N
N

N

HAL

open science

Digital Transformation Within the Emobility
Market—Learnings and Insights from Early Market
Development
Andreas Pfeiffer, Matthias Jarke

» To cite this version:

Andreas Pfeiffer, Matthias Jarke. Digital Transformation Within the Emobility Market—Learnings
and Insights from Early Market Development. 3rd and 4th International Conference on Smart Energy
Research (SmartER Europe 2016 and 2017), Feb 2016, Essen, Germany. pp.23-42, 10.1007/978-3-
319-66553-5_2 . hal-01691203

HAL Id: hal-01691203
https://inria.hal.science/hal-01691203
Submitted on 23 Jan 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://inria.hal.science/hal-01691203
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Digital Transfor mation within the Emobility Market—
L earnings and Insights from early Mar ket Development

Andreas Pfeiffel, Matthias Jarke
1 Chair of Information Systems, Ahornstr. 55, 52064 Aachen, RWa&ehan University

pfeiffer@rwth-aachen.de, jarke@dbis.rwth-aachen.de

Abstract. This paper presents a generic classification of digital artifact integra-
tion in electric vehicle supply equipment (EVSE) and resulting possibifires
emobility service provider (EMSP) to develop business models. Addityothe
results strongly support the assumption that EMSP value creationing@nd
business model sustainability are highly reliant on the grade o&ldigiion
within the business model. The paper provides background aperdi@sights
into digitization and digitalization in the field of emobility. Funtimere, it shows
the applicabilityof the “Layered Modular Achitecture” (LMA) in business mod-
eling as an instrument for the identification of digital technolegyanced value
propositions. Finally, LMA and Service-oriented Architecture (SOA)-ephc
are proposed to enhance business modeling in digitally transfpaoasystems.

Keywords: Digitization, Digital Transformation, Digitalization, Emobility,
Business Model, Business Model Generation, Layered Modular Archigectu

1 I ntroduction

Following the ongoing discussion on issues and potentials of digitafdraration
(DT), one has to conclude that digitalization is dramatically changing markeddrans
tions and jeopardizing existing business models (Hamidian anK28ij3; Hunger-
land et al., 2015). Leveraging the power of digitalization business mioaledsto be
innovated quickly and flexibly to survive and compete in the long t€amafyannis et
al., 2014; Kagermann, 2015; Kane et al., 2015). Therefore, companiesandgémve

to decide whether or not they want to be able to use information techirmd@mn ena-
bler and initiator within the development and transformation of egistimd new busi-
nesses (Lusch and Nambisian, 2015). Not surprisingly, informatistems science
ranks research on business models and the impact of informationrantlinaation
technology (ICT) on business models as a priority task. Thisriakldies questions on
ICT’s transformative nature, the following impact on industrialization as well as new
product and service models. Furthermore, IT support for developingnandging
business models is addressed by means of substantiation of conceptual gnaplels,
ical representations and the design of software tools for supportingssisiodel de-
velopment (Veit et al., 2014). Out of managerial perspective research shoult answ
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the question how to identify digitization opportunities, risks and cBatthermore, the
leverage of digitalization opportunities with regard to customer value propssiten
modeling business operations and enlarging business model scogmkmnbly identi-
fying new customer channels and entering new markets. Answeoslydve found by
respecting the distinct nature of digitalization which is a sound basis foragjgitgas
well as evoking high complexity in product, services and networtn@ahips. The
ongoing emobility market development, which shows an increasingielgetiicle
(EV) market coverage, is an excellent field of investigation for studfi@generative
potential of digitization andT. Within a kind of greenfield new technological solu-
tions with a high proportion of digitalized artifacts are introduced into asystem
where market participants from different origins, like the automotiveggngansport
and ICT industries, try to stake out their claim. Furthermore, compigtaldissues in
introducing new tehnology in “smart energy and transport markets” have to be over-
come across industries’ borders. Incumbents like the big car manufacturers are under
pressure by market entrants that see cars as digital technology platforhzs/ardig-
ital technology at their core (Johansson and Deniz, 2014). Althougbil@gynis cur-
rently a market niche, it is already obviously influencing the existiagns of transport
and underlying business models. Emobility market development showteclemical
and digital solutions, creating new business partnerships and enogutfagidiscus-
sion of existing mobility habits and associated business models. In adthgocon-
vergence of the trend of digitalization, the offer of hybrid potsl(e.g., product service
systems) as well as the role of network partnerships can justiiatdyamined in this
field of business (Fazel, 2014; Westphal et al., 2013).

As a first research outcome, this paper presents a generic classification of digital artifact
integration in electric vehicle supply equipment (EVSE) and resulting possibitities f
emobility service provider (EMSP) to develop business moHatshermore, the study
recommends utilization of the LMA for identification of digital technologhaced
business services. Additionally, the results strongly support the assoitiat EMSP
value creation, capturing and business model sustainability arey médisint on the
grade of digitalization within the business model. Finally, LMA and Semiiznted
Architecture (SOA)-concept are propose@nhance business model generation in dig-
itally transforming ecosystems.

2 M ethods

This research is based on design science (Hevner et al., 2004) and thesciesicm
research methodology (Peffers et al., 2007). A case study was conduecteimn

2015 including a set of workshops. These were focused on irstastigiew business
models for emobility products and services deployment based on EVSE and digitaliza-
tion opportunities. In a first step, the deployment of EVSE at the indpattyper side

was analyzed from early 2009 up to mid-2015 utilizing an adopmtidhe business
model canvas (BMC) method (Osterwalder and Pigneur, 2010). The usgibacdf

BMC was focused on an elaboration of general services and infrastructure (physical,
personnel, digital) relations as well as the related value proposition evaluéotime.



