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Abstract 
 

Background - Beijing as a metropolitan city is more and more recognized on a worldwide level in 
recent years because of its severe air pollution problems. Among all the local sources of air pollution, 
the vehicle exhaust fumes are the key source, accounting for 31.1 percent of PM 2.5 particles in the 
city, thus exceeding even the impact of coal combustion and industry production on emissions. With 
great attention towards Electric Vehicle (EV) technology in other parts of the world where EVs are 
seen as an important step towards less greenhouse gas intensive transportation systems and Beijing 
plans to improve the EV technology and adoption in the city. However, EV technology (as most other 
technologies) also could bring problems and challenges to the city and Beijing’s policy makers and 
planners discuss also critical aspects of EV technology as, for example, the high dependence on coal 
for electricity production, and possible negative effects on economic and social factors.  

Objectives - Planning and implementing a correct EV policy is a challenge for the city policy makers. 
Especially it is a challenge to consider the impact of EV strategies within a longer time horizon, 
because cities are dynamic and complex systems and many influence factors are relevant, affect each 
other mutually, and change over time. Aim of this master thesis is to develop a knowledge basis for 
Beijing policy makers (and also automotive industry and in particular electrical vehicle development) 
and their decisions and help them to anticipate and prepare for the coming change, and develop 
appropriate EV strategies for cities like Beijing. 

Method - In this master thesis, in order to develop future scenario as basis for policy recommendations, 
the methodology “Scenario Management” (SM) according to Gausemeier/Fink/Schlake (1995) is used 
as the main methodology to deduce the urban mobility situation of Beijing in 2030 and to “predict” 
systematically future development scenarios. In combination with that an expert interview approach 
and an evaluation method (megacity sustainability indicators) is used to verify and evaluate the 
developed scenarios. The SM methodology includes 5 phases and the structure of this master thesis 
will follow the order of this 5 phases. This master thesis starts with the analysis of the current “EV 
environment” of Beijing and proceeds step by step forward to the systematic projection of future EV 
scenarios for Beijing. Based on this the author tries discusses various challenges and develops 
grounded policies and guidelines for EV use and city development. For accuracy and feasibility 
reasons, the time horizon for projections and scenarios in this master thesis is limited to the next 15 
years (2030).  

Findings - In this master thesis it is shown that finally 3 plausible and consistent scenarios can be 
extracted. Scenario clustering shows that these three scenarios have a relatively high occurrence 
probability and thus they can represent the general development direction for future E-mobility in 
Beijing. Through the systematic analysis of influence factors, the author is able to identify the driving 
forces for each scenario. Primary driving forces that are “uncontrollable” (by Beijing city government) 
can be identified as well as secondary driving forces that are “controllable” (by Beijing city 
government). It is shown that policy can try especially through the adjustment of the “controllable” 
driving forces to modify or adapt the development of the uncontrollable driving forces on order to 
steer so the development (in particular EV adoption and development) into a desired direction. Based 
on this, the author developed grounded suggestions for an EV policy for each scenario. It is shown that 
due to the uncontrollable driving forces the occurrence of a certain scenario cannot be avoided or be 
made happening directly and thus the aim of policy and city planning should be to strengthen the 
opportunities and mitigating the risks for each scenario.  
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1 Introduction  

In this chapter, some general information about this master thesis will be introduced. Section 1.1 gives 
a short overview over the scope of this master thesis, motivation, research question, aim of this master 
thesis and research methodology. Section 1.2 presents a flow diagram that depicts the structure of this 
master thesis, the methodological steps and their located chapters in this master thesis.  

 Scope, motivation and research question 

The history of the Electric Vehicle (EV) can be traced back to 19th century, and the appearance of 
EVs started actually at the same time as the appearance of the Internal Combustion (Engine) Vehicles 
(ICV). In the late 19th and early 20th century, EV became the top popular cars in United States. But 
because of the increased range requirement due to city expansion and reduced price of gasoline, the 
rapid development of ICV technology stopped the adoption of EVs by the market [1]. Only recently, 
due to the air pollution caused by the exhausts from ICVs, EVs gradually came back to the attention of 
the world and now are seen as the future key technology for cities to replace the fossil energy sources 
in the long term [2] – and China in general and Beijing in particular intend to make use of EV 
technology and EV adoption as it promises to improve the city, transportation system, economy, 
ecology and society and life-quality. 

Beijing as a metropolitan city is more and more recognized on a worldwide level in recent years 
because of its severe air pollution problems. Among all the local sources of air pollution, the vehicle 
exhaust fumes are the key source, accounting for 31.1 percent of PM 2.5 particles in the city, thus 
exceeding even the impact of coal combustion and industry production on emissions [3]. With great 
attention towards Electric Vehicle (EV) technology in other parts of the world where EVs are seen as 
an important step towards less greenhouse gas intensive road-based transportation systems, Beijing 
recently also plans to improve the EV technology and EV adoption in the city. However, EV 
technology (as most other technologies) also could bring problems and challenges to the city. Indeed, 
critics about the “dirty” electricity in China, the bad economic performance of the EVs themselves, 
and the question whether EVs are really fit to Beijing’s future city development direction are not 
negligible. Because the recent policy guidelines for the automotive industry have clearly specified that 
“pure” EVs are emphasized by the EV technology development strategy in China [4], and also Beijing 
also aims mainly at “pure” EVs to create more “livable cities”, in this master thesis the “pure” EV 
technology – Battery Electric Vehicle (BEV) technology – is selected as focus of the research. 

As a person who has worked in Beijing for more than 7 years, the author has deep knowledge about 
the strong yearning of the local people for a better life and air quality, and about Beijing government’s 
strategy to change the city environment radically in the next decade. Beijing government has 
developed many policies in the past to improve air quality and the transportation system, but the effect 
of these policies was more or less equalised by Beijing rapid urbanisation and new economic demands.  

The author of this master thesis thinks that EV technology holds the potential to bring Beijing a new 
opportunity to accelerate the change of Beijing toward a more liveable, energy-efficient and 
sustainable development direction. Therefore, the author focuses in this maser thesis on the 
“Development and Analysis of E-Mobility Scenarios for 2030 for the Megacity Beijing” in order to 
find out to what extent and under what conditions EV technology could be advantageous for Beijing. 
The topic allows the author to use its knowledge about Beijing (city, transportation infrastructure, 
policy, city master plan and development) gained through work experience in Beijing as well as the 
knowledge about energy-efficiency, CO2 emissions and sustainable building and city planning gained 
in the master course Energy-Efficient and Sustainable Building at TUM. 

This master thesis starts with the analysis of the current “EV environment” of Beijing and proceeds 
step by step forward by using a combination of scientific methods (scenario management, expert 
interviews, evaluation by indicators, etc.) to the systematic projection of future EV scenarios for 
Beijing. Based on this the author tries to answer the research question: develop possible policies and 
guidelines for EV use and city development. For accuracy and feasibility reasons, the time horizon for 
projections and scenarios in this master thesis is limited to the next 15 years (2030).  
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The author hopes that the findings of this master thesis can help the policy makers, urban planners, 
and car manufacturers, and others to more clearly estimate the future development of Beijing and 
apply suitable measures for EV adoption and utilization.  

 Structure and general method 

In this master thesis, in order to develop future scenario and policies, the methodology “Scenario 
Management” (SM) is used as the main methodology. In combination with that an “evaluation method” 
(megacity sustainability indicators) is used to verify and evaluate the developed scenarios. The SM 
methodology includes 5 phases and the structure of this master thesis will follow the order of this 5 
phases. The structure of this master thesis is described visually in Figure 1.  

The key processes for each chapter are briefly summarized in the following: 

• Chapter 2: This chapter introduces background information about Beijing, EV technology and its 
situation in Beijing. This chapter is on the one hand a detailed knowledge review as basis for the 
formulation of research question and hypotheses, and on the other hand it is a step (phase 1– 
scenario preparation) of the main methodology (scenario management). The background 
information is analyzed according to the Influence Areas (IAs; society, economics, ecology and 
energy, transportation infrastructure, policy and EV technology) of the Scenario Field (SF). Based 
on the information of these IAs in the following chapters the influence factors and key influence 
factors are developed for scenario projection.  

• Chapter 3: Based on the previous analysis of the IAs, in this chapter the research question is 
detailed: how is the future scenario for E-Mobility in Beijing in 2030 and how the possible EV 
policies look like? Furthermore, the author presents her own opinion about potential future EV and 
sustainability scenarios for Beijing (hypothesizes) for future discussion. At the end of this section, 
the indicators of sustainable megacity are introduced for scenario evaluation. 

• Chapter 4: In order to project the future EV environment of Beijing and to build a basis for the 
development of possible policies and guidelines for future EV and city development, as well as to 
discuss the hypothesizes and find answers to the research question, the SM approach according to 
Gausemeier/Fink/Schlake [5] is used in this master thesis and combined with and expert interview 
approach for scenario development. This chapter will follow the process of SM and finally 
develop 3 scenarios for the future EV environment for Beijing in 2030, the 3 scenarios are 
“Uninteresting cars!”, “Let’s drive!” and “EV, COOL~!”. Scenario development in this master 
thesis is done in 5 phases and the 3 main phases are conducted and described in this chapter (see 
Figure 1). 

• Chapter 5: In this chapter, the 3 scenarios developed in chapter 4 are analyzed and evaluated 
based on the indicators developed in chapter 3. The Total Cost of Ownership (TCO) and CO2 
emission values of EV and ICV are analyzed in order to evaluate the emission reduction ability 
and cost performance of EV and ICV in the 3 scenarios. Based on those the possible EV policies 
for Beijing could be developed. At end of this chapter some suggestions for EV policy in Beijing 
are made by the author. 

• Chapter 6: Based on the 3 generated scenarios and their evaluations the 2 hypotheses stated 
earlier are discussed in this chapter. Furthermore, the occurrence probability of the scenarios and 
the reasons for the specified probabilities are analyzed.  

Chapter 7: In this chapter, the research question is addressed once more and it is concluded what 
knowledge was added through the research done in this master thesis. The main findings of the 
scenario generation and hypotheses discussion are summarized suggestions for further research are 
given. 

In this master thesis it is shown that finally 3 scenarios can be extracted. Scenario clustering shows 
that these three scenarios have a relatively high occurrence probability and thus they can represent the 
general development direction of future E-mobility in Beijing. Through the systematic analysis of 
influence factors, the author is then able to identify the driving forces for each scenario. Primary 
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driving forces that are “uncontrollable” (by Beijing city government) can be identified as well as 
secondary driving forces that are “controllable” (by Beijing city government). It will be shown that 
policy can try especially through the adjustment of the “controllable” driving forces to modify or adapt 
the development of the uncontrollable driving forces on order to steer so the development (in 
particular EV adoption and development) into a desired direction. Based on this, the author will 
develop grounded suggestions for an EV policy for each scenario. It will also be shown that due to the 
uncontrollable driving forces the occurrence of a certain scenario cannot be avoided or be made 
happening directly. The given suggestions therefore aim at maximizing the opportunities and 
mitigating the risks for each scenario (given the situation that first signs in the future show that a 
certain scenario might happen).  

 

Figure 1. Structure and research method 
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2 Background and Scenario Field (SF) analysis 
This chapter introduces background information about Beijing, Electric Vehicle (EV) technology and 
its situation in Beijing. This chapter is on the one hand a detailed knowledge review as basis for the 
formulation of research question and hypotheses, and on the other hand it is a step (phase 1– scenario 
preparation) of the main methodology (scenario management). The background information is 
analyzed according to the IAs of the SF (society, economics, ecology and energy, transportation 
infrastructure, policy and EV technology). Based on the information of these IAs in the following 
chapters the influence factors and key influence factors are developed for scenario projection. In this 
chapter the IAs society, economics, ecology and energy, transportation infrastructure are analyzed in 
section 2.1 and the IA about EV and EV technology is analyzed in section 2.2. The information about 
policy is divided into two parts: city development policy is introduced in section 2.1, and EV policy is 
introduced in section 2.2. 

 Beijing introduction 

In This section the IAs society, economics, ecology and energy, transportation infrastructure are 
analyzed. It analyses society and economics in section 2.1.1, transportation infrastructure of Beijing in 
section 2.1.2, challenges of Beijing in section 2.1.3, and car usage characteristics in Beijing in section 
2.1.4 and the development direction of Beijing in section 2.1.5 

2.1.1 Basic information of Beijing: society and eco nomics 

Beijing is the capital of China and the national political as well as cultural center, and it is a 
direct-controlled municipality under the national government. Beijing is located at 39°56'N and 
116°20'E and lies on the North China Plain, it is surrounded by Hebei Province and about 130 
kilometers far away from another Chinese megacity Tianjin. The municipality area of Beijing is 
16,410.54 square kilometers in size including two urban districts, ten suburban districts and four rural 
counties [6]. The location and the district organization of Beijing are depicted in Figure 2.  

 

Figure 2. Beijing district map and its main roads system (own interpretation based on [7]) 

With its more than 21 million residents in 2014, Beijing is ranked number three in terms of the amount 
of residents of a municipality in China after Shanghai and Chongqing municipalities and it is the 
second largest city in urban population after Shanghai [8]. Beijing is also one of the economically 
most successful municipalities in China. In 2013, the municipality's nominal Gross Domestic Product 
(GDP) was about 3.5% of the country's total economic output, and it was ranked number 13 among 
province-level administrative units. Currently Beijing’s economy has an annual growth rate of 7.7 
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percent [8] [9] . Furthermore, Beijing is the home to the headquarters of China's largest state-owned 
companies and several of world’s 500 largest companies [6]. Basic economic and statistical 
information about Beijing is summarized in Table 1. 

Table 1. Basic Information about Beijing [9] 

BEIJING CITY (2012) 

Population 20.693 million Population growth 2.5% 

Area 16,410.54 km2 Population density 1,261 inh./km2 

GDP 10,667 € per capita GDP growth rate 7.7% 

Unemployment rate 1.27%   

Beijing is one of the four ancient cities of China, and it has a history of over 3,000 [10] years. It was 
the capital city of five old dynasties in China history from Liao dynasty (916-1125) [10] to the last 
dynasties of Qing (1644-1911) [10]. In 1949, Beijing was once again made the national capital of the 
People’s Republic of China. So far, Beijing still retains a distinctive style of an ancient, imperial city 
structure which also determines its present organizational structure and thus also its transportation 
infrastructure. Central organizational element of Beijing is the Forbidden City which was the center of 
the governmental power of the Ming and Qin dynasties. 

The major road system of Beijing includes 6 Ring-roads which are organized around the Forbidden 
City extending outward and several radial expressways which reach out from the center of Beijing to 
other Megacities in China. By the ideological influence of the emperors, a clear and grid-like 
organizational structure was created and most roads are vertical or horizontal transportation canals 
centered symmetrically on the Forbidden City. The construction of Beijing’s ring-roads also reflects 
the scale of the urban sprawl: from the 1980s onwards Beijing started to build the second Ring Road 
which was only 33 kilometers long [10], and in 2009 the 6th Ring Road was finished and accounted 
for 190 [11] kilometers in length and connect all the previously mentioned inner suburban districts of 
Beijing. Figure 3 shows the urban sprawl process from 1987 to 2010. 

    
1987 2000 2005 2010 

Figure 3. Beijing city development from 1987 to 2010 [7] 

2.1.2 Transportation infrastructure of Beijing 

Because of the rapid economic and population growth, on the one hand, the city gained in terms of 
viability and attractiveness. However, on the other hand, one of the direct consequences from that was 
the increased complexity of the urban transportation system. The continuous increase of motorized 
urban traffic challenged the city’s transport infrastructure. Under these circumstances, from the 1980s 
onwards, Beijing began to implement a transportation development policy that put the focus on new 
road construction. Until 2012, the length of roads in Beijing municipality grew to about 28,585 
kilometers, which is almost four times the road length of 1980 [9]. In the same period, the number of 
registered motorized vehicles in Beijing grew to 5.20 million, and thus accounted for an about 65 
times increase compared to 1980 numbers [12]. This rapid motorization of urban transportation 
besides its positive economic impacts made the people waste more time on the road, and in 2009, the 
average Commuting Speed (CS) with a car in rush hour was only about 18 [12] kilometers per hour.  
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In 2005, Beijing issued the “Beijing Transportation Development Program” [12], which identified the 
development of public transportation as the only method to mitigate the urban traffic congestion in 
Beijing in the long run. Since then, Beijing started to increase public investment on construction and 
improvement of public transportation. In order to not increase the traffic load on the road, Beijing 
decided to focus on the development of underground rail systems and lanes for rapid buses on the road. 
Until 2012, the length of the subway network of Beijing has increased form 114 kilometer (4 lines) in 
2005 to 442 kilometers (16 lines), and 7 lines of rapid bus have been in operation [9]. In 2012, Beijing 
also began to establish the “city public bike sharing system”, and until the end of 2012, about 15,000 
public bicycles were provided and parked in bus or subway main stations [12]. Basic information 
about Beijing’s transportation infrastructure is summarized in Table 2.  

Table 2.Basic Information about Beijing transportation system [9] [12] [13] 

BEIJING CITY TRANSPORTATION SYSTEM (2012) 

Vehicles 5.20 mil. Fatal accidents 845 p.a. 

Vehicles per 1,000 population  251 /1,000 inh. Injuries 918 p.a. 

Private cars 198 /1,000 inh. Public transport 0.33 $/trip 

Gasoline Price (07.2014) 1.27 $/litre / 7.78Yuan/litre Diesel Price (07.2014) 1.26 $/litre / 7.74 
Yuan/litre 

TRANSPORT INFRASTRUCTURE (2012) 

Roads 28,585 km City buses 19,547 km / 779 lines 

Subway 442 km / 16 lines Tram 0 km 

Road density 1.7 km/km2 Passenger capacity 7,616 mil. person-times 

Average travelled distance per year 15000 km/n   

TRANSPORT MODE SPLIT/ TMS (2012) 

Motorized individual transport Private 32.6% Cycling 13.9% 

Motorized individual transport Taxi 6.6% Walking no data 

Public transport Subway 16.8% Other 2.9% 

Public transport bus 27.2%   

EVERAGE SPEED OF VEHICLES (2012) 

Workday main road 7:00 - 9:00  23.3 km/h 17:00 – 19:00  21.4 km/h 

Note: Yuan to US$ exchange rate is according to the level in 07.2014, 1US$＝6.14 Yuan 

2.1.3 Car usage characteristics in Beijing 
Traffic congestion and environmental issues are challenges that every city has to face in the processes 
of urbanization. Beijing only tock about 30 years to complete its urban motorization, whereas in most 
of the other megacities in the world (for example: Tokyo, London and New York) this process tock 
about one century [14]. This rapid urban motorization leads to the situation that transportation 
infrastructure could not be adapted good enough which leads to challenging care use characteristics. 
But compared with other megacities in the world, Beijing has relatively lower average population 
density opposed to relatively significant transportation as well as environmental problems [15]. In the 
following section the structural and socio-economic reasons for this are identified related to the car 
usage characteristics. 

Structural impacts on car usage characteristics: 

1. Single-center structure conflicts with the multi functions of city [14]: Beijing represents a 
“single-center urban structure” and city resources, such as government departments and many big 
company’s offices, are highly concentrated in the center area of Beijing. This leads to a high 
“functional load” in the center of Beijing and increases transportation challenges since citizens 
are thus forced to go by car (or other transportation means) from the outer areas to these 
centralized functions.  

2. Distribution of jobs and dwelling forces car based transport [14]: In Beijing, most of the 
people with high income live in the center of the city, and the people with middle and low income 
(accounting for the majority of the urban population), live in the outside of center area or even in 
the suburban area of Beijing. But most urban functions and thus jobs are concentrated in Beijing’s 
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center forcing the need for car transportation since many sub-urban areas are not yet well 
connected to the center by the public transportation infrastructure.  

3. Low road density [7]: The major roads in Beijing in general are wide and the distance between 
them is high. This creates high traffic pressure on the roads, and in combination with the above 
mentioned non-layered organization creates problems in intersection areas and leads to 
congestion and a low average commuting speed. The ancient courtyards, government offices and 
schools, all cover big area and heavily separate the road network of Beijing. Additionally many 
city blocks in Beijing are large and there is no path through for cars and roads.  

4. Low efficiency of the road system of Beijing [16]: The purpose of Beijing to construct 
ring-roads is to avoid interference from the outer traffic to inner city traffic. Until now Beijing has 
already finished its 6th ring road. But because there are too less exit lanes on the ring roads and a 
lot of high density living quarters built along the ring roads, traffic congestion often occurs 
nearby the exit lanes, and hence the ring-roads have not yet be able to relieve the traffic pressure. 

5. Slow improvement of public transportation infrastructure [7]: In recent years, Beijing has 
built many new subway lines and bus lines in the urban center area, but the development of 
high-speed public rail transit system between suburban and urban center areas has proceeded only 
slowly. Thus still most of the high density living quarters are built and oriented along the main 
car transportation canals. The crowded public transportation system and its complicated network 
make many citizens prefer to take taxi or drive by car. 

6. Threatened walking, bicycles, and public transportation [16]: Up to date the master plans of 
Beijing put the emphasis on city road infrastructure construction suitable for cars. That in return 
stimulates the growth of the number of the cars, reduces the efficiency of public transportation, 
and increases the safety and health risks for walkers and bicycle travelers.  

7. School network and selection system [16]: Schools are unevenly distributed and additionally 
schools can freely be chosen. This creates long commuting distances and leads to road congestion 
through parents which drive their children to school. 

