SERVICE & NUTZERERFAHRUNG

\— INIWIDVNVIW B NOILVSINVOYO —/

i=acatech

NATIONAL ACADEMY OF
SCIENCE AND ENGINEERING






acatech STUDY

acatech Maturity Index
Smart Services

Shaping the Transformation
of Businesses to Smart Service Providers

Roman Dumitrescu, Frank Riemensperger,
Giinther Schuh (Eds.)

i=acatech

NATIONAL ACADEMY OF
SCIENCE AND ENGINEERING



The acatech STUDY series

The reports in this series present the results of the Academy's pro-
jects. The STUDY series provides in-depth advice for policymakers
and the public on strategic engineering and technology policy issues.
Responsibility for the studies’ contents lies with their editors and
authors.

All previous acatech publications are available for download from
www.acatech.de/publikationen.


http://www.acatech.de/publikationen

Inhalt

Foreword

Project

Executive Summary

1

Introduction

Objectives and Methodology

2.1

2.2
2.3
24

Analysis

Development of the maturity model
Evaluation

Dissemination and

instantiation

Model Structure

Solution- and Benefit-oriented Development Stages

4.1

4.2
43
44
4.5
4.6

Digital starter

Smart product manufacturer
Smart service explorer
Smart service provider
Smart solution integrator
Ecosystem leader

Structural Areas for the Smart Service Transformation

5.1
52
53
54
55
5.6

Product & Connectivity
Service & User Experience
Business & Ecosystem
Technology & Data
Organisation & Management
People & Culture

11
12
13
13

14

15

16
17
17
18
18
18
19

20
21
22
24
26
28
30



6 Applying the acatech Maturity Index Smart Services
6.1 Principles for application
6.2 Applying the acatech Maturity Index
Smart Services - an example
6.3 The acatech Maturity Hub Smart
Services - maturity model-based tools

7 Conclusion and Outlook

References

33
33

37

38

39

41



Foreword

The Industrie 4.0 and Smart Service Welt vision is clear, a com-
bination of smart products and data-based services leads to
product improvement. When this is brought together with val-
ue-driven, service-oriented value propositions, new market op-
portunities open up. For example, the product “intelligent car’,
complemented by the service "autonomous driving" in con-
junction with the value proposition “safe journey and arrival”
will turn entire industries upside down.

The Smart Service Welt vision remains as attractive as ever.
However, as sometimes sluggish implementation in recent
years has shown, the market success of smart services depends
not just on a combination of product and service, but on an
effective triad of product, service and customer-oriented value
proposition to create real differentiation and entirely new mar-
ket opportunities.

The progress made in digitalisation now offers new potential
for strengthening this triad. Cloud and edge solutions are gain-
ing ground, the data trove is growing and, in the future, the
emerging industrial metaverse will also be able to include en-
tire ecosystems with comprehensive data offerings for develop-
ing smart services. Three factors are crucial here:

= We need convincing use cases which illustrate the economic
and social value of smart services. "Autonomous driving” is
one of many examples. Personalised medicine (e.g. in can-
cer treatment), which is adapted to the individual during
the course of recovery and includes the value proposition
“regaining health”, is another example of a smart service
which has revolutionary potential.

= Making value propositions personal and delivering on
them brings differentiation opportunities and massive new

Foreword

business potential. Products and services lacking a value
proposition which is relevant to people simply fizzle out.
This probably explains why the internet-connected refriger-
ator with automatic reordering has never caught on.

= An ecosystem approach is required for developing compet-
itive smart services. In the industrial metaverse, it is no lon-
ger enough to develop smart services based on product
data. Ecosystem data and the use of artificial intelligence
and autonomous algorithms make the difference, ensuring
that smart services can adapt to their environment and to
customer needs. Achieving this means that businesses
need to understand not only their customers, but also the
ecosystem, and to be open to creating shared value on the
basis of shared data. This also includes sharing some of the
newly created value.

The challenge now is to combine the building blocks of pro-
duct, service and value proposition into sustainable and
competitive smart services and to create successful business
models. Even the big players will struggle go it alone, but Ger-
many as a centre for innovation also depends on its hidden
champions, small and medium-sized companies. The acatech
Maturity Index Smart Services is intended to make this overall
picture practically applicable with the explicit aim of enabling
businesses to provide smart services.
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Executive Summary

The acatech Maturity Index Smart Services which is presented
in this study was developed with the aim of providing manu-
facturing companies with support for shaping the transforma-
tion processes required for successfully expanding their service
portfolio to include smart services.

The guidance is structured as a six-stage maturity model in
which each individual stage of development promises an in-
crease in benefits. Six key structural areas were identified
during the design of the acatech Maturity Index Smart Ser-
vices: Product & Connectivity, Service & User Experience, Busi-
ness & Ecosystem, Technology & Data, Organisation & Man-
agement, and People & Culture, each area being assigned two
characterising principles. For each area, capabilities were in
turn defined which a business and its staff should have if they
want to expand their service portfolio to include smart services
and align their organisation, structure and processes accord-
ingly. A questionnaire is available for assessing the maturity of
the required capabilities in the organisation. There are two to
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six gradations per capability which express the respective ma-
turity level. The capabilities and their (maturity) levels can also
be used not only to define goals but also to derive concrete
measures, i.e. to determine which activity will help the busi-
ness move up to the next level.

The acatech Maturity Index Smart Services additionally en-
ables manufacturing companies to develop a precisely tailored
digital roadmap for them to use as the basis for introducing
smart services and so make the transition to a learning, agile
organisation. The maturity model is based on the acatech In-
dustrie 4.0 Maturity Index' and adopts the latter's approach
(see figure 1).

For instance, offering smart services presupposes that manu-
facturing companies have begun their digital transformation
process and are implementing Industrie 4.0 in terms of creat-
ing digital factories so that they can build on these founda-
tions to servitise their service portfolio. The complementary
structure of the acatech Maturity Index Smart Services and the
acatech Industrie 4.0 Maturity Index thus permits a modular
and incremental design of the digital transformation and ser-
vitisation of manufacturing companies.
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Industrie 4.0 Maturity Index
Study + Study Update

Maturity Hub Smart Services
Study + Assessment Tools

Figure 1: From the Industrie 4.0 Maturity Index to the acatech Maturity Index Smart Services (source: own presentation)

1| See Schuh/Anderl/Dumitrescu/Kriiger/ten Hompel 2020a, b.
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1 Introduction

For decades, manufacturing companies have been the driving
force and engine of innovation and prosperity in Germany,
especially in leading industries such as mechanical enginee-
ring, electrical engineering and the automotive sector. “Made
in Germany" is a quality mark and products bearing it are often
huge export successes of internationally renowned quality.

But Germany cannot rest on yesterday's laurels, it must keep
moving forwards: companies must develop their own vision of
how they can leverage digitalisation and its associated oppor-
tunities in order to survive in an increasingly competitive mar-
ket environment in the future. Hugely dynamic progress and
the resultant complexity demand faster and better deci-
sion-making processes from companies. In many cases, how-
ever, today's reality fails to live up to this need.

In the course of digitalisation, a new data economy has
emerged in the 21% century, enabling innovative service-
oriented digital business models which are platform- and
data-driven. The B2C sector is dominated by providers from the
USA or China known as "hyperscalers” who now have an al-
most unassailable lead. In the manufacturing-oriented B2B en-
vironment, however, German companies still have an opportu-
nity to help shape the data and platform economy, to reinvent
“Made in Germany" and to consolidate and expand their posi-
tion in the global competitive arena: smart services, i.e. da-
ta-based services, offer opportunities to combine excellent
products with excellent services. These complement the range
of purely physical products and make it possible to respond
flexibly, individually and specifically to customer wishes and
expectations?. This is one of the findings of the German Feder-
al government's Smart Service Welt project: customised, da-
ta-based smart services are often more important than the
product itself. They are thus replacing the previously dominant
physical products and generic off-the-shelf services as the most
significant differentiators. Companies offering smart services

2| Seeacatech 2018, p. 50.
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define their relationship with customers and can involve them
in all aspects of the co-creation of services via collaborative
processes.

Servitisation of a company's portfolio of products and services
entails wide-ranging adjustments within the company, in
particular with regard to its business model. The significance
of digitalisation in manufacturing companies has been exten-
sively discussed in the context of Industrie 4.0, which describes
digitalisation in industrial production. Many companies have
recognised the implications of this, and some of them have em-
barked on the path of transformation. Doing so is vital for im-
plementing successful smart services offerings. Digital connec-
tivity of production facilities and products is essential for
Industrie 4.0 and not only ensures faster and more efficient
manufacturing processes, but also holds further potential for
the design and implementation of new business models. Prod-
ucts connected via the internet (smart products) are the basis
for creating new offers or value propositions for customers in
the form of data-based smart services, and for introducing new
service-oriented revenue concepts (see figure 2). However, such
disruptive business models are still (too) rare. Most players are
indeed well aware that there are great opportunities in cus-
tomising and personalising services. Nevertheless, many busi-
nesses are not implementing this knowledge in their own
corporate practice. This is because the companies lack the ne-
cessary skills, resources and structures, resulting in compara-
tively long innovation cycles.

In addition to the necessary technologies for ensuring smart
product connectivity, a successful transformation to a smart
service provider consequently also requires adjustments to in-
ternal and external processes as well as a suitable corporate
structure supported by innovative members of staff. Such
farreaching transformation processes require a continuous,
progressive approach which proceeds function by function and
department by department. On the other hand, it is also im-
portant to quickly generate measurable results in this process,
learn from them and promptly integrate these findings into the
transformation process. This requires a systematic approach.
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The acatech Industrie 4.0 Maturity Index provides manufactur-
ing companies with a blueprint and a practical tool for intro-
ducing and expanding Industrie 4.0 in a structured manner.
Similarly, there is a need for a smart services toolkit which helps
companies to systematically make the transition to smart ser-
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vice providers. This is intended to enable them to identify an
advantageous position in the Smart Service Welt and indicate
ways to tap into it. The aim of this publication is to contribute
to revitalising "Made in Germany” for the 215 century's servitised
data economy.

Disruptive changes to

business model

Figure 2: Smart services as business model disruptors (source: acatech 2018, p. 26)



Objectives and Methodology

One essential feature of the acatech Maturity Index Smart

2 ObjECtIVES d nd Services methodology is an understanding of the company as
a sociotechnical system which means that a successful trans-
MethOd 0 I Ogy formation must take account of more than just the technolog-
ical aspects of smart services. Organisational and people-relat-
ed aspects or structural areas must also be included. The
acatech Maturity Index Smart Services enables manufacturing
The aim of the acatech Maturity Index Smart Services present-  companies to take this holistic view of their organisation and
ed in this STUDY is to provide manufacturing companies with  the transformation process to being a smart service provider.
a toolkit which enables them to successfully transition to being
a smart service provider, a process which proceeds in a number  The development of the acatech Maturity Index Smart Services
of steps. The first step involves determining the company's cur-  followed an iterative procedure in which the project team
rent maturity level with regard to smart service business. On  members were guided by the development of maturity models
the basis of this and the company's strategic goals, a target  according to Becker et al. (2009)° and thus by the fundamen-
maturity level is defined in a second step. To close the gap be-  tal phases of design-oriented research. Based on Osterle/Otto
tween the actual and target maturity levels, companies must ~ (2010)* the methodological procedure, shown in figure 3 and
then derive suitable measures in a third step and structure  described in detail below, essentially comprised four phases:
them in a roadmap. This process enables companies to build  analysis, design, evaluation and dissemination. Iterative loops
and expand a promising smart service business to remain com-  were provided within and between the individual phases to
petitive in the future. ensure consistency.

