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1 Introduction

1.1 Presentation of the Research Question

China’s ambitious willingness to promote and support new energy vehicles (NEVs)
is stated in the 12th Five-Year Plan of the Communist Party (Fulton, 2011). The
main reason for this promotion is to improve China’s air quality. Here, 25% of China’s
annual amount of NOX and CO2 is caused by car pollution (Eakin, 2015). To support
environment-friendly vehicles in Beijing and other large cities in China, the national
and local governments started paying subsidies and giving incentives for the purchase
of NEVs. This act should at last improve the air quality by reducing carbon emissions
and should furthermore reduce noise in the cities.

Next to the pollution topic, road traffic, especially in Beijing, has been increasing over
the last number of years. The fact that more and more citizens want to have individual
mobility results in a huge increase of new car registrations. To regulate and control this
rapid demand, a competitive tendering procedure for license plates is organized by means
of a lottery for Beijing citizens (Yang et al., 2014). Whereas the application process for a
license plate is elaborate and time consuming. Some applicants wait years to get a plate
although a draw is held every two months and attendance is free. Moreover a selected
person has to pay a regular price for a license plate of around 3,000 Yuan per month.
Beyond these regulations, the Chinese government will keep increasing the number of new
license plates until 2017 when the maximum limit of around six million registrations shall
not be exceeded (General office of Beijing Municipal People’s Government, 10/8/2013).
However, the allocation of plates for NEVs will rise through 2017 to support electric
mobility. In conclusion, the allocation of plates for vehicles with internal combustion
engines (ICE) will not cover all applications. At the moment the chance of getting
a NEV plate is much higher and is the fastest way to obtain individual mobility. As
of January 2014, about 15,000 NEVs are currently being driven on Beijing’s roads
(Yang et al., 2014). New energy vehicles (NEVs) consist of Electric vehicles (EVs),
battery electric vehicles (BEVs), hybrid electric vehicles (HEVs), plug-in electric vehicles
(PHEVs) and fuel cell vehicles (FCV). Some of them get their energy from a combustion
engine, using carbon neutral alternative fuels, while others run on pure electric energy.

Together with the number of NEVs, the demand for charging will rise. So far, the
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existing charging network in Beijing is not designed for a higher amount of EVs and
more electric vehicles will be registered in the next years. Therefore, it is still an
open question how a public charging infrastructure is used by the EV drivers. This
paper focuses on BEVs and specifically on the topic of charging, which is essential for
operating BEVs. It will discuss the problems of how to set up a charging network by
analyzing it from different points of view.

An adequate and user-friendly network of charging stations (CS) has to be installed in
order to implement electric mobility and reach the authority’s objectives. In the last
years, the Chinese government has not focused on this development for the reason that
until recently, only a few electric vehicles were licensed in Beijing. A charging network
for EV taxis and commercial service vehicles is already in operation. However, the
incompatibility of using different technical standards and non-standardized payment
methods deters private EV owners from using these charging stations. A breakthrough
and implementation is only guaranteed if a charging infrastructure is open to all EVs,
demand-orientated and cross-linked to the existing mobility network. Furthermore, a
charging infrastructure has to be tailor-made for each city.

1.2 Goal of the Study

The electrical individual transportation is permanently linked to a charging infrastruc-
ture. This important urban planning shift is intensified by the size of Beijing. This
paper addresses this situation and generates a methodology and guideline for a build
up strategy for an EV charging infrastructure in Beijing. The conclusion can be used
as a manual for operators of charging stations. The title of the dissertation is:

Guideline for the installation of a charging infrastructure
for electric vehicles in Beijing

A spatial analysis based on driving and charging profiles

The field of electric mobility touches many disciplines in different areas. The implemen-
tation of a charging infrastructure demands cross-disciplinary connections. Therefore,
the first part of the dissertation deals with the factors of influence of a charging network
for electric vehicles. This chapter gives an overview of the ”world of charging infrastruc-
ture” by listing, ordering and categorizing all aspects that influence the installation and
operation of a charging network. Important factors will be highlighted by analyzing
literature and interviewing experts. Thereby the focus is on China and the consideration
is on local conditions in Beijing.

Another goal is to analyze the urban geography of Beijing with respect to necessary,
feasible and valuable locations for charging pillars. For this, qualified spatial data
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of points of interest, living conditions as well as parking conditions are analyzed and
evaluated. In the next step, EV-users’ driving and charging behaviors are added to the
spatial analysis to work out a build up strategy for charging pillars.

The dissertation’s increase of knowledge is the combination of urban geogra-
phy, technical data from electric vehicles and the behavior of electric vehicle
drivers to build up a charging infrastructure for electric vehicles in Beijing.

This paper makes no claims of being complete, especially in the economic aspects, which
include business models for charging stations. However, this analysis can be seen as
groundwork for such further research. Instead, the political frameworks, the technical
standards and existing driving profiles are presented to provide an overall view of this
topic.

1.3 Approach and Methodology

As written above, the intricacy of this topic is caused by the cross-disciplinary con-
nections between many scientific fields. There are different approaches from disparate
perspectives. There would be a risk involved in focusing on just one aspect and making
assumptions within the fields out of its range or totally excluding facts that have an
impact on the aspect’s exploration. This basic problem is not solved by this dissertation
but it will combine new points of view to understand the influencing factors on charging
infrastructures for EVs.

The most utilized approach for the implementation of an EV charging network is done by
analyzing the user’s driving behavior. The MINI-E study, for example, is based on the
driving behaviors of EV users around the world (UC Davis, 2011). From this data, the
daily range and charging frequency is worked out. Thereby, spatial aspects of the users
and the charging stations were not included. In his dissertation, Fabian Kley describes
the build up of a charging network based on the driving patterns of ICE vehicles and
business models for operation of the network (Kley, 2011). In his investigation, he
also analyzed travel diaries (data source: ”Mobilität in Deutschland”) and included
plug-in electric vehicles (PHEVs). Certainly, he included conductive charging, as it
is done in this paper, but he doesn’t mention spatial aspects. A different approach
to finding locations for charging stations is followed by Liu (Liu, 2012). Beginning
with the locations of local refueling stations, communities, and public parking spaces
in the region, a charging network for Beijing is constructed. The user behaviors or
business models are not part of the research. However, the model for a development of a
regional charging infrastructure for electric vehicles in the German metropolitan region
of Stuttgart was researched by the European Institute for Energy Research (Wirges
and Linder, 2012). Out of a time-spatial view, the charging network for around 35,000
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EVs, which should be charged with a cable, was developed. Therefore, potential early
adopters were constructed. The number of households falling into these categories
was determined for each municipality of the region. Wirges et. al make assumptions
about charging behavior to create a formula that allows the calculation of demand for
a number of charging stations created by a given number of EVs.

The city of London had a target of 25,000 charging points by 2015 (Mayor of London,
2009). Due to fewer public parking lots, the location for charging stations should be
workplace car parks. By 2015, every resident of the city should be less than one mile
away from the next charging point. This approach has partly answered where the
drivers park, charge and which routes on which roads were traveled. However, this is not
based on real driving profiles. The outcome of these studies is that most charging cases
can be covered by home charging. Whereas public charging is common at supermarkets,
malls or road-side, but only for emergency or spontaneous charging events. This study
includes the spatial aspects to generate a new viewpoint.

The methodology of this paper is different from existing strategies on building-up a
charging infrastructure because all quantitative data is analyzed in spatial terms and
combined with the urban geography. The data comes from electric vehicle customers
(cf. page 76). The drivers have to deal with ordinary charging processes and, hence,
new insights of real EV driving patterns were generated. Moreover, the connection to
the EV’s battery data and GPS positions allows for the combination of technical and
spatial knowledge of charging behaviors. The first chapter on page 7 gives an overview
of the complexity by listing, ordering and describing all influencing factors for the build
up and operation of a charging infrastructure. Out of an extensive literature review, a
determination of all aspects will be conducted and existing charging networks will be
presented. In combination with an expert discussion, all factors are categorized into five
groups: political aspects, economic aspects, technical aspects, user behavior aspects and
spatial aspects. An evaluation made from interviews with respect to the construction of
a charging network in China completes the analysis and filters the critical variables.
This qualitative analysis was chosen because of a lack of long-term experience and
quantitative data in the field of operated charging networks. Moreover, fast-changing
laws in the field of electric mobility can distort the market and focus.

A build up strategy for a charging network from a purely spatial perspective in Beijing
will be implemented in chapter 3 on page 37. At the beginning, the focus of the
research is on the urban geography of Beijing. First of all, the most important urban
districts, areas and regions of interest (ROIs) are charted on a map to provide an
overview of the municipally of Beijing. On this spatial framework, the different parking
conditions in the city are studied. Beginning with parking lots on private grounds:
so-called compounds are characteristic for present-day living conditions in Chinese
cities and dominate the cityscape. Depending on the year of construction as well as
the ground prices and location, these closed residential complexes vary in the type
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and amount of parking lots. Because some of them even host kindergartens or small
shops, semi-public charging can be offered alongside private charging. The historical
city center, as well as detached houses in the suburbs of Beijing, are part of this chapter
as well. The amount, density, and location of the different living conditions is examined
to get information about potential charging spots and the installation of private and
semi-public charging facilities. In the next step, the public parking conditions are
analyzed and evaluated. For this study, the location, density and type of parking
lots are of interest. Especially, reserved parking lots with the possibility of long-term
parking are highlighted. Furthermore, public buildings like train stations or malls, as
well as all qualified points of interests (POIs), for example museums, parks, or hotels,
are part of the investigation. A categorization into various use cases should give an
overview on the locations and act as a foundation for further research. At last, the
existing charging network is studied. Because they use different technical standards,
these closed charging systems limit access to specific electric vehicles but represent a
part of the whole infrastructure.

In addition to the previous investigations above, data from electric vehicles provides a
main input for the analysis and represents user behavior. Chapter 4 shows the result of
a study with data coming from real-time-monitoring devices (RTM) which are installed
in a mid-size electric vehicles. This RTM system records various vehicle data like time,
battery status, speed and charging current. Because data from 60 vehicles was recorded
over a period of two weeks, approximate representative data are yielded. The first part
of this investigation answers vehicle-relevant questions while the second part combines
this data with the movement profiles from the EVs. In the end, the driving and charging
profiles are spatially edited. These new insights make a detailed investigation possible
and provide an illustration of where and how electric vehicles drive, park, and charge
by charting movement profiles on a map.

Chapter 5.1 summarizes the previous findings. Firstly, conclusions and results are
presented. Through a neighborhood analysis, POIs around parking and charging
locations are investigated and provide answers on how the actions of the study interact
with the urban geography and connect the two fields of user and space. Finally, a
guideline combines the influencing factors and the results of the study in chapter 5.
Charging profiles for each charging location and user group are developed and enable
scientific statements regarding how to implement a network of charging points. The
guideline gives simple charging strategies and build up plans for a charging network in
Beijing.



2 Factors of Influence on an
Implementation of a Charging
Infrastructure

As mentioned in the introduction, the charging infrastructure for electric vehicles is
influenced by many factors from different scientific fields (Lenz, 2012). It is necessary to
do interdisciplinary research. The following sections present and discuss the influencing
factors. Firstly, as a matter of principle, the perspective is crucial for a closer look
on this topic. Most papers and publications focus on one or two factors to describe a
build up of charging infrastructure for electric vehicles (Wang et al., 2013) (Kuo, 2011)
(Wu et al., 2013). This dissertation claims to give an overall view in the first part and
highlight the most important aspects from all influencing factors. A complete view is
the goal, although not all aspects can be described in detail. It’s rather a question of
whether all influencing factors are combined and related to each other. Of course, most
of them are influenced by each other and an evaluation regarding the most critical ones
become a matter of opinion with the result that experts in different countries come to
various conclusions. An example of this is the handling of public space, respectively the
parking space, in Germany and China. The parking management is handled in different
ways which leads to another interpretation of parking space within urban areas.

As mentioned above, the literature spreads the influencing factors into five groups:
political aspects, economic aspects, technical aspects, spatial aspects and the user
behavior (see figure 2.1 on page 7). All of these feature further sub-categories which
will be mentioned hereafter. These influencing factors cause the expansion of a charging
network. Furthermore, a division of the infrastructure for EVs can be split into two types:
Hard charging infrastructures describe the pillars, the grid and spatial environment (e.g.
parking lots or transportation patterns), whereas soft charging infrastructures consist
of regulations, standards, schemes, business models, degree of community engagement
and the driving and charging behaviors of users (Beeton, 2011). The complex topic of
building up and optimizing a charging infrastructure (and, thereby, a part of e-mobility)
cannot be answered by only analyzing the users’ behaviors and technical vehicle concepts.
Ideas and proposals for authorities and local authorities are also important. All of these
factors are correlated and must be well balanced. In most markets, the consumer slowly
defines the demand for and set-up of charging points. Whereas in China, the set-up can
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Figure 2.1: Factors of Influence of a Charging Infrastructure

be steered by authorities, driving the fast roll out of a charging network in accordance
to these parameters. Hatton et. al. have highlighted three important issues for an EV
penetration and, thereby, for a charging network: The specifications and capabilities of
the vehicles (speed, torque, handling), the action radius and availability of recharging
facilities and the placement of EVs in the automotive market (Hatton et al., 2009). But
again, all of them can be found in this paper as well. However, this chapter only focuses
on the political, economic and technical aspects. The spatial aspects and user behavior
are transferred into separate chapters because they reflect the dissertation’s main parts.
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2.1 Political aspects

The first and main influencing factor is the political aspect because the Chinese
government pushes electric mobility in many areas with laws and regulations in order
to promote the penetration of EVs and their environment. Of course, part of this
environment is the charging infrastructure. But this section also deals with the political
framework around the charging pillars itself, like financial subsidizes, the registration
process for vehicles and initial demonstration projects. In addition to such affirmative
action, governments and local authorities are able to promote e-mobility in terms of
traffic. This paragraph broaches this subject by presenting and introducing the most
important factors in China.

Wiederer and Philip categorize the policies for charging infrastructure into monetary
and non-monetary incentives, regulatory, real estate, advocacy and public relations
and procurement (Wiederer and Philip, 2010). In their paper, the authors identify
different tool-kits for city governments to assist in creating goals and road maps for a
successful implementation of a charging network. Although their discussion is based
on the American market and a different environment, a modified categorization can
be used for the Chinese market to describe the situation in Beijing. However, the
authors recommend unique EV strategies and programs for cities as their key outcomes.
Because of the limited financial scope of most municipalities for the direct support for
EV or charging stations, indirect public sponsorship is an option to promote e-mobility
as well.

The next chapters and sections use three important terms which are common in almost
all markets although they are not officially defined. For a better understanding of this
paper, three definitions are put forth:

Private Charging: A charging station1 for private usage, installed on private ground
and operated by one person who is using their own EV for the charging process.
A predefined group has access to the facility whereas the ownership of a parking
lot belongs to the car or property owner. Payment and billing are concluded
between one person and the grid company.

Semi-public Charging: This term describes a charging process at a privately owned
parking lot which is primarily open for everyone but can have temporary or finan-
cial access restrictions. Thereby, the charging stations on these privately owned
public spaces (POPS) can be open 24/7 or can be closed by the corresponding
facility. (Kwan, 2013) (City of New York, 2014)

1also termed as wallbox by some OEMs
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Public Charging: The parking space with the charging station is open to public and
on public ground (e.g. road-side parking or car park). The European Parliament
defines it as: ”A recharging [...] point accessible to the public means a recharging
or refueling point to supply an alternative fuel which provides Union-wide nondis-
criminatory access to the users. Non-discriminatory access may include different
terms of authentication, use and payment.” (European Parliament, 2014-04-15)

2.1.1 Policy levers

The market penetration of electric vehicles is difficult because of their high acquisition
costs and limited e-range2 compared to vehicles with an internal combustion engine
(ICE). But, from the governments point of view, EVs help to reduce air-pollution in
cities and put down a marker for the implementation of an innovative industry sector.
At least, these goals are determined in the 12th Five Year Plan of the Chinese central
government (Fulton, 2011). Consequently, the cities and authorities are interested in
the needs of (potential) NEV buyers and, if necessary, in supporting them. Beside the
regulations and incentives, which are presented in the following subsections, various
levers can be used to remove barriers in the industries and for the end-user.

First of all, cities have the possibility to shift parts of their public transportation (PT)
from vehicles with combustion engines into hybrid-electric vehicles or full electrical
vehicles. Especially buses, service vehicles like street sweepers or rubbish collectors
are potential traffic participants for e-mobility. These kinds of vehicles are perpetually
driving within a defined spatial area and all of their routes are fixed. In addition,
their routes are predictable and repetitive. These circumstances result in the easy
planning of charging strategies. Otherwise, the consumption of these vehicles is higher
than in electric passenger cars. These commercially used NEVs were the reason for a
custom-built infrastructure, which is only usable for a selected group of NEVs. Most of
these charging points are realized by building battery swapping stations or high voltage
charging stations with direct current and are not accessible for private users (cf. the
section ”Existing Charging Stations in Beijing”, page 64).

Municipally, governments are big advocates for e-mobility and use public relations
to support it. Thereby, the advertisement for promoting EVs and the appropriated
charging stations is free of cost for the authorities. OEMs and operators of the stations
also benefit from this issue (Wiederer and Philip, 2010). A positive public image can be
easily implemented by the conversion of government car-fleets. Besides the procurement
of NEVs, a high distribution of charging pillars, which can be used as (semi-public)

2The term e-range (electric range) is used in this paper for the range for BEVs
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work charging stations, is established on existing government real-estate or on public
grounds in the city. Furthermore, this approach gives an incentive to the industry for
investing in public infrastructure because a significant quantity of EVs are driven in
everyday life. These procurements are the first steps to unrolling a charging network
without considering the private sector. Simultaneously, the focus on the authorities at
a higher level further serves as an icebreaker (Liu and Kokko, 2013).

Another policy lever is the general administration of public space like sidewalks, public
garages, and road-site parking lots (Hassenpflug, 2010). The ownership of these areas
has to be clear to prepare them for charging pillars. Only local authorities have the
power to promote, reserve and change the public space. Thus, city governments become
key players in the field of public chargers because of their role as a steering committee.
A reliable parking management system with a unification of public space for charging
pillars is also necessary (cf. section ”Public Parking Conditions” on page 47). A
comprehensive identification of parking lots with charging options is indispensable. A
problem occurs while using a satellite navigation system in a car which routes to a
feasible charging location but this cannot be found by the driver because the charging
pillar itself is located somewhere in the underground garage, hidden by pillars or is,
simply, hard to find.

2.1.2 Regulations

The local and national governments issue laws or guidelines with the goal of forming a
safe, user-friendly and efficient charging network. The municipal government of Beijing,
for example, has issued the goal for the installation of one thousand public charging
stations by the end of 2014 and issued a law that 18% of parking spaces in new or
renovated developments have to be equipped for electric-car charging (Edelstein, 2014).
Although just a few of these stations were constructed, these zoning and building codes
can help to overcome an investment barrier. Furthermore, the local government forced
OEMs to install charging stations with fast DC-stations (direct current) and normal
AC-chargers (alternating current) in front of chosen car dealers. Unfortunately, in two
ways, this regulation misses the point.

Firstly, European car makers do not support the Chinese DC-standard. Therefore,
imported EVs are not able to charge on these pillars (cf. section ”Technical aspects” on
page 17). The reason is a missing communication signal between the EV and the charging
station. This leads to another powerful tool of the government: the determination and
approval of standards. If the EVs, the charging equipment, technical specifications, and
signals can’t be connected or communicate with each other, a charging infrastructure
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can’t properly work3. In the end, these political decisions result in preferences for state
owned enterprises (SOE) .

Secondly, the choice of location was not well selected due to the fact that EV drivers
will not drive to a car dealer to charge their EVs without any personal added value (cf.
page 109).

The guidelines of Hong Kong, for example, can be seen as a transparent implementation
and introduction of e-mobility. The city has implemented diverse regulations and
guidelines for building an EV charging infrastructure (Environment Bureau). One
of them includes setting-up standards for charging facilities in car parks. Other
arrangements have been set for new building developments and technical guidelines on
the setting up of EV chargers. These papers represent a user-friendly communication and
define clear rules for the installation of private and public charging facilities. Whereas
the regulations in mainland China are not that clear as of 2015 (Geinitz, 2014-01-10).
Particularly, technical test acceptances and the involvement of all participants like
constructors, operators, and users of the charging pillars into the installation process are
not clearly defined. Indeed, there are several ways to protocol installation and testing
processes (cf. the ”Sino-German EV Charging project” on page 15). However, for
example, there is a specific law which prohibits DC-charging underground. The reason
for this prohibition is charging underground may be a fire hazard or block fire-fighting
efforts. Barriers like this make an implementation and a roll-out more difficult for all
participants.

E-mobility and NEVs are going to play an important role in implementing a smart
transportation system with an intermodal traffic network. The EV’s dependency on
charging facilities must be reflected when integrating them into the current traffic
infrastructure. With additional e-services, city governments and local authorities have
instruments to steer, control, and promote e-mobility. For example, the existing CCTV
infrastructure (which is currently used for speed monitoring) can distinguish between
NEVs and ICEs. This technology allows the restriction or promotion of certain types of
vehicles to enter areas or traffic lanes. The tools of e-Lanes or e-Zones could generate
further demand for NEVs in cities. Since the Olympic Games in 2008, the city of
Beijing has established driving bans within the 5th Ring road (Wang et al., 2007).
This act regulates the traffic by reducing congestion as well as reducing air-pollution.
Once a week, vehicles with even or odd license plates are not allowed to enter the 5th
ring road between 7 AM and 8 PM. In 2015, EVs were removed from this act and
constitute an exception to further promote e-mobility in the city of Beijing. In the end,
the idea behind green-energy-transport with alternative engines is more than a focus
on NEVs. Therefore, the using of park-and-ride areas (P&R) with EVs and charging

3By the end of 2015, the DC-standard was still not passed by the authorities
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points encourages intermodal passenger transport in the city. Additionally, Beijing
is constructing new subway lines and connecting more and more rural areas with the
public transportation network. E-mobility has the potential to complete this network.

2.1.3 Incentives and Subsidies

Monetary subsidies and incentives represent the most effective and popular kind of
support for e-mobility. Direct subsidies have effects on the price of the hardware, like
EVs or charging stations, whereas indirect subsidies decline follow-up costs. Both exist
in China, although neither the central government nor the local governments directly
support charging stations themselves. Furthermore, local regulations can help adjust the
goals to urban environments by directly addressing the customers (Sebastian Heilmann,
2004) (Edelstein). The cost benefit for the end user is a strong signal.

Each city has its unique environment, within which different incentives will
have different appeal for policy-makers, consumers, utilities and charging
infrastructure providers. (Wiederer and Philip, 2010)

However, the national and local authorities in Beijing have established three direct
subsidies for end users. Other cities and provinces have different development plans
that vary in method and value. Potential EV customers have the opportunity to obtain
the following promotions:

Subsidy from the National Government All locally produced NEVs in China receive
monetary support from the central government. The Ministry of Industry and
Information Technology (MIIT) is maintaining these regulations and distributing
the money. The amount is related to the e-range of the EV and is divided into
three groups (see table 2.1). The buyer of an EV receives a subsidy from the
government after the purchase. Each year until 2015, there was a 5% decrease in
the subsidy. An official draft provides a further reduction of 10% every second
year beginning from 2016, together with the increase of the minimum e-range to
100 km.

Before 2013, the monetary subsidies were based on the battery capacity. During
that time, the government distributed 3,000 Yuan per kilowatt-hour to all kinds
of NEVs which were produced within China.

Subsidy from Local Governments The municipal administration or city governments
are working with an EV-catalog which they themselves maintain. Independent
from the national subsidies, cities can set their own priorities. Shanghai, for
example, lists all NEVs, including PHEVs, while the city of Beijing just promotes
pure EVs with local subsidies. The city of Beijing borrowed the financial support
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E-range of EV National subsidy
2013 2014 2015 2016 2018 2020

≥ 80 km ≤ 150 km 35 33.25 31.5
≥ 100 km ≤ 150 km 28.35 25.5 23
> 150 km ≤ 250 km 50 47.5 45 40.5 36.45 33
> 250 km 60 57 54 48.6 43.8 39

Table 2.1: Subsidies from the Central government for BEVs in China 2013-2020; rounded
numbers; all numbers in 1,000 Yuan (Ministry of Industry and Informa-
tion Technology of The People’s Republic of China, 2015)

from the central government. The total amount which a buyer of an EV receives
is the same as the national governments subsidy. These regulations can be seen as
a kind of protection if they are applied only to locally produced vehicles. However,
customers can receive more than 60,000 Yuan in total for the purchase of an NEV
in 2015.

Registration Process Beijing’s government has established a competitive tendering
procedure for license plates because of the rapid increase of vehicles in recent
years (China Daily). To get a license plate for an ICE or NEV, all applicants have
to apply at the municipal government of Beijing which hosts a lottery draw every
second month. This regulation was implemented to deal with the huge amount of
passenger vehicles. BEVs form an exception in this process. As table 2.2 shows,
the chance to obtain a plate for an EV is much higher and incentivizes customers.
Other cities, like the city of Shanghai, hold an auction for all license plates.

ICE plates NEV plates

Private applications 2,012,497 2,420
Commercial applications 57,946 2,557

Private payout 20,195 1,666
Commercial payout 1,300 1,666

Private chance of success 1% 69%
Commercial chance of success 2% 65%

Table 2.2: Competitive tendering procedure for license plates in Beijing for April 2014
(Beijing Municipal Commission of Transport, BMCT, 2015)

All these subsidies are granted when the NEV/EV is locally produced and is equipped
with a special data logger (cf. section ”The Real-time-monitoring device” on page 78).
Subsidies for charging pillars or stations are not offered by the government. Unlike
in Los Angeles where subsidies for home chargers of up to $ 2,000 for the first 5,000
residential customers were assigned in December 2012 (Gallego, 2012).
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2.1.4 Demonstration projects

The initialization and promotion of EVs started with the government. China’s ambitious
efforts in this green industry sector came from two aspects. The first is the state funding
of local car producers and the second is the reduction of pollution in cities. To see the
technical limitations and to acquire experience, the national and municipal governments
have established demonstration projects. For a specific period of time a selected group
of people is allowed to use NEVs. Almost all projects are supervised by questionnaires,
monitoring or analysis by the government, universities or research companies. After
the operative implementation, the procedures and practices are transferred and/or
published. In the e-mobility field, the administrators in China established a number of
demonstration test projects in provinces, districts or cities. Below, the most important
projects are listed to give an overview. Thereby, the responsibility for these projects and
the development and enforcement of alternative fuel vehicle (AFV) policies are shared by
four ministries under the State Council: The Ministry of Finance (MOF), the Ministry
of Science and & Technology (MOST), the Ministry of Industry and Information
Technology (MIIT) and the National Development and Reform Commission (NDRC)
(Zhen et al., 2012). These institutions steer and monitor the demonstration projects,
recommend further steps and pass legislation. In the last few years, the laws were
more focused on the development of EVs than on the implementation of charging
infrastructure. The following paragraph summarizes the most important programs.

The 863 program, China’s most advanced technology research, development and demon-
stration program, was launched in March 1986 and has covered many technology fields
for the last few decades. Later, the MOST included the EV Key Project in the 863-
umbrella-program during the 10th Five-year plan (2001-2005). The General Office of
the State Council issued the Plan on Shaping and Revitalizing the Auto Industry in
2009, which set out a production target of 500 thousand EVs (including PEV, HEV,
and PHEV) and a 5% AFV share of all vehicle sales between 2009 and 2012 (Zhen
et al., 2012). In the same year, the National Energy-Conservation and Alternative Fuel
Vehicle Demonstration Program was launched by the MOF and MOST. This program
finally included plans to build a charging grid that supports fast charging of EVs and
the budget for public charging facilities construction (Ministry of Finance of the Peo-
ple’s Republic of China, 2009). The National Clean Vehicle Action HEVs, PEHs and fuel
cell vehicles (FCVs) were chosen as the major type of AFVs to deploy. All these projects
and programs force the development of mostly EVs and, in the last step, the production
and mass fleet tests, which peaked in the Ten Cities, Ten Thousand Vehicles program
in 2012. One thousand EVs each in at least ten metropolitan or provincial capitals
should be used as public service fleets, such as buses and taxis to get information, data
and experience of every-day usage (Zhang, 2011).