Socio-economic impacts on car usage characteristics: 

1. Rapid growth of number of car owners: By the end of 2012, the number of cars in Beijing was 
251 [12] per thousand people, of which 78 percent [12] were private vehicles. Comparing with 
other megacities in the word, Beijing has a very fast car ownership growth speed: in the last 30 
years the car ownership per thousand people has increased about 250 times [9]. This is a result of 
the rapid economic growth speed and the fact that people do not have the opportunities (for 
example as in Germany) to think about alternatives to the ICV. 

2. Concentration of motor vehicles in the central area of Beijing [7]: Different from many other 
megacities in the world (in which the city center with higher population density generally shows 
lower car ownership per person), about 80 percent of the total number of registered vehicles in 
Beijing concentrates within the 6th ring road [7]. In the two central districts of Beijing, the car 
ownership ratio per person is 0.3, and in core districts of Tokyo it is only 0.17 [7].  

3. Car has a high utilization rate in the mode split of Beijing: As the city expands, the travel 
distances in Beijing are increased and the citizens prefer to travel by car. In 2010, driving by cars 
accounts for about 34 [12] percent in the Transportation “Mode Split” (TMS) of Beijing, and 
average commuting distance by car is 45 [12] kilometers per car ride, which is significantly 
higher that of Tokyo (19 [15] kilometers per car ride) and London (30 [15] kilometers per car 
ride).  

4. Ratio of “high emission” vehicles: Due to the “saving culture” in China (products are used and 
repaired as long as possible) many very old cars are still in use. Until end of 2014, there are still 
about 970,000 cars (17 percent of total passenger cars in Beijing) with and emission standard 
lower than the outdated European “Europe II [17]” standard. Additionally, large and heavy high 
emissions cars, such as Sport Utility Vehicles (SUVs), have a growing market share in Beijing 
[18].  

Faced with the above mentioned challenges, Beijing has recently limited the number of licenses that 
can be issued for cars in the city every year to 240,000 and in 2014 this number was lowered by the 
government even down to 150.000 [19]. Furthermore, Beijing no longer allows cars which are 
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registered outside the city area to drive on city roads during rush hours. Additionally, every work day 
certain vehicles are not allowed to be used depending on the numbers on the number plates of the cars 
[20] (for comparison: similar “outdated” concepts were used in Germany long ago during the oil crisis 
in the early 1970s [21]). For more detail information see in the attachment the description of the Key 
Influence Factor (KIF) 24. 

2.1.4 Environmental challenges of Beijing 
A consequence of the rapid economic, population and transportation system growth is the serious and 
harmful impact of this growth on the quality of urban environment and quality of life in Beijing. 
Severe pollution and bad air quality in Beijing has made Chinese capital “barely suitable” for living 
and especially many younger and well educated people and families think of leaving Beijing or even 
immigrating to another country due to pollution and health reasons. The air pollutants in Beijing 
include sulfur oxides (SO2), Nitrogen oxides (NO2), Carbon monoxide (CO), PM10 (particles with 
diameter of 10 micrometers or less) and PM2.5 (Particulate Matter; particles with diameter of 2.5 
micrometers or less) [3]. Because the PM2.5 accounts about 78 percent air pollution in Beijing, the 
concentration of PM2.5 is used to measure the air quality of Beijing [3]. Figure 4. A shows the 
difference of air quality on the 26 and 27 February of 2014. After one week’s “smog” in Beijing, on 
the 26th of February the PM2.5 concentration arrived its peak (about 360 ug/m3) and entire of Beijing 
was covered by highly intense smog, and after the rain on the 26th night the sunlight was able to shine 
on Beijing in the morning of 27th [22]. Figure 4. B shows the air quality of Beijing in a normal day in 
September.  

  
A: Comparison of Beijing air quality between 26.02 to 
27.02.2014, Photo by Jiazuo Lv [22] 

B: The air quality of a normal day in Sept. Beijing (photograph 
taken by the author). 

Figure 4. Bad air quality in Beijing. 

According to an official report from Beijing Municipal Environmental Protection Bureau, in the year 
2013, the average concentration of PM2.5 in Beijing was 89.5μg/m3, which is 2.5 times higher than 
the national standards (35μg/m3), and in 2013, only 71 days reached the national Standard. Among all 
Beijing's PM2.5 sources, local emissions contribute 64% -72% (including local emission sources in 
motor vehicles, coal-fired, industrial production, dust, respectively accounting for 31.1%, 22.4%, 18.1% 
and 14.3% of local emissions) [3]. That is to say that the vehicle exhaust fumes are the key source of 
air pollutants of Beijing. Additionally, the above mentioned low travel speed of the cars in Beijing 
(section 2.1.2), resulted that the gasoline or diesel could not be able to completely be processed in the 
automobile engines, more carbon or carbon monoxide are exhausted, increasing the air pollution. In 
Beijing, the PM2.5 concentration around the area of major transportation canals is in average about 
one third above the average.  

Since February 2013, Beijing has already implemented the so called “Beijing V” vehicle emission 
standards equivalent to European “Europe VI” vehicle emission standards [23]. But more than 
100,000 [17] of the cars registered in Beijing currently not even would meet the former European 
“European IV” emission standard (current most actual Emission Standard in Europe is VI) [17]. 
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2.1.5 Development direction of Beijing 

Since the founding of China in 1949, the urban structure of its capital (Beijing) has undergone great 
changes, which partly reflect the “natural” change, and partly are the result of “intentional” 
interventions of China’s government and Beijing's policymakers. These interventions are clearly 
reflected in the urban structure of Beijing [24]. After 1949, Beijing was planned as a “manufacturing 
city” in order to highlight the important position of the working class in communistic society, and a 
large number of industrial zones and factories were built in the city, especially in the suburban areas, 
and most of the huge building groups and broad roads in Beijing (that represent today a challenge for 
the development of the transportation infrastructure as mentioned above) were built in that time [24]. 
From 1980s, Beijing started the “strict control of the scale of metropolitan development” that caused 
the fact that the planned restriction of the city has always been overthrown through actual and very 
rapid city development, and that urban infrastructure (for example public transportation) was always 
inadequate [24]. In the master plan of 1993, Beijing proposed to build a “world city” and put emphasis 
on economic development, this goal was strengthened in the master plan of 2005 [6]. Start from 2005, 
due to the increase of air pollution and environmental challenges, Beijing policymakers also started to 
emphasize to build “livable cities” [6] using following strategies:  

1. Transition from a one-center city to multi-center city  
2. Implementation of more strict policy guidelines for the development of industry, population, 

land-use and environmental protection  
3. Encouraging and support of innovation, including innovation in urban development  

From 1980s to the present, Beijing has experienced three major city master plan adjustments that can 
be characterized as shown in Table 3. 

Table 3. Beijing master plan 1982, 1991 and 2004 (Information summarized in the table is based on [25]) 

 

Beijing 1982 Urban Master Plan 

 

1. City life mainly concentrated within the Second Ring Road 

2. Citizen’s trip mode was mainly bicycle and walk 

3. Traffic congestion occurred mainly on intersections of Third Ring 
Road 

4. Supply of transport infrastructure was insufficient 

5. Transport policy was mainly on road construction to relieve traffic 
pressure  

Image: Beijing urban master plan 1982 [26] 

 

Beijing 1991 -2010 Urban Master Plan 

 

1. Urban scale was bigger than 1982, citizens travel distance 
increased 

2. The number of motor vehicles was more than 1 million in 1997 

3. Growth rate of vehicle amount was more than 20% per year 

4. Traffic congestion large-scale occurred on second and third ring 
road  

5. Transport policy still concentrated on road construction  

 

Image: Beijing urban master plan 1991 -2010 (1993) [27] 

 

Beijing 2004 -2020 Urban Master Plan 

 

1. The city continued to expand 

2. Citizen’s travel distance and travel times per day increased, the 
citizen’s travel structure changed significantly  

3. Travel rate by car greatly increased  

4. Transport policy focused on the development of public 
transportation system to deal with traffic pressure since 2006 

 

Image: Beijing urban master plan 2004 -2020 (2004) [27] 
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The Beijing 2004-2020 master plan was “executed” for about ten years. Along with the rapid 
urbanization of Beijing, this pan faced a lot of challenges, and the development of many indicators 
made useless the master plan of 2004. For example, according to this master plan the total population 
should be limited to 18 million until 2020 in Beijing [6], but in 2012, the total population of Beijing 
has already reached 20.69 million [9], Beijing has also planned to build a multi-center city in the 
master plan of 2004 [6], but until today the multi-center city structure is not implemented but the 
single-center characteristic of Beijing was strengthened through the actual development. Therefore, in 
2014, Beijing began to adjust this master plan and the new adjusted plan is planned to be launched in 
2015. From the report of the Beijing Planning Commission, the following aspect will be emphasized 
in the adjusted master plan [28]: 
1. Development towards of multi-center city structure 

2. Strict control of population growth 

3. Strict control of air pollution levels 

4. Significant improvement of the public transportation infrastructure 

5. Building a livable and healthy capital city 

 Electric Vehicles – development, types, and exampl es 

In this section, the analysis of the IA EV and EV technology is summarized. The section includes the 
analysis of the development of EV technology in section 2.2.1, and EV adoption experiences in other 
cities around the world in section 2.2.2. Because the recent policy guidelines for the automotive 
industry have clearly specified that “pure” EVs are emphasized by the EV technology development 
strategy in China [4], and also Beijing also aims mainly at “pure” EVs to create more “livable cities” 
(see in section 2.3), in this master thesis the “pure” EV technology – BEV technology – is selected as 
focus the analysis. 

2.2.1 Development tendencies and EV types 

The history of the electric vehicle (EV) can be traced back to 19th century, and the appearance of EVs 
started actually at the same time as the appearance of the ICV. In the late 19th and early 20th century, 
EV became the top popular cars in United States. But because of the increased range requirement due 
to city expansion and reduced price of gasoline, the rapid development of ICV technology stopped the 
adoption of EVs by the market [1]. Only recently, due to the air pollution caused by the exhausts from 
ICVs, EV gradually came back to the attention of the world and now seen as the future key technology 
for cities to replace the fossil energy sources in the long term [2].  

During the last decade many different types of EV technology have emerged. “In the broadest sense, 
an electric vehicle is any vehicle that has at least one electric motor in the power train driving of the 
vehicle” [29] . EV technology could be sub-classified to BEV, Hybrid Electric Vehicle (HEV), Plug-in 
Hybrid Electric Vehicle (PHEV), Range-Extended Electric Vehicle (REEV, is also a kind of PHEV) 
and Fuel Cell Hybrid Electric Vehicle (FCHEV) technology. Because in China in recent policy 
guidelines for “livable cities” the “pure” EV development direction has been clearly emphasized pure 
EV technology development [4], in this master thesis the pure EV technology – BEV technology – is 
in the focus of further analysis.  

Until the end of 2013, the global EV stock (including BEV, PHEV and FCHEV) exceeded more than 
300.000 pieces and represented 0.04 percent of the amount of total passenger cars [1]. In this global 
amount of EVs, the EV registered in China accounts for share of about 6.2 percent, and most of them 
are BEVs [1]. With the China national government continuing to promote cleaner “light” vehicles in 
order to change the air pollution throughout China, the EV market in China is expected to grow 
significantly in case of these policy goals are put into practice consequently. Therefore often China is 
forecasted to be the biggest EV market in the world in 2019 [30].  

Despite the fact that EV technology has many advantages and is considered as the future of 
transportation technology, there are still significant barriers that stand in the way of widespread 
adoption of EV technology. As discussed by [1], the future ‘technological, economic, market, and 
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policy challenges could hinder market transformation if not addressed through further investments, 
public-private collaboration, and innovative policy and business solutions’.   

According to [1], the challenges and the opportunities of EV technology could be summarized as 
follows: 

1. In terms of technological challenges, main issues are the battery energy density (decides the range 
of an EV) and the battery price (decides the price of an EV). Those two issues are also the crucial 
factors regarding the question whether EVs can compete with traditional ICVs. Methods for 
overcoming this challenge could be, for example, developed through international cooperation and 
governmental funding support to accelerate the technical progress of EV technologies. Recently, 
the overall trend for the battery of electric vehicle is characterized by the fact that the battery 
energy density increases and that the cost of the battery decreases. The technological research and 
development regarding EV is being gradually expanded currently [31]. For more detail 
information see also the attachments for KIFs 21 and 22.  

2. The economic challenges related to EVs mainly come from the high purchase prices for EVs and 
the cost for the construction of the EV charging infrastructure in the city. Regarding the still 
relatively high price of EV battery in the near future, government could support the 
competitiveness of EV by providing subsidy, and by helping to develop a suitable business model 
for the EV charging and charging station (Electric Vehicle Supply Equipment; EVSE) in market. 

3. In terms of market challenges it is all about the operation of the EV charging infrastructure, and 
the adoption of EV by the market. To optimize the EVSE development, and decrease the Total 
Cost of Ownership (TCO) of EV, an increase of the EV model diversity (to provide solutions for 
diverse use scenarios) could be the method to overcome the market challenges. EVs could be 
designed and produced for different model categories and according to the vehicle size and travel 
distance requirements for a city: “BEV are best suited for the smaller urban car segment where 
travel distances are short” [1]. 

4. For the promotion of EV technology, local policy is very important, because many EV challenges 
are region-specific. An active EV policy could help to “balance” the benefit of many stakeholders 
through providing subsidies to private buyers, enacting a law to promote the EVSE construction in 
dwellings and dwelling areas, and corporation with the local EV automobile industry (as done by 
some Chinese municipalities and the company BYD).  

In the long term EVs are a good solution especially for cities, and they could play a more important 
role in the process of urbanization of many megacities than conventional ICVs. EVs could make the 
city (1) get rid of the high dependence on the oil products, (2) provide more possibility for the 
diversification of the energy supply of the city, and (3) abandoning the sacrificing of the urban 
environment to meet the demand of urban motorization in the city. EV could be successfully 
integrated into the energy supply systems and smart grids of the future for better and more efficient 
energy management. A number of new energy saving and other new technologies (for example 
“digitalization” of the car and good connection of the car with the whole city information system) and 
could better be applied when EVs are adopted because they are driven purely by electricity in contrast 
to ICVs [1].  

2.2.2 Electric vehicle experiences in other cities 
Because of the significant advantages of EV for the city, many major cities around the world have 
already put into practical action to promote electricity mobility adoption in the city. Cities are the 
largest potential market for EVs, and until now most of sold EVs are registered in the cities [32]. But 
as described above, there are many challenges that currently hinder the EV adoption in the city. 
Therefore the cities which want to promote EV, have to address the above described challenges. Here 
some cities – London and Shanghai in detail and some others – are briefly illustrated as examples to 
show electric mobility practice in metropolitan cities. Compared with Beijing, those cities are already 
a step ahead regarding EV adoption through projects addressing the challenges of EV in the city and 
the used strategies or projects have obviously played a very positive role in promoting EV adoption.  
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2.2.2.1 EV use in London (UK) 

The introduction of Low Emission Zones (LEZs) is a very popular strategy for many major cities in 
Europe to reduce the traffic emissions in the city center, and many cities and megacities have already 
established one of these zones or are in planning to do so. London has started in the year 2008 to build 
its LEZ, and it covers most of the municipality area of London. It is the world largest LEZ until now 
[33]. In London ‘LEZ operates 24 hours a day, every day of the year, including weekends and public 
and Bank Holidays’ [33]. London has through the LEZ charges increased the cost of the vehicles 
which are not meet the emission standard of London and so indirectly limits their increase in terms of 
numbers. London’s LEZ has successfully reduced the congestion and improved the air quality. 
According to the Transport Emissions Roadmap published in 2014 [34], London plans now even to 
improve the emission standards of the LEZ in the coming years and to build the “world’s first Ultra 
Low Emission Zone in central London from 2020”.   

                   

Figure 5. Low Emission Zone of London and its charging map [33] [35] 

Additionally, London has adopted a business model which enables the private companies to operate 
and further improve the city EV charging infrastructure. In the middle of 2014, a private company 
named IER (Bolloré Group) took over the website ‘Source. London’, an EVSE platform, which was 
formerly operated by the London government. IER started to operate the 1,400 charging stations 
around London as an independent business and they made plans to expand the charge points to 6,000 
pieces until 2018 [35].  

Establishing LEZ in London along with the enlargement of the charging facilities network for EVs 
through IER has stimulated the adoption of EVs in London.  

London’s EV strategy can be characterized as follows: 

1. Subsidy for plug-in car: 25% off the cost of a car (up to £5,000), for plug-in van: up to 20% off the 
cost of a van (up to £8,000) [36] 

2. No road tax for EVs [36] 
3. BEV and the PHEVs which meet the criteria are freed from congestion charge [36] 
4. EVs are freed from parking frees in some district in London or are allowed reduced parking fees 

[36] 
5. After registering and getting a membership card from website ‘Source. London’, EVs could 

charge at low cost at any of the currently 1,4000 charging stations [35] 
6. The London government plans to establish 25,000 charging stations by 2015, including 500 along 

major public streets, 2,000 at public parking places and another 22,500 operated commercially by 
companies [37] 

7. London government offers subsidies for the installation of the charge facilities in dwellings 
through private owners. The subsidies cover up to 75% of the total cost of a charging station [36]. 

 

2.2.2.2 EV use in Shanghai (China) 

Shanghai is the largest city in terms of urban population in China. Because of the serious air quality 
problem it has, in 2006 Shanghai already started to promote EV adoption in the city. Like Beijing, 
Shanghai was selected by the Chinese government as an EV demonstration City in 2008. In 2011, 
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Shanghai was selected as an international “pilot city” of EV use and the Jiading district of Shanghai 
was selected as the international demonstration zone [38].  

  

Figure 6. Shanghai EV Zone [39] and Shanghai E-bike [40]  

The international demonstration zone (EV Zone) of Shanghai is an EV test zone. Customer can use for 
free EVs and data about the use are collected by EV manufacturer. The zone includes 4 areas: (1) test 
driving, (2) operation services, (3) pilot evaluation and (4) business model innovations center. The 
customer could learn about the advantages and disadvantages of EVs and could compare options 
(different models) through free test driving and explanation by staff in the zone. The zone collects 
information from customers, such as their requirements and purchase intents, for market studies and to 
help EV manufacturers to develop EV products which are suitable to the local market. (Information 
summarized in this paragraph is based on [39]) 
Placed under the same national EV policy like Beijing, Shanghai’s local policy is more flexible 
regarding the EV model type subsidy than Beijing (Subsidy Model List of Beijing given in section 
2.3.2.1). According to reference [39] , the Subsidy Model List of Shanghai consist 13 models, and in 
contrast to Beijing some HPEV models are also included. Shanghai subsides with the EV purchasing 
using uniform standards: 40,000RMB (about 6,500 US$) for all BEV and 30,000RMB (about 4,900 
US$) for HPEV. Additionally, persons in Shanghai purchasing an EV or HPEV do not have to pay for 
the license plate (normally a car license plate costs 70,000-80,000 RMB (about 11,400-13,000 US$)). 
For purchasing some expensive BEV models, such as BYD e6, Shanghai gives less subsidies than 
Beijing (Beijing subsidy policy see section 2.3.1), but Shanghai’s EV policy is more attractive for the 
citizen who prefer HPEVs. Shanghai sees HPEV as a “transition product” toward transport 
electrification that provides a good solution as long as insufficient EVSE networks exist in the city. 

In Shanghai about 10 percent of inner city travelling is done by E-bike [32], which is significantly 
more than in other megacities in China. Beijing has once started to control and limit the purchasing of 
E-bikes considering the safety issues (many accidents). The E-bike is a bike integrated with a battery 
for long distance travelling, and it is a flexible vehicle product for a megacity. Shanghai sees E-bikes 
as economic, environmentally friendly vehicles that will lower the transport and traffic burden in 
central urban areas.  

2.2.2.3 EV use in other cities 

There are also other approaches used around the world to support the adoption of electric mobility in 
the city.  

1. Shenzhen (China): In Guangzhou of China, the city government has made electric mobility in 
reality through the cooperation with the local automobile industry. All the old city taxis has be 
retired and replaced by the local EV brand BYD E6. The EV taxi has played a demonstrate role 
for the citizens and increased the enthusiasm of private EV purchasing.   

2. Toyota City (Japan): For example in the Toyota city, in Japan, a project named “HA: MO” is 
integrating the EVs into the whole urban transport system. The EV is shared und rented by the 
public for short journey in the city (similar as bicycles in some European cities), and is integrated 
with an App running on smartphones, which allows the users to find and rent the cars and navigate 
them through the city and if necessary to the next charging station. The App supports the “best 
journey route” in order to avoid the traffic congestion in the city [41]. 



Alanysis of the Scenario Filed  

Development and Analysis of E-Mobility Scenarios for 2030 for the Megacity Beijing                    14 of 78                            

3. Munich (Germany): Munich is for a long time already known a green and bicycle friendly city that 
“markets” the quality of life it has. Bicycle renting and sharing programs show long history in 
Munich. Recently (since about 2010) two car sharing and renting networks came up (BMW: Drive 
Now; Smart: Car to Go) which provide App based (minute charging) “on the go” renting of a car. 
Because fancy small city cars (BMW series 1, Smart Fortwo) are provided the sharing networks 
are especially popular with younger citizens. Step by step the number of electrical vehicles in the 
fleet of these two networks increased. Also, EVs are popular among taxi companies as the city 
constructs more and more charging stations in Munich where (currently) charging and parking is 
free. Some Taxi companies (for example “Umwelttaxi München” [42]) already use Tesla cars 
because Tesla has super-fast chargers in the Munich and Stuttgart areas. 

4. Singapore (Asia) and Amsterdam (Netherlands): They cooperate with MIT’s smart city group to 
implement car sharing systems based on the “Hiriko”, the commercial version of the compact and 
foldable full electric car concept “CityCar”. Concepts as the Hiriko are by the MIT called 
“persuasive EVs” because they are designed for easy and instant “on the go” use [43]. 