Procedural requirements

Comparison with existing models, iterative process, evaluation, multimethod procedure, evaluation of
relevance, problem definition, targeted presentation, scientific documentation

e

Procedure

Iterations
Analysis Evaluation
the maturity model dissemination
Fokus of maturity model Structuring capabilities ®  Review of interviews " |mplementation of tools
" Survey of requirements = Determining structural ®  Evaluation of application " Presentation
= Analysis of existing areas " Publication
maturity models ®  Determining maturity
= |dentification of levels
potential capabilities " Developing themodel

Figure 3: Methodological procedure for developing the acatech Maturity Index Smart Services (source: own presentation on
the basis of Otto/Osterle 2012)

3| See Becker/Knackstedt/Poppelbul 2009.
4| See Osterle/Otto 2010.
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2.1 Analysis

The aim of the first phase was to define the content and struc-
tural basis of the maturity model. This was done both in the
context of consortium workshops and in the form of literature
reviews and expert interviews. First of all, the basic orientation
was determined. Project team members then analysed existing
maturity models, surveyed relevant real-world requirements
and issues, and identified necessary capabilities for a success-
ful smart service transformation.

The focus of the maturity model developed as part of this proj-
ect defines the users and goals addressed by the model. To this
end, a workshop was organised and conducted in which the
project team members were able to contribute their experience
from their previous projects on smart service transformation
and defined the following framework or objectives, namely
that the maturity model should primarily focus on manufactur-
ing companies. Further relevant stakeholders in the smart ser-
vice ecosystem, such as IT service providers, are not included
in the analysis at this stage because they differ too much from
manufacturing companies in terms of the transformation of
business models and processes. The goal of the maturity model
should be to provide companies with a suitable toolkit for a
comprehensive transformation to a smart service company.
This means that the corresponding process should be viewed
holistically. This includes a detailed analysis of all relevant
structural areas, principles and capabilities assigned to them,
these being the key concepts of the maturity model, which are
discussed in detail below (see section 3). In order to offer com-
panies a low threshold to entry, it was also decided to make
the maturity model, or rather an analysis tool based on it,
available in an abbreviated form as a Quick Assessment, i.e. a
tool for rapidly evaluating the current situation in the transfor-
mation process.

The requirements for the maturity model were then determined
and existing maturity models analysed. The capabilities of re-
levance to a smart service transformation were identified using
an iterative mixed methods approach. The data collection pro-
cess is firstly described below, followed by the data evaluation
procedure.

Data collection

Data collection was based on a comprehensive web search, a
systematic review of the relevant literature, and an interview
study designed and implemented for this project. The aim of

5| See Webster/Watson 2002.
6| See Xiao/Watson 2019.

14

the web search was to identify existing practically oriented ma-
turity models relating to digital transformation, the internet of
things (loT), servitisation and smart services. In total, some 50
maturity models were identified.

The systematic literature review was based on the guidance
provided by Webster/Watson (2002)° and Xiao/Watson
(2019)°. Members of the project team firstly selected relevant
databases and, using suitable search strings, identified rele-
vant papers and then analysed them at title, abstract and key-
word level. The literature search focused on two aspects and
thus two clusters of search strings. The first cluster concerned,
among other things, the requirements, challenges and poten-
tial of a smart service transformation. This search provided the
basis for defining the required capabilities. The second cluster
related to further scientific maturity models and the question
of the conditions under which they can be applied. The identi-
fied publications were then reviewed by three smart service
experts and their content was checked. As a result, some 40
publications on smart service transformation were selected
and then analysed in greater detail.

In parallel to the literature review, project team members con-
ducted semi-structured expert interviews on the basis of guid-
ance prepared for this purpose. The guidance addressed ques-
tions of organisation, people, technology, maturity and specific
changes. In total, interviews were conducted with 16 experts
working for both small and medium-sized enterprises and cor-
porate groups as well as renowned research institutions. The
interviews, which lasted some 45 to 60 minutes, were conduct-
ed remotely and recorded for later analysis. The recorded inter-
views were subsequently transcribed according to scientific
standards.

Data evaluation

The publications and transcripts were analysed in greater
depth to evaluate the data. For this purpose, three project
members first coded the texts inductively, i.e. they identified all
substantive statements, determined key themes and, on this
basis, defined categories into which the statements were clas-
sified. This resulted in a coding system which the project team
members then supplemented with insights from an analysis of
existing maturity models.

This step of the process revealed that most of the maturity
models could not be easily applied to smart services. Neverthe-
less, they provided helpful insights into the required capabili-



ties which could be incorporated into the acatech Maturity In-
dex Smart Services. In contrast, those maturity models which
did explicitly consider smart services led to a highly aggregat-
ed viewpoint which is insufficient to develop a practical toolkit
in the light of the objectives selected for the purpose of this
project. They did, however, provide indications of relevant ca-
pabilities for the project. The identified potential capabilities
were likewise analysed by three project members, reviewed and
integrated into the resultant coding system.

At the end of this step of the project, a consortium workshop
was held where the project team members discussed and final-
ised the coding system. As a result, a total of 78 relevant capa-
bilities, which are disjoint and exhaustive, were identified for
smart service transformation.

2.2 Development of the
maturity model

The second phase involved designing and developing a smart
service maturity model and a methodological procedure for us-
ing it. This was mainly done in the course of consortium work-
shops which gave project team members the opportunity to
contribute their subject and application knowledge. This step
was based on the capabilities and fundamental requirements
with regard to the applicability of the maturity model to man-
ufacturing companies (see the explanations relating to the first
phase in section 2.1). For greater clarity, the 78 identified capa-
bilities were firstly thematically clustered and structured and,
over a number of iterations, six well-defined structural areas
were specified.

In order to be able to assess the maturity of the capabilities,
during workshops the project team then defined six representa-
tive maturity levels, which represent archetypal development
stages on the path to becoming a smart service provider (see
section 4). These stages were based both on practical reports
from organisations that have already embarked on the path of
transformation and on theoretical principles of corporate trans-
formation, ecosystems and smart services.

In order to be able to map these generic maturity levels onto
the necessary capabilities, the project team members also de-
veloped concrete issues to be addressed for the respective ca-
pabilities and representative responses in a maturity context.

Objectives and Methodology

This resulted in a six-level maturity model which in turn refers
to six structural areas and is backed up by appropriate ques-
tions for the identified 78 capabilities together with possible
responses for the generic maturity levels.

The maturity model is thus applied on the same basis as the
established approach of the acatech Industrie 4.0 Maturity In-
dex which was also adapted to smart services in workshops
with experienced assessors.

In order to provide companies with a low threshold of entry
into analysing the progress of their transformation, the project
team developed an abbreviated version of the maturity model
and the application methodology based on it. To this end, in
the course of a workshop, the members of the project group
prioritised the previously defined capabilities and issues which
are of particular significance to a smart service transformation.
These form the framework for a Quick Assessment, a com-
pressed version of the smart service maturity assessment. A
total of 24 capabilities and the associated issues were includ-
ed in this Quick Assessment.

In addition, suitable policy recommendations for the maturity
levels of the structural areas were developed in numerous ex-
pert workshops. These policy recommendations offer compa-
nies a generic direction for further refining their smart ser-
vice transformation.

The outcomes of the second phase are thus the acatech Matu-
rity Index Smart Services, a methodological procedure for ap-
plying it, as well as a Quick Assessment.

2.3 Evaluation

The aim of evaluation was to establish whether companies can
easily apply the acatech Maturity Index Smart Services under
real-world conditions and whether the toolkit is complete. To
this end, the project team conducted review interviews and pi-
lot applications. The interviews with 19 smart service experts
confirmed that the selected structural areas and capabilities
were practically relevant and meaningful. Individual comments
on capabilities and wording were iteratively incorporated into
the model.

To ensure that the maturity model can also be applied under
real-world conditions by different organisations, it was trialled
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in on-site pilot applications in three companies of different siz-
es: one small, one medium-sized, and one corporate group. The
resultant insights and feedback were incorporated into the fur-
ther development of the toolkit.

The outcome of the third phase was thus a scientifically sound
and validated version of the acatech Maturity Index Smart
Services.

2.4 Dissemination and
instantiation

The aim of the fourth phase was to make the project results
available to the public. The project team with acatech as con-
sortium lead organised an event on the occasion of the launch
of the acatech Maturity Hub Smart Services’ and presented
the maturity model and the developed toolkit to an interested
expert audience, specifically representatives from business
practice. The participants discussed the structural areas of the
maturity model in a World Café workshop and clearly stated
that they found both the design of the structural areas and the
capabilities to be fit for purpose. This provided additional vali-

7| Available from: https;//acatechmaturityhub-smartservices.de.
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dation of the results. In addition, the project team members
introduced the Quick Assessment and released it to the gener-
al public as a software tool. It is available online on the freely
accessible acatech Maturity Hub Smart Services, where the
project’s key results are also described.

In order to carry out further, more in-depth or assisted assess-
ments under real-world conditions, the project team has set up
a platform for applying the acatech Maturity Index Smart Ser-
vices. This platform is based on the rationale and structure of
the existing and established Industrie 4.0 Maturity Index plat-
form and is designed as a support tool for preparing and fol-
lowing up assessments. It also assists with calculating and doc-
umenting a company's maturity.

This acatech STUDY is also intended to play a part in providing
a comprehensible description of the development of the
acatech Maturity Index Smart Services and making the proj-
ect's insights available to a specialist audience. The following
sections provide a detailed description of the model's structure
(section 3), the maturity levels (section 4), the structural areas
and associated capabilities (section 5) and the procedure for
applying it (section 6). Further scientific publications are at the
planning stage.



3 Model Structure

The toolkit developed in this acatech STUDY takes a mod-
el-based approach which allows a focus on the solutions and
benefits at the various stages in the development of smart ser-
vices and supports companies throughout the transformation
process, starting from the prerequisites which have to be putin
place at the outset and continuing until a smart service busi-
ness has been implemented. Using the maturity model, compa-
nies can firstly determine their actual status and define their
target status. The desired target status is always dependent on
the particular business strategy and is determined individually
for each company, the optimum target status not necessarily
being the maximum possible. Instead, companies should de-
fine a target which is in line with their basic plans for growth
and turnover. It should always be kept in mind that changes to

6 Structural Areas

,——SERVICE & USER EXPERIENCE ==+
AN
-

L= INFJWIDOVNVI B NOILVSINVDYO =4

Model Structure

corporate strategy or the regulatory framework in the market
may make it necessary to redefine the target level. Finally, a
comparison of the actual and target statuses shows companies
how great the need for action is and where changes have to be
made.

The acatech Maturity Index Smart Services was developed with
the aim of providing manufacturing companies with a practi-
cal framework for structuring their overall transformation into
smart service providers. The required process steps and con-
cepts are clearly defined.

The six structural areas of the maturity model enable a com-
prehensive overview of corporate transformation with two
guiding principles being defined for each area. In turn, these
are assigned specific capabilities which a company needs to
develop in order to establish a smart service business (see
figure 4).

6 Maturity Levels

—e Capability A
[—e Capability B
—e Capability C
[—e Capability n

—e Capability A
[—e Capability B
—e Capability C

[—e Capability n

HHHH

Figure 4: Structure of the acatech Maturity Index Smart Services model (source: own presentation)
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4 Solution- and Benefit-
oriented Development
Stages

Manufacturing companies wishing to integrate smart services
into their portfolios must simultaneously servitise and digital-
ise. This requires staff with the appropriate capabilities and
skills. Simultaneous servitisation and digitalisation entail
changes across broad parts of the organisation. The associated
complexity means that relatively long-term transformation pro-
cesses, usually lasting several years, are necessary. In order not
to lose sight of the defined goals in this transformation pro-
cess, it should at all times be clear to every member of staff
and stakeholder that the company's profitability and future
viability are dependent on growth in the new business areas.
The benefits of transformation should therefore be communi-
cated transparently at all times. In addition, companies should
design the transformation process in such a way that there are
continuous positive effects on profitability, i.e. on growth and
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the development of new business areas. One challenge is to
grab quick wins along the way while also working on higher-
level transformation goals. This is precisely what the maturity
model developed as part of this study and the toolkit based on
it are intended to make possible.

