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Abstract: The manufactumg industry iscurrently undergaig atremendous
change invalue creationcaused by two megatrendstigitalization and
servitization In response to these two trendsw hybrid market offeringsre
emerging so-called Smart Services Traditional manufaairing cmpanies
plaming to provide these datdased Sefices are confronted with new
requirements ofalue creatiorthat are no longer fulfilled by their historically
grown value networks.Sincethe change &im a pure manufacturer ta Smart
Service proider is a challengig task, companies may follow a stratedgpven
transformation proces$lanning and realizing such aransformation progss
requireanticipatedeffects offuturevalue creatioras Smart Sefge Provider on
a compangs currentvalue network. This is thebads for planning strategi
transformation initiatives with corresponding goalsThe paper at hand
addresseghese issues with enethodology for anin-depth analysis of the
effects of Smart Sevices on value creationlIt consists of four consecutive
phases initial analysis effect analysis in-depth analysis andmplementation
planning. The methodology isvalidated by four case studiesrom tooling
machine industry.
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1 Smart Services as a Synthesis of two Megatrends

For an extended period of time, the manufacturing industry was chazadtéy mass
production division of labour and rationakd husiness processes (Nick@013). But
currently, it is undergoing @& extensivechange invalue creationdue to two trends:
servitizationanddigitalization(Franket al, 2019), (Lerch and Gotsch, 2014)

Servitizatian is basically understood as adding value by supplementing pro#ittcts
services (Baines et al., 2009Services are particularly attractive for manufacturing
companiesbecause they enable new sales opportunities with constant payment flows and
allow differentiation in market (Herterich et al, 2016), (Lerch and Gotsch2014)
Whereas a mmufacturer pursues products asre business, a&ervices providing
manufacturer complements it witdditiond services. Manufacturingervice providers,
on the other &nd, define servigastheir explicit core businasSchuh et a).2004).

Digitalization describes the increasing interconnection of products and machines
through new possibilities in information and communication technolaggtech, 2015)
There are tw main developments: thaternet ofdata andservices and théntemet of
things. Theinternet ofdata andservices describes the change in use frcentral
computers andlata warehouses thig data, cloud computing and smart devices. The
internet ofthings means the use ofber physical systems insteadf simple, physical
objects or even justmbeddedsystems(Gausemeieet al, 2015), (Paukstadit al, 2019)

As figure 1 illustrates, the described megatrermisverge. This results in completely new
business and markepportunities for manufacturing ogpanies.
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Figure 1 Converging wo Megatrends ofervitization and digitalization inspired by
Gausemeieet al.(2015) Schuhet al.(2004)

The convergece of servitization and digitalization enabé new forms of hybrid
market offerings.Smart Services are a certain type of dditased services. The term
Smart Service originates from an evolution of various terms such as Teleservices,
Remote Diagnostics dRemote Servies (Grubic, 2014) The focus in the definition of
the &rm was mainly on the term remote, which was intended to emphasize the spatial
separation of service provider and recipigdein, 2017) The further development of the



concept of Smart &vices goes back tallmendinger and Lombregliawho used it to
degribe a digital service that is connected to an intelligent, networked cbjexta
cyberphysical system and is provided via it. The networked object hereby processes
information abat its own state and thease of itsenvironment(Allmendinger and
Lombreglia, 2005)A synthesis of further definitions leads to the understanding of the
term, according to which a Smartr@ee is a digital service based on the (usage) data of
a cyberphysical systenfKoldewey et al. 20195 mart Servicegenerate addedalue via
continuous data collectiomd analysigPaluch, 2017)They stand out from traditional
maintenance and upgrade offerings bundled with physical prodiratseasd cost
efficiency for the providing company andndividual added valudor the cusbmer are
furthercharacteristics of Smart Serviggdimendinger and Lmbreglia, 2005).

