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ABSTRACT

Electro mobility provides the basis for a fundamental, worldwide change when it comes to individual
mobility. This change goes far beyond just using vehicles with an electric engine. The transformation
also holds the opportunity of developing and providing new kinds of service solutions that can
determine the success of electro mobility significantly. A good service offering can function
as a mediator between the technology on the one hand and the market and its potential buyers on the
other hand. So far, the number of sold and used electric vehicles in the world does not meet
the expectations as potential buyers hesitate to purchase the cars. Currently existing scientific work
researching the development of electro mobility is primarily focused on technological aspects of e-
mobility, such as the range electric vehicles can reach — an in-depth analysis of all the other influence
factors effecting the development and success of electro mobility does not exist yet. It is necessary,
however, in order to not only implement suitable service solutions successfully but also influence the
development of electro mobility in a positive way. Specific criteria that affect the success of e-mobility
can only be met if they are clearly identified. Therefore, the aim of this research paper is to identify
relevant key influence factors for the future development of electro mobility and researching which
requirements need to be considered in order to increase the acceptance of electric mobility.
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1 INTRODUCTION

“Renew the definition of what an automobile is” — this is the guideline principle of the
governmental programme focussing on the development of electro mobility. It underlines
how fundamental this new technology is, which is set to change the form of our mobility in
the future drastically in the framework of mobility turning point [1]. However, despite of
governmental substitution, financing programs and technological improvements, the general
demand of the society for electric vehicles still does not meet the general expectations. In the
beginning of 2017, the total number of electric vehicles in Germany included 34.022 electric-
driven cars and another 165,405 hybrid-driven vehicles [2]. Although electric vehicles only
make up a very small share of the overall total of cars of 62.6 million in Germany [2],
a record growth of 11.624 new e-vehicle registrations was recorded in the first quarter of
2017 [3]. However, international comparison shows that Germany remains far behind China,
the USA, Norway and France when it comes to the amount of newly registered
electricity-driven vehicles. Almost half of the approx. 750,000 newly registered electric cars
worldwide in 2016 were registered in China [4], while Germany accounted for less than 5
percent [3].

For many of the potential electro vehicle buyers who were surveyed in a survey conducted
by FIR in Germany and the Netherlands, the overall short range of electric vehicles is a
significant reason to refrain from purchasing an electric car for personal use [5]. This shows
that it is a fundamental requirement for the success of electro mobility to meet the customers’
demands. In this context of meeting the buyers' demand, services can play an important role:
Service solutions such as car sharing can increase the customer proximity and decrease the
still current technological deficit of a short range [6].
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This paper aims to identify all factors that influence the development of electro mobility.
This will include not only technological but also service offerings. To begin with, influence
areas are identified. Afterwards, influencing factors that have a positive or negative effect on
the development of electro mobility are determined for each of these areas. As a last step,
particularly relevant factors, so-called key factors, are selected from the influencing factors
identified before. The knowledge on key factors is the basis for a broad understanding of the
topic and makes it possible to develop measures of action that can support the development
of electro mobility.

2 STATE OF RESEARCH

A large number of scientific papers exist which examine influencing parameters of electro
mobility. These factors can be grouped into categories because of similarities. Factors such
as the demographic development, development of income and overall lifestyle can be
clustered, for example, and added to the category “development of the society”. By doing
this, the large number of influencing factors is significantly reduced into nine clearly defined
categories. This makes it easier to organise and manage the influencing variables and adds to
their differentiation.

Based on a broad literature review, the following categories can be identified: Charging
infrastructure | technical progress | political measures | overall operating costs traffic
behaviour | society change | mobility options | resource availability | value-added system.