 Electric Vehicles in Beijing 

In order to prepare the scenario generation in chapter 4 and the recommendation the plausible EV 
policies in chapter 5, in this section the current EV development in Beijing is analyzed. In section 
2.3.1 the EV policy in Beijing and also in China is analyzed. Section 2.3.2 analyses the current 
situation of EVs in Beijing including the cost performance. In order to specify whether EVs are an 
environmentally friendly vehicle product in section 2.3.3 the Well-to-Wheel (WTW) efficiency of EV 
in China/Beijing is analyzed.  

2.3.1 Policy related to EVs in China and Beijing 
Like other countries, China has recently put great efforts in promoting EVs. China policy makers 
realized that EVs could not only offer an opportunity to reduce China’s dependence on foreign oil and 
improve the air quality by reducing emissions from the transportation sector (see also section 2.1.4), 
but also potentially could make China’s automotive industry a global pioneer in this emerging industry 
[44]. The implementation of EVs policies in China started especially with the support for the EV 
industry. Since 2001, China finances the electric vehicle research through an “863 Electric Fuel Cell 
Vehicles” project [45]. In the recently launched “Energy Saving and Clean Energy Automotive 
Industry Development Plan (2012-2020)” [4] China has made clear its goal regarding EVs: the 
development of pure electric vehicle (BEVs) is supported as the main direction of automotive industry 
in China. As recently also hybrid vehicles (HPEVs) were supported, by 2015, the total ownership of 
BEV/HPEVs will reach about 500,000 units in China, by 2020 the total ownership of BEVs/HPEVs is 
planned to reach 5 million. By then EVs/HPEVs should according to the policy guideline account for 
more than 50% of total production and sales of cars [4].  

At the end of 2008 China has announced the “1000 Vehicles and 10 Cities Demonstration” project, 
and started to carry out New Energy Vehicle (NEV) demonstration for selected cities, and Beijing was 
selected to be one of the first cities [45]. In Beijing, to promote EV is additionally a concern of the 
“Clean Air Action Plan of Beijing (2013-2017)” [17]. Beijing’s plan regarding EVs was initiated from 
the public transportation and public sectors departments.  

The main policies regarding EV improvement in public services can be summarized as follows 

National level: 

1. 2008: “1000 Vehicles and 10 Cities Demonstration” Project, 3 years, every 10 cities chosen, 
each city puts in use more than 1000 EVs through country financial support, Beijing was on 
the list as one of the first cities [45]  

2. 2009: Basic subsidy standards for EVs related to purchasing of EVs for public transportation, 
other public services and post; for 13 selected cities, including Beijing [45] 

3. 2014: Rule regarding NEV purchasing for public services, intended purchasing ratio: 
ICV/EV= 1/1, percentage of NEVs in use in public service should account for more than 15% 
in 2014, 20% in 2015 and 30% in 2016 [46] 
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Beijing level: 
1. 2011: Improvement of subsidy standards for EVs related to purchasing of EVs for public 

transportation,  other public services and post; ratio local subsidy/ national subsidy= 1/1 [47] 
2. 2014: The Action Plan of Beijing for Promoting EVs (2014-2017), promote using EV in 

public service, until the end of 2014, planned to construct 1000 EV rapid charging stations, 
initially to build a rapid charging net within 5 km radiuses [48] 

As mentioned before (see section 2.1.3), in order to limit the number of vehicles in Beijing, from 2013 
on every year Beijing only issues 150,000 [19] new car licenses, and every private buyers has to apply 
for license through a “lottery” before he is allowed to buy a new car. Until now the EV purchasing 
also was covered by this restriction, but the number of new EV licenses that can be distributed is 
calculated separately on basis of a separate “budget” of licenses. Due to fewer buyers of EVs, in the 
last two years, the “winning probability” to receive an EV license in reality always was 100 percent. 
Until 2017, Beijing plans to issue 170,000 new EV licenses [48]. Additionally, now Beijing also 
provides same amount of subsidy on top of the national subsidy to the private EV buyers. And the 
construction of new charging stations is also published as a rule.  

The main policies regarding EV improvement in private purchasing and usage can be summarized as 
follows: 

National level: 

1. 2010: Subsidy standards for private purchase of NEV for 2010 to 2013; selected 5 cities for 
private EV purchase subsidy maximum with RMB 50,000 (about 8,100 US$) for PHEV, RMB 
60,000 (about 9,800 US$) for BEV, included Beijing [45] 

2. 2013: Subsidy standards for private purchase of NEV from 2014 to 2015, in 2014 and 2015 
the subsidy will respectively decrease 5% and 10% on the basis of 2013 standards [49] 

3. 2014: Charging price regulation for EVSE operation, private charging in residential quarters 
should follow a low “residential price”; EV charging at certain times should be lower as for 
example at night [50] 

4. 2014: Exemption of purchasers from purchase tax for EVs (for ICVs: about 10% of vehicle 
price) [49] 

Beijing level: 
1. 2014: Subsidy standards for private purchase of NEV in Beijing (2014-2017), subsidy only for 

pure EVs (BEVs), ratio local subsidy/national subsidy = 1/1 but not more than 60% of EV 
price [47] 

2. 2014: Release of rules regarding the construction and operation of private charging facilities 
for EVs, the charging facilities for private customers have to be provided and installed by EV 
manufacturers for free [51] 

3. 2014: “The Action Plan of Beijing for Promoting EVs (2014-2017) ”, promotes the use of EVs 
in public services; until the end of 2014 it was planned to construct 1000 EV rapid charging 
stations, initially to build a rapid charging net in which a charging station can be reached 
within 5 km radiuses [17] 

In China the NEVs include Fuel Cell Electric Vehicles (FCEVs), Compressed Natural Gas Vehicles 
(CNGVs), pure EVs (BEVs) and PHEVs [52]. Many of the mentioned EV subsidies models of China 
cover specially BEVs and PHEVs with more than 50 [49] kilometers ranged. In Beijing municipality 
the subsidy is paid only for 7 [53] selected pure EVs models that are completely manufactured in 
China. That means, in Beijing, until now the purchasing of PHEVs and also all kinds of imported and 
not in China manufactured EVs cannot benefit from the subsidy and tax exemption policies. Also the 
private buyers of non-Chinese EVs have to take part in regular the “lottery” and based on the license 
budget available for conventional ICVs. This behavior is criticized as a regional protectionism, but can 
be considered also as a good means to create an incentive for regional EV innovation in the Beijing 
area. 
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2.3.2 Current situation of EVs in Beijing 
Because of the stimulation of the EV adoption by above policies and strategies, the number of EVs in 
Beijing has increased in the last years. More and more people are considering buying an EV instead of 
ICVs. In contrast to ICVs (with a decreasing annual limited number of new license allowances) the 
issued number of license for EVs in Beijing is step by step rising. According to the “Action Plan of 
Beijing for Promoting EVs (2014-2017)” [48], Beijing plans to issue EV licenses to private buyers and 
public sector services in amount of about 20,000 units in 2014, 30,000 units in 2015, 60,000 units in 
2016 and 60,000 units in 2017. But already in the first year (2014) Beijing has not reached its goal, 
and only about 3200 licenses for private EVs and in total about 9000 EVs (including private EVs, 
public service EVs, EV taxi and EV in public sectors, see Figure 7 [54]) were issued.  

 
Figure 7. The number of EV in Beijing (2014) (graphic redrawn based on [54]) 

2.3.2.1 Private EV 

Because of the very low “winning probability” of conventional cars in Beijing, many private people 
that want to buy a car turn now to EVs. The high subsidy and tax exemption of EV are very attractive 
for most of the middle class families. The price range of the 7 selected Chinese models of EV which 
could get government subsidy is between 60,000 RMB and 300,000 RMB (before subsidy). The 
difference of the prices of the 7 models is mainly brand and range related [53]. In Beijing, most of the 
new vehicles licenses are given to “no auto families” (families that not yet have a car), and therefore 
the TCO performance of the vehicles is the first consideration regarding the Beijing market.  

Subsidy Model List (7 selected Chinese EV models allowed for subsidy in the Beijing municipality 
area; according to [53]): 

1. BJ-E150EV 

2. BYD-E6 

3. JAC-iEV 

4. BJ-C70GB 

5. BYD-DENZA 

6. BBA-ZINORO1E 

7. ROEWE-E50 

Here in order to analyses the performance of EVs, one EV from the “Subsidy Model List” of Beijing – 
the BYD e6 (see Figure 8) - is used as an example to calculate EV’s cost performance and to compare 
it with that of conventional ICVs. BYD e6 is a pure electric (BEV) multi-purpose EV and 
manufactured by BYD in Shenzhen. Because of its longest mile range (300 kilometers) among all the 
domestic EVs, (other EVs on the list of Beijing mostly have a mile range between 100 to 200 
kilometers [53]), it is a highly interesting car given the (currently) insufficient charging facilities 
network in Beijing. But because its relative high initial purchasing price (around 310,000 RMB, about 
50,000 US$), for most of the families it is not affordable. The basic information of BYD e6 see the 
Table 4.  
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Table 4. The basic in formation of BYD e6 [55] 

BYD e6 

Price 310,000 RMB Mile range 300 km 

Manufacture BYD Auto Battery Capacity 61.4 KWh(LiFePO4) 

Class MPC, 5-door, 5-seat Energy Consumption  20.5 kWh/100km 

Length × Width × Height 4.56m×1.822m×1.645m Charging  480VAC/ 2h. 

Curb weight 2380 kg Top speed 140km/h 

The battery of BYD e6 is “LiFePO4”. Compared with other battery technologies (such as other 
lithium-ion based battery technologies which are widely be used as EV battery in other countries 
including Germany), the LiFePO4 technology has a lower price but also lower energy density [31]. As 
discussed by reference [56], the price of LiFePO4 battery could be estimated as 600 US$ per kWh 
(including the cost of pack). With a battery capacity of 61.4 kWh, the cost of the battery of the BYD 
e6 can be estimated to be about 200,000 RMB, which is to say that the cost of the rest (the actual car) 
of the BYD e6 can be estimated to be only about 110,000 RMB. Therefor a car with a price about 
100,000RMB, like for example Haval H2 (see Figure 9) is chosen as one of the reference cars for 
performance comparison.  

    

Figure 8. BYD e6 [55] Figure 9. Haval H2 [57] Figure 10. Opel Meriva [58] 

As a car in the Subsidy Model List of Beijing, the price of BYD e6 for a purchaser is brought down to 
about 200,000RMB through the combined subsidy from national (Chinese) and local (Beijing) 
government. Therefor the second car type, the Opel Meriva (see Figure 10) with a price of about 
200,000RMB is chosen for performance comparison. The TCO in 10 years of a BYD e6 and the other 
two selected reference cars is calculated in Table 5, for more detail information of calculation see 
Attachment 1. 

Table 5. TCO (10 years) of BYD e6, Haval H2 and Opel Meriva 

AUTO BYD E6 Haval H2 Opel Meriva  

Price  310,000 RMB 100,000 RMB 200,000 RMB 

TCO in 10 years 280,000 RMB 250,000 RMB 390,000 RMB 

Fixed parking space 20,000~100,000 RMB   

Probability for getting a license 
plate 100% in 2014 ＜1% ＜1% 

The Table 5 shows that, if not considering the cost of a fixed parking space for EVs, the TCO in 10 
years of BYD e6 is about 30,000 RMB (about 4,900 US$) higher than that of a Haval H2, of which the 
car price is 200,000RMB lower. In the contrast to Opel Mero with same purchasing price, BYD e6 has 
a lower TCO after 10 years use time, about 90,000 RMB (about 14,700 US$)  lower than that of the 
Opel Meriva.  

From the above presented comparison, the following can be concluded: 

1. For the family which could afford a car with about 100,000RMB, if the car will be used 10 
years or less, the BYD e6 is not an economic choice.  

2. For the family which can afford a car with about 200,000RMB or more, with this amount of 
money they also could purchase a BYD e6, and in the process of usage BYD e6 is economic 
which could help to save about 10,000 RMB (about 1,600 US$) per year. 
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3. For all the families that have to think about the cost of fixed parking space for EV, it can be 
said: if they have to pay a parking space only for EV, the economy of EV will be decreased. 

4. This calculation is based on the assumption that the price of the electricity and oil will not 
change in the next 10 years. If in the future the electricity price goes down and oil price goes 
up, then the EVs will have an increasing advantage.  

5. In this comparison the most expensive Chinese EV is chosen as the reference. Of course if the 
family’s life situation (for example distance to schools and work) allows to buy a cheaper EV 
with a less mile range (and they don't have any problem the availability of charging stations in 
their dwelling), EVs are a good option. 

6. Except from cost of the different vehicles, the probability for getting a license also has to be 
considered, currently in Beijing it is the primary reason to choose an EV.  

7. In this comparison, the lifetime of EV battery is not considered, because BYD guarantees a 
10-year battery warranty and according to BYD e6, its battery is stable for up to 10,000 
charge/discharge cycles and would lose worst case only 30% battery capacity [55]. 

In summary, the advantages of EV mainly build on the subsidy from Chinese and Beijing government 
and low use cost due to the low price of electricity compared with gasoline. The economic 
performance of an EV is related also to the individual situation (price, usage, and distance to schools, 
work, and other functions that have to be reached) of the family, and also the charging facility network 
of the city. If Beijing would have a sufficient charging station network, the range of EVs could be 
lower, and that would reduce the initial purchasing cost of the car (since smaller and thus cheaper 
batteries would be necessary then) and increase the advantage of EVs.  

Although government has made a lot of policies and strategies to encourage people to buy EV, and for 
some families (given appropriate situation and charging network) EV could be an economic solution, 
the situation of EV adoption and sales in Beijing currently is visibly behind the expectations of the 
government.  

As discussed by [59], the main reasons for the low adoption of EVs in Beijing can be summarized as 
follows:  

1. Short range and long charging time are the main reason for the slow EV adoption rate. For 
installation of a charging facility in dwellings, a fixed, own parking space is necessary. But in 
Beijing (in the urban center as well as in inner suburbs) a fixed parking space is very 
expensive and in some living settlements even no parking space is available.  

2. Many potential purchasers are citizens which buy the first car for the family in Beijing. In that 
case the car will be not used only for commuting, but also must be suitable for long distance 
travel (for example for visiting the parents or family members which often do live in another 
province). Therefore at present the range and charging speed of EVs is a major obstacle for 
EV purchasing. 

3. ‘Supply of EV models is limited in terms of availability of vehicle types and brands’ [59]. For 
some people who want to buy an EV as the second car of the family, mostly they have a high 
requirement of the EV quality and need an EV that fits to their live situation. But there are not 
many EV products on the market, and especially in Beijing the EV subsidy is only available 
for 7 selected models.  

4. The charging network especially in the public space is not sufficient. Although government 
has planned to build charging stations, the density of charging stations is far away from 
meeting basic requirements (see section 2.3.2.2). 

5. HPEVs are not the subsidy model in Beijing. Under the situation of inefficient EV charging 
infrastructure, HPEVs could be a transitional product in Beijing. But currently Beijing’s EV 
support strategy focuses on 7 pure EV (BEV) models in the subsidy list. 

2.3.2.2 Charging stations in Beijing 

Figure 11 shows the current distribution of available charging stations and the charging stations under 
construction within the 6th ring road of Beijing. Until now, in Beijing there are 5 public EV charging 
stations (including 18 rapid charging interfaces and 88 normal charging interfaces), and 40 automobile 
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stores that provide charging stations for their customers [60]. In all 16 districts of Beijing, the 2 center 
districts and other 10 districts have no Charging stations. Until the end of 2014 the government of 
Beijing plans to build an additional amount of 1000 EV rapid charging stations, to build a rapid 
charging network that allows that a charging station is available within 5 km radiuses. It is planned to 
increase the number of charging stations to 10,000 until 2017 [47]. According to the guideline 
‘Measure for EV Charging Facilities Construction in Beijing’ (2014) [51], in the new constructed and 
renovated residential areas, more than 18 percent of the parking space should have a charging 
opportunity; in the new constructed and renovated public buildings (>20 percent), public parking lots 
(>25 percent), and office and university parking lots (>15 percent).  

 

Figure 11. Charging stations map of Beijing (12.2014) [60] 

2.3.2.3 E-Bus and E-Taxi 

Compared with the EVs adoption related to private use, the EV adoption to public services and public 
transportation can easily and more successfully be controlled by the Beijing government. Before the 
Olympic Games in 2008, Beijing has already started to use electric bus and until the end of 2014 there 
were about 1320 [54] electric bus on the road. Promotion of the electrification of the bus 
transportation network regulated by the ‘EV Action Plan of Beijing’ [48] and Beijing plans to increase 
the number of electric bus to more than 4500 units by 2017. This means that the share of e-bus units 
will be increased to about 20 percent (from 5 percent recently) of the total number of bus units in use. 
Currently most of the electric buses in operation in Beijing are charged through battery exchange [54]. 
Also for the use of E-taxi transport is supported by the Beijing government. In Beijing the average 
annual commuting distance of the taxi is about 60,000 kilometer, more than 4 times longer than that of 
the private cars [54]. From 2012, Beijing has started to use EV as taxi in the suburban area. Until now 
about 1,600 E-taxis in suburban areas are in use [54]. Because the range of those E-taxis is mostly 
between 100-150 kilometers and there are not enough charging stations distributed, the operation 
condition for those E-taxis is not as good as expected. According to the ‘EV Action Plan of Beijing’ 
[48], from 2014 new taxis operated in the center area of Beijing must be EVs. It is obvious that the 
success of this plan depends on the range of the 7 Beijing selected EV products and the construction of 
charging infrastructure.  

2.3.2.4 EV rental and EV in the public sector 

In Beijing car sharing is a new concept and indeed starts now with EVs. Until the end of 2014, in 
Beijing there are about 621 EV units [54] available for public rental and they are provided in the 
transportation hubs, business centers, universities and other main population areas. In order to serve as 
a model for private car buyers, the Beijing municipality government decided that new cars for all 
government agencies, government related enterprises and institutions should be EVs. Additional EVs 
have to be used for logistics services, ambulance services and in driving schools.  
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2.3.3 Well to Wheel efficiency analysis 

EVs are seen as a major method for reducing emissions and improving the air quality of Beijing. 
Nevertheless the above outlined EV policies and strategies of Beijing that aim at a rapid increase of 
the adoption of EVs are criticized due to the dominant share of electricity generation of coal in China. 
About 78 percent of total electricity was produced from thermal power which includes mainly 
coal-fired thermal power [61]. According to a report of the “China National Development and Reform 
Commission”, by 2020 coal’s share in China is estimated to be still at least at a level of 62 percent of 
the primary energy consumption [62]. Coal-fired thermal power, which is the most polluting way of 
electricity generation, drastically reduces the environmental advantage of EVs, and more critical is 
that most of the power plants in China are low-tech and add significantly to bad air quality in China’s 
rural areas. That is to say, EVs may serve to reduce gas emissions in Beijing, but will at the same time 
increase the environmental burden in rural areas where the power plants are located. Thus from the 
perspective of the entire life cycle of fuels and vehicles, EV technology may be more damaging to 
ecology and air pollution than ICV technology in the Beijing municipality.  

In order to make above mentioned issues clearer, it is necessary to analyze and compare the WTW 
efficiency of EV technology and ICV technology in China. WTW analysis is a method of the field of 
Life Cycle Assessment (LCA) and used for the evaluation of the fuel efficiency and CO2 emission of 
vehicles. It includes 2 phases, (phase 1) Well-to-Tank (WTT) analysis and (phase 2) Tank-to-Wheel 
(TTW) analysis. WTT analysis considers the energy consumed and the CO2 emissions in the fuel 
cycle stage from the “well” to the “tank”, including extraction, transportation, refining and distribution 
at the sales level. TTW analysis considers the energy consumed and CO2 emissions in the fuel cycle 
related to vehicle architecture, powertrain and engine performance and fuel effects of the vehicle’s use 
phase [63].  

 

Figure 12. Main fuel route for fuels used in vehicles in China (graphic redrawn based on [64]) 

In China, Gasoline and diesel for vehicles is usually produced from crude oil, also coal is used to 
produce diesel. Regarding the electricity generation it can be said that 78.51 percent of China's total 
electricity generation is based on thermal power, 17.59 percent on hydropower, 1.96 percent on 
nuclear power and 1.94 percent on wind and other alternative sources [61]. Thermal power is nearly 
completely produced by coal-firing in China. Only a small part comes from industrial waste heat, such 
as industrial waste heat of gasoline and diesel production from crude oil. The mainly fuel routes for 
fuels used in vehicles in China is shown in Figure 12. 
According to the reference [64], the fuel efficiency of gasoline, diesel and electric vehicle in China are 
calculated (see Attachment 2), and the result is illustrated in Figure 13.  

 

Figure 13. Fuel efficiency of gasoline, diesel and electric vehicle (graphic based on own calculation) 
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The result of calculation shows that among all above vehicles, the EV of which electricity from 
hydroelectric has the best fuel efficiency (60%), because it has a relative higher efficiency in WTT and 
TTW. And although the efficiency of coal generation is very low in China, only about 40 percent, the 
EV of which electricity from coal still has higher fuel efficiency (30%) than ICV, because EV has high 
fuel efficiency in the TTW process.  