This was meant to be the starting point for future business model dengibps an
EMSP. Reflecting the emobility market situation up to 2015, emobilitycgeprovider
EMSP business is defined as a combination of chargingdees operators’ (CSO) and
chargingservices providers’ (CSP) business. An EMSP thereby is a company running
its own EVSE network and providing charging and information serareEVs re-
gardless of whether they provide these services within their ownfordign EVSE
networks. By delivering these services, they create value for EV B2C d@hdi&2s
and in value chains through B2B2C network business.

3 State of the art

The theoretical basis is enabled by an extensive review of the literatuigitahadti-
facts, digital technology and digitalization. This supports the conceptuahangsiand
addresses the objective to derive insights iligital natur& and their influence on
business model generation. Therefore, as an important preconditistatthef the art
regarding the nature of digital artifacts and digital technology has been andyred
thermore, the literature ddT is evaluated to work out relations, impacts and opportu-
nities for business models and business model generation. A geefinaiah of a
business model and a simple but effective classification model will be the caiceptu
bases for evaluation of digital technology’s impact on business model opportunities
within the emobility market development. In this section, the distinct deaistics of
digital artifacts, the LMA of digital technology, the core design principlesigifadi
technology as well as a definition for digital infrastructures will be introdiutéis

will be the basis for the definition of “digitalization” and help to back the understanding

of digitalization of business models by providing an understaratiddgacilitating pos-
sibilities through form-giving structures of digitized physical products andcss.

3.1 Digital Artifactsand Digital Nature

In the context of studying digital artifacts and digital technology, it ioitamt to dis-
tinguish them from physical artifacts. With their theory on the nanceidentity of
technological objects, Faulkner and Runde (2013) presented a well-provehtssis

for identifying digital artifacts, their distinct attributes and design principles. @hey

gue that objects are beside others, such as events and propertiesntasitdntities.
Regarding them as “structured continuants,” they see objects as structured and com-

posed of distinct elements. Technological objects are seen as a sulijettsftbat is
specified by the function assigned to it by members of the human autgmiechno-

logical objects can be separated into two categories, material and nhonmaterial techno-
logical objects. The first possesses a physical mode of being, like offiies emd
flipcharts, which have properties of location, mass, shape and volumendikrial
technological objects have a nonphysical mode of being and thus are “aspatial.” Non-
material, nonhuman technological objects are called syntactic entities and are com-
posed of symbols that are formed by syntactic and semantic ruleslahthege in

which they are couched. Examples of syntactic entities are research articles, product



designs and bitstrings, such as computer files. In sum, Faulkn&uauaig: (2013) pre-
sent three criteria for nonmaterial technological objecthood: continuants combiined
structure, an agentive function imposed by human communities &t pysical
mode of being.

An important implication of nonmaterial technological objects is that they maigbe d
tinct from material and other nonmaterial “bearers”. For instance, bitstrings as a collec-
tion of 1s and 0s as such have no spatial attributes and rely on materialdgicah
objects, like computers or other nonmaterial objects, like operating sys$tebesusa-
ble. However, they possess a particular technical identity like material objedts. Tec
nical identity thereby depends on the community in which it is “used and/or appropri-
ately referenced if (1) it has assigned to it the function associated wittec¢haical
identity, and (2) its structure is such that it is generally able to perform that function”
(Faulkner and Runde, 2013).

Kallinikos et al. (2013) introduce four significant attributes of these tecgiralonon-
material objects that they describe as “digital artifacts qua objects”. These attributes
describe the specific nature of digital objemtsvhat we call the “digital nature”. Ex-
amining the ambivalent ontology of digital artifacts, Kallinikos et ale givoroad over-
view of the existing literature on the ontology and properties of digitéettiwithin
IS research, concluding that “digital artifacts are intentionally incomplete and perpetu-
ally in the making” and “[...] they lack the plenitude and stability afforded by tradi-
tional items and devices” (Kallinikos et al., 2013).

Kallinikos et al. elaborate through their studies that digital artifacts can be distiad
from physical objects by their editability, interactivity, reprogrammabiliyenness
and distributiveness. The first three attributes concern the operhgiomsich digital
objects are put together (editability, interactivity, reprogrammability) hedatst two
the ecology of relations within which these operations are embeddechésgenlis-
tributivenesy

Editability thereby concerns the possibility to change a digital objectasthsby re-
organizing the constituent elements, by deleting or adding new elem&ytsnodify-
ing individual elements of the object. Hereby, the logical structure that igotiee
object and the mechanisms of information production and processimpt interfered
with.

Digital artifacts are interactive in the sense of offering alternative possibiliteesan-
tingent nature to activate their embedded functions or to discover the encapsulated
formation items. Interaction does not need to invoke change or modificatiom ab-
ject. This is facilitated by the “responsive and loosely bundled nature of the items that
make up digital objects” (Kallinikos et al., 2013).

Openness and reprogrammability of digital artifacts describe the accessiluilityoaia
ifiability by other digital objects that are not the ones governing their ownvizeha
This means that the logical structure of digital artifacts can be modified byobileets
than the ones that govern and manage the mechanisms of inforpratituction and
processing. Thereby, openness is closely tied to the interoperable charaigitalbo
artifacts.

As the result of openness and interoperability, digital artifacts are hardly etaineon
within a single source or institution. Thus, they are classified as dib#ghbn the sense



that they are transient assemblies of functions, information items orocemis dis-
seminated over digital ecosystems. Insofar as they are not bondedbwious entity
and in being distributed the existence of various combinations of digital objetis
same kind is possible. By this they are borderless, fluid and crucialigfigurable
(Kallinikos et al., 2013).