Companies pass through a number of characteristic develop-
ment stages in their transformation to smart service providers.
The acatech Maturity Index Smart Services describes a proto-
typical development pathway from conventional manufactur-
ing company to fully integrated smart service provider. This
pathway accompanies companies from the point at which they
lay the foundations for offering smart services to the point at
which they have found their role as shapers of digital service
ecosystems and positioned themselves accordingly in the mar-
ket. This pathway passes through six successive development
stages (see figure 5). The stages describe the concrete benefits
for the companies and define the capabilities required for
transformation.

If transformation is to be successful and sustainable, it is impor-
tant for companies to build their capabilities continuously and
incrementally. The further a company's development has pro-

Smart Service Focus

How can it be rethought?

“Jointly shaping”

Figure 5: Maturity levels of the acatech Maturity Index Smart Services model (source: own presentation)



gressed, the stronger must its capabilities be. In this process, com-
panies must take care to develop capabilities evenly across the
relevant functions. For instance, a high level of maturity in the
servitisation of internal company processes is of little use if the
business model is not also appropriately focused on smart ser-
vices. Companies should here individually determine for them-
selves which development stage provides the best cost-benefit
ratio and should be at the end of the planned transformation
process.

The lowest level of the maturity model is stage 0, which covers
companies that can be described as digitally stagnating, with
no awareness of the need for digitalisation. This level is not
represented in the maturity model, because such companies
cannot be assumed to be aspiring to a smart service transfor-
mation and may therefore also have no interest in the acatech
Maturity Index Smart Services. Stage 1 (digital starter) and
stage 2 (smart product manufacturer) are also not yet explicit-
ly addressing smart services, but are looking at the essential
prerequisites, i.e. digitalisation of the product and the compa-
ny. The next levels, 3 to 6, deal with building specific capabili-
ties which are required for smart services.

The six development stages of the acatech Maturity Index
Smart Services are described in detail below. It should be borne
in mind that these are archetypes, so even if a company as a
whole is assigned to a development stage, it may deviate sig-
nificantly from the archetype in some structural areas.

4.1 Digital starter

The starting point for the development pathway and the basis
for servitising a company's offer is the fundamental realisation
that digitalisation of the organisation and adjustments to its
service portfolio have to be tackled if the company is to survive
competitively in the future. Such manufacturing companies are
aware that success requires them to face up to the challenges
of digitalisation and the mechanisms of the data economy:
many of them acknowledge that smart products and smart ser-
vices are fundamental in this context, but implementation
presents challenges for some.

These companies are at the first stage of the maturity model
and are referred to as digital starters. They already have a fun-
damental awareness of the need for smart service transforma-
tion, but for various reasons have not yet been able to set out

Solution- and Benefit-oriented Development Stages

to meet the challenges of change. Their products are not yet
connected to one another or the internet and have only simple
digital functions. Accordingly, data from product operation are
also not available. Infrastructure for data analysis and process-
ing is lacking. The service focus is still very much on traditional
services such as maintenance contracts. These are frequently
barely adapted to a customer's specific needs and are not suffi-
ciently optimised for user experience. This relatively low level
of innovation is also reflected in management practice. Inno-
vative approaches are often still met with scepticism. Visions
are not set out. Operational processes are geared towards the
requirements of existing production procedures which have
been followed and practised for many years. The focus in such
companies is primarily on optimising existing products and ser-
vices from an efficiency perspective, but not on developing en-
tirely new applications. Business models are also structured ac-
cordingly, with product and service being viewed in isolation.
Staff and the corporate culture are completely focused on their
own company and, in some cases, entirely on their own func-
tion. Interdisciplinary working is not put into practice.

4.2 Smart product manufacturer

This second maturity level describes companies which have
reached an advanced stage of implementation with regard to
Industrie 4.0. They do offer products with digital functions but,
despite these products being internet-connected, these com-
panies have not yet tapped the potential for smart services.
Companies at maturity level 2 are consequently referred to as
smart product manufacturers.

The rudiments of transformation are discernible in these com-
panies, but although they have taken the first steps, the pro-
cess faces multiple obstacles. For instance, these companies'
smart products are generally capable of acquiring data. Often,
however, these are just simple data relating solely to product
status and, as such, are less informative. In addition, the com-
panies often cannot access these data because only a few cus-
tomers enable data feedback to the manufacturer. The compa-
nies have already put the initial pieces of a tech stack in place
and have the capability to carry out simple data analytics on
projects. However, the data are not yet put to standardised and
systematic use for the service. On the other hand, these
companies usually have valuable fundamental knowledge
about product use and can offer higher-value services, such as
process consulting, based on this knowledge. While responsi-
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bilities for digitalising products and services have indeed been
defined, operationally they have their limits. More innovative
concepts are increasingly being applied to the business models
in these companies, for example by linking products and main-
tenance in service bundles. While the beginnings of interdisci-
plinary collaboration are in place, its benefits are not yet clear
to all stakeholders.

4.3 Smart service explorer

Smart service explorers are already capable of developing and
trialling initial smart service concepts. However, these are not
yet commercially available, but are instead being worked out
and tested on an exploratory basis with pilot customers as part
of research and development collaborations. The challenge for
these companies is in particular obtaining the correct data in
sufficient volumes for their new services. In addition, they often
find it difficult to use the data they do have in a way that is ben-
eficial for new services which are being developed. Companies
addressing these issues are located at the third maturity level.

Thanks to their smart products, these companies are often al-
ready able to acquire a wide range of data from processes or
statuses. They generally provide their customers with update
and upgrade solutions. Using the loT interface and a simple
tech stack, the companies thus have limited access to some of
the products in the field. This allows them to evaluate data us-
ing simple, descriptive analyses which are generally carried out
manually. The analyses enable these companies to align the
targeted smart services more closely with user needs, but these
data insights cannot yet be used to put new services in place.
Management has already prioritised use cases and approved
them for trial. The necessary structures and processes have
been defined and implemented on a rudimentary basis. The
interactions between product and smart service business mod-
el are being analysed and trialled. Individual members of staff
are developing skills which are needed to expand smart ser-
vices and bringing these new skills together with the existing
skills of specialist departments in projects.

4.4 Smart service provider

Companies at this maturity level have initially trialled smart
services and identified them as a promising opportunity, ha-
ving been able to clearly identify the added value for their cus-
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tomers. They have brought their first smart services to market
and can consequently be described as smart service providers.
They have created a triad of smart product, smart service and
customer-centric value proposition. These companies often
serve specific market niches, such as condition monitoring for
their products. Smart service providers at maturity level 4 pri-
marily use smart services to round out their portfolio. A com-
plete transformation from manufacturing company to a pri-
marily service-dominated organisation has not yet taken place.

The smart products provided by the companies at this maturity
level are acquiring ever greater volumes of data as a result of
additional sensors or interfaces being implemented on these
products or retrofitted to those already in operation. Many cust-
omers are making use of the products' loT capability. The com-
panies' backend has a standardised tech stack available to
process these data and develop, operate and bill smart ser-
vices. These well-developed processes enable these companies
to comprehensively collect data, as well as automate and con-
tinuously study them using advanced analytics. The companies
have developed a strategy and visions for their smart service
transformation and embedded them in their organisational
structure and processes. These also include key processes for a
smart service business. Staff have become familiar with the
process of transformation towards being a smart service pro-
vider, are appropriately qualified, and are driving the relevant
developments cross-functionally using their own initiative.

4.5 Smart solution integrator

Further professionalising and expanding smart service busi-
ness leads the smart service provider to become a smart solu-
tion integrator. Companies which have successfully linked their
products and services with digital business models to form
complete solutions and thus offer smart services across niches
and markets are to be found at this fifth maturity level. These
companies have already made extensive adjustments across
the enterprise.

These companies' smart products acquire all the data relevant
to customer value creation. The companies have implemented
retrofits and updates in the products. Most customers accept
access to the data via the loT interfaces and also allow the
manufacturer to carry out (limited) adjustments during opera-
tion. The standardised tech stack is correspondingly powerful.
The companies are increasingly able to carry out even more



complex, Al-based analyses and cover predictive use cases.
They have already brought integrated product and service solu-
tions to market. In doing so, they have not only bundled devel-
opment activities, but also created appropriate sales and ser-
vice structures which bring smart services to market. Processes
and interfaces with partners and customers are defined and
well documented. Management has developed clear visions
and appropriate indicators which give direction and consistency
to its decisions. Those in charge of the smart service business
are developing the business strategically on the basis of these
visions and are putting it into practice (even in the face of re-
sistance). Customers are benefiting from clearly defined solu-
tion packages and transparent prices, receiving precisely the
service packages they need to achieve their individual goals.

4.6 Ecosystem leader

Companies which are shaping the entire market environment
with their services are referred to as ecosystem leaders. This is
the highest development stage of the maturity model. Toge-
ther with customers, partners, and in some cases even compet-
itors, these companies develop smart services for entire
(digital) ecosystems. This enables them to tap into potential
benefits that would not be achievable for them as an indivi-
dual company. This approach is associated with numerous
requirements and challenges, but also opens up enormous op-
portunities. The advance of digitalisation in manufacturing
has opened up entirely new possibilities for use cases, among
other things with the emergence of the industrial metaverse®
and the advent of data ecosystems, for instance based on
GAIAX®,

8| See also Plattform Industrie 4.0, 2023.
9| See also Kraemer/Niebel/Reiberg 2023.

Solution- and Benefit-oriented Development Stages

At this maturity level, the focus is not only on the company's
own smart products, but also on all systems and stakeholders
relevant to customer value creation. The loT-connected smart
services run on the company's own products, those of coopera-
tion partners or even competitors. Companies will often have
created loT platforms connected to the tech stack that provide
further platform-agnostic interfaces for this purpose. This en-
ables them to merge and analyse heterogeneous data from
different processes and stakeholders, for which powerful algo-
rithms are available. The derived results are aggregated and
monetised in a portfolio of the company's, and in some case
third-party, services. These companies can offer customers new
individually tailored total packages and services, such as live
benchmarking.

The business or entire business units of these companies are
firmly focused on smart services. Within the companies, smart
services are regarded as at least equivalent to the traditional
(product) business. The organisation is customer- and ecosys-
tem-centric, something which is also lived out in the processes.
Smart services have a well-established place in corporate stra-
tegy, with top management regarding them as an essential
competitive factor. This has a positive effect on recruiting spe-
cialist staff. Companies at this maturity level attract appro-
priate talent that wants to become part of an interdisciplinary
innovation system. Customers also benefit from this.

Few companies will succeed in setting up an entire ecosystem
for smart services, i.e. manufacturerto-X relationships, for ex-
ample with customers, other manufacturers, suppliers, or non-
profit partners. Only those companies that do so successfully
are located at the highest maturity level.
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5 Structural Areas
for the Smart Service
Transformation

The acatech Maturity Index Smart Services identifies how
companies' transformation is progressing along six defined
structural areas, each of which is characterised by two associ-
ated principles. A number of specific capabilities are assigned
to these principles. Capabilities in the six structural areas
Product & Connectivity, Service & User Experience, Business &
Ecosystem, Technology & Data, Organisation & Management
and People & Culture are considered.

The first three structural areas have a direct impact on the mar-
ket offer. The final three structural areas enable the fundamen-
tal deliverability of this market offer and are thus the basis for
value creation. They primarily target internal operations that

PRODUCT
&
CONNECTIVITY

Market SERVICE
&
offer USER
EXPERIENCE

BUSINESS
&
ECOSYSTEM

are essential to the delivery of smart services. A suitable tech-
nology and data basis is the prerequisite for the development
of smart products and, once these factors have been skilfully
brought together, they enable companies to develop custom-
er-centric services with an outstanding user experience. If this
is to be achieved, Organisation & Management must create
the structural and procedural prerequisites for creating smart
services. In the smart service triad, customer orientation and
the associated high benefit and value proposition play a cen-
tral role alongside the product and the service. Customer orien-
tation arises when business models are constantly reviewed
and adapted (Business) and the company sees and positions
itself as an ecosystem designer and orchestrator (Ecosystem).
This requires an organisation to have staff with skills including
a well-developed service mindset, customer orientation and
openness to innovation (People) and that these attributes are
embedded in the organisation's values (Culture).