The first four of these categories are mentioned in almost all of the reviewed scientific
research papers. Based on these findings, they can be identified as common influencing
factors with a presumably strong impact on the development of electro mobility. The
categories charging infrastructure and technological progress focus on technological
specifics such as the allowed degree of discharge or the progress of the battery technology.
The categories overall operating costs, resource availability and added value system,
however, all refer to economic aspects. Only the categories traffic behaviour and mobility
options refer to areas where actual services apply and can function as a connection between
technology and economy — yet only a few of the papers actually describe services as a
relevant factor for the development of electro mobility (e.g. in the area of information and
communication technology). In summary, it becomes clear that past and current scientific
work does not consider the influence of services to a sufficient level. This is a disadvantage
if the aim is to look at the development of electro mobility from a holistic point of view. An
analysis of all factors for the future development of the electro mobility is still missing as
well as one that focusses on both the technological as well as the service aspects to a greater
level.

3 METHOD OF PROCEDURE
In order to close the discovered gap in research, this paper is structured as follows: To begin
with, influence factors are identified. Afterwards, they are further divided into general
influence and key influence factors, also simply referred to as key factors. To do so, the
influencing analysis based on REIBNITZ is used [7]. This analysis consists of four steps:
First, the field of topic is defined and, if required, separated into numerous sub-areas [7].
Second, influence areas are defined for each of these fields based on an in-depth literature
research. These influence areas function as a logical categorisation of the individual
influencing factors, which are defined in the following step number three: Identification of
influencing factors. Influencing factors are parameters that provide information about the
current situation of electro mobility in a specific area or country. As such, they also define
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Figure 1: Schematic presentation of the methodological procedure.

the development of electro mobility not only when they change, but also when their change

has a dynamic effect on other factors. In order to increase the transparency of the large
number of influence factors, they are further specified and separated in general influence
factors and key factors during the last step of the analysis, step four. The overall method of
procedure is schematically visualised in Fig. 1.

4 RESULTS
4.1 Distinction of the research field

The term electro mobility conventionally stands for all vehicles driven by a fully or partially
electric engine [8]. In this paper, this research field also includes everything else that is
included in the electro mobility environment - only if the strict definition of the
term is expanded, service solutions regarding electro mobility can be discussed as well. The
following quote summarises this broader definition:

“E-mobility (electric mobility) is a highly connective industry which focuses on serving
mobility needs under the aspect of sustainability with a vehicle using a portable energy source
and an electric drive that can vary in the degree of electrification” [9].

Within this research area, it needs to be differentiated between the global and the local
surroundings of electro mobility. Influence areas and factors that belong to the global
surrounding tend to have an active impact on their environment. However, they can only be
influenced and adjusted to a very limited extent and therefore need to be considered as
externally predefined. In contrast to this, influencing factors that belong to the local
surrounding of electro mobility are mostly passive, they are adjustable to a much greater
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extent and have greater differences among each other than influencing factors within the
global surrounding [7], [10]-{12].

4.2 Identification of influence areas

The following paragraph explains influence areas of the global and local surrounding of
electro mobility. To do so, elements of the so-called STEP-analysis are used to identify
influence areas that belong to the global surrounding [13]. Additionally, previously published
environmental analyses covering a similar topic as the present research paper were sighted.

The STEP-analysis is most commonly used in strategic management to assess the global
business environment. This method separates a business environment into political,
economic, socio-cultural and technological factors [13]. In the past, different authors have
complemented the original model and added ecological components to it [14]. Based on this
further developed analysis model, five global influence areas of electro mobility can be
distinguished. Table 1 provides a short definition of each of these.

To identify local influence areas, numerous scientific publications are sighted. They list
the technical state, the usage, the industry (automobile producers), the energy industry and
value-added services as important areas of electro mobility [10], [15]. Furthermore, the
characteristics of the market form another area of influence, which is described in various
publications [16], [17]. Overall, six local electro mobility areas of influence were found in
the scientific research literature. They are explained briefly in Table 2.

Table 1: Global influence areas of electro mobility.

Global influence area Description

Economy Immediate competition for electro mobility and economic
development

Technology Incremental or radical technological advances in electro mobility

Politics General and specific policy framework for electro mobility (e.g.
political stability or legislation)

Society Social change in society, e.g. with regard to the demographic
composition or values

Environment Environmental aspects of the conservation of the natural
environment (e.g. greenhouse gas emissions)

Table 2: Local influence areas of electro mobility.