Regarding the calculation of CO2 emissions, in the EV driving itself could be considered to have no 
emissions, and the EV emissions mainly come from the WTT process. The emission value is also 
strongly related to the fuel efficiency of battery (how many kWh electricity consuming for per 100 km 
driving). Here the Chinese’s domestic EV BYD e6 will be used again as an example, the calculation 
process see Attachment 3. In addition, to determine whether EV is cleaner than ICV, the CO2 
emission in the manufacturing phase (for EVs particularly in the battery manufacturing phase) has to 
be considered. According to the reference [65], the amount of CO2 emission is estimated according to 
the weight of the vehicle and possible lifetime, and thus the average CO2 emission in the 
manufacturing of ICV is calculated to be about 4000 gCO2/100km, and for EV is calculated to be 
about 7000 gCO2/100km. EV has a higher amount of CO2 emission related to the manufacturing 
process because of its energy intensive manufacturing process and its by now and lower lifetime due 
to range restrictions and battery life duration. 

 

Figure 14. CO2 emission of EV and ICV in China (graphic based on own calculation) 

The calculation result of CO2 emission of EV and ICV shows that (see Figure 14), considering the 
CO2 emission in the vehicle manufacturing phase, in China the EV (electric power from coal-fired) 
has a little higher CO2 emission than the gasoline ICV. But if the electricity would come totally from 
hydroelectric processes, then the EV in China would have a relatively high efficiency, and can reduce 
about 18,000 gCO2 emissions per 100 kilometers driving. But if just considering the CO2 emission in 
the WTW process (without the manufacturing process), EV can reduce CO2 emissions in China, even 
if the power for the EVs comes from coal-fired. 

From the above analysis of fuel efficiency and CO2 emission of WTW of EV and ICV in China, the 
following can be concluded: 

1. The EV is not a zero emission vehicle. 

2. The EV is not a standalone product for fuel efficiency and CO2 reduction; it must be used 
together with clean energy to maximize its potential. 

3. Compared with ICV, EV has a higher fuel efficiency in China 

4. Given that in China about 80% electricity is generated from coal-fired and 20% from 
hydroelectric, the EV produces less CO2 per 100 kilometer driving. 

5. The process of vehicle manufacturing is also important for CO2 reduction. If the EV could be 
produced with less energy consumption (through innovation in manufacturing processes and 
technology; for example European manufacturing road maps try already to improve 
manufacturing processes for vehicle batteries and to make manufacturing more 
environmentally sustainable, see [66]) and its range will be increased by better battery 
technology (innovation in chemical processes) in the future, it can potentially produce less 
CO2. 
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For Beijing, 70 percent of the electricity supply comes from other provinces in China, and only 30 
percent is generated in Beijing municipality region [67]. In recent years, due to the serious problem of 
air pollution in Beijing the coal-fired power plants have been gradually replaced by natural gas power 
plants. Natural gas has a higher fuel efficiency and lower CO2 emission in the process of power 
generation compared with coal [68]. Due to that the fuel efficiency of EV in Beijing can be considered 
to be better than the national average level and also the CO2 emission can be considered lower than 
the national average level. In general, at present using of EV in Beijing has a relatively higher 
potential to achieve climate benefits than the ICV. Additionally, in real world, how much CO2 is 
actually produced by EVs can even depend factors as the time of day when the batteries are charged, 
because night-time electricity is less dependent on coal [69]. Also another advantage which cannot be 
ignored is that EVs indeed can reduce the oil dependence of the city.  
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3 Research question, hypotheses, sustainable megacity  indicators 

Based on the previous analysis of the IAs, Beijing city challenges and EV technology, in this chapter 
in section 3.1 the research question is detailed: how can future scenarios for E-Mobility in Beijing in 
2030 and the possible EV policies look like? In the section 3.2, the author presents her own opinion 
about potential future EV and sustainability scenarios for Beijing (hypothesizes) for future discussion. 
In order to develop a plausible policy for Beijing’s sustainable development, the future scenarios that 
will be developed in chapter 4 by the author through SM should be evaluated regarding their impacts. 
Therefore, at the end of this chapter, in section 3.3 the indicators of sustainable megacity are 
introduced for scenario evaluation. 

 Formulation of the research question 

As shown, the EV policy in China (also include EV policy in Beijing, section 2.3.1) can be seen 
critical because to the “dirty” electricity in China (section 2.3.3) and the bad economic performance of 
the EVs themselves (section 2.3.2). Also it is a question whether EVs (especially BEVs) as transport 
vehicle products really fit to Beijing’s future city (including social, economic and ecological aspects) 
development direction (discussed in sections 2.1.5). From above analysis, at least the first question 
could be answered. The worries of the criticizers could at least by partly mitigated, and it can be said 
that EVs are not more harmful for Beijing than conventional ICVs. The reasons can be summarized as 
follows: 

1. Despite of the “dirty” electricity supplied by the inefficient Chinese power supply system, EVs 
themselves are still a “cleaner” vehicle product than ICVs in Beijing. EVs have a better fuel 
efficiency, produce less CO2 per 100km driving than conventional ICV in Beijing, and they can 
reduce the air pollution (as shown in section 2.1.4 mainly caused from transportation in Beijing 
area). 

2. Whether today EV is economically feasible for the family, the answer is related to the family’s (1) 
vehicle selection (section 2.3.2) in combination with (2) individual use situation (way to work 
and functions, section 2.3.2) as well as (3) the city’s EVSE (section 2.2.1). As discussed, it 
depends on questions as how much a family can afford for a car, how many kilometres the family 
drives per year, how long to the family uses the car, and whether the family could get a charging 
place nearby the home. 

3. EV is gasoline free and it could reduce the city’s dependency on oil from other areas or countries.  

The second question (whether EVs fit to Beijing’s future city development) is more difficult to answer. 
Only the analysis and processing of data of the past could not directly represent and evaluate the 
situation of the future, since in the process of Beijing’s future development a large amount of 
influencing factors and data will change simultaneously and or additionally change through the 
interactive influence on each other. To show and evaluate the future of EVs in Beijing, the change of 
many data throughout time and their correlations has to be considered.  

According to the above analysis the following data categories could be considered as most important 
in the context of EV and city future situation evaluation: 

1. Data about Beijing’s demographic development 

2. Data about Beijing environmental development 

3. Data about EV the development of technology and price 

4. Data about ICV technology and price development 

5. Data about the development National policy related on EV 

It is always hard to project future data and states of a complex system such as Beijing city, because the 
development within data categories is uncertain, and through interrelated influence of data on each 
other future states of complex system as the city are even more difficult to predict. But to correctly 
project future situations would be important for policy making and urban planning, and the success of 
a policy or urban plan depends on it. For example, in the 2004 master plan of Beijing, many key data 
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were not correct predicted and interrelated (such as data about urban population) and as a result the 
city infrastructure was insufficiently planned for better (public) transport and now most of the people 
are dependent on private ICV for normal city commuting. In combination many insufficient 
estimations of future situation increases the “urban burden”, urban pollution, and finally life quality 
and economy. Thus for making a suitable EV policy for Beijing which fits to Beijing’s city, cultural, 
economic, social, and structural development, the urban planner and policy makers have to address the 
problem of the uncertainty of future mobility environment situations of Beijing.  

In order to address the problem of uncertainty, this master thesis will work with scientific methods 
(scenario method) that allow interrelating data to project future scenarios for the EV environment of 
Beijing. Through that, this master thesis will try to find answers to the research question of how 
possible policies and guidelines for future EV and city development will look like and if they fit to the 
future city. For the accuracy of the analysis, the time horizon for projections and scenarios in this 
master thesis is limited to 2030 (15 years). The projections and analyses shown in this master thesis 
should help the policy makers, urban planners, and car manufacturers, and others to more clearly 
estimate the future development of Beijing and apply a suitable guideline for EV adoption. 

 

 Formulation of the hypotheses 

As Edward Glaeser discussed in his book the “Triumph of The City” [70], transportation technology 
shapes our society, and the structure and image of the city, the way of life in the city and even the plan 
of the city are the products of transportation technology.  

Along with the mass production of car and the decrease of the oil price, in the beginning of the 20th 
century, the car was (ICV) widely adopted, people started to escape from the populous city urban area 
to move out from to suburban area, which led to urban sprawl and the satellite city emerged [70]. 
Within the city, the structure also changed because of the development of motorized transportation 
technology. After the car became popular, the road in the city was increasingly widened and own large 
tracks were created for cars, for driving and parking. Meanwhile cars also led to the new value of 
“life-speed pursuing”. Cities were more and more designed around the use of the car in order to make 
the people move faster. In addition, the car and the pursuit of speed also separate the distance between 
the people in city and reduce the contact opportunities [71].  

The general changes caused by cars in Beijing are shown in Figure 15. Figure 15. A shows the 
situation between 1924 and 1927, and it shows the old Beijing road leading through the traditional 
building Chaoyang Gate. Figure 15. B shows the situation in 2012, the Chaoyang Gate was 
dismantled and the wide 2nd ring road was built on the former location of Chaoyang Gate to allow the 
ICV based transportation system to function. Similar developments happened earlier also in many 
European cities.  

  

Figure 15. A. Chaoyang Gate and road through it in old Beijing, photo is taken by Sidney D. Gamble(USA), 1924-1927 [72] 

Figure 15. B. The 2nd ring road of Beijing was built on the location of Chaoyang Gate to allow the ICV based transportation system to 
function, photo is taken by Dongmen Tingxue, 2012 [73] 

The process that every transport technology influencing the city (animal transport, wheel and horse 
carriage, car, etc.) goes through could be generalized and divided into 3 phases [70]: 
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Phase 1: Transport technology is adopted by people and more and more mass produced.  

Phase 2: The infrastructure for the transportation technology is constructed. 

Phase 3: The city changes from the transportation technology 

For the most of the transportation technologies, the phase 1 and phase 2 occur simultaneously. 

From this and in relation to the research question (section 3.2) for the EV technology interesting 
further questions arises: Will the EV also have this huge influence on the structure of the city and lead 
to EV-adapted city structures? Or will the EV only replace the conventional ICVs and just further 
ICV-adapted structure? Or in adverse could the EV somehow reduce the (negative) impact caused by 
ICVs to the city?  

In order to find answers for this questions the author will test following hypothesizes in this master 
thesis:  

1. In future the EV will replace ICV in Beijing urban area and EV will occupy dominant share of the 
automobile market in Beijing – it is only a question of time. 

2. Base on the first hypothesize, EV will in future make Beijing come back from the car-based 
society and toward a more “liveable” development, including but not limited to improving the city 
air quality, also improving the transportation system and changing the city structure as well as 
forming a better social formation.  

Those hypothesizes are founded on the analysis conducted in chapter 1 and own experiences gathered 
during life and work of the author in Beijing for more than 7 years. Those hypothesizes are based on 
the author’ s understanding of Beijing, the knowledge about the strong yearning of the local people for 
a better life quality of life and air quality, and the fact that Beijing government intensely works on 
plans to change the city environment radically in the next decade. Based on this the author believes, 
compared with other megacity around the world, Beijing is even more likely (and capable) to apply a 
new technology, such as EV to improve the city.  

Also the author also thinks that the replacement of the ICV by the EV is only an issue of time. Any 
new technology development processes can be simplified into (1) innovation, (2) growth and (3) 
maturity phase, and the so called S-Curve [74] (see Figure 16. A). Normally, before the market 
adoption of a technology goes to rapid growth, the major technology obstacles should be overcome 
and the “infrastructure” related to the technology should be established. The time of this process is 
related to the market acceptance ability and some stimulations, such as for the ICV the stimulations by 
the amount of supply of oil and rapid speed of road construction. Also the replacement process of a 
technology by a next technology could be expressed with the S-Curve (see Figure 16. B). Accordingly, 
the curve 1 could be the ICV technology and the curve 2 could the EV technology. When the ICV had 
a great market adoption and was widely used, the shortcomings of ICV became apparent (for example, 
extensive consumption of oil and damaging the environment). Thus the new technology EV was 
pushed forward (innovation related to EV technology, batteries, etc.) to develop an opportunity to 
replace the ICV, and the stimulations from market and policy will now further accelerate the adoption 
process. As discussed in section 2.3.2, actually the slow development of EV currently also is a reason 
of insufficient infrastructure (charging facilities and network). If the charging facilities of Beijing 
could satisfy the demand of market, the EV development process (shift to growth phase) will speed up 
in Beijing, and EV would replace the ICV faster and dominate Beijing market. 

  
Figure 16. A. S-Curve for development of a technology from 

Forster [74] 
Figure 16. B. The probably S-Curve for EV technology and 

ICV technology, by author based on [74] 
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Although a lot of people believe that EV could only reduce the CO2 emission and then improve the 
city air quality. But the author believes that the advantages of EV will not be limit to this. If EV could 
replace the traditional vehicles, this replacement should not be simply understood as the change from 
tank to a battery. The change to EV technology also includes the change of the control and operation 
system of the car, the change of the car’s structure, and the application of some other technologies, 
such as digitalization. Finally those changes will additionally affect the city.  

For Beijing, new technologies related to EV technology could change Beijing: 

1. Electric motors make less noise than gasoline motors [1]. It makes the street of Beijing cleaner, 
safer and enhances the quality of the public space which would make more people like to walk 
and drive by bicycle.   

 
 

A. Future CityCar from MIT Media Lob [75] B. The robotic EV-ROboMObil from Robotik and Mechatronik 
Zentrum [76] 

  
C. Commuter car Pivo from Nissan [77] D. The communication among the car [78] 

Figure 17. EVs in the future 

2. EV don’t have the internal combustion engines and the multiple gear and drive systems related to 
it, and thus it could be made smaller and maybe even be foldable (see Figure 17. A), it could thus 
help to save the city space. Beijing will have less expense of land for building new large parking 
space, the existing street and parking space, and that land could be used for other functions. Also 
smaller cars could improve the efficiency of the transportation system, and streets will be less 
congested and even many smaller streets in Beijing could be available for car driving.  

3. Because of electrical motors, the future EV could be a car with 4 “independent wheels”, which 
means every wheel of EV has a separate motor, and the wheel can turn 360 degrees (see Figure 
17. B). This change of car could change the car driving method and road structure. 

4. EVs are driven by electrical motors, and therefore it is easier to combine them with computer 
systems. An added computer system allows an EV make similar to a robot (see Figure 17. C). 
The EV could then meet many needs of the driver, make the driving safer, and help in many 
driving situations. 

5. The computerized EV could be used as medium of communication between people and between 
the cars (see Figure 17. D). The communication in the city could change, and also the car could 
share information with others to find a better route through the city, to avoid congestion, and to 
share the route information for city car share. 

If the EVs will changed as described, the future of Beijing could become a comfortable and livable 
city, and has more space for parks, and the car would make the people in the city commnicate more 
efficiently. The computer network will cover all the city, it will organize the traffic flow, and make car 
sharing very easy (and therefor make the number of cars in the city go down).  
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 Sustainable megacity indicators 

In this master thesis, in order to answer the research question (section 3.1) and discuss hypothesises 
(section 3.2), methods are needed to analyse and evaluate in chapter 5 the scenarios which will be 
generated on basis of the SM method in chapter 4. An ideal method (from the point of view of the 
author) is to apply megacity sustainable development standard to evaluate the scenarios developed in 
this master thesis, the scenario or scenarios that could finally be used as the reference for policy 
development. Because the megacity is a complex and highly dynamic social system, there are no 
generally agreed models or standards for sustainable development available [79], but indicators to 
identify certain directions or tendencies toward sustainability are available.  Therefore, in this master 
this, the megacity development indicators are used for scenario evaluation and are introduced in this 
chapter.  

A “megacity” is defined as a metropolitan agglomeration area with more than ten million people 
population [80]. With a worldwide increasing urbanization rate, the number of megacities is gradually 
increasing, especially in the less developed regions such as Asia [81]. The rapid increase of the 
population in the megacities and their inevitable further population growth cause a lot of problems and 
challenges, such as unsustainable land use, bad air quality, water and energy insecurity, poverty, and 
inefficient administration of government [81]. The resulting characteristics of a megacity seem then 
indeed to be totally conflicting with characteristics of sustainable development, because they put the 3 
aspects of sustainability (social, ecological and economic development) all at risk.  

 

Figure 18. 3 dimension of megacity sustainability (own interpretation based on [82] ) 

But above mentioned “negative” characteristics only reflect one possible point of view on the 
megacity, and seen from another point of view, the large agglomeration of people on a compact area 
also brings along opportunities for the megacity and its surrounding regions. The increase of 
population makes the city more active, and it stimulates the economic activities in the city, and so the 
megacity has the economic power to finance relatively expensive infrastructure and make the city 
more livable for its inhabitants. Also, the megacity concentrates highly educated and trained people 
and the leading companies that make the megacity becoming more competitive and speed up the 
economic development of a region. Therefore, the megacity cannot be simply judged as an 
“unsustainable” model. The level of sustainability of a megacity is controllable, and this control is 
coming from well-defined city governance. Well-defined city governance is the precondition of 
guidelines necessary for sustainable development of a megacity [79], and it could effectively avoid or 
reduce the risks and maximize the opportunities for the megacity. According to [82], the model of 
megacity sustainability could be illustrated as done Figure 18. 
Like all other sustainability development models, the model of the megacity can also be divided into 3 
dimensions: (1) society, (2) ecology and (3) economy. Society is related to the life quality of the 
citizen in the megacity, and it refers to topic such as the demographic change, income distribution, and 
the dwelling conditions in the megacity. Ecology is related to the environmental situation of a 
megacity, and it refers to issues such as the air quality, waste management, and ecology protection in 
the megacity. Economy is related to the economic competitiveness of the industry of a megacity on 
regional or global scale, and it refers to issues such as the GDP growth rate, efficiency of the 
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transportation system, and the economic loss risk that the megacity has to face. But the city 
governance is the basic precondition “tool” which builds the framework and could grantees the 
development of all those three dimensions towards a sustainable direction.  

Good city governance reflects correctly chosen and enveloped city policies, which means that the 
correct policy is the basis of sustainable megacity development. In this master thesis, the in chapter 5 
discussed EV policy (developed based on the analysis of possible scenarios) should help Beijing’s to 
advance towards a sustainable development.   

In order to be able to analyze and evaluate the scenarios, indicators for sustainable megacity 
development are applied in this master thesis. They will be used to evaluate the sustainability of the 
potential future scenarios for Beijing 2013 which will be developed in the following chapter. Indicator 
systems (such as for example World Bank indicator system) are widely used around the world for 
monitoring the progress of a development and for developing suitable regional or national policies. 
Through observing the movement of the indicators, the policy makers can identify whether the social 
development is in accordance with the policy’s objective, and if not, they can adjust their action plan 
to achieve their planned goals and to address the given challenges. The relationship between indicators 
and policy development is shown graphically in Figure 19. 

 

Figure 19. The Policy Indicator Model (own interpretation based on [83]) 

Indicators do not have to focus solely on data. The purpose of indicators is to let the policy makers 
easily grasp and understand the changes in a system, and therefore, in the process of evaluating a 
system, the indicators allow to identify a relative change or difference which is more useful than 
giving an absolute level [83]. For controlling a megacity, the indicators are the basis of the 
policy-based approach. According to [79], the indictors used to identify megacity development trends 
can be classified in accordance with the 3 dimension of megacity sustainability (see Table 6). 

Table 6. Indicators of megacity 

Indicators for megacity 

Social indicators 

Population growth rate 

Population density 

Life expectancy rate 

Migration rate (migration from rural areas and immigration) 

At-risk-of-poverty rate 

Social polarization rate 

Inequality rate of income distribution 

Crime rate 

Dimension of housing shortages 

Rate of people with unhealthy living conditions 

Economic indicators 

Development of the local economy/economic structure 

Real GDP growth rate 

Unemployment rate 

Accessibility of public transportation infrastructure 

Quality of transportation network 
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Infrastructure deficiencies; overtaxed infrastructures 

Risk of economic loss in case of a disaster 

Ecological indicators 

Air pollution from vehicle emissions, industry etc.; smog 

Groundwater and drinking water pollution 

Quality of sewage treatment 

Capacities of waste collection and disposal services 

Land sealing rate 

Suburbanization (urban sprawl) rate 

Number and dimension of brownfields 

Destruction of original vegetation; deforestation; damage to flora, fauna, biodiversity per 
year 

Risks to natural disasters or industrial accidents 

 

Explanation of some important indicators: 

1. Life expectancy rate: life expectancy is the average age of person expected to live in a certain area. 
For example, the life expectancy in China is 75 years [84]. The life expectancy rate in city is the 
proportion of people that can actually reach the life expectancy of the country, such as 75 years in 
China. The life expectancy rate indicates the life quality level in a city, and it relates to health 
levels, lifestyle, diet and the environmental quality [85].  

2. At-risk-of-poverty rate: EU has defined the at-risk-of-poverty rate as the proportion of persons 
who fall below 60% of the median income of the entire population in an area [86]. In China, this 
value is defined as the proportion of persons that have a less income than 2300 RMB per year 
(about 1 US$ per day) [87]. 

3. Social polarization rate: social polarization relates to the relative gap between the “upper class” 
and the “lower class”, and it can be reflected by measures such as the income difference, social 
protection and uneven usage of social resources [88].  

4. Infrastructure deficiencies; overtaxed infrastructures: the city infrastructure could include 6 
aspects, they are:  

a. Transportation infrastructure [82] 
b. Electricity infrastructure [82] 
c. Water and waste water infrastructure [82] 
d. Healthcare infrastructure [82] 
e. Safety and Security infrastructure [82] 
f. Communication infrastructure [79] 

5. Risk of economic loss in case of a disaster: risk of economic loss in case of a disaster relates to the 
possible economic loss of a city when disasters happen, such as floods, droughts and earthquakes. 
The risk prevention facilities, risk finance and risk transfer systems of a city have influence on the 
level of this risk [89]. 