The six structural areas thus have an interdependent, comple-
mentary relationship with each other and form the building
blocks of successful smart service transformation. They are con-

TECHNOLOGY
&
DATA

Value
creation

ORGANISATION
&
MANAGEMENT

PEOPLE
&
CULTURE

Figure 6: Structural areas of the acatech Maturity Index Smart Services model (source: own presentation)
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nected over the six stages of the smart service development
pathway in the smart service transformation hexagon (see
figure 6).

Two principles which guide further development are assigned
to each structural area. Each principle in turn bundles key ca-
pabilities that must be successively built up in line with solu-
tion- and benefit-oriented development stages. The levels of
implementation of the respective capabilities are recorded and
aggregated to determine the maturity level of the principle. A
weighted average of the maturity levels of the two principles
form the respective value of the structural area.

Key capabilities for each structural area are presented below.
In practice, the maturity assessment (see section 6 and the

=====PEOPLE & CULTURE ====~_

Structural Areas for the Smart Service Transformation

acatech Maturity Hub Smart Services' for more details) ex-
plores significantly more, clearly specified capabilities at finer
granularity. For ease of understanding, the capabilities have
here been simplified to the key capabilities.

5.1 Product & Connectivity

Smart products, i.e. products that are intelligent enough to ac-
quire and process data and information and to communicate
and interact with other systems and devices, are the prerequi-
site which determines the fundamental deliverability of smart
services. This requires extensive connectivity and integration of
individual components and the product with surrounding sys-
tems, so overcoming physical and digital boundaries. Equal ac-

)
® —e Product intelligence

—e Product autonomy

[—e 10T capability

—e Interconnectability

Figure 7: Principles and selected capabilities of the "Product & Connectivity” structural area (source: own presentation)

10 | Available from: https;//acatechmaturityhub-smartservices.de.
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count must be taken of both the physical product and its con-
nectivity, the two principles which are assigned to the first
structural area "Product & Connectivity” (see figure 7).

5.1.1 Product

The "Product” principle relates to the technological capabili-
ties and functions of the physical product which is comple-
mented by smart services. Aspects including the product's in-
telligence and autonomy are analysed here in order to ensure

that the physical product has the necessary capabilities to sup-
port smart services effectively and efficiently.

Product intelligence

Product intelligence is critical to developing and delivering
smart services. It is the basis for creating intelligent, connected
and innovative solutions. Specifically, product intelligence is
about whether and to what extent a physical product is capa-
ble of acquiring, processing and using data and information to
optimise its own performance and functionality and so create
clearcut added value for users. This is enabled by integrating
components such as sensors, microprocessors and connectivity
modules into the physical product. An intelligent product can,
for example, independently detect and diagnose errors, auto-
matically optimise processes or offer personalised services. If a
product acquires and processes data from the environment or from
other systems and devices, it may be able to perform predictive
maintenance or respond automatically to changing conditions.

Product autonomy

Further capabilities such as a degree of product autonomy are
important for the provision and use of smart services. Product
autonomy enables a real-time response to customer needs
without the need for manual interaction. An autonomous smart
home system based on sensors and artificial intelligence can,
for example, automatically optimise energy consumption by
adjusting heating and lighting according to user preferences
and behaviour. This leads to more convenience, more efficient
use of the product, and an overall better customer experience.

5.1.2 Connectivity

The "Connectivity" principle describes the capability of the
physical product to communicate with other systems and de-
vices. It is here assessed whether the physical products are
loT-capable and how they connect to surrounding systems. The
latter examines whether the smart services can be seamlessly

24

integrated into existing (eco)systems, exchange data and infor-
mation with other systems and devices and whether it is possi-
ble to optimise and customise smart services.

loT capability

If a physical product is loT-capable, it is able to exchange data
and information with other products, systems and cloud services
via the internet. Using loT technology, physical products can ac-
quire, process and share data in real time in order to optimise
their performance and functionality and offer personalised ser-
vices. This enables companies to implement new business models.

Interconnectability

Interconnecting a product with surrounding systems creates
new interfaces. Among other things, this requires protocols,
programming interfaces (e.g. application programming inter-
faces (APIs)), standardised data formats and interfaces to en-
sure interoperability between different products and systems
and to facilitate the integration of smart services into existing
business processes and systems. Interconnectability is an es-
sential prerequisite for integrating external data sources and
services to extend the functionality and benefits of smart ser-
vices.

5.2 Service & User Experience

When building the capabilities to develop interconnected
products, companies must be able to offer a corresponding
smart service. The "Service & User Experience” structural area
describes the range of services which are provided to custom-
ers and assesses the capability of companies to provide cus-
tomers with a high-performing smart service portfolio. This
structural area also assesses user experience with regard to the
smart service throughout the customer journey (see figure 8).

5.2.1 Service

The “Service” principle considers a company's range of smart
services, assessing the service itself as well as the way in which
it is provided and can be customised.

Service provision

Smart services are generally characterised by high availability,
reliability and security. Users can assume that the service is
available at any time, anywhere, and that their data is safe
and secure. Ensuring this means that companies must develop
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—e Service provision

—e Customisability
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Figure 8: Prinzipien und ausgewahlte Fahigkeiten des Gestaltungsfelds Service & Nutzererfahrung (Quelle: eigene Darstellung)

appropriate concepts and draw up requirements for the neces-
sary technological infrastructure. Professional and reliable exe-
cution of the smart service is of the essence for users. Compa-
nies should therefore be able to respond flexibly to different
regulatory frameworks in the provision of services.

Customisability

Whether and how smart services can be customised is another
crucial success factor. For the most part, users have individual
needs that smart services can address. To meet these demands,
providers are called upon not only to enable simple adjustment
and personalisation of their services, for instance by the cus-
tomers themselves by way of individual design options for the
user interface, but also to communicate clearly that the service
can be tailored to the user's needs. The essential features of
this value proposition are availability, reliability and security,
as well as the possibility of personalisation and adjustment.
This communicates to users that the service is tailored to their
individual needs.

5.2.2 User Experience

The “User Experience” principle relates to the specific configu-
ration of points of contact between the user and the smart ser-
vice. A positive user experience is critical to the success of a
smart service. Users are more likely to use and recommend the
smart service if it is intuitive and easy to use (usability). Com-
bined with a well-designed user journey, this has a positive im-
pact on overall reach. Usability and user journey development
play an essential role here and are examined in greater detail
below.

Usability

General ease of use is also known as usability. If a smart ser-
vice is characterised by a pleasant user experience, for instance
due to familiar and intuitive navigation concepts, this can lead
to users spending more time interacting with the service, which
can lead to higher returns for the company. A further advan-
tage is that users are more loyal in the long run and, once
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usage has become familiar, they shy away from familiarising
themselves with a new system. As a result, the customer sub-
consciously becomes committed (locked-in), so also ensuring
long-term sales. To be successful, companies should therefore
ensure that the user experience of their smart services is sim-
ple, intuitive and positive.

User Journey

A deep understanding of its customers is essential for a compa-
ny to be able to develop customer-centric smart services. Com-
panies should conduct intensive market research to learn
about customers' key requirements and problems. The insights
gained in the process can then be used to create personas.
These are hypothetical representatives of the target groups
whose interests and needs are considered by way of example.
This method is well suited to gaining a better understanding of
customers' specific characteristics and requirements.

Creating a customer journey map is a further important step.
This map indicates the points of contact and interfaces be-
tween customers and services. Once the customer journey map
has been created, attention is in particular paid to the interfac-
es, customer needs and any problems that may arise. This pro-
cess enables companies to develop an understanding of poten-
tial sources of error and problems and to nip them in the bud.

Testing or surveys are essential to ensuring that the developed
smart service does meet customer needs. Real customers
should be involved in this process in order to obtain direct
feedback and to check how effective the smart service is. The
results can then be used to further optimise the smart service.

Overall, a number of steps are required to develop a comprehen-
sive user journey. Nevertheless, the steps should not be viewed
as a one-off task, but rather as a process. If companies pursue
this process continuously, they will be able to align a smart ser-
vice with customer needs from the outset and adapt it to them
on an ongoing basis because only customer-centric smart ser-
vice developments will remain successful in the long term.

5.3 Business & Ecosystem

In addition to combining a smart product with data-based
smart services to create a comprehensive product-service sys-
tem, it is important to create a customer-centric benefit and

11 | See Gassmann/Frankenberger/Csik 2013, p. 6.
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value proposition which is embedded in a service-oriented
business model that is aligned with it. Although this is an es-
sential factor in the success of smart services, practical experi-
ence shows that many companies still have some catching up
to do in this respect. In addition, smart services demand dy-
namic collaboration with partners, suppliers, customers and
even competitors. Only in this way, in interaction with other
stakeholders, can new types of smart services emerge which
are fully integrated and focused on customer requirements and
are not developed without taking market needs into account.
These aspects are taken into account as part of the "Business &
Ecosystem” structural area (see figure 9).

5.3.1 Business

Business models can be considered from the following differ-
ent standpoints:"

= Target customers: who is to be addressed with the service
offering?

= Benefit proposition: what or which benefit is offered to the
target customers?

= Revenue and profit model: how are revenues and profit
generated?

= Value chain and architecture: how is value created within
the company and externally and which players are involved
in this process?

The design, development and implementation of smart ser-
vices require companies to take a critical look at their existing
business model and align it holistically with the new require-
ments of smart service business. The aspects relating to this
are primarily addressed in the context of the "Business”
principle.

Business model adaptation

Manufacturing companies have traditionally acted as suppli-
ers of products that are delivered to customers. They frequently
also offer a greater or lesser degree of support and training for
product use. Expanding their product portfolios to include
smart services gives rise to completely new and in some cases
fundamentally different business model requirements. Close in-
teraction with customers becomes necessary. In contrast to the
one-off event of a product sale, this holds great potential for
generating continuous returns through usage-based revenue
mechanisms. If companies want to offer smart services, they
must therefore fundamentally adapt their business model and
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Figure 9: Principles and selected capabilities of the “"Business & Ecosystem"” structural area (source: own presentation)

design it with the aim of comprehensively servitising the range
of services.

Service bundling

Service bundling describes the process whereby companies in-
tegrate the physical products and services they offer, place
them on the market with associated data-based smart services
and so create a customer-oriented benefit and value proposi-
tion. Approaches range from simple service bundles consisting
of a product and a conventional service to a combination of
products with smart services, some of which are also offered
jointly with ecosystem partners. If service bundling is to be suc-
cessful, it must optimally address customer needs, and whether
and how this happens depends on industry-specific factors
such as these needs or the particular competitive situation.

5.3.2 Ecosystem

The "Ecosystem” principle relates to the market environment. If
they are adequately to address market participants’ demand

for smart services, manufacturing companies must under-
stand how to design and implement dynamic collaboration in
value networks within digital ecosystems. This understanding
of customers, systems and the industry is essential if the ser-
vices are to be successful in the long term.

Dynamic collaboration in the value network

Whether and how dynamic collaboration in the value net-
work comes to be a success depends on various factors. One
essential factor is the exchange of information. If this proceeds
smoothly and automatically between partners, it enables more
dynamic collaboration, for example in manual enquiry, order-
ing and order processing procedures. Operational processes be-
come more transparent through the use of loT technologies, for
instance if all parties involved are informed about current
manufacturing status or the quality of the supplier's services.