On the one handSmart Service open up a wide range of opportunities to
manufactumg companies. @ the other handSmat Services lead to change imalue
creationthat needs to be examinetbre detailed

2 Changesin Value Creation

As discussed abov&mart Service represent a highly complex hybrid market offering,
understood as a respse to the tesion betweendigitalization and servitization The
development, progion and billing ofSmart Service often posses great challenges for
companies, since threexisting value creationis only suitable to a limited extenThe
business withSmart Service requires adjustments imalue creation both within the
offering comm@ny and across companié€Showdhuryet al., 2018) These effects are
discussedelow.

Internal Value CreationChanges

As Porter(1986) suggests, internalalue creatioris understood as lagical sequence of
activities to generate market offeringghis sacalled Value Chain consists of primary
activities and supporting activities. Primary activitidisectly contributeto the value
creationof goods and seices(e.g. production and maradtuing, logistics or customer
service). 8pporting activities however, provide essential resourcegse.g. IT
infrastructure) Digitalization and servitization strongly influenceboth primary and
supporting internal activigs (Porter, 2014).

Against thebackgound ofdigitalization the change iproduction and manufaciag
is obvious New hardware components as sensors and the necessity of software
components change products themselves as well as complenvahial creation
processeg¢Bollhofer et al, 2015) In addition, logistics are faced with major challenges
due toshort delivery times, small lot sizes and a high degree of individualization.
Digitalizationenables new solutiong.g. monitoring with buitin sensors for controlling
and optimizingmaterial flows as flexible and efficient as possilffeutonomik 2017)
According to Benkenstein and colleagu@914) companies no longer $i deliver
products but support theirentire life cycle. Activities are extended to include
commissioning at the ct@mer's premises, support for recurring use and subsequent
disposal. Furthermore with the help ofdigitalization the evaluation of usagena
condition data can provide econantienefits for both partie€ustomers maypot have to
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pay for additional serees and supplisthave more flexibility since resources are only
usedin the actual case of ugBenkenstein and Waldschmidt, 2014)

The influence of data and its use extendsotigh all activities considered. The
infrastructure fulfils the task of adapgirappropriate internal IT systems (esgstems for
customerrelationship management) or connections to external systems (e.g. platforms)
according to requirements or providing them complet@hutonomik, 2017) As
Kammler and colleagug2019)determine Smart Service require thig own datadriven
value chains. Thesaredivided into the three phasek) Dataretrieval from Sensorial
Equipment 2) Analysisof Raw Sensor Datand 3) Integration ofServices andEvent
Information (Figure 3). The last phaseniparticular is considered to have a higidlue
creation potental, snce service execution can beggered automatically and event
driven(Kammleret al, 2019)
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Figure 2 Datadrivenvaluechain according to Kammler and coltpses (2019)

However, a company is not a closed system. Ratherchssical value chain and the
datadriven value chain both are interlinked with thevieonment (Husen, 2a5),
(Bachet al, 2017)

ExternalValue CreationChanges

As Porter already proposespecific links and relationship between companies combine
them into socalled valuenetworks. Prodcts or services are passed on as output of the
own value chain to other companies to reuse them for theirvaue creatior(Porter,
2000) According toBach and colleagues those activitiesvafue creatiorthat canbe
provided more cheaply, more quigkbr with higher qualityby other companies must be
performed externallyBachet al, 2017)

For the development, provision and billing ®fart Servicge the change from rigid
value chains to open value networks is esakrRhysical and virtual activities merge én
information, resources or objects are connected with each other. Customers are actively
involved in value creation New forms of cooperatiotmecome feasible (e.g. remote
maintenance of machines and systems byperts from the manufacturers)
(Acatech,2015), (Gotchet al, 2018) (Mittag, 2A9).