6. Number and dimension of brownfields: Brownfields are derelict areas left by the former users of 
the site or surrounding land, and those sites may have real or perceived contamination problems 
and thus need to be brought back to use [90]. 

It can be summarized that megacity sustainable development indicators can be used to evaluate the 
scenarios developed in this master thesis, and to identify the scenario or scenarios that could finally be 
used as the reference for policy development. The described indicators will be used in chapter 5 to 
analyses and evaluate the EV scenarios for Beijing developed in chapter 4, and they will help to 
develop policies and guidelines that support the development of Beijing.  
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4 Development of scenarios for EV adoption in Beijing   

In order to project the future EV environment of Beijing and to build a basis for the development of 
possible policies and guidelines for future EV and city development, as well as to discuss the 
hypothesizes and find answers to the research question, the SM approach according to 
Gausemeier/Fink/Schlake  [5] is used in this master thesis and combined with and expert interview 
approach for scenario development. This chapter will follow the process of reference [5] and finally 
develop 3 scenarios for the future EV environment for Beijing in 2030. At the beginning of this 
chapter, in section 4.1 the overall information of methodology SM will be introduced. Section 4.2 will 
describe how the SM is applied in this master thesis and introduce the 5 phases of this methodology. 

Scenario development is done in this master thesis in 5 phases: 

1. Phase 1: scenario-preparation¸ was done in chapter 2 
2. Phase 2: SF analysis, section 4.3  

3. Phase 3: scenario prognosis, section 4.4  
4. Phase 4: scenario-development, section 4.5; description of 3 scenarios, section 4.6 
5. Phase 5: the developed scenarios are transferred (used and interpreted) in chapter 5 

 Scenario Management methodology introduction  

Scenario analysis is a methodology to develop possible future scenarios in a scientific way. It allows 
through systematic analysis to generate for complex and uncertain futures development probabilities 
(for example for future market, technology and social development), its purpose is to “serve as a 
compass for lines of action in the present” [91]. According to [92], “Scenario” could be defined as 
follows:  

“Scenarios are descriptions of journeys to possible futures. They reflect different assumptions about 
how current trends will unfold, how critical uncertainties will play out and what new factors will come 
into play”.  

This means that a scenario is a possible development of the future, and it is uncertain and cannot 
represent a full image of the future, but it  

“Highlights central elements of a possible future and draws attention to the key factors that will drive 
future developments” [91].  

The history of SM is started from 1967 in US. The researchers Herman Kahn and Anthony J. Wiener 
applied for the first time the “scenario writing” to conduct a study for the US military [5]. Today, SM 
is widely used around the world in order to handle the more and more complex and uncertain future 
changes and as basis for the development of complex products, systems, company strategies and 
governmental policies. 

The main advantages of SM can be summarized as follows: 

1. SM is a method from the area of futurology. Through the study of the future, it makes future 
opportunities and challenges visible and gives thus an advantage to policy and strategy makers. 

2. The policy maker could through scenarios discover the inevitable trends of the future, and avoid 
to underestimate or overestimate certain factors. 

3. The future is developed based on the present situation. Therefore through the projection of the 
future, the policy maker could verify and adjust the presently used policies and strategies in order 
to develop towards a desired scenario. 

4. The SM could trackback a certain scenario, and allows that the KIFs could be tracked and the 
driving forces can be found that then can be made the emphasis of the policy or strategy. 

5. Developing scenarios through SM means not starting from a certain point of view, but in order to 
develop future probabilities it should involve every element related to the future of a product or 
system and also the mutual interactions between the elements.  
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6. In some steps of the SM method, the participation of professional people from different fields is 
necessary to increase the correctness of the future scenarios. 

 Application of the methodology in this master thes is 

Therefore, SM is appropriate for this master thesis to reach the aim of helping the policy makers, 
urban planners, and car manufacturers, and others to more clearly estimate the future development of 
Beijing and develop a suitable guideline for EV future development and adoption. To correctly 
“predict” the future situation is difficult, because the development is complex, and it is impacted by 
many factors (and those factors will change and mutually influence to each other). Therefore, in order 
to get a usable analysis result from SM, the way of thinking about the future is important. According 
to [93], there are three basic principles of SM that should be taken into consideration:  

1. Systems Thinking: it is also called “network thinking”. The future scenario is the result of 
multiple actions from many influences factors from many different fields. Therefore, in the 
process of SM, it must be considered when one Influence Factor (IF) changes, how the other will 
change and how those changes will finally impact the whole system. 

2. Future-open Thinking: The future is always uncertain, and therefor to identify only one single 
future development or scenario makes no sense for SM. In the process of SM, every possibility 
future development direction of IFs and even the possibility of new IFs that come up in future 
have to be considered and included in the scenario development.  

3. Strategic Thinking: Supporting the development of a policy and strategy for the future is the 
purpose of SM. Therefore in the process of SM, to identify the success potential for a certain 
future development on basis of that then the future strategy and policy can be developed is 
important. 

SM is combination of those three principles and not a single one can be omitted. The relation between 
those three of SM is depicted in Figure 20 that also shows how these three principles are used in the 
context of this master thesis for the development of EV scenarios and policies for Beijing. 

 

 
Figure 20. Main principle of SM (own interpretation based on [93]) 

Those three principles determine the complexity of the process of developing scenarios. According to 
[90], the SM process can be divided into 5 phases: (1) Scenario-Preparation, (2) 
Scenario-Field-Analysis, (3) Scenario-Prognosis, (4) Scenario-Development and (5) Scenario-Transfer 
(see Figure 21). 
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Figure 21. Five phases of SM (own interpretation based on [93]) 

Phase 1. Scenario-Preparation: First, in this Phase the task of the scenario project has to be detailed 
and the time horizon has to be defined. Therefore following question should be answered: what 
problem should be solved based on the scenario analysis; second, how long in future this scenario 
analysis is going to study. The definition of scenario filed should answer following question: what data 
of what thematic filed have to be considered to be able to conduct the scenario analysis. Scenarios will 
also be developed on the basis of the present situation of this field; therefore also the current situation 
of the SF has to be described in detail for future scenario development. In this master thesis the 
scenario preparation is done in chapter 2 and chapter 3, section 3.1. 
Phase 2. Scenario-Field-Analysis: From this phase on, the process of scenario development starts. 
The KIFs have to be defined: KIFs are either characteristic for the development of the scenario or play 
a great role in the determination of the scenario field. The process of KIF definition is shown in 
Figure 22. For the IF development (sub-phase 2) three methods are usually used [5]: (1) group 
discussion, (2) brainstorming and (3) literature review. From the IFs the KIFS will be chosen and 
developed (sub-phase 3) through an influence analysis (influence-matrix). More detailed information 
about the influence-matrix is shown in chapter 4, section 4.3 and reference [5]. In order to limit 
analysis workload, the number of KIFs which is recommended by [5] should be kept within 30. In this 
master thesis the scenario-filed-analysis is done in chapter 4, section 4.3. 

 

Figure 22. Scenario-field-analysis and process of KIF development (own interpretation based on [5]) 
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Phase 3. Scenario-Prognosis: The purpose of this phase is to develop up to 3 projections for every 
KIF. Firstly, the current situation of every KIF has to be described, because that builds the basis of 
future projections. Secondly based on the current situation the projections for the KIFs have to be 
developed for the intended time (in this master thesis for the year 2030) and then the developed 
projections have to be described. In order to develop the possible future projections, in [5] several 
basic approaches are presented, like (1) simulation of the development, (2) overstate developments 
and their characteristics, or (3) accelerate developments (for more information see [5]). In this master 
thesis the scenario-prognosis is done in chapter 4, section 4.4. 
Phase 4. Scenario-Development: This phase includes two sub-phases: (1) Projection Bundles (PBs) 
and (2) raw scenarios (see Figure 23). Through consistency analysis (consistency matrix) all 
combinations of projections are evaluated with respect to their relation and plausibility towards each 
other [93], and as a result the “consistency value” for every combination of projections is calculated. 
The consistency value represents the consistency of combinations, and it indicates the logically 
possibility of fitting together and simultaneous occurrence of all projections in one combination. After 
that the illogic combinations are dismissed, and the remaining ones are consider as the so called PBs. 
In order to figure out a suitable amount of potential scenarios, the similar PBs are then merged into 
raw scenarios (scenario clusters). At the end every scenario cluster is “integrated summarized” and is 
interpreted and described as a future scenario. Theoretical speaking, the fewer scenarios are generated 
at the end, the more PBs are merged, and the more information will be lost in the process of 
“summarization”. Because there are too many combination possibilities (for a project which has n 
KIFs and each factor has 2 projections for the future, the possible number of combinations of 
projections could be 2n

·(n/2)·(n-1)), to handle this large amount of combination possibilities, a 
scenario software (in this master thesis the SM-software of ScMI is used) is useful to generate all 
possible combinations and to calculate their consistent value. In this master thesis the scenario 
development is done in chapter 4, sections 4.5 and 4.6.  

 

Figure 23. Process of scenario development (own interpretation based on [5]) 

Phase 5. Scenario-Transfer: The task in this phase is to develop the plausible future strategies from 
the developed scenarios and so to achieve the aim of this master thesis. First, every scenario will be 
described in detail and analyzed. The analysis focus on things such as the opportunities and risks of 
the scenarios, their common elements (main trends) and differences between the scenarios as well as 
their effects on the research subject. Then according to the possible opportunities and risks provided 
by every scenario the relevant reactive measures and preventive measures can be developed. The 
combination of different measures can be considered as strategy and at the end all strategies are 
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integrated and developed as an integrated strategy or policy. In this master thesis the scenario-transfer 
is done in chapter 5, section 5.3. 
The above described five phases of SM are also adopted for this master thesis - the development and 
analysis of EV scenarios for Beijing for 2030. Considering the complexity of this project (Beijing and 
also EV development can be considered as very broad and complex systems) and knowledge 
requirements in all IAs of the scenario field, the method of expert interview is applied as an additional 
tool and integrated into the five phases in order to generate the future scenarios and ensure that the are 
more valid. The experts that were asked to take part in the expert interviews are from Germany and 
China, and they were chosen because of their professional backgrounds and experiences in a certain 
area of the scenario field. The interviews were done through questionnaires and in some cases 
combined with personal interviews. The phases of SM used in this master thesis and the methods 
applied in every phase are shown in Figure 24.  

 

Figure 24. Five phases of this master thesis (own interpretation based on [94])  

The first phase of scenario management, the scenario-preparation in this master thesis was done in 
chapter 2. It includes the definition of the research question and the goal of the scenarios development 
and analysis, and the time horizon of research, the definition the SF as well as the detailed description 
and assessment of the current situation of the scenario field. The task of scenario development and 
analysis in this master thesis is to answer the research question: what kind of EV policy should Beijing 
develop and adopt. To answer this question, the EV situation of Beijing has to be studied and so the 
E-Mobility of Beijing is the SF of this project. The current situation of Beijing (city structure, 
transportation system, EV policies, EV use, etc.) was analyzed in detail in chapter 2. In section 4.3, 
thus the scenario development will continue directly with the scenario-field-analysis (phase 2 of SM 
process).  

 Scenario Field (SF) analysis  

SF analysis is phase 2 of the SM process. It includes 3 sub-phases (1) formation IAs in section 4.3.1, 
(2) Influence Factor (IF) development in section 4.3.2, and (3) Key Influence Factor (KIF) 
development in section 4.3.3. 
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4.3.1 Formation of Influence Areas (IAs)  
In the first phase of the SF analysis the IAs have to be formed. All the IAs together then are the SF 
(electric mobility of Beijing). Thus the IAs are the areas that could influence Beijing government in 
the development of the future policy concerning EVs. According to [95], Prof. Peter Nijkamp thinks of 
a “city as self-organizing innovative complexes”, and states that the city is a “dynamic” system “to be 
regarded as innovative species struggling for survival under conditions of internal threats and external 
challenges”. 

Regarding the policy developing for such a complex city system, Prof. Nikjkamp [95] pointed out that 
the impact of 5 areas has decisive impact:  

1. Economic Capital 

2. Ecological Resources 

3. Social Superstructure 

4. Geographical Infrastructure 

5. Technological System 

Since Beijing is the capital city in China and its policy will be also influenced by the national 
environment and city’s other related policy, in this master thesis, an IA “policy” is added. Therefore, 
the SFin this master thesis is divided to 6 IAs (Figure 25): (1) society, (2) ecology and energy, (3) 
economy, (4) infrastructure, (5) technology and (6) politics. As discussed in [95], these IAs are not 
independent, and there are many complex interdependencies between them. They determine the 
situation of electric mobility in Beijing and have a direct impact on the future EV situations and 
policies of Beijing in 2030. 

 

Figure 25. IA of scenario field. 

IA 1:  “Society” relates to social background for EV policy making, including:  
1) demographics 
2) citizen’s life style aspirations and choices 
3) mobility requirements and behavior  
4) working patterns  
5) citizen’s desires for health, safety and security 

IA 2:  “Economics” relates to the financial systems that affect Beijing’s policy on EVs, including:  
1) global economic considerations  
2) national economic considerations 
3) personal economic considerations  
4) corporations and local companies 

IA 3:  “Ecology and Energy” relates to the “resource environment” around EV, including:  
1) energy production and consumption 
2) waste 
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3) emissions and pollution  
4) associated health impacts 

IA 4:  “Infrastructure ” relates to the transport systems that supports EV, including:  
1) the physical roads and infrastructure  
2) provision of associated services and information  
3) interfaces with other modes of transport 

IA 5:  “Technology” relates to EV technology, including  
1) battery technology,  
2) structures and materials  
3) manufacturing  
4) cost 
5) key technical development of ICV 

IA 6:  “Policy”  relates to city and national policy related to EV, also the goal of emission reduction. 

 

4.3.2 Influence Factor (IF) development  

The IAs cannot directly represent the future situation, and therefore, the individual areas have to be 
analyzed and finally described in more detail by appropriate IFs. In this thesis, a literature review 
method is used to identify the associated IFs. In total 54 IFs were identified (Table 7). 

Table 7. Influence Factors (IFs) 

Area No. Influence Factor (IF) Reference 

1. Society 
(11) 

1 1.1 Total population (population and growth rate %) [96] 

2 1.2 Urban and suburban population density (P/km2) [96] 

3 1.3 Age structure (% over 65) [96] 

4 1.4 Vehicles per 1,000 population (ICV and EV) [96] 

5 1.5 Average household size [96] 

6 1.6 Citizen’s desire for health, security and safety [97] 

7 1.7 Citizen’s modal split (%) [32] 

8 1.8 Demographic shift in vehicle type and ownership patterns [97] 

9 1.9 Working patterns [97] 

10 1.10 Length of working life [97] 

11 1.11 Citizen’s aspiration of EV  

2. 
Economic

s (9) 

12 2.1 Economic growth (GDP and growth rate % ) [96] 

13 2.2 Personal income ($)  

14 2.3 Consumer unit expenditure (%)  

15 2.4 Income distribution/gap [96] 

16 2.5 Sector employment (%) [96] 

17 2.6 Freight transport demand [96] 

18 2.7 Opportunities for high value products and service [97] 

19 2.8 Surrounding region economic development level  

20 2.9 Regional EV industry development and cooperation with Beijing  

3. 
Ecology 

and 
Energy 

(10) 

21 3.1 Electricity power generation source in China (%) [96] 

22 3.2 Electricity production efficiency (%) [98] 

23 3.3 Electricity price ($/kWh) [96] 

24 3.4 Electricity consumption (kWh)  

25 3.5 Oil supply  [97] 

26 3.6 Oil price in China ($/t) [96] 
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27 3.7 Oil consumption (t) [96] 

28 3.8 Greenhouse gas emission (city and personal t/n )  

29 3.9 Car-emission on road  

30 3.10 Vehicle recycling rate (%)  

4. 
Infrastruc

ture (9) 

31 4.1 Revenues of vehicle purchasing and using ($)  [96] 

32 4.2 Cost of public transportation ($) [32] 

33 4.3 Quality and quantity of public transport [96] 

34 4.4 Bicycle infrastructure  

35 4.5 Average commuting distance with vehicle per day (km/d)  

36 4.6 Average CS with vehicle (km/h)  

37 4.7 Information system construction (car sharing, charging, transit) [98] 

38 4.8 Smart grid construction [98] 

39 4.9 Charging station construction (public und dwelling) [98] 

5. 
Technolo

gy (9) 

40 5.1 Emission and fuel efficiency of ICV (g CO2/km and l/100km)  

41 5.2 Cost of ICV ($)  

42 5.3 Battery technology of EV (energy density Wh/kg and life time )  

43 5.4 Price of EV (battery $/kWh)  

44 5.5 Structure and material of EV [97] 

45 5.6 Design and manufacturing process of EV [97] 

46 5.7 Charging technology [97] 

47 5.8 Software, sensor , electronic and telematics technology [97] 

48 5.9 Recycling of battery  

6. Policy 
(6) 

49 6.1 limitation on vehicle purchasing and using  

50 6.2 Beijing city image  

51 6.3 Beijing city development plan [97] 

52 6.4 Air quality goal of Beijing [96] 

53 6.5 National EV policy and strategy  

54 6.6 National CO2 Emission reduction Goal  

The IFs can be of quantitative or qualitative nature. The distribution of the 54 identified IFs over the 6 
identified IAs used as the basis for the scenario development for the situation of EV in 2030 in this 
master thesis is shown in Figure 26.  
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Figure 26. Distribution of the 54 identified influence factors over the 6 identified IAs used as the basis for the scenario 
development for the situation of EV in 2030 in this master thesis 

 

4.3.3 Key Influence Factors (KIF) development 

Next step is to select the KIFs from those 54 IFs. According to Gausemeier/Fink/Schlake  [5], this 
can be done systematically though influence-analysis (influence matrix) and system-grids. The number 
of KIFs shall finally be limited to 30 to reduce the complexity of the analysis. There are 2 kinds of 
influence-analyses relevant in this context: (1) direct influence-analysis and (2) indirect 
influence-analysis. In this thesis, the method of direct influence-analysis will be used. By the direct 
influence analysis, the direct relationships between every pair of IFs will be evaluated. 4 scales are 
used to indicate the influence strength: if the factor A changes, how strong or how fast the factor B 
will change due to the direct action from factor A?  

Definition of the 4 scales of influence strength used in direct influence-analysis in this master thesis: 
 0 = no impact 
 1 = Weak and delayed impact 
 2 = Medium impact 
 3 = Strong and direct impact 
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Figure 27. Extract of the influence analysis and the resulting Influence Matrix (IM) generated as part of the scenario development 
for the situation of EV in 2030 in this master thesis (full influence matrix: Aattachment 4) 

Figure 27 shows an extract of the influence analysis and the resulting Influence Matrix (IM) generated 
as part of the scenario development for the situation of EV in 2030 in this master thesis. The full IM is 
presented in Aattachment 4 (the influence evaluation was done by the author). The influence of all 
factors on each other is expressed by the defined 4 scales. For example, a relation assigned the level “2” 
means that the IF “1.2 Urban and suburban Population density” has a “medium influence” on the 
factor “1.1 Total population”. After the completion of this influence evaluation, the value of 
active-sum, passive-sum, interactions- index and active-index can be calculated.  

Calculation method: 
 ASi = Active-sum of IF i, sum of No. i row values 
      Activity, means how strong is the influence from factor i to others 
 PSi = Passive-sum of IF i, sum of No. i column values 
      Passivity, means how strong influence form other factors to i 
 IPIi = Impulse-index of IF i, ASi / PSi  

 DIi = Dynamic- index of IF i, ASi •PSi 
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Figure 28. System grid for allocation of influencefactors in this master thesis (generated based on [5]) 

According to the AS and PS value, every IF will be allocated in the system-grid (see Figure 28). In 
this scenario project, the IF 4 (Vehicles per 1,000 population) has the highest active-sum value, what 
means that this IF in Beijing has the strongest impact on the whole scenario field; the IF 8 
(Demographic shift in vehicle type and ownership) has the highest passive-sum, what means that this 
IF related to the future EV situation Beijing is most easily influenced by other factors in the scenario 
field. The Middle active-sum, Middle passive-sum, DI=3105, DI=786, IPI=2 and IPI=0.5 lines divide 
the system grid into 5 zones.  

According to the location, the IFs are also classified into 5 types: 
Zone I: Impulsive IF  

(The area among “middle active-sum” line, “passive-sum=0” line and “IPI=2” line) 
Zone II: Dynamic IF 

(The area among “IPI=2” line, “IPI=0.5” line and “DI=3105” line) 
Zone III: Reactive IF  

(The area among “middle passive-sum” line, “active-sum=0” line and “IPI=0.5” line) 
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Zone IV: Buffering IF 
(The area among “middle passive-sum” line, “middle passive-sum” line, “active-sum=0” 
line and “DI=786” line) 

Zone V: Neutral IF 
(The area among “IPI=2” line, “IPI=0.5” line, “DI=3105” line and “DI=786” line) 

The IFs influence the system as follows: 
1. The IFs in Zone I give a major “push” to the system and make the situation of the system 

change but without themselves being affected.  
2. The IFs in Zone II, on the one hand act very strong onto the system, and on the other hand get 

also strongly influenced from the system.  
3. The IFs in Zone V have only a medium influence on the system and also their ability to be 

influenced by the system is in the medium range.  