There are sometimes good strategic reasons for companies to

outsource certain manufacturing steps or services. Conversely,
they can also offer services in their value network for which
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they have built up new skills and know-how. If skills from dif-
ferent partners are systematically combined in this way, this
is known as external skills management.? Companies which
bundle their skills in line with requirements can respond more
quickly and flexibly to changing market requirements. In this
way, it is possible to develop and offer new smart services joint-
ly and cooperatively which the individual partners would other-
wise not be able to implement at all, or only after protracted
skills development.

In some markets with less complex, standardised services, for
example in logistics, flexible marketplaces are already making
their mark. Extensive experience of successful collaboration has
been gathered in these markets which provides guidance for
newer markets and indicates factors in collaborative success.
One factor is, for example, describing the services to be ex-
changed in as accurate, precise and standardised a manner as
possible so that they can be traded. However, achieving this
involves effort. It is therefore necessary to set the effort expend-
ed against the benefit gained in collaborative projects. If, for
example, companies want to work together that have no previ-
ous experience of cooperation and there is not yet a relation-
ship of trust between them, it should be carefully weighed up
whether this is worthwhile, especially if it is possibly a one-off
cooperation. The degree to which companies are able to collab-
orate is thus determined by their specific skills and experience.

Focus on customer benefits

Smart services give companies an opportunity to respond much
more precisely and specifically to customer requirements. This
intensifies competition among providers and tends to result in
specialisation. The concept of strategic success factors states
that a company should clearly focus on a few (key) skills in or-
der to achieve uniqueness in the market.” This rationale is be-
coming even more important as markets become more transpar-
ent and value creation is increasingly networked and dynamic.
It can be assumed that the dynamic marketplace concept will
also become much more relevant. In a transparent market with
functioning market mechanisms, the provider who can best
serve demand individually has the greatest chance of success.

It is therefore more important than ever for companies to focus
on customer benefit. They will have to answer for themselves
the question of how to serve the needs and expectations of
end customers. The greater the contribution of each partner to

12 | See Schuh/Kampker 2011, p. 504f.
13 | See also Bendlken/Greipel 1990.

creating a solution, the easier it is for the company in question
to stand out from the competition. One example is a roller
bearing manufacturer who not only has the direct require-
ments of the plant manufacturer in mind, but also those of the
end customer, to whom additional services can be offered in
the form of evaluating bearing status data using a cloud solu-
tion. This enables the end customer to operate the plant more
efficiently. This in-depth understanding of end customer needs
also makes the roller bearing manufacturer more attractive to
its direct customers than its competitors.

Companies can pursue different strategies in this regard. It can
be promising both to contribute specific skills to an overall
solution and to offer various individual solutions. There is
moreover a need to define the role that one's own company
wishes to play in the value network. In essence, this capability
is about constantly reviewing one's own skills and adapting
them to new circumstances if necessary.

5.4 Technology & Data

The “Technology & Data” structural area deals with the infor-
mation systems that enable smart service business. Informa-
tion systems are sociotechnical systems in which people inter-
act with and via information and communication technologies
in order to provide, process, store and transfer information
according to economic criteria." The configuration of informa-
tion systems and data and information handling are crucial
to making correct decisions and offering successful services.
Advancing digitalisation is enabling manufacturing compa-
nies to make decisions based on data analysis or to develop
new services. Nevertheless, product, operational and environ-
mental data and information based on them are not currently
used in many manufacturing companies. For this to change,
companies need not only an adequate technological basis with
coordinated IT systems but also effective data management, in
particular in terms of data management and data governance
(see figure 10).

5.4.1 Technology
Technical capabilities are an essential basis for using data effi-

ciently and effectively. This requires real-time capable access to
data, and data processing and provision infrastructure. While

14 | This STUDY draws a distinction between information systems and IT systems. IT systems are individual application systems (e.g. ERP system), while
information systems should be taken to mean socio-technical systems according to the above definition.
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real-time capable data access is enabled by the connectivity of
the product (see “"Connectivity” principle), the IT infrastructure
needs a central platform which connects existing IT systems to
one another and with further resources, for instance data
sources. Many manufacturing companies do not use data and
information to make decisions, as data from different depart-
ments is not centrally administered. Companies are therefore
faced with the challenging target of integrating the various
systems in the value chain. Solutions are to be found in a strong
information system architecture and system interoperability.

Information system architecture

An agile company's information system architecture will have
a central platform connecting existing IT systems together and
to other resources. Nothing should be duplicated in different IT

/===BUSINESS & ECOSYSTEM====,

Structural Areas for the Smart Service Transformation

systems, but rather just one master information system should
be created containing all the data (Single Source of Truth). A
central platform of this type for information system connectiv-
ity requires standardised interfaces, comprehensive IT security
and data quality which is in line with requirements.

Interoperability

Smart services are often based on data from various sources. If
smart services are to be able to create customer benefits, sys-
tems need to adapt to changing parameters, if possible in real
time. Achieving this demands rapid data processing which
means that IT infrastructure interoperability is a key require-
ment: uniform standards have to be created if heterogeneous
IT systems are to interact efficiently. Open source solutions are
also an option for companies.”™ What is key is for companies to

ot
V\“O\O
»\"o(’ —e Information system
architecture

—e Interoperability
—e Data management

0 |—e Data governance
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Figure 10: Principles and selected capabilities of the "Technology & Data" structural area (source: own presentation)

15 | See also Forschungsbeirat/acatech 2022.
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implement a flexible IT infrastructure, which allows them now
and in the future to respond rapidly to changing parameters.
Companies should not only have in-house processes in their
sights, but also the entire ecosystem and value network con-
sisting of data from customers, partners and competitors.

5.4.2 Data

Data are the most valuable resource when it comes to deliver-
ing marketable smart services. How skilfully a company han-
dles data is often the decisive factor in whether it is actually
capable of offering smart services. The data that are collected
are frequently not further processed into information or ser-
vices because they are not available to staff members. Con-
sequently, when looking at the "Data” principle, the central
question is how acquired data are processed and made avail-
able so that they can be used as a basis for developing services.

Data management

Effective data management ensures that all types of data, be
they product, environmental, customer or ecosystem data, can
be put to the best possible use in supporting internal and ex-
ternal processes. For a smart service business, management of
the data retrieved from smart products is particularly neces-
sary (see "Product & Connectivity” structural area).

This requires a data management system which, where possi-
ble, allows real-time capable data updating and prepares data
in such a way as to remove any barriers to analysis and further
processing. User-friendly provision is important when it comes
both to using data and to (further) developing services on the
basis of these data. Only when members of staff understand
what information and conclusions can be derived from the
data can they develop innovative products, services and busi-
ness models on the basis of these data.

Data Governance

The increasing prevalence of social media and collaboration
software means new rules are needed regarding confidentiality
and access restrictions for internal and in particular external
communication. This sometimes leads to conflicts of interest:
on the one hand the broadest possible data corpus is import-
ant if decisions are to be based on it, while on the other hand
these data may under certain circumstances be protected as
part of the company's intellectual property, in which case they
must not be used outside the company boundaries and value
networks.
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Standards such as the international IEC 62443 series offer IT
security concepts for networks and production engineering sys-
tems. Daily dealings with IT systems and sometimes sensitive
data require all staff members to be aware of IT security. Staff
members should therefore be acquainted with issues such as
data theft and (inadvertent) information leaks.

5.5 Organisation & Management

The smart service transformation requires a degree of maturity
in the technologies described above. Use of these and the
establishment of a smart service business requires the defini-
tion of strategic objectives and resultant initiatives and of spe-
cific organisational processes and communication paths. In
practice, however, companies often cling to their existing or-
ganisational structures, processes and strategic goals. This fre-
quently proves to be an obstacle, since it cannot be reconciled
with the high degree of interdisciplinary working needed to
establish smart services. To be successful and set the appropri-
ate course, companies must consequently rethink their organi-
sational structure and management focus. These consider-
ations fall under the "Organisation & Management" structural
area (see figure11).

5.5.1 Organisation

Key to the “Organisation” principle is the adaptation of pro-
cesses and organisational forms which provide the structure for
cooperation within a company. Companies often underestimate
the amount of effort required in the way of interdisciplinary
exchange between specialist domains to bring successful smart
services to market. Corporate practice therefore frequently
lacks sufficient coordination, for instance during the develop-
ment process or service provision, which impedes the develop-
ment of smart services. To eliminate these obstacles, compa-
nies must re-orient both their existing organisational structure
and their workflow organisation to suit smart service business.

Workflow organisation (processes)

The rollout of smart services requires adjustments to workflow
organisation, i.e. to company-wide process organisation. Cen-
tral to this is coordination of business and IT processes so that
smart services can be successfully developed and marketed.
For instance, the IT department should promptly inform key
account managers in the sales department about problems
arising in smart service provision, so that they can contact the



affected customers directly. For this, processes need to be as
comprehensively automated and digitalised as possible.

To tailor smart services to customer requirements, it is also es-
sential for the internal development process to be as agile as
possible and to include all relevant internal stakeholders, i.e.
generally staff members from IT, business functions and sales.
This requires an enabling organisational structure which in-
cludes the relevant staff members and equips them with the
appropriate skills.

Organisational structure

What form of organisational structure is suited to a company
offering smart services depends to a very great extent on that
company's culture and the progress it has made towards trans-

,—— SERVICE & USER EXPERIENCE-—=

Structural Areas for the Smart Service Transformation

formation. Some companies, for example, may initially find it
useful to research, test and implement smart services in just
one area, in isolation from other organisational units. This
method is known as sandboxing. On the other hand, in an or-
ganisation whose portfolio is (to be) dominated by smart ser-
vices and which thus are (or should be) already at a higher
maturity level, a different approach is advisable. Such compa-
nies might assemble interdisciplinary cross-divisional teams in
a matrix organisation, for example.

In addition to smart service business becoming embedded in
the organisation, another factor which is crucial to success is
how a company deals with the new and changed requirements
which servitisation brings with it. For example, staff members
in the sales department will no longer merely have to provide

—e Workflow organisation
(processes)

—e Organisational structure

—e Smart service strategy

—e Change management

Figure 11: Principles and selected capabilities of the "People & Culture” structural area (source: own presentation)
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one-off services when selling products but will instead be in
constant contact with their customers, and the company's
organisational structure needs to be adapted to take this
change into account. Also essential is for IT units to view them-
selves as internal service providers for business units. This sim-
plifies internal cooperation and the efficient digital develop-
ment of smart services.

5.5.2 Management

Transformation and digitalisation projects often fail under real-
world conditions because of a lack of support from top man-
agement. To make sure this does not happen, change process-
es need to be embedded in a strategic commitment to smart
service business and set in motion at all hierarchical levels. In
addition, if transformation is to be successfully initiated and the
smart service business embedded and consolidated in everyday
business activity, agile management needs to be implemented
across the organisation on a permanent basis. A clear-cut
smart service strategy and well-defined change management
are crucial here.

Smart service strategy

In addition to a commitment at top management level, smart
service business has to be comprehensively integrated into
company strategy. A smart service strategy will ideally lead
to changes in organisation, business model, portfolio focus,
the understanding of skills and all the other organisational
aspects discussed here. In the best case, a smart service strat-
egy is based on an exhaustive analysis of technology, the mar-
ket and competitors. A smart service strategy defines the trans-
formational vision and the measures needed at corporate
planning level to achieve this vision and is thus crucial for eval-
uating the smart service transformation across the maturity
model presented in this STUDY.

Change management

Specific, strategy-based changes relating to the organisation
as a whole are needed to put the smart service transformation
into operation. These must be well communicated and pre-
pared to allow full staff member involvement and participa-
tion. All stakeholders must be provided with transparent, struc-
tured information about changes to organisation, tasks and
processes. At the same time, management must clarify how
these changes will contribute to the smart service transforma-
tion. This structured approach ensures that change can be em-
braced proactively by staff members.

