improvement through the
adoption of new technologies and innovative processes
can lead to significant improvements in efficiency and
productivity.
Costreduction by optimisingthe supply chain,streamlining
processes, or finding more cost-effective materials.

World Manufacturing Report 2023 11



Supply chain optimisation through the integration of
digital technologies for real-time monitoring, predictive
maintenance, and demand forecasting, leading to better
inventory management and reduced lead times.
Sustainable practices in raw materials, energy and water
usage, and waste reduction to meet the growing demand
for sustainable products.

Digital transformation through the integration of digital
technologies, such as the Industrial Internet of Things
(lloT), big data analytics, and artificial intelligence can
transform traditional manufacturing processes.
Servitisation by shifting manufacturers from a product-
centric modelto aservice-oriented model that involves not
just selling products but offering additional services, such
as maintenance, updates, or performance monitoring. This

can provide a steady revenue stream and build long-term
customer relationships.

Collaborative ecosystems where resources, knowledge,
and capabilities can be shared to foster innovation and
mutual growth.

Rapid prototyping embraces an iterative development
to bring new products faster to the market in response to
changing customer preferences and market dynamics.
Risk management as a common practice in innovation
efforts to diversify product offerings, markets, or suppliers
to reduce vulnerability to disruptions.

In summary, manufacturing business model innovation
can lead to a more agile, efficient, and sustainable sector
by embracing new digital technologies and rethinking
traditional manufacturing in an ever-evolving global market.

What are the challenges of
manufacturing business model

innovation?

While manufacturing business model innovation can
bring about positive changes as discussed, it also comes
with its set of challenges. Here are some common hurdles
that manufacturing firms may face when attempting to
innovate their business models'**:

Resistance to change is one of the primary challenges to
manufacturing business model innovation as employees
may be hesitant to adopt new technologies or ways of
working.

High initial costs that come with the implementation
of new technologies or processes that can require a
significant upfront investment.

Integration with legacy systems as new technologies may
not be easily compatible.

Skills gaps as the adoption of advanced technologies may
require new skill sets not available in the workforce.

Data security concerns as production equipment
becomes more connected through the Internet of Things
(loT) and other digital technologies, there are increased
concerns about cyber threats.

Regulatory compliance as new business models may
require manufacturing firms to navigate complex

12 World Manufacturing Report 2023

regulatory landscapes, which can slow down the pace of
innovation.

Uncertain return on investment (ROI) as manufacturing
firms may hesitate to invest in new technologies without a
clear understanding of the long-term benefits and financial
returns.

Cultural shift towards a true culture of innovation can be
difficult since it requires not only changes in processes and
technologies but also a shift in the organisational mindset,
embracing experimentation, learning from failures, and
continuous improvement.

Lack of standardisation can complicate the adoption
process of new technologies.

Market acceptance when introducing new products or
services through innovative business models may face
challenges in gaining customers’ and partners’ acceptance.
Long implementation timelines as significant changes in
business models can take time.

Overcoming these challenges requires strategic planning,
effective change management, and a commitment to
fostering a culture of innovation within a manufacturing firm.



Call for Action for manufacturers in
regard to manufacturing business

model innovation

In the ever-evolving global manufacturing business
landscape, manufacturing firms stand at a crucial juncture.
To thrive in the face of technological advancements,
changing consumer demands, and environmental
considerations, manufacturers must individually and
collectively embrace business model innovation. It is time
to reimagine and reshape the way the manufacturing
sector operates to ensure sustainable growth and
resilience in the long run.

This year’s World Manufacturing Report analyses different
business model innovation paths for manufacturing firms
oriented towards digital, data-driven, Al-based, mass-
customisation, servitised, and circular business models
under the light of the digital economy. It aims to present
relevant facts and figures and business model archetypes to
motivate manufacturers to innovate their business models.

World Manufacturing Report 2023 13
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Innovation Trends

Digital economy: from a physical
economy to a digital economy

The digital economy is transforming
manufacturing

The concept of the digital economy encompasses the
advancements offered by digital technologies to society.
It originates from previous information and knowledge-
based economies, where increased information availability
and human knowledge contributed to economic growth.
However, it distinguishes itself from these preceding
economic eras by intensively utilising at least four base
digital technologies: Internet of Things (loT), Cloud
computing, Big Data, and Analytics (e.g. Business
Intelligence and Artificial Intelligence)®.

These technologies can significantly enhance the
intelligence and autonomy of systems that operate
machinery, equipment, and final products. By harnessing
these cutting-edge technologies, companies are
effectively narrowing the gap between physical and virtual
environments, giving rise to cyber-physical systems that
rely on these fundamental digital tools. In this context,
the digital transformation represents the outcome of
the digital economy, marking the progress achieved by
implementing these digital technologies to advance cyber-
physical systems.

The results of this transformation are indeed remarkable,
with the global digital transformation market size
estimated at USD 752.17 billion in 2022 and projected
to exceed USD 7,033.01 billion by 2032, experiencing
significant growth at an impressive Compound Annual
Growth Rate of 25.1% from 2023 to 2032V (Figure 2).

Figure 2

Trends in the digital transformation
market worldwide

(Source: Precedence 2023)
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Furthermore, these technologies pave the way
for integrating new technologies such as additive
manufacturing, advanced robotics, digital twins, and an
array of digital solutions for various business operations.
In this sense, manufacturing companies have directed their
investments towards various digital solutions to enhance
theiroperations,asillustratedinarecentreportby Deloitte'®
highlighting the most heavily invested technologies within
the digital economy (Figure 3). Estimations point out that
today’s market size (2023) for digital transformation in
manufacturing worldwide is around USD 307.87 billion,
while the projections for the next five years suggest that it
will grow to USD 733.75 billion'?.

Figure 3

Focus on current investments in
manufacturing technologies

(Source: Deloitte 2023)
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The impressive growth of such investments in
manufacturing points out how the digital economy is
transforming manufacturing. Such transformations can
be witnessed in front- and back-end manufacturing
activities. In the front-end activities, new solutions are
being offered to the market. Smart connected products,
new digital services that complement product sales, and
new forms of product commercialisation such as product-
as-a-service are examples of this front-end transformation
pushed by implementing digital technologies. As a result,
the manufacturing focus is not only on physical products,
but also digital solutions related to such products®.
On the other hand, investments in digital transformation
are also transforming back-end activities, ie. the
operational manufacturing activities necessary to provide
products and services. This includes implementing
technologies to achieve more intelligent manufacturing
systems, using digital tools to support workers and provide
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upskilling or reskilling in front of their new necessary
capabilities, or better integrating suppliers and external
business partners by sharing real-time data across the
companies’ boundaries?™.

Digital business model example

An illustrative case of how manufacturing companies
are transforming front- and back-end activities is that of
WEG Motors, as the company is investing significantly
in digitalisation to become a leader in its market through
the intense use of digital technologies. WEG is a Brazilian
multinationalmanufacturerspecialisinginindustrialelectric
systems, including engines, transformers, and industrial
appliances. WEG has embraced the evolving digital
economy, steering its traditional manufacturing business
model towards a digital-centric approach, consequently
positioning itself as Brazil's most digitally advanced
industrial company. To achieve this transformation, the
company established an ecosystem of digital providers
and strategically acquired companies like BirminD, a
start-up specialising in Al solutions. These initiatives
empowered WEG to cultivate new digital competencies
in Industrial 10T, cloud solutions, and artificial intelligence.
This strategic shift culminated in the development of a
novel product portfolio known as ‘WEG digital solutions’??,
offering loT and cloud-based solutions for monitoring and
enhancing electric motors. Additionally, WEG harnessed Al
solutions to analyse engine data, enabling them to simulate
plant modifications®®. Furthermore, the company made

significant strides in digitising its internal operations within
the manufacturing process. They pioneered by becoming
one of the first industrial pilots to implement a private
5G network within their plant operations?. As a result of
such efforts, WEG joined the top-20 ranking of electric
motor manufacturers in the world and is one of the most
profitable industrial companies in South America. This
case exemplifies how embracing digital transformation
can project a traditional manufacturing enterprise into a
leadership position in the global digital economy landscape.

How nations are embracing the digital
economy

The digital economy is not solely a technological
phenomenon; it is the result of nationwide efforts
undertaken by countries aiming to promote digital
transformation as a core component of their industrial
competitiveness. In the 2010s, leading nations such as
the United States, Germany, China, and Japan initiated
industrial policies and programmes to encourage the
adoption of digital technologies in manufacturing®.
Programmes like Industrie 4.0 (Germany), Made in China
2025 (China), and Manufacturing USA (United States),
were designed to formulate various strategies to enhance
the competitiveness of national manufacturingthrough the
use of advanced digital technologies. These initial efforts
quickly spread worldwide through national programmes
aimed at embracing the digital economy, as illustrated in
the study by Vope Rodrigues et al?. (see Figure 4).

INDUSTRIE 4.0
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Figure 4

Global government
initiatives for Industry 4.0

(Source: Rodrigues et al. 2021)
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Such efforts have placed countries in significantly different
positions regarding their digitalisation score compared to
their GDP per capita, as demonstrated in BloombergNEF's
study?’ (Figure 5). These findings highlight the existence
of a virtuous cycle. National investments in digital
transformation, primarily driven by government policies,
influence the national industry, which results in increased
prosperity.

Figure 5

National digitalization ranking

(Source: BloombergNEF 2019)
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While the scale of investments varies from country to
country, several key initiatives stand out. First, the most
fundamental way to promote the digital economy is by
allocating public resources to encourage technology
adoption in industrial sectors or to support consumers in
acquiringnewdigitally connected products, thusincreasing
demand (e.g. electric cars, digital services, etc.). This can
take the form of direct funding for technology adoption
or through taxation programmes. Second, governments
actively promote research and development (R&D) and
the commercial development of new digital technologies
throughinnovationfunds andtestbed projects. Third, many
countries focus on creating technology demonstrators,
including laboratories and factory showcases, similar to
those promoted by the German Industrie 4.0 platform.
These types of initiatives are summarised below:

- Direct Public Investments: These investments aim
to provide companies with resources for technology
acquisition, facilitate accelerating start-ups working on
digital technologies, and improve infrastructure elements
such as 5G networks, data regulation, and standards.
Their primary goal is to implement new technologies and
enhance the manufacturing sector.

- R&D Incentives: These initiatives allocate resources and
programmes to foster the development of testbed projects
within research labs and companies. Their primary focus is
advancing emerging technologies, supporting innovative
projects, and encouraging patent creation.

- Development of Technology Demonstrators:

These incentives are geared towards creating factory
lighthouses, business showcases, and learning labs. They
serve the purpose of cultivating business awareness and
facilitating learning about new technologies.

One of the persistent challenges in promoting the digital
economy revolves around engaging small and medium-
sized enterprises (SMEs)?. Companies often perceive
digital transformation technologies as requiring substantial
investments, which can deter SMEs from showing interest
orembracing them. While this perception holds some truth,
as large software and hardware vendors develop many
technology solutions for large companies, it is important
to note that the landscape is evolving. There's a growing
market for SMEs with an increasing number of tailored
solutions, often delivered as service-oriented offerings?’.
Moreover, there are misconceptions within the digital
economy about the necessity of significant investments.
Many cost-effective solutions, such as plug-and-play loT
monitoring systems for small operations, have proven
effective for SMEs®°. Consequently, numerous government
initiatives have emerged to support SMEs in bridging this
digital gap in recent years. These initiatives have two
purposes: creating market opportunities for technology
providers catering to SMEs and raising technology
awareness among SME entrepreneurs and business
professionals. This concerted effort aims to foster greater
engagement from these types of companies.

Another challenge for the digital economy and countries’
policy programmes and initiatives is developing the new
skills required for workers®. The introduction of digital
technologies in manufacturing is creating knowledge
and skills gaps. There is a need for more cognitive than
manual tasks, as workers need to operate automated
and digitalised equipment, producing a data-driven
environment. Decision-making is changing to a data-
driven base that tends to substitute the pure experience
of the workers®2. This changes the worker profile and
even the job positions required in manufacturing. New
demands for hardware and software programmers and
operators of emerging technologies in manufacturing, like
drones, cobots, and 3D printers, are growing worldwide.
Accordingto RAND Europe’s report estimations®,as much
as USD 11.5 trillion of cumulative GDP growth is at risk in
G20 countries if such digital skills gaps are not addressed
soon. Thus, new training programmes aligned with digital
skills are necessary to transform manufacturing. However,
government initiatives are insufficient, and companies
need to develop their training programmes to overcome
the challenges of skills gaps.
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Finally, a last challenge in the digital economy and for
manufacturing firms is conciliating digital initiatives
with the emerging ‘green economy’. The United Nations
Environment Programme®* defines the green economy
as a low-carbon, resource-efficient, and socially inclusive
economy. This transition to the green economy will
demand alignments in manufacturing activities to create
sustainable production and consumption. In this sense, the
digital economy should meet the green economy through
the focus on using technologies not only for productivity
but also for environmental and social benefits.

Digital technologies in manufacturing
activities

The trend in this convergence between the digital and
green economy is so strong that some studies indicate an
expected market size of green digital technologies of USD
38.15 billion by 2027, rising at a market growth of 22.5%
Compound Annual Growth Rate®. This growing trend is
shown in Figure 6, which evidences the big opportunities
to integrate digital technologies with sustainability.

Figure 6

Green technology and sustainability
market size by technology

(Source: KBV research 2021)
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a by-product to data as a product

Data economy context

The fourth industrial revolution is known for its huge
impact onthe transformation of manufacturing companies,
whichare integrating new technologies in their production
and processes to improve their performance and resist
the increasing market competition. One of the pivotal
characteristics of the Industry 4.0 transformation is the
capability of generating and collecting unprecedented
quantities of data that companies can use to increase their
knowledge of their processes, customers, and competitors.
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Even though the use of datain companies is not something
new in general, following the fourth industrial revolution
and the possibility of collecting data through sources like
sensors, web traffic, digital apps, or smart products, and
share them easily for analysis increased the attention
of manufacturing companies towards this topic and the
possibility of consistently using datafor business purposes.

The spread of data availability gave birth to the concept
of the Data Economy, where companies use data as a
central means of creating value. New, data-based value
propositions are defined that aim at generating revenue
streams based on the sale and use of data or the insights
gathered from it. Such business models, centred upon
data for revenue generation, are known as Data-Driven
Business Models (DDBM).

Today,dataisassumingeven greaterimportance, becoming
avitalandindispensable element for businesses. According
to Brownlow et al. (2015)%¢, data-driven approaches can
enhance the company output and productivity in a range
of 5 to 6 percent compared to non-data-driven ones. A
survey of the Harvard Business Review further attributed
data-driven organisations with an increase in product
and service innovations, operational efficiency, customer
retention and profitability, just to name a few®’.

Despite this, just collecting and storing or selling data is
often not sufficient to generate business value. Companies
need clear strategies to exploit and monetise data other
than through simple sales. This is why DDBMs are closely
linked to concepts like data-as-a-service, analytics-as-a-
service or equipment-as-a-service based on the way data
is wrapped around products, services or sold standalone
to customers, in araw or elaborated form.

Data-Driven Business Model definition

In terms of definition, Hartmann et al. (2014)% define the
DDBM as “a business model that relies on data as a key
resource’, while Kiihne et al. (2018)%? explicitly reference
the value proposition providing this definition of DDBM:
‘A data-driven business model relies on data as the main
resource and data is necessarily required for the value
proposition”.

In this kind of business model, data drives company
decisions at all levels (e.g. strategical, tactical, and
operational) in a ‘proactive’ manner. Thus, data is not used
as a ‘reactive’ instrument but contributes to anticipating
trendsand problems, allowing companiesto make informed
decisions able to maximise value while minimising negative
effects. DDBMs are useful because they allow companies
to get closer to customers, fostering tailor-made decisions
in terms of products and services offered, aligned to the
actual needs of the customers. In this sense, they foster
the transition from a pure, product-based, transactional



relationship, to a relational one, where providers and
customers become business partners with the common
interest of maximising each other’s value.

In summary, DDBMs are business models built around the
concept of data as a central means of creating connections
with the customers and mutually generating value (e.g.
through promotion, pricing, sales, and delivery).

Figure 7

Benefits and challenges in Data-Driven
Business Models
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Internal opportunities

Processimprovement andoperational efficiency areamong
the most pursued objectives for internal data utilisation.
The collection and analysis of data on operational activities
that characterise production processes could be used to
study average execution times, deviations, critical stages,
and misalignments between activities. By using suchdatain
the correct way, internal processes could be re-engineered
to reduce problems and waste (both time-related and
cost-related) to improve performance and guarantee a
faster response to the market, while increasing general
efficiency and reducing execution costs. In other words,
this would mean increasing the workers’ morale, leading to
higher productivity and satisfaction through a better and
safer work environment.

Moreover, data can be used to improve the management
of all the business processes associated with internal
operations (e.g. inbound logistics) with improved
coordination of the supply chain required for production.
Data can also be used to make decisions at different
horizon times, ranging from short-term, day-by-day,
decisions (operational level) tolong-termones (strategical).
Specifically, the level of aggregation to which data is used
allows different use cases to be defined and provides the

Data-Driven Business Model benefits

Companies can use data to introduce incremental
improvements and/or optimise business processes and
services. Also,data can be used to support the instantiation
of new value propositions. In the following, internal and
external opportunities will be discussed (see Figure 7).

l Data regulation (e.g. GDPR) l

l Data identification strategy l

l Data collection methodology l

l Data trustworthiness l

l Data completeness l

l Data literacy l

saguajjeyd

[ Data age ]

l Skills for analysis l

l Domain knowledge l

l Data i and ing costs l

different actors with the granularity they need to make
decisions.

External opportunities

DDBMs are not only oriented to generate internal
improvements but also to allow companies to improve the
offering marketed to customers, being that focused on
one (or more) product(s) or service(s). The collection and
analysisof datafromthe market and the customer(s) allows
companies to delve into the habits and most important
trends and/or gaps that must be addressed. Data-driven
companies, by analysing data, have the possibility of
customising their offerings based on the necessities of the
single customer, allowing them to create a greater sense
of intimacy and nurturing prolonged relationships, locking
in the customers for longer periods while locking out
competitors. Such customisation can be associated with a
product (e.g. in terms of design and/or functionalities) or,
more frequently, with the service offering associated with
the product. Forinstance, adeeper knowledge of customer
habits in terms of product usage, might favour the offering
of specific training or consultancy on how to use products.
In turn, this results in a higher competitive advantage in
the market and an enhanced reputation, favouring the
attraction of new customers.
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By analysing aggregated customer data and data collected
from other sources, companies might be able to identify
new opportunities of which they may not have been aware
before. For instance, new market segments, or common
customisation requests could be isolated and used to
launch new products or services onthe market anticipating
the competitors.

Typologies of users

According to Bulger et al. (2014)* three main
organisational roles can beidentified in DDBMs: data users,
data suppliers, and data facilitators. These three typologies
have different characteristics and scopes, but they all rely
on data to make decisions and generate value.

Data users tend to use data (collected from customers or
bought from third parties - i.e. data suppliers) and analyse
them to make business decisions. These are either related
to internal processes (e.g. production planning), network
(e.g. supplier selection), portfolio (e.g. new/update product
or service), and others. The main question to answer for
data users is “Which data are available? How can we create
value from the data?”

As the name suggests, Data suppliers are focused on
generating and selling data to other actors. Data are
sold, in a raw or aggregated form. Companies that are
classified under the umbrella of Data suppliers are not only
those who generate and sell data but also those that act
as intermediaries collect data from multiple sources. For
such companies, the main questions to answer are “What
is the business value of data? Who is interested in the
data? How can we gain certain data? How should the data
be delivered?”.

Finally, Data facilitators represent companies that support
other companies in making the right use of data and
generate value from the analyses. Companies provide
the competencies to extract useful information and
knowledge from collected (or bought) data. Offering data
literacy or analytics-as-a-service helps others to become
data-driven decision-makers. Questions to answer are:
“Which information is needed? How is domain knowledge
reflected in data?”

Typologies of data and potential challenges

While increasing amounts of data are generated, data
users need to understand what typologies of data are
available and who owns them. The ownership of data is, in
fact, one of the pivotal themes of discussion for companies
who want to become data-driven and make (internal)
decisions or offer services based on data.

In general, First-party data are those directly collected from
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the customers. Such data can contain personal information
that could be used to identify the customer and should be
treated according to community regulations.

Second-party data are collected with the help of other
companies (e.g. support from marketing vendors)
through clear and shared methodologies and scopes. The
ownership of such data is in a grey zone (the company
that collected the data or the one that commissioned the
collection?). Contractual agreements must be defined to
regulate the ownership and business exploitation.

Then, Third-party data represent the last typology, where
the data collection processis not always clear and, thus, data
might have a lower level of trust compared to the first two
types, depending on the company that performed the data
collection. This kind of data might derive from web-scraping
activities or other means of collection and processing.
When buying such data, the users get results but not always
details on sampling methods and other aspects.

The use of data-driven approaches and the construction
of DDBMs can benefit companies of all sizes thanks to the
possibility of defining new revenue streams and getting
closer to the customers. While DDBMs envision multiple
benefits for companies embracing them, it must be
clarified that some challenges must be addressed before
marketing data-driven offerings. Among these, three
macro-categories can be identified: i) how to collect data,
i) how to manage and process data, iii) how to use data
correctly. In fact, if these challenges are not addressed in
the proper manner, companies are risking incurring losses
instead of benefits.

Regarding data collection, companies must understand
what datais necessary to collect and process, defining why
they are important and what scope they serve. Without
a clear purpose for collection, the risk is to collect and
store non-useful data, generating avoidable costs for
the company. Moreover, the lack of a purpose for data
collection might result in the non-collection of critical
typologies of data that might support, if well managed,
processed and used, important business decisions at
strategic, tactical, and operational levels. Linked to this, the
theme of the trustworthiness of the data origin must be
addressed. Companies must ensure that the instruments
and tools used for data collection and transmission are
reliable. Missing data or data wrongly sampled could
favour misinterpretation of the real situation, forcing
unfavourable business decisions. Another aspect that
should be takenintoaccountisif,and how, other companies
decide to share data, both internally and externally. The
access to specific typologies of data for collection might
be critical to enable the delivery of the promised services.
For instance, the unavailability of operational data might
prevent the delivery of remote monitoring and predictive



maintenance services. Data sharing decisions are human-
based and have acriticalimpact on the following processing
and use phases.

Regarding data management and processing, companies
must ensure that data are not decontextualised when
merged or transferred from one place to another.
Decontextualising data might lead to misuse and lead to
a misunderstanding of their meaning, leading to incorrect
decisions that might negatively affect the business. In
addition, also the age of data must be considered. Old data
might not be useful for making decisions for the future.
Thus, it is always necessary to verify that data stored and
processed are accurate enough to be used in support
of business decisions. In addition, one of the pivotal
requirements for companies which intend to embark on
DDBM adoption and generate value through data, is the
presence of personnel with technical skills who are able to
make use of data in a proper way. If not present internally,
companies must rely on partners providing such skills for
data management and processing, able to synthetise data
and present them in a form suited for decision-making
support. It is also important that data analysts and data
scientists working on data have domain knowledge or are
in contact with employees who can provide directions on
the underlying meaning of the data under analysis, so as
to ensure the correct interpretation of data before their
elaboration. While this might be a cost for the company, it
is fundamental for the correctness of the analysis.

Regarding data usage, companies must address the
problem of the cost of collecting, cleaning, managing, and
analysing data to make decisions. Thus, companies must
understand if the value created by the data is higher than
the cost required for its collection, preparation, and use.
In some cases, also at managerial level, coding skills might
be helpful to understand how some results have been
obtained or to perform additional analyses. At managerial
level, domain knowledge is useful to understand how
to extract value from data, give directions on model
development and identify opportunities and threats
after data processing. Also, managerial expertise helps in
defining where additional useful data might be retrieved
or purchased.

On a more general level, companies must take into
account also political regulation on data collection and
management established at national and international
level. For instance, data management in the EU must be
aligned with the requirements of the GDPR, while for
other regions of the world, data management regulations
aredifferent. This is especially important when it comes to
privacy and personal data issues. Thus, companies must
ensure that data collection, management, processing, and
usage are aligned with the regulations of the country in
which they are operating with the DDBM.

Examples of Data-Driven Business Models

Among the most discussed services linked to DDBM and
data analysis is predictive maintenance, which bases its
selling proposition on the possibility of forecasting future
failures and acting before breakdowns take place toreduce
productivity losses and avoid prolonged stops. This kind
of approach has several advantages, including reduced
downtime of the machine (e.g. just the time required for
fixing or adjustment of the problematic part), extended
product lifecycle (e.g. anticipating failure to avoid critical
damage to the whole product), reduced maintenance
costs (e.g. few spare parts to use and/or components to
substitute, scheduled interventions), improved safety
(e.g. the works can use a reliable product and the risk for
unexpected failures and injuries is reduced). All these
benefits lead to higher productivity for the customers.

Frequently, predictive maintenance is associated with
remote monitoring offerings, where the provider supports
the product user in improving the performance of the
product. As said, being strictly connected to predictive
maintenance, the provider can warn the user about
incoming problems and about the health status of the
product. Travelling costs can be reduced, as well as the
environmental impact of travel. Customer service is
enhanced, since the provider is committed to helping the
user to perform at their best and is available for support
remotely and, when necessary, on site.

The following are some examples of manufacturing
companies working with DDBMs. The exemplary cases
listed will show how DDBMs can be applied to improve
and address various areas of the manufacturing value
chain, ranging from internal decisions to product and
service improvement.

Siemens uses data to develop new products and services,
optimise its manufacturing processes, and improve
its customer relationships. For example, Siemens’ loT
platform is used to help customers improve the energy
efficiency of their buildings and factories.

Airbus uses digital twins of the aircrafts to improve the
design as well as the production process. This results in
reduced design time (thanks to simulation that allow the
covering and comparing of different scenarios) as well as
the optimisation of fuel consumption during flight.

Toyota enhances the application of the Toyota Production
System (TPS) through the collection and analysis of data to
minimise waste, enhance quality, and maximise efficiency.

Tesla uses data from its sensors and cameras to monitor
the production process and identify improvement areas -
for instance, to optimise the placement of robots on the
assembly lines.
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Rolls-Royce collects data from its engines in the field and
uses it to monitor their behaviour and health status and,
based on that, schedule customised maintenance plans.

Ford uses data-driven approaches to enhance its
manufacturing processes and improve vehicle design.
Not only that, but data collected from the field are used
to provide customers with real-time diagnostics and
maintenance alerts.