For scenarios with a long time horizon (for example 15 years as in this master thesis), the criterion of 
selecting KIFs from the IFs has to be in tune with the dynamic-index value and the activity value. Of 
particular importance are the IFs with a very high activity value. In accordance with this, in the 
context of the research question identified in this master thesis, the following IFs were selected to 
become KIFs (the active-sum of each IF selected is higher than the middle active-sum):   

 

Selected IFs allocated in Zone II of the system grid: 

Table 8. Selected IFs allocated in Zone II 

Key Influence Factors (KIFs) selected from Influence Factors (IFs) IAs 

4 Vehicles per 1,000 population (ICV and EV) Society 

35 Average commuting distance with vehicle per day (km/d) Infrastructure 

33 Quality and quantity of public transit Infrastructure 

50 Beijing city image Policy 

51 Beijing city development plan Policy 

7 Citizen’s modal split (%) Society 

20 Regional EV industry development and cooperation with Beijing Economics 

18 Opportunities for high value products and service Economics 

6 Citizen’s desire for health, security and safety Society 

12 Economic growth (GDP and growth rate %) Society 

16 Sector employment (%) Economics 

28 Greenhouse Gas emission (city and personal t/n) Economics 

 

Selected IFs allocated in Zone V of the system grid above the middle Active-sum line: 

Table 9. Selected IFs allocated in Zone V 

Key Influence Factors (KIFs) selected from Influence Factors (IFs) IAs 

36 Average CS with vehicle (km/h) Infrastructure 

2 Urban and suburban Population density (P/km2) Society 

52 Air quality goal of Beijing Policy 

39 Charging station construction (public und dwelling) Infrastructure 

23 Electricity price ($/kWh) Ecology and Energy 

21 Electricity power generation source in China (%) Ecology and Energy 

1 Total population (population and growth rate %) Society 
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14 Consumer unit expenditure (%) Economics 

53 National policy about EV Policy 

49 Limitation on vehicle purchasing and using Policy 

 

Selected IFs allocated in Zone I of the system grid: 

Table 10. Selected IFs allocated in Zone I 

Key Influence Factors (KIFs) selected from Influence Factors (IFs) IAs 

26 Oil price in China ($/t) Ecology and Energy 

42 Battery technology of EV (energy density Wh/kg and life time) Technology 

25 Oil supply Ecology and Energy 

46 Charging technology  Technology 

43 Price of EV (battery $/kWh) Technology 

54 National emission reduction goal Policy 

40 Emission and fuel efficiency of ICV (g CO2/km and l/100km) Technology 

In summary, 29 IFs were selected to become KIFs from the total amount of 54 IFs. For the IF 50 
(Beijing city image) and 51 (Beijing city development plan) it can be concluded that they include 
some common contents and both are related to Beijing city plan and city development direction. To 
identify a functioning city structure is the most important job of a city master plan. Therefore, in this 
master thesis, in order to limit complexity, the IF 50 and 51 were combined into a new IF named 
“Goal of city development and development plan”. Thus finally there were 28 KIFs defined and 
numbered and listed as shown in Table 11. The combination and situation of those key factors in 2030 
can be seen as the basis for the development of scenarios for EVs in Beijing in 2030 and suitable EV 
policies can then be formulated on the basis of these scenarios. It can be said that the changes 
throughout time of each of those KIFs has a combined effect on future EV Policy outcomes.   

Table 11. KIFs selected from IFs sorted according to IA. 

Key Influence Factors (KIFs) IAs 

1  Total population (population and growth rate %) 

Society (5) 

2  Urban and suburban Population density (P/km2) 

3  Vehicles per 1,000 population (ICV and EV) 

4  Citizen’s desire for health, security and safety 

5  Citizen’s modal split (%) 

6  Economic growth (GDP and growth rate %) 

Economics (5) 

7  Consumer unit expenditure (%) 

8  Sector employment (%) 

9  Opportunities for high value products and service  

10  Regional EV industry development and cooperation with Beijing 

11  Electricity power generation source in China (%) 

Ecology and Energy  
(4) 

12  Electricity price ($/kWh) 

13  Oil supply  

14  Oil price in China ($/t) 

15  Greenhouse Gas emission (city and personal t/n) 

Infrastructure (5) 

16  Quality and quantity of public transport 

17  Average commuting distance with vehicle per day (km/d) 

18  Average CS with vehicle (km/h) 

19  Charging station construction (public und dwelling) 

20  Emission and fuel efficiency of ICV (g CO2/km and l/100km) Technology (4) 
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21  Battery technology of EV (energy density Wh/kg and life time) 

22  Price of EV (battery $/kWh) 

23  Charging technology  

24 Limitation on vehicle purchasing and using in Beijing  

Policy (6) 

25  Goal of city development and development plan 

26  Air quality goal of Beijing 

27  National policy about EV 

28  National emission reduction goal 

 Scenario prognosis  

Scenario prognosis is phase 4 of the SM process. The purpose of this phase is to develop up to 3 
projections for every KIF that was identified in section 4.3. In this chapter, firstly, the current situation 
for every KIF is described in section 4.4.1 as the basis for the future projections. Secondly, the 
development of future projections for all KIFs is described in section 4.4.2. In this master thesis, 
experts were invited to take part in the development of the projections. 

4.4.1 Description of the current situation of the K IFs 

In order to be able to correctly forecast the future situation of every KIF, past situations and trends 
over a period of at least 15 years and the current situation for KIF are descripted. In this chapter the 
trends for each KIF are summarized. The detailed analysis of trends for each KIF is shown in the 
Attachment 5.  

4.4.2 Development of future projections for all KIF s 
It is always difficult to tell something about the future, because future developments are based on the 
historic development and the current situation, and also they could be impacted and changed by other 
unforeseen events in the progress towards the future. Professional and comprehensive knowledge is 
necessary to make reasonable predictions about the future. In this phase of scenario development, 28 
KIFs must be projected and the correct development of the projections of those factors is the basis to 
generate reasonable scenarios. Therefore, in this section the method of expert interviews is applied as 
an additional tool. In total 9 experts were invited to take part in the process for developing the 
projections for future the development of those 28 KIFs (the expert list is shown in the Attachment 6). 
From those 9 experts, 4 were from Germany and 5 from China. All of them have professional 
backgrounds and rich experiences related to one of the defined IAs of the scenario field. Most of the 
interviews were done by questionnaires (the structure and method of the questionnaires is based on 
[99]). The structure of the questionnaire is shown by Attachment 7. For the experts in China only the 
questionnaire was used. For the German experts, as much as possible, the personal interview 
(following an interview guideline, Attachment 8) was used additionally to the questionnaire. 

The expert interview was structured as follows: there are 6 IAs in the scenario filed, and actually every 
IAs represent a professional field of knowledge. According to the background and work experiences 
of the experts, the influences areas were selected and presented to them. In order to generate different 
projections for every KIF for the future, every expert was given 2 IAs to work with and every IA was 
distributed to minimum 3 experts. Most of the questions were given as multiple choice questions 
(possible projections were made by author on the basis of the above given analysis of the SF and 
references). Experts could choose from up to 3 projections and they were allowed to give additional 
projections not included in the given projections. Additionally for each question and projection the 
experts were asked for comments for future analysis. In order to help the experts to easier make or 
choose the projections for the KIFs, the description of the current and past situation for every KIF was 
as an attachment to the questionnaire provided to the experts.  

Finally, in total there are 58 projections for all 28 KIFs, and most of the KIFs got 3 or 2 possible 
projections. Some of the KIFs got just 1 possible projection of the future because all of the experts 
gave the same projection for these KIFs.  
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According to [5], key influence factors are divided into 2 types according to the number of the 
projections they got:  

1. Uncritical KIF: it has only one projection, the future situation of this kind of KIF is clear and 
uncritical;  

2. Critical KIF: it has 2 or more projections, and there are thus different development 
possibilities and its future is not clear.  

Most of the KIFs are the critical KIFs, and they are a challenge but also the basis for many different 
scenarios that can be generated in the following sections. The projections for all KIFs developed on 
basis of the expert interviews (questionnaires and personal interviews) are shown in detail in 
Attachment 9.  

Here 2 examples (one for a critical KIF and another for an uncritical KIF) that were developed on 
basis of the expert interviews (questionnaires and personal interviews) are summarized: 

Table 12. Example of projections for KIFs developed on basis of the expert interviews 

IAs No. 
Key Influence 

Factors 
  Projections Integrated comments Experts 

Society 

3 

Vehicles per 1,000 

population (ICV 

and EV) 

A 

About 300 vehicles 

per 1,000 

population 

Despite continued limitation on the number 

of cars in Beijing, it will increase to this 

value 

Qin / 

Wang 

B 

About 350 vehicles 

per 1,000 

population 

Strong demand for cars and 

encouragement towards purchasing of EVs 

Schwab / 

Wang  

C 

About 400 vehicles 

per 1,000 

population 

Counter urbanization will stimulate the 

increase of the number of cars, including 

EVs and ICVs 

Wang 

4 

Citizen’s desire for 

health, security 

and safety 

A 

Increased desire 

for health, security 

and safety 

This is an inevitable result of economic 

development 

Qin / 

Schwab / 

Wang 

Additionally, in the expert interview questions about personal attitude of the experts towards EV 
technology and their personal scenario outline were asked. The answers show overall a positive 
attitude to EV technology and EV use in Beijing: although all the experts don't have a EV, they all 
think that EV technology is suitable for Beijing’s mobility and environment; most of Chinese experts 
would like to buy a EV as a second car in the family if the city could establish a sufficient charging 
facilities network.  

 Scenario formation (raw scenarios) 

Scenario development is the 4th phase of scenario management. This phase includes two sub-phases (1) 
PBs and (2) raw scenarios. Section 4.5.1 is the sub-phase 1: integration of consistent and plausible 
projections to PBs. Section 4.5.2 is the sub-phase 2: technical (qualitative and quantitative) description 
of the raw scenarios. 

4.5.1 Integration of consistent and plausible proje ctions to Projection 
Bundles  

As discussed in the section 4.2, due to a very large number of possibilities for combinations of the 
projections, there are a large number of mathematical calculations are necessary. Therefore, software 
is required. Different software’s for SM are available in the market. Before starting the analysis of data 
collected for this master thesis, the author has also analyzed and compared three different software for 
SM: (1) ScMI Scenario ManagerTM, (2) Szeno-Plan and (3) INKA3. Finally the software ScMI 
Scenario ManagerTM (ScMI) was chosen as the software for the scenario generation in this master 
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thesis. ScMI (Figure 29) is software used already in many scenario analyses and it is relatively easy to 
work with it. The consulting company that has developed it has done many projects around the world 
on basis of it and started to sell and rent the software. The author of this master thesis rented a student 
version of the software for the use for 3 months for this master thesis (Attachment 10). 
Important is that this software can generate a result from the large amount of input data and present it 
in a graphical and understandable way. Also the software is built on the methods and processes of 
Gausemeier/Fink/Schlake (1995) [5] which developed also the main methodology that this master 
thesis follows. Therefore, the software fits well to the processes and steps of this master thesis. 

ScMI is software that supports the whole process of SM, and it is also includes functions for the 
influence-matrix. But because the influence analysis of the basis of the influence-matrix (and thus the 
definition of the KIFs) was done by author previously on basis of own tables and matrices (sections 
4.3.3), the ScMI software was used for the following steps. The author put the developed KIFs and 
their projections (developed previously through the expert interviews, sections 4.4.1 and 4.4.2) into 
the ScMI software developing the consistency-matrix, the PBs and the scenarios.  

 

Figure 29. ScMI user interface 

In this section, for scenario formation, the first task is to develop the consistency matrix. Therefore, 
the developed KIFs and their projections (developed previously through the expert interviews) were 
put into the ScMI software, which helped then to generate the consistency matrix. The next step was 
then to evaluate the consistency of every possible projection pair from the 58 projections developed 
from the 28 KIFs. The task here was to find out whether the 2 projections of a projection pairs could 
fit each other and how possible it is that they could occur in one scenario.  

For the evaluation of the consistency of projections, there are 5 scales defined according to ScMI 
[100]: 

 1 = highly inconsistent 

 2 = partially inconsistent 

 3 = independent 

 4 = consistent 

5 = highly consistent 

The scale “1, highly inconsistent” means that the 2 projections are totally antithetic and exclude each 
other, and thus cannot occur in one scenario; the scale “2, partially inconsistent” means that the 2 
projections are slightly inconsistent, and the occurrence of those 2 projections in one scenario is not 
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impossible but will make lower the consistency of the scenario; the scale “3, independent” means that 
the 2 projections are independent, one cannot impact and be impacted by the other, and their 
simultaneous occurrence will not change the consistency of the scenario; the scale “4, consistent” 
means that the 2 projections are consistent, those 2 can occur in one scenario without problems; the 
scale “5, highly consistent” means that 2 projections are very consistent, and the occurrence of one 
projection means that the should occur also. 

According to this evaluation standard, the consistency analysis for the developed projections of the 
KIFs was done using the ScMI software (the detailed consistency evaluation is shown in Attachment 
11, the consistency evaluation was conducted by the author). A consistency analysis example is shown 
in Figure 30: the consistency of the projections of KIF 5 “Citizen’s modal split” and the projections of 
KIF 3 “Vehicles per 1,000 population”: 

1. Example 1 - the consistency of projection 3C and projection 5A is 5 (highly consistent): when 
there are 400 or 350 vehicles per 1,000 population, this means that every family has almost 1 
car (if considering 2.5 person per family) and this number would be a 40% increase compared 
with the current situation in 2014 (0.6 car/family); this “projected” high car ownership in 
Beijing must inevitable generate a higher car dependency in Beijing (about 40% people travel 
in city by car).  

2. Example 2 - the consistency of projection 3A and projection 5A is 4 (consistent): If the car 
number is 300 per 1,000 population (this number would not be greatly different from 2014 
levels), the relationship between this projection to the projection “40% by car” is only 
consistent. This is because the number of vehicles per 1,000 population is lower than in 3C 
and this slower increase cannot directly cause a high car dependency.  

  

Figure 30. The consistency analysis for the developed projections of the KIFs was done using the ScMI software (The detailed 
consistency evaluation is shown in Attachment 11). 

As the result of consistency analysis (consistency matrix), the Scree-Diagram (number of raw 
scenarios against the number of lost information related to projections; see Figure 31) was generated 
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using the ScMI software. The Scree-Diagram helps to identify the optimal amount of scenarios that 
should be selected. According to the ScMI handbook [100], the so called “Elbow-point” represents the 
optimal number of scenarios. The basic principle of determination the number of scenario is: less 
possible scenarios and an acceptable loss of information. As shown in Figure 31, the optimal number 
of scenarios for the scenario analysis conducted in this master thesis would be 6, and in this situation 
only 2 projections would be lost. But in order to limit complexity in the master thesis and in order to 
be able to describe and discuss the selected scenarios in detail, the selected number of scenarios was 
limited to 3. 3 scenarios mean a still acceptable loss of 4 projections.  

 

Figure 31. Scree-Diagram. The Elbow-point shows the optimal number of scenarios. To limit complexity in this master thesis 3 
scenarios are selected and the number of lost projections is then still acceptable.    

 

Figure 32. List of PBs. Explanation: 

• Id = the PB number 
• R…k = the rank according to the sum of  the consistency values of PB in one scenario 
• CV= sum of the consistency values of the PB 
• IC = the amount of occurrence of the consistency value “2, partially inconsistent” in the PB 
• Sc = the number of scenario-cluster, in which the PB is included in 
• Arabic numbers in the top row state the number of the KIF 
• Capital letters in the matrix shows which projections of the KIFs are included in the PB 
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For this scenario project, in total 105 PBs were generated, which contain all projection combinations 
of the projections of the 28 KIFs except the projection pairs with a consistency value of “1” (highly 
inconsistent), which means that all projection pairs in every those 105 bundles do not contradict to 
each other and they could occur in one scenario. The list of PBs describes the 105 bundles one by one 
(Figure 32). The full list of PBs is shown in Attachment 12.  

4.5.2 Technical (qualitative and quantitative) desc ription of the raw scenarios  
The following Figure 33 shows the spatial relationship of all the PBs. The spatial location in this 
figure is defined by the similarity of the 105 projection-bundles. In this figure one “circle” represents 
one PB, and one cluster of “scenarios” represents a scenario cluster. The scenario cluster 1 (green) 
includes 29 PBs, the scenario cluster 2 (red) includes 65 PBs and the scenario cluster 3 (blue) includes 
only 11 PBs. Those 3 scenario clusters sate the “raw scenarios” of this scenario project. 

 

Figure 33. Spatial relationships and clustering of the 105 PBs into raw scenarios  

In Figure 33, the size of each “circle” represents the sum of the consistency values of the 
projection-bundle: a bigger “circle” means that this projection-bundle is very consistent, and the small 
“circle” means the projection-bundle is not so consistent, mainly because in this bundle the 
consistency value of some projection pairs is low (for example: “2, partially inconsistent”). Compared 
with scenario-cluster 1 and 2, the scale of the “circles” of scenario-cluster 3 is much smaller, because 
many of the projection-bundles in this cluster contain many “partially inconsistent” projection pairs, 
which have lowered the consistency of bundles and thus the scenario-cluster 3. The character of each 
scenario cluster will be discussed in detail in chapter 5. The ScMI software allows showing the 
projections and dimensions distributions in every raw scenario. Table 13 shows the occurrence 
proportion of projections in all projection-bundles of one raw scenario.  

For example for the projections and dimensions distributions for raw scenario 1 and KIF 1: 

• Example 1: “51.72” means that there are 51.72% projection-bundles in the raw scenario 1 that 
include projection 1A  

• Example 2: “27.59” means that there are 27.59% projection-bundles in the raw scenario 1 that 
include projection 1B  

• Example 3: “20.69” means that there are 20.69% projection-bundles in the raw scenario 1 
include projection 1C. 
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The sum of the occurrence proportion of every projection of one KIF in one raw scenario is always 
equal to 100%. Based on this proportion it can be decided whether a projection could occur in the final 
scenario.  

The standard and process of selection projections for scenario are shown in Figure 34: 

 

Figure 34. The standard and process of selection projections for scenario (own interpretation based on [5]) 

1. The projection of an uncritical KIF is a “unique projection” – it is the development direction in 
the scenario. 

2. For the critical KIF it can be said, that if the occurrence proportion of one projection in one raw 
scenario is over 75%, then this projection states a “unique projection”. 

3. For the critical KIF it can be said, that if the occurrence proportion of one projection in one raw 
scenario is under 25%, then this projection will be neglected and not be considered for scenario 
development. 

4. For the critical KIF it can be said, that if the occurrence proportion of one projection in one raw 
scenario is between 25% and 75%, then this projection states an unclear projection; if the 
proportion of this unclear projection in other raw scenarios is under 25%, then this projection 
states a “partly unique projection”. “Partly unique projection” could be the development direction 
in the considered raw scenario; or if the proportions of unclear projections of one KIF are greatly 
different, then the projection with the higher proportion could be the development direction of the 
considered raw scenario. 

5. For the unclear projection it can be said, that if it is already confirmed to be the development 
direction of other raw scenarios, then it could be neglected in the considered raw scenario.  

For unclear projections it can be said, that its situation not as 4 or 5, then this projection states an 
“alternative projection”, whether it could be the development direction of considered raw scenario, 
could be confirmed later according to its fitness to scenario description. 