32

5.6 People & Culture

Innovative companies benefit from employees who take an ag-
ile approach to work. Agility is an important factor when it
comes to successful transformation processes. Other factors
are a good corporate culture, an innovative spirit and service-
focused staff. To gain a better understanding of the prevailing
culture, companies need to consider for themselves what staff
behaviours are required to effect the transformation to a smart
service business (Culture) and what capabilities these staff
need to display (People). This is the basis for identifying and
introducing appropriate technologies (see figure 12). One ex-
ample worthy of mention could be digital assistance systems.
Simply rolling these out is of no benefit to a company, but if
employees trust such a system and rely on its suggestions they
can make an effective contribution.

5.6.1 People

For smart services to be offered, staff members must have
knowledge, capabilities and skills in the areas of Industrie 4.0,
digitalisation and service focus. The surrounding business envi-
ronment, in the form of partners, customers, competitors and
the labour market, also needs to know or be made aware of the
fact that a company has these capabilities at its fingertips. This
makes it easier to recruit personnel and acquire partners with-
in the smart service ecosystem. These aspects are looked at in
the context of the "People” principle.

Skills management:

capabilities for smart service companies

Staff working in digital service companies have more than ever
to be in a position to access, acquire and process data and in-
formation, so as to be able to make a well-founded decision.
Consequently, staff need to have a basic knowledge of the value
of data and the information derived from data in short-, medi-
um- and long-term decision-making. In addition, personnel
working in a smart service company should have a shared un-
derstanding of what Industrie 4.0 means and how this concept
is to be implemented in their organisation.

Since information systems and communication technologies
play an increasingly important role, companies need to build
up integrated, interdisciplinary IT skills. The aim should be for
all staff to gain a basic understanding of the applications and
processes in the various company departments and to under-
stand that digital capabilities are needed in all areas of exper-



tise. This put companies in a position to leverage synergies
through interdisciplinary cooperation.

Digital service affinity

Smart services, i.e. data-based services which complement the
purely physical products offered and enable the range of ser-
vices to be flexibly matched to specific, individual client wishes
or expectations, require manufacturing companies to compre-
hensively strengthen their service focus. When it comes to
staff, this entails not only developing the necessary skills but
also changing the way the staff see themselves and how they
interpret and decode their tasks in the company. A “customer
first" mindset is crucial, as is an explicit focus on emphasising
and marketing the (added) value or increased benefits result-
ing from the provision of a smart service compared with the
offer of purely physical products.

s—=— PRODUCT & CONNECTIVITY ==x

Structural Areas for the Smart Service Transformation

As with companies which exclusively sell digital solutions, at
the point of sale a particular focus must be laid on creating
and nurturing customer loyalty and on onboarding the user
into the smart service. These skills and focus have either to be
built up by a company itself, for instance by further staff train-
ing, or acquired externally on the labour market. This increase
in digital service affinity can at the same time be a significant
building block for the development of new, customer-oriented
smart services and is therefore an important criterion for corpo-
rate success.

5.6.2 Culture

A good corporate culture enables and motivates staff mem-
bers. The “Culture” principle encompasses the value system
within the company and thus describes the "soft” factors in-
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Figure 12: Principles and selected capabilities of the "People & Culture” structural area (source: own presentation)
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volved in working together. It should be considered in close
association with “Organisation”, which describes the "harder”
aspects of working together, such as processes and organisa-
tional structure. The "Management” principle, which deals with
strategy and leadership, also has to be brought into line with
the corporate culture. These principles are closely interlinked.

The degree of agility of a company is dependent on the be-
haviour of its employees. Experience over the last 30 years has
shown that the success of lean management is dependent on
whether a company as a whole undergoes a change in culture
and whether the individual staff members are ready and able
to embrace this change. The same is true of the transformation
to learning, agile companies. Introducing digital technologies
and comprehensively servitising manufacturing companies will
not lead to the desired agility unless attention is also paid to
the in-company culture. This agility is needed, however, as em-
ployees will find themselves in a very different landscape. An
ever greater emphasis is being placed on information and com-
munication technologies in products and processes. Steadily
increasing automation of many process steps means that em-
ployees will have to add greater value in their work. In the long
run, technical competence alone will no longer suffice. To deal
with the dynamics of executing change, companies need staff
who can work and think across disciplines, are committed to
ongoing learning and can take autonomous decisions. To en-
courage these characteristics, companies must create a culture
which is open to innovation and values interdisciplinary working.

Culture of innovation

Employees of smart service companies need to be willing to
review and adjust their working practices continuously. This sit-
uation only arises in companies where a well-developed culture
of innovation prevails. The ideal is where all staff members are
eager to shape change.
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Readiness to embark on change and adopt a culture of innova-
tion does not only mean that staff members go along with and
implement change. It means, too, that they observe their im-
mediate environment and the corporate environment in a way
which is open to recognising opportunities and need for
change and initiate measures to bring about that change. An
openness to change breeds agility. Openness to innovation
also requires tolerance of mistakes and a culture of trial and
error. Establishing this in a manufacturing company where the
prevailing attitude is often one of perfectionism is a major
challenge.

Interdisciplinary working

The development of smart services requires interdisciplinary
working at every stage of the value creation process. Interdisci-
plinary working encompasses not just the functional composi-
tion of teams but also a culture of mutual learning, which has to
be shared by all employees. This is closely linked with a culture
of innovation. Interdisciplinary working means bringing togeth-
er staff members with different functions and skills and enab-
ling them to optimally mesh together service, product, busi-
ness model and IT expertise. For this to be achieved as efficiently
and effectively as possible, employees from different disciplines
have to find a common basis for understanding. Various meth-
odological approaches can be adopted in this regard.

Technical experts have skills which are essential if the best pos-
sible solution is to be provided to customers. Companies
should value and promote such expertise. Where experts from
different disciplines work productively together, markedly bet-
ter results can be achieved, especially at interfaces. This is a
central factor in success, especially in smart service projects,
since the processes involved in such projects typically have a
large number of interfaces.



6 Applying the acatech
Maturity Index Smart
Services

The acatech Maturity Index Smart Services was primarily devel-
oped for manufacturing companies, in particular for manu-
facturers of physical producer goods such as components, ma-
chinery or systems. Using the maturity model, it is intended to
enable companies to assess where they are currently posi-
tioned regarding the transformation to being smart service
providers. It also describes the value creation potential compa-
nies can unlock using smart services and provides a focus for
definition. Companies can then build on this using the road-
map it provides as a basis for analysing and developing their
actual and target maturity levels. This roadmap describes the
processes and functions which are central to the integrated de-
velopment of smart services.

6.1 Principles for application

The acatech Maturity Index Smart Services defines three trans-
formation phases which build on one another (see figure 13).

SERVICE  USER EXPERIENCE
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Step 1: Status quo analysis

Applying the acatech Maturity Index Smart Services

The first phase determines the current maturity level and the
capabilities present within a company, which it does by inter-
viewing relevant stakeholders within the company and looking
at existing processes. The second phase determines the target
and compares it with the actual status. The basis for this is the
previously determined maturity level and the individual com-
pany's corporate strategy. Depending on the desired target sit-
uation, which is either specified by the company or jointly
agreed, this actual/target comparison provides insights into
what capabilities the company needs to build up and what po-
tential can be leveraged. The third phase develops the road-
map, which lays out measures and projects for achieving the
previously defined targets. These are located on a timeline
with schedule bars on the smart service roadmap.

Phase 1: Determining current maturity level in terms of
smart service transformation

The capabilities available in the respective companies (see sec-
tion 5) determine the smart service maturity level. A company's
maturity level is ascertained by asking one question per capa-
bility. The capabilities are used to investigate in terms of solu-
tions and user focus the various processes and functional areas
which are relevant to maturity level. On the basis of an evalua-
tion scheme, the answers are then weighted according to the
maturity levels achieved for the specific capabilities. This re-
sults in a mean value for the maturity level of the principle in
question. The values for the respective principles are aggre-

Smart product Smart service Smart service
manufacturer (ML 2) explorer (ML 3) provider (ML4)
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Step 2: Target definition Step 3: Roadmap development

Figure 13: Phases of applying the acatech Maturity Index Smart Services (source: own presentation)
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gated and produce the maturity level for the corresponding
structural area. The overall assessment is only carried out by
trained personnel, via the digital smart service assessment
platform. This platform also makes it possible to collect infor-
mation in a structured format and evaluate it semi-automati-
cally (for instance for benchmarking reports).

Figure 14 shows an example of how a capability is evaluated
using a question. The question relates to the “Product & Con-
nectivity” structural area and investigates the capability of the
physical product to acquire data for the development of smart
services. The defined response options allow companies to
clearly determine the maturity level of this capability. The
means of all the capabilities associated with the “Product”
principle determine this maturity level.

The detailed assessment and evaluation take place within the
company. The analysis phase starts by creating a uniform un-

derstanding of smart services among the stakeholders in the
process. This takes the form of a presentation, which is fol-
lowed by a workshop which offers space for exchange between
the stakeholders. This is then followed by a factory visit or a
look at the products and services. The impressions and infor-
mation gained from this by the stakeholders can be used in
subsequent steps of the analysis phase. Interviews are then
carried out systematically with the staff members responsible
for processes and products and the results are consolidated on
the smart service platform. The interviews allow an interactive
exchange on the smart service transformation in terms of the
capabilities in the maturity model. They also allow the asses-
sors to pick up further information, proposals for improvement
and aspirations from company representatives regarding their
organisation’s smart service transformation. The analysis
phase concludes with a joint workshop with all the relevant
company stakeholders, at which the objectives relating to es-
tablishing an organisation's smart service business are dis-

Capability Question
Data acquisition by the What data are acquired in and
product about the product?

So far no data are acquired by the physical product.

A smart product is on the market which allows data acquisition in principle.

However, data are only acquired for [...]

Product

Data acquisition by
the product

Product excellence —_—

Various types of data are acquired by the physical product, such as status and process

data. Individual items of data are used for specific smart services use cases.

Product average

A variety of data and data sources are acquired/used for the implementation of
smart services by the product. Data sources may be the product itself (control system,

sensor system) and other systems in the surrounding environment, which [...]

Extensive data, such as product and process data are continuously acquired and
provided for various smart services. Data acquisition and provision take place in

discussion with the customer and their process chain.

Data from individual customers are combined with data from the up- and

downstream process chain in discussion with the respective manufacturer and

aggregated for use with smart services |[...]

Figure 14: Assessment of a capability example for the maturity model (source: own presentation)
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cussed and fleshed out. The maturity level evaluation at the
customer site terminates with an interim presentation by the
assessors, during which the provisional actual status of the
smart service transformation is visualised in terms of the struc-
tural areas and presented to the participants.

Phase 2: Target determination and actual/target comparison
One or more smart services can be evaluated on the basis of
the capability assessment. The assessment of individual ser-
vices is aggregated to produce the smart service maturity level
of the site or company. The current situation is represented as
the smart service transformation hexagon, which shows the ex-
tent of maturity per structural area and visualises potential for
development.

Taking this as basis, the company determines the target of the
smart service transformation jointly with the assessors. This

USER EXPERIENCE

SERVICE

Applying the acatech Maturity Index Smart Services

target may vary slightly between structural areas, but the dis-
crepancies should not be too great. This is because overall
progress can stall if individual divisions or structural areas
have already moved well ahead on the transformation journey
while capabilities in other structural areas are at a low level of
maturity. If this happens, companies may be hindered from ful-
ly exploiting their potential.

To deal with such discrepancies as quickly as possible, they
need to be quickly identified. That is why phase 2 involves an
actual/target comparison. The purpose of the actual/target
comparison is to move development of the six structural areas
onwards in a consistent, uniform way. The automatically gener-
ated actual/target comparison in the smart service transforma-
tion hexagon produces coloured labels which indicate gaps in
the respective structural areas in terms of the smart service
transformation targets (see figure 15).