Local influence area Description

Technical state Technological features of an electric vehicle

Usage Use of electric vehicles

Value-added services Services that influence the attractiveness or functionality of

electro mobility

Automotive Manufacturers Behaviour of automotive manufacturers in the context of
electro mobility

Energy economy Behaviour of the actors in the energy industry in the context
of the electro mobility
Market characteristics Competition and co-operation between market participants
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4.3 Identification of influencing factors

In order to identify influence factors for each of the influence areas, further in-depth literature
research is carried out. Potential influence factors are not only evaluated by the frequency of
their mentioning but also by their degree of differentiation, their degree of integration and
their research area as well as their comprehensibility and their precision. If two factors show
a significant similarity and refer to the same reference aspect, they are combined and
condensed to one influence factor: Governmental subsidies, for example, refer to the same
aspect of financial support as the financial aid based on the so-called scrapping bonus or
similar financing concepts. Because of this, they are not listed as individual influence factors
but instead summarised by using the superordinate influence factor governmental
substitution.

Overall, 55 influence factors can be identified and clearly distinguished from another.
Amongst these are 29 global and 26 local factors. Only the six global factors total cost of
ownership, competition, sensitisation, infrastructure, safety and function integration show
noticeably similarities to a couple of local influence factors, namely the factors costs,
increased competition, level of information, charging infrastructure, safety and smart grid.

Table 3 summarises the identified global and local influence factors. They also show to
which global/local influence area the factors belong. Factors that belong to both surroundings
are highlighted in italics.

Table 3: Areas and factors of influence.

Global area of influence Global factors of influence

Economy Oil price, electricity price, battery price, total cost of
ownership, exchange rate, competition

Technology Drive technology, battery technology, infrastructure,
integration of functions, security

Politics Governmental funding, regulation, taxes and charges, laws,
energy & climate policy, standardisation

Society Demographic change, awareness, value change, user
acceptance, mobility behaviour, urbanisation,
metropolisation

Environment Sustainability, Climate Change, Environmental Awareness,
Resource Availability, Recycling

Local area of influence Local factors of influence

Technical state Range, charging concepts, charging time, lightweight
design, safety

Usage Available information, everyday life, costs, image,
visibility, commercial use

Value-added services Financing offers, ICT-based services, multimodal concepts,
workshop availability, private car sharing, long-time battery
services

Automobile manufacturers Model diversity, stand-alone platform, service concepts

Energy industry Charging infrastructure, Renewable energy, Smart Grid

Market characteristics Increased competition, co-operation, market penetration of
electric vehicles
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4.4 Selection of key factors

Key factors are selected from the pool of previously identified influence factors with the help
of an online survey. In order to obtain valuable and objective results, the survey was strictly
aimed at experts of the industry. Experts are generally referred to as persons with a high level
of expertise regarding a particular scientific topic or research field [21]. One of the criteria
of selecting an expert for the survey was that the expert needed to pursue a professional
activity in the overall field of electro mobility. Experts with a scientific background as well
as those with a practical background were among the survey participants in order to balance
out any influence on the results that a large number of professional experts may have.

The questionnaire used for this survey was put together with the online tool 2ask, which
is very easy to use and user-friendly [18]. The selected experts answered the questions
anonymously, by themselves and within a predetermined length of time. This chosen research
method has advantages as well as disadvantages: The participating experts can benefit from
a high level of anonymity, a flexible time schedule and a high level of usability [19]. It is also
beneficial that the digital questionnaire can be analysed automatically. Disadvantages of this
scientific method include the possibility of misunderstanding of questions and the absence of
a responsible person during the survey that could help the survey participants. However, the
risk of a problem like this can be limited by using extra care when wording the questions.