Table 13. Projections and dimensions distribution in scenarios showing the occurrence proportion for every projection of the KIFs 

Key Factor Projection Scenario 
1 

Scenario 
2 

Scenario 
3 

1 Total population 

1A 1.5% growth rate, 27 mil. by 2030 51.72 41.54 72.73 

1B 2.0% growth rate, 30 mil. by 2030 27.59 30.77 27.27 

1C 3.0% growth rate, 35 mil. by 2030 20.69 27.69 0 

2 Urban and suburban 
population density 

2A Urban slightly decreased and suburban 
significantly increased 

0 100 100 
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2B Urban/Suburban densification with stable 
population shares 100 0 0 

3 Vehicles per 1,000 
population 

3A 300 vehicles/1,000 population 100 0 0 

3B 350 vehicles/1,000 population 0 100 100 

3C 400 vehicles/1,000 population 0 0 0 

4 
Citizen's desire for 
health, security and 
safety 

4A Increased desire for health, security and 
safety 100 100 100 

5 Citizen’s modal split 

5A 
40% by public transport, 40% by car, 10% 
by bicycle 0 93.85 54.55 

5B 50% by public transport, 30% by car, 10% 
by bicycle 10.34 6.15 45.55 

5C 60% by public transport, 20% by car, 10% 
by bicycle 89.66 0 0 

6 Economic growth 6A Moderate annual growth rate 5% 100 100 100 

7 Consumer unit 
expenditure 

7A 13% on transportation 100 0 0 

7B 17% on transportation 0 100 100 

8 Sector employment 8A 
Slightly decline in primary industry, 75-80% 
in tertiary industry, less than 2% 
unemployment rate 

100 100 100 

9 
Opportunities for high 
value products and 
service 

9A Increased opportunities 100 100 100 

10 

Regional EV industry 
development and 
cooperation with 
Beijing 

10A More EV products and closer cooperation 100 100 100 

11 
Electricity power 
generation source in 
China 

11A 70% from thermal power, 25% from 
renewable energy, 5% from nuclear 0 46.15 0 

11B 50% from thermal power, 30% from 
renewable energy, 20% from nuclear 31.03 44.62 63.64 

11C 45% from thermal power, 45% from 
renewable energy, 10% from nuclear 

68.97 9.23 36.36 

12 Electricity price 
12A 10% increased, about 9 cent$/kwh 6.9 100 90.91 

12B 50% increased, about 12 cent$/kwh 93.1 0 9.09 

13 Oil supply 

13A 60% import 100 50.77 100 

13B 70% import 0 12.31 0 

13C 80% import 0 36.92 0 

14 Oil price in China 

14A Crude oil 80$/barrel, gasoline 7.8 RMB/L 0 46.15 0 

14B Crude oil 130$/barrel, gasoline 11.6 
RMB/L 

0 15.38 36.36 

14C 
Crude oil 190$/barrel, gasoline 16.2 
RMB/L 100 38.46 63.64 

15 Greenhouse Gas 
emission 

15A 10% decreased 0 100 0 

15B 50% decreased 100 0 100 

16 Quality and quantity of 
public transport 

16A Quantity 80% increased, quality decreased 0 100 0 

16B Quantity 80% increased, quality increased 20.69 0 100 

16C Quantity 130% increased, quality 
increased 

79.31 0 0 

17 
Average commuting 
distance with vehicle 17A Significantly increased 0 84.62 0 
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per day 
17B Slightly increased 0 15.38 100 

17C Significantly decreased 100 0 0 

18 
Average CS with 
vehicle 

18A Slightly increased 100 0 0 

18B Leveled off at 2012 rates 0 0 100 

18C Slightly decreased 0 100 0 

19 Charging station 
construction 

19A 80% can be done at home; 10% of public 
parking space have charging units 24.14 0 0 

19B 
More than 90% can be done at home; 
More than 20% of public parking space 
have charging units 

75.86 100 100 

20 
Emission and fuel 
efficiency of ICV 

20A 117gCO2/km and 5.0 l/100km 6.9 44.62 0 

20B 70gCO2/km and 3.0 l/100km 93.1 55.38 100 

21 Battery technology of 
EV 

21A 150 Wh/kg (per battery pack) , 10 years 34.38 0 0 

21B 200 Wh/kg (per battery pack) , ＞10 years 65.52 100 100 

22 Price of EV 
22A 300 $/kWh (per battery pack) 34.38 0 0 

22B 200 $/kWh (per battery pack) 65.52 100 100 

23 Charging technology 
23A Leveled off at 2012 rates 34.38 0 0 

23B Other charging technology, faster 65.52 100 100 

24 
Limitation intensity of 
vehicle purchasing 
and using in Beijing 

24A More stringent limitation policy 100 100 100 

25 
Goal of city 
development and 
development plan 

25A World city, multi-center city structure, 
emphasis on public transportation 100 100 100 

26 Air quality goal of 
Beijing 

26A 
PM2.5 arrive at national standard 
(≤35ug/m3) 100 0 100 

26B PM2.5 worse than national standard (＞
35ug/m3) 

0 100 0 

27 National EV policy and 
strategy 

27A Active policy for EV promoting 20.69 89.23 100 

27B For hybrid EVs 0 10.77 0 

27C For decreasing the size of the vehicles 79.31 0 0 

28 
National CO2 
Emission reduction 
goal 

28A 
Higher goal on CO2 emission reduction 
and more stringent control on local and 
industrial CO2 emission 

100 100 100 

unique projection        partly unique projection         alternative projection   

The projections and dimensions distribution also show which 4 projections are lost in this scenario 
project.  

The lost 4 projections are:  

1. Projection 3C: 400 Vehicles/1,000 population 

2. Projection 13B: Oil supply 70% import 

3. Projection 19A: 80% can be done at home; 10% of public parking space have charging units 

4. Projection 27B: On hybrid electric autos 

From those 4 lost projections, the occurrence proportion of projection 13B, 19A and 27A in all raw 
scenarios is under 25%. The reason is that those projections are obviously not representative and that 
they have no strong consistency with other projections in most of the raw scenarios or their 
relationship to others is not obvious, and therefore, their consistency value to other projections was 
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mostly given “3, independent” (see Attachment 11). All occurrence proportions of the projection 3C 
in the 3 raw scenarios are zero. It is the projections which in any case will be lost. The consistency 
value of it with projection 24A is “1, highly inconsistent”. KIF24 is an uncritical factor, and it has only 
one projection, and therefore, all projections that are totally antithetic to the projection 24 will not 
emerge in the raw scenarios. As the analysis in chapter 2, section 2.1.3) showed, from the year 2014 
on Beijing started to implement a more stringent car purchasing policy: every year only 150,000 
licence plates of IVC were provided to the market. But if the number of vehicles per 1,000 population 
could reach 400 in 2030, that means from now on Beijing every year should allow about 300,000 new 
registered cars (this calculation is under the assumption that the population in Beijing will not increase 
and will stay similar compared with 2014). Even if there is the possibility that the Beijing municipality 
government will provide more EV licences to the market, a 300,000 new registered cars every year 
allowed in Beijing is unlikely and contradicts to the projection 24A.  

A raw scenario is the cluster of similar projection-bundles. Every raw scenario includes alternative 
projections for that the development direction of the related KIFs are not yet clear. For this master 
thesis, finally, the 3 raw scenarios were generated (see Figures 35, 36 and 37). In those 3 raw 
scenarios the projections which have an occurrence proportion under 25% were already neglected. For 
the unclear projection determination, will be in scenario description (see section 4.6) analysed.    
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Figure 35. Raw scenario 1 
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Figure 36. Raw scenario 2 

 
 



Systematic development of the scenarios 

Development and Analysis of E-Mobility Scenarios for 2030 for the Megacity Beijing                    55 of 78                            

 

Figure 37. Raw scenario 3 
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 Scenarios Description (final scenarios)  

In this section the 3 raw scenarios are developed further and described as the selected future scenarios. 
The alternative projections in every scenario are clearly defined and according to the projections each 
scenario is given a characteristic name and then respectively described in detail: (1) “Uninteresting 
cars!” (section 4.6.1), (2) “Let’s drive!” (section 4.6.2) and (3) “EV, COOL~!” ( section 4.6.3). 

4.6.1 Scenario 1: “Uninteresting Cars!” 

In section 4.6.1.1, the possible alternative projections for the KIFs in raw scenario 1 are selected and 
the clear development direction for the projection of each KIF is defined. In section 4.6.1.2 the 
scenario “Uninteresting cars!” is described and characterised. 

4.6.1.1 Definition of clear development direction f or alternative projections 
For the raw scenario 1 (Figure 35) the possible alternative projections are listed in the Table 14 

Table 14. Selection of the possible alternative projections of raw scenario 1 

KIF Alternative projections Selection 

1 Total population 
1A 1.5% growth rate, 27 mil. by 2030  X 

1B 2.0% growth rate, 30 mil. by 2030  

11 
Electricity power 
generation source in 
China 

11C 
45% from thermal power, 45% from renewable energy, 10% from 
nuclear X 

11B 50% from thermal power, 30% from renewable energy, 20% from 
nuclear  

21 Battery technology of EV 
21B 200 Wh/kg (per battery pack) , ＞10 years  

21A 150 Wh/kg (per battery pack) , 10 years X 

22 Price of EV 
22B 200 $/kWh (per battery pack)  

22A 300 $/kWh (per battery pack) X 

23 Charging technology 
23B Other charging technology, faster  

23A Leveled off at 2012 rates X 

Note: the order of projections is according to their occurrence proportion in the raw scenario; the projections written in “bold” are 
the partly unique projections. 

According to the “unique projections” (the occurrence proportion is more than 75%) of the raw 
scenario 1, the main development directions of scenario 1 can be defined:  

1. Very high oil price and very high electricity price 

2. City transportation has a high dependency on public transportation, and the quality and quantity 
of public transportation has increased 

3. Great decrease of CO2 emissions; city air quality is much better than before 

Raw scenario 1 represents in total the development direction towards “less cars”. Among those 
alternative projections of raw scenario 1, the projections 21A, 22A and 23A are partly unique 
projections, that is to say that they only occur in raw scenario 1, and in other raw scenario their 
proportions are under 25% (see Table 13). Therefore, they could be selected as development 
directions of the corresponding KIFs in raw scenario 1. Also the relative bad battery technology 
situation (21A), high price of EVs (22A) and not changed charging technology (23A) fit good to a 
“less EV” situation. For projection 1A and 11C, their proportions are much higher than the projections 
of the same KIF, and therefore, they were selected as the development direction of this raw scenario. 
Also a lower population growth rate (1A) fits good to “less cars” and that more renewable energy is 
used for electricity generation (11C) will increase the electricity price (and this fit good to a very high 
electricity price). The selected alternative projections are shown in Table 14. According to the 
outcomes of the analysis and the projections development, the name “Uninteresting cars!” is given to 
this scenario in order to characterize it. The total list of projections developed and chosen for each KIF 
is shown in Table 15. 
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Table 15. Projection in scenario 1 

Scenario 1. Uninteresting cars! 

Key Factor Projection 

1 Total population 1A 1.5% growth rate, 27 mil. by 2030 

2 Urban and suburban population density 2B Urban/Suburban densification with stable population shares 

3 Vehicles per 1,000 population 3A 300 vehicles/1,000 population 

4 Citizen's desire for health, security and safety 4A Increased desire for health, security and safety 

5 Citizen’s modal split 5C 60% by public transport, 20% by car, 10% by bicycle 

6 Economic growth 6A Moderate annual growth rate 5% 

7 Consumer unit expenditure 7A 13% on transportation 

8 Sector employment 8A Slightly decline in primary industry, 75-80% in tertiary 
industry, less than 2% unemployment rate 

9 Opportunities for high value products and 
service 9A Increased opportunities 

10 Regional EV industry development and 
cooperation with Beijing 

10A More EV products and closer cooperation 

11 Electricity power generation source in China 11C 45% from thermal power, 45% from renewable energy, 10% 
from nuclear 

12 Electricity price 12B 50% increased, about 12 cent$/kwh 

13 Oil supply 13A 60% import 

14 Oil price in China 14C Crude oil 190$/barrel, gasoline 16.2 RMB/L 

15 Greenhouse Gas emission 15B 50% decreased 

16 Quality and quantity of public transport 16C Quantity 130% increased, quality increased 

17 Average commuting distance with vehicle per 
day 17C Significantly decreased 

18 Average CS with vehicle 18A Slightly increased 

19 Charging station construction 19A 80% can be done at home; 10% of public parking space have 
charging units 

20 Emission and fuel efficiency of ICV 20B 70gCO2/km and 3.0 l/100km 

21 Battery technology of EV 21A 150 Wh/kg (per battery pack) , 10 years 

22 Price of EV 22A 300 $/kWh (per battery pack) 

23 Charging technology 23A Leveled off at 2012 rates 

24 Limitation intensity of vehicle purchasing and 
using in Beijing 

24A More stringent limitation policy 

25 Goal of city development and development 
plan 25A World city, multi-center city structure, emphasis on public 

transportation 

26 Air quality goal of Beijing 26A PM2.5 arrive at national standard (≤35ug/m3) 

27 National EV policy and strategy 27C For decreasing the size of the vehicles 

28 National CO2 Emission reduction goal 28A Higher goal on CO2 emission reduction and more stringent 
control on local and industrial CO2 emission 

 

4.6.1.2 Description of scenario 1 
Based on formulated raw scenario (Figure 35) and the clarification of the development direction for 
alternative projections (section 4.6.1.1) the actual scenario can be described: 

 

 
Figure 38. Characteristic name and visual representation scenario 1: “Uninteresting cars!” 
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1. In this scenario by 2030 the international oil price will reach about 190$/barrel, and driving by 
ICV would then be an extravagant thing for most families.  

2. The electricity in China will also be more expensive than in 2012 because more renewable energy 
will be used in the electricity generation in this scenario, but the EV technology will still not be 
developed good enough, and thus EV cannot take the place of ICV. 

3. Because of 1. and 2. people drive less in Beijing, and also less people want to have a car: cars for 
most people are unsuitable and uninteresting. 

4. In this scenario the city’s public transportation system is developed well, and most people prefer 
to take bus or subway as the most important traveling mode in the city. 

5. In this scenario (because of less card on the roads) the road transportation situation is greatly 
improved, and the roads system has a higher efficiency than before. 

6. Because of the high oil and electricity price, people would like more to live in the urban area to 
reduce their living cost.  

7. In this scenario the CO2 emission per person are be greatly reduced, and the air quality of the city 
is much better than before. 

8. In this scenario the very small and compact types of vehicle products are more popular than 
others, they could be EV, ICV or hybrid EV, and they have a low price, and consume less 
gasoline or electricity and fit better use in the city. 

4.6.2 Scenario 2: “Let’s drive!” 

In section 4.6.2.1, the possible alternative projections for the KIFs in raw scenario 2 are selected and 
the clear development direction for the projection of each KIF is defined. In section 4.6.2.2 the 
scenario “Let’s drive!” is described and characterised. 

4.6.2.1 Definition of clear development direction f or alternative projections 
For the raw scenario 2 (see Figure 36) the possible alternative projections are listed in the Table 16. 

Table 16. Selection of the possible alternative projections of raw scenario 2 

KIF Alternative projections Selection 

1 Total population 

1A 1.5% growth rate, 27 mil. by 2030   

1B 2.0% growth rate, 30 mil. by 2030  

1C 3.0% growth rate, 35 mil. by 2030 X 

11 
Electricity power 
generation source in 
China 

11A 70% from thermal power, 25% from renewable energy, 5% from 
nuclear X 

11B 50% from thermal power, 30% from renewable energy, 20% from 
nuclear  

13 Oil supply 
13A 60% import  

13C 80% import X 

14 Oil price in China 
14A Crude oil 80$/barrel, gasoline 7.8 RMB/L X 

14C Crude oil 190$/barrel, gasoline 16.2 RMB/L  

20 Emission and fuel 
efficiency of ICV 

20B 70gCO2/km and 3.0 l/100km  

20A 117gCO2/km and 5.0 l/100km X 

Note: the order of projections is according to their occurrence proportion in the raw scenario; the projections written in “bold” are 
the partly unique projections. 

According to the “unique projections” (the occurrence proportion is more than 75%) of the raw 
scenario 1, the main development directions of scenario 2 can be defined: 

1. Highly increased number of cars and higher car dependency in city 

2. Good developed EV technology, active EV policy on national level and low electricity price 

3. Decreased and inefficient public transportation system and bad traffic efficiency  
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4. Low improvement of CO2 emissions and city air quality 

Raw scenario 2 represents in total the development direction towards “more car on the road”. Among 
all those projections, the projection 1C, 11A, 13C, 14A and 20A are partly unique projections, that is 
to say that they only occur in raw scenario 2, and in other raw scenarios their proportions are under 25% 
(see Table 13). Therefore, they could be selected as development direction of the corresponding KIFs 
in raw scenario 2. Also the high population growth rate (1A), more imported oil (13C), low oil price 
(14A) and a lower fuel efficiency of ICV (22A) (represents a not very high car emission standard in 
the city) fit good to a “more car on the road” situation; and for projection 11A, the fact that about 70% 
of electricity generation is still based on coal-fired electricity generation fits to a low electricity price 
in raw scenario 2. The selected alternative projections are shown in Table 16. According to the 
outcomes of the analysis and the projections development, the name “Let’s drive!” is given to this 
scenario in order to characterize it. The total list of projections developed and chosen for each KIF is 
shown in Table 17. 

Table 17. Projection in scenario 2 

Scenario 2. Let's drive! 

Key Factor Projection 

1 Total population 1C 3.0% growth rate, 35 mil. by 2030 

2 Urban and suburban population density 2A Urban slightly decreased and suburban significantly increased 

3 Vehicles per 1,000 population 3B 350 vehicles/1,000 population 

4 Citizen's desire for health, security and safety 4A Increased desire for health, security and safety 

5 Citizen’s modal split 5A 40% by public transport, 40% by car, 10% by bicycle 

6 Economic growth 6A Moderate annual growth rate 5% 

7 Consumer unit expenditure 7B 17% on transportation 

8 Sector employment 8A 
Slightly decline in primary industry, 75-80% in tertiary 
industry, less than 2% unemployment rate 

9 Opportunities for high value products and 
service 

9A Increased opportunities 

10 
Regional EV industry development and 
cooperation with Beijing 10A More EV products and closer cooperation 

11 Electricity power generation source in China 11A 70% from thermal power, 25% from renewable energy, 5% 
from nuclear 

12 Electricity price 12A 10% increased, about 9 cent$/kwh 

13 Oil supply 13C 80% import 

14 Oil price in China 14A Crude oil 80$/barrel, gasoline 7.8 RMB/L 

15 Greenhouse Gas emission 15A 10% decreased 

16 Quality and quantity of public transport 16A Quantity 80% increased, quality decreased 

17 Average commuting distance with vehicle per 
day 

17A Significantly increased 

18 Average CS with vehicle 18C Slightly decreased 

19 Charging station construction 19B More than 90% can be done at home; More than 20% of 
public parking space have charging units 

20 Emission and fuel efficiency of ICV 20A 117gCO2/km and 5.0 l/100km 

21 Battery technology of EV 21B 200 Wh/kg (per battery pack) , ＞10 years 

22 Price of EV 22B 200 $/kWh (per battery pack) 

23 Charging technology 23B Other charging technology, faster 

24 
Limitation intensity of vehicle purchasing and 
using in Beijing 24A More stringent limitation policy 

25 Goal of city development and development 
plan 

25A World city, multi-center city structure, emphasis on public 
transportation 

26 Air quality goal of Beijing 26B PM2.5 worse than national standard (＞35ug/m3) 

27 National EV policy and strategy 27A Active policy for EV promoting 

28 National CO2 Emission reduction goal 28A 
Higher goal on CO2 emission reduction and more stringent 
control on local and industrial CO2 emission 
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4.6.2.2 Description of scenario 2 
Based on formulated raw scenario (Figure 36) and the clarification of the development direction for 
alternative projections (section 4.6.2.1) the actual scenario can be described: 

 

 

Figure 39. Characteristic name and visual representation scenario 2: “Let’s drive!” 

1. In this scenario by 2030 the international oil price will be still low (about 80$/barrel).  

2. For electricity generation, thermal power accounts for about 70 percent, and the electricity price is 
only modestly increased compared to the current situation. 

3. In this scenario EV battery technology developed very fast, and EVs have a long mile range and 
are sold with a lower price. 

4. In this scenario the charging time for EVs is shorter than compared with the current situation, and 
the city has constructed more charging stations and EVSE for EV. 

5. In this scenario, EV and ICV are both popular for citizens. Driving with the car is popular and the 
main mode of transportation. 

6. Driving cost will be not higher, but people are willing to pay more to purchase an ICV or EV. 

7. Therefore, in this scenario the public transportation system is less important and is not 
well-developed and shows a lower quality. 

8. There will be more and more private cars on the road in this scenario, and the consequence is that 
the road system in Beijing then has a lower efficiency than before. 

9. People would like to live in the suburban area, and driving (also to suburban areas from city 
center) will not increase the living cost.   

10. The CO2 emission per person is not reduced in this scenario and the air quality is not improved 
compared to current standards. 

11. In this scenario because of national positive policy on EV plus the inexpensive 
international oil price, cars (EV and ICV) are purchased and also used in a large scale. 

4.6.3 Scenario 3: “EV, COOL~!” 

In section 4.6.3.1, the possible alternative projections for the KIFs in raw scenario 3 are selected and 
the clear development direction for the projection of each KIF is defined. In section 4.6.3.2 the 
scenario “EV, COOL~!” is described and characterised. 

4.6.3.1 Definition of clear development direction f or alternative projections 

Table 18. Selection of the possible alternative projections of raw scenario 3 

KIF Alternative projections Selection 

1 Total population 
1A 1.5% growth rate, 27 mil. by 2030   

1B 2.0% growth rate, 30 mil. by 2030 X 

5 Citizen’s modal split 
5A 40% by public transport, 40% by car, 10% by bicycle  

5B 50% by public transport, 30% by car, 10% by bicy cle X 

11 Electricity power 
generation source in 

11B 50% from thermal power, 30% from renewable energy, 20% from 
nuclear 

X 
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China 
11C 45% from thermal power, 45% from renewable energy, 10% from 

nuclear 
 

14 Oil price in China 
14C Crude oil 190$/barrel, gasoline 16.2 RMB/L X 

14B Crude oil 130$/barrel, gasoline 11.6 RMB/L  

Note: the order of projections is according to their occurrence proportion in the raw scenario; the projections written in “bold” are 
the partly unique projections. 

For the raw scenario 3 (see Figure 37) the possible alternative projections are listed in the Table 18. 
According to the “unique projections” (the occurrence proportion is more than 75%) of the raw 
scenario 3, the main development directions of scenario 3 can be defined: 

1. A slightly increased quality and quantity of public transportation and slightly traffic efficiency 

2. Low emission by ICV and very high oil efficiency 

3. Low electricity price, good developed EV technology and active national EV policy 

Raw scenario 3 represents in total the development direction towards “using EV”. For KIF 1 (total 
population), its 2 projections are both alternative projections, but because the projection 1A is already 
selected as the development direction of raw scenario 1, therefore, here in scenario 3 the projection 1B 
is selected. Projection 5B is a unique projection, and it only occurs in this raw scenario 3, and a less 
car dependency also fits well to a slightly increased quality and quantity of public transportation and a 
slightly better traffic efficiency. Therefore, 5B is selected as a projection for this scenario. For 
electricity generation, the projection 11B has a much higher occurrence proportion than projection 
11C. The projection 11C has been selected to occur in raw scenario 1, therefore, projection 11C could 
be here neglected. Also the large scale development of nuclear power (11B) could reduce the cost of 
electricity generation and this fits well to the low electricity price, and therefore, for scenario 3 
projection 11B is selected. And a higher oil price could lead to the fact that less ICVs are on the road 
in the city, and therefore, 14C is the projection for the oil price in China selected in this scenario. For 
the KIF 14 (the oil price in China) the projection 14B is a unique projection in scenario 3, but 
projection 14C has a much higher occurrence proportion than 14B, and a very high oil price fits better 
to a “using EV” situation. Therefore here the projection 14C is selected as the oil price for 2030 in 
Beijing. Thus the projection 14B is neglected, and it will not occur in any of scenario - it becomes the 
5th lost projection in this scenario project. The selected alternative projections are shown in Table 18. 
According to the outcomes of the analysis and the projections development, the name “EV, COOL~!” 
is given to this scenario in order to characterize it. The total list of projections developed and chosen 
for each KIF is shown in Table 19. 