INIWIDVNVIN NOILVSINVOYO

Figure 15: Gap analysis of a company's actual and target maturity levels (source: own presentation)
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To exploit their full smart service business potential, compa-
nies should aim in a first step to leverage capabilities within
structural areas at similar maturity levels, so as to enjoy the
benefits of the highest maturity level. First of all, therefore, the
divisions with the lowest maturity level need to be improved. In
the next development step, starting from the maturity levels
that they have already improved, companies should concen-
trate on achieving targets in the various structural areas. Here
too, they should take care to proceed uniformly.

Phase 3: Roadmap development with finalisation

of actions to be taken

In the third phase, specific measures for reinforcing a compa-
ny's smart service transformation are developed, on the basis
of the company's vision and the level of maturity of its as-
sessed smart services. The platform assists in identifying any
actions that need to be taken and in generating measures

Smart product

Areas of action manufacturer (ML 2)

which are in each case directly associated with the capabilities
requiring improvement. The platform has various tools avail-
able for structuring the formulated measures. It is possible, for
example, to filter all the capabilities by maturity level or to pri-
oritise those capabilities which are particularly in need of im-
provement. Alternative measures which have been discussed
with regard to improving the various capabilities can also be
saved. On the basis of these, in dialogue with the company, the
assessors can formulate measures which are then located on
the company's customised smart service roadmap (see figure
16 for a schematic representation of a roadmap).

The roadmap does not give a precise time sequence in which
the measures need to be implemented, since this is dependent
on company resources. The acatech Maturity Index Smart Ser-
vices does, however, propose a time and implementation hori-
zon. In addition, companies are given an overview of what ma-

Smart service
provider (ML 4)

Smart service
explorer (ML 3)

A 4

Efficient smart
service
management

Structure &
incentivisation of

smart service
sales forces

Development of
technological
infrastructure

Measures & Interrelationships
e Product & Connectivity e Business & Ecosystem
# #

e Service & User Experience

= Strong dependency

# == Weak dependency

Figure 16: Roadmap for structured transformation across structural areas (source: own presentation)
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turity level they will reach if an individual measure or package
of measures is successfully implemented. This process step also
shows companies how the measures on the roadmap are inter-
dependent. An illustration is also given of the extent to which
measures build on one another and why the strategically cor-
rect first step is to attain a uniform maturity level.

6.2 Applying the acatech
Maturity Index Smart Services -
an example

Three companies took part in the validation of the acatech
Maturity Index Smart Services in spring 2023 - GEA Westfalia
Separator Group GmbH, Kraft Maschinenbau GmbH and
Kuntze Instruments GmbH. The validation process involved
testing whether the toolkit we have developed is relevant and
applicable under real-world conditions. Comments and in-
sights from this practical testing have subsequently been used
by the project team to make adjustments to the design and
procedure.

The practical tests took place on company sites with members
of the project team present. The tests focused on areas which
are particularly relevant to the development of smart services,
for instance sales, service, product management and data ana-
lytics as well as selected loT-capable products. The project
team set up workshops in the companies with the process and
product managers for these areas and informed them of the
reasons behind the assessments and their purpose and func-
tion. Particular stress was laid on the maturity model and the
individual process steps. The on-site assessment included an
analysis of the use of the companies' existing smart services in
a real-life environment (in some instances using dummy data),
interviews with those responsible for processes and a trial of
two different approaches.

The first approach is very comprehensive: customised question-
naires were created for the interviews, which were tailored to
the expertise of those interviewed. The questionnaires were
stored on the smart service platform and linked to the corre-
sponding key themes (for instance individual principles or even
capabilities). This allowed the project team members to be flex-
ible in carrying out the assessment and to individually sched-
ule the many interviews. Such an approach is suitable in par-
ticular for large companies, where smart service business

Applying the acatech Maturity Index Smart Services

typically covers all functional units, making exchange with var-
ious teams essential for a solidly based assessment.

The second approach is less flexible but quicker. It is particularly
suitable for smaller companies where only a small number of
people have responsibility for smart service business. In this
case, the project team organised a one-day workshop, at which
department-specific interviews were carried out for each struc-
tural area. Experts took part in the interviews relating to their
respective specialist areas. All the interviews were carried out
by at least two members of the project team. During the inter-
views, one person led the discussion while the other recorded
information and filled in the questionnaire. After the inter-
views, the results were consolidated on the platform, addition-
al information was documented and an initial report issued.

In a third step, at the end of the on-site phase and irrespective
of which approach had been adopted for the second step, the
project team presented the results of the consultation on the
current situation, i.e. the appraisal of the actual degree of
smart service transformation (phase 1), and discussed this with
the participants. The presentation included the results for the
individual departments and an overview of the assessed smart
services in the structural areas. These results were discussed
with the management team in the workshop for defining smart
service transformation goals (phase 2) in order to set short-
and medium-term objectives and decide on what maturity level
can realistically be achieved.

The interviews and workshops were followed by a working
phase outside the company, in which the project team consoli-
dated the insights obtained and derived policy recommenda-
tions (phase 3). For this, the team again used the smart service
platform to identify capabilities which are at a low maturity
level. Based on the insights which the project team had ac-
quired during the on-site phase, essential areas of action were
identified and specific measures located on a roadmap. The
results were presented to the interviewees in a final presenta-
tion and discussed.

The outcome is clear: by offering an orderly framework for
structured assessments, interviews and maturity level evalua-
tion, our smart service assessment, supported by the digital
assessment platform, is a suitable method for providing seri-
ous, evidence-based assistance to mechanical and plant engi-
neering manufacturing companies as they undergo a smart
service transformation.
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6.3 The acatech Maturity
Hub Smart Services - maturity
model-based tools

To make further information available about the projects and
tools included within the acatech Maturity Index Smart Ser-
vices, the Maturity Hub Smart Services'® was set up as a cen-
tralised, freely accessible website. The Hub is designed as a
one-stop support shop for companies wishing to take a pro-
active approach to their smart service transformation which is
scientifically based, practical, comprehensive and intuitive. The
Hub is made up of four parts: a brief description of the acatech
Maturity Index Smart Services, access to the Quick Assessment
tool, information about the project team and a "development
journey”.

The latter offers an insight into the smart service transforma-
tion vision, the challenges involved in implementing that vision,
the background to the methodological approach adopted as
well as into the development of the maturity model and infor-
mation on the relationship between the maturity model and
the associated assessments. The interactive representation of
the acatech Maturity Index Smart Services explains the mod-
el's overall structure and rationale for application. The website
also introduces the project team that users can contact if they

Independent self-location of the current situation

are interested in an in-depth assessment. Finally, the website
offers interested parties an opportunity to keep up with publi-
cations and up-to-date information and to be notified of events
on the smart services theme via a regular newsfeed.

The acatech Maturity Hub Smart Services also offers access to
the acatech Maturity Quick Assessment'. This Quick Assess-
ment allows interested companies to obtain a free, guided as-
sessment of their individual smart service maturity level. In ad-
dition to the procedure described in section 6.1 (concept) and
in section 6.2 (example of application) for an assisted in-depth
assessment carried out by the project team on company sites
and a customised evaluation and comprehensive programme
of measures, the Quick Assessment provides companies with
an initial appraisal of their current situation in terms of the
transformation to offering smart services. The Quick Assess-
ment uses a software-based web tool and its concept is based
on the acatech Maturity Index Smart Services. It provides a
simplified way of locating a company's transformation status
within the six maturity levels across the indicated structural
areas. The free evaluation includes a gap analysis between ac-
tual and target maturity levels, benchmarking and the develop-
ment of a simple roadmap for strengthening smart service
transformation. The results of the Quick Assessment provide
initial insights, which can then be looked at in more detail in
the context of the assisted in-depth assessment.

Target definition

Status quo analysis

sTep - | H
oy AT

Roadmap development

Customised evaluation & list of measures

Figure 17: Quick Assessment and assisted assessment of smart service transformation level (source: own presentation)

16 | Available from: https;//acatechmaturityhub-smartservices.de.
17 | ibid.
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7 Conclusion and
Outlook

As early as 2014 and 2015, the Federal government's "Smart
Service Welt" future project set out their vision for (manufactur-
ing) companies to use intelligent products connected to the
internet to create smart services within digital ecosystems.’
The basis for this is the idea and concept of digital factories
under the Industrie 4.0 umbrella. Even all those years ago, the
value creation potential associated with servitising services to
create new customer experiences had been recognised.

For smart services to be able to provide a meaningful comple-
ment to physical products and flexibly fulfil individual custom-
ers' specific desires, a company needs to undergo a comprehen-
sive and complex transformation. It is not sufficient merely to
make slight modifications to physical products. Instead, they
must be rethought and redeveloped as software systems. These
new products form the basis for new intelligent services which
the companies can offer their customers. This transformation
process often disrupts traditional thought patterns, processes
and structures, which is not always easy for companies. Howev-
er, without it, business models with a smart service focus can-
not be designed and implemented.

The acatech Maturity Index Smart Services provides manufac-
turing companies with a framework for tackling this complex,
multi-faceted task, delivering comprehensive guidance for suc-
cessful implementation of this transformation. The acatech
Maturity Index Smart Services maturity model describes six ma-
turity levels and six structural areas with specific principles and
capabilities on which change needs to focus. The maturity
model is regularly updated and takes account of technical and
economic developments and potentially changing parameters.

A freely accessible website, the acatech Hub Smart Services,
provides interested company representatives with information
about the structure, rationale and areas of application of the
Maturity Index Smart Services. In addition, a free Quick Assess-
ment is available on the website, which companies can use to
obtain an initial overview of where their company stands in
terms of smart service transformation.

18 | See Arbeitskreis Smart Service Welt/acatech 2014, 2015
19 | See Riemensperger/Falk 2022.

Conclusion and Outlook

The Maturity Assessment Smart Services available via the Hub
evaluates transformation progress in detail and delivers a
more in-depth understanding with regard to service- or site-
specific or even company-wide adoption of smart service busi-
ness. The assessment is based on an actual/target comparison,
which compares the current situation with the desired target
maturity level. This comparison reveals the need for action,
which is broken down into specific measures in the form of an
individual roadmap. These insights can also be used for bench-
marking, with companies comparing how they are doing with
organisations in their peer group. A specially developed Code
of Conduct, which provides a structure for the detailed assess-
ment and for planning the necessary actions, offers assessors
additional methodological support.

The services based on the acatech Maturity Index Smart Ser-
vices are designed to offer long-term guidance to manufactur-
ing companies and provide direction for the actions and mea-
sures they take. This is important because the time in which we
are living sees companies exposed to many rapid changes, trig-
gered for instance by the spread of new technologies such as
innovative artificial intelligence solutions or by changes in val-
ues such as human-centredness. Further challenges arise from
environmental, economic and social sustainability require-
ments, or changed political parameters such as Russia's war of
aggression against Ukraine and the resultant economic conse-
quences in the form of supply bottlenecks etc..

In contrast to the B2C sector, in which US and Chinese plat-
form companies known as “hyperscalers” now have an almost
unassailable lead, European and in particular German manu-
facturing companies have a good chance to defend and
strengthen their good market position by linking digital and
physical offerings to create smart services. An in-depth under-
standing of physical components and products is a significant
competitive advantage that German and European providers
have over international competitors, who will find it difficult to
catch up. Manufacturing companies will not be able to im-
prove their market position without regarding data not just as
a component of certain products or services but rather as the
central focus, allowing them to align themselves consistently
with customer needs."

Companies which configure their smart service business to fo-
cus on environmental considerations and so contribute to the
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Circular Economy are in a particularly good position to stand
out from the crowd. Providing smart service-based customer
solutions with far-reaching upgrade and re-assembly possibili-
ties will create enormous future potential for profitability with
low materials usage. Vehicles are a good case in point: in the
context of an intelligent mobility solution, these will be made
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available to customers as a smart service with significant add-
ed value (e.g. in terms of reliability/availability), in the long-
term allowing upgrades at low cost. This example shows that
adding digital service excellence to product know-how in smart
services creates market opportunities, and the acatech Maturity
Index Smart Services helps in leveraging these.