IBM acts as a data facilitator using Al and data analytics,
supporting companies in developing cloud platforms,
models, and algorithms to be used for predictive
maintenance, quality control, and supply chain
optimisation.

Procter & Gamble (P&G) uses data analytics to optimise
its supply chain and create tailor-made offerings for
customers, thus having a higher control over demand
forecasting and product development.

Trumpfis using data-driven optimisation in their new ‘pay-
per-part’ business model. Instead of buying an asset, the
customer pays for the generated output (lasered metal
parts). The main business value is the increased efficiency
gained from the data-driven optimisation of the operation
for which Trumpf is responsible but also rewarded.

Questions to address before moving to a
Data-Driven Business Model

What do we want to achieve by using data?

Many organisations understand the potential value of
data, but they don't always have a clear plan for how to
use it. This can lead to wasting a considerable amount of
time on useless activities, resulting in unnecessary costs
and misuse of resources that could instead be dedicated
to other productive activities. Organisations must take
the time to define their specific goals before they start
collecting and analysing data, so that they can be more
efficient and effective in these tasks. They will also be more
likely to achieve their desired results.

What is our desired offering?

Companies need to decide if their DDBM will either
improve their current offerings or create new ones.
Companies can have multiple offerings, and established
ones tend to have a variety of products or services
where often data is used to improve the current ones.
As explained, data can be offered in a raw or elaborated
format, and the output of data analytics typically includes
insights or applications into customer behaviour,
preferences, and needs that can be used in a variety of
ways to improve customer offerings (e.g. develop new
products or services), as discussed in Chapter 3 (Data-
Driven Business Models section).
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What data do we require and how we are going to acquire it?
Companies need to be strategic about the data they use in
their DDBM. They should focus ononly collecting data that
are relevant to their business goals and that can be used
to improve their customer offerings. Companies should
also consider how they will acquire the data they need.
For instance, by generating their own data internally or
obtaining them from external sources. They can generate
data manually, through sensors and tracking tools, or
through crowdsourcing.

In what ways are we going to process and apply these data?
Data processing methods reveal the true value of data.
Companies need to know which key activities they will
use to process data so that they can plan accordingly and
make sure they have the necessary hardware, software,
and skilled employees. Data analytics is used to generate
insights from data. Analytics can be subdivided into three
categories: a) Descriptive analytics: explains the past,
b) Predictive analytics: predicts future outcomes, and
¢) Prescriptive analytics: predicts future outcomes and
suggests decisions.

How are we going to monetise it?

Companies need to have a clear goal and quantifiable
benefits in mind before they build and implement a DDBM.
For instance, this involves having a clear understanding of
the goals of the DDBM and how it will be used to generate
revenue. There are many different ways that businesses
can generate revenue from a DDBM (e.g. new products/
services). Companies can also generate revenue from their
DDBM by selling data or data-powered insights to other
businesses, acting not only as data users but also as data
suppliers or data facilitators. It is important to note that
not all DDBMs are designed to generate revenue directly.
Some DDBMs are designed to improve internal processes
or make better decisions thus improving financial
performance by reducing costs. Overall, a revenue model
is an essential part of any successful DDBM. By having a
clear understanding of how they will generate revenue
from their DDBM, businesses can ensure that it is a
worthwhile investment.

What are the barriers to accomplishing the goal?

While many benefits can be identified, companies must also
find ways to overcome the frequent barriers that might
prevent an effective application of the DDBM. Among
these barriers, it is possible to find cultural problems,
personal issues, value perception, data availability and
accessibility, data quality and integrity, data and analytical
skills, departmental collaboration issues, legal challenges,
data privacy obstacles, resource and hardware issues,
practicality issues.



Artificial Intelligence economy:
from human intelligence systems
to artificial intelligénce systems

Artificial Intelligence market size and trend in
manufacturing

According to market research carried out by Precedence
Research and Market Research Future, the global market
for Artificial Intelligence in manufacturing is expected to
grow by 2025 at a CAGR of 33.5%., hit 30+ billion USD by
2030 and increase 10-fold by the year 20304! as reported
in Figure 8.

Figure 8

Trends in the Artificial Intelligence
market worldwide

(Source: Precedence 2023)
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Artificial Intelligence business models
context

Human beings have always been curious about technology
like intelligent robots taking over the world, where
stories like the movie “Terminator” used to make us
afraid; on the other hand, the possibility of new romantic
relationships with ChatGPT nowadays has completely
flipped the scenario. In the business industry, innovation
is always a game-changer. Companies use information
technology for product maintenance, service operations,
repairing equipment, and collecting information about
user behaviour. This information is used by the firms for
decision-making. One of the primary functions of Artificial
Intelligence is decision-making and productivity boost,
where humanerrors are minimised to gain maximum profit.
For instance, McKinsey Global Institute reported that by
2030, applications of Al will boost global productivity by
1.2% annually, increasing the size of the global economy
by USD 13 trillion*2. Accenture reported estimates that
Al will add USD 8.3 trillion of value to the US economy by

2035%, However, it is difficult to integrate Al into traditional
business models* but nevertheless, most desired. In the
context of servitisation, Al is part of digitalisation and thus
it will ‘aid servitisation'*>. For manufacturers, digitalisation
has enabled the delivery of service-based solutions through
productive capabilities. Servitisation provides a means for
customisation and Al can allow mass customisations and
provide competitive advantage.

Defining Al and business model innovation

There is a general consensus among publishers not to
agree on asingle definition of Al. However, the most useful
shall be provided, nonetheless. As a subject, “Artificial
intelligence (Al) is a field of computer science devoted to
creating computing machines and systems that perform
operations analogous to human learning and decision-
making”#¢, but a more futuristic definition could be ‘Al
holds the potential to transform virtually every facet of
modern manufacturing, from how products are designed,
fabricated, and assembled to how factories operate and
supply chains integrate to how products are sold, serviced,
and consumed in the field"*’. “Al technology can provide
the foundation for successful digital servitisation and
business model innovation, simply spending money on
digital infrastructure, technologies, and datais not enough.
New routines, skills, operational processes, and business
models are required in making use of Al technology to
create value for customers”™®. Al capabilities act as an
enabler in companies to move from product-centric
models to advanced digitally enabled business models
with higher expectations for value generation.

Key challenges and barriers to Artificial
Intelligence development and adoption

One of the key challenges or criticisms Al technology has
faced thus far has been that too much automation will
cause the loss of human jobs. According to one study,
it is expected that 46% of traditional job descriptions
will become obsolete, and human resources will be
transferred to more project-oriented work rather than
routine tasks. However, five industries, including textile
& apparel, consumer electronics, chemicals, automotive,
and industrial equipment, are expected to observe a 16%
displacement in jobs*’. Al-based automation will generate
new jobs to support robots and their maintenance.
However, the adjustment will be costly as workers will be
searching for new jobs and will need to retrain.

Al capabilities are perceived as expensive, for instance
with Natural Language Processing more than half of IT
professionals (54%) reported it as a cost challenge. This is
more prominent in Western Europe—60% in France, 58%
in Spain—and South Korea (66%) than in China (45%) or
the US (43%)°.

According to the IBM Global Al Adoption Index 2022,
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more companies (35%) adopted Al, a 4% increase from the
previous year, 2021. Despite 42% showing interest, only
54% of Al projects made it from testing to actual use. The
journey from trying out Al to making it work seems to be
a bit bumpy for many businesses. These journeys could
be made easier with the identification of development
barriers and resolvingthem. Itis observed that the barriers
are down 2%-3% compared to 2021. (see Figure 9) .

Figure 9

Barriers to development

(Source: IBM Global Al Adoption Index 2022 | May 2022)
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Examples of Artificial Intelligence business
models

Since the 1970s Al has been employed for the optimisation
of manufacturing systems to support decision-making.
Machine layout and task scheduling were initially heavily
impacted by modelling flexible systems. However, there
were no booms like we see today; this change happened
after 1990, when the introduction of Artificial Neural
Networks (ANN) caused the emergence of intelligent
agentsanddeep learning of large datasets °*. After machine
learning, the datawas recognised asthe basisfor lean, agile,
and energy-efficient systems. Words like Industry 4.0 and
smart manufacturing are used to emphasise automation
at all supply chain levels while making production more

MANAGE TRUSTWORTHY Al

fulfilling in terms of time and custom size constraints. More
examples related to automation comprise the inclusion
of new business processes in manufacturing. Predictive
maintenance>2°354 energy management optimisation? 3¢,
involving customers in the design phase®”°8°? and plant-
wide control®® are some of the Al-enhanced capabilities.

Furthermore, autonomous vehicles (AVs), robotics, and
human and robot collaboration caused massive dynamic
exploitation of resources that concluded in systems being
smart in terms of planning as well as scheduling®® (see
Figure 10).
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Mass Customisation economy:
from mass-products and
services to mass-customised
and personalised products and
services

Context and challenges: Future customers
demand customisation and personalisation

Markets, demand, and business models have changed
drastically over the past decades in response to global
societal developments and technological advances.
For example, despite the success of Ford in its early
days, particularly due to improvements in productivity
and cost reductions, this business model based on
standardisation is no longer capable of ensuring the
competitiveness of the company. Now is the time to
create customised, personalised, and even individualised
products and services to meet the needs of current and
future customers. According to a survey conducted in
2022 among 3,450 consumers, more than half of these
are not satisfied with the personalisation experience
offered by several brands®’. In another recent study, 87%
of companies assume that they provide a good customer
experience, while only 11% of customers agree®:.

These demands for high variety, customised and even
personalised products and services are not new and can
be seen everywhere. Well-known for many years is the
success of the automotive industry in developing specific
configurations of cars to suit individual customer demands.
One of the well-known examples of car customisation was
when Fiat developed the retro Fiat 500 and created the
online platform called “Concept Lab’ where customers
could express their preferences regarding the interior of
thecar. Thisresultedinmorethan 160,000 designconcepts
based on particular customer needs, before the car was
even launched®*. Today, almost all automotive companies
offer advanced online car configurators, where customers
can play with a variety of options to find the configuration
that matches their exact needs. Further, the apparel
and fashion industry was another early adopter of the
customisation potentials, where the “Levi’s Personal Pair”
initiative started as early as in the ‘90s. Today, customised
clothing, shoes, handbags, etc. can be found everywhere
and are embraced by many big sports and fashion brands
as additional premium options offered alongside standard
products, as well as by entrepreneurs and niche market
players focusing solely on the opportunity to make tailor-
like products at a low cost. Back in 2015, the Deloitte
Consumer Review showed that 19% of consumers have
purchased customised products or services in the clothing
retail category, while 64% are aware of the customisation
options in this category®.

In addition, trends of increased variety and customisation
are obvious in many additional product and service
markets,e.g.inelectronicgoods, TV and streamingservices,

educational services, food and groceries, restaurants,
hotels, medical products, beauty and health, furniture and
homeware, etc. where unique customer experiences are
created from customised offerings. Furthermore, in the
business-to-business segments, customisation can also
be recognised as an increasingly important competitive
characteristic, e.g. due to private labelling or a high need
for specifically engineered-to-order products or services.
Thedriving forces of increased variety, customisation and
personalisation are both market and society related, but
also driven internally by companies worldwide. First and
foremost, markets have expanded globally for the past
decades, which means an increasing number of market
segments, new local/regional requirements, demand for
product features, changing regulations and not least,
increased competition and pressure for differentiation.
Thus, companies worldwide have responded by seeking
new ways of creating higher customer value, competitive
edge, and reaching new markets. Sometimes, this type of
selling strategy is referred to as the “long tail”, meaning
that companies compete in the market by selling many
different variants of niche products in relatively low
quantities compared to selling a large volume of a few
highly popular products®®. Thus, ‘selling less of more’ is a
popular expression, which explains this new competitive
situation of companies in strong contrast to the mass-
production paradigm. As a matter of fact, according
to a recent study conducted by Twilio in 2022, more
than 90% of the surveyed companies consider that
customisation increases customer loyalty. A similar
observation was drawn from a study by Coresight
Research®’, with 71% of the customers being likely to
shop more often from brands offering customisation (see
Figure 11).

Figure 11

lllustration of the long tail market

(Source: Anderson, C., Nissley, C., & Anderson, C. (2006). The long tail. DeGruyter)
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The underlying assumption or condition in the ‘Long Tail’
is that markets contain a few extremely popular products
that are extremely high in demand, while at the same time
containing many niche products that are less high in demand
but satisfy a variety of customer needs. In other words,
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markets and customer demand is becoming increasingly
diversified and heterogeneous. Thus, only afew companies
will be able to become market leaders offering one or a
few extremely popular products or services. Rather, most
companies will be faced with the challenge of diversifying
their offerings of goods and services to be able to respond
to awide range of customers. In this regard, it makes sense
to differentiate between the following ways of satisfying
heterogenous customer needs:

- Variety: the assortment of products and services
offered and sold to the customers.

- Customisation: providing high variety and
customisation of products and services so that (almost)
everyone can find what they need.

- Personalisation/individualisation: offering the exact
product or service that matches the individual customer
need, i.e. markets of one!

The bottom line is that variety and customisation are no
longer simply something that a few customers appreciate,
but basically a demand that should be considered and
satisfied in an economically feasible way in all markets
and industries now and in the future. In the McKinsey
Next in Personalisation 2021 Benchmarking Survey, it
was emphasised that following the COVID-19 pandemic,
personalisationmatters morethanever,asconsumershave
increasingly become accustomed to online interactions,
and many have changed their buying behaviour¢®. It was
estimated from the survey that 75% of consumers tried
a new shopping behaviour during the pandemic and that
71% of consumers expect personalisation from the brands
and businesses they engaged with. Furthermore, it was
estimated that more than three-quarters of consumers
valued personalisation of communication as a key factor
influencing the likelihood of purchasing, recommending,
and repurchasing from brands and businesses®’. Likewise,
in the 2015 Deloitte Consumer Review, an average of
36% of consumers expressed interest in purchasing
personalised products or services and 48% indicated
that they were willing to wait longer for a personalised
product or service’®. Thus, customers no longer just
demand customisation and personalisation in physical
product offerings, but also in the services, marketing, and
interactions with companies and brands they engage with
- they want personal experiences.

The benefits of product and service diversification are
numerous, e.g. the possibility of a competitive edge,
value competition over price competition, entering upper
market segments, price premiums, unique customer
relations, etc. Deloitte’s research shows that already in
2015, 1 out of 5 consumers who expressed an interest in
personalised products or services was willing to pay a 20%
price premium’?.

However, this diversification also leads to increased
internal complexity and the challenge of making profits
from heterogeneous customer demand in contrast to
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making profits from serving a large pool of homogeneous
customers through standard products/services. This
challenge obviously links to the increased number
of different resources to be implemented to ensure
satisfactory diversity of the offer and the high volumes of
information and data to process. Added to this problem is
the needtoshortenthedevelopment and marketing time of
personalised products and/or services to cope with market
volatility and competition that goes beyond the classic
price war. The challenge is to ensure competitiveness on
the cost-delay-quality triptych, but also in terms of agility
and resilience, as well as a stronger link to the customer.
Thus, some costs associated with increased variety,
customisation, and personalisation may include higher
holding and inventory costs, increased changeover and
setup time costs, increased design and development costs,
increased costs for quality assurance, etc. Reaching “mass-
production™like costs without having standard product
and service offerings with mass sales is a main challenge
for companies that want to develop increased customer-
orientation and customer-centricity by customising and
personalising products and services.
Customer-orientation is often defined as focusing all
enterprise and supply chain operations on servicing
customers’ unique value and by treating customers
as individuals”?. This was mainly developed in the field
of marketing and was then gradually integrated into
project and operations management. Unlike the era
when mass production reigned, customer expectations
and satisfaction are now among the primary concerns of
manufacturing and service companies’. Consequently,
customer-centred strategies such as mass customisation
have gained popularity.

Mass customisation: definitions, enablers
and typologies

Mass customisation is not a new term - it has been
recognised and widely popularised as a competitive
business model pattern since the early ‘90s. As Pine have
pointed out’4; the core aim of mass customisation is to
cater to the unique requirements of individual customers
while maintaining production efficiency that comes
close to mass production. Various definitions of mass
customisation have been recognised, e.g.:

“Developing, producing, marketing and delivering
dffordable goods and services with enough variety and
customisation that nearly everyone finds exactly what
they want”’> (Mass Customization - The New Frontier in
Business Competition)

“Mass customization aims to deliver products and services
that best meet individual customers’ needs with near mass
production efficiency”’®

“Mass customization is defined as the making of tailor-
made goods or services in an economically viable manner””’



In contrast to pure personalisation or craftsmanship,
mass customisation seeks to meet customer needs at a
reasonable cost. In essence, it strikes a balance between
the economies of scale associated with mass production
and the personal touch of tailor-made products. Thus,
“mass” is important, however, not in the traditional sense,
as mass customisation aims at reaching “mass-production™
like costs without having standard product and service
offerings with mass sales, i.e. efficiently serving customers
in a unique way.

Figure 12
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Inthis way, mass customisation can be seen as an evolution
of bothmass production, but alsotraditional craftsmanship.
While the past manufacturing paradigms have relied both
ona pull-like craft production concept and a push-like mass
production concept, mass customisation and personalised
production appears to be the way forward for meeting the
demands of future customers, markets and societies (see
Figure 12).

Optimal
manufacturing system

Dedicated

manufacturing
lines

7
. 7 Flexible
P .
manufacturing
Personalized lines
production

Reconfigurable
manufacturing
lines

General-purpose
machine tools

Figure 13

Pathways to mass
customization

b~
c
S
N
ot
("]
o
O
Mass
production costumization
G
—

Low Customization

Product variety ’

Following this distinction, mass customisation can be
considered as an extension of mass production, i.e. going
from standardised products/services to customised
products/services, but maintaining cost efficiency. Mass
customisation can also be an approach of increasing
cost efficiency in engineer-to-order businesses, i.e.
standardising and modularising products/services (see
Figure 13).

The potential benefits of mass customisation are numerous.
From the viewpoint of the customer or consumer, benefits
include increased satisfaction by getting the exact product
or service needed and increased value for money. From the
business or producer’s perspective, mass customisation
can provide a unique competitive advantage, increased
customer loyalty, higher profit margin, price premiums,
reduced cost of variety (greater economies of scale),
increased global competitiveness, the possibility of
entering “upper” market segments, competing on value
rather than price, and a closer relationship to customers. In
the McKinsey Next in Personalization 2021 Benchmarking
Survey, it was also indicated that companies with faster
growth rates derive 40 percent more of their revenue
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from personalisation than slower-growing counterparts of
companies’®. Additionally, many current trends in today’s
societies drive mass customisation, e.g. increased online
shopping resulting in the broadening of markets and larger
customer bases, an increased use of social media and the
wishes of consumers to display unigueness, the need for
local adaptations in global marketplaces, etc.

The success of mass customisation is contingent on
various factors, particularly 1) external factors like diverse
customer demands, i.e. there needs to be a requirement
for diversification in the market, and 2) internal factors
such having the right set of capabilities”. In the highly
popular research paper from 2009, “Cracking the code
of mass customization” by Salvador, Holan and Piller, the
three fundamental capabilities of mass customisation were
described; solution space development, choice navigation,
and robust process design (see Figure 14).

Figure 14

Three fundamental capabilities of
mass customization

(Source: Salvador, Fabrizio, Pablo Martin De Holan, and Frank Piller. “Cracking the code

of mass customization.” MIT Sloan management review 2009)
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Solution space development is ultimately about identifying
the different needs of customers in terms of the product
or service attributes where customer needs diverge. The
key point is that customers are different, and their needs
are different, thus, the range of options and features
(solutions) that customers need is heterogenous and
unique to every customer. Therefore, the solution space
should be carefully designed based on market research
and understanding customer needs to succeed with mass
customisation. There are many types of customisation
that can be developed to suit customer requirements.
For instance, customisation can appear in terms of
functionality, form, fit, comfort, etc. for a physical product
in the fashion and apparel segment. Another perspective
on the customisation options is that they can be offered
on different levels®: 1) Structural level: offering of
components/building blocks/modules. 2) Performance
level: performance of the product when installed for
the user. 3) Experiential level: special attributes of the
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product that relate to customer emotions and dreams.
Giving the customer an experience. 4) Learning level:
resulting in further impact for the customer and end-user.
These customisation levels are close to the ideas of the
experience economy, where customisation increases the
value provided and is able to create unique experiences
relevant to the individual customer®®.

While solution space development is essentially about
deciding how to offer customisation and personalisation
options to customers, choice navigation is essential in
supporting customers in navigating these choices. Choice
navigation is about creating models and support for
customers, creating the ability for customers to construct
their preferences and/or evaluate the alternative designs
offered to satisfy their own needs, enabling a collaborative
customisation strategy, and enabling the customer to
create their own designs. The successful implementation
of choice navigation can lead to customer loyalty, an
excellent customer experience, the simplification of
customer decisions, and limiting the complexity and
burden of choice. Obviously, developing successful choice
navigation can leverage new information technologies
and online platforms, i.e. configurators that can be used
by customers.

Finally, to efficiently deliver the customised products or
services to the customer, robust process design is needed
in all operations and supply chain processes. Some well-
known ways of designing robust processes are by using:
1) flexible automation/reconfigurable manufacturing
systems that provide exactly the adaptability and
changeability needed for customised offerings, 2) product
and process modularity, adaptive human capital, and
delayed differentiation.

Over the past two decades, substantial research efforts
have been devoted to developing methods and tools that
facilitate the efficient design of products, production
systems, and supply chains within the framework of
mass customisation® 8. Concurrently, another stream of
literature has underscored the importance of coordination
among various actors within the supply chain, leveraging
Information Technology (IT) to deliver mass-customised
products®®> For acomprehensive overview of the concept
and tools related to mass customisation, you can refer to
the thorough literature review conducted by (Fogliatto, F.
S., DaSilveira, G. J. C. et Borenstein, D. (2012)%°.

To comprehend the concept of mass customisation,
several classification systems have been developed
to delineate distinct levels of customisation and the
factors that facilitate them. Many of these classification
systems are rooted in the concept of the Customer Order
Decoupling Point (CODP)®”. The CODP serves as a pivotal
point in the supply chain, demarcating the segment that
directly responds to customer demands from the portion
that relies on forecast-based planning.

Customisation spans a spectrum, ranging from the
highest levels where customers actively participate



in the early design phases, to the lowest levels where
customer preferences are considered only during
product delivery. For example, if the CODP is closely
tied to the final customer, it signifies mass production
rather than customisation, while limited customisation
can be achieved when the CODP is situated within the
retailer’s facilities. Greater degrees of customisation
can be attained when the CODP is positioned within the
manufacturer’s premises®8?,

Mass customisation and personalisation as a
way of creating the greatest unique customer
value

While the concept of mass customisation is not new and
has roots inthe early ‘90s, it can indeed by recognised as a
strategy for most businesses now and in the future. Mass
customisation has proved to be the key to growth and
success in many companies historically, but is also difficult
to implement in many cases”. Some main challenges from
a manufacturing point of view include data management
and collection challenges that support defining customer
wishes and needs, balancing customisation and the cost/
complexity of internal operations, i.e. maintaining mass
cost while providing more variety, and new organisational
changes needed to make mass customisation a scalable
business”.

In the “Mass Customisation 500" (www.MC-500.com)
study, 500 companies offering customised consumer
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goods were investigated. It was concluded that the key
to profiting from mass customisation is to treat it not as
a ‘standalone business strategy’ that replaces the entire
existing business, but rather as a set of capabilities and
strategic mechanisms that can enrich and supplement the
existing business model of a company in most industries
and segments. In other words, mass customisation is a
strategic mechanism to align the organisation, products,
and services with the customer needs by deploying the
three foundational capabilities, as there is no ‘one-size-
fits-all’ approach.

Thus, a variety of successful mass customisation business
models can be developed that exploit and transform
heterogeneous customer needs into profit relying on the
capabilities of mass customisation.

Servitisation economy: from
products to services and product-
service systems

Global trends in servitisation

Different studies have been conducted since the late
‘80s to understand the extent and relevance of the
servitisation process among manufacturing companies. To
date, as reported in Figure 15, a study conducted in 2011
reveals an increasing trend of the servitisation extent in
27 countries from 2007 to 201172,

Figure 15
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Focusing on the European manufacturing context, a
study conducted in 2014 shows that around 86% of the
3,693 companies examined offer at least one service”. In
some countries, the servitisation trend in manufacturing
experienced a radical increase up to 2019, such as in
China (up from 1% in 2007 to 38% in 2019). In 2019,
North America and Oceania were the most servitised
geographical areas, and the UK and USA were among the
most servitised countries™ (see Figure 16).

Figure 16

Servitization diffusion

(Source: Mastrogiacomo, L., Barravecchia, F., Franceschini, F. (2019). A worldwide survey
on manufacturing servitization. Int J Adv Manuf Technol 103, 3927-3942)

These outcomes support the relevance of the servitisation
process in manufacturing companies, even though it
does not show the same extent in all countries. These
differences can be explained in many ways, among which
the local markets, the management culture, the aversion to
risk, the customer proximity, the availability of specialised
skills, and the spread of important enabling technologies.
What is the current situation? A recent survey involving
more than 300 manufacturing companies worldwide
showed that nowadays, servitisation is embraced by
companies that are expanding their business portfolios
with service offerings?. They mainly offer services that
are strictly related to the product, such as spare parts
delivery, repairs, warranties, maintenance, retrofitting,
and upgrading. Training, consulting, and engineering are
also widely offered. Integrated solutions of products and
services are also present in the business portfolio of these
companies, specifically: long-term maintenance contracts,
pay-per-use, full-service contracts, and outcome-
based contracts. However, a difference between large
enterprises and SMEs was observed in the delivery of
these more advanced solutions, which may be linked to the
difficulty in structuring these types of services (see Figure
17).
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The study also reveals that nowadays, the main source
of revenue in the manufacturing world is still the sale of
new products. However, the increasing trend towards the
provision of services is well documented.

Servitisation of manufacturing: definition and
examples

Servitisation is the transformation process of companies
moving beyond the mere provision of products to selling
integrated solutions of product and services (i.e. Product-
Service Systems) that enhance the value delivered to
customers??’. This strategic shift is often pursued to foster
closer customer relationships, generate stable revenue
streams, and differentiate acompany fromits competitors”.
Servitisation can also provide environmental benefits
through dematerialisation by promoting the efficient use of
resources and cleaner technologies””.

Think of a manufacturing company that produces and sells
its machine tools. If, traditionally, its business is focused
on just producing and selling the machines, after having
embraced a servitisation process it ends up by producing
and selling the machine tools in addition to a contracted
support and maintenance service on these machines.