Other projects are focusing on limited areas such as single cities or districts. Worth
mentioning are the EV Zone in Shanghai and the taxi fleet in Shenzhen. The project in
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Figure 2.2: Fast DC charging stations for taxi fleets between two highways in the north
of Beijing; source: own research

Shanghai monitors and analyzes the data loggers from all private EVs in the north-west
of the city. This organization is emerging as a rental company for EVs as well as a
research center for the incidental data (EV Zone, 2012). The taxi fleet in Shenzhen
was established as a demonstration project with EVs by the manufacturer BYD and
the newly founded Pengcheng Electric Taxi Company in 2010. In contrast to the EV
Zone in Shanghai, the fleet was studied regarding their suitability for daily use. The
city of Beijing has advertised four districts where E-mobility is tested. In Yanqing,
Fangshan, Baodi, and Miyun, locally produced vehicles are used as taxis as well and
collect information and experience (see figure 2.2).

The Sino-German EV Charging Project (SGEVCP) is an international cooperation
between the Chinese and German governments as well as OEMs, grid companies,
technical support organizations like the China Automotive Technology & Research
Center (CATARC) and universities from both countries. The goals are the installation
of a trial public and private charging network, the preparation of guidelines for the
installation and the implementation of processes for the cooperation between market
players. A comprehensive analysis on customer requirements, infrastructure supply,
installation process, grid implications, regulation gaps, technical standards and sustain-
able business models has been examined to give an overview on the situation in China
(Deutschen Gesellschaft für Internationale Zusammenarbeit). Since some of the results
and outcomes are already published, this paper will make references to them in the
appropriate chapters.
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2.1.5 Section summary

China’s government has pushed and still pushes the topic of electric mobility by
monetary incentives for EVs. Demonstration projects in cities, regions and provinces
collect empirical data and analyze user behaviors. Though, in the last years the focus
was more on EVs than on the charging infrastructure. Time consuming standardization
processes and a change in strategy from battery swapping stations, from fast charging
with only Chinese standards to the implementation of international standards, blocked
the fast roll out of a nationwide charging infrastructure. Furthermore, an overall plan
for an e-mobility network is still not published. At least the license plate scenario is
exceptional in that more people are able to move by individual e-transport.
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2.2 Technical Aspects

The following paragraph gives an overview of the well-established common terms,
technologies and standards of charging hardware. Moreover, this section gives an
overview on how to connect an EV to a power supply station, what kind of technical
solutions are feasible and why these are necessary to operate a safe charging process.
Technical specifications play a key role in charging networks and these standards are
the foundation for compatibility between all EVs and charging facilities. Therefore,
the technical equipment is an important influencing factor for the implementation and
operation of a charging network - insofar that these regulations are default by the
Chinese government (cf. previous chapter). Next, the basic terms and principles of
electrical engineering are explained to give non-specialist readers a basic understanding
of the technical aspects in the field of EV charging.

First of all, charging devices are designed by private and state-owned institutions,
organizations and companies for different business models and operating strategies. As
e-mobility is widespread and has been developed in several countries with different
power grids, many different hardware devices have been designed and software solutions
have been programmed. Additionally, all of the parameters, such as current or voltage,
can be further adjusted for a tailored charging process and for diverse EVs. The
amount of these variables make an implementation of a network with one technical
solution difficult. Over the years, different solutions for the charging process have been
developed. Various methods were established and cover almost all use cases, business
plans and spatial conditions. In China, plugs or communication signals are not yet
fully standardized. This fact results in a complex charging system on the hardware
and software side. OEMs and customers are faced with many solutions and in the end,
this leads to parallel charging infrastructure. Lawson has summarized this situation as
follows:

On the one hand, national and international standards organizations
attempt to find definitive solutions to these issues, but there are so many
competing national standards. On the other hand commercial enterprises
attempt to leapfrog the competition by coming up with new and unique
innovative solutions to differentiate their offerings. (Lawson, 2005)

In general, the charging methods for electric vehicles can be divided into tethered
charging, also called conductive charging, as well as wireless or so called inductive
charging. The method of battery-swapping is another way to supply an EV with electric
energy (cf. page 29).

This paper deals with the most common and cheapest way to charge EV batteries:
tethered charging. This is also supported by political institutions in China (see section
”Demonstration projects” on page 14). A further distinction within conductive charging



18 2 Factors of Influence

Figure 2.3: An overview of the different power supply modes for NEVs

can be made between charging with alternating current (AC) and with direct current
(DC). Although AC charging is often considered slow charging and DC charging is
considered fast charging, both technical solutions can be operated with higher currents.
Consequently, AC charging can be as fast as DC charging in certain cases. But generally,
DC charging is faster because batteries are always charged with direct current4.

2.2.1 General Charging Information

First of all, the terms of charging station, charging pillar, charger, and charging location
have to be clear for the upcoming sections. A charging pillar is an electrical device
which supplies AC or DC electrical energy to an EV by using one or two cables attached
to the device. Some OEMs also call a private charging pillar a wallbox. In most cases, a
pillar can provide electricity to one or two parking spaces. Whereas, a charging station
is composed of several charging pillars and affords an opportunity to charge many
vehicles at the same time – much like fuel stations. Most of these facilities are operated
by a single organization and are frequently found in semi-public and public areas. The
on-board charger is built into the EV and performs the actual conversion from the
alternate current power source into direct current in order to charge the battery (Zeltner,
2010). Furthermore, the charger protects the EV battery from excessive voltage, current
and heat. The on-board charger is specially dimensioned for each vehicle (see the
charging cases on page 26) and is specific to the AC charging process. A charging
location can be a simple cable coming from a house hold socket. In this case, the

4For a charging process with DC no on-board inverter is needed, in contrast to charging with
alternating current. However, DC-charging also requires an inverter. It is just an off-board inverter.
For AC-charging an on-board charger is needed. Thus there is a method called "inverter charging"
using the power electronics of the e-motor. Latter is very rare due to high leakage currents.
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transmission of electrical power highly depends on the diameter of the cable and the
power electronics. Therefore, it is secondary if the cable is permanently attached to the
power supply, the vehicle or vise versa.

The term EVSE , or electric-vehicle-supply-equipment, is the physical and operating
infrastructure which allows electrical energy to be transferred to the charging socket of
an EV. EVSE can take many diverse forms. Examples include a charging station with
or without a permanently attached cable as well as a portable charging device whose
power supply is a regular household electrical socket. The portable device shares the
same safety and communication technology of the charging station by use of an ICCB
(in-cable-control-box). The ICCB is necessary if the EV is connected to a household
socket. In the end, the device serves as protection to prevent the car from surge (see
figure 2.4).

Figure 2.4: Zinoro E1 cable with ICCB (BMW Brilliance Automotive Ltd, 2014)

A classification into at least three different power levels has been made by the California
Air Resources Board in the United States. The standards in Europe are similar but
based on different existing power grid standards of the national electricity generating
utilities (Lawson, 2005). However, the levels reflect national regulations and became the
standards. In addition to these three power levels, rapid charging has been established
as a common term for the maximum power which can be physically transferred. The
following descriptions explain the standards.

Level 1 Based on the American ground household outlet with a voltage of 120V and
16A. The maximum power for level 1 is 1.92kW and allows broad access to charge
an EV (Nuzzi, 2010). It’s also the most simple charging process with household
power, single-phase alternating current and an ICCB (Botsford and Szczepanek,
2009).

Level 2 This is the primary and preferred method of EV charging at both private
and public facilities because it represents the best cost-benefit ratio. It requires
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special equipment and connection to an electric power supply dedicated to AC
Charging. The voltage of this connection is either 240 volts or 208 volts, the
current is 32 A. Level 2 electrical power stations have up to 20 kW of power from
either single- or three-phase alternating current. (Lawson, 2005) Level 2 charging
is also typically associated with overnight charging (Nuzzi, 2010). The lowest
charging level defined by the European Parliament is ”a charging process with a
power of equal or less than 22 kW can be described as a slow charging. Excluded
are devices with a power of less or equal to 3,7 kW, which are installed in private
households or whose primary purpose is not recharging electric vehicles, and which
are not accessible to the public.” (European Parliament, 2014-04-15)

Level 3 This fast charging method is the EV equivalent of a commercial gasoline
dispensing station and charges an EV a bit longer than it takes to refuel a
conventional vehicle (clearly it takes more than 20 minutes (rapid charging) so it
is not a bit longer than pumping gas. Because of individual supply requirements
and available source voltages, exact voltage and load specifications for Level 3
charging have not been defined as in Level 1 and Level 2. These power requirements
are specified by the equipment manufacturer (Nuzzi, 2010). The quick charging
method in the EU is ”a charging process with an electric power more than 22 kW.”
(European Parliament, 2014-04-15) However, the term should not be bound to
direct current due to the fact that alternating current with three-phase electric
power can be used for fast charging as well.

Rapid Charging The fastest method is a charging process with a direct current of 180
A and up to 400 kW. Charging times are reduced to 20 minutes (Elm EV Ltd.,
2014). Japanese CHAdeMO chargers represent a rapid charging method but are
not common in China.

Table 2.3 illustrates the different power levels. It should be considered that the American
method is based on the voltage (volts) and the European on the electrical power (watt).
Most public charging stations in Beijing are using Level 2 while most private charging
pillars in Beijing are using Level 1.

Level 1 Level 2 Level 3
1-phase 3-phase direct current

8 A 16 A 32 A 16 A 32 A 63 A
220 V 220 V 220 V 380 V 400 V 400 V
1.7 kW 3.5 kW 7.2 kW 10.5 kW 21 kW 41 kW 22 kW - 200 kW

Table 2.3: Difference between fast and slow charging methods with voltage of 220V

Charging pillar design is crucial for its utilization. Basically, a charging pillar consists
of four parts: the control unit, switches, a power inverter, a cable and, if applicable, an
AC/DC inverter. However, a charging pillar is not specifically needed. The combination
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of a power outlet, a modem and a cable are enough and can be seen as a charging
facility. Additionally, a user interface, a payment system and an Internet connection
are built into the devices. These gadgets are requirements for additional services, e.g.
software updates for the EV. This can be called smart charging. However, this term is
used widely in the field of E-Mobility. Many definitions, use cases and requirements are
linked to this phrase. First of all, smart charging is an intercommunication between the
EV, the battery management system, the charging station, the grid and the internet.
This intelligent system transfers electrical power and digital data between all devices.
The data interchange guarantees a stable grid as well as an allocation for charging times
or the cheapest electricity price to improve a sustainable, efficient, safe and user friendly
distribution of electricity for EVs. During a normal charging event the power supply is
charging the battery. This process is called grid to vehicle (G2V) and already becomes
a simple smart charging process when the back-end of the power supply calculates
the maximum current and voltage. The next step is the automatic calculation of the
optimal charging time. The start or end time of the process can be predefined by
the user. The most advanced technology is represented by the vehicle to grid (V2G)
technology. The EV would be able to feed excess capacity back to the grid if required
and necessary. This could be a possibility for a smart and decentralized energy storage
system.

The obstacle in the whole system is the grid transformer because the power of each
charger depends on the transmitted electric current and voltage. Thereby, the trans-
former can reduce the maximum power from the grid and convey less energy. The size
and quantity of the installed pins in the plug as well as the diameter of the cable are
further variables of the electrical power.

2.2.2 Charging Modes

The charging modes are similar to the power levels but define the kind of connection
between the socket outlet and the EV. The four modes are split into four distinct types
of installation and cover various applications as well as charging requirements. The
socket outlet is often placed in a charging station itself. If the socket outlet of the
EVSE is a house hold socket, an ICCB will be connected between socket outlet and the
EV. Household sockets provide alternating current as single-phase current and are used
for smaller household customers and installations. Most charging pillars provide this
kind of power for the end user. However, alternating current can be also transferred as
three-phase current for a higher power output. The following norms have been adopted
by the International Electrotechnical Commission (IEC). (International Electrotechnical
Commission, 2010)

Mode 1 Low power AC-charging method from a household socket-outlet is using an
on-board charger not exceeding 3.7 kW (16A) and 250V for single phase or 11
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Figure 2.5: Electric vehicle service equipment (EVSE) defined by the International
Electrotechnical Commission; this figure shows the charging mode 2 (Volk-
swagen Group China, 2012)

kW (16 A) for three-phase current. This mode has in-vehicle interlocking but no
electrical control and protection. The latter generates two potential risks. The
first is an increased risk of electrical fire because the cables and connectors have no
protective equipment. The second risk comes from the extension sharing a socket
on the main home electrical switchboard. This constellation risks drawing too
much power and tripping the whole circuit. Due to these points, a safe operation
is not guaranteed and not allowed in various countries, including China. (Johnson,
2015)

Mode 2 Low power AC-charging from a household-type socket-outlet with an integrated
ICCB which incorporates a shock protection device, earthing cable and uses an
on-board charger. Mode 2 is designed for up to 7.4 kW (32 A) with singe-phase
and 22 kW (32 A) for three-phase current and suffers the same voltage limitations
in order to avoid tripping. In-vehicle interlocking is installed for electromechanical
protection.

Mode 3 Level 1 and 2 charging use an EV socket-outlet with integrated control and
protection function as well as an on-board charger with power up to 14.5 kW (63
A) for single phase and 43.5 kW (63 A) for three-phase current. Normally, Mode
3 is combined with the connector Type 3 (EVConnectors Ltd., 2014). Mode 3
incorporates a dedicated circuit in the home, thus bypassing the circuit overload
problems Mode 1 and 2 encounter. Household appliances can be operated as
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normal with no repercussions during car charging (Johnson, 2015).

The Japanese charging standard CHAdeMO uses an off-board charger for fast charging.
The power supply cable is directly connected to the grid, thus the household circuit
is protected. It can be found almost worldwide (Lawson, 2005). Many OEMs have
equipped their EVs with CHAdeMO sockets to afford a fast charging solution before the
European standard was established in 2010. It is only designed for DC-current with up
to 62.5 kW (200 A) (CHAdeMO Association, 2014). The idea behind this standard is
based on the fact that no dedicated chargers in EVs are necessary. The current should
conduct without any rectifier in the charging pillar or the EV. By circumventing this
obstacle, the power-output has no effective limit. This Level 3 charging supplier is also
designed for smart charging, including a PWM-signal and a V2G feature.

Charging Types

The vehicle connectors are attaching the EVSE with the electric vehicle. These plugs
make a differentiation evident for the end customer and characterize the charging
method. The connectors are categorized by region and type of current (see figure 2.6).
Next to the AC plugs and DC plugs, the new combined charging system (CCS) uses
both kinds.

Figure 2.6: International standards and plug-in charging systems for electric mobility
(PHOENIX CONTACT, 2014a)

Type 1 Mainly designed by the Japanese Yazaki cooperation, this plug is used in the
USA as well as Japan and verified with the standard J1772 by the Society of
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Automotive Engineers (SAE) with up to 1.92 kW (16 A) for single-phase. This
specifications cover Level 1 and 2. The DC version provides up to 36 kW (80 A)
for Level 1 and 90 kW (200 A) for Level 2.

Type 2 The plug was invented by Mennekes which is the reason for it’s more common
name ”Mennekes connector”. It became the standard IEC 62196-2 plug for EVs
in the European Union and was designed from the beginning with the pulse-width
modulation (PWM) . (International Electrotechnical Commission, 2010)

Type 3 Also known as GB/T standard (guo biao for Chinese ”national standard” / T
stands for tuijian ”recommended”). This standard is designed for the Chinese
market and is similar to the European ”Type 2” plug, but features (male) pins
instead of the (female) plugs in the Chinese version. The AC-version is approved
and used by all EVs which are driving in China. The Chinese DC-version of Type
3 is designed with a mechanical locking system for preventing premature removal
during the charging process. An electric locking bolt and snap-in locking ensure
that the battery is charged safely (PHOENIX CONTACT, 2014b). However, this
standard is not classified as safe from European OEMs because of un-insulated
pins which can be touched by the user while they are working with voltage-carrying
parts.

Figure 2.7: Type 2 plug with labeled socket pins (Mennekes, 2011)

Figure 2.7 shows the functions of the seven socket pins of an European Type 2 plug.
The Chinese GB/T standard is almost the same, just with opposite pins. The functions
of the pins are as follows: If the plug is used for a three-phase charging process, the
terminals L1, L2 and L3 are reserved for the three alternating current phases. N is
the neutral terminal which is connected to the ground and carries current on normal
operation. For a single-phase usage of the plug L1 becomes the positive pole, whereas
N becomes the negative pole. The proximity pin PP is the signal to the EV and
checks through a voltage surge if the vehicle is engaged correctly to the power supply.
CP means control pilot and monitors the maximum output current by a pulse-width
modulation (PWM). Together with the PE-pin (protective earth), it closes a circuit.
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This electrical guard saves the battery from unregulated currents and covers the same
tasks as the ICCB. This communication system between the EV and the power supply
is a European-specific feature. The Zinoro E1 (cf. subsection ”The Reference vehicle:
Zinoro E1” on page 76), for example, needs a PWM-signal to start the charging process.
Other Chinese vehicles do not request this signal. This exclusion criterion is a huge gap
and results in charging options where EVs need a PWM-signal or not.

The international standard IEC 60309 which regulates the plugs, socket-outlets and
couplers for industrial purposes (see figure 2.8) is often used in households. This is a
standard application for electrical devices. However, the Chinese GB standard 2099.1
isn’t provided for EV usage, although the plugs and sockets are designed for electricity
with up to 690 V and 125 A (Rey and Lenferna Ltd.).

Figure 2.8: 2 mated 3P+N+PE industrial plugs and wall-mounted sockets (Barfod,
2006)

Charging Cases

The charging cases define the wiring between the EV and the charging facility. They
are specified in the ICE standard 62196-1(International Electrotechnical Commission,
2010). Figure 2.9 gives an overview of the cases.

Case A The connection between an EV and a AC supply network (e.g. a charging
station) utilizing a supply cable and plug which is permanently attached to the
EV. This case represents charging Mode 1 and Mode 2, see page 21.

Case B The connection of the EV to the AC supply network utilizing a detachable cable
assembly with a vehicle connector and AC supply equipment (on-board charger).
This case can be often found in the EU and utilizes the Type 2 connector.

Case C The connection of an EV to AC supply network utilizing a supply cable and
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vehicle connector permanently attached to the supply equipment. Only Case C is
allowed for Mode 4-charging (fast charging). Because this charging case is mostly
installed in the USA, the Type 1 connector is used. Based on the fact that the
cable is fixed to the supply network, it is susceptible to vandalism. For example
the cable can be cut off.

Figure 2.9: Charging connection case A, B and C

Charging Times

EV charging time is often an exclusion criterion for people who could buy such a vehicle.
Although charging during the night time is designated by OEMs and service providers,
most people are familiar with the short refueling process from ICE-vehicles at gasoline
stations. For the service provider of charging stations and the operator for commercial
EVs, charge times which become too long are unprofitable and wasteful. Figure 2.10
visualizes the charging time for a Tesla Model S. This physical effect occurs at AC and
DC charging stations. Table 2.4 gives an overview of charging times of some popular
EVs in China. Due to the fact that most charging processes use alternating current, it
is the battery size of the EVs which becomes crucial. For example, the BYD E6 has a
battery capacity of 61.4 kWh (BYD Auto, 2014) and the Tesla Model S has a battery
capacity of 60 kWh (Tesla Motors, 2014).
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Mode 2 Mode 2 Mode 3 Mode 3

6A / 220V 16A / 220V 16A / 220V 3 × 32A / 220V
1.32kW 3.52 kW 10.6kW 22kW
1-phase 1-phase 3-phase

Zinoro E1 18.2 h 6.9 h n.a. n.a.
BMW i3 13.6 h 5.1 h n.a. n.a.
Denza 34.1 h 17.3 h n.a. 2.1 h
BYD E6 41.7 h 15.6 h 5.2 h n.a.
Tesla Model S 64.4 h 24.1 h 8.0 h 4.0 h
BAIC E150 17.4 h 6.5 h n.a. 1.1 h
E-Smart 11.4 h 4.3 h 1.4 h n.a.
Hyundai BlueOn 10.6 h 4.0 h n.a. 0.7 h

Average 26.4 h 10.4 h

Table 2.4: Charging times for selected EVs available in China

Battery charging time depends on three key factors. The first factor is the electrical
voltage and current. The higher the current the faster the charging process. In China,
the voltage used in cities is around 220 V and the current for most AC charging pillars
is between 16 A and 32 A. Below 8 A, the charging process is not efficient anymore
because the internal resistance of the battery will become too high. The voltage is
subject to fluctuations especially in rural areas and is a reason for different charging
times.

Another important factor for the charging time is the battery size. The most common
term for the capacity is kilowatt-hours (kWh). It is a measure of the actual energy
content of the battery. It measures how much power (watts) the battery can supply
multiplied by the number of hours it can function before it runs out. Whereas ampere-
hours (Ah) is a measure of charge and multiplies current by time. When only an Ah
specification is given it shows how long a current can be taken from the battery until it
is empty. However, the bigger the battery, the longer the charging process.

The last critical parameter is the (outside) temperature. The battery charge is dimin-
ished by low temperatures because electrons exhibit decelerate reaction rates and the
internal resistance increases. To remedy this problem, battery packs can be heated in
winter and cooled down at high temperatures in summer. The energy to regulate the
climate is used either from the charging current which limits the charging efficiency or
the battery energy which limits the range of the vehicle. The charging mode (describes
the kind of cable and process, see above) and the charging type (kind of plug) have
more influence on the charging time than the charging case (usage of cable).
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Figure 2.10: As written on the Tesla website: Charging from 10% to 80% is quick
and typically provides ample range to travel between most Superchargers.
Charging from 80% to 100% doubles the charge time because the car must
reduce current to top off cells. Actual charge times may vary (Tesla Motors,
2015). This technical fact can be applied to most of the EVs in the market
if they are using DC charging.

Electrical grid

The stability of the electrical grid is essential for all kinds of electrical consumers. Partic-
ularly, the topic of EV charging is a subject of discussion. (Zeltner, 2010) (Zimmerman
and Bass, 2013) If all EVs on one street, compound or block are charging at the same
time, e.g. in the evening, a blackout of the grid is forecast by e-mobility opponents.
The apprehension of an ageing and not very advanced grid in older compounds could
not accommodate the high peaks during charging rush hours. The China Automotive
Energy Research Center at Tsinghua University (CAERC) simulated various charging
scenarios and studied the impact on the electrical grid in Beijing. They found out that
charging during different seasons, such as summer or winter, and charging at different
times of the day have no serious impact on the charging process.

It is evident that electricity consumption by electric vehicles is very small,
and it has no significant impact on the balance of power supply and demand
in either scenario. (Zhu et al., 2013)

The study involved between 50,000 to 200,000 EVs with a charging efficiency of 0.9, a
charging power of 4kW and a SOC-lift of 60%. This investigation explored a free, a
time-delayed and an orderly charging scenario. From their point of view, it is unlikely
that even a substantial amount of EVs could be responsible for an electrical shut-down,
even if all of them charge at the same time.
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Battery swapping

Although this method of energy supply is not part of the paper, a short paragraph will
give an overview of how it works. Battery swapping is a method to recharge EVs as
quickly as the refueling process for ICE vehicles. It was mainly invented and distributed
by the Israeli company ”Better place”. The Chinese government took over the idea
for a huge roll-out in China. However, the disadvantages of this system prevented
success. Generally, the idea behind a battery swapping station is the replacement of
the whole battery pack. This includes all cells, connectors and cables in the battery
box. After the EV was parked in an apparatus, a robot lifts the vehicle, and grappler
detach the battery box and put a new one into it. This process enables a quick charging
process for the user. On the other hand, a huge area and infrastructure is required
for this apparatus because all new batteries have to be stored. A much higher energy
consumption for the charging process in one spot exacerbates the search for a proper
location. In the end, it was this problem and two more reasons that basically put an
end to the system. Firstly, customers do not know if they get a physically new battery
or an old one which was charged. Secondly, OEMs had to design all EVs with one
battery size. Furthermore, the locking mechanism would predispose the EVs for crashes
or bumps on streets.

Summary

The technical issues highly influence the charging infrastructure. Plugs, connections and
protocols generate a huge diversity of variants and cases of application. A nationwide
standardization of this hardware and software is a governmental task. In the end, an
interaction of all devices and cases has to lead to a user-friendly charging application.
This also includes the payment and billing system of the charging stations. As long as
the Chinese standards are still under discussion, different systems have been rolled out in
parallel. The competition of commercial enterprises for their products on the one hand
and the Chinese government with standardization processes on the other hand involve
the danger of a slower market penetration and customer frustration. Today, private
websites list and check the charging stations in Beijing regarding their interoperability
for NEVs.
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2.3 Economical aspects

The economic perspective of the charging infrastructure is an important influencing
factor for the drivers of EVs, operators and stake holders as well. Generally, this field
of study covers the business models for charging facilities, the market players, the EV
market as well as the prices for electricity and the charging stations itself. The aspects
of profitability and total cost of ownership are subjects of many research studies but
all aspects have not, to this day, been analyzed together and in relation to each other,
particularly in combination with spatial aspects. This overview will list and introduce
the most important economic aspects for the charging infrastructure of electric vehicles.
An overview of the market and already existing solutions is not within the purview of
this research.

For some EV users the decision to purchase an EV are lower fixed or variable costs.
That is to say, the operation costs are lower because the price per driven kilometer is
lower than for ICE vehicles. On the other hand, the purchase of a charging station is
a huge investment. Here, the costs of AC charging stations are proportionately lower
than for DC stations. However, charging station operators and providers calculate with
a high workload on charging facilities in order to generate a high turnover.

This section deals with a rough overview of the economic aspects. This section is not
intended to generate a detailed business plan or calculate total costs of ownership, but
rather aims to list and explain the most important market players, factors and issues in
this field.

2.3.1 Identification of market players in China

Many different organizations, companies and authorities are participating in the charging
infrastructure market in various ways. Some are active and have direct influence on
the infrastructure, such as the customers or governments; others are passive and have
indirect influence on the market (e.g. by providing different gasoline or electricity
prices). Below, the most important stakeholders are listed with their position and role
in the EV charging market.

EV Users The drivers of EVs are the customers of the electricity providers. The
electricity prices can be crucial for users to decide whether to charge at home,
at work or at public places because the tariffs are dependent on the location of
the charging pillars (Li and Ouyang, 2011). The price for a kilowatt hour at
commercial buildings is much higher than at private households in Beijing. This
fact can have an influence on the driver’s charging behavior (Ma and He, 2008).
Price-conscious users might prefer locations with lower prices, even though the
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location is not convenient for their travel. At this point in time, the Chinese
government does not have any plans to incentivize the purchase of charging
facilities or introduce new price models for the charging station’s electricity.

Tariff Electricity rate

Tariff for heavy industry 0.65 - 0.7 Yuan/kWh
Tariff public parking spaces and
for the commercial/trade industry 0.85 - 0.91 Yuan/kWh
Tariff for households 0.47 Yuan/kWh

Table 2.5: Electricity Rates for Beijing (Beijing Municipal Commission of Transport,
BMCT, 2015). Private electricity is cheaper than industrial energy. The
price for charging an EV depends on the type of property at the charging
station. Consequently, charging at work is more expensive than charging at
home.

Special prices for fast charging options are already established in the U.S. (eVgo,
2014). For users who are using a third party’s charging network, the electricity
price for normal charging (charging with AC) is the same at all locations. This
means private charging at home costs the same as normal charging in public or at
a shopping mall. The electricity price for fast charging (DC charging or 3-phase
charging) is relatively higher.

Authorities National and local governments regulate the country’s strategy on e-
mobility, award subsidies and incentives, as well as steer the urban instruments
for an implementation and roll-out of charging stations and EVs.

Grid Operator The installation of charging stations is highly dependent on the grid.
The operator is responsible for the stability and final check of the facility.

OEM Car manufactures influence the market by the production of NEVs and the
decision on their battery-size. They also use their market power to implement
standards, technologies, business models and private charging stations.

Property Owner The property management office (PMO), the property management
agency (PMA) and the property owner approve the construction of charging
stations. Their role in the market is determined as a supervisor for the facilities.
However, they can become an operator and owner as well.

Parking Lot Operator The parking management provides the charging space, either
on public or private ground. The parking operator can also, but does not have
to, be the charging operator at the same time. In either case, an adaptation of
parking and charging fees is necessary.

Equipment and Service Providers The charging station operator/3rd parties are the
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actual connection between the user and the electricity grid.