Kallinikos et al. further argue that digital artifacts “are further supported by the modu-
larity and granularity of the ecosystems in which digital objects are embedded”. In this
context, digital artifacts are from Kallinikos et al.’s point of view associated with the
concept of modularity in means of objects being relatively indepegdmgihnized in
blocks that constitute a system by “a wider yet loosely coupled network of functional
relationships”. These blocks are mediated through interfaces that can serve a broad
spectrum of functions. The granularity of digital objects refers tintredients from
which blocks are made and describes “the minute size and resilience of the elementary
units or items by which a digital object is constituted” (Kallinikos et al., 2013).

3.2 Digitization, Digital Technology and Layered Modular Architecture

Based on this theory, we divide digital technology into digitized and digital astifac
The second one stands for nonmaterial, nonhuman technological ohgtdtdfill all
mentioned characteristics of nonmaterial technological objecthood. They result from
“digitization” in the narrow sensee., ,,the encoding of analog information into digital
format*“ (Yoo et al., 2010). Nonetheless, the combination of nonmaterial and material
technological objects in the sense of e.g., an iphone application usedpbiorea is a
digital technology insofar as nonmaterial objects can be embedded into material tech-
nological objects. We calhetechnical process of embedding digital artifacts into ma-
terial technological object&ligitization” in the broader sense. The results are called
digitized or sometimes also referred as digitalized artifacts (Yoo et al., 2010).-Conse
quently, digitized artifacts can be defined as the assemblages of digitahgsical
artifacts that are recognized as an end product to meet customer needdeExadm
digitized artifacts are everyday consumer products like mobiles and ebabkisda

full range of industrial equipment, textile or car production robots.

As mentioned, digital technology will be further on understood as hgttaldand
digitized artifact, which is seen as a structured and organized arrangefmeaterial

and nonmaterial technological objects consisting of computing, communidatiemn,
action and information technologies (Bharadwaj et al., 2013). Furtherdigital tech-
nology can be used as an enabling medium for designing andipgpdigital services
offerings (Chowdhury, 2015).

It should be emphasized that according to Yoo et al. (2010) the inatiqmoof digital
objects causes physical objects to adopt the characteristics of digital artifastet(Yo
al., 2010), whereby these digitized objects are characterized by distinct tiageofo
material and digital artifacts, meaning that the entity no longer followsrdfieduline

of development. Insofar understanding digital, nondigital systems assvidle man-
agement of decoupled systems increases the complexity of the plaealo and
maintenance of business models within digitdlansforming ecosystems (Bharadwaj

et al., 20).
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Fig. 1. Layered Modular Architecture (Source: Yoo et al., 2010)

Yoo et al. 2010 pointed out that with digitization a new LMA of digital tetbgy
emerged. This can be taken as a key enabler for digitization of tegluadlobjects
andperfectly describes digital nature’s configuration. LMA facilitates the separation of
material and nonmaterial entities. It maintains an interoperability among the compo
nents by a hierarchical dependence between the layers (see Figure 1).

The LMA is designed by four loosely connected but interdependent layers: device, net-
work, service and content. The device layer contains two kinds of tegiicallobjects.

First, physical hardware units like computer hardware. Second, nonmaterial objects like
operating systems providing control and maintenance of the physicahe&amction-

ality as well as connecting interfaces to the network layer. Similar to the devéce lay
the network layer consists of material as well as nonmaterial technological objects,
providing a sublayer for physical transport like cables and radio speeswvell as a
sublayer for logical transmission with nonmaterial objects like netstarkdards. The
service layer enables direct interaction with users through application prdgetors

ing functionality, like creating or consuming content. The highest laymiprises data

like text, sounds or images as well as metadata and directory informationead).,
content’s origin and ownership (Yoo et al., 2010). Following Yoo et al., predigital tech-

nology is featured by tightly coupled entities (such as baialog telephone), or as

in the case of purely physical or mechanical products (such as mecharéca) pow-
erlines, sockets) layers do not even exist. Digital technology facilitates thiteeighp-
aration of the four layers a free and individual design in between teeedif layer
levels (Nylén, 2015). Digital technology is delivered intentionally incompleteteih-
porary bindings across the four layers. It is thereby followlivegprocrastination prin-
ciple, holding that a digil artifact “should not be designed to do anything that can be

taken care of by its users” (Zittrain, 2008).

The open and dynamic breeding ground of digital technology, thiilyzang LMA,

the fluid character of digital content and a rapid diffusion through the @itaiggers
unprecedented opportunities of generativity (Kallinikos et al., 2013; Zitt?4i@6).



Generativity here refers to the “overall capacity of a technology to produce unprompted
change driven by large, varied, and uncoordinatedeacdi” (Zittrain, 2006), which
creates abundant opportunities for innovating products, services (Boland2804dl.,
Tilson et al., 2010; Yoo et al., 2010; Zittrain, 2006) and business meateiéng out
these innovations and themselves being influeihgeigital naturé’.

3.3 Digitalization and Digital I nnovation

After having emphasized the distinct characteristics of digital artifacts, digitizaticd
thereby the nature of digital technology as well as the generativity that is created by
digital technology, there is a solid conceptual basis for understandingyplaeti and
challenges for an industry facing digitalization. This phenomenonduantly been
intensively discussed in applied managerial literature and science but sgiprisi
enough a commonly accepted or clear definition and understanding amisgilig
(Bounfour, 2016; Hanelt et al., 2015). Besides being mistakenly usexyasraym for
digitization-which is, as already shown, a technical process of embedding digital tech-
nology into technological objects or the encoding of analog informationdigital
format-it is often discoursed in context BT and digital innovation without clarifying

the precise relationship between the notions.