Figure 17

Service typologies

[Source: Pezzotta, G. et al. (2023). The Digital Servitization of Manufacturing
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The phenomenon of servitisation was identified in the
late ‘80s. Over the years, many manufacturing firms
have spotted the opportunity of exploiting a servitisation
strategy in manufacturing to provide integrated solutions
of products and services rather than making standalone
products or selling services. Some examples are:

* Rolls-Royce competes by providing airlines with “Power
By The Hour” — selling the jet engines along with the
services to maintain, repair and upgrade them over many
years.

Philips provides “Light as a Service” to its customers
who rent lamp and lighting systems from Philips, and in
turn, Philips is responsible for all of the post-sale service,
repairs, and replacements during the period of the
service contract.

* ABB offers a range of services, including maintenance,
repair, and remote monitoring, that help to improve the
performance and reliability of its products. Additionally,
ABB offers digital services that use data analytics and
artificial intelligence to optimise the operation of its
equipment and reduce downtime.

Xerox started by selling photocopiers and photocopy
paper and turned into full-service printing, photocopying
and scanning solutions; they have also branched out
into the wider field of ‘document production and
management’, along with training solutions.

Alstom offers the TrainLife Services (TLS) package -
including services such as condition-based maintenance,
support for managerial and technical operations, and
performance improvement - supporting customers’
need for areliable, quality service.

Servitisation of manufacturing types

What are the main types of servitisation?

While servitisation can manifest in numerous ways
depending on the industry and company, there are three
main types commonly observed'® (see Figure 18):

e Product-oriented Services: These are basic after-
sales services related to the product that the customer
needs during the use phase of the product or at its end
of life, such as repair, maintenance, and spare parts
provisioning, take-back agreements. They often function
as value additions to the core product offering.

» Use-oriented Services: Here, the focus shifts from

ownership to usage. The traditional product still plays

a central role, but the business model is not geared

towards selling products. Indeed, customers pay based

ontheirusage,asseeninleasingorrentingarrangements.

The product remains under the ownership of the

manufacturer but is made available to the customer as

and when required.
Result-oriented Services: In this model, customers
pay for the results or outcomes, not the product itself.

For instance, a manufacturer might guarantee a certain

uptime for machinery, and any downtime beyond that
might entail penalties or compensations. Here, the
ownership rights are retained by the manufacturer,
therefore the customer loses control of the product
but gains in risk sharing since risks are assumed by the
manufacturer itself.

Figure 18

Product-service system

(Source: Tukker, A. (2004). Eight types of product-service system: eight ways to
sustainability? Experiences from SusProNet. Business strategy and the environment,

13(4), 246-260)
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There would be variations in the product and service
proportions, as well as business activities, across these
three categories of services. However, the key concepts
that transform in the value transition from pure product to
pure service are tangibility, transfer of ownership, time of
generation and consumption, participation of the user, and
quality of relationship between producer and user.

To support industrial enterprises in their servitisation
process, the main drivers, enablers and challenges of
this transformation process are detailed in the following
sections.

Servitisation of manufacturing drivers

The drivers of servitisation are multifaceted, stemming
from both the external business environment and internal
strategic considerations'©t 192193 Together, they shape the
ongoing shift from traditional product-centric models to
integrated product-service systems.

One of the primary external drivers is the intensifying
global competition, with firms constantly seeking
avenues to differentiate their offerings in saturated
markets. By integrating services with their core products,
companies can create unique value propositions, setting
themselves apart from competitors. This strategy often
results in deeper customer engagement and loyalty,
since the provision of services typically fosters a more

World Manufacturing Report 2023 31



intricate, ongoing relationship between providers and
clients. Another influential external force is the evolving
customer expectation. Today’s consumers, both in the
B2B and B2C sectors, increasingly demand solutions
rather than standalone products. They seek holistic
experiences and outcomes. For instance, instead of merely
purchasing a piece of machinery, a company might desire
a comprehensive package that includes installation,
maintenance, and performance optimisation. This shift
in customer demand is pushing companies to bundle
products and services as comprehensive solutions.
Technological advancements have also played a pivotal
role in driving servitisation. The proliferation of the
Internet of Things (loT), advanced data analytics, and
Artificial Intelligence (Al) has enabled firms to monitor
products in real time, predict maintenance needs, and
tailor services to individual customer requirements. These
technologies not only facilitate the delivery of services but
also offer data-driven insights that can lead to continuous
product and service improvement.

Internally, companies are motivated by the allure of stable
revenue streams. Traditional product sales, especially
in industries like manufacturing, can be sporadic and
cyclical. In contrast, service contracts, especially those
that are subscription-based, offer a more predictable
and recurrent revenue source, which can be especially
valuable during economic downturns. Moreover, there is
an increasing recognition of the potential for enhanced
profitability through services. While initial investments
in servitisation can be substantial, the long-term revenue
from service contracts, combined with the potential for
cross-selling and upselling opportunities often results in
improved profit margins.

Lastly but not in terms of importance, sustainability is a
driver for embracing the servisation process. Through
services and a combination of products and services, it
is possible to extend the lifespan of the products which
strongly incentivises the equipment owner to minimise
operating costs, in particular energy use, which is the
largest cost component over the lifecycle of the equipment.
Servitisation changes consumption patterns from linear
to more circular patterns, since keeping ownership of
the equipment also encourages the development of
modular systems, which is key to a circular economy.
Thus, servitisation pursues resource efficiency and
dematerialisation.

Servitisation of manufacturing enablers

The journey towards servitisation for many companies is
not solely driven by the recognition of its potential benefits
but is enabled by a variety of technological, organisational,
and strategic factors that make this transformation
feasible and effective!04195,

From a technological standpoint, the rise of digital
innovations has been a cornerstone in the servitisation
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trajectory, leading to the transformation process known as
Digital Servitisation. The loT, in particular, allows firms to
connect physical products to digital networks, facilitating
real-time monitoring, predictive maintenance, and
responsive service delivery. Connected devices can relay
information about their status, usage, or environment,
enabling companies to offer timely and relevant services.
Further enhancing this capability is advanced data
analytics. With the vast amount of data generated from
connected products, analytics helps companies derive
actionable insights, tailor their service offerings, and
anticipate customer needs. Additionally, Al and machine
learning algorithms empower companies to automate and
optimise various service processes, ensuring efficiency
and precision.

Organisational capabilities also play a pivotal role.
A company's ability to restructure and retrain is
fundamental. Transitioning to servitisation often requires
firms to develop new skills and competencies, especially in
customer relationship management, service delivery, and
solution development. This might involve comprehensive
training programmes, the hiring of new talent with
specialised expertise, or even forging partnerships with
service-focused entities. Internally, fostering a culture that
values service excellence is equally paramount. Employees
across the organisation, from leadership to frontline staff,
need to align with the vision of delivering holistic solutions
rather than mere products.

Strategically, the shift to servitisation is underpinned by
market insights and customer intimacy. Understanding
customer needs, preferences, and pain points is central
to crafting compelling service offerings. This necessitates
effective feedback mechanisms, close collaborations,
and sometimes even the co-creation of solutions with
customers. Moreover, the development of flexible business
models that cater to diverse customer requirements
is essential. For instance, while some customers might
prefer performance-based contracts, others might opt for
subscription models or pay-per-use arrangements.

In the backdrop of these enablers, it is also worth noting
the role of regulatory and policy frameworks. In certain
sectors, regulations might promote or necessitate the
adoption of service-based models, especially when
sustainability, circular economy principles, or product
stewardship are legislative priorities.

Servitisation of manufacturing challenges

Servitisation, while presenting a multitude of opportunities
for companies to diversify their revenue streams and
strengthen customer relationships, does not come
without its set of challenges'® 197, These obstacles span
across various domains, from organisational dynamics to
customer relations.

From an organisational perspective, one of the foremost
challenges is the cultural and structural transformation



required. Traditional product-centric firms often have
ingrained cultures that prioritise tangible goods over
services. Altering this mindset to appreciate the value
of intangibles, such as customer relationships, service
excellence, and solution provision, can be demanding.
Moreover, the requisite skills for a service-oriented
approach might differ from those in a product-centric
model. The need for new competencies, from service
design to customer relationship management, may
necessitate extensive retraining or new hiring, which
brings its own set of complexities.

Operational challenges are also prevalent. Integrating
service operations with existing product processes,
especially in firms with long-established product-centric
models, can be intricate. There is a need to establish
efficient systems for service delivery, monitoring, and
feedback, all while ensuring that these systems seamlessly
integrate with traditional product development and
sales operations. This integration often necessitates
significant investments in technology and infrastructure
at the beginning that may not always be covered by the
services sales. Because of increasing costs and a lack of
corresponding returns, the growth in service revenue
may fail to meet its intended objectives'®. For this reason,
attention to the revenue stream is required from the
development phase.

On the customer front, while servitisation aims to
deepen relationships, it also introduces complexities.
Crafting service agreements that align with customer
expectations, ensuring consistent service quality, and
managing heightened customer interactions can be
taxing. Furthermore, there is the challenge of conveying
the value proposition of integrated product-service
offerings, especially to customers accustomed to
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traditional purchasing models. In this direction, a proper
communication to the customers of the added value of
services is required.

Circular Economy: from linear
manufacturing processes and
value chains to closed-loop
manufacturing processes and
value chains

Circular Economy context and trends

Since the Second World War, western economies have
predominantly evolved within the framework of linear
material and resource flows, often referred to as the
‘take-make-dispose’ model. In this linear economy
model, natural resources and raw materials are taken
from the environment, products are made from these
materials and, when they reach their end of life, they are
disposed of as waste. While this model thrived in the
past, bringing economic wellbeing and contributing to the
development of western societies, it has also posed several
environmental concerns. First, the linear economic model
of production and consumption relies on large quantities
of easily accessible and largely available raw materials.
However, natural resources such as minerals, metals and
fossil fuels are finite since they exist in limited quantities
on planet Earth. With an increasing pressure on these
resources as the population grows in size, there are
concerns about resource depletion. By comparing current
production rates with the current known reserves, it is
easy todetermine that most metals (such as lead, antimony,
indium, zinc, and silver) will cease to be available by 203017
(see Figure 19).

Figure 19
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Second, the linear economic model of production and
consumption leads to a tremendous generation of waste.
Although waste generation has reduced by 4.2 % in the EU
during the last decade (mainly) due to slower economic
progress during the recent pandemic (Figure 20), the
numbers are estimated to rise given the fast pace of
economic growth. Only 30% of the waste generated in the
EU per year is currently collected and recycled, with the
remaining 70% ending up in landfills and oceans!©.

Figure 20

Waste generation and decoupling
efforts in the EU between 20710-2021
(Source: https://www.eea.europa.eu/ims/waste-generation-and-decoupling-in-europe)
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Third, linear production and consumption are highly
demanding in terms of energy, which is largely produced
from fossil fuel combustion. This leads to an increase in
the emissions of CO2 and other greenhouse gases in
the atmosphere that contribute to climate change. From
the 1940s to 2021, the global annual CO2 emissions
exponentially increased by a factor of 7, reaching 35 billion
tons of CO2 per year™! (Figure 21).
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Annual global CO, emissions between
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With the global population expected to grow to 9 billion
by 2050'?, the linear economy model of production
and consumption will no longer be sustainable. Hence,
a transition towards a Circular Economy, which can
decouple economic growth from resource extraction, is
urgently needed.

Circular Economy definition

Among the several opportunities to drive our society
towards more responsible production and consumption
attitudes, the circular economy has gained momentum,
especially inthe manufacturing sector. The Ellen McArthur
Foundation'*® has defined Circular Economy (CE) as ‘an
industrial economy to be regenerative and restorative by
intention and design” that can be established through the
implementation of circular business models. In circular
business models, resources are expected to be used
in a lower quantity (narrowing), to be used for longer
periods (extending), and to be reused at the end of their
lifecycle (circulating)**. When dealing with manufacturing
companies, Circular Economy can be applied through
several strategies at different micro, meso and macro
systems levels'™ ¢,

The micro level comprises actions undertaken by single
companies that include the renovation of their internal
processes, products, and business models. Under this
scenario, companies are asked to implement processes like
remanufacturing to reobtain the products’ initial quality,
or recycling to recover the value captured by the materials
in use, or direct reuse of used products, after having
checked their quality, to sell them into secondary markets.
Through these processes, circular business models can be
established, and this is facilitated especially when products
are redesigned by including circular principles. Design for
X approaches may smooth this process by ensuring that
products would be designed to be easily disassembled,
to be easily treated at their end-of-life cycles (being
composed of recyclable products), and to be easily and
responsibly used by consumers. These new practices
and strategies at the micro level may impact on external
stakeholders, like customers, who need to be engaged in
this renovative path to properly align their behaviours
to the updated business models. The latter can be even
easier to accomplish when products are designed to be
smart and thus, service-based business models can be
easily established. In this particular case, tailored services
could be delivered based on the consumers’ behaviours
facilitating a circular-oriented usage.

At the meso level, a network of companies is required to
cooperate to ensure the exchange and the recirculation
of resources. In this scenario, networks of companies
are usually engaged in industrial symbiosis networks
collaborating for the exchange of resources, that while
considered waste by a certain company become useful
inputs for others in their production activities. On the

same wave, closed-loop supply chains can be observed at
this level, among which companies belonging to the same
supply chain establish both forward and reverse logistics
networks to ensure the recirculation of resources at the
end of their lifecycle. Lastly, all these strategies can be
pushed and controlled by governments, cities, regions, and
countries (macro level). At this step, the effort is shared
by the entire community and the achievements can be
measured by including all the actions undertaken by the
society at both micro and meso levels.

Several actions and strategies should then be pursued to
implement Circular Economy in manufacturing companies,
ranging from the redesign of products and production
processes to the exploitation of new business models and
the establishment of a circular supply chain. Nevertheless,
implementing one action alone ignores the system
perspective that is central to CE and to the achievement
of the intended sustainability benefits. For instance,
increasing product life without altering the company’s
business model runs the risk of reducing its economic
profitability, since product life extension will result in
lower sales. Remanufacturing products that have not been
specifically designed in a modular way might be difficult
and economically challenging, because product dismantling
and reassembly may take more time and effort (and hence
involve greater costs). The expected environmental benefits
of product reuse may be jeopardised by the absence of a
proper and functional reverse logistics system since more
transportation may be required.

Circular Economy challenges, best practices
and the way ahead

Several economic, regulative, technical, organisational and
behavioural challenges may prevent the implementation
of Circular Economy in manufacturing companies and
in their supply chains. Circular Economy solutions may
be challenging from an economic and financial point
of view, since they require large investments in R&D
and in the conversion of production technologies.
Despite some favourable legislation and regulations,
sometimes current regulatory schemes risk hindering the
introduction of Circular Economy models, especially if
not appropriately designed. End-of-life activities involve
several uncertainties regarding volumes, quality, and
recovery times of collected products. The proper recycling
of products is still challenging since the readiness level of
several end-of-life technologies is still low. As an example,
the Danish company, Lego, recently gave up its efforts to
make bricks from recycled plastics due to complications
with non-oil-based materials'”. From a behavioural
perspective, very often, circular products made with
secondary raw materials are perceived as being of lower
quality than new products, making it difficult to justify the
higher price that is necessary to cover the higher R&D
costs and treatments.
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Although these challenges are still visible, several
companies are embracing Circular Economy in their
business models and inspiring the entire society to move
towards circular approaches.

At the micro level, ABB'8, a technology leader in
electrification and automation, aims to innovate their own
operations with new circular business models for their
customers.In2022,they launched their EcoSolutions label,
which provides full circularity on all their products. Their
high-efficiency synchronous reluctance (SynRM) motors
do not require rare earth metals for their production, but
rather use low-carbon, recycled copper from ‘Boliden’
in their production. Using such copper reduces CO2
emissions by 200 kg per motor that weighs 650 kg.

PulPac®'?, a Swedish company, has tackled the generation
of single-use plastic (that contributes to 85% of marine
waste) by developing an innovative ‘'dry-moulded fibre’
product for the packaging industry. The production
process involves almost no water with the product being
completely biodegradable, having a low climate impact and
high recyclability.

Fairphone!?, a Dutch company that develops modular
phones with fair and recycled materials, takes responsibility
for their material footprint by using 70% recycled materials
inthe manufacture of their phones. The modularity and easy

disassemblability of their phones allow effective reparability
and recycling. In collaboration with a German company
called Teqcycle, they facilitate the resale and recycling of
their phones through take-back schemes.

Many efforts have also been made at the macro level. To
incentivise a cohesive movement of the entire society
to reach their green transition objectives by 2050, the
European Commission has set out ambitious targets for
industries through the European Green Deal Industrial
Plan'?t,  Particularly, efforts such as the ‘Circular
Economy Action Plan, can help industries reach climate
targets towards net-zero along with strengthening
their competitiveness. The “Critical Raw Materials Act”,
which is a part of this framework, ensures that recycled
critical raw materials for the development of net-zero
technologies are available, to lower supply dependency
from countries outside the EU and grow in the Circular
Economy by reducing primary raw material consumption.
Several investments have also been signed in this regard.
Through the InvestEU programme, the EU has earmarked
atotal of €21 billion for projects that support this net-zero
transition, including the recycling of critical raw materials.
The Innovation fund will make available €40 billion to
support the deployment of several technological solutions
towards such efforts as well.

The EU aims to double its rate of circular material use
by 2030 according to the Circular Economy Action

Figure 22
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Plan'?2, However, figures show that there was less than a
1% increase in this rate from 2010 to 2021 (Figure 22).
Projections show that progress towards doubling the rate
by 2030 will be slow and several incentives will have to be
given if we are to stay on track towards this goal.

To be adherent to these objectives and plans, dispersed
actions have been undertaken separately by several
countries worldwide. Among all, it is worth mentioning
the outstanding achievement obtained by Italy in terms of
packaging recycled in 2023 that covers the objectives set
to be achieved within 2030. Indeed, out of 14.5 million tons
of packaging produced and used in 2022, 10.4 million were
recycled!?®, Also, economic returns are possible; according
to Ansa, 62% of companies that invested in circular
economy projects have gained an increase in both profit
and employment®* This result can be indirectly connected
to recent research achievements like the one relating to
the possibility of extracting rare earth elements during
fertiliser production, which decreases the dependency on
foreign countries'?; and also that relating to the possibility
of recycling composites, making them more cost-effective
and environmentally friendly*®. On the other hand, the
French government has invested €154 million to support
textile repair through the provision of discounts. In 2015,
the Czech Republic invested in its waste management
plan, and in 2019 it extended its efforts into building
a secondary raw material policy that helped create an
overarching framework towards sustainability?’.
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Case Study

A Success Story on Reshaping Your Manufacturing
Business Model to Thrive in a Competitive

Landscape

Andrea Ruotolo
PhD - Global Head Customer Sustainability, Rockwell
Automation

State of play in today’s industry

Manufacturing is a prime scene for innovative and
disruptive business models. Value generation has
shifted from being tightly coupled to tangible assets to
increasingly relying on non-tangible value propositions
such asdigital services, data analysis insights, and platform
integration, among others. This shift towards smarter and
increasingly digital manufacturing is not only an option to
increase previously product-dense offering portfolios, but
their adoption will strongly influence, and even dictate
who remains a player in increasingly competitive markets.
Many of the advances driving smart manufacturing
in industrial settings are not all that new. Artificial
intelligence, industrial 10T, additive manufacturing, and
blockchain technologies have been accessible for several
years and they have even been part of many technology
companies’ innovation roadmaps. In full awareness of
many manufacturers getting trapped in pilot purgatory,
Rockwell Automation supports its customers to become a
Connected Enterprise from Level O of Automation to the
most sophisticated Cloud digital solutions. Through the
evolution and adaptation of their working methods to fit
customer’s needs, they aim to support the shift to achieve
digital trust, supported by digital threads and other
traceability technologies.

The game changer in the most recent years lies in the
increased interactions and interconnectivity between the
technologies. Rockwell Automation’s approach has relied
on making the digital layer completely independent from
the automation layer, enabling it to connect different data
sources. In other words, new manufacturing environments
are evolving not only due to technological adoption, but
also because of how technologies operate together, share
data, and engage in digital workflows that allow value
capture.

Thetransitiontowardsincreasingly digital business models
brings a more dynamic and lifecycle-focused approach
to relationships between manufacturing end users, OEM
builders, technology providers, and other actors in digital
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Giancarlo Scaturchio
EMEA Customer Sustainability Manager, Rockwell
Automation

value chains. In this way, customers can obtain more
value from their investments. However, it is worth noting
that for digital business models to succeed, the concepts
of scalability and security must be not only explored but
dominated. Engaging in customer relationships where
trust across partners predominates enables potential cost
reductions, increased agility, and reduced time to market.
Also, it avoids pitfalls where customers do not get the
returns on investments that they expect.

Shifting from strong to stronger

Rockwell Automation is an industrial automation market

leader, characterised by offering highly engineered

hardware with embedded firmware that operates in often
hostile industrial environments for long periods of time.

In recent years, Rockwell Automation has responded

to fierce market pressure by shifting from being a “pure

play supplier” to including traditional products, lifecycle
services, and manufacturing business consulting to
support their clients on their digitalisation transformation.

Rockwell has undergone this transition by incorporating

“digital threads” into the company’s hardware, expanding

previously product-centred business models into

software-as-a-service.

The logic behind this business model transformation can

be summarised in three pillars:

e evolving the focus from physical products sold in
catalogues to business outcomes and experiences.

* wholesale change in customer experience — not only in
the way Rockwell customers procure and use Rockwell’s
equipment and services, but in tighter relationships to
make industrial controls in a SaaS environment.

e developing a new business operating model and
subscription-based services, reported as possibly the
most challenging change.

The motivation behind this shift includes the appearance

of new competitors in the playground of automation

technologies, where large cloud-based firms have
increased the availability of industrial clouds and services.
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Competitors have marched into the market by enriching
their traditional offerings with domain knowledge now
tailored for manufacturing, among other sectors. Rockwell
Automation has adopted a strategy where they establish
a data-driven operating model mindset to expedite
the transition to this customer-centric, data-driven,
agile organisation. In its new as-a-service era, Rockwell
now provides services both on the front end, such as
partnering with customers on the design and development
of customised hardware, and the back end, offering
maintenance and cybersecurity of industrial controls.

Sustainability - The only possible North Star

Another large motivation for the transition of business
models is Rockwell Automation’s sustainability strategy,
where sustainable customers, a sustainable company,
and a sustainable community are the three pillars that
act as a North Star for future developments. Rockwell
Automation has made it its mission to make use of its
ingenuous industry-focused approach to meet customers
where they are and provide support to make use of their
digital transformation as an accelerator to meet their ESG
objectives. Indoing so, they work towards diversity, equity,
and inclusion to create opportunities that can be scaled to
amore sustainable society.

The transition to digital, data-driven, and service-based
business models has allowed Rockwell Automation to
better develop its offerings to engage in conversations
with customers about increased efficiency, reduced energy
usage, improved worker safety, and ensured regulatory
compliance. Some newly created examples include
Sustainability Calculators, which offer a sustainability
tool/dashboard where their customers can visualise the
environmental impact of remanufacturing, motivating the
transition from a linear to a more circular state of practice.
In this offering, customers can easily access, track, and
measure aggregate data on energy, water, waste, and CO2
emissions.

As for the challenges faced in this transition, Rockwell

Automation, and other evolving firms face the need to
identify and replenish a new set of competencies that
many traditional manufacturing companies don't already
have. In this sense, value co-creation and advice are
required, which can take the form of consulting services,
more frequent roadmapping, and more checkpoints.

In other words, although there are challenges on the
horizon, the transition to new business models will
continue to unlock many opportunities that reshape the
future of industry and enable a more sustainable future.
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Digital Business Models

Defining digital business models
in manufacturing

The advent of the digital economy and the subsequent
advancements of digital technologies have generated
many opportunities for business model innovation (BMI)
in manufacturing companies. Just as IT companies like
Facebook, Google, and Apple, manufacturing companies
havealsoembraceddigitaladvancementsandimplemented
a continuous BMI approach to thrive in today’s landscape
instead of sticking to traditional business models (BMs).
The BM has been a useful lens for understanding a firm’s
business logic and value architecture. It describes how a
company creates, delivers, and captures value'?. Although
different frameworks represent BMs, the Business
Model Canvas is one of the most recognised in business
practice'. It enables the analysis of companies’ BMs by
addressing nine elements (building blocks), which can be
grouped into two main dimensions: back-end and front-
end™°. Figure 23 shows the BM Canvas and its dimensions
and elements.

Figure 23

Main dimensions and elements
of the Business Model Canvas

(Source: Marcon et al. 2022)
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The back-end dimension encompasses the elements
related to value creation, such as key activities (e.g.
business processes), resources (e.g. capabilities), and the
value network. On the contrary, the front-end dimension
includes elements that deliver value to customers, such
as customer segments, relationships with customers, and
the marketing channels (distribution, communication,
and sales) used to interact with customers. The value-
capture elements encompass the costs associated with

operating the business model, whereas revenue streams
involve different ways of monetising business models. At
the centre of Figure 23 lies the value proposition, which
refers to the bundle of tangible and intangible offers (e.g.
products, services, knowledge, performance, etc.) provided
to customers.

Figure 24

Investments in digital
technologies

(Source: Gartner, 2023)
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The combinatory effects of digital technologies (e.g. data-
based services), customer demands (e.g. customisation),
environmental pressures (e.g. circular economy), and
industry trends are'®! driving an increasing interest in
BM architectures. In particular, technology has been a
key driver of changes in value architecture. For example,
a survey of manufacturing company CEOs reveals that
68% of the world’s largest manufacturing companies are
increasing their investments in digital technologies to
promote BMI'32 Another recent global survey published
by Gartner'® alsoidentifies digital transformation as one of
manufacturing companies’ top three enterprise priorities.
Figure 24 displays the digital technologies most likely to
be implemented in manufacturing by 2025 and where
investments have been directed in 2023.