Digital platforms and service platforms deserve special mention as outstaisditsg
in the value creationfor Smart Servicg. Digital platforms cause major disruptioarm
radical changes in thevalue creationof enire industries(Poppelbu3, 2017)Digital
ecosystems are emerging that follow their own economic mechanisms and offer a wide
range of oportunities for the development of innovative business md#elsiss, 2016)
The mplementation of such business mogdefs turn, requires typical roles ofalue
creation(e.g.platformowners, suppliers, producers, consumers, and parif@nes)yel et
al, 2017) The increasing penetration of service platforms requiresemmneurial
mediation and coordination skills inalue networks. As intermediaries, platform
companies occupy interfaces between customers and producers. Companies connected to
the platbrm run the risk of being interchangeable too easily and losingsdataeignty
(Engelset al, 2017), Piller et al, 2017) (Mittag et al, 2017)

Figure 4 illustrates the growing complexity ofalue creatiorfrom product toSmart
Serviceusing the eample of a German machine manufactufidre value creatiorof a
vertical milling mahine is realized by a rigid chainnQhe next level of complexity, a
web-based teleservice already includes machine usetaue creationThe highest level
of complexiy is achieved with an loT platform for the realization of multiSleart
Services combined with a multisided market platform/¢rtmann et b, 2019) A value
network is requied that includes many different and constantly changing participants.
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Figure 3 Increasingcomplexity of value creatiorfor Smart Servicewith the example of
a Germa machine manufacturer

3 Transformation to aSmart ServiceProvider

As previous sections show, thehangefrom pure maufacturers toSmart Service
Providers is a challenging taskat addessesoth internal and external value creation
changesThis transformatiorrequiresa clear vision of how the futunealue creatiorof
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the company as @martServiceProvider will be faped. Based on this vision, impacts on
the existingvalue creatiores a manufacturemay be anticipatedWith this knowledge,
strategic transformation goals and initiatives are defined, whdetermine the
transformation processStrategic transformatiomoals and initiatives are part @
overarchingSmart Servicestratayy that leads the transformation procéGausemeier et
al., 2014), (Koldewey et al., 201%igure 5 illustrateshie stratgy-driven transformation
procesgrom a pure manufacturéo aSmart Servic€rovider
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Strategic Initiatives within the Transformation Process to

DDDD Smart Service Provider (e.g. Data Analytics Trainings)

Figure 4 strategydriven transformation proced® a Smart Servicerovider inspired by
Gausemeier (2014) and Koldewey and colleagues (2019)

In order to structure the field of tan for designing the transformation process to a
Smart ServiceProvider, we have developed llistic frameworkfor the planning of
Smart Service (Figure 6). It is based on our experience from various consultingcsoj
and our research activitieegading Smart ServicefKoldeweyet al, 2019) It consists
of nine elenents, which are arranged on ttieee levels of value orientationyalue
offering andvalue creation

At the value aientation level, the strategy for Smart @ees is definedegardimg the
futureoriented business structure of the considered complngetermines which
markets are served with which markéferingsand how the value is generated geather

Themarketoffering and business model f@mart frvices refer to the value &éring
level. As the market offering describing the use camed spedfying technical
characteristis of the Smart ServiceThe business modés an aggregaterepresentation
of the business logic and describes how the company creates, mediases@unt for
valuewith the market offering The value creatiorlevel contans the elementscope of
work, organizational structur@perational structurandinteractions The scope of work
comprises the necessary work content and conditions for the successfision of
Smart Service. Theorganizaional structureepresentshe detailedfunctional framework
of the companyor the development, provision andlinify of Smart Service. Within the
operational structurehe business processes for the developnpeowjsion and billing of
Smart Servicg in the company are considérénteractionsdescribe the crossompany



relaionships that are essential for succas éSmart Servic@rovider.The integration of
the databased services into IT systems is a cigmional topic in the company under
consideration. New competencejuirements also form a cresectional topic andccur

in the most diverse businesgas(Franket al, 2019)
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Figure 6 Framework for tk planning ofSmart Service according to Koldewy and
colleagues (2019)

However, the planning and design of thesenants on their own is not sufficient to
define strategic goals and initiatives foretiransformation process to becom&raart
ServiceProvider. This requires a closer examination andlysis of the effects of the
value proposition of a futur8mart Serice provider on the existingalue creatiorof a
company.