The questionnaire includes one question for each of the identified influence factors (again,
factors that can be found in the global as well as the local surrounding of electro mobility are
summarised and referred to as one factor). Each question includes the name of the influence
factor as well as its definition in the context of electro mobility. By providing a clear
definition of the factors, misunderstandings shall be prevented. In the questionnaire, the
experts are asked to rate the relevance of a factor for the development of electro mobility.
To do so, an ordinal scale is used [20]. The scale consists of the following qualitative options:
the influence is (1) very low, (2) low, (3) high or (4) very high. Each of these rating options
is given a numerical value in order to make the analysis of the survey results easier. Experts
can also decide to abstain from answering a question if they wish to do so.

The results of the expert survey are analysed and evaluated by calculating the mean value
of the answers that were given. By doing so, it can be analysed which influence factors appear
to be key factors [22]. Table 4 shows the identified key factors, classified according to the
ranked mean values of the expert evaluations. The assignment of the factors to the global or
local environment is indicated by colour.

Table 4: Influence factors of electro mobility.
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The following list contains definitions for each key factor. These may differ from the
general understanding of the respective term.

1. Battery price describes the average price of an accumulator depending on its capacity
[€/kWh].

2. Range describes the distance that electric vehicles can travel on average with a fully

charged battery within real driving conditions.

User acceptance describes the decision to accept an innovation by the user.

4. Costs describe the lifecycle costs of electric vehicles (e.g. acquisition and operating

costs)

Charging time is the duration to achieve a full battery charge.

6. Governmental funding describes the financial support for the dissemination of
electro mobility through public funds.

7. Battery technologies describe the chemical composition of various battery
technologies (e.g. lithium-ion accumulators).

8. Energy and climate policy describes the measures dealing with the topics of energy
and climate.

9. Charging concepts describe the manner of recharging the battery of an electric
vehicle (e.g. inductive charging).

10. Standardisation describes the unification of standards for the creation of common
standards in the context of electro mobility (e.g. uniform charging connectors).

11. Charging infrastructure describes the availability of publicly available charging
points.

12. Everyday suitability describes the integration capability of the electric vehicle into
the everyday life of a user.

13. Oil price describes the price of crude oil.

14. New service concepts describe services offered by market players for users of
electric vehicles (e.g. car sharing).

15. Safety describes the protection against dangers and risks that can occur in the
everyday handling of electro mobility (e.g. flaming the battery).

16. Energy price describes the costs of the generation of electricity, grid use as well as
taxes and charges for electrical energy.

W

9]

The two-highest ranked key factors, battery price and range, as well as the factors of charging
time and battery technology, show that the success of electro mobility is decisively dependent
on advances in battery technology. In addition, also the life cycle costs (costs) as well as
political measures (governmental funding, energy and climate policy) are essential for the
development of electro mobility. Furthermore, the expansion of the charging infrastructure
as well as advancements in charging technologies (charging concepts, standardisation) are
success factors for electric mobility. In addition, services can make an important contribution
to the success of electro mobility through service platforms that promote standardisation or
through new service concepts that increase the user acceptance.

5 CONCLUSIONS
The identified key factors show that services are of high relevance for the development of
electro mobility. They form an integral part of electro mobility and are crucial to their
success. A wide range of applications such as innovative usage models, technology
accompanying services and infrastructure services enable a comprehensive design of electric
mobility and influence the entire life cycle of electric vehicles [6]. It is only by means of
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services that the development to a mobility driven society that uses instead of possesses
mobility is feasible [23]. The results of this work are used as part of the DELFIN project to
develop future scenarios for electro mobility from 2020 onwards. Therefore, the identified
key factors are initially compared with one another in order to be able to evaluate and
represent interactions between the factors. Afterwards, a consistency analysis is carried out
and used to develop future scenarios for the development of electro mobility. These scenarios
determine which future combinations of positive, negative or trend developments of the key
factors are consistent. The knowledge of these scenarios, as well as the knowledge of
the key factors, allows the derivation of plans for action for stakeholders, in order to be
aligned with the optimal development of the electro mobility.
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