These trends (Figure 24) demonstrate that manufacturing
companies are shaping their future by undergoing the digital
transformation of their traditional BMs, leading to new
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Digital Business Models (DBMs). A BM can be categorised
as digital’ when digital technologies trigger novel and non-
trivial changes inone or more key BM elements (Figure 23).1n
otherwords, the value proposition, value creation, and value
capture are embodied in or significantly facilitated by digital
technologies. For instance, digital assets and capabilities are
critical for value creation; the value proposition shifts from
physical to digital; digital platforms enable the development
of more sophisticated offerings, and Al technologies
mediate the customer interface. In short, DBMs are not a
choice but a game-changer for manufacturing companies.
But how to recognise a DBM in manufacturing? DBMs
generally differ from traditional BMs due to the following
characteristics:

Smart products and services. Products have become more
digitalised, intelligent, and integrated into different types of
services (smart, digital, and traditional), forming a complete
customer solution. The offer of product-service-software
systems increases data availability and transparency, which
drives new forms of value. For instance, ABB Ability™ and
ABB Motion Services™ packages®** combine knowledge,
connectivity, and software innovation to provide tailored
services, such as preventive maintenance and remote
customer support.

Digitalised processes. Digitalising value creation and
delivery processes enhances operational efficiency, quality,
and customer experience. On the BM back-end dimension,
digital twins create smart supply chains (allowing the
exchange of information and integrating network actors),
while Al improves responsiveness, resilience, and
cybersecurity intrusion identification. Another example
is the advances in smart manufacturing, in which Industry
4.0technologies enabled by Al promote vertical integration
within the factory. Digitalising marketing and sales creates
more customer value on the BM front-end dimension. In
this case, manufacturing companies have used advanced
analytics and prescriptive insights for sales personnel,
enabling them to provide personalised offers. An example
of the use of digital channels comes from the automotive
industry. In 2022, General Motors™® launched an online
parts marketplace, making its catalogue of 45,000 repair
and maintenance parts more convenient.

Digital platforms. Although large platform companies
dominate B2C markets (e.g. Amazon, Alibaba, or Uber),
manufacturing companies seeking DBMs can rely on digital
or multi-sided platforms to connect ecosystem actors
and commercialise their value propositions. For instance,
Siemens offers the Railigent platform within Siemens
Mobility, empowering rail operators, maintainers, and asset
owners to understand their railway data and generate
valuable insights. This platform contributes to increased
availability, improved operations, and reduced costs.
Ecosystem perspective. Over time, the ecosystem
perspective has become more critical for manufacturing
companies, as seen in vertically organised supply chains,
service ecosystems, or multi-sided platforms. The
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ecosystem perspective, enabled by digital technologies,
extends the boundaries of manufacturing companies and
emphasises collaboration and value co-creation among
other ecosystem actors.

Digitalisation is central to DBMs, and manufacturing
companies are undergoing significant changes to
implement one or more of the above characteristics.
However, the transformational journey towards a DBM
is difficult, complex, lengthy, and subject to friction, mainly
for incumbent manufacturing companies in traditional
industries. While digital-native companies’ development of
digital attributes (e.g. digital mindset, digital capabilities, or
digital platforms) seems more organic and easier, incumbent
manufacturing companies can face significant challenges in
their digital transformation. The good news is that many
digital incumbents have closed the gap and successfully
executed a digital transformation, making the physical and
virtual worlds meet.

In the next section, we discuss several DBM archetypes,
while further on we present critical challenges in digital
transformation and how to overcome them.

How manufacturers cope with
digital transformation

Digital business models allow manufacturers to generate
new forms of value proposition, value creation, and value
capture. Following Mller and Buliga®¢, three main forms
of business models in manufacturing contexts can be
distinguished: platform-based, outcome-based, and use-
based business models.

Platform-based business models generate data from
entire supply chains or industrial ecosystems. As a
value proposition, they simultaneously serve multiple
stakeholders and customers to offer the potential for
optimisation across entire supply chains or beyond.
Regarding value creation, platform-based business models
areoftenbasedondatageneratedfromEnterprise Resource
Planning or Manufacturing Execution Systems. If these data
stem from entire supply chains or industrial ecosystems,
platform-based business models aim to generate Big Data
from and for many stakeholders and customers. Therefore,
the approach differs from the use-based or outcome-based
business models described below. Typically, platform-based
business models in manufacturing can only be established
by larger companies or if several companies cooperate, but
not by small and medium-sized manufacturers. This is since
datagenerationonalargescaleisrequiredtorunaplatform-
based business model. The value-capture mechanisms of
platform-based business models are typically subscription
or license models for the customers. An example is Siemens
Xcelerator®’, which combines several Siemens products for
multiple customers.

Use-based business models can be part of platform-based
business models, like an add-on that is only paid for if used
or represents independent business models. Use-based



business models are centred around data-driven value
propositions. Those include value-stream analysis or real-
time optimisation of production and logistics processes.
Since those are highly specific and require additional value
creation efforts, such as specific real-time sensor data
collection and evaluation, they are typically combined with
use-based value-capture mechanisms, i.e. those that are
only paid for if used by the customer. An example includes
German air compressor manufacturer Kaeser®@, which
was one of the first to charge its industrial customers for
compressed air rather than selling its compressors.
Outcome-based business models use value-capture
mechanisms based on a value proposition with a
clear benefit for the customer. Those include, e.g. the
reduction of downtime and improved Overall Equipment
Effectiveness within a manufacturing cell or improved
product development processes. Since their value
proposition is based on an actual and often specific benefit
for the customer, the value-creation process is also based
on specific data collection and analysis. Typically, value
propositions like data evaluation and analysis are combined
with specific services, such as implementation, consultancy,
and process optimisation. For many Small and Medium-
sized Enterprises or firms not present on typical industrial
platforms, outcome-based business models present a niche
in which they can prevail while preserving their specific
customer base and retaining their customer contact. As
for use-based business models, outcome-based business
models can be added to platform-based, or combined with
use-based business models. An example of an outcome-
based business modelis Hitachi'®”, whichchargescustomers
for cost cuts or better performance, among other examples.
The main characteristics and types of digital business
models used in manufacturing are visualised in Figure 25.

Figure 25

Characteristics of digital
business models and different
digital business model types in
manufacturing

Characteristics of

manufacturing digital BMs Types of digital BMs

- Smart products and services
- Digitalized processes

- Digital platforms

- Ecosystem perspective

- Platform-based BM

- Use-based BM
- Outcome-based BM

Challenges and opportunities
for digital business models in
manutacturing

A recent survey by Deloitte’® encompassed more than
800 participants at the C-level and BU-head levels of four
industry sectors (automotive, machinery, chemicals, and
pharmaceuticals). The results emphasise that digitalisation
remains the primary focus of investment for the companies,
with around 30% expressing their desire to accelerate their
digitalisation efforts.

However, digital transformations are challenging, and
manufacturing companies must overcome several
challenges to increase their chances of success. Figure 26
shows some critical challenges.

Figure 26

Digital transformation
challenges

CREATING A DIGITAL ADOPTING AN
STRATEGY ECOSYSTEM
PERSPECTIVE

DIGITAL
FOSTERING TRANFORMATION EFFICIENCY AND
CULTURE CHALLENGES EXPERIENCE

ATTRACTING ‘ @ DEVELOPING ASSETS
DIGITAL TALENTS AND TECHNOLOGIES

The first challenge is to develop a digital strategy, since it
guides and creates a vision for manufacturing companies
pursuing their digital transformation journey*’. To
create a robust digital strategy, companies need a deep
understanding of digital trends, a thorough analysis, and
close collaboration across the entire organisation and its
ecosystem. As shown in Figure 27, the main concerns in
creating a digital strategy are the lack of understanding of
the potential value of digitalisation or the need for change,
how to integrate digital strategy and other companies’
strategies, and how to ensure that different units
understand and are aligned with the digital strategy'#%.
Another challenge revolves around developing an
innovation culture that fosters customer-centric values,
embraces a digital mindset, encourages a willingness
to experiment (test-and-learn cycles and risk-taking
initiatives), and the adoption of metrics and incentives
tailored tomonitor and recognise digital initiatives. Aligned
with digital strategy and innovation culture, the company’s
capacity to attract and retain digital talents has emerged
as a critical factor distinguishing businesses that have fully
embraced DBMs from those that have not.
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Figure 27

Digital strategy development
concerns

(Source: Gartner, 2023)

What are the challenges
while developing a vision
for digital change?

/\

Ensuring that business leaders
understand the possibilities

/\

Integrating the digital vision with
existing enterprise level strategies

/'\

Agreeing on a shared vision across
different parts of the enterprise

Challenges for digital transformation are often attributed
to missing digital capabilities in data generation, transfer,
and analysis. This is especially true for traditional
manufacturers with high competencies in mechanical
properties but lacking digital competencies. Even
more, small and medium-sized enterprises (SMEs) or
traditional industries are struggling with scaling up data
competencies'*®, Further, non-technical factorsinclude the
customers’ success in the implementation process and the
generation of value-capture mechanisms that customers
can accept. Further, organisational change processes
typically challenge established industrial manufacturers
that are, however, required to transform from a
manufacturing business model to a digital business model
in manufacturing. This includes organisational resistance,
unclear responsibilities, or missing competencies#4,

Anotherchallengeisdevelopingdigitalassetsandplatforms
that offer agile, scalable operation and collaboration with
external partners. As shown in Figure 26, technologies
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like cybersecurity, Al decision support, SASE, 5G, and
cloud platforms are particularly interesting. Therefore,
manufacturing companies must invest in several core
technologies and digital assets to achieve digital maturity.
Further, it must be noted that digital business models fail
for many industrial companies. As a prominent example,
the attempts of General Electric (GE) to launch a digital
business modelfailed due toalack of customerdemand and
not generating revenues, among other factors'#. Hence,
customer demand and alignment with their requirements
is a challenge, as well as generating operational efficiency
with a digital business model*#.

If digital business models are implemented in industrial
ecosystems, the combination of the platform concept
and ecosystem concept bears additional multiplying
factors, such as multi-sided business models for multiple
customers, including new customer groups. Still,
governance of an ecosystem, generating sufficient (data)
volume on a platform, and potentially too many companies
aspiring to run the ecosystem rather than benefit from it
are among the most prominent challenges*.

Regarding the opportunities for digital business models
in  manufacturing, many established manufacturers
can now offer new forms of value proposition in which
a physical product is accompanied by digital services,
thus enhancing the existing product. Examples include
predictive or condition-based services, or optimisation
and implementation services™®. In value creation,
manufacturers can use the data generated to optimise
their products and their customers’ manufacturing
environments where those are used. However, especially
the value creation of digital business models comes
with the challenges above for traditional, established
manufacturing firms.

Finally, value-capture mechanisms allow manufacturers to
generate value out of quality that customers were willingto
pay for indirectly, but which could not be monetised before.
For instance, the promise of a machine that allows fewer
downtimes and failures over a long period is appreciated
by many customers. However, many customers struggle
to quantify this promise. Thus, a better machine might
be even more expensive, so fixed costs are much higher,
preventing its purchase from a controlling-driven logic.
However, if the digital data of downtimes and availability
allow the above-named use-based and outcome-based
business models, customers pay for what they get. Thus,
quality can be sold not by higher sales prices, but in the
long run with customers paying for clear outcomes or
using individual services to their benefit.



DIGITAL BUSINESS MODEL CANVAS

Key Partners Key Activities Value

v Data collection and
analysis across entire
value chains or
ecosystems, serving

multiple customers

v It is combined with
specific, individual

v Data analytics and
Al tools providers

v Data storage and
standardisation
providers

Propositions

v Sharing data
allows multiple
stakeholders to
optimise existing or
uncover unknown
potentials

v Optimisation and
insights regarding
existing processes
when needed for
customer

Customer
Relationship

Customer
Segments

v Individual customers
as well as entire
supply chains and
ecosystems

v Data collection and
analysis conducted
constantly, but
presentation to
customers only
when needed or
beneficial

v Services targeted

services and
knowledge

Key Resources

v Data collection and
standardisation tools

for specific
purposes, such as
reducing downtime
or improving

Channels

v Personal and virtual
channels

quality, combined

v Big Data analytics
v Artificial Intelligence

Cost Structure

v Investments in data analytics and Al tools if developed
internally

v Scalable costs if provided externally

with services

v Digital platforms for
collaboration across
stakeholders

&b

v Licence, model, subscription model

Revenue Streams

v Pay-per-use, pay-per-feature

v Pay-per-output, pay for guaranteed results

Data-Driven Business Models

In the digital age, manufacturing is undergoing a profound
transformation, driven by data and technology. In this
section we explore the impact of data-driven business
models on the manufacturing industry, using the Business
Model Canvas as a lens to compare traditional and data-
driven approaches.

The Business Model Canvas comprises key elements
like internal wvalue creation, external value creation,
key resources, key activities, and key partners, which
are now evolving in the context of data. The aim of this
section is therefore to delve into how data are redefining
manufacturing processes, customer interactions, and the
roles of critical resources and partners.

The goal is to shed light on the data-driven manufacturing
landscape, showcasing how data are revolutionising

the industry. The contrasting features of traditional and
data-driven models will be highlighted, emphasising
data’s role as the catalyst for innovation and efficiency in
manufacturing.

In the following paragraphs, business model components
will be analysed in detail, offering insights into the
transformative possibilities of data-driven manufacturing.

Value creation ‘external view’

The “ability to monetise data effectively — and not simply
hoard it — can be a source of competitive advantage in the
digital economy#?”.

It is important to emphasise that substantial data volumes
are no longer a distinguishing factor in the realm of
manufacturing and production. Data have been an integral

World Manufacturing Report 2023 45



aspect of the manufacturing landscape for decades. Yet,
despite the progress in harnessing data and the fact that
modern machinery now comprehensively captures data,
the primary focus has often remained on optimising
internal processes and decision-making procedures. The
potential of these actions should not be underestimated.
They often provide a good entry point, form a basis for
successive action and will continue to be highly relevant.
Nonetheless, these internal process improvements may
become a hygiene factor and it would be desirable not to
stop at this point to really exploit the potential of data-
driven manufacturing.

Looking ahead, manufacturing enterprises should
increasingly divert their attention towards effectively
leveraging and translating data into marketable offerings.
This entails the creation of new innovations driven by data.
These innovations may closely align with existing core
products and services or pave the way for entirely novel
business models and revenue streams.

The possibilities for integrating data into products and
services are extensive and multifaceted. Asset monitoring,
early detection and prediction of potential errors, remote
support or fleet management dashboards are common
offerings. Further connecting and gathering data from
a machine provides the necessary transparency and
enables new service-oriented business models, such as
performance-based guarantees or secured availability
(pay-per-use, outcome-based contracting). Without real
time operational data and log-files, these models are often
opaque and pose risks, leading to challenging negotiations
when problems arise or render these models impossible.
Taking it a step further, when considering autonomous
systems, data become the foundation for securely
managing processes and workflows. Data serve as
the communication medium between actors that no
longer necessarily require human interaction but, as
a counterpart, requires an even more structured and
robust workflow. If errors occur in data acquisition,
transmission, or interpretation, it can result in high failure
rates, decreased efficiency, or even the collapse of entire
process chains. As data-driven offerings in this context
will have an overarching and profound impact on complete
value chains, and different organisational boundaries are
crossed, companies have to find their position in emerging
ecosystems.

The car manufacturing business can be used as an
example since it is an industry which will be transformed
when autonomous driving becomes reality. Data-driven
offerings might range from matching passengers and
cars on mobility platforms up to highly personalised
customer experiences. New market participants and
disruptors might enter the mobility market as operators of
autonomous fleets and intermodal-mobility concepts. The
gathered data from car operation might be useful for fleet
optimisation but also for other external offerings, like road
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surface quality detection services which can optimise road
maintenance processes of municipalities!*°.

To approach the topic of new value propositions,
established frameworks can help for orientation. Answer
the question of whether companies offer a promise to
assist a customer (input) or to guarantee a performance
(output). Does the offering relate to the product or to
the larger process in which a product is embedded®*?
Other options might be the strategic choice to operate
as a platform orchestrator and build an ecosystem or an
integrator within existent ecosystems.

There is no golden path to follow for a successful
transformation journey with data-driven offerings. But,
amidst all the technological possibilities, it is important
to ensure that the offerings deliver value to customers.
Further offerings should align with the company’s
overarching strategy, justifying the investments and
efforts required for the necessary infrastructure.

Value creation ‘internal view’

Historically,the processof production lacked transparency.
Requests for purchases were sent to the manufacturing
team, and the resulting finished products seemingly
materialised without clear and detailed understanding.
In complex production setups that entail various stages
of value creation, production managers may encounter
difficulties in comprehending the intricacies of the
processes involved. Nevertheless, it is imperative for them
to have a comprehensive understanding of all aspects
related to production to guarantee the highest level of
efficiency and output.

Organisations can significantly benefit from utilising
data in their production processes. By doing so, they
can achieve greater transparency and gain a deeper
understanding of how value is created. This can ultimately
lead to more informed decision-making and improved
overall performance by transitioning to a Data-Driven
Business Model (DDBM). In a theoretical world where
manufacturing companies not only produce goods but also
cultivate a seamless and innovative process, data act as a
guide, deftly directing each step of the production process
towards a successful buildup.
Onthemanufacturingfloor,datago beyond mere numbers;
if correctly managed and used, it is the tool that unlocks the
possibilities of creativity and efficiency. With data as the
guiding force, every aspect of the manufacturing process is
elevatedtoanew level of precision, accuracy,and ingenuity.
The result is a truly seamless and innovative process that
sets the standard for manufacturing excellence.
Companies in the manufacturing industry that utilise
data as a crucial component can attain optimisation
by meticulously refining each process. The powerful
insights offered by data expose and eliminate bottlenecks,
diminishing inefficiencies. Quality controls guarantee
that every product produced conforms to the required



standards. By leveraging real-time data, defects are
quickly identified and rectified before they even have the
chance to manifest.

The management of inventory through data ensures
minimal wastage and cost reduction, utilising every
resource to its fullest potential and pursuing maximum
efficiency.

Sustainable manufacturing practices rely heavily on the
efficient use of energy. By analysing data, manufacturers
can identify areas where costs can be reduced while also
benefiting the environment. The careful allocation of
resources is central to achieving maximum value, with
labour, capacity, and materials working in perfect harmony.
To succeed in today’s data-driven manufacturing landscape,
innovation is key. By pushing the boundaries of product
development, manufacturers can reach new heights and
exceed expectations. Supply chains, too, require new levels
of adaptability and responsiveness, where market changes
are quickly addressed, and value creation remains at the
forefront.

A culture of continuous improvement is vital in the
manufacturing industry, with team members empowered
to seek out opportunities for optimisation and innovation.
In this world, data are more than just information; they
must be used to set direction, resonating far beyond the
factory floor and creating value that exceeds expectations.
The Siemens plant in Chemnitz, known as Siemens WKC,
is pioneering data-driven manufacturing to achieve
significant cost reductions in control cabinet production.
They are leveraging digital-twin technology and Al systems
to enhance automation over the next decade, ultimately
aiming for autonomous assembly processes. This strategic
shift is driven by the imperative to realise cost-efficiency
and resource savings while maintaining a high degree of
flexibility to meet evolving market demands.

Key Resources

The transformative changes in manufacturing are closely
tied to shifts in key resources. Embracing these changes
and aligning resources with evolving market dynamics
are critical for manufacturers to remain competitive and
capitalise on emerging opportunities.

Manufacturers are  heavily investing in  their
infrastructure, embracing advanced technologies like
cloud-based computing and edge computing. This
influences a manufacturer’s ability to handle vast data
volumes efficiently and provide real-time insights, which
can be leveraged to create new value propositions or
gain internal process optimisations. Especially for new
value propositions, it is often crucial to build up domain
knowledge about the usage face. This is often lacking
because manufacturers often do not have data, nor vast
experience of the operation of built assets.

For data-driven business models, the workforce will

further change because new capabilities are needed. Also,
software development and data literacy can be outsourced
toagreat extent; organisations should also build up their own
capabilities to avoid excessive dependencies. In industries
such as aerospace, this resource might help to enhance
product design, contributing to improved performance
and safety.

Last but not least, balancing data sharing with data
protection is essential. This involves managing intellectual
property while engaging in collaborative efforts.
Intellectual property protection is a key resource. In
the pharmaceutical industry, for example, it safeguards
valuable drug formulation data.

Examples for changes within the key resources on the
transition to data-driven manufacturing is, for example,
Hyundai, heavily investing in their transformation to a
smart mobility solution provider (i.e. acquisition of 42dot
and Boston Dynamics), or Siemens building up its digital
team with Siemens Advanta and also acquiring new
resources (i.e. Vendigital).

Key Activities

When it comes to adopting a Data-Driven Business Model
in the manufacturing industry, data play a crucial role in
driving transformation and creating business value. It is
not just a collection of information, but rather a source of
inspiration for innovative ideas and endless potential.
According to the data information knowledge wisdom
(DIKW) model*?, information is only truly useful when
it is presented in a way that can be effectively utilised,
recognised, decoded, and evaluated by individuals.
Knowledge, on the other hand, is derived from experience
gained through the use of information, often as a result
of interactions between two or more individuals. The
DIKW model provides a clear hierarchical order that
demonstrates the progression from data to information to
knowledge to wisdom. The ongoing debate surrounding the
definitions of data, information, knowledge, and wisdom
underscores the importance of tailoring information to the
specific needs and interests of the user in order for it to
be valuable. Ultimately, the customisation of information
isessential in enabling individuals or organisations to solve
problems in a meaningful way.

The process of collecting data is the starting point for a
complex and meaningful composition. Various sensors and
technologies gather fragments of information, which are
then used to create a foundation of understanding.

Data integration allows the bringing together of different
sources of data to create a comprehensive overview
of a problem. It ensures that all the different aspects
are considered, and that strengths and weaknesses are
properly addressed.

When properly performed, data analysis allows for the
decoding of complex problems and identification of the
root causes of problems. With the help of predictive
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analytics, machine learning, and statistical techniques, it
transforms raw data into information and knowledge that
can be used to overcome challenges and can be reused in
other contexts.

The importance of data security and compliance cannot be
overstated, as they are integral to maintaining the integrity
of data. On the other hand, customer insights and market
intelligence serve as valuable tools that provide feedback
on consumer behaviour, preferences, and trends. By
leveraging this information, businesses can make informed
decisions and shape their direction accordingly. It is crucial
for organisations to prioritise both data security and
customer insights to remain competitive in today’s market.
CatenaX serves as a platform provider for data-driven
manufacturers, empowering them to participate in
key activities within the automotive industry supply
chain. Developed by the German Association of the
Automotive Industry (VDA), CatenaX offers a digital
ecosystem that facilitates transparency, traceability, and
efficiency across manufacturing processes. It enables
manufacturers to seamlessly engage in activities such as
real-time data sharing, traceability of components, process
optimisation, and sustainability efforts. By offering this
digital infrastructure, CatenaX empowers manufacturers
to embrace data-driven approaches and enhance their
operations in the automotive sector.

Key Partner network

Establishing a robust partner network is essential for
manufacturers aiming to harness data-driven business
models across various industries. Key considerations
include  collaborating  with  technology partners
specialising in data analytics, artificial intelligence (Al), and
the Internet of Things (loT) to effectively leverage data.
Additionally, forming partnerships with data providers can
provide access to external data sources that complement
internal data, enhancing insights and decision-making.
Manufacturers should also work closely with suppliers and
supply chain partners to optimise production processes
and gain visibility into their supply chain, leading to
improved efficiency and responsiveness.

Research and development institutions, including
universities and innovation centres, offer valuable
opportunities for collaboration, allowing manufacturers to
tap into cutting-edge research and talent. Engaging with
government agencies and industry regulators is crucial to
ensure compliance with data privacy and industry-specific
regulations. Moreover, participation in industry-specific
ecosystems or consortiums enables manufacturers to
share best practices and insights with peers while staying
updated on industry standards.

For a concrete example in the automotive industry, car
manufacturers like Ford have partnered with technology
companies such as NVIDIA to leverage their Al-powered
solutions for autonomous driving. This collaboration
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equips Ford with advanced Al capabilities to enhance
autonomous driving features, illustrating how technology
partnerships can drive innovation and competitiveness.
Furthermore, manufacturers like GM have joined forces
with Google, leveraging Google Infotainment System and
Services to enhance customer experiences. This strategic
partnership enables GM to harness data for a more
personalised customer journey, illustrating the importance
of data-driven partnerships in the automotive sector’s
transformation. Another interesting collaboration is the
case of Trumpf and Relayr, a MunichRe company where an
OEM and an insurance company collaborated in the field
of innovative, risk-based business models in the form of
equipment-as-a-service.

Future strategic focus areas

The grand challenges of the future will force organisations
to work more closely together. Existing industrial
logics are increasingly being challenged and even if the
manufacturing industry has recently mastered past crises
and disruptive changes, geopolitics, climate change and
the evolution towards Industry 4.0 will demand even
greater adaptation and transformation.

Recent studies show that data-driven companies are
better able to meet these challenges®S. But this may
come at a high price. Embracing advanced manufacturing
technologies and Data-Driven Business Models presents
a significant opportunity for the manufacturing industry.
These innovations not only enhance competitiveness but
also enable proactive compliance with future regulations.
This requires companies to reposition themselves,
to change deeply rooted organisational cultures and
mindsets but also to re- and upskill existing employees to
offer more sustainable and competitive data-driven value
propositions through their evolving partner ecosystem,
built-up resources, and new activities.

Nevertheless, the efforts in the transition towards DDBMs
is promising and might be used as a base to innovate and
improve in different areas:

» Data-driven innovation of existing product and service
portfolios.

e Decarbonisation efforts and traceability within the
supply chain.

o Operational excellence and cost-efficient manufacturing.

e Enhanced customer experiences and business models
enabled by data-driven insights and self-optimising
autonomous systems.

 Enabler for many business models (i.e. Circular Economy,
Servitisation, Al).

Even if the future cannot be clearly predicted, companies
and decision-makers must ask themselves the strategic
question of what role they would like to/could play in such
ascenario in order to derive fields of action.