There are various approasinliterature that address this challenger an example,
Schneider'specification technique pvaes a holistic and interdisciplinary approach to
the description ahanalysis of value networks, but only partially ddess the elemda
for planningSmartServices (Schneider, 2018)'he systematic for designing thalue
creationfor hybrid market derings by Mittagincludesthe analysis of the effects of
market offeing and business model oalue creationHowever, tle elements IT Systems
and competencess well as the underlyin§mart Servicestrategyare not taken into
account(Mittag, 2@9). In addition, there are other approaches to the analysis of the
value crationof a companyBachet al, 2017), (Erlach 200)3Some basic appaches to
impact analysisvould need to be adaptédthe context oSmart Servicewith unknown
effort (Ahsenet al, 2010, (Gausemeieet al, 2019, (Anderlet al, 2015. To the befsof
our knowledge, there 3o approach thatddress the challenges identified in planning the
transformation to é&mart Serviceprovider completely Therefore there isa need ér
action to develop a Method for tHe-depth Analysis ofalue creatiorchanges through
Smart Service.
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4 In-depth Analysis ofthe Effects of Smart Services on Value @&ation

In this chapter the research approach is discussed on whideweloped methodology i
founded. Subsequently, the deymed methodology is briefly preseut with the help of

its four-phase process modelaéh phase is described in detail and a consistent example
is given for clarification

The methodologywas develped at the University oPaderborn using the Design
Researh Methodology (DRM) according to &sing and Chakrabarti (2009). The DRM
consists of four phases: 1) Clarification of the research goal, 2) First descriptive study
(DS 1), 3) Prescriptive study & and 4) Second desciig study (DS IlI). The
clarification of the research goal include®tlefinition of the theoretical foundation, the
state of the art and the definition of the goal. The first descriptive study leads to a deeper
understanding of # problem and the requireents for the methodological supp
derived from theory and practic€he methodology is developed during the prescriptive
study and is based upon the experiences and requirements from DS |. The second
descriptive study consistd the evaluation in praie. By applying the methodology,
need for improvement is derived. h&@ research was conducted in the joint research
project Instruments for pattetvased planning of hybridalue creatiorand work for the
provision of Smart Servies (IMPRESS). In additiotio the University of Paderbors,
other research institutes and 7 ahanical and plant engineering companies are
participating in the project.

The result of the research is a generic methodology for the analysis of the effects of
Smart Service on valuecreation It consists of four pha&s: Initial Analysis Effect
Analyss, In-depthAnalysis andmplementatiorPlanning(Figure 7). In the following the
methodology is briefly summarized aratdr described in detailsing example out of

the four case studies tiimechanicakngineemg partnes in the project
Phases Results

Initial Analysis

J. Value Orientation
‘ and Value Offering

Effect Analysis

é .| Relevant Fields of Action
‘ for Value Creation

In-depth Analysis

é N Improvement
‘ Potentials

Implementation Planning

I; | Recommendations
for Action

Figure 7 Process modefor the in-depth analysis of the effects of Smart Serviceon
valuecreation



In the first phase thealue orientationand value offering as a future Smart Service
provider is analysedVithin the secongbhase aQuick-Checkworkshopis executed and
evaluatedto identify relevant fields of actiorior adaptingvalue creatia. In the third
phase, the affecteflelds of action in value creatin will be analysed with amn-depth
Analyss. Therefore, a collectioof tools is used that are suitalfide the challenges of the
affectedfields of action. In the last phase, identifiednprovementpotentials for the
future value creatiorare prioritizel. The result of the methodology ascomnendations
for the planningof the transformatioto aSmart Servicgrovider

Phase linitial Analysis

The aim of the first phase is to clagrithe future value orientation and value offering as a
Smart Service povider. Therefore, the elements stratemarket ofering ard busines
modelare developed and documented togetheh e companyplanningto becomea
Smart Serviceprovider. Various instruments such as strategy portfolios or the business
model canvagOsterwalder and Pigneur, P0) are used taletail the elementskigure 8
shows an extract of relevant egtions for the elements strateggarket offering and
business model.