Applied managerial literature tries simply to descrbE as “the use of new digital
technologies (social media, mobile, analytics or embedded devices) to enable major
business improvements (such as enhancing customer experience, strgaoplarax

tions orcreating new business models)” (Fitzgerald et al., 2013).For sure, this definition

can be seen as a very operational and holistic target identification

More precisely, Tilson et al. (2010) characterize digitalizatiofa asciotechnical pro-

cess of applying digitized techniques to broader social and institutionaixtothat
render digital technologies infrastructural” (Tilson et al., 2010, p. 749). Consistently,
Yoo et al. (2010) point out that by digitalization is meant “the transformation of
sociotechnical structures that were previously mediated by non-digital artifiacts
relationships into ones that are mediated by digitized artifacts and relationships
Digitalization goes beyond a mere technical process of encoding divpesedfyana-

log information in digital format (i.e‘idigitization”) and involves organizing new so-
ciotechnical structures with digitized artifacts as well as the changes in attiis
selves” (Yoo et al., 2010). Hence, the notion of digitalization includes the transforma-

tional digital natureas “a marked change in form, nature, or appearance” affecting in-
dividuals, firms, economies and societies (Lucas et al., 2013; Yoo 20HD) in part

or as a whole by transformation of individual habits, organizational as weflexa-
tional structures through digital technology, including digital artifactaifiedves. This

can be characterized by a significant change in nature and focus ofihessuactivi-

ties needed to acquire new capabilities or markets, and fundamental changjes o ta
leverage competitive advantages (Bounfour, 2016; Lucas et al., 2013).

Following this view, digitalization anBT canbe understood synonymously. Hereby,

it should be stressed, that digitization and digital technology provide the badgifor d
talization and resulting opportunities for improvements of ecosystems’ viability. These



chances must be transferred into the context of ecosystems (i.eansyétctors, tech-
nology, institutions, information, etc.) to capture value from digitizatiemthermore,
the differentiation between digitization and digitalization is underlined by highigyh
the sociotechnical perspective, the processual character and the impact on tioesal en
(consumers and producers) and institutions (organizations anetsjatk addition, a
thorough understanding of digitalization’s influence on processes, organizational
forms, relationships, user’s product or service experience, market coverage, customers
and the overall disruptive impact of digitalization is covered (Lucas et al3).201
Surely, conjured up by the distinct nature of digital artifacts, digitalizd#ans gener-
ativity and thereby unpredictable combinations of products, services, waysrafing
businesses as well as business models carrying out these comkiiatioa market,
creating a good seed ground for innovation (Bharadwaj et al.; P@tridsson et al.,
2014; Yoo et al., 2010; Yoo et al., 2012).

After having clarified the notion DT, digital innovation and the distinct refakie-
tween both notions will be elaboratddnovation is “a new idea, device, or method,”

as well as “the act or process of introducing new ideas, devices, or methods” (Meriam-
Webster dictionary). Innovation of a new idea, device or method enapldiibal
technologies is covered by the notion digital innovation. Further digital innovation in
cludes the process of introduction of just these (Yoo et al., 2012).

However, we see an innovational character is a sufficient, but not necessatijion

to digitalization. This means that, from the perspective of the sociotechnicakgser
tem, evenyDT is conjunct with a kind of novelty due to introduction of nevhtextog-
ical artifacts, changing value propositions, operational processes or Busiods| ar-
chitecture. Nevertheless, an innovation has to cover novelty characteristesritadio
level. DT thereby is not forced to cover the characteristics of innovdlidncan also
be performed by a sociotechnical process of introducing well-knogitaldiechnology
or digitized processes into new fields of application.

3.5 Business Model Concept

With the dot.com era came a discussion about and on the conceiredsumodels

in science and applied science literature popular. Management scholars trielcbtat fi
how business works and how value is created, especially because biilitmlisirs had
been spent on “business models” that later turned out to fail (DaSilva et al., 2014). Since
then, researchers and practitioners have made a considerable number of @atempt
define, describe and operationalize the business model concept (Fielt, 2014; Petrikana
et al., 2015). Nevertheless, there does not exist a commonly accepted dediritisi-
ness models and their conceptual components. Furthermore, the conceptieswfd
application differ according to context and conditions (Fielt, 2014).

Following Fielt’s comprehensive study on business model definitions and concept ele-
ments, a business model can be defined out of a generic and holistiofpoaw in

the way that “[it] describes the value logic of an organization in terms of how it creates

and captures customer value and can be concisely represented by an inteselafted
elements that address the customer, value proposition, organizational arehaectur
economics dimensions” (Fielt, 2014). This definition follows major and well-accepted



focal firms’ oriented research and practitioner streams (e.g., Chesbrough, 2007; John-
son, 2010; Osterwalder and Pigneur, 2010) explicitly focusing stomer value cre-
ation. It understands value delivery included in the value creation prdmsssjse
“[the] separation of creating value and delivering value [is seen] as a supply-side per-
spective focusing on producers adding value. Customer (use) eatunot be created
without involving the user and considering the use context” (Fielt, 2014).

As an instrument for strategic analysis and planning, businesslsra@ used to ex-
plain value chains or lately even more value networks from the gxgiap of a focal
firm in an aggregated form and describe how activities are combined to execute a firm’s
strategy (Petrinka et al., 2014). Understanding a business model irrthjgHey can
be seen as “reflections of the realized strategy” (Casadesus-Masanell and Ricart, 2010)
and as what a company is actually delivering at a certain time. Therefisireds
strategy and business models are closely interlinked as business modalt af¢he
strategy work and execution (Demil and Lecocq, 2010). It is carhynaxcepted that
a firm not only can use the business model concept for reasomingdifferent busi-
ness models. Even more different business models can be executed stecoexi
within a company’s strategic portfolio (Trkman et al., 2015). Thereby, a “business
model as a model” is a relevant and useful “manipulable instrument” to help scholars
and managers in reflecting what a firm does or could do to create andecagitie.
Furthermore, it can change its existing models to fit with changes in techimmiog
market conditions (Baden-Fuller and Haeflinger, 2013).