DATA-DRIVEN BUSINESS MODEL CANVAS

Key Activities Value

v Knowledge
management

Key Partners
v Platform providers

v IT suppliers
v Data strategy
v Customers as

co-creators v Data collection

v Suppliers as v Data integration

co-creators creation

v Data analysis
v Analytics providers

v Data security
v loT providers and
compliance

Propositions

v Flexibility

v High level of
customisation

v Data-driven value

v Predictive quality
v Optimisation

Customer
Segments

Customer
Relationship

v Data-driven
segmentation

v Personalisation and
customisation

v Feedback loops
v Community building

v Micro-segmentation
V' Lifecycle stages

v Customer support
and service

v Improved risk

management

Key Resources

v Data pools

v Clouds

v Computing power

v Smart products or
environments

v Knowledge base

v Installed base F/I/Ij
i

Cost Structure

v Energy

v Reduce production costs

v Reduce waste

v Data management costs

v Network and connectivity costs
v Data compliance costs

Channels

v Data integration
platforms

v Al-enhanced supply
chain

v Data analytics
dashboards

v Digital twins %@g

Revenue Streams

v Data-driven manufacturing output
v Supply chain optimisation services
v Sustainability services

v Risk mitigation services

Al-based Business Models

Al regulations impacts on
Al-based business models

Al regulation refers to the set of rules, laws, and policies
that governments and regulatory bodies put in place to
govern the development, deployment, and use of artificial
intelligence (Al) technologies. Currently, in 2023, there
are no such mandatory regulations on the usage, training,
or deployment of Al models. There have been numerous
guidelines published to support ethical Al development
and implementation, but few government-enforced rules.
However, this is a growing trend, and the situation is
therefore likely to change in many countries in the near
future. The goal of Al regulationistoensure that Al systems
are developed and used in ways that are safe, ethical, and
compliant with legal and societal norms. Key aspects of Al

regulation are ethical and safety standards, data privacy
and security, liability and accountability, certification and
testing, transparency and explainability.

More regulatory laws will be enforced in multiple countries
in the near future, following action being undertaken in
the EU, Japan®™#, and the US>, The Artificial Intelligence
Act (Al Act)™® by the European Commission classifies Al
models into different risk levels. Unacceptable, High Risk,
Limited Risk, and Minimal Risk.

Unacceptable: these Al systems will be banned and can't
be certified. Examples are applications that pose a clear
threat to safety or livelihood. Also, all social scoring
systems used by public authorities are strictly prohibited.
Also prohibited are any real-time remote biometric
identification systems used by law enforcement in publicly
accessible spaces.
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High Risk: these include applications related to transport,
education,employment, and welfare, amongothers. Before
putting a high-risk Al system on the market or in service
in the EU, companies must conduct a prior “conformity
assessment” and meet a long list of requirements to
ensure the system is safe. Requirements are, for example,
adequate risk assessment and mitigation systems, high
quality of the datasets feeding the system to minimise risks
and discriminatory outcomes, logging of activity to ensure
traceability of results, detailed documentation providing
all information necessary on the system and its purpose
for authorities to assess its compliance.

Limited Risk: these refer to Al systems that meet specific
transparency obligations. For instance, an individual
interacting with a chatbot must be informed that they are
engaging with a machine so that they can decide whether
to proceed (or request to speak with a human instead).
Minimal Risk: these applications are already widely
deployed and make up most of the Al systems we interact
with today. Examples include spam filters, Al-enabled
video games, and inventory-management systems.

What does it mean for Al-based business
models?

A large survey of 100+ Al start-ups has been conducted
concerning the impact of the Al Act on business models®>’.
Of the 113 EU-based Al start-ups, 33%-50% of the Al
Systems would classify as High Risk. The findings of the
survey are as follows: now being somewhat competitive,
most of the 15 surveyed Venture Capitalists expect that
the Al Act will drastically reduce the competitiveness of
European start-ups in Al. For “High-Risk” Al Systems,
the additional requirements and obligations are a
significant challenge for start-ups in terms of technical and
organisational complexity and compliance cost. Venture
Capitalists investments shift towards Al Systems with a
specific purpose, in low-risk applications, and, to some
extent, to non-Al start-ups and outside Europe. A study by
the Center for Data Innovation™® concluded that the Al
Act would cost the EU Economy €31 billion over 5 years,
since it is the most restrictive regulation and the earliest.

What does it mean for Al-based business
models in the manufacturing domain?

Various databases for use cases of Al systems and their
risk category classification are being developed. Of 106 Al
Systems in the Risk Classification Database by appliedAl
Initiative>710 the majority of the manufacturing use cases
such as quality control or process control and optimisation
are categorised as low risk. This is largely because the Al
systemisnotasafety component,asitisintendedtocontrol
the quality of produced parts. It does not affect the safety
of the pressing machine. The Predictive Maintenance use
case has an unclear risk category evaluation. It depends
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if the maintenance of a machine is considered safety
critical, because it has no component itself, but a failure of
maintenance may be safety critical.

The primary responsibility of certification and regulatory
compliance will be shouldered by the ‘providers’ of Al
systems. Certain responsibilities will also be assigned to
distributors, importers, users, and other third parties,
impacting the entire Al ecosystem.

Al-based business model
structure

Customer Segments

The Al-based business model creates value for literally
all relevant organisations in the manufacturing industry,
including original equipment manufacturers, third-party
suppliers, supply chain actors, and other stakeholders in
the industrial ecosystem. Different customer segments
perceive different values for different objectives through
different specific Al-based business models. Noticeably,
the customer segments included here are described
generally, but the labels become more specific considering
the specification of use cases.

Value Propositions

In general, newness and innovativeness are the mainvalues
that customers prefer to acquire when introducing a novel
business model (Metelskaia et al., 2018). Specifically,
adopting Al-based business models can reduce costs.
For example, implementing machine learning algorithms
can enable better optimisation of product design at the
product level and, at the system and process level, of not
only production planning and scheduling but also the
usage and allocation of resources, such as raw materials,
human resources, operational technologies, and energy
consumption. Al-based business models can also enable
better forecasting of market demand so that manufacturers
and other stakeholders within the manufacturing system
can calibrate their business accordingly, which may
further contribute to cost reduction. The superiority of
Al techniques in state analysis and future prediction also
enhances the reliability and availability of manufacturing
systems by enabling prescriptive analysis or risk mitigation
and proactive issue resolution.

Besides, Al-based business models can facilitate achieving
better user experiences with mass customisation or
curation for tailored experiences enabled by better and
more objective analysis of customers’ needs. Implementing
Al technologies in customer services can also strengthen
the connectivity between businesses and customers with
the remote customer connection by enabling remote
assistance by Al alongside human experts. The connectivity
among existing systems can also be strengthened with Al-
based business models implemented.



Channels

Overall, products and customers can be mutually reached
through direct access and indirect access. For direct
access, Al-based products or services can be delivered
from providers to customers directly through variant
channels, such as application stores, applications on
specific platforms (e.g. Microsoft Azure, Amazon AWS,
PTC, Bosch), Al model repositories, pre-trained Al models
in a Model Zoo. Customers can find and download Al-
based products or services through these channels.
Providers can also provide Al-based products or services
by pre-installing or preconfiguring them in equipment.
For indirect access, a third party is involved in the channel
where the third party integrates Al-based products or
services into their own products or services, for example,
by APl integration or through API calls, and then provides
their products or services to customers.

Customer Relationships

The customer relationships segment is revolutionised with
diverse strategies tailored to the digital age to create a
seamless customer journey. Al-based self-service becomes
feasible for users to better navigate independently, such as
24/7 Personal Assistance by chatbots ensuring constant
intelligent support, and automated service optimising
efficiency. Al-based business models will also foster online
connectivity, with the virtual community better informed,
and encourage collaboration through enhanced co-
creation. Hyper-personalised delivery, driven by complete
customer data, is complemented by intelligent loyalty or
reward programmes for sustained engagement.

Revenue Streams

The Al-driven business model includes direct selling of
Al-related assets for immediate income. Usage fees align
costs with service value, subscription fees offer recurring
revenue, and licensing ensures controlled Al technology
use. Additionally, data monetisation and consumption-
based pricing maximise earnings from valuable insights
and tailored service usage.

Key Resources

In the Al-based business model's infrastructure, key
resources like robust computing power, extensive data
storage, and specialised processing units that drive
physical/hardware capabilities are essential. The software
suite includes essential tools for model management, user
interaction, monitoring, and adaptable operating systems.
Skilled human resources are vital for setup, maintenance,
customer service, and software customisation. The
business model thrives on a dynamic data-based
ecosystem, fostering ongoing innovation and adaptability.

Key Activities

The key activities are the strategic vision and planning
beforehand. This includes the use case identification,
modelling, and deployment. Typical Al-based use cases in
manufacturing are quality/anomaly detection, predictive
maintenance, and system optimisation. Use cases can
be grouped into three categories. The system level, the
workstation level, and the process level.

The modelling activity contains all Al technology aspects.
The solution design includes resources, algorithm
selection, feature engineering, and feature selection.
After design considerations have been taken into account,
prototyping and proof of concept of the Al system can take
place. After the modelling phase, the key specifications
are set. The system has a clear objective and the data
and algorithm used to reach the objective are specified.
Additionally, it is shown in the prototype that the solution
is feasible, and predictions are accurate enough for the use
case in question.

Deployment: in the deployment activity the model is
integrated into operation. Issues here are the scalability,
the integration with existing business processes, and
model management (revisioning, monitoring).

Key Partners

Thepartnersinvolvedinthebusiness model canbe grouped
into different roles/stakeholders in the ecosystem. The
roles are: Technology Provider, Service Provider, and
Solution Provider.

Technology Providers are needed during the building and
developing phase. Typical Al technologies needed are: data
science platforms, integrated development environment
(IDE), development kits, libraries, and bundles. These
technologies are provided by either a foundation, large
tech companies, or open-source developers.

Service Providers are needed during the operation
phase. Here, a hosting service such as a platform or cloud
operator is essential. Additional service providers are
security services, regulatory services, financial services,
and marketing services.

Solution Providers help as strategic partners for business
aspects or as a holistic partner. Solution providers can
be software development firms, Al consultancy firms, Al
start-ups, or Al research institutes and hubs.

Cost Structure

The most importantinherent costs of an Al-based business
model are Human Resources in the form of Al specialists,
hosting costs for model operation and execution, R&D for
model improvement, scaling infrastructure, data security
and legal compliance, licensing costs, and large data
acquisition and management.
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Deployment of Al models in manufacturing

There are various ways to deploy an Al model,
depending on the specific requirements of the project,
the infrastructure, and the deployment target system.
Al systems can be designed with local deployment or
cloud deployment. Local deployments are on-premises
servers, desktop/mobile applications, deployment on edge
devices, or directly on operational technology (OT). Cloud
deployment is typical for web applications. Here the Al
model is deployed on large cloud providers such as AWS,
Azure, and Google Cloud or smaller 10T platforms.
Deployment on OT hardware such as programmable logic
controller (PLC) of, for instance, machine tools offers
the advantage of low latency and higher security. These
stricter requirements are necessary for real-time process
control applications. Web Applications, on the other hand,
are used for less time-critical use cases.

Deploying these models has become easier recently due to
prefabricated deployment pipelines, and integration in the
regular Continuous Integration/Continuous Deployment
(CI/CD) pipeline. These new MLDevOps pipelines integrate

AI-BASED BUSINESS MODEL CANVAS

Key Activities Value

Vv Strategic vision and

planning v Newness
v Use case identification

Key Partners

Technology Provider:
v Data science platform /

Propositions

Al model deployment into your CI/CD pipeline and fully
automate the process of deploying new Al models onto
target systems?¢®. Higher standardisation has also reduced
the effort during deployment. For instance, the Neutral
Exchange Formats such as Predictive Model Markup
Language (PMML)*? Neural Network Exchange Format
(NNEF)™%, and Open Neural Network Exchange (ONNX)¢4
have addressed the challenge of the different frameworks
used during development and deployment. ONNX is an
open format which has been in development since 2018,
originally initiated by Microsoft, Amazon, Facebook,
and additional partners. It is very versatile and has high
compatibility with development and target systems.

In conclusion, the key characteristics of the Al business
model are the unique use cases of Al in manufacturing and
their inherent large potentials such as increased operation
efficiency, energy savings, and robustness. The main
recommendations are to adopt the technology strategy
or alter the existing strategy to incorporate new business
models and timely compliance with upcoming regulatory
aspects. The overall outcome estimates should be realistic
and not driven by current Al hype.

Customer
Segments

Manufacturing companies

Customer
Relationship

v Al-based self service

IDE / development kits /
libraries / bundles

v Foundations / large tech
companies / open source
developer / libraries
supplier...

Service Provider:

v Hosting service (platform /
cloud operator)

v Security services
v Regulatory services
v Financial services
v Marketing services

Solution Provider:

v Software development
firms

v Al consultancy firms
Al start-ups

Al research institutes and
hubs

Software-as-a-service
(SaaS) companies
Al as a service

Cost Structure

v Data strategy and
management

Modeling:

Al technology / resource /
algorithm selection

Feature engineering
Feature selection

Prototyping and proof of
concept

Deployment:

Scalability, integration with
existing business processes

Revisioning
Monitoring (model drift)

and optimisation g%

Key Resources

v Physical / hardware
Software

v
v Human resources
v

Dynamic
data-based
ecosystems
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Innovativeness

Cost reduction
Connectivity enhancement
Reliability enhancement
Availability enhancement
Better user experience

- Personal assistance 24/7
- Automated service
v Virtual community
v Enhanced co-creation
v Seamless customer journey
v Hyper-personalised delivery

v Loyalty programmes /
Reward programmes

Channels

v Direct access (app stores,
Model Zoo, pre-installed
/ pre-configured with the
equipment

Indirect access (API-
integration / through API
calls)

Revenue Streams

Original equipment
manufacturer

Third party supplier
Supply chain actors

Stakeholders in the
industrial ecosystem

Other Al business models
(interaction b/w machines)




Mass Customisation Business Models

Mass customisation, as a new business model for the
future of manufacturing, stands in stark contrast to
the traditional standardisation of mass production.
However, as described in the relevant section of Chapter
2, “Mass customisation economy”, there is no ‘one-size-
fits all' business model for mass customisation. Rather,
a variety of successful mass customisation business
models can be developed that exploit and transform
heterogeneous customer needs into profit, while meeting
the needs of society now and in the future. Moreover, mass
customisation can be considered as a strategic mechanism
along the entire value chain of a company; from product or
service design to the manufacturing processes and finally
to the usage phase.

Following the logic of the Business Model Canvas, shifting
from a standard business model to a mass customisation-
based business model could imply potential modifications
at every element of the Canvas. In a first overview, we
portray rather generic potential changes. Subsequently,we
outline specific conditions and requirements that enable a
profound business model transformation and (can) support
the success of mass customisation: 1. reconfigurability and
modularity, 2. agility and 3. sustainability.

Generic modifications
for implementing mass-
customisation business models

Customer Segments

Mass production typically targets broad and homogeneous
market segments. In contrast, mass customisation focuses
on narrow and highly segmented customer groups or
even individual customers. The goal is to cater to the
diverse preferences and needs of each segment, offering
personalised solutions that resonate with individual
buyers.

Value Proposition

The value proposition in mass production centres around
cost-effective, standardised products designed to serve a
mass market efficiently. Mass customisation, on the other
hand, places a strong emphasis on delivering tailored
and personalised solutions that align with the specific
requirements and desires of each customer. It offers
a unigue value proposition that goes beyond the one-
size-fits-all approach. Particularly in B2C markets, the
I-designed-it-myself effect leads to additional value being
ascribed to the mass customised solution.

Channels

Mass productionrelies on traditional retail channels where
a limited range of options is available to customers. Mass
customisation, however, leverages a combination of online
platforms and physical stores, enabling customers to easily
configureandorder personalised products. These channels
are designed to accommodate the individualisation aspect
of the business model.

Customer Relationships

In mass production, customer relationships tend to be
transactional, with limited engagement beyond the point of
purchase. In contrast, mass customisation fosters ongoing
and interactive relationships. Customers are actively
involved in the product design and configuration process,
creating a deeper and more personalised connection with
the brand.

Revenue Streams

Mass production generates revenue primarily through
high-volume sales of standardised products. Mass
customisation, on the other hand, generates revenue from
both the sale of customised products and often commands
premium pricing for personalised options. This dual
revenue stream is a hallmark of the mass customisation
business model. Bundling products with customised
services could increase the variety of revenue models
moving mass-customised business models in the direction
of product service systems.

Key Resources

Mass production places a heavy emphasis on efficient
production processes and economies of scale as key
resources. Mass customisation, in contrast, relies on digital
technologies, data analytics, and flexible/reconfigurable
manufacturing capabilities. These resources enable the
individualisation of products and services. Robustness of
the production process is a key success factor for any mass
customisation business model.

Key Activities

The key activities in mass production revolve around
optimising production efficiency, minimising variation,
and ensuring quality control. In mass customisation, the
focus shifts to customer engagement, the development of
user-friendly product configuration tools, and maintaining
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flexible production setups to accommodate unique
customer requests. Choice navigation, which is the
capability to guide individual customers through the sales
process efficiently and effectively, is thus a key activity.

Key Partners

Mass production typically forms stable partnerships with
suppliers and distributors to ensure a streamlined supply
chain. In contrast, mass customisation extends partnerships
to include software developers, data analytics firms, and
even customers themselves. These partners contribute to
the co-creation process, facilitating the personalisation of
products and services.

Cost Structure

Mass production’s cost structure is geared towards
minimising production costs and achieving economies of
scale.Inmass customisation, costs may be higher due tothe
individualisation process but are often offset by premium
pricing for personalised options and the operational
efficiencies gained through technology-driven processes.

Specific modifications
for implementing mass-
customisation business models

Building on the generic description of how to move from
a standard to a new mass customisation business model
for the future of manufacturing, it has been described how
to implement it profoundly and successfully, considering
reconfigurability, modularity, agility and sustainability.

Reconfigurability and modularity

When the concept of mass customisation was popularised
in the 90s, the ideas of product and process modularity
emerged too. While customisation of physical product
offerings can add significant value for both enterprises
and customers, complexity and uncertainty often increase
aswell, i.e.interms of a higher number of parts, processes,
suppliers, distribution channels, demand volatility, delivery
lead times, planning effort, setup times, etc. Compared
to requirements met by previous manufacturing and
business paradigms, mass customisation encompass low
cost, high quality, high variety, and rapid responsiveness.
Thus, solutions for balancing economies of scale and
economies of scope, i.e. reaching customised offerings
while keeping complexity, uncertainty and cost to a
minimum, has become a key challenge. Product-related
mechanisms, such as modularisation of the product
architecture and reuse of a product platform across
variants in a product family have for a long time been
successfully used in a plethora of industries and product
segments. A well-known example is the “Modulare
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Querbaukasten” (MQB) concept by Volkswagen, which
ensured high variety, unit cost reduction, and fewer
engineered hours per vehicle, through standardisation
of design and commonality of parts and subassemblies.
However, in itself, modularisation approaches to product
development do not ensure effective use of manufacturing
or responsiveness. However, in combination with an
appropriate reconfigurable and modular manufacturing
setup, affordable product variety, efficient customisation,
high quality, and rapid responsiveness can be achieved.
Compared to mass production, reconfigurable
manufacturing concepts enable both physical and
logical responses to changes in product variety and
production volume®>, The concept of the Reconfigurable
Manufacturing System (RMS) was initially introduced in
the late ‘90s by Professor Yoram Koren, as an extension
of the Flexible Manufacturing System (FMS)'¢¢. The RMS
essentially combines the high volume and efficiency
known from traditional dedicated manufacturing lines
and the flexibility and adaptability known from the FMS.
The key feature of the RMS in regard to supporting mass
customisation is the ability to be continuously changed, in
order to have the exact functionality and capacity needed
to produce a variety of existing product and part families,
as well as new products or parts'¢’ (see Figure 28). This
is essential to reduce the traditional trade-off between
productivity/efficiency and flexibility, which is a key
concern in mass customisation businesses.

Figure 28

RMS meeting both efficiency
and flexibility
(Source: Koren, Yoram, et al. “Reconfigurable manufacturing systems.”

CIRP annals 48.2 (1999): 527-540)
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The ability to reconfigure manufacturing systems,

equipment and processes is brought about by six core

characteristics: customisation, convertibility, scalability,

modularity, integrability, and diagnosability*¢8:

o Customisation: system and machine flexibility being
limited to meet requirements of product and part
families



e Convertibility: easy change and transformation of
functionality to new requirements
o Scalability: easy modification of capacity
e Modularity and integrability: system and machine
functionalities being grouped in smaller units/building
blocks with standard interfaces that can be easily
combined
» Diagnosability: easy detection and diagnosis of errors
during reconfiguration and ramp-up.
Within  a mass customisation  business model,
reconfigurability and modularity can be utilised for
reusing equipment and processes across product variants,
product families, and product generations. Instead of
designing new manufacturing systems for each product/
variant, the production system is designed at the outset
for reconfiguration in accordance with several product
types and generations. Many companies worldwide are
utilising these principles to increase competitiveness. For
instance, Volvo Trucks in Sweden is implementing modular
manufacturing principles to meet a more sustainable
future and in order to adapt quickly to new technologies
and product models. Moreover, market-leading innovative
companies like Vestas Wind Systems and Grundfos use
modularity and reconfigurability in the manufacturing setup
to increase the utilisation of equipment, increase return on
investments, and are adapting the manufacturing setups to
changing product models and customer demand?*?.

Agility

The evolving requirements of customers and the dynamic
nature of markets necessitate more than just the mass
customisation of products and services, but also proper
capabilities to effectively adapt to swift changes. Agile
manufacturing surfaced as a competitive concept in
the late 1990s to address these business challenges.
Although mass customisation and agile manufacturing
are interrelated, they have mostly been developed and
promoted in close separation. As underlined by recent
studies 71172 agility is a must for mass customisation
to meet current business challenges. Agility can be seen as
the capacity of companies to adapt promptly and efficiently
to shifts in market demand, with the objective of satisfying
diverse customer needs spanning price, specifications,
quality, quantity, and delivery.

Continuous improvement of agility in manufacturing
companies is a useful means of overcoming mass
customisation limitations with regard to changing
customer requirements and business environment. This is
consistent with the idea of shifting the improvements from
large and long-term projects controlled by few people to
more frequent activities involving all company staff73 74,
In this vein, mass customisation is seen as part of a larger
ecosystem for enhancing enterprise maturity in terms of
agility and customer-centricity. A central process within
such ecosystems involves continuously learning, adapting,

creating and measuring value (see Figure 29). Value
creation involves building the right products or services,
in the right way (i.e. proper solution space definition) and
delivering them to customers.

Figure 29

Continuous improvement of
mass customisation
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products or
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services
right right
products or
services

Deliver
customised
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Learn and services

adapt

Measure
the value

This process involves several stakeholders from within and
beyond the boundaries of the enterprise, e.g. marketing,
design, production, quality, customer, suppliers, etc.
Therefore, a shift is needed from a functional silos
structure of organisations to cross-functional teams.
This can be supported by working on decomposition
and modularisation of the processes. Recent trends in
consultancy domain mainly in industrial management echo
these shifts. For instance, Nakka and Ram!”> promoted
the agile ecosystem and how to make it work. Generally,
collaboration, team culture and empowerment are key to
keeping up with the changing business context. In addition,
planning and budgeting should evolve to accommodate
changing requirements and scope over time.

Sustainability

In light of tremendous ecological challenges with Earth
beyond six of nine planetary boundaries'’¢, it is impossible
to propose a future business model without considering
the respective sustainability implications. The challenge
is to find win-win strategies that are beneficial for the
company, its customers, as well as society and nature.
One of the prerequisites for the success of such strategies
is a customer orientation, making it possible to better
understand the customer’s expectations and integrate
them into the strategy. Thus, orientation towards
sustainable customer-centred systems is one of the keys
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to ensuring the long-term survival of organisations!’’ (see
Figure 30).

Figure 30

Customer-centricity and
sustainability

Customer-centric Customer-centric Sustainable
production systems sustaln:l;lst:e production production systems
ms
Genuinely fulfils the needs Meets the needs of the present
and desires of customers Long term existence without compromising the ability
of organisations of future generations to meet

their own needs
“Brundtland Report”

Based on the assumption that mass customisation cannot
be regarded as a sustainable business model per se, it
can, however, be seen as an enabler for sustainability in
various areas of a business model if designed intentionally.
Combining mass customisation with sustainability
considerations results in various sustainable business
model patterns - ‘sustainable solutions space development’
- tackels the integration of sustainability into the solution
space development, assessing a solution space efficiently
(e.g.withlifecycle assessments) and ensuring sustainability
thinking on an entire solution space level'’®, “Sustainable
configuration” involves combining the customer co-
creation with awareness and eco-design, incorporating

MASS CUSTOMISATION BUSINESS MODEL CANVAS

environmentally and/or socially conscious choices in the
user-interface””. This involves e.g. informing customers
about the sustainability impacts of their choice. For
‘reparable and upgradable products’, modularity serves as
a key enabler for offering a wide variety of products while
still benefiting from near mass-production efficiency. If the
product design is undertaken from the beginning while
also thinking about the whole lifecycle, modularity can
facilitate product upgradability and reparability, promoting
the adoption of the Circular Economy®°. Further, mass
customisation enables a  ‘produce-only-what-you-
(can)-sell’ logic: instead of in-stock production, mass
customisation business models are usually based on the
principle of build-to-order. Thus, the final manufacturing
of the individual product does not start until the customer
order is received, avoiding overproduction and the need
for storage facilities. Companies that implement a mass
customisation business model should not only look at
their own operations, but also at the usage phase. The
‘sustainable usage’ business model pattern reflects the
assumption that mass customisation is also suitable for
improving the environmental impact during the use phase.
To enable sustainable usage, upgrade options and adaptive
customisation are crucial. Adding ‘additional services' to a
mass customisation business model helps in going beyond
the system boundaries. Through services (e.g. take-back,
offset, transport, updates, warranty), the company is able
to improve the whole system in a sustainable way®®.

Key Partners
v Software developers
v Data analytics firms

v Customer
involvement in
co-creation

Vv Facilitation of
product and service
personalisation

Cost Structure

Key Activities
v Customer
engagement

v User-friendly product
configuration tools

v Flexible and robust
production

v Efficient and effective
choice navigation for
customers

v Complexity
management

v Lean change
management %

Key Resources

v Digital technologies
v Data analytics

v Flexible manufacturing

capabilities

v Robust
production
processes

v Individualisation process costs

Value
Propositions

v Tailored and
personalised
solutions

Vv Alignment with
specific customer
requirements and
desires

v Unique value
proposition

v |-designed-it-myself
effect in B2C
markets

Customer
Relationship

v Ongoing, interactive
relationships

v Active customer
involvement in
product design and
configuration

v Deeper and more
personalised brand
connection

Channels
v Online platforms
v Physical stores

v Easy product
configuration

v Personalised
ordering options

Revenue Streams
v Customised product sales

Customer
Segments

v Narrow, highly
segmented customer
groups

v Individual customers

v Diverse preferences
and needs catered to

v Premium pricing for personalised options

v Dual revenue streams

N
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v Potential for bundling products with customised services - @ «
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Servitised Business

Product-service systems
definition

Product-service systems are the larger mechanisms that
deliver both items and services. A product-service system
includes a service delivery system (i.e. the manufacturer’s
operations), as well as any financing systems (i.e. financial
leasing) and supplier systems (i.e. consumable supply).
Product-service systems provide several ‘touchpoints’
that contribute to the overall ‘customer experience’.