Elements Relevant Questions

Which of the existing products are basically
suitable for Smart Services?

Which strategic thrust is the company
pursuing with the Smart Service business
(e.g. differentiation from the competition)?

* Which Smart Services should be offered?

——

Strategy

Value Orientation

* For which context should a Smart
Service be offered?

+ What is the idea behind the Smart
Service solution?
Which technical key activities have to be

/ implemented?
Market Offering O o

= Which customer segments should be
addressed?
D = What is the value proposition of the

Value Offering

Smart Service?
» Which marketing and sales channels
should be used?

Business Model

Figure 8 Extractof relevant questions to det@imart Servicestrategy, marketffering
andbusiness model

In order to describe the value orientatiof a company in more detail, questions are
posed that are based on WN@hatand How In particular, theSmart Servicestrategyis
detailed with the help cduperordinate questisife.g Which of the existing products are
basically suitable dr Smart Sevice®). At the valueoffering level, the examinatioiis
more precise.Specifying the market offering requires teatali information and
corresponding quesins (e.g.Which technical kewctivities have to be implementgd?
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Relevant qudsns for tre busiress model refer to the partial models of the business
model canvage.g.Which customer segments should bdresse@).

The result of thefirst phaseis the documentation of elea vision of how the
consicered company use to provide Smagnéces. This is the basis to analysthe
effects of Smart Servicesithe current value creation of a company.

Phase 2:EffectAnalysis

The aim of this phase is to identify tidevantfields of action for value creatioras a
Smart Service providein order toexecutea subsegent in-depth analysis. For this
purposewe developed &martService QuickCheckenablingmanufacturing companies
to identify thoseareas of value creatidhat may need to badapted for th@rovision of
Smart ServicesThe Smart ServiceQuick-Checkcorsists of a questionnair@nd atwo-
partworkshop concept

The QuickCheck questiomaireis divided inthreedimensions regarding the elents
of strategy, market offering and &giness modelBasedon acompehensive literature
review, analyses of matity models regardingdigitalization and Industry 4,0and
workshopsduring our four case tadies, we identified 122 transformatiainivers that
describe generadffects in vale cration for Smart Services Out of these we extracted
and summarized 43 quest®each onaddressingt least onéransformation driverThe
questions aréormulated in such a way that it cheokbetherthe company has already
identified this Transformatio Driver and initiated action®r not Consequently, the
possible answers alénited to yes and no, as shown kigure 9 If one queson is
ansvered negativlg, this is afield for action that is subject tthe in-depth analysisin
addtion, the relevaoe of thefield of action is evaluated in order to analyse only those
fields of action that are highly relevan&ince the effort of min-depthanalysis can be
considerable, this prioritization is necessary.

Aspects Relevance
sS4 Strategic Partnerships:
Are necessary strategic partners already known and have they agreedto cooperate? a
. the necessary strategic
the necessary strategic partners are either not known a No
partners are known and have ; statement
Yes, agreed to a cooperation No,  orhave declineda i
9 P : cooperation. possible o
Additional Notes ...
a

Figure 9 Questiondesgn from Smart Service QuickCheckquestionnairgexcerpt)

The delicated vorkshop conceptonsists of two parts and can be split into one or two
days depending on the progress of the compaiitg Bmart Serviceransformation. The
first part serves tareate a common understandifghe value orientation armffering of
the canpany. Additionally, the existing value creation is documentagdimentry
regarding the elementgope of work,organizational structure, operational structure and
interactions.In the second part, the workshop participants aidegl through the Quick
Check in amoderated manner and assistance is provided in answering eachrguastio
this way, we ensure that the Quick Check can be completed by every manufacturing
company.
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Theresult of the phase are relevant fields of action fofuhg&e value creatio of the
considered company planning ttrensfomationto aSmart Service provideln order to
derive concrete recommendations for action for the company, -depifn analysiss
required for eacffield of action.