4 Results

Taking the described role of business models into account, an in-depthsaobtig-
ital technology capabilities and their relation to business model capacities was con-
ducted. As mentioned, the analysis was performed as an over-time evabddticsi-
ness development at an Austrian first mover EMSP. It was part of theebsishodel
analysis and development procelss was meant to guide the company’s emobility
strategy 2020.

In a kind of bottom-up approach, EVSE hard- and software develupoycle was
structurally captured in the LMA and mapped to the accessible functidhis wie
“EVSE service layer”. Onwards it was analyzed to identify physical as well as ICT-
related services using a business model as a model to reflect businesseatioa cr
and capture opportunities and evolutionary prospects through digitiZeH Eechnol-
ogy (see Figure 2).

4.1  Digitizing EV Supply Equipment

The starting point of the investigation was the analysis of an EVSE. Asnaatam
point between the EV, energy grid and transport infrastructure, an E\{88 isf the
infrastructure to supply a vehicle’s battery with energy. It is used to connect EVs to the
energy grid and transfer energy from the grid into the car or BackVSE is physi-
cally connected to parking lots and an essential part of EV transport systems.



Based on an “EV charging use case” for charging EVs on public and semi-public
ground, identified functions of the EVSE were mapped in the “EVSE service layer”.
Existing or generated information assets were afterwards mapped into the “EVSE con-

tent layer” to discover content-based service development opportunities.

“Energy charging” is the basic physical service that is promoted by an EVSE. To sup-

port charging with higher supply power, a rudimentary ICT hdstembedded into

the EVSE support “type 2 and Combined Charging Systems (CCS) charging”. From
historical reflectia, it was deduced that a “geoinformation service” as a basic ICT ser-

vice was established to inform EV drivers about charging possibilities’ location and
capabilities. Media disruption of the service was performed manually by tramgfer
geoinformation and technical configuration of the EVSE into central registerglo-
sites (see lemnet.org). Later on, in higher stages of integratiosethise was part of
EVSE management systems. Adding remote ICT management capabititiesmbead-
ding communication facilities (Global System for Mobile Communications (GSM) and
network protocols) into EVSE (see types 4 and 5) has to be noted ascataithptep

in digitization of EVSE. Interconnection of EVSE bridges the layers of LMdena-
bles the development of various content-related ICT services as well as ICT-enriched
physical services. The automated transfer of geoinformation (e.qg., imsthetdge as
Excelextractions) as well as “digital authorization services” of customers are a kind of

ICT service to ease use of infrastructure. Authorizations for charginteaessary to
ensure legal safety issues as well as economic basics. Without ICT, these bad to b
performed, e.g., by hardware keys or coins. ICT allows in thediep (EVSE type 3)
the handling of, e.g., RFID-access cards later on (EVSE types 4 gnat&y, digital
authorization via SMS gateways or other internet-based services. This allows a variety
of digital “payment services” e.g., usage-based pricing, prepaid or pagyou-go mod-

els. Digitizing EVSE with interconnection to a central system further enablegahys
“infrastructure maintenance services” optimization by transferring use or failure notice

to the system. Based on this, information maintenance workflows caarfoenped
along with reakime failure or pricing information transfer to customers’ devices as

well as “EVSE reservation services”. Embedding “webservice interaction” capabilities
unleashes alongside easy integration of gsi&the-art internal management systems
(e.g., demand side and energy management, customer interaction, ceotkflow
management systems) the possibility seamlessly to interact with iyl gystems
and thereby a controlled management of EVSE by business partners.

Not surprisingly, one can find out by analyzing the content Ithagrdata utilization
and information retrieving is highly dependent on the underlying $ayeparticular,
information assets are lost when EVSE that is not interconnected is used, wisereby u
of an insular EMSP management with no online connection at least besitslies

of utilization analysis and usage-based pricing on a subscriptionTdasegh loosely
coupling the layer’s accessible content that is stored once online, the real potential of
digitization can be fully leveraged. E.g., geodata in combination with utilization
availability can be used by third-party services for new value creatiomma grids
context or route planning services within the EV. At the least, it has to be detdrmi
that the data are available, compatible and valid. Figure 2 illustrates with fasdfp



EVSE and interacting ICT components that influence the loosely couplediajps

by digitization of EVSE on service capacities and information utilization.

Thereby, utilization of LMA and acknowledgment of the digital naturthénsense of
editability, interactivity, openness and distributiveness enable recombin&& G

and systems as well as interactions with third-party services. Byirthiovation can
evolve very fast, like adding stabé-the-art webservice-based payment methods to an
EVSE without influencing or even touching first- and second-layentdofly. From

an industry partner’s perspective, this has a great influence on customer friendliness

and economic efficiency by having no need to work on infrastreidtuthe field.
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prizes

geo; stationtype; connectors

—— data mining
_ webservice interaction
- real-time information

reservation

) _ ICT enabled infrastructure maintenance
service layer

digital authorization

charging type 2 & CCS, V2G readyn

network layer e.g. GSM /TCP/IP / OCPP // OCHP / OICP /webservice|

device layer

™0

evsupplyeq. Typel Type 2 Type 3
simplicity / layer dependency

digtization / quantity of services

vve manual physical service ICT related service (dark = high impact) —artent
. . H .