2.3.2 EV market

Charging infrastructure is also highly dependent on the quantity, range and charging
time of different EV models, Table 2.6 lists the most popular EVs in Beijing and their
e-drive data. This overview illustrates the huge variety of technical specifications and
the important fact that not all of them can use the same charging solution. This
categorizes the EV market into various groups. For the end customer these groups and
the charging solutions are hard to comprehend.

OEM and
Model type

Battery
capacity

E-range Charging type

BAIC E200 25.6 kWh 150 km GB AC (no PWM) + GB DC
BBA Zinoro E1 24 kWh 150 km GB AC (PWM)
BMW i3 24 kWh 160 km GB AC (PWM)
BYD Denza 47.5 kWh 300 km GB/T
BYD E6 60.0 kWh 300 km GB AC (no PWM) + GB DC
Chang’an E30 24.6 kWh 160 km GB AC (no PWM) + DC
Daimler Smart ED 17.6 kWh 145 km Type 2 AC (3-phase)
JAC iev4 19.2 kWh 160 km GB AC (no PWM) + DC
Tesla Model S* 85 kWh 500 km all (with adapters)
Venuria E30 24 kWh 150 km GB AC (no PWM)
Zhongtai E20 19.5 kWh 120 km GB AC (no PWM) + DC

Average 33.3 kWh 203 km
* Tesla Model S also available with smaller 60 kWh battery
and an e-range of 375 km

Table 2.6: Most sold EVs in Beijing with charging related specifications

The charging time is highly dependent on the battery size of the vehicle (cf. subsection
”Charging Times” on page 26). Some OEMs are focusing on bigger battery capacity
whereas others have chosen smaller batteries to reduce the total cost of the vehicle as
well as the charging time. Both kinds of battery sizes have advantages and disadvantages.
Bigger batteries need longer to charge with alternating current and enable a longer
e-range. But if the charging procedure exceeds the parking time during night, the user
is reliant on other charging locations, e.g. public charging pillars, but preferably fast
charging. Or, alternatively, the user recharges longer. Smaller batteries, on the other
hand, are faster to charge and can even be charged with a normal household cable.
Here, a reasonable charging time of two hours can raise the e-range. However, EVs with
smaller batteries have to utilize chargers more often if they want to travel the same
distance as ICE vehicles. In this context, it is important to mention that DC chargers
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have higher investment costs than chargers utilizing alternating current. It does not
matter if it is for private or public charging.

Though this paper focuses on BEVs, charging infrastructure should also be available
for PHEVs. These kind of NEVs exhibit a smaller battery and a combustion engine
as a second power train. Consequently, PHEVs can be driven with an empty battery
as well. This engine concept removes range anxiety because the user has no need to
charge. An investigation into this topic is not available for Beijing but it is obvious that
PHEVs will have a different usage of the (public) charging infrastructure than BEVs.
Ultimately, various types of EVs are distinctly using a charging network. Frequency
and duration of each EV user are connected to the range and model type including the
charging type. This constellation can lead to profitable workload for charging facilities.
Good examples are the Smart ED and the Denza because of their different battery sizes
and their resulting requirements for a charging network.

Not every user really needs a fast public charging station. Map 1 on page 34 shows the
service area of three ranges outbound form the Sanlitun area in the north-east of Beijing
in the Chaoyang district. The map visualizes the e-range of 10 km, 25 km and 50 km
based on the road network as well as the road mileage and includes eventual detours.
The outline of the service area indicates the middle of the journey if the driver wants
to return to the departure point without charging. Trips inside the 5th Ring road are
almost fully covered and the e-range guarantees no charging for even two return trips.
All service areas can be interpreted in different ways. Firstly, the areas can represent
the battery sizes of the PHEVs. Secondly, they can represent batteries with a low state
of charge.

Regardless, the covering of almost the entire inner city of Beijing unveils the possibilities
of most of the NEVs. Of course, this map is showing the e-range just for one outbound
trip, and further trips need eventual additional charging events, but with one return
trip users can use an EV as a commuter vehicle inside Beijing. Charging stations would
extend the service areas and thus the e-range of the NEVs. But if the user has installed
a home charging facility for night charging, the covering of the inner city of Beijing is
no issue.

2.3.3 Business models

Business models (BM) for charging services are essential for the successful implementa-
tion of a charging network because the Chinese government opened the market and
does not insist on having a monopoly. However, the national grid companies, State
Grid and Beijing Grid, are the leaders in public charging stations. This is based on the
fact that these state owned enterprises (SOE) have easier access to public space and
can regulate the market e.g. by adjusting prices for electricity at charging stations. On
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Map 1: Service area around Sanlitun with a road mileage of 10 km, 25 km and 50 km.

the other hand, the private charging market is dominated by private companies. Most
pillars for home charging solutions are delivered together with the EV and are property
of the EV owner. From an economic view, this correlation leads again to a parallel
infrastructure because the customer has two different billing systems. To have a charging
network with the same access at everyone’s disposal, companies founded joint-ventures
or partnerships. This incorporation of OEMs, charging station manufacturers, parking
lot operators and electricity suppliers could start services to provide home and (semi-)
public charging under one roof.

Starting with private users and home charging, the point of profitability is influencing
the purchase of an EV. Economic comparison calculations with ICE vehicles and
,especially, with gasoline prices brings users to purchase an NEV. However, depending
on the battery size of the vehicle, different charging facilities can be selected for a home
installation. EVs with a small battery, like the Smart ED with a capacity of 12 kWh,
do not need a high power charging solution because the charging time is acceptable
even with a standard charger. Based on a cost-benefit calculation, EV-batteries with a
capacity above 50 kWh operate best with direct current (DC) chargers because these
facilities can provide the highest electrical power. But these chargers have the highest
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acquisition and running costs. DC charging stations are up to ten times more expensive
than AC stations and, because of the higher electricity flow rate, more money has to be
paid for electricity as well. These rough calculations are thus more necessary for public
charging stations (Schroeder and Traber, 2012). For these cases the operating hours
have to be higher than a private DC station to generate a turnover. Accordingly, the
amount and density of these high-power stations have to be well selected.

Figure 2.11: State grid’s public charging pillars: clearly evident are the two different
user interfaces and control concepts; source: own research

First of all, a distinction has to be made between the provider of pure public stations,
pure private stations and the companies which provides charging at home and in public
(Snyder et al., 2012). All of them can provide electricity for one car. At least every
EV is connected to one pillar, but a pillar sharing concept and interoperability by one
company is still rare in 2015 (ElBanhawy et al.). Generally, billing at charging stations
is feasible with different options. From the point of view of an operator who is offering
private and public charging facilities, some options are presented:

By Time The user pays e.g. per minute. Thereby, it doesn’t matter how much energy
is transferred between the charging facility and the EV. This option is similar to
the parking lots business model where the user is paying for the time he occupies
the parking space. The payment according to time is realizable at home and at
public stations. The software would recognize the connection of the plug and
starts to count. A credit system like ”Anytime Minutes” for mobile phones can
be copied for the charger customers.
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By Electricity The amount of kilowatt hours (kWh) is invoiced. This becomes a matter
when charging facilities are equipped with different cables which can transfer
different amounts of electricity. This model is similar to gasoline stations, where
customers pays per liter/gallon and get a fixed unit of energy for the vehicle.
Paying by kWh makes a comparison between the tariffs easier for the end user
as the grid companies offer daytime and nighttime tariffs as well as tariffs for
different locations. Furthermore, it allows the customer an easy payment with his
household electricity.

By Usage The payment observes how many charging stops the user has done in a
specific period of time. The duration of each single event or the quantity of
kilowatt hours are irrelevant for the price. Some operators are offering this
payment model with a limited amount of access to public fast charging stations
per week. The customer can order this package in addition to the home charger.

Flat Rate This payment model offers the customer an overall service to private chargers
and all kind of public chargers. The customer buys a subscription. Additionally, a
freemium model can be offered where users have access to (rented) home chargers
but have to pay for public chargers of the same provider.

These options are already implemented in some EV markets. Some operators distinguish
between home and public, as well as between fast and slow chargers. (Langezaal and
Bouman, 2011) As green energy is highly recommended for a sustainable usage of EVs,
customers can take out an option for it as well.

2.4 Conclusions of this chapter

The three influencing factors in this chapter illustrate the wide range of technical
possibilities and implementations into business plans. In doing so, the biggest political
restriction for charging infrastructure operators is on the still-open fast charging standard
and the fact that the public authorities do not promote the implementation of charging
stations, either private or public. It is to be expected that this political orientation
will not change in the next years. However, using payment and booking services allows
charging station operators and customers to cover a wide range of individual use cases.
In particular, the integration of smart phones with cashless payment transactions
enables an easy combination of home chargers with public and semi-public charging
stations for one user. This circumstance is essential for a further integrally thought-out
solution. With the addition that standards are unified, including the energy supply.
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This part constitutes another influencing factor but, because of its more important
status in this paper, it is presented in a separate chapter. Beijing’s unique geographical
structure and living conditions demand a closer look in the context of a charging network
built up. Examining China’s capital, the country-specific features related to the parking
conditions are analyzed in a more detailed way to show the difficulties which occur
when install charging stations.

3.1 Methodology of the Spatial Analysis

This spatial analysis deals with the urban geography of Beijing. With respect to the
installation of charging stations and charging pillars: the city’s structure, qualifying
points of interest (POIs), parking conditions as well as the land use are categorized,
evaluated and interpreted. After an introduction to the software tool, which was used for
the study, this chapter will give the reader a spatial overview of Beijing’s districts, city
centers and regions of interest (ROIs). Major sub-districts and important urban-areas
have been examined as well. The urban structure of Beijing will be used as a reference
and basis for the analysis of driving patterns later in chapter 4 (see page 69). POIs
which are related to the charging infrastructure are presented and discussed afterward
as well. Therefore, their density and frequency is examined for potential charging
locations. However, this study also tries to investigate potential locations in the form
of POIs or potential ROIs for a charging infrastructure, detached from the EV user
behavior in chapter 4.

As most of the charging process is done during the night, the locations of different
living accommodations and their corresponding parking conditions will be studied
as well. Gated communities, villas and the historical downtown of Beijing are the
main distinctions in this category. However, there also exist different types of gated
communities in Beijing. Particular attention will be paid to their parking conditions as
this data is urgently required. Additional information like location, quantity of parking
spaces in the parking lots, owner of the ground and type (under-ground, road-side, free
of charge) are essential for a comprehensive result in the field of private charging but
were not available.
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The analysis of the public parking conditions is done in the following section of the
dissertation. A rough spatial investigation of the 1.6 million public parking spaces
should at least find indicators like the distribution and density of potential parking lots
in the municipal area of Beijing. At last, the study of the existing charging infrastructure
for EVs in Beijing is part of this spatial analysis.

The usage of the Geographical information system

The analysis of the space in Beijing was done with the geographic information system
(GIS) ArcMap 10.2.2 from ESRI. The basis for the study is a detailed vector map of the
Beijing Municipality which includes 14 districts and two counties1. This area constitutes
the study area of this dissertation and represents the area of the most driving profiles.
To avoid any misunderstandings, the technical terms and phrases of ArcMap were used.
Especially names of tools and processes in the program are adopted to avoid confusion.

Figure 3.1: Layer structure of ArcMap [Esri]

Figure 3.1 shows the theoretical map structure of the software. The image base is like
a photo on which all layers are added. To these belong the POIs (points), the road
network (lines), areas like districts or communities (polygons) as well as the driving
profiles of the EVs and their further analysis. However, not all maps of this dissertation
are made by the author, e.g. map 2. All results are based on the accuracy and validity
of the vector maps. All geographical coordinates in this study are in decimal degrees
(DD). This also includes the GPS data from the data logger (see page 78). Layer,
Shapefiles and Feature Classes make use of the following reference system:

1The map data was updated in 2014
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Geographic Coordinate System: GCS WGS 1984
Datum: D WGS 1984
Prime Meridian: Greenwich
Angular Unit: Degree

Projected Coordinate System: WGS 1984 Web Mercator Auxiliary Sphere
Projection: Mercator Auxiliary Sphere

Table 3.1: Used coordination systems for the Layers, Shapefiles and Feature Classes

Because of the different scales and information, the structure couldn’t follow the same
symbols and colors for the same objects on all maps. The preparation of the maps was
based on readability and a harmonization of the colors. Therefore objects like parking
positions are visualized by different colors on the maps.

3.2 Urban Geography of Beijing

This section deals with the spatial analysis of the research area, which matches the
province of Beijing. Map 2 illustrates the province including the 14 districts and 2
counties within the municipal area of Beijing. This metropolitan area has more than 20
million inhabitants and is 16,410 km2 in dimension with an urban area of 1,368 km2

and a rural area of 15,042 km2 (Long et al., 2013). By the end of 2010, Beijing had
a total urban road length of 6,355 km which includes 263 km of expressways, 874 km
of primary roads, 652 km of secondary roads and 4,566 km of local roads. The total
road area reached was 93.95 million square meters and the road density was 4.8 square
meters per person (Ming et al., 2012).

The topography of the area inside the 5th Ring road is low and features no drivable
hills or mountains. Here the elevation is generally between 40-60 meters above sea
level. In the west of the city, the Beijing Xishan mountains covers the Fangshan and
Mentougou districts. The Yan Mountains with the Great Wall extend north of the sixth
Ring Road. Both mountain areas are riddled with scenic and tourism POIs. In total,
the mountain area accounts for 60% of the municipal area of Beijing. The topography
has to be regarded because it can affect the e-range of the EVs. However, later in this
paper, the climbing of hills by EVs will be ignored as long it is inside the sixth Ring
road. In the south-east, 140 km away from Beijing, is Tianjin Municipality, the fourth
largest agglomeration in China with a population of more than 14 million. The city
is not placed on the maps used for this study but represents a counterpart of Beijing
in respect to population and urban geography. Several highways and railway tracks
connect both cities and are the reason for a high quantity of commuters.
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Map 2: The urban geography strategy of the Beijing government: Two axis, two belts,
multi-sub-centers (Beijing Municipal Commission of Urban Planning, 2005)
This area reflects the area were the GPS data of the examined vehicles can be
projected on a vector-map in ArcMap.

Map 2 also visualizes the development strategy of Beijing. The north-south axis
represents the historical axis of the city. Since the 1978 master plan, the east-west
axis represents another new urban axis of Beijing. The two belts are the concept of a
municipal organization, comprised of an eastern belt focused on economic function and
a western best focused on environmental protection (Beijing Municipal Commission
of Urban Planning, 2005). The mountain area in the west will be exempt from heavy
industry and should become a green retreat area for the city’s residents. In the east,
economic and trade zones are found (confer map 4 on page 42). The rough commuting
flows within the municipality of Beijing can also be explained in this map as well.
Many people are traveling on working days between the satellite cities (here named as
”new towns”) and the inner city of Beijing. Beijing’s ROIs and sub-urban areas play
an important role in the landscape of the city because some of them have a specific
function or represent a cluster of similar POIs (Kulke, 2006) (Heineberg, 2006) (Ried,
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2013). To understand the driving and parking behaviors later in the paper, a general
spatial background provides information about the urban geography of Beijing. A more
detailed analysis is giving in chapter ”Alignment with the Spatial Surroundings” on
page 104. Generally, the accommodations as well as work places are distributed all
over the city. However, some areas represent a working area with a higher density
of offices. On the other hand, regions with more apartments can be an indicator for
less office places in a ROI. The three maps (summarized in map 3) show the densities
of accommodation, shopping possibilities and office buildings in Beijing. These three
categories were chosen mainly because Ma, Mitchell and Heppenstall, as well as the
SGEVCP, found out that these are the most approached POIs for drivers of passenger
cars (Ma et al., 2014).

Map 3: Clockwise, the distribution of accommodations, shopping possibilities and office
buildings in Beijing (Esri, 2014)
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Readily identifiable are the main areas of each category. Most of them are inside the
fourth Ring road, which covers an area of around 400 km2. The resident areas are
almost homogeneously distributed, but extend towards the north east. The shopping
possibilities, by contrast, are located on the west-east axis and north of it. The same
conspicuity can be found for office buildings. Both kinds of POIs are rare in the southern
part of the city. As shopping and office POIs are predetermined for semi-public charging,
this issue can become a matter when pure public charging stations are built. A closer
look at the area inside the sixth Ring road is illustrated on map 4. The location of
the most important and biggest ROIs in Beijing, including the official ”Central area”,
are highlighted. Whereby, the Central area’s fringe is the city boundary of Beijing.
Additionally, all train and subway stations are marked. The map serves to reveal the
distribution of these POIs because they have a high priority for charging infrastructure
and stand out from the rest of the city. Moreover, these POIs and ROIs represent
destinations for commuters and tourists. An intermodal charging and parking concept
can be established by connecting the railway and subway stations to the charging
network. As these POIs are already placed all over the city, an installation of charging
facilities would make sense.

Map 4: Main clusters and ROIs in Beijing

For a better orientation, the six Ring roads and expressways will be a marker instead
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of the districts and counties from now on. A division made by these roads simplifies
the further investigation of the city as well as the driving analysis because the six
concentric Ring roads in Beijing provide a basic framework for the city’s overall spatial
pattern and cut the city into four metropolitan regions which are surrogate for the
classic concentric zone theory. This theory identifies the transition zone, the working
class zone, the residential zone and the commuter zone, (Heineberg, 2006). These are
found in the inner center within the third Ring road, the outer center between the
third and fifth Ring road, the inner periphery between the fifth and sixth Ring road
and the outer periphery outside the sixth ring-road (Tian et al., 2010). However, as a
boundary inside Beijing’s municipal area the fourth ring road is predetermined for a
further cut. This can be explained by the fact that the undeveloped areas outside the
fourth Ring road are higher than inside and the quantity of residential communities are
higher within the fourth Ring road (cf. map 3 on page 41).

The structure of Beijing contains some important parts of the city (clusters). Most
of these clusters are located inside a district and assume a specific role in the city.
Two main kinds of clusters were worked out by Dang et. al.: manufacturing clusters
and social housing areas (Dang et al., 2014). The orange striped areas in map 4
accommodate the manufacturing sector, e.g. IT or heavy industry, and the service
contractors. In Beijing, three of these areas are located in the northeast, the northwest
and southeast. Therefore, the areas feature a higher density of these POIs. Industry or
service providers can be found in other areas as well. The social housing areas (yellow
regions) have a higher density of council housing in the form of compounds. They are
outside the fourth Ring road in the north, east and south.

To describe a more detailed spatial view of the distribution and frequency of the
POI’s, the four classic concentric zones by Tian are too big in size. Therefore, smaller
study-zones are drawn between each ring-road. As map 5 on page 44 in the appendix
shows, these zones reflect a cross-section, cover all areas in the municipal area of Beijing
and split Beijing into six parts instead of the four zones in the literature. This finer
breakdown is clearer with the scale of 1:60,000 giving an introduction to the urban
structure, the sub-districts and neighborhoods. The 57 km long study area starts from
the center of Beijing, the Forbidden City, and ends at the suburbs in the northeast.
It has a width of 4 km and covers a surface of 240 km2. The spatial analysis focuses
on three superior POI-categories which represent the most common destinations for
passenger car drivers (cf. table 4.6 on page 82): residential communities, office buildings
and shopping possibilities. Additionally, train, especially subway, stations are chosen to
show the density and distribution of public transportation. Social-demographic data,
as well as other POIs like hotels, hospitals and education buildings, are not visualized
for reasons of simplicity and map clarity. Parking lots are addressed in another chapter
(see page 47).

Hereafter, the most important and popular economic clusters (EC), densely inhabited
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Map 5: The six study-zones for an closer analysis of the POIs between the Ring roads
in Beijing

districts (DID) and core zones are listed and introduced. The accommodation, working
and shopping POIs are highlighted on maps to get an idea of the neighborhoods.

The urban geography of the inner city within the second Ring road accommodates the
most popular buildings such as the Forbidden City, Tiananmen Square, the Zhongnanhai
Government District, the Wangfunging shopping road as well as parks and the historical
downtown with the Hutongs (cf. page 61). The Beijing main railway station is located in
the eastern part of this area. Residential compounds, general stores and office buildings
are found near the second Ring road, especially in the west and east. Apart from this,
the center of Beijing is characterized by relatively low population density because of
the huge area of low story buildings. Concerning the charging infrastructure, some
stations and pillars are already installed in this region. Because of the high attraction
for tourists, the unique shopping facilities and high density of government institutions,
companies decided to start the roll out of their charging network inside the second Ring
road (see section ”Existing Charging Stations in Beijing” on page 64).

Map 23 on page 137 shows the area between the second and third ring-road in the
northeast and allows a closer look at a typical neighborhood. Compared to zone 1,
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zone 2 has a higher density of multi-floor buildings and residential compounds, general
stores, parking lots and office buildings. Subway line 2 follows the second Ring road
and forms the main transportation in this area. The main sub clusters are Beijing’s
Central Business District (CBD) at the Guomao in the east of the city, the finance
center on Financial Street at Jinrong Jie, the embassies area and it’s connected military-
guarded diplomatic residential compounds (DRC) at Sanlitun (Basic Beijing, 2015)
citepYang.2015.

The distance between the third and fourth ring-road is just 2 to 3 km and is denoted as
the first part of the outer city. Five expressways start from the third ring-road and travel
in all cardinal directions and subway line 10, the most frequented line in the Beijing
subway network, is built under the third Ring road (Beijing subway, 2015). These are
indicators of the high population density and the mixed land-usage in this area. The
Airport-Expressway to the International Airport outside the fifth Ring road and the
Airport-Express, a railway line, start from the third ring-road in the northeast. Because
accommodation, shopping possibilities and office buildings are located next to the third
Ring road, the features have the same density as the developments in zone 2. Especially
in the north and northeast of Beijing, the popular districts and sub districts mark the
landscape. However, the Haidian district in the northwest of Beijing, approximately
ten kilometers away from Tiananmen Square, accommodates a huge area for education
as well as information and technology. Attached is the Zhongguancun Science Park
(ZSP) which accommodates universities, the Chinese Academy of Sciences (CAS),
the headquarters of Internet companies, PC manufacturers and many multinational
companies. At last, the Chaoyang Park, beside the Olympic-green and the green area
around the Summer Palace, is one of the biggest undeveloped areas in the east of the
city.

The outlying suburb-districts of Beijing are located in zone 4 (cf. map on page 139). In
the northwest part of Beijing, China’s most popular universities, Tsinghua and Peking
University, have their campuses. Four major train stations provide the transportation
hubs for long distance trains arriving and departing Beijing. The Olympic Park, located
in the north between the fourth and fifth Ring-road, includes the National Stadium,
the National Aquatics Center and the National Convention Center. North of this area
is the Olympic Forest Park, one of the biggest green spaces in Beijing. Wangjing, one
of the social housing clusters, represents one of the major centers for new technological
companies. It also accommodates one of the biggest compounds and Beijing’s Koreatown.
Beijing’s smaller Nanyang Airport is located in the south of the city. Although half is
used by the military, it is also a hub for domestic flights. Farther south, a new airport
will be built and should be finished around 2020. The 798 District, a famous art district
in the northeast of Beijing and a main tourist attraction outside of the historical spots,
represents the most important modern art collections in the city. At last the Summer
Palace, the second center of attraction after the museums in the inner city, is located in
the northwest. It is also a retreat area for citizens.
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The area outside of the fifth Ring-road is officially labeled as the periphery of Beijing.
In the last few years, many subway lines connected this huge area to the inner city.
Today 15 train stations and over 70 subway stations ensure connectivity. The area
is characterized by scattered residential complexes and heavy industries. The most
important POIs is the Beijing Capital International Airport in the northeast, a workplace
and destination for many people. Around the area, a huge bordering industry has
settled down. The Beijing Economic-Technological Development Area (BDA) is an
official high tech industry park in the southeast of the city. The area includes businesses
from medicine, IT and electronics. (China Knowledge Online, 2015). Daxing, a district
in the south, accommodates some universities but, nowadays, is better known as the
location of Beijing’s new airport (see above). In the future, the world’s biggest airport
will be built in this district. Most of the single detached-houses, in China known as
villas, are located in the periphery. These communities are similar to the one with high
rises buildings, but are characterized by more open space (cf. page 60).

The sixth zone (cf. map on page 141), outside of the sixth Ring-road, is still part
of the metropolitan area of Beijing, but is basically a rural area. Smaller towns and
villages are connected by ordinary roads. During weekends and official holidays leisure
possibilities, like the forests, National Parks as well as the Great Wall, are used by
Beijing city residents. As a result, traffic jams and overcrowded parking lots at the
hot-spots are the rule.

In 2010, most of the districts were less than 3 km from both sides of the expressways.
Ji et. al. have found that there is a relationship between land cover, population and
building density and the expressways. Furthermore, these highways handle most of the
travel demand because five of them are directly connected to the third Ring road (Ji
et al., 2014). The subway stations in Beijing have a higher density inside the fourth
Ring road and cover this area. Four lines are following the expressways to the suburbs
and even connect areas outside the sixth Ring road to the subway network. The train
stations are mostly distributed in the west and on the west east axis of the city. Because
most people either travel on a highway or use the train system, a charging infrastructure
at these POIs and the above mentioned ROIs is advisable for a first time roll out. Even
if the workload of these chargers is low, visibility could be guaranteed.

3.2.1 POIs related to the charging infrastructure

The vector-maps for the municipality of Beijing comprise more than 380,000 POIs in 20
categories (see the whole list of categories in the appendix on page 156). Though, this
presorted categorization from the map supplier is just partly useful for an analysis in the
field of charging infrastructure because only a few are of particular interest to charging.
First, not all POIs are necessary for this study because, for this car related topic, a POI
needs a parking lot in the proximity. On the other hand, public parking lots are never
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a destination by themselves, but always connected to other POIs (e.g. a park or an
airport). Therefore, POIs with no relation to parking or a long idle time, like ATMs or
highway exits, are excluded. To analyze and structure the data concerning the density
and location of prospective charging pillars, a grouping by land-usage (necessary if the
price for electricity is in the focus), by property owner (if only one installation contract
is desirable) or by parking conditions (if a distinction has to be made regarding public,
semi-public or private chargers) can be helpful. A combination is appropriate because
some POIs are already predetermined for an installation. Due to missing data in this
field, the focus will be on the general POI category. Table 3.2 categorizes potential POIs
referring to the charging events. The classification is created from expert discussions
(see list of interviewees on page 135).

POIs for POIs for POIs for
public charging semi-public charging private charging

Recreational Convention centers Compounds
Culture Hotels Residence communities
Tourism Shopping centers Office buildings
Nature Malls
Health care services Supermarkets
Parking Restaurants
Gas stations Education
Subway stations Sport courts

(Embassies)
(Research institutions)

Table 3.2: Feasible POI categorization for a charging infrastructure

The three groups were borrowed from the definitions on page 8 and will be also used later
in this study for the parking analysis (cf. table 5.1 on page 112). This categorization is
applicable in every city because most of this POIs are everyday life destinations and
feature parking lots or parking possibilities in their direct neighborhood. A spatial
analysis regarding all of them can be valuable and helpful. Especially POIs which
belong to one brand name are of particular interest. The density and distribution of
the locations can provide information regarding eventual business plans. For example,
a supermarket or hotel brand can offer all of their charging facilities to a group of users
(cf. page 114).

3.3 Public Parking Conditions

The economic upturn in the last few decades and the fact that the urban residents in
total population has grown from circa 20% in 1980 to over 50% in the year 2012 have
substantially changed the cityscape. The current population density of over 23,000
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residents per square kilometer in the central area brings the demand for mobility for
everyone on a road space per capita which is half the size compared to New York’s.
(Ng et al., 2010) Most of the mobility is achieved by private cars (Rui and Quan, 2013).
As a result, Beijing’s private and public parking supply has had to rapidly increase
in the last years. In 2014, the city provided 6,143 million parking spaces and 6,156
parking lots in 17 districts (BMCT, 2014). In comparison with the total amount of cars
in Beijing, which add up to 5,58 million, such a ratio testifies to the huge demand for
parking spaces in China’s capital. Beijing Municipal Commission of Transportation
(BMCT) divides the parking conditions into six categories. The provider of the digital
vector maps, Esri, categorizes the parking lots into three groups. Table 3.3 gives an
overview of them.