There are few ‘touchpoints’ in the manufacturing
environment since the emphasisis entirely on the product-
selling transaction®®?. Longer-term client connections are
developed, but they merely result in sales transactions
being repeated. These touchpoints are extended beyond
the time of sale and throughout the contract’s lifecycle by
advanced services. They start with contacts between sales
representatives, technicians, and project managers and go
up to contract formation and implementation. Figure 31
depicts the concept of the Product-service systems in the
railway.

Figure 31

Product-service systems -
railway example
[Source: T. Baines and H. Lightfoot,

Made to Serve: How manufacturers

Models

As stated in the preceding paragraph, Product-service
systems are extremely complex systems with several
stakeholders, each with their own approach and aims.
There are several conditions that must be met in order
to create an effective Product-service system in the firm.
The prerequisites can be classified into two categories:
technical prerequisites and non-technical prerequisites’®:.
Data management, technology management, product
and service characteristics, and so on are technical
requirements. Non-technical requirements, on the other
hand, include management understanding of services,
organisational culture and structure, human resource
management, and so on'®*. Product-service systems are
becoming more popular in both business-to-business
(B2B) and business-to-consumer (B2C) industries. As a
result, Product-service systems are an excellent method
for manufacturers and service providers to improve the
sustainability performance and management of their
products throughout their lives. The EU Action Plan 2020
has the potential to significantly increase PSS in Europe!®>.
Additionally, from a developed countries’ perspective,
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Product-service systems can be an appealing option to
move to a service economy in industrialised countries,
which consume more resources and create more pollution.
Proposed new product and service combinations based
on existing, albeit developing, technology realities,
necessitate a cultural transformation in order to reframe
consumer demands away from product ownership. On
the other hand, a business application of Product-service
systems may supplement other political and economic
interventions in developing countries and serve as an
opportunity to facilitate the process of industrialisation by
leapfrogging or passing through the stage characterised
by individual consumption/ownership of mass-produced
goods to the more advanced service-economy*®. Product-
service systems give a more hopeful and ecologically
lighter” approach of contributing to industrial growth due
to enhanced system efficiency.

As a result of the servitisation process characterising the
manufacturing context, which puts an emphasis on the
benefits generated by shifting from the traditional product
sales to service or a combination of products and services
sales discussed in the relevant “Servitisation economy”
section of Chapter 2, new business models arose and
shaped manufacturing companies’ portfolios. Commonly
referred to as Product-service systems (PSS), they are
bundles of products and services designed and integrated
with one another in order to fulfil customer needs. These
business models are complex systems characterised by
four main components: (i) tangible products representing
the material and added value of manufacturing delivered
to customer; (ii) intangible services, where the value
derives from the direct and indirect interactions between
customer and service provider; (iii) the system that
unites them consisting of all the materials, infrastructure,
human resources, and (iv) the network within the system.
Considering this complexity there is no unique PSS
business model but multiple solutions that depend on
customer need.

The Business Model Canvas is a strategic tool that offers
companies asystematicframework for defining, visualising,
and analysing their business models. When it comes to
Product-service systems, the Business Model Canvas acts
as an adaptable framework for firms to map out the many
components of their PSS strategy®®’. Therefore, following
the logic of the Business Model Canvas, general potential
modifications to every element of the Canvas due to shift
from traditional business models to PSS are detailed in the
following sections.

Value Proposition, customers, relationships
and channels

The value proposition of enhanced product value through
added services lies in augmenting the core product with
supplementaryservices,offeringconvenience,costsavings,
and an improved user experience. Tailored solutions
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and outcomes for customers providing personalised
solutions directly align with individual customer needs,
boosting efficiency, satisfaction, and market insights.
Enhancing ‘green’ credentials involves adopting eco-
friendly practices and materials, which not only reduces
environmental impact and operational costs but also
appeals to environmentally conscious consumers. This
is to satisfy the customers, which are mainly: segmented
customer groups that value holistic solutions focused on
customers seeking outcome-based contracts - they seek
service providers willing to align their compensation with
the achieved outcomes, ensuring that their investment
directly correlates with the desired results. Such
customers often include businesses looking to minimise
risk, improve efficiency, or achieve specific performance
metrics. Digital agencies specialising in service technology
development primarily cater to other businesses seeking
to enhance their digital presence or streamline their
operations. Experts and the green customer segment
encompass individuals or organisations with a strong
commitment to environmental sustainability. Experts in
this context could refer to environmental consultants or
sustainability advisors, while green customers are those
who actively seek eco-friendly products or services. In the
context of PSS in Manufacturing, the primary ecosystems
are established among companies, particularly within the
B2B market'®. Additionally, there is a secondary market,
B2C, where production companies enhance their products
with services and sell them directly to end-users.

In PSS business models the relationship with the customer
is fundamental, because the profitability of the services
depends on this. Customer relationships built on personal
assistance focus on providing individualised support and
guidance to customers. The co-creation of value and
solutions with customers - in this customer relationship
model, businesses actively engage with their customers
in the process of creating value and solutions. Continuous
service interactions and communication - customer
relationships that prioritise continuous service interactions
and communication are characterised by ongoing
engagement and dialogue. For the abovementioned
reasons, the channels which allow communication and
interaction with customers have special attention in PSS.
Indeed, these business models provide several ‘touchpoints’
that contribute to the overall ‘customer experience. These
touchpoints are extended beyond the time of sale and
throughout the contract’s lifecycle by advanced services.
Particularly useful are digital channels which can transform
communication, online services, and maintenance from
traditional methods to online instruction through platforms
such as Zoom and Webex. Additionally, companies can
incorporate digital assistants, like chatbots, to address
frequently asked questions. Digital channels also streamline
collaborations among B2B partners through various
collaboration or CRM platforms?*e?,



Key Resources, processes and partnerships

The Business Model Canvas provides an overview of
the key elements necessary to develop a successful PSS.
These elements are divided into two main categories: key
resources and processes, helping us identify potential
partners.

Resources are the assets required for the creation and
delivery of value proposition through the various channels
described before. The key resources that underpin
the transition from traditional business models to PSS
encompass technology platforms for service delivery (such
as loT and analytics tools), service-oriented personnel and
training resources, robust financial and R&D capabilities,
logistic centres (e.g. for spare parts), customer feedback
and/or product usage data that can enable the design
of new services. Along with the resources, it is also
essential to develop and carry out appropriate and well-
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organised activities in order to fulfil the value proposition
established by addressing consumers’ demands. In the
case of PSS, it results in fundamental efforts in the design
phase of new services and the delivery process of existing
ones in order to continuously try to attempt customer
requests. Services are means for facing competition, thus
monitoring and controlling activities are fundamental for
tailoring adequate service offerings. Since services come
along with the products and have the purpose of extending
and optimising their lifespans, manufacturers should foster
continuous product-service integration and innovation.
Another important activity relies on the establishment
of an ecosystem plan involving all the stakeholders
(manufacturers, service providers, customers).

PSS business models extend partnerships to include
service providers (which can be the manufacturers
themselves if they have the resources), IT providers, and
even customers themselves.

Key Partners
v Service providers

v IT providers
v R&D companies

v Service ecosystem
companies

Key Activities

v Service design and
delivery

v Continuous product-
service integration
and innovation

v Monitoring and
control

v Establish an
ecosystem plan

Key Resources

v Service-oriented
personnel and
training resources

v Technology platforms
for service delivery
(e.g., loT, analytics tools)

v Strong financial and
R&D capacity

v Logistic centres

v Customer feedback
and/or product usage

Value
Propositions

v Enhanced product
value through added
services

v Tailored solutions
and outcomes for
customers

v Improved “green”
credentials

Customer
Relationship

v Personal assistance

v Co-creation of value
and solutions with
customers

v Continuous service
interactions and
communication

Channels

v Sales channels
configuration

v Service portal
or platforms for
delivery and
communication

v Web-based
platforms
for solutions

configuration g@g

Customer
Segments

Vv Segmented
customer groups
that value holistic
solutions

v Focus on customers
seeking outcome-
based contracts

v Experts and green
customers

Cost Structure
v Investments in service infrastructure and technology

v Ongoing costs for service delivery and relationship
management

v Direct labour costs

6k

Revenue Streams
v Invoicing (directly or indirectly)

v Pay-per-use model

v Potential for up-selling or cross-selling services
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Circular Business Models

When analysing the economic viability of the Circular
Economy (CE), it is important to consider several ‘value’
aspects through the business model approach. These
business model components can identify the different CE
strategies which can give rise to not only economic but
environmental and social outcomes as well. The circular
business model comprises the following aspects:

1. Circular value proposition: what value does the
company create, for their customer and for society as a
whole?

2. Circular value delivery: how does the company deliver
value, i.e. through which customer segments, channels,
and relationships?

3. Circular value creation: how does the company create
value, i.e. through which resources, activities, and
partnerships in the value chain?

4. Circular value capture: what are the main costs and
revenue streams?

Accordingly, these elements can be represented in the

business model canvas as shown in Figure 32.

Figure 32

Circular business model canvas
elements

Value Creation Value Delivery
- Key Resources Value Proposition - Customers
- Key Activities - Channels

- Key Partnerships - Relationships

Value Capture

- Cost streams
- Revenues streams

Circular value proposition

The success of acircular business modelis dependent on the
value it creates not only for customers but also the value
generated for the environment and society as a whole.
The more effectively a circular value proposition is designed,
the more likely a customer will be willing to invest in that
product. Circular propositions can be offered as a product
(thatis designed to enable product-life extension), a product-
related service, or a pure service (that may extend to virtual
forms as well). Some value examples of propositions (as
described earlier in cases where companies are successful
inimplementing circular business models) are sharing-based
(BlaBlaCar), product-service-systems such as pay-per-light
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(Philips), or customer incentivisation through buy-back or
take-back schemes (FairPhone and TeqCycle), etc.

A circular value proposition can benefit all aspects of the
sustainability triple bottom line in the long term. From
an environmental point of view, companies can propose
environmental value through resource efficiency,
through the reduction of greenhouse gas emissions (e.g.
energy recovery fromwaste and renewable energy use), a
reductioninnaturalresourceconsumption (e.g.renewable
resource use), a reduction in waste generation, resilience
to resource scarcity (e.g. a reduction in dependence on
finite raw materials) and supply chain disruptions. From
an economic point of view, value is proposed through
the offering of durable and better-quality products for
customers, who will spend less, since circular business
models provide cost-savingopportunitiesinthelongterm,
as well as promoting the local economic development of
societies, the formation of closed-loop systems through
material reutilisation and market differentiation. From a
societal point of view, a circular offering may propose job
creation opportunities, where customers are motivated
by environmental considerations demonstrating an
increased awareness and preference for eco-friendly
options, community engagement and overall social
wellbeing; companies that offer comprehensive support
throughout the entire product lifecycle, particularly from
a service perspective, are in higher demand: customers
increasingly buy from organisations that support social
causes/charities, increased customer loyalty, trust and
brand reputation (manufacturer can meet commitments).

Circular value delivery
Customers

In a circular business model, customers represent one of
the most relevant stakeholders in making circles happen.
Among all considerations, the final users need to be
committed to giving products back once they have no
more value for them. For this reason, this business model
requires the targeting of a specific niche of the market
composed of consumers who have been environmentally
committed since the very beginning. On the one hand,
companies struggle to create the right awareness and
consciousness in customers to avoid the mishandling
of products (e.g. throwing away potentially renewable
resources). On the other hand, customers need to be
aware of the presence of support systems like a structured
reverselogistics network,and inthisregard,theyneedtobe
educated inusing them. Indeed, through the establishment
of proper forward logistics and reverse logistics networks,



companies enable consumers to participate in the
appropriate returning and regeneration of resources.
Circular business models based on PSS mainly address
customers who have an ‘access over ownership’ mindset
(such as young generations, the “Greta effect”) and those
who occasionally use the product, by optimising the user’s
cost compared to a high initial investment and a low rate
of product utilisation. Circular business models based on
reuse and remanufacturing usually target customers who
are looking for cost-saving opportunities, since reused
and remanufactured products are often sold at lower
prices than new ones.

Channels

In circular business models, the establishment of channels
and thus, the decisions about how to communicate and
interact with customers, need to be set by thinking especially
about how to engage them in making resources cycle. Both
online and offline channels are required to keep alive and
continue the interaction with customers. Online channels
are needed especially to educate, attract, and transfer all
the information needed to make them aware of how to
properly use and give back the products. Offline channels,
like stores, enable the physical collection of exhausted
products. To give an example, a cosmetics company has
created a strong network of stores as physical channels
to sell new products, refill finished products (such as hand
cream), and collect the packaging of exhausted products.
The online channels are used to show the company’s
values and mission, to share information about how to
reuse products, and where to return exhausted products.
In this context, the local economy is strongly supported,
and urban factories are easily established. These new
concepts of factories, hence, enhance the engagement of
consumers through the codesigning of products leading
to the creation of circular products which embed the right-
to-repair principles, which can be accomplished through
the delivery of repairing servicing.

Relationships

Unlike traditional business models, circular business
models (especially those based on Product-service
systems (PSS)/servitisation) try to create a long-term
relationship with customers thanks to specific agreements
and/or services offered (such as warranty, maintenance,
repair and technical assistance on products, etc.).
Communication, and in particular storytelling, is a useful
tool for this purpose, as it highlights the environmental and
social benefits of circular business models compared to
traditional solutions. In this way, circular business models
mainly use online channels (e.g. dedicated website pages,
blogs, or social media) where companies publish news or
articles about them or about the environment. Building
long-term relationships with customers is also important,

since in circular business models, ‘customers become
the suppliers’ of end-of-life products that will become
secondary raw materials for reuse, remanufacturing,
and recycling. Building strong relationships helps in
overcoming the uncertainty about returning products in
terms of volume, quality, and time.

Circular value creation

This stage comprises the key resources, activities and
partnerships needed to create value in a circular economy.
It is a dynamic process that requires ongoing innovation,
collaboration, and adaptation to evolving technologies and
dynamically changing market trends.

Key Resources

Resources are the assets required for the creation and
delivery of value proposition through the various channels
already described. Circular economy can guide the choice
of input materials such that they belong to closed-loop
material flows or in the form of direct substitution through
the regeneration and restoration of natural capital®®.
Dynamic capabilities are another key resource that can
help develop and refine circular business models, thus
generating resilient organisations'?'. Internal capabilities
related to marketing, information management,
innovation, resource leveraging or networking can provide
ample ‘sensing’ opportunities to understand customers’
preferences, behaviour, and demand for circular products
and services, which are crucial for designing offerings that
resonate with the market.

Another resource in the current pursuit of a smart circular
economy is digitalisation tools that can help leverage
the transition to the circular economy. Technologies
such as the Internet of Things and big data analytics
can act as important enablers for remanufacturing,
recycling and reuse®?. Blockchain can help transform
operations for the implementation of circular economy
by improving information transparency and reliability
in supply chains. Digital product passports can enable
a seamless exchange of product information, especially
those related to traceability and circular information,
thus reducing the environmental impact of products
throughout their lifecycles. Investments in knowledge and
skill development of employees (upskilling and reskilling
especially in DeepTech, etc.) through training programmes
are other vital resources for the creation of value in a
circular economy.

Key Activities
To achieve the value proposition set by meeting customers’

needs, it is fundamental to establish and implement proper
and well-organised activities. In particular, considering the

World Manufacturing Report 2023 61



higherimpactsgeneratedthroughthedecisionsundertaken
at the product’s beginning of life, it is of prior importance
to define how to redesign products to eliminate or reduce
detrimental impacts over the entire product lifecycle.
Products in this context must be designed with the
intention to be regenerative. Thus, they need to be easily
disassembled to regenerate the resources embedded
into products to extract the remaining value through
the reuse of the product as it is, the remanufacturing of
the product or the recycling of the materials. In circular
business models, the ownership of products will often
remain within the company’s boundaries, thus providing
customers with all the services needed to support both the
product’s middle-of-life (e.g. proper usage to extend the
product’slifecycle) and end-of-life (e.g. to make possible the
materials and components recycling or the product reuse
or remanufacturing) lifecycle stages. The recirculation of
the resources is relatively easy when tailored services
are delivered to consumers, among which the possibility
to collect products at the end of their lifecycles. Indeed, to
make these processes possible, several stakeholders are
required to be involved and they need to be linked through
a proper infrastructure.

The establishment of a reverse logistic network requires
defining the roles of all the stakeholders involved and their
active participation in both industrial symbiosis networks
(external to the traditional supply chain) or closed-loop
supply chains (internal to the traditional supply chain).
In both cases, structured information flows need to
be established to share information about the type of
resources they either are exchanging or recirculating.
Finally,toensure that all these key activities introduced are
providing benefits to the system, monitoring and control
activities are needed to be established as well. Therefore,
monitoring and control can be considered strategic
activities too in this context. A set of key performance
indicators needs to be framed so that they would be able
to provide relevant information to make decisions that
impact both, the long- and short-term.

Key Partners

Strengthening relationships and building mutual trust
among key partners without whom companies cannot do
business, entail alogical next step in circular value creation.
These partners can be a part of the linear supply chain,
closed-loop value chains or global ecosystem networks.
Some examples of key partnerships are third party reverse
logistics providers for take-back schemes (waste
management and recycling companies), partners who can
provide secondary/circular materials/products, or who can
recover or refurbish products into secondary materials
for resale. Partnering with governments and regulatory
bodies can lead to policy generation and the generation
of standards that promote circular incentivisation.
Collaborating with customers can facilitate engagement
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and feedback to understand preferences and management
of using circular products. Partnering with funding
agencies, venture capitalists and investors can help
scale up circular innovations. The strategic alliance of
“Green Supplier Selection” has emerged as a pivotal
facet in the transition towards a circular economy. This
collaborative endeavour underscores the significance
of environmentally conscious sourcing practices in
the pursuit of sustainable and regenerative economic
models. Commercial collaborations seen in the ‘industrial
symbiosis’ model of the circular economy allow the
exchange of surplus energy, materials and wastes among
companies in close geographical proximity. This approach
enables the attainment of environmental goals, including
the mitigation of CO2 emissions and resource utilisation,
while concurrently conferring a competitive edge through
the identification of markets for residual by-products.

Circular value capture

In circular business models, value is captured from the
sales of reused and/or remanufacturing products which
usually have a lower price due to reused components and
secondary raw materials, which are often cheaper than
new virgin ones, especially if their availability is scarce.
In some cases, value is also captured from the offering of
additional services (maintenance, leasing contracts). In
circular business models based on PSS, revenues mainly
come from the periodic fee paid by customers, usually
coupled with an initial deposit. Since circular business
model activities such as repair and remanufacturing
are usually more labour- intensive than traditional
manufacturing ones, circular business models often have
higher labour costs than traditional ones. Indeed, most of
the repairing and overhauling activities can be carried out
only manually. Disassembling, checking the components,
replacing parts, and reassembling products are rarely
automated, and need skilled technicians. In addition, a
circular business model based on PSS must bear the initial
product cost, which represents an anticipated and risky
investment (time mismatch between revenues and costs,
leading to cash flow issues -leading to cash flow issues, i.e.
short-term costs vs long-term revenues.

Other important costs are maintenance and service
lifecycle costs, as well as reverse logistics, which does not
include only the transportation cost, but also inventory,
spare parts, etc.

Future opportunities

Circular economy promotes a net-positive approach to
achieving sustainability goals by helping companies create
more handprints than the more retrospective footprint
calculations?®. The circular business model canvas could
be one way in which manufacturing companies could track
this progress towards a net-zero future.



CIRCULAR BUSINESS MODEL CANVAS

Key Partners

v Third-party reverse
logistics providers
for take-back
schemes

v Governments and
regulatory bodies

v Customers become
suppliers

v Funding agencies,
venture capitalists
and investors

Cost Structure

Key Activities

v Circular product
redesign

v Service management
and tailored services

v Reverse logistics
planning and control

v Tracking and
monitoring

Key Resources

v Secondary materials
from closed-loops

v Dynamic capabilities
v Digital tools

Vv Labour costs (labour-intensive activities such as

remanufacturing)

v Financial costs (higher time mismatch between high initial

investments and revenues split over time)

v Maintenance and service lifecycle costs

v Reverse logistics costs

Value
Propositions

v Environmental
value (resource
efficiency, resilience
to resource scarsity)

v Social value
(increased customer
loyalty, community
engagement)

v Economic
opportunities
(longevity and
better-quality
products
leads to cost
reduction, market
differentiation)

Customer
Relationship

v From one-time
to long-time
relationships

v Storytelling to
engage and raise
environmental and
social awareness

Channels

v Customer
engagement in take-
back systems

v Online and offline
engagement
channels

Revenue Streams

v Cost savings (secondary raw materials)

ek

Customer
Segments

v Environmentally
committed, aware
and conscious
customers

v Access over
ownerships
mentality

v Young generations
(Greta effect)

v Stable cash flows over time (leasing, pay-per-x, etc.)
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Key
Recommendations

The World Manufacturing Foundation,
in collaboration with global experts,
is pleased to present the Ten Key
Recommendations of the 2023 World
Manufacturing Report. We hope that
our readers can take inspiration from
these recommendations and work
together to embrace new business
models while maintaining their strong

competitive advantage.



CUSTOMER SEGMENTS

1.

In the highly competitive manufacturing landscape, a paradigm
shift towards a customer-centric innovation approach is
essential for success. More than just keeping the customer in
mind, customer-centric innovation is a systematic effort to make
the customer the focal point of all strategic and operational
decisions. The fundamental premise is that every aspect of the
manufacturing process, from product design to service delivery,
should be guided by the customer’s needs and preferences.
Traditionally, manufacturers prioritise efficiency, cost reduction,
and technological upgrades. While these factors are essential,
they can overshadow the importance of customer feedback
and engagement in the innovation process. In today’s digitised
and interconnected world, customers are well-informed
and have higher expectations of personalisation, quality,
and service. Manufacturers who adopt a customer-centric
innovation approach can ensure their offerings resonate with
their customers, leading to increased loyalty, market share, and
sustainable growth.

Manufacturers should leverage data analytics and Al to gain
granular insights into customer behaviour and preferences,
enablingmore personalised andresponsive productdevelopment.
A feedback loop where customer feedback directly influences
product design and service delivery is essential. In parallel, they
should enhance transparency and customer engagement through
digital channels, creating a platform for continuous dialogue with
their customers.

A customer-centric innovation approach offers numerous
benefits. First, it helps ensure that products and services align

EMBRACE A CUSTOMER-CENTRIC INNOVATION
APPROACH TO FOSTER LOYALTY AND DRIVE
GROWTH

Skills: Train the workforce in design thinking,
user experience (UX), and customer relationship
management (CRM).

Technology: Embrace technologies that enable
deeper insights into customer behaviours and
preferences.

Policy: Adopt transparent data policies and robust
cybersecurity measures to safeguard customer
privacy.

with current and future customer needs, increasing the success
rate of new offerings and reducing the risk of market failures.
Customers are more likely to be loyal to companies that meet their
needs and value their feedback. This strategy can also streamline
R&D by focusing resources on projects with the highest potential
for customer impact. Ultimately, a customer-centric approach
can strengthen acompany’s brand and reputation, making it a key
differentiator in the market.

Despite its many benefits, a customer-centric innovation
transformation is not without risks. Increased reliance on
customer data increases the potential for privacy violations and
data breaches. To mitigate this risk, companies must implement
robust cybersecurity measures and adopt transparent data
policies. The shift to a customer-centric culture may also
encounter internal resistance, as it often requires significant
changes to workflows and mindsets. To overcome this challenge,
companies must foster an inclusive culture where employee
input is valued in the change process, and clear communication
is prioritised to elucidate the benefits of the shift for both the
company and its customers.

Moreover, there is a risk of myopia where manufacturers
become so focused on current customer feedback that they
neglect emerging trends and disruptive innovations. This can be
countered by maintaining a dual focus on immediate customer
feedback and long-term market and technological trends. This
balance ensures that the manufacturer is responsive to current
market demands while still capable of driving innovation in
anticipation of future shifts.
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VALUE PROPOSITION

2.

CREATE SUSTAINABLE VALUE PROPOSITIONS

BASED ON THE TRIPLE BOTTOM LINE FOR A

COMPETITIVE EDGE

By now it is clear that sustainability must become a core part
of every company’s value proposition and core activities. For
a long time, sustainability was at the lighter end of academic
discussions, but increasingly this concept is perceived as an utter
priority for industrial prevalence. There is no longer any room
for sustainability as an afterthought, and the activities that have
characterised “business as usual” must change immediately to
decouple them from reflecting a linear economy.

Companies need to ensure competitiveness and customer loyalty
and be proactive towards mitigating environmental degradation.
To achieve all these outcomes and head towards success in an
ever-competitive era, companies need to actively question their
current value propositions and ensure that sustainability is
embedded at the core.

The steps to achieve sustainable results can vary according to
the context, but it is suggested that companies balance the needs
and expectations of all their stakeholders. Referring to needs and
expectations can be challenging. Often customers require some
degree of awareness in connection to sustainability transitions,
but highlighting the benefits they could experience across short,
medium, and long timeframes, can engage them in value co-
creation activities.

Further, companies can expect that iteration will be a required
principle. Shifting a company’s value proposition to embed
sustainability might not be an easy task to complete at the
first attempt. In this sense, iteration will act as a sound process
that develops a company’s ability to acquire, combine, and use
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Skills: Equip teams with tools and knowledge
about sustainability thinking to better design
value propositions.

Technology: Reflect on the usefulness and
applicability of digital solutions as means for more
sustainable products and services.

Policy: Create supporting organisms that
guide organisations as they intend to embed
sustainability in their offerings portfolio.

resources to create and deliver a sustainable value proposition
toits customers and capture value for the company.

Also, companies need to engage in increased innovation and
transparency. As companies transition and evolve, they are
required to embrace as many strategies as possible from the
circular economy and identify potential value creation.

Some of the proposals for successful transitions involve
companies examining the value that they are missing to capture
in their current value propositions under the lenses of: what is
the value that we are missing? Is there any value that is being
destroyed before we capture it? How are we relating to our
customers - is there any surplus? Or absence? Asking the right
questions will guide companies and support them to ensure that
sustainable value is created.

A notable remark is that for value to be sustainable, it cannot be
limited to being only greener and reducing emissions. Sustainable
value needs to be defined as one that embeds benefits across the
triple bottom line of sustainability from the perspectives of the
environmental, social, and economic pillars.