- online .website i EVSE management and Ioca! [ H webservice . i-net
- systems (2nd e.g. demand side) " connected 3" party

Fig. 2. Layered Modular Architecture Electric Vehicle Supply Equipment (30wwn dia-
gram)

In summary, it can be noted that by embedding digital technologydieg layer in-
dependence and using open standards, the variety of servicesngdrfor enabled
through EVSE rises exponentially. Open standards bridging the firdayeos enable
an individual design in between the layers and thereby a new productraite sle-
velopment in and with the upper layers (e.g., maintenance optimizatian, snergy
integration).



4.2  Digitalization of Emobility Service Provider Business M odel

Focusing on EMSP business, the elaboration of the described technakegy/{tMA
“service layer” was the starting point for a technology-based approach describing ge-
neric business models. Following the assumed business model defthiddacused
elements for modeling were value creation and value capture. Without cogdaicti
in-detail business model development process, the identified “EVSE service layer” was
transferred into value creation core business process services enable8byURY-
tionality. Categorized in material, ICT-related basic and comfort business sdiwices
cluding customer handling), they describe constituent characteristics @fitieecrea-
tion process of EMSP firms. Thereby, digitization’s influence on business model digi-
talization opportunities in value creation was elaborated and transferred inrfesicge
EMSP business models. Furthermore, related value capture models, fleailiditye-
nue model change were applied, reflecting technological possibilities. Last but not least,
business model scalability and scopability as well as capital expenditure ¥JARE&E
operational expenditure (OPEX) were analyzed under the ceteris paribus cleatse in
lation to ICT impact.

The key service to generate customer value in an EV charging use case is the “energy
supply” service. To make this service available, physical value generation is needed in
the sense of deployment and maintenance of EVSE facilities providing equgmgly
for EVs. Physical services within the field of “smart grid integration” e.g., grid stabili-
zation, are allocated in comfort physical services with a high degreeToirgact.
Nonphysical values are purely digital information services (e.g., EVSkhfgeo
mation). These services are in general attached to CSO business, which cambdurther
expanded to create value within B2B2C relations by providing CSO serviteirfbr
parties (Madina et al., 2016). Within this application, EMSP is the supplighén o
EMSP or Smart Energy Providers (SEP). SEP act within the smart eneigess,
optimizing demand and supply within energy networks. Physargices are, beside
the basic services, comfort services e.g., active- or demand-side manilgg mem-
aging EV energy consumption (Giordano and Fulli, 2012). Furthermorerdiaied
services like “emobility marketplace connectivity” facilitate third-party customer au-
thorization and media-disruption free data exchange for billing andnsettteof trans-
actions (Pfeiffer and Bach, 2012).

Following the general market development and the forerunning basacésities of
the evaluated industry partner in the beginning of 2009, five genesindss models
have been deduced (see Figure 3). These correlate in high degre&/ 8Hhdkgitiza-
tion.

Simple Business Model “EVSE type 1 and 2”.

Early business models (models 1 and 2) were focused on value rcrwitighysical
services accompanied by very simple, not usage-based revenue models. Scaldbility an
scopability of these models is low because the switching cost to guaratiezesbrvice
quality or setting up new services is very high. Digital assets like geoiafmn and
usage-based prices cannot be leveraged. CAPEX is quite low, due to thanysdey s
infrastructure and no or little investment in ICT necessity. OPEX fesettbusiness



models is high in the sense of EVSE check-up and sanity-testengodihe cost of
having personnel monitoring the infrastructure in the field. Even nioeereliability
of EVSE is very low whereby customer satisfaction is low e.g., custodnies to
EVSE that are out of order because no online information is available.

business model] simple simple+ medium high high+
charge point technology| Type1 Type 2 Type 3 Type 4 Type 5
www www Www, www, EVSE www, EVSE
ict application CPMngmt mngmt, mngmt,
PR intraconnected, interconnected,
dsm dsm
charging| + + + ++ +++
E @ charging type 2 & CCS - + + ++ +++
E- 3 EVSE deployment] e e 4 i e
a @ maintenance + + + ++ +++
customer handling| + + + + +H+
geo-information + + + + 44+
o digital authorization| - - + ++ +++
-
e | & '§ webservice interaction - - - + +H+
o= 5
ﬁ = 2 digital guided maintenance| - - —/+ ++ +++
- =
vilu g reservation - - - + ++
o o
W market place connectivity| - - - - +H+
=
o realtime info (CP/ charging) - - + + +
> payment model flexiblity| - - + ++ +++
g legal informational require. - - + + +++
- 2 remote control - - + + +++
az
% & dynamic pricing - - - + +++
- £ s )
- O smart grid integration - - - + +++
==
- E demand side mngmt] - - - + ++
=1
V26 - - + + +++
seemless customer handling - - + ++ +++
flat, usage-
flat, usage- flat, usage- e
@ revenue model flat flat based, direct,
=4 based based
2 3rd-party
E revenue model flexibility| low low medium high high
% business scaleability low low low medium high
I:;B business scopeability| close close medium medium high
CAPEX [EVSE / lacation [ ICT)| -f-f- +/-/- +/-/+ +/-/+ +f-[++
OPEX (EVSE / location/ ICT) +/+/- +/+/- +/+[+ -/-/+
+ fulfillment . . .
++ 3rd party no direct interaction inflexibility of business model

+++ direct handling 3rd party

Fig. 3. Generic Emobility Service Provider Business Models (Source: own diagram)

Medium Business Model “EVSE type 3.

The cost of usage-oriented price models and optimization of authoribatiating in
business model 3 forced the embedding of EVSE type 3 techndlgle this allowed
more flexibility in the refinement of the revenue model, CAPEX and OREX due
to ICT integration without enabling further compensation through additgaraices



or customer attraction. Quality of service optimization by integration abdligguided
maintenance on a basic level (e.g., using age of EVSE in combindtionsage in-
formation) within the system were likely to be achieved.

High Business Model “EV SE type 4”.