Official categories Assigned parking Quantity Quantity
by BMCT categories by Esri of lots of spaces

Temporary roadside parking Curb parking 626 45,277
Parking under overpasses Public parking 31 2,759
Off-street public parking Public parking 1,111 21,667
Residential parking Reserved parking 2,629 962,357
Public facility dedicate parking Reserved parking 1,225 339,108
Parking on government ground Reserved parking 431 63,331
Other (P+R) Public parking 103 13,638

Total 6,156 1,643,141

Table 3.3: Overview of the parking categories and the amount of lots and spaces in the
Beijing municipal area in 2014

The three biggest groups (i.e. off-street parking, residential parking and public facility
dedicated parking) represent 80% of the lots and spaces in Beijing. However, these three
groups cannot satisfy the demand of all the privately parked vehicles anymore. The
installation of charging pillars and stations increases the demand additionally because
parking spaces with chargers have to (or should) be reserved for NEVs. Parking lots
occupied by ICE vehicles would make charging infrastructure unproductive . That is to
say, parking lots with charging facilities, either public or private, take current space
away. This general problem complicates the search for optimal charging locations (Xue,
2013).

Each kind of parking lot will cover a use case for drivers, e.g. for work, tourism,
amusement or home (Xiaolong et al., 2013). Thereby, the different parking lots should
be equipped with different charging facilities, depending on the parking duration or on
the location of the parking lot. Table 3.4 connects the official parking categories with
feasible charging types (cf. page 8) and serves as a first point of reference for further
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analysis.2

Official categories Assigned parking Feasible
by BMCT categories by Esri charging solution

Temporary roadside parking Curb parking Public charging
Parking under overpasses Public parking Public charging
Off-street public parking Public parking Public charging
Residential parking Reserved parking Private charging
Public facility dedicate parking Reserved parking Semi-public charging
Parking on government ground Reserved parking Private charging
Other (P+R) Public parking Public charging

Table 3.4: Feasible charging solutions for parking categories in the Beijing municipal
area

The parking market is growing. Most of the latest parking lots can be found outside
of the city core and most of them are off-street lots, not on-street parking lots (Rui
and Quan, 2013). However, if charging facilities are connected to one parking lot, more
parking spaces will still be needed inside the city core like in the Hutongs (see page 61)
or inside the third Ring road. The historical part of the city is just 12% as large as
that of the newly built-up area, but accounts for 25% of the total travel volume of the
entire city (Zeng et al., 2009).

Figure 3.2: Roadside parking near Sanlitun village on a Saturday

The category parking under overpasses means parking lots under the Ring roads in
Beijing. Although these kind of parking spaces are mostly used by public service
vehicles, the locations are optimal for charging. Some of these parking lots are already
equipped with DC charging stations for public vehicles. A shelter against the weather,
a central and convenient approach as well as easy access to the electric grid highlight
these areas in respect to charging. A consistent distribution of these Ring road parking

2This table was created from the interviews with experts.
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lots would enable the installation of public charging stations all over the city. However,
the POI mix in the neighborhood is still important in combining the charging process
with every day activities. This is because the walking distance between the charging
station and the final destination is not to be underestimated.

Figure 3.3: Parking space under the 3rd Ring road (left photo); public parking lot in
the Chaoyang district (right photo)

The Beijing Municipal Commission of Transport built parking lots with 5,000 spaces at
new subway stations in rural-urban areas (outside the Fourth Ring road). 3,000 spaces
for bikes were also built around all subway stations (Beck, 2010). An installation of
charging stations at these parking lots would change these Park & Ride parking lots
into Park & Ride & Charge parking lots. This enables an intermodal transport concept
for EV drivers in Beijing. However, new subway stations are most often built in the
suburbs of the city. Stations in the inner city do not accommodate parking lots, they
rather host bike rental stations. In April 2015, just one charging station at the end of
line 15 (northeast, outside the sixth Ring road) enables the charging of EVs and taking
the metro system for further travel. As mentioned before, the final destination or main
POI in the neighborhood of the parking lot, could be the subway stations.

Semi-public parking

Semi-public parking is equal to semi-public charging (cf. the three charging types
on page 9) and covers the places which belong to private grounds or state owned
public space but feature restrictions for access. Supermarkets, malls, hotels, airports
and theaters fulfill this requirement. Some of these locations limit the access by time
or by an access fee, though they guarantee a secured area with guards and CCTV
cameras. As most of the buildings in Beijing are equipped with an aboveground or
underground parking space, the semi-public parking option may become the most
common. Consequently, these parking spaces are predestined for charging stations.

Table 3.4 lists preferred locations for semi-public charging locations in Beijing. This
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Figure 3.4: Preferred locations for public charging facilities (SGEVCP, 2015)

inquiry was done by the SGEVCP and reflects the opinion of EV and non EV drivers.
Most prominent in this regard are the wishes to charge at shopping malls, office buildings
and petrol stations. All of them represent daily destinations for most of the drivers
who are driving an ICE vehicle. The highway charging option can be seen equal
to the charging stations under the Ring roads or at petrol stations. Those kind of
charging spots are providing on-the-go charging for EV drivers. Evidently, just 8%
of the interviewees prefer to charge at a show room of car dealers (4S dealers3). The
background of this question comes from an authority’s regulation to equip car dealers
with charging stations. There is one main reason for the unwillingness to charge at
these locations: Some dealers are far away from the inner-city and, because of this, the
POI mix and density in the neighborhood is not attractive for most of the drivers (cf.
map 9 on page 64). The inquiry also says that not all EV drivers need to charge at
these locations (as long as their home charging process is covering a daily trip). These
EV drivers are using only home charging or so-called destination charging locations for
their energy supply.

One of the main problems for semi-public charging locations is profitability. The strict
policy of parking prices exacerbates the profitability (Wang and Liu, 2014). From 2002
to 2010, the parking price in Beijing was 0.5 RMB/h outdoor and 2 RMB/h indoor (?).
Even under a marginal parking cost scheme, with a price potential increase of parking
incentives, each person will park for a shorter period of time. This allows more people
to use parking spaces, and subsequently increases traffic (Rui and Quan, 2013). On
the other hand, the low fees for the usage of the parking lot and the optional usage
of the charging station do not generate enough turnover. So much that it can’t even
cover the construction cost of the parking facilities. Street maintenance and sharing
with other modes of transportation makes it difficult for local authorities to make a

34S is a standard for special qualified car dealers by OEMs
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Figure 3.5: Challenging installation of charging facilities: Storage parking (left photo);
parking on the middle line of an end street (right photo)

profit and the willingness of parking facility developers is mainly based on the trade-off
between cost and benefit (Engel-Yan et al., 2010) (Zeng et al., 2009). This results in
unauthorized parking spaces, such as utilizing undesignated streets and sidewalk space
for parking. The occupation of traffic lanes, dead end streets and bicycle lanes for
parking became unavoidable. A stricter enforcement of policy would be an effective
instrument in limiting car use if every vehicle needs its own parking lot (Weinberger,
2012).

3.4 Private Parking Conditions

Living conditions play an important role for the charging network because people with
private access to charging stations are more likely to purchase an EV. First of all, the
general feasibility of an installation has to be ensured. Not all housing conditions can
provide parking lots, a sufficient electrical power supply or even (semi-public) space
– basic requirements for charging stations and pillars. Ensuing from the history of
Beijing, over the years different types of houses, quarters and even new districts give
a variety of installations and use cases for a private charging network. This chapter
takes a closer look at different kinds of accommodation in Beijing because the type of
the private charging system depends on the user’s spatial environment. Along with
the electrical grid in the household and the local distribution box, the kind of private
parking situation is crucial. Different parking types are connected to different housing
types and hence reflect different installation cases. The following section discusses
the architectural characteristics of accommodation in Beijing and list possible fields of
applications for private charging pillars.

The living conditions in China have changed rapidly in the last decades. Just 100
years ago the city of Beijing was made of small, two-floor stone houses with narrow
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alleys. Then, in the 1950s, the Communist Party and state owned factories built
multistory houses for their workers which were borrowed from the Soviet model. After
the Open-door Politics in the 1980s, private industries settled down in the big cities
and caused a building boom (Staiger et al., 2009). Based on the fact that more and
more people moved into the cities, more and bigger apartments were built. However,
individual motorized mobility had not grown in those years as fast as the real-estate
sector. This resulted in many private housing communities not having enough parking
lots for the current car population. These conditions create new challenges for the
charging infrastructure build up. All studies around the world start from the premise
that most EV drivers charge their vehicle during the nighttime at home (Benysek and
Jarnut, 2012) (Brand et al., 2012) (Dallinger et al., 2011) (Dong et al.). This fact
is independent from their parking conditions. Moreover, most EV drivers can cover
their daily trips by recharging the batteries with a home charger (Xu et al., 2013)
(School of the Built and Natural Environment Northumbria University). However, as
most of these studies are based on data from America or Europe where users have their
own parking space, the specific circumstances in China were, essentially, ignored up to
now.

3.4.1 Gated Communities

Most living accommodation in Beijing is gated communities (GC) . These housing
complexes are also called compounds (common term in China), Micro Residential
District (MRD) (Muench, 2004), small districts (SD) (Qiang, July 10-13, 2008) or closed
residential areas and have become a standard for modern living in contemporary China
(Qiong and Wei, 2012). American gated communities were defined by the sociologists
Blakely and Gail as

areas where only residents are allowed to enter. In these regions, usually the
public areas such as streets and gardens are only open to residents. These
areas are surrounded with walls, fences and gates. Residents and visitors
must be authenticated before entering these regions. (Blakely and Snyder,
1997)

Another definition is made by Grant and Mittelstaedt:

A gated community is a housing development on private roads closed to
general traffic by a gate across the primary access. The developments may
be surrounded by fences, walls, or other natural barriers that further limit
public access. (Grant and Mittelsteadt, 2004)

The density of compounds in Beijing is high. Map 6 visualizes the density and size of
some compounds in the Chaoyang district, while figure 3.6 shows typical compounds
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Map 6: Density and size of Compounds in Beijing’s Chaoyang district (Esri, 2014)

in China. Over the years, a wide range of housing types have been established in
Chinese cities. The following sub-section deals with their parking conditions in respect
to charging infrastructure.

Until the end of the 1990s, housing in Chinese cities had been mainly provided by
employers who built work units for the employees and local governments (municipal
housing bureaus). These ”Dānwèi” commune systems were mainly built in 1958 and
the pre-1979 eras (Logan et al., 2009). Those kind of buildings have few stories, no
elevator and a high density of buildings within the compound (Boland and Zhu, 2012).
During the years of construction, not many cars were registered in Beijing and parking
lots were rarely built around the Danwei compounds. The 1988 ”Rules for Parking
and Design of Parking Lots” set a national standard of zero parking space per regular
housing unit and 0.5 spaces per luxury or special unit. (Zeng et al., 2009) Entry-level
compounds can be found all over the city because they were built next to state-owned
factories or government institutions during the early socialist era. (Ma and Wu, 2005)
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Figure 3.6: Typical structures of Compounds in China (Wang, 2012)

Nowadays, most of them are not controlled by the city government anymore, but
have profit orientated PMOs. However, the Danwei compounds are still guarded and
surrounded by walls. The parking conditions are insufficient and not able to ensure
current standards and demands, even for the dwellers. Furthermore, the electrical grid
is outdated. Consequently, an installation of charging pillars and stations is difficult
due to missing space and installation problems.

High-rise buildings with up to 30 floors, parks and small convenience stores built from
the 1990s on are the most common type of compounds in Beijing now. (Minghing
and Xiubin, 2013) Up to ten buildings with the same architecture are allocated in
such a compound and reflect the economic growth of the country in a significant way.
Underground garages provide considerably more space for the residents and visitors.
Because of the existence of elevators, the grid conditions are enlarged compared to
the Danwei compounds. (Mak et al., 2007) The most advanced type of building are
the high-level or serviced apartments. This accommodation provides hotel like living
conditions. Blakely and Snyder also divided the compounds into three types: lifestyle,
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prestige and security zone. Another classification was made into social terms but this
division is not helpful in respect to the charging infrastructure (Hassenpflug, 2010) (Liu,
2014).

Housing type Households with
a private car

Location

Traditional residential area 13 % Within the 5th Ring road
Traditional danwei Compound 24 % Within the 5th Ring road
Reformed danwei Community 32 % Within the 5th Ring road
Commodity Housing Community 61 % Suburbs
Social Welfare Housing Community 46 % Suburbs

Table 3.5: Distribution of car ownership in different housing types (Wang et al., 2011)

Table 3.5 gives an overview of car ownership in the various types of accommodation
in Beijing. It is evidence that the higher the percentage and the newer the housing
type, the more parking lots are available around this accommodation. Wang et al. have
not listed bigger compounds inside the 5th Ring road but their investigation makes
clear that residents of communities in the suburbs have more cars than residents in the
inner city. This has an impact on two issues: This distribution can be an indication
for commuting flows into the inner city and the percentage of charging facilities in the
suburbs could be higher because more cars are located in these areas.

From the view of charging pillar operators, compounds are locations for private chargers
and semi-public chargers (see page 8). The latter because some compounds are open
for the public and make access for non-residents possible. The following aspects are
a guideline to select compounds by criteria. They can be seen as further influencing
factors as well.

1. The parking coefficient of a building provides information about the ratio of
apartments to parking spaces. If it’s lower than the factor 1, there are more
apartments than existing parking spaces. In that case, not all dwellers are able to
park their vehicle on compound ground but instead on public ground. Compounds
with a ration under 1 are not qualified for an installation of a charging pillar. This
is based on the fact that every EV should have its own reserved parking space
which guarantees 24/7 access to the charger.
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Figure 3.7: Parking ratio within the Compounds (SGEVCP, 2015)

Figure 3.7 shows that 70% of all compounds in Beijing do not have a sufficient
parking coefficient for a charger installation. This is mainly based on the fact that
most of the compounds are located in the inner part of the city. These compounds
are older and do not feature high parking coefficients.

2. The physical set up of the parking conditions gives information about charger
installation. Underground, indoor and covered parking spaces are optimal for an
installation of charging pillars. A shelter against the weather is convenient for the
user and keeps the facility clean, whereas a wall makes the installation process
easier because an underground construction is not needed. In Beijing, not all
compounds are equipped with an underground garage (see figure 3.9). Around
one third of real estate does not fulfill this condition. This is important to know
because the government prohibits a DC charging station underground in Beijing.

Figure 3.8: Private parking conditions in an entry level compound

The ownership of parking lots is very important for the installation and operation
of a charging pillar. If the dweller of the apartment has bought the parking space,
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the installation becomes easier because the owner does not need the permission
of the PMO and can personally decide on the installation. The dweller also can
choose between two rental models. One car is connected to one parking space in
the directional rental model, whereas indirectional rental means a share of the
parking lot and only guarantees a space inside the garage. Both models require
approval from the PMO and other residents for the installation of a charging
pillar.

Figure 3.9: Private parking conditions and ownership of the parking spaces (SGEVCP,
2015)

3. The location of the compound becomes an interesting factor for entry level
compounds (see figure 3.10). Due to the lack of parking lots inside this kind of
compound, parking lots in the surrounding area could be used for dwellers to park
and charge their EVs. Most of these compounds are located in the city center of
Beijing where public or semi-public charging facilities can be used if the parking
coefficient is too low.

Figure 3.10: Distribution of Compounds in Beijing (Esri, 2014)

4. The density and type of POIs around the building provide information about
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feasible fallback procedure if a charging facility can’t be installed. An analysis
of the neighborhood is necessary in this case. POIs related to the charging
infrastructure can be selected to offer further charging spots to the dwellers (cf.
subsection ”POIs related to the charging infrastructure” on page 46 and subsection
”The mono-centric region” on page 106).

5. If the building has no underground parking, the floor Area Ratio (FAR) gives
further information about the available space around the building. The FAR is
calculated by dividing the total area of all buildings - including all stories - or
structures on a lot (net area) by the total area of the lot it is built on (gross
area). A lack of open space means that public or semi-public parking lots in the
neighborhood have to be used. (The Ontario Plan, 2013)

6. The electrical capacity of the district’s or building’s distribution box guarantees
the power supply for the charging stations. The presence of an elevator provides
further information of whether a high voltage current is already available in the
building. This makes the installation of a high voltage charging station easier.

7. The availability of security features and barriers provide information if the charging
stations in the area can be used for semi-public charging. Furthermore, guards or
a parking management service can organize the charging process as well as the
payment process.

8. The amenities and facilities inside the compound, like the amount of the neigh-
borhood shops or kindergartens, can be an indicator for additional traffic to these
closed communities and thus generate potential charging events.

9. Furthermore, the index of persons per hectare (PPH) can be the decisive factor
in installing charging stations.

The check points above are rough criteria for a charging station operator. They will be
picked up later in this paper again in combination with the driving patterns of EV users
(see page 102). Characteristics of compounds are shared street infrastructure, private,
semi-private and communal spaces, functional need specific structure and a property
management company(Greive and Hon, 2005) (Qiong and Wei, 2012). Concerning the
charging infrastructure, these physically isolated areas represent other circumstances
and challenges than in, for example, Europe. In China, an important role is occupied by
the property management organization (PMO) and property management association
(PMA). As the management of the compounds deals with the street infrastructure and
facility management, most construction decisions are based on the willingness of the
PMO. However, some decisions are also be made by a neighborhood committee. (Ma
and Wu, 2005) The Sino-German EV Charging Project (cf. page 15) has found that
most of them have prejudices against e-mobility. Consequently, they do not support
the installations of charging pillars within their compounds. The reasons range from
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safety issues to financial concerns and general doubts. Pipelines, air conditions or other
equipment, as well as long distances between the charging pillar and an emergency exit,
are considered as hazardous. Furthermore, the covering of the responsibilities for the
installation and maintenance are not set, yet. Finally, most of PMOs do not see an
advantage of offering charging facilities to inhabitants.

3.4.2 Villas

The Chinese description and term for a villa defines a detached or semi-detached house.
These accommodations correspond to single-family houses in Germany or Europe. One
of their characteristics is private parking lots in triple or single garages next to the
building. This environment enables the easiest use case for the installation of a charging
pillar. Lo and Wang call compounds with these kind of buildings a foreign gated
community or a lifestyle community, where the villas are arranged in cul-de-sacs and
interspersed with abundant green space (Lo and Wang, 2013). Over 200 of these
detached houses can be organized in such a compound.

Map 7: Villas and Danwei communes in Beijing (Esri, 2014)

The amount and distribution of villas and residential complex buildings is shown in
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map 7. The lower density of villas inside the fourth Ring road is conspicuous, whereas
high-rise residential buildings can be found in this area. Again, charging locations
outside of the inner city can generate the demand for public charging stations downtown
if commuters are living too far away and the battery charge is not sufficient for the
way back home. However, as most of the villas are located inside the sixth Ring-road
and charging pillars can be easily installed, the need for a closer analysis for private
chargers is not evident.

3.4.3 The Historical Downtown

The Chinese characters ”hú tong” mean alley and the plural ”hú tongs” denote the inner
city of Beijing. The districts north and south of the Forbidden City can be seen as the
historical downtown. Hutongs refer to small stone houses which are connected to each
other. Four Hutongs form a ”Sì hé yuàn”. These districts are contorted and are crossed
with tiny streets as well as cul-de-sacs (cf. map 8). Although the downtown has open
access, narrowed lanes due to the construction exacerbate traffic flow. Private parking
lots like garages, underground parking or ground parking do not exist. Alternatively,
Hutong inhabitants use alleys to park their vehicles. Real public parking lots do not
exist and the rare public space is used by small vendors, as meeting points for dwellers
and as a lay down area. Therefore, a distinction between private and public parking is
blurred.

These structural conditions make the installation of charging stations a challenge. For
private charging infrastructure, a private charging station is connected to an assigned
parking space with a personalized wall box or charging pillar. On the other hand public
charging becomes more complicated because of the lack of open space. In this case,
private and public charging are mingled. Although the Hutong area is not gated and
is connected to public streets, daytime charging will be less frequent than in other
districts due to missing shopping facilities and offices where the users can work during
the charging process. The electrical wiring in these areas is based on the original
construction and has developed over the years. This means a high voltage energy supply
can’t be guaranteed for the charging infrastructure. The construction of charging pillars
within this area can only be done at selected points where there is enough space. So,
real ”infrastructure” is difficult to implement.

3.4.4 Conclusion of the section

Most of the compounds, (especially Dānwèi) in the inner city, can’t provide enough
parking spaces for all residents. This is the biggest problem in Beijing. Furthermore,
the gap between supply and demand is rising more and more because of the increasing
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Map 8: The Hutongs with small alleys, and the high building density. Kindergartens
are the only POIs beside accommodations and restaurants in this area

number of cars. The current private parking regulations provide a ratio between dwellers
and parking lots from 1:0.3 in the compounds. To defuse the situation the government
planned to change the ratio to 1:1 beginning from 2014. This confronts operators with
a new problem because, in most locations, the development can’t be changed anymore.
Xue has summarized the situations as follows:

Despite this rapid motorization, appropriate parking provisions have long
been overlooked. The city’s first ever minimum parking requirement estab-
lished in 1994 is still in effect today. The minimum mandates at least three
residential parking spaces be provided per ten dwelling units even though
Beijing’s current car ownership is about seven cars per ten households. On
top of poor regulation, adding more parking spaces usually means a higher
rent cost due to the increasing land prices. (Xue, 2013)

As a consequence, dwellers, especially from older compounds, are using public spaces to
park during the nighttime. This again exacerbates the situation in the public parking
lots. However, the installation of private charging facilities on accommodation grounds
should have the highest priority. Typical private parking conditions are shown in the
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figure 3.8 (see page 57). As these parking lots are not qualified for charging stations,
only villas have the best preconditions for a charging pillar installation, followed by
the compounds and the Hutongs. This stems from the undeveloped space around the
houses (cf. the FAR on page 59). Table 3.6 summarizes the parking situation in Beijing.

Type of parking lot Hutongs Compounds Villas

Parking space in residential building’s underground
garage

n\a partly available

Parking space in residential building’s ground
garage

n\a available available

Single garage detached from the residence n\a n\a available
Community garage detached from the residence n\a partly available
Single detached garage in residential property n\a n\a available
Garage, directly adjacent to the house n\a n\a available
Driveway to the house/courtyard, not covered available available available
Driveway to the house/courtyard, covert n\a partly partly
Carport n\a partly available
Duplex garage n\a n\a available

Table 3.6: General types of private parking lots
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3.5 Existing Charging Stations in Beijing

Beijing’s charging infrastructure already has a high quantity of stations and pillars.
However, due to different technical specifications, not all of them belong to the same
network. This yielded a parallel infrastructure which had been established over time
and now hampers the establishment of a customer friendly environment. As stated
already, the EVs in Beijing are distinguished into two groups: Chinese EVs which
support the Chinese fast-charging standards (GB/T) and those who do not support it
because of still open technical discussions (cf. page 23 where the technical solutions
are described). This split is found in the charging network as well. The main problems
are different plugs and software protocols, with the effect that one charging standard is
blocking the EVs which support the other standard and vice versa.

Map 9: Public fast and normal charging stations in Beijing

Map 9 illustrates all public charging stations in the province of Beijing. There are no
charging stations located in the north of the province or outside the central area (see
map 2 on page 40). The 53 charging stations consist of 133 fast (DC) charging pillars
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and 177 normal (AC) charging pillars and belong to different operators or owners4.
With the exemption of station at the Airport where 25 fast and 25 normal pillars
are installed, the ratio between fast to normal charging pillars is 2:3. For this study,
the public charging stations which can be used by the Zinoro E1 (introduced later)
are highlighted in the map in purple. These pillars are all installed on the ground of
BMW dealers or the Zinoro brand center. This situation is related to the fact that the
Zinoro E1 needs AC stations with a Chinese Type 2 plug and a PWM signal. Most of
the charging stations on the map belong OEMs and are placed on the ground of 4S
dealers. The installation of charging stations next to Ring roads and expressways is
outstanding. Some of these stations are even placed on highway parking lots or next
to highway junctions. However, some of these are on side-roads separated from the
highway and are not easy to reach due to the fact that the next highway exit is far away.
In general, charging stations are placed either next to highways or adhere to specific
POIs. Especially the chargers in the south of Hǎidiàn district (northwest of Beijing),
where most of the universities are located, are not placed near the Ring roads. Most of
them belong to the universities or were part of demonstration projects (cf. page 14).

Figure 3.11: Public charging pillars in front of a 4S car dealer in Beijing (left) and
Tesla’s Supercharger (right)

Not only these two plug-alliances are competing against each other, but also market
players like Tesla Motors have implemented their own standards. Tesla’s Supercharger
is exclusive for users of Tesla’s EVs. These fast charging pillars are designed as public
charging stations and should enable their users unrestricted movement. Because of the
high range of the Tesla Model S, a charging network made by just ten stations covers
the east coast of China from Beijing to Hong Kong. (Tesla Motors, 2015) However,
Tesla’s charging network in Beijing does not only consist of Superchargers. Some of
the six locations inside the sixth Ring road are equipped with normal AC chargers and

4Because of the lack of public information or contradictory reports, this map is based on the
EV charging management service platform for the city of Beijing, an official summary of all charging
facilities in Beijing. The geo-data and information are transferred into ArcMap by hand and
received all concentration of the writer.
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should ensure mobility within the city (see map 9 on page 64). This results from a
lack of space on the properties. Consequently, the charging facilities have to be moved
to underground parking spaces where the regulations from the local government take
effect. These prohibit the installation of DC chargers underground (confer page 10).
These public charging stations are an essential part of the company’s charging strategy
for customers. The huge battery capacity of 60/85 kWh does not allow a full charge
by alternating current with 120 V and 15 A during the night5. Drivers of the Model
S need a charging station with a direct current to fulfill higher SOC-lifts in a shorter
time. So, a complete exploitation of the e-range is limited by the low charging power
and the short parking duration of the vehicle.

Table 3.7 lists the POIs within a range of 800m around the six Tesla stations and the
six stations that are fit for the Zinoro E1. Firstly, the Tesla stations cover more than
twice the amount of POIs than the Zinoro stations. Outstanding is the quantity of
shopping, accommodation services and business related POIs between the two charging
networks. Although the five Tesla stations are inside the 5th Ring road and four Zinoro
stations are inside the fifth Ring road, the Tesla stations cover more than three times
the POIs. These setup sites are investigated in more detail on page 104.

POI Category 6 Tesla CS 6 Zinoro CS

Food and Beverage 852 447
Shopping 1,355 420
Daily Service 604 333
Sports Leisure Service 136 142
Health care services 123 83
Accommodation services 162 38
Tourist Attraction 38 2
Commercial/Housing 513 276
Government and Social Groups 263 136
Science and Cultural 237 116
Transportation 643 240
Financial Insurance Institutions 339 109
Corporate/Business 944 275
Public Facility 242 100

Total 6,451 2,717

Table 3.7: POIs around existing charging stations: Categorization of POIs within a
radius of 800m around 6 Tesla and 6 Zinoro charging stations (Esri, 2014),
confer map 9 on page 64

5The Tesla Model S can charge energy for a range of 6 km per hour with 12 V and 15 A. It can be
raised to 46 km per hour with a current of 50 A and 240 V or up to 92 km with a wall-box which
provides 20 kW.
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Street lamps constitute another solution for EV charging. In a pilot program, some
of the high voltage sodium lamps, which account for over 80 percent of the city’s
streetlamps, are equipped with a charging socket to connect EVs. If all sodium lamps
in the city’s six major districts are substituted by LED and 15% of them install the
direct current charging posts, Beijing would thus gain more than 30 thousand charging
points (Zhang Peng, 2014). This kind of charging does not make use of any EVSE,
offers 24/7 usage and covers all areas. A requirement for the driver is the obtainment
of a charging cable. However, apart from the charging network for cars, other stations
operate only with service vehicles like road sweepers or dustcarts. Yet another network
is set up solely for electric public buses. Most of these stations are battery swapping
stations and are managed by the local grid company. These stations are located under
overpasses in the suburbs or under the Ring roads (see photo on page 15). But these
are not the subject of this study.