In conclusion, creating sustainable value propositions can benefit
from listening to stakeholders’ needs, and engaging in iterative
processes to redefine value. These actions should be taken in
such a way that they engage members of the value chain, such
as customers and suppliers, and develop in terms of innovation
and transparency by using tools that allow brainstorming and the
mapping of future steps.



VALUE PROPOSITION

3.

AIM FOR MASS-CUSTOMISED AND

PERSONALISED VALUE PROPOSITIONS TO
CREATE HIGHER BENEFITS FOR CUSTOMERS

The conventional ‘one-size-fits-all’ manufacturing approach
is becoming less and less relevant in today’s globalised world.
The sophisticated, discerning modern consumer demands
customisation in products that meet their requirements.
Therefore, embracing mass-customised and personalised value
propositions is not just a nice-to-have but a quintessential
business imperative. It is a powerful tool to carve a distinctive
niche in crowded marketplaces and secure consumer loyalty.

To actualise this, the skillset of the teams involved plays a pivotal
role. From design to production, professionals equipped with
a nuanced understanding of consumer behaviour can be the
difference between a product that resonates and one that does
not. Continuous training on trend analysis, market segmentation,
and consumer research is paramount. Organisations should
prioritise creating a culture where feedback is solicited, valued,
and acted upon, with teams agile enough to pivot based on
insights garnered.

From a technological standpoint, the key challenge is balancing
customisation  with efficiency. With advancements like
modular design, 3D printing, and Al-driven consumer insights,
manufacturers can now personalise at an unprecedented scale. It
is crucial to adopt and integrate these technologies seamlessly into
the production processes, ensuring that personalisation does not
compromise time-to-market or inflate costs disproportionately.
The agility of these systems will determine how quickly
manufacturers can respond to evolving market needs.

Skills: Equip teams with training on consumer
behaviour and trend analysis to anticipate and
cater to evolving preferences.

Technology: Implement systems that facilitate
customisation at scale, from modular design to
advanced manufacturing techniques.

Policy: Foster a regulatory environment that
encourages innovation while maintaining
standards and meeting consumer protection
norms.

On the policy front, while innovation must be encouraged, it is
equally important to ensure that products meet established
standards and safeguard consumer interests. Regulatory bodies
need to strike this balance, fostering an environment where
innovation thrives without compromising on safety or quality.
This involves continuous dialogue with industry stakeholders,
understanding the challenges of mass customisation, and framing
guidelines that are both robust and flexible.

Moreover, manufacturers, stakeholders, policymakers, and even
consumers share a collective responsibility in shaping the future
of manufacturing. While manufacturers focus on delivering
personalised products, stakeholders need to support initiatives
that drive this innovation. Policymakers should frame regulations
that are conducive to this shift, and consumers can play a pivotal
role by voicing their preferences and ensuring they support
businesses that prioritise their needs.

In conclusion, as we stride into a future where individuality is
celebrated, the manufacturing sector must rise to the occasion,
delivering products that resonate on a personal level. This is not
just about profitability; it is about building lasting relationships
with consumers, where products are not just commodities but
extensions of their personalities and lifestyles. The success of
this endeavour hinges on a harmonised effort from all involved,
converging skills, technology, and policy towards a singular goal
of unparalleled consumer satisfaction.
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CHANNELS

4. DEVELOP NEW SALES CHANNELS FOR HYBRID

REVENUE STREAMS

eh) (&
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Sales channels assist manufacturing companies in presenting their
products or services to potential clients. Manufacturing companies
may improve process efficiency by streamlining the marketing
and sales of their goods and services by establishing the right
business channels. When it comes to manufacturing companies’
sales channels, business-to-customer (B2C), business-to-
business (B2B), and business-to-government (B2G) are the three
primary market orientations. Additionally, the B2B market often
comprises the primary profit partners. Today's B2B clients have
certain requirements that they want to be met by their suppliers,
such as more channels for contact, increased convenience, and a
customised experience. Throughout their purchasing process,
they look for awell-rounded combination of in-person interactions,
distant phone or video conversations, and self-service alternatives
via e-commerce. B2B firms must switch from inside sales and old
tactics to a more flexible “hybrid” approach that accommodates
customer preferences to adapt to this shifting market.

According to data from earlier studies, 20% of businesses that
changed their sales channels during the COVID-19 pandemic kept
the structural adjustments they had made to their sales teams to
support a hybrid strategy. Clients are looking for this kind of service,
while vendors are looking for more flexibility in their working
conditions. Even while the shift to a more digitally-enabled and
hybrid sales model was already taking place before the pandemic,
prior studies suggest that by 2024, hybrid sales methods should
be the norm. The effectiveness of hybrid selling structures is
contingent upon the degree to which sales managers incentivise,
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@ Skills: Manufacturing companies must utilise

a variety of skills, including communication,
technical proficiency, adaptability, adoption of
sales technology, and networking, to reach the
global market through hybrid sales channels.

Technology: To serve customers where they
prefer to buy, hybrid sales channels combine
various channels, such as e-commerce platforms,
call centres managed by salespeople, and in-
person stores.

Policy: Customers should be given the confidence
to use digital or hybrid sales channels by
determining the appropriate permission and
access levels, taking into account specific data
privacy concerns.

recognise, and equip their sales teams to function efficiently in the
contemporary landscape, which necessitates a substantial shift
in ingrained beliefs and sales methodologies. For effective client
attention, hybrid sales channels demand strong cross-functional
integration between channel partners as well as between buying
and selling organisations. Additionally, within field sales teams,
research identifies team-level variables like team spirit, goal
congruence, quality of the interpersonal climate, consensus, etc.
as important factors in the interaction and coordination that lead
to successful sales team performance. The synergies that arise
from working together reduce the likelihood of goal incongruity
and conflict. The efficiency of hybrid sales models in creating client
value may also be influenced by shared team experience.

To be more competitive in the global market, manufacturing
companies are advised to implement hybrid digital sales channels.
Manufacturing companies that want to succeed with hybrid digital
sales models must do the following: (1) create online and remote
channels without completely abandoning in-person sales; (2)
fully understand the needs of the customer throughout the sales
process; (3) implement appropriate digital technologies to enable
hybrid sales channels; (4) anticipate the future purchasing habits
of the new generation of customers to create appropriate sales
models for the future. In comparison to more traditional models,
manufacturing companies that appropriately employ hybrid sales
channels can generate up to 50% more revenue by facilitating
deeper, broader customer engagement and opening up a more
diverse market.



CUSTOMER RELATIONSHIPS

5.

FOSTER TIGHTER BONDS BY CREATING

IMPROVED CUSTOMER RELATIONSHIPS

The shift towards new business modelsin manufacturing
brings with it many implications. Some of them are
connected to the advantages identified as part of the
shift to business strategies that leave behind a product-
centred and transaction-based approach, to welcome
increased collaboration, communication, and extended
relationships across value chains. In this sense, the
relationships a company establishes with its customers
present many potential improvements in new business
models. For instance, shifting from a transaction
approach to business models that focus on the delivery
of results or solutions creates a shift where the strategy
of companies becomes increasingly relationship-centric.
To take advantage of this, companies need to focus on
creating awareness and educate themselves and their
customers to be able to identify the customers’ needs
as part of the core of value creation.

The aforementioned shift towards relationship-centric
relationships can benefit from leveraging the human
aspect that is often overlooked in traditional sales
models, thus approaching customers with openness
towards increased customisation, actively listening to
their needs and engaging in constructive conversations
about how this can improve the existing offerings

@ Skills: Develop soft skills, such as openness,
communication, and trust.

@® Technology: Make use of digital technologies
such as sensors to achieve lifecycle visibility and
traceability that can help identify new offerings.

@® Policy: Create frameworks and incentives that
promote collaboration to create a space for

improved customer-centric business models.

provided; this is part of the future of business models in

manufacturing.

Additionally, companies are advised to pay close
attention to the customer experience, making sure that

they receive the support customers expect and need

to

maximise value capture during and after commercial

offerings.

Evolving in this manner can support firms in developing
the trust needed, both from an organisational

perspective, and in relation to the product, service,
bundle offered.

or

Finally, developing closer customer relationships opens
the door for a new era of traceability, where a lifecycle
perspective can be taken to follow up on the post-sale
functioning of products and services. These activities do
not only provide value for the customer but also to the
manufacturer, which can make use of data generated
through these activities to identify new potential offers.
To conclude, for the successful adoption of new business
models, firms need to evolve in terms of how they
perceive and involve their customers in the planning
of their business offerings, to ensure that they connect
through similar values, engage traceability along the

lifecycle, and create a space for value co-creation.
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REVENUE STREAMS

6. UNLOCK VALUE POTENTIAL BY HARNESSING
Al AND DATA ANALYTICS FOR NEW REVENUE

STREAMS
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Engaging in a business model innovation transition requires
companies to successfully create viable business cases. Achieving
this means understanding the logic behind sustainable revenue
streams.

Intoday’s digitalised era, it is a known fact that there is more data
available than ever before. However, creating value from data
is a step where many firms are still developing the right skills to
frame sustainable value propositions.

Shifting to new forms of business models that decouple value
capture from tangible products, and instead prioritise services,
results, or outcomes, requires companies to have a clear
definition of what is the value the customer expects and how are
they willing to pay for it.

In the evolution of manufacturing to embrace new business
models, it is expected that there will be changes in traditional
customer segments, where the number and type of revenue
streams can vary for different businesses. In addition to the
definition of revenue streams, companies must consider and
analyse potential pricing mechanisms that are best suited to each
revenue stream. The monetisation of data engages in a process
where companies are witnessing economic benefits. For current
manufacturing companies, data is possibly the most valuable
asset for driving business transformation. Transforming datainto
valuable insights allows the capture of tangible value through
data monetisation. Most firms can benefit from differentiating
their data monetisation strategies according to whether they
want to commercialise the data itself, or the insights generated.
In recent years, many companies have created software that can
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@ Skills: Increase focus on the development of Al

and data analytics in each team to promote data
monetisation.

Technology: Evaluate the trustworthiness of data
exchange processes and proactively address data-
sharing concerns.

Policy: Develop regulations that support new
revenue distributions and create standards that
allow successful collaboration in the shape of
data-driven business models.

provide prescriptive insights on manufacturing processes, such
as companies that commercialise machine tools, and automotive
products, among many others.

Regardless, one thing is certain - it's necessary to identify
revenue streams at early development stages, as there is a larger
potential to capture value in the design stage of the business
model.

To do so, firms should engage in value co-creation activities with
their customers, to identify the actual value of the data generated
for customers and other stakeholders. Also, companies need to
identify sustainable strategies to manage data. In the process of
identifying data management strategies, companies will notice
that they need to develop digital trust and plan accordingly for
compliance on data-sharing concerns, including GDPR.

A natural consequence is that companies can benefit from
embedding ethical practices in the processes leading to data
monetisation. But doing so also requires investing in the
development of skills connected to data analytics and Al. This
way, having skilled employees in organisations who can support
the development of new services allows for more robust business
propositions. Further, to achieve successful outcomes, companies
are required to ensure the engagement of relevant stakeholders
both at internal and external levels. Being aware of the initiatives
and technologies used across the whole product/service portfolio
can help mitigate data silos and isolated initiatives.

Following these recommendations can contribute to the
successful monetisation of data and maximise value capture
across different revenue streams.



KEY RESOURCES

7. BALANCE KEY RESOURCES TO AVOID THEIR OVER-
AND UNDERESTIMATION FOR SUSTAINABLE
OPERATIONS

When we take an overview of the business models, especially
servitised business models, the key element to making such
progress has been making the businesses more competitive
and achieving maximum output with personalisation or mass
customisation. However, these elemental changes are reliant
on the resources at hand. The key resources should align with
the requirements of delivering such tailored solutions. So,
considering which type of business model we are dealing with,
acquiring the right resources to align with the business strategy
is important. Secondly, correctly utilising these resources.
Thirdly, maintaining the key resources to ensure the continuity
of the operationalising of the business model is imperative.
However, the estimation of these key resources is the biggest
challenge. We have observed that many factors influence the
acquiring of the right resources; for instance, the size of the
company could be very small. Maybe the company does not
have the financial capacity, especially in the case of SMEs. The
servitised businesses in the case of SMEs especially have to be
careful about not overestimating key resources, as the SMEs
typically thrive on their agility and ability to respond quickly
to market changes. Overestimating resources, can make the
business less flexible, hindering its capacity to adapt swiftly
to evolving customer demands and competitive landscapes.
Managers inlarger companies can easily make the same mistake

@ Skills: Analytical skills and adaptability are

crucial for anticipating and navigating resource
challenges, while strategic planning and cross-
functional collaboration ensure a well-rounded
approach to resource management in a dynamic
market.

Technology: Robust data management and
predictive analytics tools enable informed
decision-making, while agile technologies and
advanced supply chain systems support the
adaptability needed for effective resource
allocation.

Policy: Continuous monitoring and risk
management policies facilitate proactive
adjustments to resource utilisation, and a focus
on ethical data use, innovation, and flexibility
in policies ensures responsible and adaptive
practices.

and cause the misallocation of key resources, thus diverting
resources away from areas critical for the success of the
servitised business model. Similarly, the underestimation of key
resources may limit the ability to gather and analyse customer
dataeffectively. Thiscanresultinageneric or suboptimal level of
personalisation, diminishing the perceived value of the offerings
to customers. Therefore, the collaboration between different
departments (e.g. marketing, sales, operations) ensures a
holistic approach to resource management; especially now in
terms of data analytics, we can anticipate and navigate resource
challenges more effectively. Robust data management and
predictive analytics tools enable companies to make informed
decisions, while agile technologies and advanced supply chain
systems support the adaptability needed for effective resource
allocation. While talking about adjusting the policy with this
background of resource estimation, companies need to make
sure that there is continuous monitoring, and risk management
policies facilitate proactive adjustments to resource utilisation,
and a focus on ethical data use, innovation, and flexibility in
policies ensures responsible and adaptive practices.

In conclusion, balancing key resources can be done through
regular assessments and adjustments to resource allocations
based ondatafrom performance feedback and market dynamics
to help businesses optimise their operations.
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KEY ACTIVITIES

8.

PRIORITISE LOCALISED MANUFACTURING AND

STRENGTHEN CORE COMPETENCIES FOR MARKET
AGILITY AND SUSTAINABILITY

The manufacturing landscape has undergone a significant
transformation, with the realisation that global, centralised
models, while effective in some scenarios, might not always
be the best approach. Localised manufacturing, characterised
by producing goods closer to where they are consumed, offers
myriad advantages from reduced lead times to increased
flexibility in catering to local tastes. Alongside this, an
unwavering focus on strengthening core competencies ensures
that manufacturers can offer unmatched quality and innovation
in their offerings.

To begin with, the skills requisite for this shift towards localised
manufacturing are multifaceted. Understanding the intricacies
of local market dynamics becomes paramount. This includes the
preferences, buying behaviours, and cultural nuances of local
consumers. Simultaneously, expertise in localised supply chain
management ensures that production can be agile, responsive,
and cost-effective. It is not merely about producing locally, but
producing smartly, leveraging niche production techniques that
offer competitive advantages.

On the technological front, the key is agility. Advanced
manufacturing systems, which can quickly adapt to changing
demand patterns, are the need of the hour. While sophisticated
automation systems can guarantee that production lines can be
swiftly adjusted to meet local needs, technologies such as real-
time data analytics can offer insights into local consumption
patterns. Furthermore, the integration of technologies such as
the Internet of Things (loT) can enhance operational efficiency
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Skills: Foster expertise in local market dynamics,
supply chain management, and niche production
techniques.

Technology: Invest in advanced manufacturing
systems that allow for agile production and
localisation adjustments based on demand.

Policy: Advocate for incentives and frameworks
that promote domestic manufacturing

and sourcing while maintaining global
competitiveness.

and guarantee the responsiveness of manufacturing units.
Policies play a foundational role in facilitating or hindering
localised manufacturing. Governments and regulatory bodies
must be attuned to the benefits of domestic manufacturing
- from job creation to boosting local economies. Policies that
incentivise local production, perhaps through tax breaks or
subsidies, can act as catalysts. Furthermore, frameworks that
promote local sourcing can further strengthen the domestic
supply chain. However, it is essential that while promoting
localised manufacturing, policies do not inadvertently stifle
global competitiveness. A harmonious balance is key.
Manufacturers, stakeholders, and policymakers must
collaboratively envision a future where manufacturing is not
just about mass production but about meaningful production.
This means creating products that resonate with local
audiences, produced sustainably using local resources, but
without compromising on global quality standards. The role of
consumers is also pivotal. By choosing locally produced goods,
they can drive this shift, ensuring a future where production is
not just efficient but also empathetic.

In wrapping up, localised manufacturing, complemented by
robust core competencies, offers a roadmap for the future of
manufacturing. It is a future characterised by agility, resonance
with local audiences, and a commitment to excellence, ensuring
that manufacturers are not just producers but integral
contributors to local ecosystems and global innovation
narratives.



KEY PARTNERS

9. EXPAND PARTNERSHIPS BEYOND TODAY'S VALUE
CHAINS’ TRADITIONAL BOUNDARIES TO PREPARE
FOR NEW CHALLENGES AND RISKS

Manufacturing has always been a highly collaborative industry.
Rarely is a successful manufacturing company not deeply
integrated into a network of suppliers, partners, and service
providers.

With the dawn of new, innovative manufacturing business models,
this integration of collaborators is expected to not only deepen
(with existing partners) but widen, by including a variety of new
partners that were not previously stakeholders in traditional
business models.

Regarding the deeper integration of existing key partners, all
functions of the value chain will be affected. From design and
engineering to distribution to after-market services and end of
life, exchange of data, new ways of profit sharing, and financing of
value proposition are necessary. When it comes to the widening
of collaborative networks and the addition of new key partners,
companies must think outside the box and traditional approaches.
For example, with a highly servitised, non-ownership business
model the manufacturer absorbs significant risk, both technically
and financially. Adding a key partner with risk management
expertise, such as an insurance company that does not simply

@ Skills: Manufacturers must prepare their

workforce to be creative and mindful in their
approach to establishing new partnerships and
identifying future key partners.

Technology: Existing partnerships across the

value chain will intensify and integration of digital
technologies will deepen, even in core processes.

Policy: New, previously unexpected partners will
enter the ecosystem and evolve into key partners
driven by the need for innovative, new business
models highlighting the need for effective policy
guiding and simplifying the process.

provide a policy as they did in the past but becomes an integrated
partner that works closely with the manufacturer to provide a
sustainable solution to the customer, is key.

These new realities associated with innovative manufacturing
business models require new and evolved skills outside of the
technical arena, e.g. atruly interdisciplinary mindset and the ability
to function effectively in diverse teams. Preparing the workforce
to interact in an environment outside of their (traditional) comfort
zone requires new approaches to training and skills development.

Digital technologies are essential for integrating existing partners
more deeply as well as adding new key partners from a variety
of backgrounds to the value chain. The effective exchange and
analysis of data across value chains will be both a challenge and an
opportunity.

New policy is needed to facilitate the new partnerships and help
regulate and protect the massive exchange of data across borders.
Overall, it is expected that complexity will increase, which further
emphasises the need for effective and targeted policy guiding
the integration process and, ideally, simplifying the negotiations
between new partners with a strong and transparent legal process.
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COST STRUCTURE

10. OVERCOME INVESTMENT BARRIERS TO ESTABLISH
TRUSTING RELATIONSHIPS TO UNLEASH
CONTINUOUS CASH FLOW FROM ASSETS

HeOO

New, innovative business models are expected to have a
significant impact on the cost structure and finances of
manufacturing companies and value chains. Traditionally, the
cost structure of manufacturing operations could be separated
(comparably) clearly into fixed costs and variable costs, and the
most expensive and essential activities were clearly visible. Most
traditional manufacturing cost structures reflect this reality.
With the dawn of new, innovative manufacturing business
models that differ to a varying extent from the traditional, sales-
based business model, do not necessarily allow for a clear-cut
accounting of fixed vs variable costs, and the key expensive and
essential resources are not as clearly visible as they were in
the past. The more collaborative and integrated approach with
many stakeholders further complicates defining transparent
cost structures. At the same time, these new, innovative
business models require transparent cost structures to function
sustainably in a competitive marketplace. These are issues that
arise with servitised, non-ownership business models that
resemble subscription services.

In such cases, the manufacturer (and its key partners) is
responsible for the financing of the products, e.g. a complex
machine tool, and will only be able to break even over time with
the continuous use of said machine tool by the customer. In the
past, at the point of sale, the manufacturer was able to recoup
its costs. Not only is there a larger component of financing the
operation involved, but also an additional component of more
intense after-market involvement, especially in business models
where the asset is managed and operated by the manufacturer
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Skills: Upskilling plays a major role in the success
of manufacturers as sales become more technical
in nature compared to traditional models.

Technology: Sustainable financial planning will be
more complex compared to the traditional sales-
based business models and will be data-driven
and technology-supported.

Policy: New, innovative manufacturing business
models impact cost structure and require new
financial instruments and policy.

for the customer for a fee. In this case, to keep operations
sustainable requires different planning and cost allocation than
in the past. Even the allocation of acceptable costs might be
viewed differently, given that the cost structure of after-market
services is now absorbed by the manufacturer. Hence, producing
more reliable parts might pay off with reduced maintenance
costs in the future.

This transition requires a new perspective on the traditional
skills model and careful upskilling of the personnel involved.
Given the fragility and impact of key financial decisions, this is an
essential area that can make or break companies engaging in new
manufacturing business models. Controllers most certainly need
to expand their perspective and comprehend the complexity
and carefully weigh the impact of decisions regarding the cost
structure taken.

On the technology side, planning tools that are data-driven
and include a large variety of indicators are essential to predict
changes in the market and cost structure. The ability to foresee
changes is crucial to not falling prey to amassing significant
financial liabilities without the ability to recoup the cost over the
predicted period of time.

The policy must pave the way to enable manufacturers and
their partners to effectively navigate longer-term commitments
and an environment providing the financial instruments
enabling the new business models’ requirements. Policy must
address proactively questions around taxation, international
collaboration, and liability, and risk, and carefully examine existing
frameworks and current policies for potential issues.



Conclusion

The last few years have been characterised by several disruptive events, reinforced by an enhanced awareness
of moving towards more sustainable systems relying on the resources available, mainly people and technologies.
In this continuously changing environment, one of the main actors is the manufacturing sector, which, with its
companies, has to be resilient along a never-ending path of innovation. In detail, as reported throughout the
World Manufacturing Report, new business models are needed to face new economic needs and trends.

The experts in the field have recognised the supremacy of six main different business models:

« Digital Business Models, according to which the value proposition is orchestrated and supported by digital
tools;

» Data-Driven Business Models, according to which the value proposition is derived from the knowledge
generated through data gathered on the entire ecosystem;

» Al-based Business Models, according to which predictions and risk management represent the core
elements to create value while addressing customers’ needs.

* Mass Customisation Business Models, according to which customer needs are broadly satisfied taking
advantage of economies of scales;

« Servitised Business Models, according to which the product is recognised as the means by which deliver
services and address key customer needs;

 Circular Economy Business Models, according to which the value proposition is supported by the optimised
and extended usage of resources.

The six business models, integrated and combined, have led to the delineation of 10 Key Recommendations

suggesting urgent actions to address, in the near future, thus covering all the nine building blocks of business
models to improve the performance of manufacturing companies.
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Young
Manufacturing
Leaders

Winning Case Studies
on New Business Models for the
Manufacturing of the Future

YML Contest for the
2023 World Manufacturing Report
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Young Manufacturing Leaders is a global initiative for students, young
workers and professionals interested in a career in the manufacturing sector.
The YML network is strongly committed to raising awareness of the
opportunities in manufacturing, and to spreading knowledge of the skills
needed in this sector. It supports members with different activities such as
peer-to-peer seminars, mentorships with professionals and entrepreneurs,
and participation in the activities of the World Manufacturing Foundation.

From July to October 2023, the YML Contest for the 2023 World
Manufacturing Report was held, inviting young leaders from all over the
world to submit a case study relevant to the topic of New Business Models
for the Manufacturing of the Future.

The submissions were evaluated by the World Manufacturing Foundation
and the winning case studies are included in this section.

The Young Manufacturing Leaders network initiative, launched in 2020, now
has nine partners: Politecnico di Milano, Chalmers University of Technology,
Czech Technical University in Prague, the Federation of Estonian Engineering
Industry, IMH Campus, Laboratory for Manufacturing Systems & Automation,
University College Dublin, University of Porto, and the World Manufacturing
Foundation.

The initiative is co-funded by the European Union, within the framework of
the EIT Manufacturing programme.

For more information, visit youngmanufacturingleaders.org

. . MBSl Co-funded by the
EIt QORCN £uropean Union I M L
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Enhancing Sustainability and Resilience through
Business Model Innovation for Electrical

Engineering SMEs

Patrick Briindl

Research Associate & PhD Candidate, Institute for Factory Automation and Production Systems (FAPS),
Friedrich-Alexander-Universitat Erlangen-Nirnberg - YML Milan City Hub

Despite intense competition, small and medium-sized
manufacturing companies (SMEs) have successfully
established themselves in various markets. One example
is control and switchgear manufacturing. Control and
switchgear cabinets are critical components in many
applications, including industrial automation, power
distribution, and complex machinery.

High-quality cabinets are crucial to the energy evolution
towards sustainability through decentralised green energy
generation and distribution, electromobility and charging
infrastructure. SMEs in control cabinet manufacturing
mainly produce specialised equipment in small batches.
Their key competitive advantage is the specialised
knowledge and expertise of their skilled workforce. This is
why, at a time when skilled workers are in short supply, the
introduction of automation solutions for repetitive tasks is
essential.

Electronic waste challenges

As the performance requirements of electronic devices
increase, so does the demand for new devices, resulting
in a growing number of discarded devices. The amount
of e-waste generated worldwide has increased by 33.8%
over the past eight years from 44.4 million tons to
approximately 59.4 million tons and is expected to rise by a
further 26.3 % to approximately 75 million tons by 2030%
Potential recycling processes vary depending on the
complexity and size of the equipment. While small circuits
are mechanically shredded, larger devices, such as control
cabinets, require manual disassembly. This approach not
only drives up raw material extraction costs in high-cost
countries but also consumes valuable human resources.

Creating a new business model through sustainability
and supply chain resilience

Mangelberger Elektrotechnik GmbH, a control cabinet
and electrical engineering company based in Germany,
is taking an innovative approach to turning sustainability
requirements into a new business model. This approach
is based on the principles of reuse, remanufacturing,
and recycling. The environmental footprint of electrical
products is strongly determined by their raw materials?.
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Implementing a circular economy approach that focuses
on recycling and reuse significantly reduces this impact.