The next step in the development was models using type 4 EVSE technolagly, wh
enabled intra-connected EVSE and application communication. These types of busi-
ness models offer on the one hand optimization of customer handlipgysital as

well as digital bases e.g., through integration into company workfliivext user reg-
istration and online status information on the website. On the othdr haality of
service on EVSE sites could be optimized by real-time status information t@mmaaau

tion of maintenance workflows. Arising communication costs could easitgdouped
through active maintenance management. Nevertheless, these kindaegdowdels

are limited by an insular setup, not realizing opportunities of generatlng through
ICT-based integration of partner services as well as being unable to seamlessly off
their services in other application fields (e.qg., traffic management, smaihigipa-
tion). EVSE type 4-based business models have flexible revenue modelsginepti
OPEX situation and are under conditions of stdtéie-art ICT architectures, e.g.,
webservice technologies, characterized by a medium scalability and the besoyess
can be expanded with medium effort. This in particular is becausevimighno need to
change EVSE in the field that were already equipped with ICT-communication facili
ties.

High+ Business Model “EVSE type 5”.

Stateef-the-art business models facilitating EVSE type 5 technology can be classified
as highly flexible in scaling business and broadening the scdpesivless activities in
other fields and markets. Leveraging the possibilities of a digital nature, theyeachiev
unprecedented opportunities for offering new ICT-based products andeseby as-
sociating their physical and digital assets with their own or network partners’ services.

While being based on ICT-embedded EVSE they take advantage of LMA araiifectu
being able to combine any content with any service and device e.g., integratiad pr
ecommerce techniques into the emobility market. The key enabler is the interconnec-
tion of EVSE as devices with a modular EVSE management system sugpaosely
coupled standardized interfaces to other systems. This local, decentralizeceimtellig
can be combined with central management systems’ capabilities to fulfill smart grid
integration services, e.g., to manage charging of EVs’ fluctuating infeed from renewa-

ble energy sources (Giordano and Fulli, 2012). Even more integratiptraffic sys-

tems is required to fulfill local authority or car sharing companies’ needs in managing
parking areas and charging facilities (Beutel et al., 2104). Services like ssaligi¢al
customer handling, dynamic pricing, fulfillment of legal informationalireements or

the integration of statef-the-art direct payment possibilities lead to higher customer
satisfaction, product differentiation and optimized OPEX. By integratiorirof-farty
processes in the value chain up- and downstream, highly efficient interadtiomet-

work partners as well as with B2B customers is guaranteed. Finally,e.eB2B2C



business in the sense of realization of purely CSO businesssiblppseducing end-
customer handling obstacles and enabling core business-focused stratdgiesliv-
ering a high quality and efficient CSO service. Overall, this EVSE type Hwenp
very flexible and different revenue flows from a multitude of reseuare customers.

5 Discussion

This paper has examined the opportunities of digitized technology$imdss model
development and business transformation. The basis was an in-depgtisaofthe
historical development of ICT-enhanced infrastructure in the emobility chamngging
ket based on an application digital technology’s LMA. Originating from the digiti-
zation of EVSE, five generic business model types were conducted and ankdyaed.
first step, the LMA service layer’s digital technology-based services were transferred
into a business model description. Value creation as a core element was described by
core business process service elements. Further on, value-captyramuojpies and
business model evolution prospects were deduced based on the elahmiaessipro-
cess services. Value capturing was therefore categorized into a revenue nsiakessbu
scope and scale, as well as OPEX and CAPEX of the business model.

The investigation showed that basic customer ned@dsging servicesan be fulfilled

by any of the EVSE-based EMSP business model approaches. Hefnawethe cus-
tomers’ perspective-the quality of service and value-added services (e.g., real-time
geoinformation) as well as the flexibility of payment and contractual modelsbgises
using digitized EVSE equipment. These effects are ceteris paribus accompanied by
higher CAPEX for investment into ICT (EVSE and backend systdrsiher, by im-
plementing EVSE type 4 and higher technology, lower OPEX can be acliegadh
digitally optimized manual processes, e.g., by preventive maintenancedaierassis-
tance.

From the industry partners’ perspective, the higher investment in digital EVSE tech-
nology and ICT backend systems thereby can be significantlpeasated by mini-
mizing manual services processes in the field. In addition to the @rdtaned values
for customers’ quality and flexibility perception and business models’ cost structures,
further benefits can be achieved. Digital technology-based service enhahes@en
bles higher flexibility of the revenue model (e.g., usage-based tariffmfgeoation
services for third parties) as well as a higher scalability and scopability afisheebs
model itself. As EMSP business models are operating in the emobility tythaeke are
various opportunities for promoting value-added services in the tndresmb energy
market. This underlines the assumption that the digital nature makes prodsetr-and
vice boundaries become fluid (Yoo et al., 2010). In the current case, it desethe
digital offspring of EVSE type 5’s digital nature. This type of “charging system” is
creating unprecedented possibilities for product and service innovatiomygpgomot-
ing services in the energy and transport system (e.g., informativicess and smart-
grid services). The later stages of developing type 5 technology enablgcimemt

of EMSP business models by promoting new services based on alréstthgeech-
nology in the field. Furthermore, it has to be stated that the digital natiteisly can



make its generativity significantly stronger through implementatiapeh, accessible,
interoperable and interconnected technology following the LMA architecture model
bringing the layers’ borders. To safeguard the business model’s sustainability and cre-

ate a futureproof setup, industry partners’ experience suggests strongly that ICT should

be embedded at least with stafethe-art technology acknowledging the LMA. This
means to force layer independence, which is not regarded within EV$fpésr1 to

3. In the current case, it is an interconnected infrastructure setup as in gpeH4
EVSE based on webservice technology. It has been experienced that it is higily cos
and inhibits quicko-market strategies with solid blocks of soft- and hardware. Even
more practice has shown that dump EVSE as well as closed-shop infrastaystems

(up to EVSE type 3) lower business model development possibilitiesréing high
changing cost at EVSE deployment sites accompanied by high complaxiéyhaging

the different trajectory paths of digital and physical technologies in the field.