3.6 Conclusion of the chapter

The goal of this chapter was the analysis of the spatial circumstances in Beijing regarding
the installation of charging facilities. Beijing’s urban geography and especially the
street net is orientated around the city center, although various regions of interest are
lined up along the Ring roads in the northern part. These areas mostly serve one
purpose: banking and finance in the west (Financial street), education in the northwest
(Haidian), the embassies in the northeast (Sanlitun) and the CBD in the east (Guomao).
These concentrations of the same category of POIs coin the subdistricts whereas the
districts itself have more of an administrative character. For a charging network, these
homogenous POIs generate starting points and destinations for commuters. However,
the parking conditions in these areas are more important because the charging pillars
are connected to this POI category only. Generally, the distribution and quantity of
parking lots is the key factor for public infrastructure. This is valid for private and
public ones. Drivers who approach POIs without parking lots, like ATMs or Danwei
compounds, avoid the surrounding parking lots (cf. chapter ”Guideline for a Charging
Infrastructure installation” on page 102). However, some areas, like the Hutongs or
areas outside the fourth Ring road, do not have this possibility. In these areas, the
POIs without a charging facility can be excluded from the destinations of EV drivers.
But, not all parking lots meet the requirements for the installation of charging facilities.
Grounded ones without a shelter against the weather as well as under grounded lots with
less lighting conditions are not qualified. Additionally, in Beijing, underground parking
lots are not qualified for DC charging because of safety concerns. These screenings for
subcategories are miscellaneous for cities and regions. For example, in flood-prone areas
the installation of charging stations can be generally forbidden.

Ultimately, the existing charging infrastructure of a city is an important criteria for
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further expansion. From only the spatial point of view, areas with a higher density of
(public) charging stations do not need more facilities as long as they are not in areas
where drivers make outstanding use of it. It’s outstanding that, in Beijing, there are no
public chargers installed in the Hutongs or in the compounds. However, the existing
network covers almost the entire city.



4 Behavior of EV users in Beijing

The user’s behavior is the second main influencing factor on the density and quantity of
a public charging network. In this section, the need for a public charging network within
the city is examined from the driver’s perspective1. The user patterns are essential for a
build up strategy, along with the spatial aspects and the technical circumstances. The
daily routine of the road users determines their routes to work, to shopping facilities
as well as to the leisure activities. These routine behaviors are especially recurring in
commuters (Gather et al., 2008). Most people do not change their behaviors as long as
they do not change their framework conditions, for example, a job change or relocation.
This is mainly based on explicit working times and the same destinations during the
week. Weekend traffic, on the other hand, is detached from these patterns. Destinations
change into non-routine locations and POIs like parks, tourist spots or leisure facilities.
Another pattern is forming amongst inhabitants of Chinese cities: People are moving
to other districts or neighborhood areas when their children reach a compulsory school
age to achieve a shorter commute to school. Therefore, a second apartment is rented
(Hecker, 2014-10-29).

4.1 The importance of user aspects on the charging
infrastructure

The user patterns of ICE vehicles drivers and EV drivers are not comparable in the first
moment. The shorter range and the longer charging time of the batteries inevitably
results in a different usage of the vehicle. Potential customers know these restrictions
and most of them also know their daily routes (Ahrend, 2011). These conditions result
in a situation where users only buy an EV when they can cover their daily trips easily
and without any disadvantages (Kley, 2011). However, to establish e-mobility, some
researchers assume that EV drivers have to cover the same distance and range as drivers
of ICE vehicles (Wu et al., 2013) (Zhang et al., 2011). So unreachable areas should
be equipped with fast charging stations to guarantee arrival. This solution can’t be

1An analysis of an inter-city charging infrastructure is not treated in this paper due to the missing
quantitative user data and digital maps
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implemented one-to-one because of the missing fast charging standard for the Zinoro
and doesn’t need to be implemented because users of EVs have the ability to reach
almost all of their destinations with home and night charging (UC Davis, 2011).

However, the field of user behaviors is wide-ranging and encompasses at least the driving,
parking and charging behaviors of different user groups who are driving different kinds
of EVs during a specific time frame (Bogenberger, 2014). This section deals with the
general travel behaviors in Beijing by approaching this subject with a literature review,
presenting the most common methodologies as well as findings in this research field,
and merging them with a case study.

4.2 Customer groups of electric vehicles

The question of who will buy the first NEVs is connected to the question of where
the first charging pillars will be installed. The early adopters, as these people were
called, are the first customers of NEVs during market penetration. These early adopters
represent different user groups and therefore different demands, behaviors and ideas from
those of the customers of e-mobility (Radtke et al., 2012). Industry and science have
categorized (potential) groups of customers to customize EV models, business models
and a charging network for the different needs and patterns. Figure 4.1 illustrates an
overview of the feasible segmentation of NEV customers.

The user groups are not distinguished from each other in different countries, although
the Chinese market stands out. The rapidly growing economy changes the life of city
inhabitants enormously. Most people have changed from bicycle or public transportation
to an owned car in the last few years. This transformation has had a big influence on
the daily behavior and usage of a vehicle and brings out more user groups than before.
This chapter is going to give an introduction to the user.

Wirges et al. have split the first customers by social-demographic criteria. (1) The
urban trend-setter (18-35 years old, highly educated, high-income, interested in new
technology), (2) the multiple-car family (already owning at least two cars, own garage,
highly educated), where the EV is used as a second car and satisfies the demand because
of the family composition and (3) the dynamic senior citizen (age between 60-75, owning
high capital). The usage of census data is another method in figuring out what potential
customers look like and where they live. Campbell has defined six variables (age, home
ownership, detached/semi-detached house, drives a car to work, car/van ownership
and socio-economic status) that allow the identification of buyers of alternative fuel
vehicles (Campbell et al., 2012). He has figured out that people in middle age, who are
homeowners, own a vehicle that they use to drive to work, and have a high status as a
result, are the early adopters.
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Figure 4.1: Different point of views enable the segmentation of potential NEV buyers

While the social-demographic criteria mostly describes private customers, different
kinds of companies can be customers of NEVs as well. Because in these cases more
than one vehicle is delivered, company car fleets become one early adopter, too. The
innovative fleet managers of companies or technology parks (wants a innovative and
environmentally friendly image for his company) (Wirges and Linder, 2012). This
classification is valid for China as well. Moreover, the role of the state represents a
separate user group. Electrified taxi fleets are an instrument to push this industry. At
the same time these fleets are consumers for the OEMs.

Another distinction is yielded between rented and sold NEVs. BMW Brilliance Automo-
tive (BBA) is only offering the rental model to its customers. Shenzhen BYD Daimler
New Technology Co., Ltd. (BDNT) and Dongfeng Nissan Passenger Vehicle Company,
for example, are distributing their Denza and the Venucia E30, respectively, directly to
the market. Depending on the needs of the customers, both channels of distribution
address different potential users. Even those without affinities to e-mobility could enter
the market, whereas predefined customer groups branch to ICE vehicles.

The early adopters mentioned by Wirges and Campbell also refer to BEVs. Along with
these groups, conservative ICE drivers could change to a NEV to optimize the yearly
costs of ownership. Consequently, in creating a background for a charging infrastructure
build up, all potential customers of NEVs should be part of the early adopters. This
includes drivers of BEVs with smaller batteries (20 kWh), larger batteries (60 kWh),
and even drivers of PHEVs (around 8-15 kWh). Their driving patterns are widespread
and must be included in the analysis, too. A characteristic of subsidized markets is
the fact that the spirit of a law doesn’t match the usage or result. Because of the free
license plate and the financial support of the government, PHEVs won’t be used in the
way that they were intended. Customers could receive the incentives for NEVs but not
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use the e-drive mode in the vehicle. Because these kinds of vehicles can be driven with
only the combustion engine, this results in a lack of demand on charging infrastructure.

A classification of early adopters is also possible by location. Potential EV customers in
China live in the city, it’s suburbs or an agglomeration area. Countryside regions with
smaller, remote villages are not the focus of OEMs or the local authorities. The reasons
are a lack of grid infrastructure, the missing service dealers and the short e-range of
the vehicles. Exceptions are demonstration projects established by the government.
Company fleets, state owned enterprises (SOE) or taxi fleets were converted into NEVs
when they were used in a spatial limited area. However, commuters living in the suburbs
are an advertised user group for BEVs, although they do not match any of the criteria
above (Kane, 2014) (Honda Worldwide, 2012).

In the end, two main groups of customers represent the users of public charging pillars.
Firstly, the customers of NEVs who are buying a NEV or those who conclude a long-term
rental contract for a NEV. Both groups know the technical specifications of the vehicle
and their daily routine. Their charging locations are determined before the purchase.
This group also includes customers who use a NEV as a second car. Secondly, customers
of rental companies, who are driving a NEV just for a few hours or days, as well as
driver of company cars that are shared within the enterprise. The need for a public
charging infrastructure is significantly higher because these two groups have never dealt
with e-mobility before. Some of them will use a NEV out of interest, others by chance.

4.3 Methodology of the user behaviors analysis

The analysis of user behavior of users of electric vehicles is based on GPS data and
data logger data (see section 4.4.2 on page 78) coming from the electric Zinoro E1.
This not only allows the study of the trip meter, the vehicle’s speed and the point of
time where the route starts or ends (first part), but also the parking behavior including
the duration of each stop between two routes (second part) as well as the charging
and discharging behavior of the EV by analyzing the specific features like the state of
charge, charge cycle and charging period in combination with the time (third part).

Table 4.2 on page 75 summarizes and shows the four-step-structure and the various
academic issues in the form of research questions. However, all this data gives informa-
tion about the behaviors and actions of the driver and the vehicle. Most data from the
study is split into a daily, weekly and a weekend analysis and is the basis of further
spatial investigation in this paper (see also page 37). For this analysis, the data of 60
EVs is used.

For the study of their behavior, the selected users had to fulfill different criteria to



4.3 Methodology of the user behaviors analysis 73

guarantee the comparability between each other and generate usable data. The different
user groups are listed in table 4.4 on page 78. This subdivision enables a view from
different perspectives and allows the comparison of the different behaviors and demands
of various user groups. In respect to a charging infrastructure, the usage of different
user groups at different times and locations completes the overall perspective and
compensates for the use of one vehicle model.

1. The time window of the study was from April 13th, 12 AM to April 26th, 12 AM
2015. This recording period covers two weeks, including two weekends (CW 16
- 17). The studied user should drive at least 10 days to receive representative
results.

2. All vehicles feature an average growth of 400 km in the mileage indicator during
the recording period.

3. To ensure that drivers experienced a learning curve (see below), daily rental
vehicles are excluded from the study.

4. The radius of action is the Province of Beijing. This restriction had to be made
due to the GIS vector maps which only cover this region. Zinoro, which fulfills the
above criteria but is located in Shanghai, Shenzhen or Shenyang is excluded from
the spatial analysis but is still studied in the statistical analysis to get more data.

Not all end-users of the vehicle can be determined if the EV belongs to a rental company.
Due to the fact that most Zinoro vehicles belong to an intermediate dealer and the
small overall amount of vehicles, all vehicles are analyzed in one group. A user group
differentiation is not valuable in this case.

The term learning curve of EV drivers denotes the change in driving attitude. Out of
the MINI E study, drivers of electric vehicles need a period of approximately six weeks
to get to know the vehicle and adapt their driving style to battery-powered cars. The
drivability of ICE vehicles is different due to the power train and gearbox as well as
range and refueling time. The familiarity with the EV can be measured by comparing
the distance covered per day and distance covered between two charging processes.
Expectedly, these parameters will rise while the quantity of charging processes per week
and the consumption of kWh per 100 km will decrease.

The database for this software is the RTM log files that each vehicle sent to a server
in a sequence of 10 seconds. By picking up a monthly report in Excel format, the
actual analysis was done by the free program called QlikView (Qlik Technologies Inc.,
2014). This multi-dimensional database is memory-based and allows the combination
of different kinds of data. By selecting attributes (e.g. in this case the time or VIN),
tables and charts can be visualized by using expressions and definitions. These codes
are put in the subsections to match them with each academic question, whereas the
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source code (script) for the whole analysis is listed in the appendix (see page 155).

Table 4.1 lists all used terms and attributes of the EV analysis. The definitions have
been chosen with a simple and effective creation of a program-code in mind. The
definitions are as close as possible to the actual EV usage and reflect reality. The
minimum duration for a stop as well as the minimum speed for a route are included to
guarantee suitable data and exclude faulty measurements recorded by the RTM.

Term Attribute Definition

Interval Morning: 6 AM - 12 PM
Afternoon: 12 PM - 6 PM
Evening: 6 PM - 12 AM
Night: 12 AM - 6 AM

Charging Process Charging\Discharging status: CHARGING
Gear position: P
Vehicle speed: = 0 km\h

Stop Gear position: P
Vehicle speed: = 0 km\h
Duration: ≥ 5 ≤ 30 minutes

Parking Gear position: P
Vehicle speed: = 0 km\h
Duration: ≥ 30 minutes

Trip Gear position: D
Vehicle speed: ≥ 2 km\h
A track can include many stops,
but ends with a parking event

Table 4.1: Defined terms for the RTM analysis; a further subdivision of the parking
process can be find on page 94

The visualization of the RTM data is based on the QlikView results in the form of excel
tables. The geo-processing tools in ArcMap and the database in ArcCatalog again,
refer to these tables.
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Driving analysis

1. How many kilometers the drivers travel per day?
2. How long is the duration of the track traveled per day and per vehicle?
3. How far is the distance of the longest, shortest and average track

distance traveled per day and per vehicle?

Parking analysis

4. How often a vehicle is stopping per day?
5. How often a vehicle is parking per day?
6. How long a vehicle is parking per day, week and weekend (parking

classes, cf. table 4.9 on page 94)?

E-drive analysis

7. Whats the average Start-SOC at the beginning of the first track of
the day?

8. Whats the minimum, maximum and average Start-SOC at the begin-
ning of each track?

9. Whats the average End-SOC at the end of the last track of the day?
10. Whats the minimum, maximum and average End-SOC at the end of

each track?
11. How big is the average ∆ SOC (electrical consumption) per day and

track?

Charging analysis

12. How often the user charge the EV and per week?
13. How long is an average charging process?
14. What is the average SOC growth per charging process?

Table 4.2: Methodology and research questions for the analysis of the user patterns
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4.4 Initial conditions

This section deals with the analysis of EV user behavior and represents one of the main
parts of this dissertation. As a quantitative study of driving, parking and charging
manners of real users of electric vehicles within a period of one month in Beijing, this
data constitutes a novelty by visualizing them on maps and combining them with vector
data. First of all, the frame conditions of the assessment are listed and described. Then
the vehicle, user groups and technical equipment, the methodology as well as the fault
analysis require particular attention.

4.4.1 The Reference vehicle: Zinoro E1

The EV used for the field test is the Zinoro E1 (see figure 4.2). It is a pure BEV
and a product of the Joint Venture BMW Brilliance Automotive Ltd. (BBA) (BMW
Brilliance Automotive Ltd, 2014) The car has an electrical range of 150 km and a battery
capacity of 24 kWh. A GB/T type 2 socket is built into the vehicle and allows charging
currents of up to 16 A. Fast charging with direct current, as well as fast charging with
three-phase current, are not feasible with this EV. All Zinoro E1s have the same battery
pack and electronic components installed, which simplifies a comparison between the
vehicles.

Figure 4.2: The Zinoro E1 from BMW Brilliance Automotive Ltd.

One feature of the E1 is the energy recuperation. By transforming the kinetic energy
of the vehicle into electrical energy, the electric motor becomes a generator during
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braking. This procedure is not recorded as a charging process in the data logger (see
the subsection ”The Real-time-monitoring device” on page 78). A recuperation during
driving with the gears position D is treated as discharging. A pure coasting mode,
which means the electrical motor is disconnected from the axis and the vehicle trundles,
is not possible. Instead, a one-pedal-feeling affects the driving. After removing the
foot from the accelerator pedal, the vehicle immediately slows down. These design
specifications are reasons for the driving attitude change in drivers who are used to
driving an ICE vehicle in the past. The battery capacity in the EV represents a state
of charge (SOC) in percentage points (0% is an empty battery; 100% is a full battery).
If the SOC falls under 30%, the driver gets an optical warning; if it falls under 10%,
the driver gets another acoustic warning.

Attribute Value

Doors/Seats 4/5
Luggage capacity [l] 306

Engine Electric motor
Maximum Performance [kW/hp] 125/170
Maximum Torque [Nm] 250
Charging Time (up to 80% SOC) [h] 7,5 (at 16A Wallbox)

0-50 km/h [sec] 5,5
Top Speed [km/h] 130
Range [km] 150

Table 4.3: Product data sheet of the Zinoro E1. (BMW Brilliance Automotive Ltd,
August 2014)

The business model for the Zinoro E1 is a pure rental distribution to private or
commercial customers. Most rental companies offer contracts for daily rental or long
term rental with a time frame of one, two or three years. But not all rental companies
have these kinds of contracts. Others have their own distribution models for their
customers. A clear subdivision of the customer intra-market of the rental companies
was not feasible. This constellation is unfavorable because it is not possible to generate
different user groups. However, some rental companies have focused on short term
rental models (days and weeks); others focused on long term rental models (months
and years), confer to table 4.4. Attention should be paid to the fact that drivers are
only consistent for long term private customers. This fact cannot be guaranteed for
commercially used vehicles because the drivers could change inside the company (in
this case the end user). Considering the market launch of the Zinoro brand and product
in 2014, brand awareness was not established in the beginning. This had impacts on
user groups as well because mainly market mavens know the brand. However, the first
Zinoro users reflect the early adopters, like technology-affiliated customers (see section
”Customer Groups of Electric Vehicles” on page 70).
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User group Quantity

Private long term 3
Commercial long term 11
Commercial short term 46

Total 60

Table 4.4: User groups of analyzed Zinoro E1 driver; all rental cars belong to local
rental companies in Beijing

4.4.2 The real-time-monitoring device

The real-time-monitoring device (RTM) is the government’s requirement for all sub-
sidized EVs in China. The aim of this device is the tracking and observation of the
vehicle’s usage. This includes all vehicle data as well as battery-specific data. The user
is informed about the installation in the car within the purchase contract. For the
government, the RTM device has two advantages: The battery and vehicle specific data
serve to develop new generations of EVs and the overall amount of data can be used for
a traffic analysis in the each respective city.

Figure 4.3 shows the main components of the system. Immediately after switching the
vehicle on, the CAN logger taps the signals every 10 seconds off the BUS-system and
the integrated SIM card transmits the data to an antenna. Via a UMTS signal, the
data is sent to a database server. A LED-box in the windshield displays the status and
function of the RTM. Although this technology allows live tracking of the vehicles, this
study is based on retrospective user data. The RTM data are not connected to the
driver’s personal data.

The RTM-signals used for this study are listed in table 4.5. These signals are listed
in the Excel sheets, which are the data basis for QlikView and further processes by
ArcGIS.

There are four gear positions in the Zinoro E1’s automatic transmission which are
visible and feasible for the user: P for the parking gear, D for the driving gear, R for
the reverse gear and N for neutral. In addition to these four positions, the RTM device
sends a fifth signal called 6. It is generated when the CAN-Bus-signal2 is invalid and
no other gear position (P, D, R or N) is engaged. The signal 6 always occurs after the
parking gear P and is a precursor for the sleep-mode of the whole vehicle. Furthermore,

2A CAN Bus is an internal message broadcast system in a vehicle. In a CAN network, many short
messages like temperature or RPM are broadcast to the entire network, which provides for data
consistency in every node of the system. (Texas Instruments, Incorporated)



4.4 Initial conditions 79

Figure 4.3: Real-time-monitoring device (RTM) for the Zinoro E1: (1) CAN logger with
GPS receiver, mobile connection and battery, (2) Antenna and (3) LED-box

the engine is off and the vehicle is locked. After charging, when the SOC has reached
100%, the vehicle needs 12 minutes to activate sleeping mode and the RTM device needs
3 minutes to go to sleep. This time is defined as 6 in the database. After 15 minutes
the vehicle is in sleeping mode, does not generate any more signals and the RTM device
does not emit anything. When the car is next turned on, the system switches to P as a
first task.

4.4.3 Fault tolerance

The results of the user behavior analysis depend on the precision of the technical devices
on the one hand and human faults on the other. The following overview lists all possible
error sources and their effects on the result.

GPS Breakdown The signal of a GPS device is subject to variations. Especially in
downtown Beijing with its skyscrapers, underground parking lots and tunnels,
the signal can be interrupted for an indefinite period of time. This breakdown
results in invalid tickets, which indicate 0 for the geographic coordinates.

GPS Deviation The RTM device generates the longitude and latitude signal as decimal
degrees coordinates with a six decimal places after the comma (e.g. 121.164922
East, 31.282014 North). To minimize the fluctuation, QlikView rounds after five
decimal places after the comma. Whereas a value in decimal degrees to a precision
of 6 decimal places is precise to around 11 centimeters at the equator; a precision
of 5 decimal places is precise to around 1 meter at the equator.
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Signal Unit Explanation

Serial number numeric Automated sorted signal
number

VIN number numeric Vehicle identification
number

Acquisition Time [mm/dd/yyyy] [hh:mm] Date and time of the
recorded signal

Longitude Decimal degrees GPS position
Latitude Decimal degrees GPS position
Mileage Kilometers [km] Aggregate number of

miles traveled
Gear position D, P, R, N or 6 Automatic transmission

modes
Vehicle speed Kilometers per hour [km/h] Vehicle speed, not tapped

from the GPS device
Charging Status Charging/Discharging Indicates if the battery is

charged
SOC Percent [%] Battery status
Air Temperature Degrees Celsius [ ◦C] Measurement for outside

temperature

Table 4.5: Used signals from the data logger

Measuring Inaccuracy of Sensors As all sensors in a vehicle can be susceptible to
defects, an unlikely possibility for incorrectly measured values is generated all the
time and can influence other devices and generated data.

Transmission Failure of the Data Signal The RTM device uses a stationary SIM card
which sends the signal via telephone frequency to the server. Incorrect settings or
radio interferences can be potential software sources of error. Defective wiring or
mechanical damage are potential hardware faults.

Programming Error in QlikView The source code of the analysis tool is listed on page
155. Although the code was written with accuracy and was tested with small
values and verifiable outcomes; transposed numbers, logical mistakes or error
propagation to the nested levels can’t be excluded.

Visualization in ArcGIS The visualization technology in a geographical information
system like ArcGIS is diverse. This also holds for the visualization of classification
methods. For example, the three traffic-light colors indicated critical values which
are based on personal experiences; such called geoprocessing tools like Kernel
Density or a buffer are subjectively selected for a better presentation on the map.

Quality of Maps The maps in this study include the vector-data and a base map of
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Beijing from 2014. This includes all kinds of points (POIs), lines (streets) and
polygons (areas and grounds). All data was purchased from an official vendor,
but this makes no claim of being complete.

Interpretation of Results The retrospective analysis of the data during a short time-
frame is not representative. This snapshot allows a basic orientation of the user
patterns.

4.5 General travel patterns in Beijing

The quantity of charging pillars and the demand for public charging infrastructure
is mainly based on the user patterns of EV drivers. Next to the battery size and
the resulting e-range, the daily trips and trip chains play an important role for the
installation of charging facilities. The following paragraphs deal with the general
traveling patterns of private transport users in Beijing. With a literature review of
existing scopes in the field of travel behaviors, universal travel behaviors are presented.
Thereby, not all of the scopes have a connection to the e-mobility or to China. Although
driving behaviors of private transportation and passenger cars has been extensively
explored from many aspects, this part provides an overview of user patterns in the
field of private transportation in Beijing. Investigations of travel diary surveys, tour
types and trip characteristics related to the land-use in Europe and the USA yield
fundamental knowledge: Higher residential density is associated with more home-based
tours with fewer stops and shorter trips, while mixed land use at workplaces having
higher density and accessibility is associated with more stops within one work tour,
or a more complex tour pattern. (Ma et al., 2014) (Gather et al., 2008) (Boarnet and
Crane, 2001) (Lee et al., 2009)

The foundation of this study are BEV drivers, however, the patterns from ICE drivers
are of particular interest as well because the attitude change between both groups is
not yet clarified. Both groups share similar daily routes and mileage, as well as parking
behaviors. On the one hand, BEV drivers have to change their behavior because the
e-range in the BEV is limited and the drivers have to approach destinations with public
chargers which are out of his regular scope. On the other hand, users buy a BEV
only when they can still cover their present destinations with a battery vehicle. This
study can’t give an answer to this question but uses current academic sources from
other studies. The main comparative study is from Ma, Mitchell and Heppenstall who
dispensed over one thousand questionnaires to high-income workers and households
with children in Beijing. The goal of their study was to combine social-demographic
attributes, urban form characteristics and a tour-based travel decision process. Although
this study has social-demographics, includes several transportation modes but no spatial
data such as distances, it can be integrated into this paper because the question of
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alternative routes is presented. Table 4.6 lists all home-based work tours and home-
based non-work tours of the interviewees. Concerning the charging network, the parking
events and quantity of non-home or non-work locations are of greater interest.

Home-based work tour Home-based non work tour

Tour type Frequency Percent Tour type Frequency Percent

H – W – H 376 47.9% H – L – H 61 48.4%
H – X – W – H 27 3.4% H – S – H 29 23.0%
H – W – X – W –
H

210 26.8% H – F – H 15 11.9%

H – W – X – H 57 7.3% H – P – H 12 9.5%
H – X – W – X –
W – H

34 4.3% H – O – H 4 3.2%

H – X – W – X – H 9 1.1% H – 2 stops – H 1 0.8%
H – W – X – W –
X – H

65 8.3% H – 3 stops – H 1 0.8%

H – X – W – X –
W – X – H

7 0.9% H – 4 stops – H 0 0.0%

Single-purpose
work tour

376 47.9% Single-purpose
non-work tour

121 96.0%

Multi-purpose
work tour

409 52.1% Multi-purpose non-
work tour

5 4.0%

Total 785 100.0% Total 126 100.0%

Table 4.6: Tour classification borrowed from Ma, Mitchell and Heppenstall (Ma et al.,
2014)
H represents home; W represents work;
X represents any non-work activities; L represents leisure activity;
S represents shopping activity; F represents family obligation;
P represents personal business, like eating out;
O represents other non-work activity

For later analysis, these home-based tours are essential because private EV drivers
use their home as their charging base. Although most of the Zinoro E1 drivers do
not fall into this category, in 50% of the home-based work tours the travelers have
more than one destination, whereas non-work tours have mainly just one destination.
Complex tours do not occur during non-work tours, although complex trip chains could
reduce total vehicle mileage and total vehicle trips (Noland and Thomas, 2007). In
the framework of a charging network, multi-purpose tours are predestined for public
charging (provided that EV drivers have a private charging station at home). As table
4.6 integrated all user groups (see page 70), different types of NEVs had to cover these
tours.

These daily routes are characterized by routines and most users do plan their journeys
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before driving. But not all of the outcomes are suitable because the urban spatial
development and individuals’ daily travel behaviors are not the same in developing
countries and transitional economies like China (Pan et al., 2009). In addition to the
above information, just a few inquiries have been focused on the city of Beijing. Thereby,
the spatial view for private passenger cars has not been studied so far. Again, this data
is based on general vehicle studies and can be used for a comparison later.

• The commuting period is from 6:00 AM to 9:30 AM and 4:30 PM to 7:00 PM
(Beijing Transportation Research Center, 2009)

• The average distance of public transportation travel is 9.5 kilometers at an average
speed of 14 kilometers per hour, which takes 66 minutes to travel during rush
hours (Beijing Transportation Research Center, 2009)

• The average distance of car travel is 14 kilometers at an average speed of 22
kilometers per hour, which takes 39 minutes during peak hours (Beijing Trans-
portation Research Center, 2009)

• A quarter of the travel time is spent waiting at traffic lights while another quarter
is spent in traffic jams.(Beijing Transportation Research Center, 2009)

• The commuting range for car users in Beijing is 9.4 km (Zhou et al., 2014)

• The distance between commuters’ homes and their most frequently visited shop
is between 2 km and 5 km (Wang et al., 2011)

• The distance between commuters’ homes and their most frequently visited enter-
tainment area is between 2 km and 6 km (Wang et al., 2011)

4.6 Case Study

The structure of this section is equal to the academic questions that can be found in
table 4.2 on page 75. For better clarity, the consecutive ordering was borrowed. Where
necessary and feasible, maps or tables will highlight and visualize the data. Adduced
literature completes the results as well. Although most of the results are solved in
QlikView, additional calculations or diagrams were made in MS Excel. The general
layout of the following tables contains the maximum values to reveal the peak values.
The minimum values were excluded because their value is always 1 or 0, e.g. for the
minimum kilometers driven per day. However, the focus is on the statistical median of
the data. In contrast to the statistical average, the median does not consider outliers.
Input errors or incorrectly transferred signals were smoothed out. All values, numbers,
charts and diagrams have taken an amount of 60 vehicles as a basis (n = 60).
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This section only analyzes the RTM data in an objective way and does not correlate
them to the spatial POIs or the charging infrastructure. Concerning the final outline,
this part can be seen as a further influencing factor. For a subsequent integration,
the statistical vehicle data is useful and should be used as another source. However,
because only a small amount of vehicles and user groups are selected here, this is just
an example of how to do it.