» Reuse: Multiple use allows components, such as top hat
rails, aluminium and copper busbars and metal frames to
be directly reused, eliminating the need to manufacture
new components. This not only reduces costs but also
minimises the environmental impact associated with
manufacturing new materials.

Remanufacturing: By integrating advanced
technologies, components can be returned to their
original condition to ensure they meet the necessary
quality standards for reintroduction into the production
cycle. This approach reduces waste and dependence on
new component supplies.

Recycling: Plastics in the form of cable trays, fasteners,
or covers are returned for granulation, a process that
converts them into usable raw materials that can be
recycled by partner companies.

This proposed circular economy concept offers not only
environmental benefits but also economic ones. However,
it is not just about the sale of recycled materials, which is
the last possible recycling stream, particularly for scrap
metal that cannot be reused in its current state. A key
aspect driving the need for this innovative approach is the
continuous and significant increase in the price of metal,
electrical and electronic components in recent years®. The
cost increase can be offset by reusing remanufactured
components. This allows Mangelberger Elektrotechnik
to offer the control cabinet as a circular product with a
significant cost advantage for the customer.

In addition to price increases, the availability of many
components has become a major issue. Extensive industry
surveys have highlighted the need for more resilient
supply chains for electrical and electronic components. In
particular,duringthe global COVID-19 pandemic,electrical
component supply shortages and production stoppages
occurred worldwide. However, unlike competitors
with traditional business models, the circular business
model enabled the company to leverage the components



contained in the recovered end-of-life equipment, thereby
increasing supply capability. Overall, the change in business
model offers not only environmental but also economic
benefits and a more resilient supply chain.

Technological implications and socio-economic
significance
The problem of e-waste is strongly perceived by the public
due to its direct impact on the end consumer, which also
leads to a high acceptance of the described recycling model
by the customers due to the lower investment, the resulting
lower ecological footprint as well as the advertising
effect on the end consumer. To make the business model
economically sustainable in the future, the research project
‘ARKIDES” whichis funded by the German Federal Ministry
of Economics and Climate Protection and scientifically
supported by the Institute for Factory Automation and
Production Systems (FAPS) in Nuremberg, is working on
the further integration of automation into the batch size 1
disassembly and raw material selection process. This is an
important step towards intelligent and automated recycling
systems in high-cost countries. Technologically, the circular
business model is based on the introduction of innovative
technologies such as:

» Reusable Component Knowledge Base: A framework

that documents reusable electrical and electronic

components, features relevant to the automated
disassembly process, and their safety testing processes
to optimise component reuse.

Expert system for control and switchgear design:

Designrules can be established that consider automated

manufacturing, assembly, disassembly, and raw material

selection.

Machine learning component recognition: Computer

vision to identify specific components, fasteners, and

raw material compositions to increase the efficiency and
degree of automation of the reuse process.

o Automated disassembly planning and execution:
Implementing hardware and software automation
solutions can revolutionise the approach to the
disassembly and sorting process, reducing manual
labour and increasing accuracy.
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One of the major advantages of the proposed solution is
the use of existing technical equipment and workstations
that were originally designed for assembly processes and
are used for this purpose as part of normal operations.
Disassembly tasks can be performed during non-working
hours, ensuring optimal utilisation without taking up
regular operating capacity.

Conclusion

The emphasis on a circular economy, coupled with
an innovative business model that emphasises reuse,
remanufacturing and recycling, ensures that the industry
can thrive sustainably. This approach not only addresses
environmental concerns, but also strengthens the supply
chain and positions companies for long-term success in
an ever-evolving global marketplace. The adaptive and
learningaspects utilised inaddressingthe high variability of
e-waste enable the developed solutions to be adaptable to
different types of e-waste and equipment, thus expanding
the scope and impact of these innovations. Additionally,
technology licensing could be a feasible future stream of
revenue for the business model.
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Addressing Sustainability Goals through Deep
Tech-Driven Business Models: A Collaborative
Approach to Innovation in Manufacturing

Emanuele Della Corte

Process Automation Engineer, Eli Lilly and Company - YML Milan City Hub

The challenges currently confronting humankind are
unparalleled in their complexity and scope, demanding
solutions of matching magnitude and sophistication. The
year 2023 marked the turning point for the 2030 deadline
of the United Nations’ Sustainable Development Goals
(SDGs), a set of 17 guiding principles aimed at fostering
global peace and prosperity for both humanity and
the environment. However, the latest report indicates
inadequate and insufficient progress toward these goals®.
The SDGs not only serve as a beacon for envisioning
a more equitable world but also function as a critical
handbook, offering guidance to redirect and realign our
trajectory away from deep-seated inequalities and societal
fragmentations.

Being responsible for approximately a quarter of the
world’s carbon emissions?, the companies operating within
the manufacturing and production sectors find themselves
under increasing pressure to proactively reverse this
alarming trend. However, the drivers for change extend
beyond sustainability concerns alone. Goal 9 of the SDGs,
whichencompassesindustry,innovationandinfrastructure
matters, highlights the fact that the global manufacturing
sector experienced a notable deceleration, plummeting
from arobust growth rate of 7.4% in 2021 to a mere 3.3%
in 20228. The downturn is attributed to a convergence of
factors, including inflation, energy price shocks, supply
chain disruptions, and the broader global economic
slowdown. Manufacturing companies must adapt to
the volatility of the global economy by investing in agile,
resilient, and environmentally and socially sustainable
solutions. Meeting this challenge can be achieved through
the application of innovative business models based on
the concept of “deep tech”: a problems-oriented approach
that leverages disruptive innovations to tackle large-scale
issues®.

The “Deep-Tech” approach

The deep-tech approach emerges within the framework of
what can be referred to as the fourth wave of innovation,
characterised by collaborative clusters comprising start-
ups, venture capitalists, research centres, universities and
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end-users working in concert to expedite the deployment
of innovative solutions®>. An innovative deep tech-
driven business model can spring from the cooperative
synergy among key partners. Establishing a platform
where consumers and producers collaborate for the
successful implementation of the solutions can enhance
both the speed and quality of the solutions developed
by the clusters. An illustrative case of such collaboration
is exemplified by FREYR, a start-up dedicated to the
decarbonisation of transportation and energy systems
through the development of clean, high-density, and
high-quality battery cells. FREYR actively participates
in a cluster based in northern Europe, in partnership
with EIT InnoEnergy, with a shared mission to optimise
research and fortify the supply chain. Amongst its notable
collaborators, FREYR has forged partnerships with
prestigious entities such as the Norwegian University of
Science and Technology, Siemens, and Honeywell. These
partnerships exemplify a shift from a business modelling in
which value creation focuses on shareholders to a model
where partners function as stakeholders. In this evolved
approach, stakeholders do not necessarily own company
stocks, but are invested in the long-term success of the
project in which they are involved.

Moreover, working with stakeholders with a problem-
oriented approach allows innovation to be directed
to precisely where it is most crucial, guided by robust
prioritisation and the engagement of a skilled workforce.
The value proposition of deep-tech business models hinges
on disruptive innovations, establishing its foundations
upon cutting-edge technologies and unveiling their
potential even before widespread recognition. The latest
World Economic Forum report on emerging technologies
emphasises that future innovations will be increasingly
driven by the creative convergence between the physical
and digital domains®. Consequently, it can be assumed that
deep-tech companies will exploit these technologies to an
even greater extent in the near future.

Among these emerging technologies, the utilisation of
Artificial intelligence and the Metaverse for product design



and innovation acceleration represents a pioneering
approachtoinnovation.Notably,Siemensand NVIDIAhave
recently announced a partnership aimed at merging the
industrial ecosystem of Siemens Xcelerator with NVIDIA
Omniverse, an Al-powered, real-time, and physics-based
platform. This collaboration aims to create an industrial
metaverse, capable of virtualising processes from the edge
to the cloud, thus providing a virtual platform to address
real-world challenges. Siemens Xcelerator serves as a
compelling exemplar of successful collaboration within
the industrial market. It is an open ecosystem that enables
partnerships among customers, Siemens, and certified
partners, including independent software developers.
Withinthis platform, the fundamentalidea of the deep-tech
business model is readily discernible. The underpinnings
of a business model are associated with its economic
resilience and meaningfulness; the cost structure must be
solid and the revenue streams well defined.

A report published by the Boston Consulting Group
underscores that deep-tech products often entail a cost
premium ranging from 30% to 240% when compared
to existing market alternatives’, thereby presenting
manufacturing leaders with a perplexing dilemma.
Encouragingly, the report also reveals a declining
trajectory in the unit costs of deep-tech solutions over
time. Furthermore, embracing cutting-edge technological
advancements, especially when co-financed through
public or private funds, yields a significantly higher return
on investment compared to the alternative of exposing
the business to the risk of lagging behind competitors’
disruptive innovations. This underscores the imperative
of staying at the forefront of technological progress in the
pursuit of sustainable and competitive business models.

Conclusion

The approach of the deep tech-driven business models
in the new era of manufacturing relies on the interplay
between the needs of humanity and machine capabilities.
The human element in the implementation of such
innovative business models represents the invaluable
factor that can propel technological advancements to

their maximum potential. Keywords such as cooperation,
openness, and sustainability invigorate individuals,
inspiring them to strive for excellence, imbuing their work
with purpose, and giving research and development an
even deeper significance. Following this path, the “New
Era of Manufacturing” can be defined by groundbreaking
technologies that enable us to achieve our social and
environmental sustainability goals.
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In the “New Era of Manufacturing”, the impact of
megatrends is reshaping the industry, compelling
manufacturers to rethink their business models. These
megatrends include shifts in values, environmental
consciousness, health and ageing considerations, equality,
and globalisation and the need for community.

Customers now demand transparency, diversity,
individualisation, and eco-consciousness. They seek
products and services that align with their values and
lifestyles. This essay explores how manufacturers respond
to these megatrends through three important shifts: the
Service Shift, the Digital Shift, and the Circular Shift. These
transformations exemplify the industry’s adaptation to a
changing world.

The Service Shift

The service shift represents a transition from the
conventional product-centric approach to one that is
customer-centric. This change entails moving beyond the
mere sale of products towards providing comprehensive
solutions. It involves a fundamental reorientation
- shifting the focus from internal processes to the
customer’s processes and where value truly emerges.
Thus, companies need to support customers throughout
their value creation process and let the customer take a
central role in the creation and delivery of value.

For instance, consider Rolls-Royce’'s remarkable transition
towards servitisation. Specialising in jet engines for
the aviation sector, Rolls-Royce utilised technological
advancements to enhance engine durability and lifespan.
Using a digital electronic control system, they gathered
crucial data on engine parameters, proactively protecting
engine components. However, this improvement in
product longevity created an unexpected challenge.
With engines lasting longer, the demand for spare parts
decreased, resulting in revenue loss. In response, Rolls-
Royce introduced an integrated solution, “Power by the
hour”, which offered a fixed-price maintenance plan linked
to engine availability. This innovative approach marked a
great shift in their business model, with customers paying
based on actual engine usage.
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Servitisation creates increased customer engagement,
forging deeper relationships while generating recurring
revenue streams. Moreover, this shift aligns with
sustainability objectives by minimising waste and
extending product lifecycles. It encourages customisation,
empowering customers to tailor solutions to their unique
needs, ultimately providing competitive edge, particularly
when competing with low-cost production in other
countries. In this transformed business model, offering
products as services becomes a strategic advantage,
highlighting the manufacturer’s role as a provider of value-
driven, sustainable solutions.

The Digital Shift

The Digital Shift involves the integration of digital
technologies into business operations. Key components
include digital twins, for the creation of virtual replicas
for real-time monitoring and optimisation; Artificial
Intelligence (Al), for the automation of tasks and
improvement of decision-making; Internet of Things
(1oT), for connecting physical devices for data exchange;
robotics for automation; and Big Data and Analytics for
process optimisation and predictive maintenance. This
shift enhances efficiency, quality, and real-time decision-
making, making manufacturing more agile and competitive.
Take Siemens Electronics Works Amberg (EWA), for
example. EWA manufactures a diverse range of products,
including PLCs. Their focus on digital twins, Al, robotics,
Big Data and Analytics has propelled them to the forefront
of technological innovation. With 75% of their value
chain automated and handled by machines and robots,
they maintain a 99.9999% daily quality. Since 1990,
EWA has achieved a 14-fold increase in productivity
and a 140% rise in factory output without an increase in
resource consumption or energy usage, even as product
complexity has doubled. Their innovative use of blockchain
technology addressed the challenge of determining
a product’s true carbon footprint, promoting a more
sustainable and transparent supply chain ecosystem.
An example of the benefits of digital technologies could
be seen during the COVID-19 pandemic. EWA's robust
digitalisation and automation infrastructure gave almost



real-time insight into the processes and enabled remote
assistance, effectively mitigating the pandemic’s impact on
productivity.

The impact of the digital shift on manufacturing is
evident through EWA's success. Digital technologies not
only enhance sustainability through reduced resource
consumption but also improve resilience by enabling
agile responses to disruptions, as exemplified during the
COVID-19 pandemic. Furthermore, these technologies
significantly enhance competitiveness by streamlining
operations and optimising productivity. This digital
transformation reflects the industry’s capacity to redefine
itself, emphasising sustainability, adaptability, and a
competitive edge in a dynamic market environment.

The Circular Shift

The circular shift in manufacturing represents a transition
from traditional linear production models. Circular
business models emphasise resource efficiency, aiming to
minimise resource consumption and maximise material
utilisation. These models encourage recycling and reuse by
ensuring products that are easily disassembled, recycled
or repurposed. Sustainable supply chains are established
through responsible material sourcing and reduced carbon
footprints. This shift also promotes the transition from
selling products to offering services, thereby prolonging
product longevity and reusability. Repair and maintenance
services are prioritised to extend product lifespans.
Consider IKEA, a multinational furniture retailer with
the goal of becoming circular and climate positive by
2030. Starting with the product design stage, they
have undertaken several circular initiatives, which now
have an increased focus on reusability, refurbishment,
remanufacturing, and recycling. For instance, they've
redesigned their best-selling product to reduce plastic
usage by incorporating renewable materials and use snap
fittings instead of nails for easy disassembly and repair.
They also have a mattress recycling initiative that has
helped reduce waste in landfills by repurposing discarded
mattresses. To maintain the value of the products and
materials, IKEA has established a service promoting
product care, maintenance, and upgrades. Customers can
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order assembly parts to prolong product lifespan, with
plans to offer furniture spare parts. In some locations, like
IKEA Poland, sofa repair and refurbishment services are
already available. These initiatives exemplify the potential
to prolong the product lifespan.

Circular practices not only reduce the environmental
impact and enhance resource efficiency, but they also
create supply chain resilience. By minimising dependence
on finite resources, and implementing recycling and
remanufacturing processes, itis possible tocreate aflexible
and adaptable supply chain, capable of withstanding
disruptions. These practices mitigate vulnerability to
resource scarcity and price fluctuations, ultimately
enhancing a manufacturer’s competitiveness in a dynamic
marketplace.

Conclusion

The service, digital and circular shifts represent a pivotal
transformation in the manufacturing industry. These
shifts are interrelated and complementary, enabling
manufacturers to respond to megatrends and evolving
customer demands effectively. They bridge the gap
between customer-centricity, digital innovation and
sustainable practices. The question is no longer whether
manufacturers should embrace these changes but how
swiftly they can do so. These shifts aren't just strategic
tools; they are the keys to a thriving and sustainable future.
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In today’s world, manufacturers are facing a plethora
of challenges that are prompting them to rethink their
fundamental business models. Such challenges are driven
by profound changes in technology, society, and the
environment. These forces are compelling manufacturers
to reevaluate their operations, strategies, and core
principles, necessitating a fundamental transformation in
how they conduct business.

This essay delves into the key trends motivating
manufacturers to embark on this transformation, with
a deep focus on economic, social, and environmental
sustainability. Additionally, it explores how digital
technologies are at the forefront of this transformation,
ushering in a “New Era of Manufacturing”. In the following
paragraphs, the strategies and approaches that empower
manufacturers to thrive in an ever-changing world while
staying committed to sustainability will be explored
though a holistic point of view. This involves embracing
economic sustainability through streamlined processes,
ensuring social sustainability by promoting ethical
practices, and fostering environmental sustainability
via eco-friendly operations. Digital technologies are
facilitating this transition, enabling efficiency and
innovation while anchoring the entire approach in the
“‘New Era of Manufacturing”. A comprehensive strategy
that considers these multi-dimensional aspects is crucial
to crafting business models that are resilient, competitive,
and inherently sustainable. These trends should not be
considered as separate entities but rather as a collective
force reshaping the manufacturing landscape.

The arrival of Industry 4.0 marked the beginning of a new
era in manufacturing. This trend is characterised by the
integration of digital technologies, automation, and data
analytics™.

Manufacturers are re-evaluating their business models to
harness the benefits of these technologies. Central to this
shiftistheincreased use of smart productsthatincorporate
Internet of Things (loT) and sensor technologies, enabling
manufacturers to gather data from customers and
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offer enhanced features and services. Automation and
data analytics are used to optimise the supply chain,
which lowers costs and increases reliability. In addition,
collaborative ecosystems have developed as a result of
manufacturers forming alliances and collaborations and
sharing information, resources, and capabilities to benefit
consumers and stakeholders in this dynamic Industry
4.0 environment. The groundwork established during
Industry 4.0 has prepared the path for Industry 5.0 which
encompasses not only digitalisation but also Sustainability,
Human-centricity and Resilience.

Sustainability, which includes both the environmental,
social,and economic dimension, is a core driver of business
model re-evaluation?. Manufacturers are adopting
sustainable practices to reduce their carbon footprint
and address ethical and social responsibility. Economic
sustainability is promoted by minimising waste and
operational costs. Social sustainability involves fair labour
practices, diversity, and community engagement. Digital
technologies enable manufacturers to track and optimise
their sustainability initiatives, ensuring they remain
aligned with business goals.

Furthermore, policy initiatives, like the European Green
Deal, compel manufacturers to align with stringent
environmental goals and improve their business models
to meet ambitious sustainability targets. Business
model innovation fosters economic sustainability
by ensuring compliance and adapting to a changing
regulatory landscape. Social sustainability is addressed
through ensuring ‘no place and no person is left behind’
and environmental sustainability by reducing carbon
emissions and enhancing eco-friendly manufacturing.
Digital technologies provide the tools for monitoring and
optimising sustainability efforts, supporting compliance
with ambitious environmental standards.

Circular economy principles are also gaining ground
as a response to mounting environmental concerns.
Manufacturers are rethinking and redesigning products
with reuse, recycling, and resource efficiency in mind. This



shift contributes to economic sustainability by reducing
resource consumption and waste®. Social sustainability is
achieved by fostering a culture of responsible consumption
and reuse and recycling. On the environmental front, it
mitigates the environmental footprint of manufacturing
processes by reducing waste generation and conserving
resources. Digital technologies play a crucial role in
tracking materials and products throughout their lifecycle,
ensuring they remain in circulation and out of landfills.

Recentdisruptions have also highlighted the importance of
resilient supply chains*. Manufacturers are rethinking their
business models by diversifying suppliers, regionalising
production, and enhancinglogistics. This approach ensures
economic sustainability by mitigating risks associated
with supply chain disruptions. Social sustainability is
addressed by preserving employment opportunities.
In terms of the environment, this is accomplished by
optimising transportation and reducing emissions through
streamlined supply chain operations. Digital technologies
provide real-time supply chain visibility and predictive
analytics, enhancing resilience.

On the other hand, globalisation is still driving
manufacturers to adapt their business models® to
expand into diverse markets, navigate various regulatory
environments, and meet the demands of culturally diverse
consumers. This trend promotes economic sustainability
through market expansion, while socially, it necessitates
sensitivity to cultural diversities and local labour practices.
From an environmental perspective, it focuses on
responsible global sourcing and sustainable manufacturing
practices. Digital technologies facilitate communication
across borders, track international operations, and enable
real-time adaptation to global market dynamics.

Several leading companies, like Tesla, Inc., exemplify the
transformative power of trends reshaping manufacturing.
Tesla’'s business model centres on electric vehicles (EVs)
and sustainable energy solutions. They have revolutionised
the automotive industry by pioneering EVs, reducing
carbon emissions, and promoting sustainability. Through
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online sales, strong customer relationships, and diverse
revenue streams, including EV sales, energy storage, and
software upgrades, they have set new standards for digital
integration in manufacturing, leveraging technologies like
data analytics and Al.

Siemens, embracing Industry 4.0's digitalisation
and automation, is leading the way in sustainable
manufacturing. Their business model centres on digital
technologies, optimising energy efficiency and reducing
their environmental footprint. Through innovative
solutions, like digital twin technology, they create virtual
replicas of physical assets, enhancing product design and
manufacturing processes. This approach aligns with their
diverse customer segments, which range from industrial
clientstothose seekingenergy-efficientsolutions. Siemens’
commitment to environmental responsibility, robust
technological resources, and innovative collaborations
reshapes the manufacturing landscape, underscoring their
leadership in the Industry 4.0 era.

Volvo's “Volvo Reman” programme exemplifies a seamless
alignment with their business model canvas, underscoring
their core values of sustainability and innovation. This
initiative, focused on remanufacturing components and
parts from used vehicles, extends product lifespans
and significantly reduces waste, resonating with
environmentally conscious consumers and cost-conscious
businesses. By refurbishing and upgrading components
to like-new condition, Volvo not only contributes to their
revenue streams but also demonstrates their commitment
to sustainability. Furthermore, the integration of digital
technologies, such as loT sensors and data analytics,
enhances the efficiency of the process by enabling real-
time monitoring and predictive maintenance. This blend
of circular economy principles and digital technologies
reinforces Volvo's dedication to reducing waste, offering
eco-friendly solutions, and fostering strong customer
relationships built on sustainability.

As shown by the three exemplary case studies reported
above, digital technologies play a crucial role in this
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transformative “New Era of Manufacturing” These
technologies do not just assist but ignite entirely new
business paradigms, fuelling efficiency, personalisation,
sustainability, and unwavering transparency. With these
tools in hand, manufacturers can wholeheartedly embrace
a comprehensive reimagining of their models, where
economic strength unites with social responsibility and
environmental consciousness. In this way, their unyielding
dedication to sustainability will reverberate through
every facet of their enterprise, leaving an indelible mark
on the future of industry. This accentuates the dawn of
a momentous era, one where sustainability is the very
essence of manufacturing’s new identity, steering it
towards a future that is not just adaptive but thriving.
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The World Manufacturing Foundation

Vision

“We strive to enhance manufacturing’s role as a dynamic and positive driver for
economic, social, and environmental growth and sustainability”.

Mission

The World Manufacturing Foundation is an open platform spreading industrial
cultureworldwide. We promote innovation and development in the manufacturing
sector, with the fundamental goal of improving societal wellbeing and inclusive
growth in all nations through dialogue and cooperation among the manufacturing
sector’s key players.

We will pursue our goals by:
e supporting and shaping local and international industrial agendas
e providing a framework through which companies, governments, academic
institutions and social organisations can interact or collaborate, acting as a

catalyst for finding innovative solutions to major global challenges

e creating and disseminating knowledge in both policy and technology
through local and international meetings and publications.
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WORLD
MANUFACTURING

' FOUNDATION

Spreading Industrial Culture Worldwide

The World Manufacturing Foundation was formally established in May 2018 in Milan, Italy, as a platform
to promote industrial culture and sustainable manufacturing practices worldwide. This undertaking was
spearheaded by three founding partners: Confindustria Lombardia, IMS International, and Politecnico di Milano.
The Foundation aims to spread industrial culture by expanding knowledge, promoting innovation, and fostering
cooperation in the manufacturing sector.

The Foundation capitalises on its wealth of experience in hosting annual manufacturing events to discuss the
most pressing challenges confronting the sector. Infact, long before the Foundation was formally established, the
annual World Manufacturing Forum has been staged since 2011. The very first edition was held in Cernobbio in
Lombardy and started as an important platform for global industry leaders and other stakeholders to exchange
opinions on different issues related to manufacturing. The Forum started as a project funded by the European
Commission, which has also supported its succeeding editions.

The World Manufacturing Foundation also has the support of important organisations. The Foundation was
kick-started with the support of Regione Lombardia, which has also provided financial support in the last few
years. In 2018, the World Manufacturing Foundation also signed a joint declaration with the United Nations
Industrial Development Organization (UNIDO) to promote acommon global agenda ontechnological innovation
and inclusive and sustainable industrialisation, and to advance the 2030 Agenda for Sustainable Development.

The business model which defines the Foundation is that of the Triple Helix. Its competitiveness is empowered
through an intersectoral collaboration engaging industry, academia, and government. This is evident in the
nature of its founding and key partners and a large community of institutional partners from all over the world,
which support the Foundation’s initiatives.

World Manufacturing Foundation Members
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KEY RECOMMENDATIONS BY

THE WORLD MANUFACTURING FOUNDATION

10

EMBRACE A CUSTOMER-CENTRIC INNOVATION APPROACH
TO FOSTER LOYALTY AND DRIVE GROWTH

CREATE SUSTAINABLE VALUE PROPOSITIONS BASED ON THE
TRIPLE BOTTOM LINE FOR A COMPETITIVE EDGE

AIM FOR MASS-CUSTOMISED AND PERSONALISED VALUE
PROPOSITIONS TO CREATE HIGHER BENEFITS FOR CUSTOMERS

DEVELOP NEW SALES CHANNELS FOR HYBRID REVENUE
STREAMS

FOSTER TIGHTER BONDS BY CREATING IMPROVED CUSTOMER
RELATIONSHIPS

UNLOCK VALUE POTENTIAL BY HARNESSING Al AND DATA
ANALYTICS FOR NEW REVENUE STREAMS

BALANCE KEY RESOURCES TO AVOID THEIR OVER - AND
UNDERESTIMATION FOR SUSTAINABLE OPERATIONS

PRIORITISE LOCALISED MANUFACTURING AND STRENGTHEN
CORE COMPETENCIES FOR MARKET AGILITY AND
SUSTAINABILITY

EXPAND PARTNERSHIPS BEYOND TODAY'S VALUE CHAINS'
TRADITIONAL BOUNDARIES TO PREPARE FOR NEW CHALLENGES
AND RISKS

OVERCOME INVESTMENT BARRIERS TO ESTABLISH TRUSTING
RELATIONSHIPS TO UNLEASH CONTINUOUS CASH FLOW FROM
ASSETS
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