References

acatech 2018

acatech - National Academy of Science and Engineering (Ed.):
Smart Service Welt 2018: Wo stehen wir? Wohin gehen wir, 2018,
URL: https;//www.acatech.de/wp-content/uploads/2018/06/
SSW_2018.pdf [Retrieved: 16.04.2023].

Arbeitskreis Smart Service Welt/acatech 2014

Arbeitskreis Smart Service Welt/acatech - National Academy of
Science and Engineering (Ed.): Smart Service Welt - Umsetzungs-
empfehlungen fiir das Zukunftsprojekt Internetbasierte Dienste
fiir die Wirtschaft. Zwischenbericht, Berlin, March 2014, URL:
https,//www.acatech.de/publikation/zwischenbericht-smart-
service-welt-umsetzungsempfehlungen-fuer-das-zukunfts-
projekt-internetbasierte-dienste-fuer-die-wirtschaft/ [Retrieved:
16.04.23].

Arbeitskreis Smart Service Welt/acatech 2015

Arbeitskreis Smart Service Welt/acatech - National Academy of
Science and Engineering (Ed.): Smart Service Welt - Umsetzungs-
empfehlungen fiir das Zukunftsprojekt Internetbasierte Dienste
fiir die Wirtschaft, Abschlussbericht, Berlin, March 2015, URL:
https;//www.acatech.de/publikation/abschlussbericht-smart-
service-welt-umsetzungsempfehlungen-fuer-das-zukunfts-
projekt-internetbasierte-dienste-fuer-die-wirtschaft/ [Retrieved:
16.04.23].

Bendlken/Greipel 1990
Bendlken H./Greipel, P Dienstleistungsmanagement: Service
als strategische Erfolgsposition, Wiesbaden: Gabler 1990.

Becker/Knackstedt/PoppelbuB 2009

Becker, J./Knackstedt, R,/PdppfelbuB3, J.: “Developing Maturity
Models for IT Management. A Procedure Model and its Appli-
cation". In: Business & Information Systems Engineering, 3, 2009,
pp. 213-222.

Forschungsbeirat/acatech 2022

Forschungsbeirat der Plattform Industrie 4.0/acatech - National
Academy of Science and Engineering (Ed.): Open Source als Inno-
vationstreiber fiir Industrie 4.0, 2022, DOI: 10.48669,/fb40_
2022-2.

References

Gassmann/Frankenberger/Csik 2013

Gassmann, O./Frankenberger, K./Csik, M.: Geschdftsmodelle
entwickeln: 55 innovative Konzepte mit dem St. Galler Business
Model Navigator, Munich: Carl Hanser Verlag 2013.

Kraemer/Niebel/Reiberg 2023

Kraemer, P/Niebel, C./Reiberg, A.. Gaia-X and Business Models:
Types and Examples, Gaia-X Hub Germany. White Paper, 1/2023,
URL: https;//gaia-x-hub.de/wp-content/uploads/2023/02/White-
paper-Gaia-X-Business-Models.pdf [Retrieved: 16.04.2023].

Osterle/Otto 2010

Osterle, H,/Otto, B.: "Consortium Research: A Method for Re-
searcher-Practitioner Collaboration in Design-Oriented IS Re-
search”. In: Business & Information Systems Engineering. 2, 2010,
pp. 283-293.

Plattform Industrie 4.0 2023

Plattform Industrie 4.0: Impulspapier: Industrial Metaverse,
2023, URL: https;//www.plattform-i40.de/IP/Redaktion/DE/
Downloads/Publikation/Industrial_Metaverse.pdf?__blob=-
publicationFile&v=2 [Retrieved: 16.04.2023].

Riemensperger/Falk 2022

Riemensperger, F,/Falk, S.: Digitaler Doppelpass: Wie Konkurrenz
und Kooperation gemeinsam zu Wirtschaftswachstum fiihren,
Munich: Redline Verlag 2022.

Schuh/Anderl/Dumitrescu/Kriiger/ten Hompel 2020a
Schuh, G,/Anderl, R,/Dumitrescu, R/Kriiger, A,/ten Hompel,
M. (Eds.): Industrie 4.0 Maturity Index. Die digitale Transfor-
mation von Unternehmen gestalten - UPDATE 2020 - (acatech
STUDY), Munich 2020, URL: https;//www.acatech.de/publi-
kation/industrie-4-O-maturity-index-update-2020/ [Retrieved:
16.04.2023].

Schuh/Anderl/Dumitrescu/Kriiger/ten Hompel 2020b
Schuh, G. /Anderl, R,/Dumitrescu, R/Kriiger, A./ten Hompel,
M. (Eds.): Der Industrie 4.0 Maturity Index in der betrieblichen
Anwendung. Aktuelle Herausforderungen, Fallbeispiele und
Entwicklungstrends (acatech COOPERATION), Munich 2020,
URL: https;//www.acatech.de/publikation/der-industrie-4-0-
maturity-index-in-der-betrieblichen-anwendung/. [Retrieved:
16.04.2023]

43


https://www.acatech.de/wp-content/uploads/2018/06/SSW_2018.pdf
https://www.acatech.de/wp-content/uploads/2018/06/SSW_2018.pdf
https://www.acatech.de/publikation/zwischenbericht--smart-service-welt-umsetzungsempfehlungen-fuer-d
https://www.acatech.de/publikation/zwischenbericht--smart-service-welt-umsetzungsempfehlungen-fuer-d
https://www.acatech.de/publikation/zwischenbericht--smart-service-welt-umsetzungsempfehlungen-fuer-d
https://www.acatech.de/publikation/abschlussbericht--smart-service-welt-umsetzungsempfehlungen-fuer-
https://www.acatech.de/publikation/abschlussbericht--smart-service-welt-umsetzungsempfehlungen-fuer-
https://www.acatech.de/publikation/abschlussbericht--smart-service-welt-umsetzungsempfehlungen-fuer-
https://www.plattform-i40.de/IP/Redaktion/DE/Downloads/Publikation/Industrial_Metaverse.pdf?__blob=publicationFile&v=2
https://www.plattform-i40.de/IP/Redaktion/DE/Downloads/Publikation/Industrial_Metaverse.pdf?__blob=publicationFile&v=2
https://www.plattform-i40.de/IP/Redaktion/DE/Downloads/Publikation/Industrial_Metaverse.pdf?__blob=publicationFile&v=2
https://www.acatech.de/publi-kation/industrie-4-0-maturity-index-update-2020/
https://www.acatech.de/publi-kation/industrie-4-0-maturity-index-update-2020/
https://www.acatech.de/publikation/der-industrie-4-0--maturity-index-in-der-betrieblichen-anwendung/
https://www.acatech.de/publikation/der-industrie-4-0--maturity-index-in-der-betrieblichen-anwendung/

Schuh/Kampker 2011 Xiao/Watson 2019

Schuh, G./Kampker, A.: Strategie und Management produzier-  Xiao, Y,/Watson, M.: “Guidance on Conducting a Systematic

ender Unternehmen, Berlin, Heidelberg: Springer Verlag 2011.  Literature Review". In: Journal of Planning Education and Re-
search, 39: 1, 2019, pp. 93-112.

Webster/Watson 2002

Webster, J./Watson, R.T.: "Analyzing the Past to Prepare for the

Future: Writing a Literature Review". In: MIS Quarterly, 26: 2,

2002, pp. iii-xiii.

44



About acatech - National Academy
of Science and Engineering

acatech advises policymakers and the general public, supports policy
measures to drive innovation, and represents the interests of the tech-
nological sciences internationally. In accordance with its mandate from
Germany's federal government and states, the Academy provides in-
dependent, science-based advice that is in the public interest. acatech
explains the opportunities and risks of technological developments and
helps to ensure that ideas become innovations - innovations that lead
to greater prosperity, welfare, and quality of life. acatech brings science
and industry together. The Academy's Members are prominent scientists
from the fields of engineering, the natural sciences and medicine, as
well as the humanities and social sciences. The Senate is made up of
leading figures from major science organisations and from technology
companies and associations. In addition to its headquarters at the
acatech FORUM in Munich, the Academy also has offices in Berlin and
Brussels.

Further information is available at www.acatech.de


http://www.acatech.de

Editors:

Prof. Dr-Ing. Roman Dumitrescu Frank Riemensperger Prof. Dr.-Ing. Giinther Schuh

Heinz Nixdorf Institute acatech - National Academy FIR e.V. at RWTH Aachen University
Paderborn University of Science and Engineering Campus-Boulevard 55

Firstenallee 11 Munich Office 52074 Aachen | Germany

33102 Paderborn | Germany Karolinenplatz 4

80333 Munich | Germany

Series editor:

acatech - National Academy of Science and Engineering, 2023

Munich Office Berlin Office Brussels Office

Karolinenplatz 4 Pariser Platz 4a Rue d'Egmont/Egmontstraat 13
80333 Munich | Germany 10117 Berlin | Germany 1000 Brussels | Belgium

T +49 (0)89/52 03 09-0 T+49 (0)30/2 06 30 96-0 T+32(0)2/2 13 81-80

F +49 (0)89/52 03 09-900 F +49 (0)30/2 06 30 96-11 F+32(0)2/2 13 81-89

info@acatech.de
www.acatech.de

Committee of Board and Vice Presidents: Prof. Dr. Ann-Kristin Achleitner, Prof. Dr. Ursula Gather, Dr. Stefan Oschmann,
Manfred Rauhmeier, Prof. Dr. Christoph M. Schmidt, Prof. Dr-Ing. Thomas Weber, Prof. Dr-Ing. Johann-Dietrich Worner

Board acc. to § 26 BGB: Prof. Dr-Ing. Johann-Dietrich Worner, Prof. Dr-Ing. Thomas Weber, Manfred Rauhmeier

Recommended citation:
Dumitrescu, R./Riemensperger, F,/Schuh, G. (Eds.) acatech Maturity Index Smart Services: Shaping the Transformation of
Businesses to Smart Service Providers (acatech STUDY), Munich 2023. DOI: https;//doi.org/10.48669/aca_2023-14

Bibliographical information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbibliografie; detailed bibliographical data is
available online at http;//dnb.d-nb.de.

This work is protected by copyright. All rights reserved. This applies in particular to the use, in whole or part, of translations,
reprints, illustrations, photomechanical or other types of reproductions and storage using data processing systems.

Copyright © acatech - National Academy of Science and Engineering * 2023
Coordination: Jan Biehler, Dr. Anna Frey

Translation: Paul Clarke (FITI) & Charlotte Couchman (FITl), Lodestar Translations
Layout-concept, conversion and typesetting: Groothuis, Hamburg

Cover photo: own presentation

The original version of this publication is available at www.acatech.de.


http://www.acatech.de
http://dnb.d-nb.de
http://www.acatech.de




ISBN 978-3-96834-029-6

9%783968"7340296



	Foreword
	Project
	Executive Summary
	1	Introduction
	2	Objectives and 
Methodology
	2.1	Analysis
	2.2	Development of the 
maturity model
	2.3	Evaluation
	2.4	Dissemination and
instantiation

	3	Model Structure
	4	Solution- and Benefit-
oriented Development 
Stages
	4.1	Digital starter
	4.2	Smart product manufacturer
	4.3	Smart service explorer
	4.4	Smart service provider
	4.5	Smart solution integrator
	4.6	Ecosystem leader

	5	�­Structural Areas for the Smart Service Transformation
	5.1	Product & Connectivity
	5.2	Service & User Experience
	5.3	Business & Ecosystem
	5.4	Technology & Data
	5.5	Organisation & Management
	5.6	People & Culture

	6	Applying the acatech 
Maturity Index Smart 
Services
	6.1	Principles for application
	6.2	�Applying the acatech ­
Maturity Index Smart Services – an example
	6.3	�The acatech Maturity Hub Smart Services – maturity
model-based tools

	7	Conclusion and 
Outlook
	References