4.6.1 Driving analysis

Overall route analysis

One of the most important key indicators is the daily and weekly overall distance
covered by the drivers (Research Question 1: How many kilometers do drivers travel per
day and week?). The total amount of kilometers gives information about the general
usage of the cars and their spatial distribution within Beijing. Although this mileage
data includes all trips (a trip is the mileage between two parking stops), the first part
excludes this fact to get a comprehensive overview. Table 4.7 features the median and
maximum distance and travel duration of all 60 vehicles during the two week recording
period. The daily median distance during the investigation period amounts to under 20
km. This is higher than the median distance during work days (Monday to Friday), but
shorter than the median distance per weekend. Figure 4.4 illustrates the distribution
of these traveled distances. Distances over 100 km were driven less often than shorter
distances. Observable is the decrease of distances higher than 70 km. The maximum
distance per day of 233 km is obviously high. To make this mileage possible, a full
recharge of the battery is necessary. It can be assumed that the vehicles are used more
frequently during the weekends than on workdays. However, under the best conditions,
the e-range of the Zinoro E1 is 150 km. So, most of the drivers underachieve the
potential of the vehicle most of the time.

Median Maximum

Per day (Monday to Sunday) Distance [km] 19 233
Driving time [min] 54 302

Per working day (Monday to Friday) Distance [km] 11 132
Driving time [min] 57 263

Per weekend (Saturday and Sunday) Distance [km] 43 233
Driving time [min] 64 302

Table 4.7: Mileage and driving time analysis per vehicle per day and weekend for CW
16-17; n=60

The driving time can be relevant for the charging infrastructure and can give clues
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regarding the usage of the vehicle. Depending on the distance traveled, the average
speed of the EV and the outside temperature, an estimation of the battery consumption
is feasible. This again influences the quantity of charging processes. During the two
week recording period, the duration of driving was about one hour per day per vehicle.
Consequently, the car was parked the rest of the day. Again, this number just represents
the median and is not transferable directly to all drivers. But this serves as a reference
point for the operation of a car and indirectly for the operation of charging stations.

Figure 4.4: Classification of traveled distances; the red line represents the median

Map 10 illustrates the driving profiles of the 60 Zinoros in the metropolitan area of
Beijing during the recording period. Like the topographic base map, the map contains
the official Central Area of Beijing, the two airports and the main road network. The
radial expressways are not entirely highlighted, but show the driving routes in relation
to the city and it’s six Ring-roads. The blank area in the south and east of the map is
the Hebei province and not part of the maps used for this study.

During the recording period, the EVs were driven up to 60 km from Tiananmen Square,
which represents the center of Beijing. These routes were outside of the sixth Ring-road;
and some of them were not even within the official Central area of Beijing. Outstanding
is the highly frequented usage of the Ring roads and expressways because of the high
density of points on this lines.

A hotspot analysis of the driving analysis is shown on map 11. Compared to map 10
where the signals overlap, this map highlights the areas with more traffic. From the
overall traffic of the Zinoro, 2/3 of it was within the 5th Ring road; respectively 40%
within the area of around 500 km2 between the 3rd and 5th Ring road. Within the 5th
Ring road the north, northeast and east districts were clearly more frequented. The
Chaoyang district, which includes the CBD and the embassy area, features a higher
usage of side roads than in other districts, at least for the area inside the fifth Ring
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Map 10: Overall driving routes of 60 Zinoro E1 in CW 16 and 17 in 2015

road. The districts in the southwest and south have less traffic, although these areas
still belong to the Central area. Outside the 5th Ring road are six areas with a higher
amount of road usage: Huilongguanzhen, Wangjing, Sanlitun, Yizuangzhen (BDA),
Huancunzhen and Shijingshan. All of them are within the official Central Area of
Beijing, and close to the 5th Ring road. With the exception of Shijingshan, these
areas are located next to expressways. Together with the CBD, five ”core areas” were
generated by the Zinoro drivers and stand out. Concerning the RTM data, these areas
became ROI because the drivers spend more time and travel longer distances in these
areas.

Track analysis

This paragraph deals with the trips and answers the research questions 2 and 3 (cf. page
75). The analysis of trips and trip chains is another essential part of the study. The
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Map 11: Hot spot analysis of driving routes of 60 Zinoro E1 in CW 16 and 17 in Beijing
(generated with a Kernel density tool in ArcMap)

drivers’ behavior is revealed by representing the start and end of a journey. Additionally,
the distances and the spatial relation of the trip in the city can provide information
about where potential charging stations are necessary. Parking (and potential charging)
locations are included when the drivers stop during a trip. However, for various reasons,
different parking locations can’t all be a charging location at the same time: Structural
conditions might prevent the installation a charging facility, the time of the parking
event might be outside of business hours of the POI, other EVs could be occupying the
existing charging pillars or drivers simply might not need a charging event.

In relation to the charging infrastructure, the median quantity of trips is an important
indicator for the daily driving behavior and can represent recurring activities. For
the current calculation, only routes with the gear box position D and a duration of
over five minutes are used. Hence, shorter reverses or routes with many stops, e.g. in
slow-moving traffic or stops in front of traffic lights, are excluded. Table 4.8 lists the
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Median Maximum

Quantity 3.3 4.2
Per day (Monday to Sunday) Distance [km] 9 69

Duration [min] 22 183

Quantity 4 8
Per working day (Monday to Friday) Distance [km] 9 56

Duration [min] 29 160

Quantity 2.1 5
Per weekend (Saturday and Sunday) Distance [km] 11 69

Duration [min] 21 183

Table 4.8: Track analysis per vehicle per day and weekend in CW 16-17; n=60

trip quantity, distance and duration within the two-week recording period of the 60
Zinoros. The median quantity is about three trips per day per vehicle during the whole
week. This is spread across three trips per day and car on working days and two trips
per day and car during the weekend. Conspicuously low is the distance of the trips
during the recording period. Although there are outstanding maximums of around 70
km, the drivers usually drive around 10 km per trip. Again, most of the trips per day
are feasible with the e-range of the Zinoro.

This trip analysis does not provide an answer to the trip motivation of the driver. The
reasons to start the trip can’t be identified by analyzing the GPS data. However, as
seen from the perspective of the charging infrastructure, three kinds of trips are feasible:

Trips Without Charging A driver starts a route without charging the EV before or
after the trip. Sense and purpose of the journey are detached from the field of
charging. In this case the SOC is high enough to reach the destination without
charging. Detours or changes in the driving patterns are not necessary.

Trips with Feasible Charging Options This kind of trip does not yield a change in the
driving behavior either. The driver charges the EV in advance to ensure sufficient
charge to reach the destination. The drivers use the EV routinely without the
stringent necessity to use public charging facilities. However, if a charging location
is on the route, drivers could use the possibility to recharge the battery (even if
the return trip or further trips are guaranteed).

Trips to Approach a Charging Station EV users cannot arrive at their final destina-
tion without a detour to recharge the battery. This compulsive behavior generates
complex trips and requires a charging facility to complete the trip chain.

The last option results in the fact that drivers could choose POIs outside of their
daily route to recharge the battery. Drivers hazard the consequences of detours to
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arrive at the proposed destination even if there exists no need to park at a POI under
normal conditions. The more (public) charging facilities are installed in an area, the
less complex the trips become.

By generating a trip chain of the previous and subsequent trips before and after the
parking event, more feasible charging locations can be provided to the driver. So, the
spatial track analysis becomes relevant for a charging infrastructure build up. Therefore,
this methodology is more necessary for suburban areas or areas outside of the inner city
because it can be assumed that the public charging pillar density is higher in the inner
city. Underlying the driving patterns of map 11, a spatial track analysis is applied in
order to understand the inclusion of these areas in the urban context and the necessity
of public charging stations in these areas. If EV drivers are travelling to one of the five
”core areas” (Huilongguanzhen, Shijingshan, Huancunzhen, Majuqiaozhen and Sanlitun)
outside the 5th Ring road, the need to charge could be lower when drivers can charge
the battery before or after the trip. The maps on page 90 (”Map 12”) visualize trips
to and from the ”core areas”. The dashed lines symbolize the linear distance between
the areas as well as the starting point or end point. The maps show that there are
connections between each of the areas. The highest travel was between the Sanlitun
and the BDA. The distance between these two areas is about 10 km and hence the
shortest of all, followed by the traffic between the Zongzhuang area and Sanlitun. The
whole Chaoyang district was also frequented very often. In summary, it can be stated
that, in addition to the International airport in the northeast, most of the Zinoro traffic
happens between these five areas of Beijing.
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Map 12: Tracks from and to Shijingshan, Huilongguanzhen, Huangcunzhen, BDA and
Sanlitun
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4.6.2 Parking behavior analysis

The parking analysis is also part of the user’s pattern. Concerning the charging
infrastructure, the parking locations give information about potential charging locations,
too. But, as long as the battery is full, a charging process is not necessary, but
only desirable for the user. Consequently, the battery status (SOC) provides more
information when it is connected with the parking event. Hence, this section focuses
on the duration of the parking event because it is essential for the type of charger.
As described on page 26, the charging times are essential for the build up of a public
network. A charging event which runs with direct current or three-phase alternating
current can charge the battery up to an SOC of 80% in 30-40 minutes (see page 28).
This short charging time enables an energy input even during shorter parking events.
As a fast charging option for the Zinoro E1 is not feasible, yet, but easily conceivable in
the future, stopping events under 30 minutes will characterize potential fast charging
locations. But, as most of the time vehicles are parked for longer periods, these places
are perfect for normal chargers. Thereby, the parking lots can be the user’s home for
privately used EVs, the company parking lot of the rental companies or a parking lot at
office buildings for vehicles used as company cars. So, a distinction between stopping
and parking simplifies the study of the parking process for daytime parking events (cf.
table 4.1 on page 74). Parking events over 30 minutes are especially highlighted in
this study. However, an economically reasonable charging process with a simple AC,
one-phase connection for the Zinoro begins at about 4 hours. Consequently, the parking
processes are divided into five classifications (see table 4.9).

This subsection deals with the city-wide analysis and distribution of the parking events
and deals with research questions 7 and 8. As before, where necessary and helpful,
maps will be added for a more precise clarification. For this subsection, it is understood
that the stopping of a car is defined as a vehicle standstill between 5 and 30 minutes.
As stopping less than 5 minutes can be due to waiting time at traffic lights, durations
shorter than 5 minutes are excluded. Although this analysis is not relevant in relation
to the charging infrastructure, it is part of this paper for the sake of completeness. A
closer neighborhood analysis that combines user patterns with the urban geography is
described in chapter 5.1 on page 104.

The focus is on daytime parking events, because these locations will be potential
locations for public or semi-public charging stations. However, the nighttime parking
locations provide the main parking lots for the user. A first look at the night parking
locations generated by the 60 EVs within the recording time gives map 13 on page 92.
The number of 67 night parking events show that the nighttime parking locations do
not change for most users. Excluding one location, all parking events took place in the
official Central area of Beijing, whereas 48 parked within the 5th Ring road. All places
overlap with the ”core areas” of the driving routes (cf. map 11 on page 87). Most of
these locations are also the start or end points for the drivers’ trips. Thereby, around
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Map 13: Night time parking locations for 60 EVs in CW 16-17

40% of the parking events take place in a compound. This is just an indicator for the
usage of the vehicle because some office buildings and shops are also located inside a
compound. These vehicles, again, can be used as company cars instead of private cars.

Map 14 on page 93 visualizes the daytime parking locations of the Zinoro drivers.
The map indicates the distribution of the parking events and their spatial relation
to the public chargers, as well as the battery status at the beginning of the parking
event. Thereby, here SOC data is the most important factor, respectively the deduced
consumption and quantity, as well as the quality of charging events. The battery of the
Zinoro E1 has a usable capacity of 24 kWh. A fully charged battery corresponds to
a state of charge of 100%. This represents the maximum e-range of the vehicle. The
driver is informed about the e-range via a display of four blocks (where each block
represents 25%) and the remaining e-range in kilometers. At a SOC of 30%, an acoustic
signal warns the driver for the first time. A second visual signal is generated at a SOC
of 10%. However, the calculation of the remaining e-range is dynamic and depends on
the previous driving behavior. So, at all times the driver is clear on the current energy
in the battery and its e-range.

Starting with the distribution, again, most of the parking events took place within the
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Map 14: Daytime parking locations (duration over 30 min.) with battery status and
charging facilities of 60 EVs during CW 16-17

”core areas”. Scattered parking events also happened mostly within the fourth Ring road.
Other parking events took place within a 1 km radius of feasible charging facilities.
20% of the parking events during the day were at a compound. Concerning the battery
status at beginning of the parking event, the users with a low battery (SOC under 30%)
are of particular interest because they could need a charging spot. Out of all recorded
parking events 21% of them started with a low SOC. Out of these, 53% parked at a
compound. But 87% took place in one of the ”core areas” and, consequently, next to a
home charger.

Table 4.9 points out the detail diversification of the daytime parking events. The short-
term parking events (”stopping”) under 30 minutes are the most frequent, whereas the
long-term parking events (”parking”) of over 240 minutes are frequent as well. However,
in the median a Zinoro is parking around one to three times per day during daylight
hours. Especially the stops over two hours are of particular importance because, during
this time, the Zinoro can be charged with a reasonable amount of electrical energy.
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Duration Median Maximum Quantity

< 30 min. 2.5 202 2134

30 - 60 min. 2.3 6 189

60 - 120 min. 3.0 6 238

120 - 240 min. 1.2 4 59

> 240 min. 3.8 5 487

Table 4.9: Parking analysis per vehicle per day during daytime in CW 16-17; n=60

4.6.3 E-drive analysis

The e-drive analysis focuses mainly on the state of charge of the battery. The electrical
consumption per trip and per day are presented in table 4.10 and answer the research
questions 9 through 13. Conspicuous is the generally high percentage of the SOC
before and after the trips, as well as before and after the first and last trip of the day.
Almost all users charge their EV during the night and start their trip with a high SOC.
Furthermore, they generally drive with a high SOC, although the minimum SOC before
a trip was under 10 %. The consumption per day and per trip was quite low. The
maximum of 146 % is accounted for by several full charging processes per day.

During the recording period of two weeks, 18 parking events combined with a charging
event took place at a Zinoro fitted public charger.

Median Minimum Maximum

Before the first trip of a day 98.6 % 94.5 % 100.0 %
After the last trip on a day 65.4 % 19.3 % 89.3 %

Beginning of a trip 70.4 % 8.4 % 100.0 %
End of a trip 48.2 % 4.3 % 98.3 %

Consumption per day -28 % -1 % 146 %
Consumption per trip -11 % -1 % 33 %

Table 4.10: The battery status (SOC) at the beginning and end of a trip as well as a
day in CW 16-17; n=60

Map 15 illustrates the driving routes of map 10 (page 86) with different SOC values.
This spatial analysis of the battery usage gives information about where the EVs drive
with high or low battery status. With very long recoding times and a high quantity
of vehicles, these maps can be used for further sources. In this example, the mileage
driven with an SOC over 70 % and between 70 % and 30 % covers almost the same
area and reach outside the sixth Ring-road, the distances driven with a SOC under
30 % are restricted to inside the sixth Ring-road. Thereby, areas where several EVs
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are driving with low batteries are of particular importance. The areas in which the
Zinoros drove with a low SOC are the same as the ”core areas” detected in map 11 (see
page 87). This insight suggests that drivers stay in areas near their home chargers or in
areas where they know the location of charging stations and do not drive too far away.

Map 15: Driving routes of the Zinoro with a full battery (green, SOC over 70%), a SOC
between 30% and 70% (yellow) and an empty battery (red, SOC under 30%)

The consumption of EVs is not the focus of the current discussion as it is for ICE vehicles,
instead the e-range is discussed more. However, the efficiency of EVs is important and
another influencing factor for the charging infrastructure. This is independent from the
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battery capacity. Less consumption means less charging processes. 3

4.6.4 Charging analysis

The charging behavior of the EV drivers provides information about quantity, frequency
and duration of charging events. As the Zinoro E1 is only equipped with a 1-phase
AC charging socket, the analysis for fast charging options is not investigated in this
study. Rather, the understanding of the current charging patterns have priority. An
important key indicator are the number of charging events per week. The assumption
that EV drivers charge their car every night could not be confirmed in this study (see
table 4.11).

Median Minimum Maximum

Quantity of charging processes per week 2.3 1 11
Daytime Duration of a charging processes 2.2 h 0.1 h 15.6 h

∆ SOC during a charging processes 41% 5% 97%

Quantity of charging processes per week 2 2 8
Nighttime Duration of a charging processes 3.6 h 0.1 h 17.3 h

∆ SOC during a charging processes 53% 3% 95%

Table 4.11: Quantity and duration of Charging processes per week for daytime and
nighttime in CW 19-17; n=60

As nighttime charging is more related to home charging and daytime charging is more
related to public and semi-public charging, a distinction was made between the times of
day. In view of the fact that this paper introduces a guideline, this distinction can help
to identify detailed patterns in the future. However, during the recording time in this
study, the quantity of 2 charging processes per week during the daytime is the same
as nighttime charging. The minimum charging events per week are expectably low,
whereas the maximum numbers are very high. Figure 4.5 illustrates the distribution
of charging events into classes. In general, shorter events are the rule. Thereby, a
higher frequency of charging events can be an indicator for a higher mileage and a more
frequent usage of the vehicle. The median of the duration shows how short most of

3A conversion into kWh / 100 km is described in the following way:

Consumption [kWh / 100 km] = ∆ SOC [%] × Battery capacity [kWh]
∆ millage [km] × 100
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the charging processes are. However, the maximum duration, with more than 15 hours
during daytime and over 17 hours during nighttime, is quite high. These numbers result
from vehicles which were connected to the charging station even after they were fully
charged. This long time also shows that the cars were used less because most of the
time these vehicles were not moved.

Figure 4.5: Distribution of the charging events in CW 16-17, n=60

The SOC lift (∆ SOC) gives information about how much energy was transferred during
the charging processes. Although some of the drivers had charged the battery from
almost a one-digit percentage, most of them just had to charge half of the battery. Very
low SOC lifts can be an indicator for trial charging, whereas, in general, low SOC lifts
are indicators for charging during short parking times. This analysis also shows that
most of the drivers do not need the whole capacity of the battery because their delta
SOC is around 50 %.

Map 16 visualizes the locations of the events: Both daytime and nighttime charging
processes happened in the same areas. This fact is not surprising because of the general
lack of public chargers and the small amount of vehicles. So, a spatial distribution is
not visible. The charging processes near the rental companies were also not visible. But
again, the charging process took place in the same areas which were identified above
(see page 87).

4.7 Conclusion of user behavior analysis

This chapter of the user behavior analysis should be seen as a further influencing
factor regarding the build up of a charging infrastructure for EVs. Because the driver’s
patterns influence the location of charging spots, it is important to know how and
where the car is used. However, the study of the user patterns was gathered during a



98 4 Behavior of EV users in Beijing

Map 16: Nighttime and daytime charging locations for 60 vehicles in CW 16-17

short-term period of two weeks. The routes and frequented areas were derived from 60
vehicles, which are, again, composed of different user groups. Most of them were EVs
from rental companies. The drivers of these EVs (customers of the rental companies)
are different from the drivers who opted for a private long-term rental model. First of
all, they do not have a lot of EV-driving experience. Compared to a higher amount
of cars and users with a longer driving experience, different outcomes would be and
were generated. Altogether, it can be summarized that the drivers park and charge
in the same areas. However, the reason behind this couldn’t be detected. A lack of
EV-experience was responsible, or the recurring daily activities took the drivers to
the same locations. Another indicator for the lack of experience could be the short
distances and low consumption.

The spatial limitation of most of the traffic is an indicator for the general demand for the
first charging stations in Beijing. Although the battery status and single route distances
are excluded in this sub-analysis, frequented areas represent potential installation spots
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for charging pillars. The reasons that some areas are not even passed once are diverse.
Assumptions can be general ROIs without any needful POIs or areas that are not used
to arrive at final destinations. A lack of current public charging infrastructure is also
conceivable. However, the routes outside of the sixth Ring road clarify the possibility
to reach areas in the suburbs of Beijing.

The reasons why the users do not approach the public charging stations can’t be clearly
answered in this study without a survey of the users. However, some assumptions could
be:

• No clear labeling or road signs of the charging facilities

• No information about the nearest charging station in the EV navigation system

• The distance between the charging facility and the destination is too far.

• The charging station was blocked/occupied/had a defect

A categorization into user groups was difficult due to the small amount of vehicles. But,
generally, there exist two kinds of users. The first group is the early adopters. These
people deal with e-mobility and know their daily behavior and their driving patterns.
Most of them use the EV privately. Some fleet managers have a long-term plan to
integrate EVs into their company. In the end, this group is prepared for the EVs. The
charging events occur at regular intervals, mostly in the same location(s). Rather at
home and/or at the destination of their daily commute. Consequently, these people
have worked out a charging plan, or know exactly where to charge if they have a low
battery. The second group is the customers of the rental companies. These drivers have
different reasons to rent an EV for a short time. Thereby, the short time can be one
day or two weeks. This group uses the vehicle for testing, during a business trip in
Beijing, or for other specific reasons. However, this second group has not prepared in
advance like the first group. As the drivers charge more frequently than the first group,
they cannot gain experience with e-mobility.
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Finally, the radar charts on page 101 show the SOC history of six typical EVs and
represents the battery status during the day. An operator of a charging network is able
to use this information to generate business cases and specify the timing of demand.
The chart has to be read as follows: The circle itself represents one day (24 h). However,
it is not like a typical clock. Midnight is at the top, 12 PM is at the bottom. The line
represents the battery status during the course of the day. The inside of the diagram
is red and stands for an empty battery (under 30 % SOC). A battery with a SOC
between 30 and 70 % is marked in yellow. A full battery is visualized as the green belt
in the margin. All values in these radar charts are rounded and represents guide values.
That’s why the end of the day is connected to the beginning of the day at midnight.
However, the closer the line is to the inner part of the diagram, the emptier the battery
is. This type of radar chart generates various types of ”figures”.

A line profile of a typical EV driver looks a bit like an ”egg”, where the bottom of the
egg is in the top right corner. This means a full battery during the night. The peak is
on the opposite end of the diagram, the bottom-left. This means, the user is charging
in the evening and driving, without any charging event, during the daytime. This ”egg”
is typical for a commuter who charges at home. A commuter who charges at work is
shown in the second diagram. Here, the bottom of the egg shifts to the opposite end
of the diagram. It is clearly evident that the user drives from 7 AM until 10 AM and
from 6 PM to 9 PM.

The ”rental EV” shows typical usage of a single trip with a subsequent charging event.
On the other hand, a ”family EV” has two parking events during the daytime. The term
family EV was chosen because these long-term parking events can be shopping stops. A
rapid decrease and increase shows an EV with high consumption. The ”shuttle service”
is characterized by many parking, charging and discharging events. Summarizing, most
of the vehicles are charged in the evening and have a full battery during the night.
Furthermore, most of the drivers stay in the yellow area but try to prevent driving
under a SOC of 30 %.
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Figure 4.6: Radar charts of typical EV drivers during the recording time



5 Guideline for a Charging
Infrastructure installation

This chapter deals with the question of how to build up a charging network in Chinese
cities mainly based on driving, parking and charging patterns of electric vehicle users
on the one hand and the analysis of the urban geography on the other. Political and
technical aspects, as well as the profitability, are only marginally highlighted because this
guideline is both a summary of the previous chapters and constitutes the combination
of the spatial aspects of chapter 3 and the user aspects of chapter 4. The following
guideline is from the perspective of a charging station operator (following just ”the
operator”). It is irrelevant whether the operator is state-owned, private or organized in
a private public partnership (PPP).

On one hand, the success of a charging network can be achieved through a positive
business case for charging facilities. Especially private investors would archive this
goal to earn money. On the other hand, the coverage of a specific area with charging
stations is an objective for public authorities. They could support e-mobility in general
by increasing publicity as a kind of state subsidy. In both cases, an infrastructure is
always open for the public and has no restrictions on users (Hisatomo Hanabusa and
Ryota Horiguchi, 2011). Furthermore, it is need-based and has to follow market trends
(Speidel and Bräunl, 2014). This applies to almost all kinds of infrastructures, e.g.
streets, bus stations or even telephone boxes. Associated with a charging infrastructure
for EVs, the need-based implementation of charging pillars is only partly correct because
the decision to purchase an EV can be depending on the quantity of charging stations.
Too many chargers endanger a sustainable economic success of the charging network.
Consequently, the operator has to carefully place the stations based on the user needs
and the urban structure to overcome the often mentioned chicken-and-egg problem. At
the same time, design and structure of the charging pillars has to be open with free
access to reach many customers. If the hardware and location are chosen carefully, a
full-value charging net can be established.

The operator’s task is to take all factors of influence into account. Beginning with
the implementation of efficient hardware, the statutory provisions are affected by the
laws. Here, the analysis of spatial surroundings and the user’s patterns constitute the
main spadework. Finally, an elaboration of a business plan is based on these findings
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(cf. figure 5.1). All of these aspects can effect and greatly change the design of the
charging infrastructure. In the end, all determining factors have to harmonize. Since
just one factor can be the reason a user refuses a charging network, the interaction of
all different aspects with is important and necessary for success.

Figure 5.1: The four priorities of how to build-up a charging infrastructure. The higher
they are, the more important the task is

As of 2016, the EV car market is split into two factions. While Chinese OEMs are
using the GB AC standard (simple one-phase AC chargers) or the Chinese DC fast
charging standard, foreign OEMs are focusing only on the AC standard. From the
view of an operator, this situation is challenging. The strategic focus on one or both
standards is possible, but always excludes one user group. And by integrating the
DC charging standard a parallel infrastructure is automatically generated because
the EVs with AC plugs are not able to use charging stations with DC sockets. Each
of the charging stations has to be equipped with its own plugs and communication
systems. In the end, that specific feature hampers the build up of a charging station
network. For this purpose, the nationwide distribution of both AC and DC standards
is desirable because an appropriate solution for a charging network can consist of the
distribution of normal and fast charging stations. Taking Beijing as an example, the
feasibility of private AC home chargers with the combination of AC semi-public chargers
is encouraging. These technical specifications are a basic requirement for implementing
charging facilities. Additionally, standardized booking and payment systems have to
come into use. Intelligent solutions guarantee quick and easy applications, whereas
unpractical solutions will be avoided by the customers.

Normally, the generation of a business plan is the last step of the guideline, but here it
is anticipated even though this aspect will not be elaborated in detail. The operator’s
task is to ensure profitability and efficiency by integrating all use cases into one booking
and payment system. The connectivity between home, public and semi-public charging
stations is of the highest significance. While the focus is on private and semi-public
charging facilities, smart phone apps and cashless payment transactions are essential
preconditions as well. If an operator decides to focus on private charging stations, these
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tools are not necessary, unless the private home chargers serve as semi-public chargers
during the time the owner is not using them. However, the most important feature of a
business plan has to be the simplicity of switching between private home chargers and
semi-public chargers for the users. The system shall allow an easy accounting system
and guarantee a system-wide interoperability.

The first pillar of the deep-rooted analysis is to understand the spatial structures
(cf. figure 5.1 on page 103). The operator’s goal is to present a tailor-made network
by including local circumstances, such as the driver’s parking conditions as well as
the distribution and relation of critical POIs within the planned geographical area of
operations. The following paragraph will describe this approach.

The operator of charging facilities can decide to focus on private chargers or on public
and semi-pubic chargers or on all three kinds of charging stations (private, public and
semi-public). Focusing on private charging stations would be only meeting the users’
basic needs. Whereas focusing on the public and semi-public charging stations would
be meeting the users’ needs during a lack of e-range. But by integrating both networks
with each other, the operator could offer an added value to the drivers because the
user can decide where to charge. Thus, a network is not defined as the amount of all
chargers from an operator. As some regions, cities or districts are focusing on different
priorities, a displacement of home, semi-public or public chargers is possible. The
reasons for a focus on (semi-) public chargers can be a lack of private parking lots,
an unstable electricity grid in private housing areas or a higher utilization of public
parking spaces during night-times. The authorities can focus on private chargers due to
a lack of parking lots in public or the lack of opportunity to reserve parking spaces for
NEVs. However, the operator always has to have in mind that tethered, home-based
AC charging solutions, with a normal home performance of electrical power outcome,
is sufficient to cover the daily recurring mobility of the users (Busk and Warrenstein,
2014). Whereas, the public chargers have to cover a huge area to reduce range anxiety
and enable emergency charging. The higher the quantity of public chargers in a city, the
lower their workload will be. Consequently, the entire system becomes more expensive.
Therefore, a low ratio between EVs and public chargers is required. In doing so, the
user’s acceptance determines a further strategic orientation on the quantity of public
chargers (Michael A Nicholas et al., August 1, 2011).