6 Conclusion and Outlook

Overall this paper demonstratée applicability of digital technology’s LMA in the
context of business model development. In the current case it waslpassileduct
business models value creation and capturing elements based on teclochoiocgy
The generic set of EMSP business models can be taken as an imprassioé digital
techndogy’s generative influence on business model’s variety. This can be character-
ized by a high combinability of offeringseating crucially “transfigurable” business
models In line with Yoo et al. 2010 it has been shown that the digital tramsfoon
in the emobility market setup profoundly influences value creadioth capturing
options. Digital technology passes on‘itligital nature” and business models appar-
ently tend to take shape of borderless, fluid and crucially transfigurabiteesnn
digitally transforming ecosystems business relevant digital artifeisrtit their in-
herent appearance to business models. These take over the specific charaoferistics
editability, interactivity, openness and distributiveness evoking generataity
thereby unpredictable combinations of value creation and capturing.

More precisely, it should be stressed in this context that business medelsrarflex-
ible and future-proof building on digital technology which follows treskdy coupled
LMA. Business models utilizing thigligital abstraction layer” enable amix-and-match
of digitized resources (e.g., content, services and material technology) geeringyt
for generative value creation. This leads to business models tramgceéndustry,
product and service borders. Hereby, these business models are prefuaiiéditture
customer’s needs through evolutionary recombination of existing business model com-
ponents (e.g., digital and non-digital resources, partnerships). Fudjavis logic
means to question established views on business model design areddstiategy to
cope with and proactively utilize changes in scale, scope, speed and sdwaks
through digitization (Bharadwaj et al., 2013; Lusch and Nambisan, 201i&t Baal,
2019

This study is exploratory in three senses. Being based orxpleet &knowledge and
experiences of a pioneering company in the young field of emobiliprpitides an



overview on digital technology and business development 2000 till 2015.
Thereby, insights from digital technology’s influence on business deployment over
time are gained. This provides a fertile ground for deducing learniffigtéme business
generation in the emobility market at a highly digitized point of intersectioneleetw
smart transport and energy markets.

Furthermore, it demonstrates the generative character of digital technoldghea
exploratory design of LMA utilized as a basis for an advanced busimedsling in
digitized market settings. Applying the LMA’s “service layer” within businesses’ value
proposition design, unprecedented possibilities are generated by digitalléeghipe-
coming visible. Thus, e.g., already identified customers’ issues can be solved (e.g., “Is
the EVSE I’m heading for available?,” “I want to pay-asl-go!”) or customers’ needs
that they do not even know (e.g., “Energy price optimization by energy market opti-
mized charging”) can be addressed by digital technology-based services. Using EVSE
type 5 technology, existing digital services from other fields of applicationeasily
be involved to solve these issues, which brings tionearket and cost-structure ad-
vantages (e.g., use of Google maps and integration of PayPal pagneces). Moe-
over, other fields of application and customers can be addressed, expghedicgpe
and scale of EMSP business models by detection of EVSE-based bssinésss.
Last but not least, the observations suggest gaps in existing busiogsknm ap-
proaches and underling theoretical interpretation schemes of economicgextohtre
digital era. It indicates that business modeling within digitized markepsetuuld
facilitate LMA and a service architecture-based approach to identify profitable value
creation and capturing opportunities. These are often rather characteridednaye-
rial” than “material” values and a transcending value creation pro¢ed®wing the
structure of a LMA, the generative digital nature can be leveraged and trach$feor
business models carrying digital technology into reality. In accoeda#ith the elabo-
rated digital nature, we see flexibility, loose coupling of elements, grapdadtmod-
ularity as key design principles for business models. Therefoteefdirections of re-
search mayead to the application of the “Service-Oriented Architecture” (SOA) con-
cept into business modeling approaches to facilitate value identification thsetg
vice-oriented business modeling.

Taking digital naturehere especially the LMAand business modebncept’s service
perspective into account, the SOA concept seems to deliver compatible cotaponen
and methods for analyzing, developing and managing businesslamiaddigitaly
transforming ecosystems. The SOA concept is strictly based oninbéles of mod-
ularity and granularity. These are fundamental elements of digital nature’s generative
matrix, enabling better maintenance and development of existing busioeetsm
identification of new offerings through flexible recombination of serviacewell as the
exploration of business network partnership by using well-pré&&@@&#® methods.
SOA’s design principles of modularity, loose coupling and standards foster digital tech-
nology capabilities: reusability, distributiveness and interoperability (lautand
Rabhi, 2015; Mueller et al., 2010).

Because of its exploratory character, the study was limited in several dspémtas-
ing on EVSE technology and analyzing EMSP business models. Themabplifisa-
tions regarding automotive and energy market integration were applied sEorcie,



the analysis was conducted reflecting the grid and EV as “black boxes” with interfaces

to use EVSE as a physically connected point of grid and EV to deliver andeacquir
possible services and vice versa. Besides this digital technology, like battery manage
ment systems, smart grid management systems, navigation system®bde
smartphone applications were assumed as ways to interact with the infrastrutture b
not beingpart of the investigation. Furthermore, customer’s willingness to pay for qual-

ity of service and value-added services was not part of the investigation as well as s
tegic issues regarding customer accountability in B2B2C relationshipseglected.

Last but not least, data security and privacy as well as regulatory requiseshenld

be examined in further research.
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