Phase 31n-depth Aalysis

The basis for thén-depth Analysis is the executed and evaluaBdart ServiceQuick-

Check The aim for the third phase are improvement potentials for the fualte
creationresuting from anln-depth analysis of the relevafi¢lds of action The phase
consists of two casealtive stepexplained in the fowing.

In a first step, aIn-depth analysis tool is selected for the relevant field of action. For
the analysis of all effés onvalue creationa multimethod approach is used, which
comprisesseveralanalysistools from different applicatiorcontexts An overview of all
in-depth analysis tools is provided by an assignmeritixn@-igure 10) In the present
paper 27 tools foln-depth Analysis were identifiedaslisted inthe columns.The rows
represent the 48elevant Transfamation Drivers queried in the Smart Servidguick-

Check In addition to the basic application, the assignment matrix also assesses the
suitability of a toolfor the TransformationDriver under consideratiorA distinction is

made between full $ability a sX0 &nd conditional suitabilita s(X)& The In-depth
Analysis tools are validated methods from science and practice and come from different
disciplines, such as quality management, strategic planning, systems engineering or
project manageméenFor eab tool, atwo-page profile is providedontainingessential

tool characteristics and facilitates its u¢e.g. the Specification technique fothe
DescriptionandAnalysis ofValueNetworksaccording to Schneider (2018))

In a second step, theopential for improvement for the futurealue creationis
identified. For an example, by applying the sjfization technique for value networks
entire intercompaly value network may be modellecnd enables detailednalyss of
potentials and riskBor example, his revealed thabne ofthe considered compes
stands in a dependent relationship with a centaiailer, occupying the interface to the
customer. The dentified potential forimprovement is therefore'Establishing a
Cooperation with aPlatform Operator" in order to reach the customer with digital
services and to be able to build up the Smart Service business.

Overall, we identified35 Improvement Poterdis when analysing theoosidered
company indepth.In order to derive recommendations &xtion for themplementation
of theidentified potentials, these are to be examinaare detaidd
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Figure 10 In-depthanalysistools and relevargspects

Phase4: ImplementatiorPlanning

In the last phase, all étified improvement potentiare prioritized. The aim of this
phase argecommendations fothe planning of thetransformationto a Smart Service
provider.

Therefore the analysis of the systentatbehavour according toGausemeierand
Plass (2014)s usedin afirst step.The influence analysis enables the deteatiam of
interconnection between the individual improvement potentidis. addition to direct
relationships indirect influencesn severalimprovement potentialare investigated as
well. In this way, even complex relationships between the impnevé potentials are
examined The influence analysis leads to an eefpassivegrid, which is shown in
Figure 11as an extract of the imprementpotentialsfor strategydimension

12



Improvement potential (6):
,Establishing a Cooperation with
a Platform Operator to break
dependence from Intermediary.

(Simplified lllustration)

Figure 11 Active-passivegrid for improvement potentials (excerpt forstrategy
dimension)

The activepassivegrid comprises two dimensionActive sumand passiveum The
active sum indicates how strongly one provement potential affects the eth
improvement potentials. Thgassivesumshows how strongly one improvement potential
is influenced by otherdVe assume that the implementation of improvement potentials
with high active sums basically supports the lienpentation of othersAdditionally, the
activepassivegrid also represents the relevarioe SmartService transformatioaf each
improvementpotential from the company's perspectifée higherthe diametef an
improvement potential the more relevantis. Hence, especially those improverhen
potentials are to be prioritized that have a high relevance as well as a high active and
passive sum.

As an essential result of the last phase, manufacturing companies receive a
recommendation for actiopointing out which improvement potential should have the
highest priority in its implemeation. In additiona logical sequence can be derived from
the activepassivegrid, according to which the overalansformation process to be