5.1 Alignment with the spatial surroundings

For an intelligent combination of home chargers, semi-public chargers and pure public
chargers and the ratio of normal and fast chargers, the spatial surroundings have to be
understood by the operator. The visible lack of public space within Beijing and the
far too few parking lots within compounds yields to develop a tailor-made solution for



5.1 Alignment with the spatial surroundings 105

Beijing.

As the parking lot is never the final destination of a user, but the POIs around them,
a detailed neighborhood analysis gives a first indication of where to install charging
stations. As the charging pillars are physically small objects and covers just a small
radius around them, it is important for the operator of a charging network to understand
the structural circumstances and the spatial characteristics of the city. Based on the
three different charging possibilities, private, semi-public and public, different kinds of
POIs can be covered by the charging stations. Thereby, the kind of POIs is important
for a high workload for the charging pillar, during day and night as well as easy access
for the customers.

The most important POIs for charging infrastructure are the accommodations in Beijing.
This point serves as the start and destination of nearly all private used EVs. As presented
in chapter 3, most of the residential dwellings in Beijing are compounds. But their
parking conditions represent a main challenge for the operator because of a lack of
parking management and a general lack of space. It is, however, important to underline
that private home charging stations create almost perfect circumstances for the EV
user: The user is free to charge whenever he wants, for however long he wants and how
often he wants. Generally, in this case, one user can steer the complete workload. The
e-mobility user has its own energy supply station, irrelevant to whether it is at home
or somewhere else, e.g. at work places. Avoiding the issues of business hours or other
restrictions allows the user to optimize the charging strategy and gear it toward their
own needs.

These circumstances give the user an advantage over users who are linked to infrastruc-
tures outside of their properties. At this point, it should be noted that normal EV users
have their own parking lot to charge at home. It does however become problematic
when, for whatever reason, several EV users need to charge at the same time where
there is a lack of parking spaces. Here the question of sharing charging stations becomes
another option for users. Commuters and occasional drivers who only use the car once a
week to go shopping can share charging facilities as long as enough stations are available
for all dwellers of e.g. compounds.

In this case of home charging, the following neighborhood analyses give an answer on
where to charge instead. Generally, all (residential) areas in Beijing can be classified
into two kind of regions: a mono-centric region or a poly-centric region. Both are
characterized by different properties, different types of POIs and public infrastructure
and cover all kinds of living conditions on one hand and all kinds of private and public
parking conditions on the other. Consequently, these zones cover all use cases of the
charging infrastructure. This includes the different installation cases, the different types
of chargers and customer needs.
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5.1.1 Charging locations in mono centric regions

Mono-centric regions can be composed of accommodations, commercial areas, industrial
complexes or green spaces. The decisive factor is a lower mix of POIs inside these regions.
This engenders a focus on space utilization. Services, goods and other needs have to be
supplied into this region or the people have to leave the region to get them. In relation
to the charging infrastructure for EVs, mono-centric regions can generate different types
of charging events. In a residential neighborhood, for example in Huilongguanzhen
(see map 17), most dwellers are probably leaving the area because there are few office
buildings or factories. This assumption is also based on the high frequency of long
distances out of this subdistrict (see map ”Tracks from and to Huangcunzhen” on page
90).

Map 17: Huilongguanzhen, a mono-centric area in the north of Beijing

The area of Huilongguanzhen is surrounded by subway line 8 in the north and east, line
13 in the south and the Changping line in the west. Moreover, the Jingzang Expressway
(G6) is running in the west of the sub-district. The access to the area is open for public,
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however, the access to some properties is restricted by guards and boom gates.

The structure of Huilongguanzhen is characterized by compounds and smaller side
roads. The companies in this area provide goods and services to meet daily needs and
are located in the basements of the buildings or in the lower floors (see figure 5.2).
However, most of them do not have their own parking lots for customers because they
are located inside a compound.

These kind of regions feature pertinent travel patterns. During rush-hours, most dwellers
are leaving the area in the morning while most are coming back in the evening. The
quantity of vehicles is much lower during daytime than during nighttime. This has
consequences on charging infrastructure as well. Providing that the amount of EVs
is high and that the owners of the EVs have equipped their parking lots with home
charging stations, these parking spaces and charging facilities are empty during the day.

Figure 5.2: The access to a typical Compound in Beijing: A guard is verifying the license
plates and registering visitors (left photo); a post office with commercial
vehicle and electric three wheeler (right photo)

With reference to a charging infrastructure, mono-centric regions, whether residential
or working regions, require their own charging structure. A high pendular movement at
certain times ensures that parking lots and the attached charging stations have periods
of peak activity. This uneven workload is insufficient for the operator because the
usage of charging stations has to be as high as possible. Because mono-centric areas
have a limited variety of POIs, attractive offers for other EV users are missing. Most
of the charging stations would be used by dwellers or workers in these regions. The
lack of transit traffic makes a regular workload during the whole day and night time
difficult. A higher workload can be generated by involving POIs and properties around
the mono-centric area. As the map shows, the surrounding area is less developed with
compounds but has different kinds of properties. These locations can become potential
charging spots if the parking conditions are better than in the compound (see paragraph
5.1.3 on page 109). These POIs serve as an alternative if too few parking lots are within
the compound or visitors of these POIs can use the compound’s chargers reversely.
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5.1.2 Charging facilities in poly-centric regions

The second kind of regions are poly-centric areas. As an example, the Sanlitun sub-
district was chosen to reveal the difference from the mono-centric area. Map 18 shows
the mixed area of Sanlitun. This subdistrict features many different building types,
grounds and POIs. The map highlights the reserved parking and public parking lots,
companies, shopping possibilities, the subway stations for line 10 in the west and
line 6 in the south, as well as the communities/compounds. First of all, the density
and distribution of the accommodation areas is not that high and narrow as in the
mono-centric areas. This is the main difference and characterizes Sanlitun. However,
conspicuous is the high quantity of parking lots. Most of them are smaller ones and
belong to a compound, a shopping mall or are public building. The smaller parking
lots are a result of the generally smaller properties, compared to the compounds and
shopping malls in the suburbs.

Map 18: Sanlitun, a poly-centric area in the north-east of Beijing

Concerning a charging infrastructure, the inefficient doubling of parking facilities yields
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to more potential options for chargers. The huge amount of vehicles are distributed
to more, smaller parking lots instead of a few big ones. The distribution of public
and semi-public chargers has to be adjusted as well. Based on the fact that a fixed
percentage of parking lots must be equipped with charging facilities in the future, many
charging locations are distributed throughout this area. This is different when compared
to the mono-centric area where a few big parking lots cover the entire compound. As
the parking lots are smaller, just a small absolute quantity of chargers could be installed
at each one. Consequently, these EV charging stations can’t satisfy the demand and
EV drivers have to fall back on other parking spaces. One option for these areas would
be the installation of some parking lots with a higher amount of chargers to pool the
e-mobility into a few parking facilities.

5.1.3 POIs near Parking locations

An operator of charging stations relies on the distribution and quantity of parking lots.
Hereby, the POIs next to parking facilities are of peculiar interest. In this study, the
parking behaviors of the drivers are based on the parking analysis on page 91 and are
associated with the urban geography of Beijing. The following analysis is based on
selected parking lots but, generally, the operator is able to use any selection of parking
facilities. This procedure of the investigation is highly dependent on map quality and
the currency of the vector data because the outcome of this sub-study gives information
about the most approached POIs. The basis of this work are the parking locations of
the 60 vehicles during CW 16 and 17. The parking locations themselves are defined
as parking events with a duration of stay of minimum 30 minutes. These long-time
parking events are visualized as an orange square in map 19. A buffer of 500 meters
was layered around this point to mark the surrounding neighborhood. The SGEVCP
has found out that the distance between the final destination and a charging station
should not be more than 5 minutes walking distance (SGEVCP, 2015). By taking a
walking speed of 5-6 km/h as a basis, this duration corresponds to a distance of about
500 meters.

After selecting all matching POIs of all buffers in the map, a categorization was done by
the POI list from Esri China (see appendix on page 156) (Esri, 2014) which lists all POIs
in one of 20 categories (see figure 5.3 on page 111). Firstly, the POIs around the parking
events were evaluated by using this general list from the map supplier. Generally, three
kinds of POIs groups emerged. (1) High frequented locations where over 10% of the
parking events happened. Food and beverage POIs, shopping facilities, daily service
companies and business points are included in this group. (2) Occasionally frequented
POIs like commercial/housing, transportation, science and finance POIs where about
4-10% of the parking events took place. (3) Less frequented POIs like tourist spots,
sport leisure services, health care services and automobile services represented under
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Map 19: Sample for the POIs around parking events

4%. These groups reflect the parking behavior of all vehicles during the two weeks
recorded. An installation of charging facilities near properties of the most frequented
POIs is obvious. It stands out that these POIs have mostly private parking lots for
their customers/visitors. This isn’t the case for transportation POIs (subway and bus
stations).

Table 5.1 on page 112 captures the categorization from subsection 3.2.1 (POIs related
to the charging infrastructure) on page 46 and associates the POIs with the absolute
quantity of parking events. The results are more detailed and are only focused on
charging relevant POIs1. Some of them are sub-categories of the main groups on page
111, others are directly assumed. Although all kind of POIs were studied, the two main
groups are the POIs for public and semi-public charging stations. What stands out
in this study are the health care services, restaurants, education spots, government
institutions and companies. However, although these POIs are providing parking lots,
not all of them are fit for the charging of a Zinoro. This is based on the fact that the

1The POIs in this table were selected by expert discussions.
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Figure 5.3: POIs around a 500 meter buffer of the parking locations categorized in 20
main groups

Zinoro can only be charged with alternating current which makes the charging process
longer. The parking duration is crucial for this issue (cf. page 94).

Particular attention should be placed on the long-distance routes. Areas like Gaolingzhen
in the northeast of the province are up to 100 km away from downtown Beijing. The
distance between towns in the north of the municipally and the center can be covered
by an EV when just one way, e.g. an outbound trip, is driven. Consequently, a charging
event is needed at the destination point to cover the way back. Whereas inhabitants of
towns closer to the city can manage their round trips without an additional charging
event. The commuting flow changes when inhabitants go away for the weekend. As the
west of the province becomes a recreation area in the broadest sense, the usage and
time of use of the (public) charging stations can be lower than in the east. This leads
the operator to the question whether to focus on intercity or on intra-city travel. The
latter means a charging network inside one city with an eventual constraint of limited
access for only residents of this city. Thereby, the limitation is linked to the different
access or payment systems rather than with technical requirements for non-residents.
An intercity network was built by the American OEM Tesla. Because this infrastructure
is tailor-made just for one EV with a huge battery capacity, relatively fewer charging
facilities would suffice to cover entire cities or even provinces. An intercity network
with normal AC chargers would need significantly more facilities. In the case of Beijing,
a quantitative statement on this fact can’t be done because the EVs in the study didn’t
travel this far.
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Detailed POI Absolute quantity
category of parking events

POIs for Recreation spots 122
public charging Museums 23
(short time parking) Tourism spots 182

Sport courts 452
Cinemas/Theaters 80
Parking spaces 4412
Gas stations 55
Subway stations 269
Health care services 1426

POIs for Convention centers 26
semi-public charging Hotels 784
(daytime parking) Shopping centers 233

Supermarkets 394
Restaurants 7182
Education 1093
Embassies 73
Research institutions 516
Government institutions 1374

POIs for Compounds 3258
private charging Office buildings 1119
(long time parking) Industrial parks 22

Villas 18
Companies 8003

Table 5.1: Approached POIs around a 500 meters buffer of the parking events: The
parking events are cumulative of 60 EVs during two weeks. For example,
1426 parking events were done in total of all EVs within 500m around health
care services POIs.

5.2 Alignment with the needs of the user

The following analysis constitutes the user behavior and represents the second pillar of
the guideline (see figure 5.1 on page 103).

Drivers of EVs are able to purchase the kind of EVs that best fits their daily routine.
Additionally, a (home) charging station is perfectly matched to the EV and the size of
its battery. As it is evident that users routinely repeat their travel behaviors during
a normal week, these actions recur at different locations at a certain time. As these
actions are different for all users but regulate the lifestyle of most users, the charging
strategies have to be tailor-made. Insofar, EV users will not fundamentally change
their behavior during their normal work life, as most of the ICE drivers wouldn’t either.
Potential users of EVs know their daily mileage, the e-range of their future EV as
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well as their behavior before the purchase of the vehicle. Even if one full battery just
covers one way of the route, the driver knows or will find a location near or at their
final destination to recharge the battery. Again, always provided that the EV user
has a charging station at their night parking location. All these considerations were
made before the purchase. Consequently, the user can handle most trips and routes for
everyday life.

For now the demand and supply for a public charging and a semi-public charging
infrastructure has to adjust. The majority of drivers in this study have parked the
car with a high SOC and were able to complete their trips without public charging
infrastructure (this is also based on the fact that there is a lack of public chargers).
However, a considerable portion of drivers remain convinced that public charging sites
are essential because if they deviate from their travel routine, and drive out of range
from their home and/or destination charger, additional charging facilities have to be
added to the routes (Azadfar et al., 2015). So, in addition to the home charging and/or
destination charging, another option has to be implemented for these cases: on-the-go
charging. This can be coherent to semi-public charging, public charging or even private
charging in some cases. These charging spots are not made to be base chargers for
one person, but as sharing facilities and thus become a public good. Besides offering
energy to all EV users who are unable to reach their final destination without on-the-go
chargers, public charging stations can still potential user’s fears regarding range anxiety.
This aspect must be kept in mind and must not be underestimated because it can be an
indirect promotion of e-mobility. Even if the EV drivers never use the public chargers,
a feeling of security is generated and can incite users to drive more often or for longer
distances.

5.2.1 Satisfying the need for energy

A charging infrastructure for electric vehicles is mainly based on the urban geography
of cities in a country. The location of a city or agglomeration within the region, its
structure and its size are fundamentally important for the quantity and density of (semi-)
public chargers. Depending on the location of the city within the region, commuters are
traveling from the surrounding cities/villages into the city. As mentioned above, most
commuters can handle the trip to their final destination with a single charging process
if they live close to their destination, but others need another charging process at their
destination point to reach home again. So, the amount of long-distance commuters
is one indicator for the quantity of public chargers. Another influencing factor is the
quantity of rental and car sharing companies with EVs. Users of these services are
less experienced with EVs and are not familiar with the charging infrastructure either.
Depending on the fleet size and quantity of vehicles that are reserved for daily rental
models, the public charging network has to be adjusted to meet charging demands.
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According to expectations, this demand is higher because the drivers have no charging
plan or strategy for their trips and routes. Also, the amount of EVs used as shuttle
cars are of interest, e.g. if hotels offer their customers EVs for airport service or for
trips to tourists spots. Thereby, this strategy becomes profitable for the operator:
the installation of semi-public chargers ensure the mobility around the hotel and the
facilities for destination charging at tourists spots or main transportation hubs ensure
the way back.

Besides the fact that public charging stations have the task to calm the range anxiety
of drivers and promote e-mobility in general by being installed at prominent locations,
public chargers have to supply energy to drivers who really need it. The reasons for
this can be diverse: drivers forgot to charge, are visitors in the city and do not know
charging locations or do not know the e-range of the EV. In these cases, public chargers
have to meet the basic need of public energy supply. They can be seen as an emergency
or back-up plan for people with a low SOC. Consequently, the workload of these stations
will not be as high as that of stations at home or at office buildings.

Map 20 visualizes a model for a public charging infrastructure in Beijing. It consists
of two different layers. The inner part of the city is equipped with a close-meshed net
of chargers. These chargers cover the basic needs of public facilities and are spread
in equal relation to each other. By contrast, the suburbs are connected to the public
charging net with charging stations at the Ring roads and expressways. Thereby, the
density and amount is changeable. This model only illustrates approximate values.
Clusters or heavy-traffic areas outside the inner city can assemble a higher density of
chargers as well to absorb the demand in these areas. Again, this concept assumes that
all EV users have access to a private (night) charger.

5.2.2 Satisfying the indirect demand for charging

The demand of charging stations is not always connected to the location where the
vehicle has a low SOC. Qualified POIs with a charging station can be approached
because of the need of the POIs and not because of the charging station. The charging
event itself has a lower priority but will be part of the journey because electricity for the
EV can be offered next to other needs of the user. For example, fitness studios, hotels
or supermarket chains fulfill the above mentioned requirements. Furthermore, they are
distributed all over the city. But on the other hand not all EV drivers have a need for
these kinds of POIs. Therefore, these POIs can be close to POIs users really have a
need for. The goal of an operator should be to combine these needs (the direct need to
visit a POI and the indirect need to charge the EV). For example, the French retailer
Carrefour has 18 supermarkets in Beijing. Map 21 illustrates their locations. During
the recording time of two weeks just two Zinoros parked directly at the supermarket,
but five Zinoros parked within 500 meters of the supermarkets; 41 parking events were
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Map 20: Concept of a charging infrastructure build up in Beijing

within 1,000 meters and 59 parking events were inside a 1,500 meters buffer around the
Carrefour market. As mentioned before, the preferred walking distance is about 500
meters from the parking lot/charging station to the final destination. So, these drivers
could be customers of Carrefour. However, the direct catchment area for charging
events has a bigger potential. The operator has to ”collect” the drivers and lead them
to approach the supermarket instead of the surrounding area.

To reach this goal, the drivers must not have a real need for charging. A free and
secured parking lot could be the main reason to drive to Carrefour and the optional
charging event is not the ulterior motive of the driver. The operator’s company and the
supermarket could create an incorporation and generate a win-win situation. However,
the drivers of the EVs need to know about the possibility of charging at the supermarkets.
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Map 21: Carrefour supermarkets with attended buffer of 500m, 1000m and 1500m

This can be done by integrating the charging locations into the navigation system, by
road signs within a radius of 1 km or by mobile phone apps. The advertisement for these
charging facilities does not need a direct link to the supermarket. If the chargers are
installed next to their entrance, customers will have another benefit. This methodology
can also be adopted to compounds. But in this case, the PMO has to allow access to
the property. In both cases, the opening hours of the gate have to guarantee permanent
access to the chargers as well.

This approach is also reflected by the user’s behavior which is analyzed in this paper
and, of course, instead of Carrefour, other POIs can be used. Because the median of
the weekly amount of charging processes with 2 events is relatively low (cf. table 4.11
on page 96), on-the-go chargers have a high potential. Especially in frequently driven
areas where drivers have an empty battery (cf. maps on page 95), the combination
between a spatial and user analysis can help generate new charging points.
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5.3 Expansion of a charging network

A charging network operator has plenty of opportunities to build up an infrastructure
in Beijing. First of all, home chargers with AC standards can be the basis for EV
users in the whole city. It can be assumed that almost all EV drivers will use these
stations during night time and their destinations can be reached. The user behavior’s
analysis Users who are living ”one battery capacity” away from their destination can be
supported with destination chargers at their work places. During the time these users
charge at work, their home charger can become a semi-public charging station. While
the users charge at home during the night, the charger at the work place can become
a semi-public charging station. In this model, the user always has first priority to
charge. However, by sharing stations, a higher workload is generated. Furthermore, the
operator does not need to place more charging facilities as necessary. Along with these
charging points, on-the-go chargers can complete the network in densely populated
areas. Parking lots of supermarkets, malls or POIs for daily life could achieve significant
additional revenues for the operator as long as the operator is able to re-route the EV
traffic towards the on-the-go chargers. Furthermore, these on-the-go chargers can be
used for the surrounding dwellers during the night. As a result of high investment costs,
fast public on-the-go chargers make most sense at highways. In this model the operator
has to space out all kind of chargers evenly in the operating area to guarantee short
distances between the charging point and the destination POI of the user.

The whole network can be focused on the most important districts or ROIs to meet
the customers’ needs. The main belts and axes in Beijing and respectively the biggest
accommodation, shopping and office areas should be covered by the network first to
supply energy to the most relevant customer groups. The analysis of the customer
data in this paper show that most night parking locations don’t change and only three
charging events per week can cover the customers’ needs. Furthermore, three parking
stops per day per EV driver can be seen as constants for the operator. Combined with
the locations of these user’s actions, an overall build up plan can be created. However,
most of the difficulties of the actual pillar installations are on-site: uninterested PMOs
at compounds and semi-public grounds have to be convinced one by one and tailor-made
contracts as well as installation cases for compounds which do not fulfill the criteria
have to be worked out (cf. Compound criteria on page 56).
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Conclusions

The goal of the work in hand was to analyze the political, economical and technical
aspects with the combination of a spatial analysis and user patterns. Based on one EV
model and it’s drivers patterns in Beijing, a first guideline for charging station operators
was created. An important insight becomes apparent here: The complexity of a charging
network is based on the principle of a perfect interplay between all influencing factors.
Optimal political frameworks, sophisticated technology, an intelligent distribution of
charging locations and a respective business concept have to cover all user patterns.
If even one of these pillars is inconsistent, the charging infrastructure fails. Because
of the extensive subjects, this dissertation contributed empirical findings in the fields
of spatial aspects and user patterns; and marking the remaining influencing factors.
While some of the influence factors are given and fixed, e.g. the general user behavior
or the urban geography of Chinese cities, others succumb to modifications in the form
of subsidies for charging facilities, a quantitative increase of NEVs or non-monetary
incentives for drivers of NEVs could change the entire system fundamentally.

A charging infrastructure in Beijing is subjected to some restrictions. First of all, the
urban structure of the city predetermines limitations in terms of public space. Unlike
in western countries, space is rare on sidewalks, side roads and parking lots. With this
in mind, the placement of charging pillars needs to adapt to local conditions. As most
of Beijing’s residents are living in compounds, the private parking situation isn’t better.
Too few parking spaces for more and more vehicles make an implementation difficult.
Therefore, existing space has to be used efficiently for all users. The concept of sharing
not only parking lots but also charging stations has to be in public as well on private
ground. Of course, the common pattern of home charging is still in use in Beijing. But
this only applies at night. This means every EV user has its own home charging station
for satisfying it’s basic needs. During the night time, the battery can be fully charged
to guarantee the maximum e-range during the day because the user has chosen an EV
with the battery which fits their personal needs best. This means the EV’s e-range
covers it’s daily recurring travel behavior. This home-charging can be seen as the basic
infrastructure model for Beijing. Because the parking time is sufficient, a normal AC



119

charging station can handle this work. Furthermore, the user gets the perfect station
which connects the battery from the OEM together with the EV. Third party charging
stations may also be used; however, this doesn’t mean the ownership is always owned
by the user itself.

The above mentioned model will be enlarged when one way of the user’s route already
consumes one battery capacity. For this case, destination-charging is an option. As the
suburbs of Beijing are up to 100 km far away from the inner city and the city’s diameter
is more than 80 kilometers, this model may be applied more often. If the EV is used
privately, a charging station at work can offset the lack of energy, while a company EV
can use a home-charger as a destination-charger. This extension will be taken on by
commuters to guarantee return. It has to be taken into account that charging event
takes place during night time and during daytime. These two private charging stations
can help to cover most of the use cases in Beijing. The study shows that most Zinoro
drivers did not park with an empty battery. There are multiple reasons for this but it
shows that home chargers can meet the basic needs of users.

A second extension of the model will come up if there are EVs on a route with a state
of charge which is too low to reach their destination. This happens to users of rental
EVs or drivers with less EV experience as well as drivers who could not charge their
EV before the trip. These groups of people need a charging infrastructure to satisfy
their need of energy. Here, for the first time, semi-public or public on-the-go-chargers
are relevant for users. The implementation of this common term is a challenge for
the operators of charging stations in Beijing. As mentioned above, public space is a
precious resource. The placement of pillars in the inner city is not possible because it
has been occupied by other goods or has no parking management. The difficulty is to
interrupt the user’s route as little as possible but charge as fast as possible because
the Zinoro can only be charged with a normal voltage and not with higher voltage. As
charging in Beijing with normal voltage makes the charging event quite long, the idle
time for the driver is long as well. This problem is solved in this thesis by integrating
relevant POIs next to charging events. The generation of an added value for the user
is necessary to bridge the time until the charging process is over. In contrast, in the
periphery, this model is difficult because the user has no associated POIs. However,
the placement of on-the-go-chargers next to POIs with parking lots enables a new
business case for the operator and an enjoyable idle time for the user. Thereby, a
direct need for energy does not have to be the only reason for parking and charging
at semi-public on-the-go-chargers. By adding intelligent marketing and advertisement,
users accept detours to combine necessary daily actions with the need for charging.
Beijing’s densely populated area offers perfect conditions. Additionally, the already
installed home-chargers and destination-chargers can be used as on-the-go-chargers as
well, as long as access is possible without any restrictions. Most compounds offer enough
parking space during the daytime and are able to absorb EVs with empty batteries.
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Critical appraisal

This paper is only based on the screening of EVs; ICE vehicles and PHEVs were not
part of the study. The reasons for this approach was a lack of access to qualified data
of vehicles with other drive concepts. However, the present data of the Zinoros has a
strong validity and provides enough data for a high-quality result. This is mainly based
on the fact that during daily recurring actions under 150 km, the driving behaviors of
ICE vehicle drivers and EV drivers are the same. Regarding the lesser EV experience
which induces drivers to travel and charge more carefully at the beginning, only after
150 km is the EV driver dependent on a charging facility. A second reason why ICE
vehicles were not part of the study is because ICE vehicles do not need a charging
infrastructure. Their range is high enough to travel long distances and a refueling
process several times a week is not necessary, whereas EVs need a recharge of energy
more often because their e-range is significantly smaller. A driver of an ICE vehicle
does not have to refuel the car every night or every second day even though the car
has traveled the same distance as an EV. Consequently, the drivers of EVs inevitably
have different behavior compared to ICE drivers because of the limited e-range (after a
distance of 150 km). As potential customers of EVs know these circumstances before
purchase, they readjust their behavior to the smaller e-range (more likely to happen)
and choose a nearer supermarket in their neighborhood, under certain conditions with a
charging facility, or the users retain their old driving behavior, which they had with an
ICE vehicle. Then, especially the latter, need a charging infrastructure to guarantee the
preservation of their familiar behavior patterns. In summary, it can be said, therefore,
that a charging net is only dependent on the driving patterns of ICE drivers if these
patterns exceed a distance that is higher than that of EVs. However, the methodology
of just studying EVs had some limitations. Although this dissertation attempted to
cover most aspects, a few frame conditions had to be made.

1. The data collection only took place in the municipal area of Beijing. The outcomes
of the analysis are tailor-made to this city and difficult to apply to other regions.
Furthermore, commuter flows to and from the nearby city of Tianjin couldn’t
be studied because of missing users and maps. These long distance trips could
change the charging behavior completely.

2. Only conductive AC charging was part of the investigation. Although DC charging
was established in Beijing during the study, the users were not able to use it
because the Zinoro did not support this technology. If so, more public charging
stations could be approached by the drivers and could enable charging behavior
like that observed in Europe or the U.S.

3. Most of the EVs studied belonged to rental companies and were driven by customers
with a short-term contract. By contrast, long-time drivers acquire more experience
and use the EV in different ways than drivers with less experience. The amount
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of charging events per week, the SOC lift, the minimum SOC and the location
and usage of public chargers are key figures.

4. During the study no consistent business model and payment system were rolled
out in Beijing. Some charging stations offer electricity for free, whereas the driver
has to pay for electricity at other charging facilities with different payment options.
An extensively harmonized environment simplifies the handling and usability for
the user and could change their entire patterns.

5. The data was collected from one electric vehicle model. A comparison between
EVs with various battery sizes could cover all use cases and enable a comprehensive
view on the charging system. Adding PHEVs with very small batteries and EVs
with battery sizes over 80 kWh could show their real need for public charging. The
e-range of these vehicles could change the workload of the chargers. Furthermore,
a mix of EVs can generate better statistical averages and medians for the parking
and charging duration. These results would give better information for the
implementation of a network open for different kinds of EVs. Whereas the current
EV model, the Zinoro E1, gives only information about the usage for a customized
charging infrastructure.

6. The outcome of the spatial analysis was highly based on the quality of the maps.
Especially in Chinese cities, the urban form is changing rapidly. New parking
lots, shopping malls or compounds are constructed all the time. This changes the
user patterns as well. Spatial social demographic data, like population density, or
meta data of the parking lots like absolute parking spaces per lot could generate
more detailed results regarding the need of charging stations.

7. The short recording period of two weeks could not cover all use cases. Seasons like
winter or public holidays have a large influence on the battery and user patterns.
A long-term investigation could also compare charging behaviors during different
temperatures. The heating and cooling system have a big impact on the e-range
of the car.

Outlook

E-mobility in China will be growing on more than a temporary basis. Environmental
concerns, as well as sustainability, force the government and society to change their
thinking about individual mobility. China wants to make up leeway in car manufacturing
by investing resources in EVs and their periphery. This relentless process changes the
way people, especially in mega cities like Beijing, change the way they travel. To reach
this goal, many fine details have to be aligned. First of all, technical standards are an
important topic. Extensively harmonized standards like the CCS (Combined charging
standard) will remove the current mix of plugs and communication signals in the future.
Although this engenders high costs for the conversion of the charging facilities and
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EVs, simplicity helps all participants. The political focus on e-mobility will also yield
privileges for NEV users. Be it monetary by less taxes or physical by special e-lanes
on roads or reserved parking spaces. Ultimately, these new surroundings should not
prompt people to adapt their driving patterns. The charging facilities have to follow the
user, not the other way round. Beijing’s urban characteristics differ from the European
cityscape and the city planners, as well as operators of charging facilities, should use
this given condition. A waste of (parking) space in mega cities is not only desirable but
absolutely essential. By installing an intelligent parking management now, cities lay
the foundation of future development.

One future in relation to the charging infrastructure can look like this: Whereas the
short-term goal of a charging network is the intelligent distribution of charging stations
within cities, suburbs and intercity areas, the e-range of batteries will be higher in
every EV generation. This development is the first challenge in the technology aspect
and can lead to less charging events overall. This fact must always be kept in mind.
Simultaneously, the highly autonomous driving for EVs will be introduced by the OEMs.
This step will change the whole mobility of residents. The need for finding a parking
lot, finding a charging station or route choices will be handled automatically by the
car. If the car is an EV, even the charging process will happen automatically. Thereby,
the EV will seek out the best charging time and location which fits customers patterns
best. The sharing of EVs within the family, the company or with other people will
be simplified. The users mobility will be reduced to moving from point A to point B,
while other activities relating to the car retreat into the background. If users order an
autonomous driving electric vehicle in the future, the car will pick up the passenger
in front of their doors and drop them off in front of their work or a supermarket. As
long as the EV is not needed during this time, it can just park and wait, pick up and
drop off other passengers or charge the batteries. In the beginning, people will inform
the EV how long they will be absent and do not need the car, but after a while the
computer will know the user’s patterns and it will have learned the regularly recurring
appointments. This algorithm will integrate all spatial circumstances like the missing
parking lots in compounds or missing parking management in the inner city because
parking lots can be placed in the suburbs of the city or at locations where users have
no additional value. Driving time spent searching for charging stations or parking lots
is irrelevant as long as the charging event will be autonomous as well. In the end, a self
driving EV is the ultimate game changer in the established mobility net. From this
perspective the build up of a charging infrastructure is just an interim solution with
human beings as actors.
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Appendix A

Interviewees of the expert discussion

Interviewee Title\Company Date

Yang, Wu (recorded) Manager Business Development,
BMW Brilliance Automotive Ltd.

September 30th, 2014

Liu, Jian (recorded) Specialist, National Development
and Reform Commission (NDRC)

October 12th, 2014

Wang, Xiaofeng
(recorded)

Specialist, Potevio October 12th, 2014

Heinen, Frank General Manager Electric Vehicle
and Hybrid Technology (BOSCH)

October 23rd, 2014

Tsang, Martin
(recorded)

CEO and co-founder, Hong Kong
EV Power Ltd.

October 25th, 2014

Hochfeld, Christian
(recorded)

Program Director Sustainable
Transport \Deutsche Gesellschaft
für Internationale Zusammenar-
beit (GIZ), Beijing

November 24th, 2014

Steinhauer, Stefan (e-
mail)

Car2Go October 24th, 2014

Prof. Zan (recorded) Tsinghua University, Beijing October 12th, 2014

Lankton, Cal (e-mail) Tesla Motors, USA December 8th, 2014

Kissel, Gery
(recorded)

General Motors, Detroit December 1st, 2014

Table A.1: List of interviewees for the expert discussions
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Detail maps of the six zones
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140 Appendix B Detail maps of the six zones

Map 26: Analysis of Zone 5 within the second ring-road;
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Map 27: Analysis of Zone 6 within the second ring-road;



Appendix C

QlikView source code

1 \ lstset {
2 xleftmargin =71 pt
3 }
4 Data:
5 LOAD SerialNo ,
6 VIN ,
7 [ Acquisition Time],
8 Longitude ,
9 Round (Longitude , 0.00001) as Longitude_round ,

10 Latitude ,
11 Round (Latitude , 0.00001) as Latitude_round ,
12 [GPS Speed (km/h)],
13 Direction ,
14 [ Eastern / Western Longitude ],
15 [ Southern / Northern Latitude ],
16 [GPS status ],
17 [ Total No. Of Cells ],
18 [ Total PB Pack(Cells )],
19 [ Total PB Pack Tem. Probes ],
20 [ Total PB Pack(Power )],
21 [ Vehicle Speed (km/h)],
22 [ Mileage (km)],
23 [ Gears Position ] as [Gears Position original ],

// die originale Schalthebelposition
beibehalten , um spaeter ggf. darauf
zugreifen zu koennen

24 If ([ Gears Position ] = ’6’ or [ Gears Position ]
= ’P’ , ’P’, ’D ’) as [ Gears Position ], //
Replace 6 mit ’P’ da bei der Betrachtung ’
Sleep ’ (=6) mit P gleichgesetzt werden kann

25 [ Braking Validity ],
26 [ Drive Validity ],
27 [ Travel Of Accelerator Pedal(%) ] ,
28 [ Travel Of Brake Pedal (%) ] ,
29 [ Motor Torque (N*m)],
30 [ Charging / Discharging Status ],
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31 [ Motor Controller Tem .( Â¡Ã£C )],
32 [ Motor Speed(r/min)],
33 [ Motor Temperature (Â¡Ã£C)],
34 [ Motor Voltage (V)],
35 [ Motor Current (A)],
36 [Air Temperature ( Â¡Ã£C )],
37 CRC ,
38 [PB Packs No.with Max.Vol .],
39 [Cell No.with Max. Voltage ],
40 [Max. Voltage Of Cells (V)],
41 [PB Packs No.with Min.Vol .],
42 [Cell No.with Min. Voltage ],
43 [Min. Voltage Of Cells (V)],
44 [PB Packs No.with Max.Tem .],
45 [ Probe No.with Max.Tem .],
46 [Max. Temperature ( Â¡Ã£C )] as [Max. Temperature

( Â◦ C )],
47 [PB Packs No.with Min.Tem .],
48 [ Probe No.with Min.Tem .],
49 [Min. Temperature ( Â¡Ã£C )],
50 [ Battery Temperature ( Â¡Ã£C )],
51 [ Total Voltage (V)],
52 [ Total Current (A)],
53 [SOC(%) ] ,
54 [ Residual Energy (KW*h)],
55 [ Insulation Resistance (kÂŠÂž)],
56 [ Total Cell Of Max.Vol .],
57 [ Total Cell Of Min.Vol .],
58 [ Total Pro. Of Max.Tem .],
59 [ Total Pro. Of Min.Tem .],
60 [Tem. Difference ],
61 [ Battery Post High Tem .],
62 [PB Pack Overvoltage ],
63 [PB Pack Undervoltage ],
64 [SOC Low Warning ],
65 [Cell Overvoltage ],
66 [Cell Undervoltage ],
67 [SOC Too Low],
68 [SOC Too High],
69 [PB Pack Mismatch ],
70 [PB Pack Poor Consistency ],
71 [ Isolation Fault],
72 WeekDay ([ Acquisition Time ]) as WeekDay ,
73 Week ([ Acquisition Time ]) as CalendarWeek ,
74 // Date( DayStart ([ Acquisition Time ])) as Day ,
75 // AutoNumber (VIN &’_’& [ Acquisition Time] &’_

’& If([ Gears Position ] = ’6’, ’N’,[ Gears
Position ])) as %Key ,

76 AutoNumber (VIN
77 &’_ ’&
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78 MakeDate ( SubField (left ([
Acquisition Time], 10) ,
’-’, 1),SubField (
SubField ([ Acquisition
Time], ’ ’, 1), ’-’, 2),
SubField (left ([
Acquisition Time], 10) ,
’-’, 3))

79 &’_ ’&
80 Time( MakeTime ( SubField (

SubField ([ Acquisition
Time], ’ ’, 2), ’:’, 1),
SubField ( SubField ([
Acquisition Time], ’ ’,
2) , ’:’, 2),SubField (
SubField ([ Acquisition
Time], ’ ’, 2), ’:’, 3))
,’hh:mm:ss ’)

81 &’_ ’&
82 [ Gears Position ]) as %Key ,
83 MakeDate ( SubField (left ([ Acquisition Time], 10)

, ’-’, 1) ,SubField ( SubField ([ Acquisition
Time], ’ ’, 1), ’-’, 2),SubField (left ([
Acquisition Time], 10) , ’-’, 3)) as DATE ,

84 Time( MakeTime ( SubField ( SubField ([ Acquisition
Time], ’ ’, 2), ’:’, 1),SubField ( SubField ([
Acquisition Time], ’ ’, 2), ’:’, 2),
SubField ( SubField ([ Acquisition Time], ’ ’,
2) , ’:’, 3)),’hh:mm:ss ’) as TIME ,

85 num( SubField ([ Acquisition Time], ’ ’, 2)) as
TIME_NUM

86 FROM [Monthly - export_ *. csv] (txt , codepage is 1252 ,
embedded labels , delimiter is ’,’, msq)

87
88 Where [ Mileage (km)] < 600000
89 and [ Mileage (km)] > 0;
90
91
92 // Sort for delta calculations with previous ()
93 Data_SORT :
94 NoConcatenate LOAD * Resident Data Order by VIN , [

Acquisition Time] asc;
95
96 DROP Table Data;
97 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
98 Data_delta_km :
99 LOAD *,
100 if(VIN = Previous (VIN), [ Mileage (km)] -

Previous ([ Mileage (km)]), 0) as
Mileage_delta

101 Resident Data_SORT ;
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102
103 DROP Table Data_SORT ;
104
105
106 Data_delta_SOC :
107 LOAD *,
108 if(VIN = Previous (VIN) and [ Charging /

Discharging Status ] <> Previous ([ Charging /
Discharging Status ]) , 1, 0) as [ Charging /
Discharging Change ],

109 if(VIN = Previous (VIN) and [ Charging /
Discharging Status ] = ’Charging ’ and
Previous ([ Charging / Discharging Status ] = ’
Discharging ’) , 1, 0) as [ Charging Begin],

110 if(VIN = Previous (VIN) and [ Charging /
Discharging Status ] = ’Discharging ’ and
Previous ([ Charging / Discharging Status ] = ’
Charging ’) , 1, 0) as [ Charging End]

111 Resident Data_delta_km ;
112
113 DROP Table Data_delta_km ;
114
115
116 Data_delta :
117 LOAD *,
118 if( WeekDay = ’Sat ’ or WeekDay = ’Sun ’, ’

WeekEnd ’, ’Week ’) as WeekEnd
119 //, AutoNumber (VIN &’_’& DATE &’_ ’& TIME &’

_ ’& [ Gears Position ]) as %Key
120 Resident Data_delta_SOC ;
121
122 DROP Table Data_delta_SOC ;
123
124
125 // Sort for delta calculations with previous ()
126 Data_SORT :
127 NoConcatenate LOAD * Resident Data_delta Order by

VIN , [ Acquisition Time] asc;
128
129 DROP Table Data_delta ;
130 RENAME Table Data_SORT to Data_delta ;
131 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
132
133 TMP:
134 NoConcatenate
135 LOAD \%Key ,
136 VIN ,
137 [ Charging / Discharging Status ],
138 [ Acquisition Time],
139 if( (VIN = Previous (VIN) and [ Charging /

Discharging Status ] = ’Charging ’ and
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Previous ([ Charging / Discharging Status ]
= ’Discharging ’) or (VIN <> Previous (
VIN) and [ Charging / Discharging Status ]
= ’Charging ’)), 1, 0) as
FLAG_CHARGE_BEGIN

140 Resident Data_delta
141 order By VIN , [ Acquisition Time ];
142
143 TMP1:
144 NoConcatenate
145 LOAD \%Key ,
146 VIN ,
147 [ Charging / Discharging Status ],
148 [ Acquisition Time],
149 FLAG_CHARGE_BEGIN ,
150 if( (VIN = Previous (VIN) and [ Charging /

Discharging Status ] = ’Charging ’ and
Previous ([ Charging / Discharging Status ]
= ’Discharging ’) or (VIN <> Previous (
VIN) and [ Charging / Discharging Status ]
= ’Charging ’)), 1, 0) as
FLAG_CHARGE_END

151 Resident TMP
152 order By VIN , [ Acquisition Time] desc;
153
154 TMP2:
155 NoConcatenate LOAD * Resident TMP1 Where

FLAG_CHARGE_BEGIN <> FLAG_CHARGE_END ;
156
157 // DROP Table TMP , TMP1 , Data_delta ;
158 // EXIT Script ;
159
160 CHARGE_DURATION :
161 LOAD \%Key ,
162 if( FLAG_CHARGE_END = 1 and Previous (

FLAG_CHARGE_BEGIN ) = 1, round (([ Acquisition
Time] - Previous ([ Acquisition Time ])) * 24
* 60 *60)) as CHARGE_DURATION ,

163 1 as FLAG_CH
164 Resident TMP2
165 Order by VIN , [ Acquisition Time ];
166
167 DROP Table TMP , TMP1 , TMP2;
168
169
170 // Drive Start
171 // DRIVE :
172 // LOAD VIN ,
173 // [ Acquisition Time],
174 // [Gears Position ],
175 // [ Mileage (km)],
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176 // [SOC (\%) ] ,
177 // \%Key ,
178 // if( (VIN = Previous (VIN) and [ Gears

Position ] = ’D’ and Previous ([ Gears Position ])
<> ’D ’) or VIN <> Previous (VIN), 1, 0) as
FLAG_STOP_BEGIN

179 // Resident Data_delta ;
180
181 // if(VIN = Previous (VIN) and [ Charging / Discharging

Status ] = ’Discharging ’ and Previous ([ Charging /
Discharging Status ] = ’Charging ’) , [ Acquisition
Time] - Previous ([ Acquisition Time ]) , 0) as [
Charging Duration ],

182
183 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
184
185 Intervalle :
186 LOAD * INLINE
187 [von , bis , Intervall
188 0, 0.25 , Night
189 0.250000000001 , 0.499999999999 , Morning
190 0.5, 0.749999999999 , Afternoon
191 0.75 , 0.999999999999 , Evening
192 ];
193
194 // Intervalle
195 IntervalMatch ( TIME_NUM )
196 Join( Data_delta )
197 LOAD von ,
198 bis
199 Resident Intervalle ;
200
201 Join ( Data_delta )
202 LOAD von ,
203 bis ,
204 Intervall
205 Resident Intervalle ;
206
207 DROP Table Intervalle ;
208 DROP Field von , bis;
209
210 //

-----------------------------------------------------------------------------------------

211
212 Rush_Hour :
213 LOAD * INLINE
214 [von , bis , rushhour
215 0, 0.29166666666665 ,

" normal hour"
216 0.29166666666666 , 0.41597222222223 , "Rush hour"
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217 0.41597222222223 , 0.70833333333332 , " normal hour"
218 0.70833333333333 , 0.83263888888889 , "Rush hour"
219 0.832639 , 0.99999999999999 , " normal

hour"
220 ];
221
222 // Intervalle
223 IntervalMatch ( TIME_NUM )
224 Join( Data_delta )
225 LOAD von ,
226 bis
227 Resident Rush_Hour ;
228
229 Join ( Data_delta )
230 LOAD von ,
231 bis ,
232 rushhour
233 Resident Rush_Hour ;
234
235 DROP Table Rush_Hour ;
236 DROP Field von , bis;
237
238 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
239
240 // Sort for delta calculations with previous ()
241 Data_SORT :
242 NoConcatenate LOAD * Resident Data_delta Order by

VIN , [ Acquisition Time] asc;
243
244 DROP Table Data_delta ;
245 RENAME Table Data_SORT to Data_delta ;
246
247 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
248
249 // ----- DRIVE -----
250
251 // Drive Start
252 DRIVE :
253 LOAD VIN ,
254 Longitude ,
255 Latitude ,
256 [ Acquisition Time],
257 [ Gears Position ],
258 [ Mileage (km)],
259 [SOC (\%) ] ,
260 \%Key ,
261 if( VIN = Previous (VIN) and [ Gears

Position ] = ’D’ and Previous ([ Gears
Position ] <> ’D ’) or VIN <> Previous (
VIN) and ([ Gears Position ] = ’D ’) , 1,
0) as FLAG_STOP_BEGIN
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262 Resident Data_delta ;
263
264 // Drive End
265 DRIVE_02 :
266 NoConcatenate LOAD VIN ,
267 Longitude ,
268 Latitude ,
269 [ Acquisition Time],
270 [ Gears Position ],
271 [ Mileage (km)],
272 [SOC (\%) ] ,
273 \%Key ,
274 FLAG_STOP_BEGIN ,
275 if(VIN = Previous (VIN) and [Gears Position

] = ’D’ and Previous ([ Gears Position ]
<> ’D ’) or VIN <> Previous (VIN) , 1, 0)

as FLAG_STOP_END
276 Resident DRIVE
277 Order by VIN , [ Acquisition Time] desc;
278
279 DROP Table DRIVE ;
280
281 // Drive Start & End
282 DRIVE_03 :
283 NoConcatenate LOAD * Resident DRIVE_02 Where

FLAG_STOP_BEGIN <> FLAG_STOP_END ;
284
285 DROP Table DRIVE_02 ;
286
287 // Drive Duration
288 Duration :
289 LOAD \%Key ,
290 if( FLAG_STOP_END = 1 and Previous (

FLAG_STOP_BEGIN ) = 1, round (([ Acquisition
Time] - Previous ([ Acquisition Time ])) *
3600 * 24)) as Duration ,

291 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ Mileage (km)]
- Previous ([ Mileage (km)])))) as Distance ,
// example not tested

292 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ SOC (\%) ] −
P r e v i o u s ( [ SOC(\%) ] ) ) ) ) a s Delta_SOC , //
examp l e no t t e s t e d

293 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, [SOC (\%) ] ) a s SOC_END
, // examp l e no t t e s t e d

294 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, Previous ([ SOC (\%) ] ) )
a s SOC_BEGIN , // examp l e no t t e s t e d

295
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296 // Track Start und ende
297 if( FLAG_STOP_END = 1 and Previous (

FLAG_STOP_BEGIN ) = 1, Latitude ) as
Latitude_END , // example not tested

298 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, Longitude ) as
Longitude_END , // example not tested

299
300 if( FLAG_STOP_END = 1 and Previous (

FLAG_STOP_BEGIN ) = 1, Previous ( Longitude ))
as Longitude_BEGIN , // example not tested

301 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, Previous ( Latitude ))
as Latitude_BEGIN // example not tested

302
303 Resident DRIVE_03
304 Order by VIN , [ Acquisition Time ];
305
306 DROP Table DRIVE_03 ;
307
308 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
309
310 // ----- PARK -----
311
312 // Parking Start
313 PARK:
314 LOAD VIN ,
315 [ Acquisition Time],
316 [ Gears Position ],
317 [ Mileage (km)],
318 [SOC (\%) ] , //
319 if( (VIN = Previous (VIN) and [ Gears

Position ] = ’P’ and Previous ([ Gears
Position ]) <> ’P ’) or VIN <> Previous (
VIN) and [ Gears Position ] = ’P’ , 1,
0) as FLAG_STOP_BEGIN

320 Resident Data_delta ;
321
322 // Parking End
323 PARK_02 :
324 NoConcatenate LOAD VIN ,
325 [ Acquisition Time],
326 [ Gears Position ],
327 [ Mileage (km)],
328 [SOC (\%) ] , //
329 FLAG_STOP_BEGIN ,
330 if (( VIN = Previous (VIN) and [ Gears

Position ] = ’P’ and Previous ([ Gears
Position ]) <> ’P ’) or VIN <> Previous (
VIN), 1, 0) as FLAG_STOP_END

331 Resident PARK
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332 Order by VIN , [ Acquisition Time] desc;
333
334 DROP Table PARK;
335
336 // Parking Start & End
337 PARK_03 :
338 NoConcatenate LOAD * Resident PARK_02 Where

FLAG_STOP_BEGIN <> FLAG_STOP_END ;
339
340 DROP Table PARK_02 ;
341
342 // Parking Duration
343 Duration :
344 LOAD \%Key ,
345 if( FLAG_STOP_END = 1 and Previous (

FLAG_STOP_BEGIN ) = 1, round (([
Acquisition Time] - Previous ([
Acquisition Time ])) * 3600 * 24)) as
Duration ,

346 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ Mileage (
km)] - Previous ([ Mileage (km)])))) as
Distance , // example , not tested

347 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ SOC (\%) ]
− P r e v i o u s ( [ SOC(\%) ] ) ) ) ) a s Delta_SOC ,
// examp l e no t t e s t e d // >>> ERGAENZT !
<<<

348 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, [SOC (\%) ] ) a s
SOC_BEGIN , // examp l e no t t e s t e d //

349 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, Previous ([ SOC (\%) ] ) )
a s SOC_END // examp l e no t t e s t e d //

350 Resident PARK_03
351 Order by VIN , [ Acquisition Time ];
352
353 DROP Table PARK_03 ;
354
355 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
356
357 // ----- Reverse -----
358
359 // Reverse Start
360 REVERSE :
361 LOAD VIN ,
362 [ Acquisition Time],
363 [ Gears Position ],
364 [ Mileage (km)],
365 [SOC (\%) ] , // >>> ERGAENZT ! <<<
366 \%Key ,
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367 if( (VIN = Previous (VIN) and [ Gears
Position ] = ’R’ and Previous ([ Gears
Position ]) <> ’R ’) or VIN <> Previous (
VIN), 1, 0) as FLAG_STOP_BEGIN

368 Resident Data_delta ;
369
370 // Reverse End
371 REVERSE_02 :
372 NoConcatenate LOAD VIN ,
373 [ Acquisition Time],
374 [ Gears Position ],
375 [ Mileage (km)],
376 [SOC (\%) ] , // >>> ERGAENZT ! <<<
377 \%Key ,
378 FLAG_STOP_BEGIN ,
379 if (( VIN = Previous (VIN) and [ Gears

Position ] = ’R’ and Previous ([ Gears
Position ]) <> ’R ’) or VIN <> Previous (
VIN), 1, 0) as FLAG_STOP_END

380 Resident REVERSE
381 Order by VIN , [ Acquisition Time] desc;
382
383 DROP Table REVERSE ;
384
385 // Reverse Start & End
386 REVERSE_03 :
387 NoConcatenate LOAD * Resident REVERSE_02 Where

FLAG_STOP_BEGIN <> FLAG_STOP_END ;
388
389 DROP Table REVERSE_02 ;
390
391 // Reverse Duration
392 Duration :
393 LOAD \%Key ,
394 if( FLAG_STOP_END = 1 and Previous (

FLAG_STOP_BEGIN ) = 1, round (([
Acquisition Time] - Previous ([
Acquisition Time ])) * 3600 * 24)) as
Duration ,

395 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ Mileage (
km)] - Previous ([ Mileage (km)])))) as
Distance , // example , not tested

396 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ SOC (\%) ]
− P r e v i o u s ( [ SOC(\%) ] ) ) ) ) a s Delta_SOC ,
// examp l e no t t e s t e d // >>> ERGAENZT !
<<<

397 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, [SOC (\%) ] ) a s
SOC_BEGIN , // examp l e no t t e s t e d // >>>
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ERGAENZT ! <<<
398 if( FLAG_STOP_END = 1 and Previous (

FLAG_STOP_BEGIN ) = 1, Previous ([ SOC (\%) ] ) )
a s SOC_END // examp l e no t t e s t e d // >>>
ERGAENZT ! <<<

399 Resident REVERSE_03
400 Order by VIN , [ Acquisition Time ];
401
402 DROP Table REVERSE_03 ;
403
404 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
405
406 // ----- Neutral -----
407
408 // Neutral Start
409 NEUTRAL :
410 LOAD VIN ,
411 [ Acquisition Time],
412 [ Gears Position ],
413 [ Mileage (km)],
414 [SOC (\%) ] , // >>> ERGAENZT ! <<<
415 \%Key ,
416 if( (VIN = Previous (VIN) and [ Gears

Position ] = ’N’ and Previous ([ Gears
Position ]) <> ’N ’) or VIN <> Previous (
VIN), 1, 0) as FLAG_STOP_BEGIN

417 Resident Data_delta ;
418
419 // Neutral End
420 NEUTRAL_02 :
421 NoConcatenate LOAD VIN ,
422 [ Acquisition Time],
423 [ Gears Position ],
424 [ Mileage (km)],
425 [SOC (\%) ] , // >>> ERGAENZT ! <<<
426 \%Key ,
427 FLAG_STOP_BEGIN ,
428 if (( VIN = Previous (VIN) and [ Gears

Position ] = ’N’ and Previous ([ Gears
Position ]) <> ’N ’) or VIN <> Previous (
VIN), 1, 0) as FLAG_STOP_END

429 Resident NEUTRAL
430 Order by VIN , [ Acquisition Time] desc;
431
432 DROP Table NEUTRAL ;
433
434 // Neutral Start & End
435 NEUTRAL_03 :
436 NoConcatenate LOAD * Resident NEUTRAL_02 Where

FLAG_STOP_BEGIN <> FLAG_STOP_END ;
437
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438 DROP Table NEUTRAL_02 ;
439
440 // Neutral Duration
441 Duration :
442 LOAD \%Key ,
443 if( FLAG_STOP_END = 1 and Previous (

FLAG_STOP_BEGIN ) = 1, round (([
Acquisition Time] - Previous ([
Acquisition Time ])) * 3600 * 24)) as
Duration ,

444 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ Mileage (
km)] - Previous ([ Mileage (km)])))) as
Distance , // example , not tested

445 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, round (([ SOC (\%) ]
− P r e v i o u s ( [ SOC(\%) ] ) ) ) ) a s Delta_SOC ,
// examp l e no t t e s t e d // >>> ERGAENZT !
<<<

446 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, [SOC (\%) ] ) a s
SOC_BEGIN , // examp l e no t t e s t e d // >>>
ERGAENZT ! <<<

447 if( FLAG_STOP_END = 1 and Previous (
FLAG_STOP_BEGIN ) = 1, Previous ([ SOC (\%) ] ) )
a s SOC_END // examp l e no t t e s t e d // >>>
ERGAENZT ! <<<

448 Resident NEUTRAL_03
449 Order by VIN , [ Acquisition Time ];
450
451 DROP Table NEUTRAL_03 ;
452
453
454 // delete Duations < Zero
455 Duration2 :
456 NoConcatenate LOAD * Resident Duration Where

Duration > 0;
457
458 DROP Table Duration ;
459 RENAME Table Duration2 to Duration ;
460
461 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
462
463 // min. ’D’ per vehicle !!
464 // Comments : min. ’D’ per VIN per Day
465 MIN_D :
466 LOAD VIN ,
467 // DATE ,
468 MinString ([ Acquisition Time ]) as [

Acquisition Time],
469 ’1’ as MIN_D_FLAG
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470 Resident Data_delta
471 Where [ Gears Position ] = ’D’
472 group by VIN //, DATE
473 ;
474
475 MAX_D :
476 LOAD VIN ,
477 MaxString ([ Acquisition Time ]) as [

Acquisition Time],
478 ’1’ as MAX_D_FLAG
479 Resident Data_delta
480 Where [ Gears Position ] = ’D’
481 group by VIN;
482
483 Join ( Data_delta )
484 LOAD * Resident MIN_D ;
485
486 Join ( Data_delta )
487 LOAD * Resident MAX_D ;
488
489 DROP Table MIN_D , MAX_D;
490
491 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
492 EXIT Script ;
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