Table 19. Projection in scenario 3 

Scenario 3. EV, COOL~! 

Key Factor Projection 

1 Total population 1B 2.0% growth rate, 30 mil. by 2030 

2 Urban and suburban population density 2A Urban slightly decreased and suburban significantly increased 

3 Vehicles per 1,000 population 3B 350 vehicles/1,000 population 

4 Citizen's desire for health, security and safety 4A Increased desire for health, security and safety 

5 Citizen’s modal split 5B 50% by public transport, 30% by car, 10% by bicycle 

6 Economic growth 6A Moderate annual growth rate 5% 

7 Consumer unit expenditure 7B 17% on transportation 

8 Sector employment 8A 
Slightly decline in primary industry, 75-80% in tertiary industry, 
less than 2% unemployment rate 

9 Opportunities for high value products and 
service 

9A Increased opportunities 

10 
Regional EV industry development and 
cooperation with Beijing 10A More EV products and closer cooperation 

11 Electricity power generation source in China 11B 50% from thermal power, 30% from renewable energy, 20% 
from nuclear 

12 Electricity price 12A 10% increased, about 9 cent$/kwh 

13 Oil supply 13A 60% import 



Systematic development of the scenarios 

Development and Analysis of E-Mobility Scenarios for 2030 for the Megacity Beijing                    62 of 78                            

14 Oil price in China 14C Crude oil 190$/barrel, gasoline 16.2 RMB/L 

15 Greenhouse Gas emission 15B 50% decreased 

16 Quality and quantity of public transport 16B Quantity 80% increased, quality increased 

17 
Average commuting distance with vehicle per 
day 17B Slightly increased 

18 Average CS with vehicle 18B Leveled off at 2012 rates 

19 Charging station construction 19B 
More than 90% can be done at home; More than 20% of public 
parking space have charging units 

20 Emission and fuel efficiency of ICV 20B 70gCO2/km and 3.0 l/100km 

21 Battery technology of EV 21B 200 Wh/kg (per battery pack) , ＞10 years 

22 Price of EV 22B 200 $/kWh (per battery pack) 

23 Charging technology 23B Other charging technology, faster 

24 Limitation intensity of vehicle purchasing and 
using in Beijing 24A More stringent limitation policy 

25 
Goal of city development and development 
plan 25A 

World city, multi-center city structure, emphasis on public 
transportation 

26 Air quality goal of Beijing 26A PM2.5 arrive at national standard (≤35ug/m3) 

27 National EV policy and strategy 27A Active policy for EV promoting 

28 National CO2 Emission reduction goal 28A Higher goal on CO2 emission reduction and more stringent 
control on local and industrial CO2 emission 

 

4.6.3.2 Description of scenario 3 
Based on formulated raw scenario (Figure 37) and the clarification of the development direction for 
alternative projections (section 4.6.3.1) the actual scenario can be described: 

 

 

Figure 40. Characteristic name and visual representation scenario 3: “EV, COOL~!”  

1. In this scenario by 2030 the international oil price will increase to about 190$/barrel, and driving 
by ICV will be much more expensive than before. 

2. The electricity generation mode has been changed, and the use of thermal power is reduced, but 
the use of nuclear power is increased, and therefore: the electricity will be 'cleaner', and the price 
of electricity will not be very high. 

3. In this scenario the battery technology develop very fast, and EVs have a long mile range and are 
sold with a lower price. 

4. The charging time for EVs is shorter than compared with the current situation, and the city has 
constructed more charging stations and EVSE for EV. 

5. In this scenario, driving by EV is more economic and ecologic than driving by ICV and so in this 
scenario citizens have more enthusiasm to buy and use EVs (but not ICVs).  

6. The increase of EVs and ICVs increases the number of cars in the city, but because of the higher 
gasoline price many ICVs will not be used during the normal working time in the city.  

7. Therefore the efficiency of the transportation system in this scenario is not decreased and stays 
similar to the level of 2012. 

8. In this scenario people would like to live in the suburban area. They could drive EVs, or by ICV 
but the cost of driving is higher. 
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9. The CO2 emission per person in this scenario is greatly reduced and the air quality is much better 
because of less ICV driving and also ‘cleaner’ electricity generation done in the surrounding 
region of Beijing. 

10. In this scenario to promote EV technology and adoption will be important in national policy and 
in automobile industry.  

5 Evaluation of scenarios and development of policy g uidelines  

In this chapter, the 3 scenarios developed in chapter 4 are analysed and evaluated. In this context, in 
order to assess the plausibility of those 3 scenarios, the author has interviewed 2 experts (the experts 
that participated in this interviews are shown in Attachment 6 and the interview guidelines used are 
shown in Attachment 8). The general, the plausibility of the 3 scenarios was approved by the experts. 
Then in section 5.1 the 3 scenarios are analysed and evaluated by the indicators for megacity 
sustainability which were developed in chapter 3 to identify the opportunities and challenges of every 
scenario in a systematic way. In section 5.2, the TCO and CO2 emission values of EV and ICV are 
analysed in order to evaluate the emission reduction ability and cost performance of EV and ICV in 
2030. From this section the analysis should work backward from the implications of the 3 scenarios 
and their impacts to the present situation, in order to be able to define a suitable EV strategy leading 
from now towards a sustainable future for Beijing in 2030. This method is in this master thesis called 
“backcasting” and it is used for developing a sustainable future policy through backward analysis from 
future to the present situation. In order to prepare for the policy development in section 5.2 the driving 
forces of scenario will be analysed. In the last section of this chapter (section 5.4), the possible EV 
strategies for Beijing will be discussed and suggestions are made by the author. 

 Evaluation of the impact of the scenarios by indic ators 

In this section the indicators defined in chapter 3 are used to evaluate the scenarios (this evaluation 
was done by the author). The role of this evaluation is to use the indicators to interpret the scenarios 
and the sustainability directions they represent for policy development. In policy, indicators are used 
to identify tendencies and to make new policies or to adjust existing policies. Since in the context of 
this thesis only tendencies shall be identified and in order to reduce complexity, evaluation is not done 
quantitatively, but qualitatively as this is suitable enough to identify the development trend of every 
indicator. In order to visually show the result of the evaluation of each scenario, in Table 20 symbols 
are used to interpret the development trend identified on basis of indicators. 

The development tendency symbols and their meanings are defined as follows:  

1.    or    indicates that the development identified by the indicator in general goes up or 
goes down under the evaluated scenario, but that this trend could not be simply used to 
evaluate the sustainability of a the megacity’s development. 

2.          indicates that the development identified by the indicator is not interpretable 
under the evaluated scenario.   

3.    or    indicates that the development identified by the indicator in general goes up or 
goes down under the evaluated scenario, and that this trend could visibly increase the 
sustainability of the megacity’s development. 

4.    or   indicates that the development identified by the indicator potentially (given certain 
conditions) goes up or goes down under the evaluated scenario, and that this trend could 
visibly increase the sustainability of the megacity’s development. 

5.    or   indicates that the development of the indicator in general goes up or goes down 
under the evaluated scenario, and that this trend could visibly destroy the sustainability of the 
megacity’s development. 

6.    or    indicates that the development of the indicator potentially (given certain 
conditions) goes up or goes down under the evaluated scenario, and that this trend could 
visibly destroy the sustainability of the megacity’s development. 
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7.        indicates that the development of the indicator has a potential (given certain 
conditions) impact under the evaluated scenario, but that this trend could not be simply 
judged as clear trend (indicator goes up or goes down).    

Table 20. Result of the evaluation the 3 scenarios by the defined indicators 

Indicators for megacity SC1 SC2 SC3 

Social indicators 

Population growth rate 1.5% 3.0% 2.0% 

Population density U/S  U   S U   S 

Life expectancy rate    

Migration rate (from rural areas and immigration)    

At-risk-of-poverty rate    

Social polarization rate    

Inequality rate of income distribution    

Crime rate    

Dimension of housing shortages    

Rate of people with unhealthy living conditions    

Economic indicators 

Development of the local economy/economic structure    

Real GDP growth rate    

Unemployment rate    

Accessibility of public transportation infrastructure    

Quality of transportation network    

Infrastructure deficiencies; overtaxed infrastructures    

Risk of economic loss in case of a disaster    

Ecological indicators 

Air pollution from vehicle emissions, industry etc.; smog    

Groundwater and drinking water pollution    

Quality of sewage treatment    

Capacities of waste collection and disposal services    

Land sealing rate    

Suburbanization (urban sprawl) rate    

Number and dimension of brownfields    

Destruction of original vegetation; deforestation; damage to 
flora, fauna, biodiversity per year 

   

Risks to natural disasters or industrial accidents    

The Scenario 1 (the “uninteresting cars!”  based society) shows many positively developing 
indicators, and only shows one possible worsening development (the increase of the unemployment 
rate).  

Opportunities: 

� The life expectancy rate could be increased, because the occurrence of some diseases which are 
caused by the bad air quality will be controlled, and this potentially increases the citizens’ 
average lifespan. 
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� The social polarization rate will be reduced, because in scenario 1 the road will be free for public 
transportation, and the “upper class” and “lower class” could fairly share the city’s transportation 
resources. 

� The rate of people with unhealthy living conditions will be reduced, because the air quality in 
scenario 1 will be much better than before. 

� The accessibility of public transportation infrastructure and quality of transportation network will 
be increased 

� Infrastructure deficiencies and overtaxed infrastructures will be decreased due to less cars on the 
roads 

� Air pollution from vehicle emissions will be controlled and reduced 

� Groundwater and drinking water pollution would be decreased due to the less air pollution and 
possible stagnation of the automotive industry 

� Destruction of original vegetation and deforestation will be reduced, because the rate of 
suburbanization is decreased. 

Challenges: 

� The unemployment rate may increase, because a lot of job positions related to private cars and 
automotive industry will disappear 

Potential opportunities or challenges: 

� The population growth rate is about 1.5%. 

� The population density will be increased in both urban and suburban areas. 

� Migration rate and suburbanization rate will be increased, because people would like to live in 
city to share good infrastructure and reduce the cost related to commuting. 

� The level of housing shortages is not clear, because on the one hand more people immigrate to 
urban areas and more housing construction are needed, and on the other hand the “less car” 
society could free a lot of land (such as parking lots) for housing. 

� Development of local economy/economic structure and real GDP growth rate are not clear, 
because one side the efficiency of city transportation will be increased which is good for 
economic activities, another side the local private car industry will be changed. 

� Land sealing rate would be reduced 

 

The scenario 2 (the “let’s drive!”  based society) is in many aspects the total opposite of scenario 1, 
and many clearly negative tendencies can be identified. The only positive tendency in scenario 2 is the 
decrease of the unemployment rate. 

Opportunities: 

� The unemployment rate may decrease, because job positions related to private cars and the 
automotive industry will be increased along with the increased usage of private cars 

Challenges: 

� The life expectancy rate would not change to become better, because of the not changed air 
quality and the resulting disease occurrence. 

� The social polarization rate will be increased, because the road will be occupied by private cars, 
and for the “lower class” in Beijing the usual travel modal (public transportation) will be less 
efficient and of less quality.  

� The rate of people with unhealthy living conditions would be increased, because the air quality 
will not be better than before. 

� The accessibility of public transportation infrastructure and the quality of the transportation 
network will be decreased 

� Infrastructure deficiencies and overtaxed infrastructures will be increased due to the more cars on 
the roads 

� Air pollution from vehicle emissions industry can not sufficiently control. 
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� Groundwater and drinking water pollution would be increased due to air pollution and automotive 
industry 

� Destruction of original vegetation and deforestation will be increased, because the city will 
sprawl to rural areas. 

Potential opportunities or challenges: 

� The population growth rate is about 3.0% 

� The population density will be decreased in the urban area and increased in suburban areas. 

� Migration rate and suburbanization rate will be decreased, because people would like to live in 
the subarea of the city and drive by car. 

� Level of housing shortages is not clear, because on the one hand less people live in urban areas, 
and less housing construction is needed, and on the other hand the city has to build a lot of 
facilities for cars, such as parking lots and roads, which occupy a large amount of land which 
could be used for housing. 

� Development of local economy/economic structure and real GDP growth rate are not clear, 
because on the one hand the lower efficiency of city transportation limits the economic activities 
in the city, and on the other hand the local private car industry will prosper because of the 
increased private car market 

� The land sealing rate would be increased. 

 

Scenario 3 (the “EV, cool¬!”  based society) shows some potential benefits in relation to some 
indicators, and many indicators will not change (this is in tune with the description of the scenario in 
chapter 4, section 4.6.3). In scenario 3, the city’s public transportation will not be improved, and in 
the city just the conventional ICVs are replaced by EVs, and the number of cars (including EV and 
ICV) will continue to increase. Therefore, in this scenario, the changes for 2030 (compared to today) 
are mainly visible by the improvement of air quality and some related indicators.  

Opportunities: 

� The life expectancy rate could be increased, because the occurrence of some diseases which are 
caused by the bad air quality will be controlled, and this may increase the citizens’ average 
lifespan. 

� The rate of people with unhealthy living conditions will be reduced, because the air quality will 
be much better than before. 

� Development of local economy/economic structure and real GDP growth rate would be increased, 
because the EV market develops well in scenario 3 and the city transport efficiency will not be 
reduced compared to before. 

� The unemployment rate would decrease, because job positions related to private EVs and the 
automotive industry would be increased. 

� Air pollution from vehicle emissions will be controlled and reduced 

� Groundwater and drinking water pollution would be decreased due to the less air pollution  

� Land sealing rate would be increased. 

Challenges: 

� Destruction of original vegetation and deforestation will be increased, because the city will 
sprawl to rural areas. 

Potential opportunities or challenges: 

� The population growth rate is about 2.0%. 

� The population density will be decreased in the urban area and decreased and in the suburban 
area. 

� Migration rate and suburbanization rate will be decreased, because people would like to live in 
the suburban area of the city by driving EV. 
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According to the above done evaluation of the 3 scenarios by indicators, the interpretation of those 3 
scenarios can be done in a systematic way, and also the risk and opportunities of every scenario can be 
revealed by this. Thus the policy makers could develop specific strategies related to certain indicators, 
for either avoiding risks or to maximize the opportunities of a scenario. Also the indicators can be used 
to control whether the planned development is good implemented. The 3 scenarios were developed 
from the analysis of the electric mobility and EV situation in Beijing. The evaluation in this section is 
the impact assessment of those scenarios to the whole society of Beijing, including but not limited to 
the mobility system. If the impact of one scenario brings benefits to the whole society of Beijing or to 
some indicators, then the EV policy which developed based on the scenario should also able to bring 
the same opportunities or maximize those opportunities to Beijing society; if the impact of one 
scenario is unbenefited to the whole society of Beijing or to some indicators, then the EV policy 
should concentrates on reducing or avoiding the possible risks. This evolution is the basic of 
developing a suitable and comprehensive EV policy, and also could help to answer the hypotheses of 
author. 

 Total Cost of Ownership (TCO) and CO2 emission ana lysis of 3 
scenarios 

The above done analysis (section 5.1) demonstrated the link between a scenario and its potential 
impact on the whole society and city system of Beijing. In chapter 2, the author also analysed the cost 
performance and CO2 emission of EVs and ICVs (given 2014 conditions) in China and Beijing. But in 
each of the 3 scenarios for 2030, the cost performance and CO2 emission (such as the price of EV, 
electricity and oil price and fuel efficiency of EV and ICVs) develops differently and this can be 
assessed by indicators as well. In particular whether in every those 3 scenarios of 2030 EV can be 
considered an economic and environmentally friendly product should be analysed before an EV policy 
is development (the analysis is shown in Attachment 13). 
As discussed in chapter 2, section 2.3.2, in 2014 the exemplarily analysed EV model BYD e6 is 
competitive in the automotive market mainly because of the subsidy from local and national 
government. In 2030, there would be no subsidy for EVs and EV purchasers are likely to have to pay 
the full purchase tax in Beijing due to the improvement of EV technology and the reduction of battery 
price. For a vehicle, its TCO is determined by the purchasing price and the fuel price during the time 
of ownership, and since in none of the scenarios the fuel price is stable, the TCO will change in all 3 
scenarios. In order to correctly estimate the (cost) performance of EV and ICV, the TCO in each of the 
16 years (from 2014 to 2030) for EV and ICV and in 3 scenarios is calculated (see Attachment 13 – 
according to the analysis and calculations done in chapter 2, here the TCOs for the same vehicle 
models are calculated: BYD e6, Haval H2 and Opel Meriva are used as calculation reference). 

   

Figure 41. Comparing the TCO in 16 years of EV (BYD E6, ICV (Haval H2) and ICV (Opel Meriva) 

Figure 41 shows the calculation result (TCO levels from 2014 to 2030). Although the battery price 
will be reduced, the TCOs per year for EVs in all 3 scenarios increase slightly due to no subsidies and 
the increasing electricity price. But especially in scenarios 1 and 3, the TCOs per year for ICVs will 
face a very significant increase because of the very high oil price that potentially will develop in those 
2 scenarios.  

According to the analysis in chapter 2, section 2.3.3, the CO2 emission of EVs mainly comes from 
the process WTT - the electricity generation, and for ICVs the amount of CO2 emission is decided by 
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the character of the ICV. The CO2 emission per 100 kilometre driving, and additionally the CO2 
emission in manufacturing is also considered: production of an EV will produce more CO2 than the 
production of an ICV, because EV has an energy intensive manufacturing process and also lower 
lifetime due to the range restrictions and the average battery life duration. In each of the 3 scenarios 
the electricity generation structure will change and the electricity in China will become “cleaner”. In 
2030 EVs will be more popular and produced in large quantities, and therefore, in 2030 an EV 
production will cause less CO2 than before. From now on, the vehicle emission standards in Beijing 
will become more and more stringent, and thus in 2030 the new ICV will produce less CO2 per 100 
kilometre driving, and especially when the oil price is very high, there will be more “saving oil” ICV 
products available in the market and correspondingly they will have a lower CO2 emission. Therefore, 
in all 3 scenarios, in 2030 the new ICV products will produce less CO2 than today’s ICVs. According 
to the calculations done in Attachment 14, in 2030 in scenario 1 and 3, a new BYD e6 probably 
produces more CO2 than a new ICV per 100 kilometre driving (778 gCO2 in scenario 1 and 1602 
gCO2 in scenario 3). Only in scenario 2, a new BYD e6 could produce less CO2 than a new ICV per 
100 kilometre driving.  

But if the CO2 emission of an old EV and an old ICV (today’s technology and performance level; 
started to be used from 2014) are considered, the EV has a more obvious effect regarding the CO2 
emission reduction compared with and ICV in all 3 scenarios (especially in scenario 1 and scenario 3, 
see Figure 42).  

 

 Figure 42. The CO2 emission reduction effect of an EV/ICV from 2014 to 2030 

Figure 42 shows clearly that an EV could produce less CO2 than an ICV in the time period from 2014 
to 2030. The reason for this is that the CO2 emission of an EV will be changed according to the 
electricity generation structure. In contrast the emission of ICVs will not change because it always has 
a same energy generation structure. All in all, this means, that EVs in Beijing have a very good CO2 
emission reduction potential in combination with an adjustment of the electricity generation structure.  

According to the analysis done above in this section, an EV could produce less CO2 and it has a better 
cost performance than an ICV in the time period from 2014 to 2030 in all 3 scenarios. EVs hold a 
great emission reduction potential for Beijing, and this potential will be enlarged if China government 
continues to change its electricity generation structure towards cleaner energy generation. Therefore, 
even without subsidy and tax exemption in 2030, EVs could be competitive vehicle products for the 
Beijing market in all scenarios. Furthermore, the longer a family uses an EV, the more money it can 
save for the family in Beijing. In summary, in all 3 scenarios EV would have a better cost performance 
and could reduce the CO2 emissions.   

 Identification of controllable/ uncontrollable dri ving forces 

As discussed in section 5.1, every scenario includes some opportunities and challenges for the 
megacity Beijing, and therefore a correct and comprehensive policy should be developed based on the 
analysis of those opportunities and challenges. In order to maximize the opportunity and avoid or 
reduce the potential problems and challenges, the “driving forces” of every scenario should be 
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identified. According to the influence analysis in chapter 4, section 4.3.3, the IF “vehicles per 1,000 
population” has the highest active-sum among all defined influence factors, which means that it has 
the biggest impact to the whole SF (see Figure 28, section 4.3.3). Furthermore, the number of 
vehicles in Beijing is strongly influenced by other influence factors. Those influence factors should 
therefore be considered as the driving forces of the scenarios (see Attachment 4, the factors which 
have a strong influence on factor “vehicles per 1,000 population”). Being the most influential 
influence factors, in particular certain the key influence (KIF) are suitable to represent the driving 
forces: 

� KIF 12, Electricity price in China 

� KIF 14, Oil price in China 

� KIF 16, Quality and quantity of public transport 

� KIF 19, Charging station construction  

� KIF 21, Battery technology of EV 

� KIF 22, Cost of EV 

� KIF 24, Limitation on vehicle purchasing and using  

Among those KIFs, there are 4 KIFs located in the Zone I (see Figure 28, section 4.3.3), which means 
that they give a major “push” to the SF and thus make the situation of the SF change but without 
themselves being affected. Those 4 KIFs are selected as the main driving forces and they could be 
understood as the driving force of the scenario field. The changes of those driving forces also mainly 
cause the variation among the scenarios. Those KIFs are defined in this master thesis as the primary 
driving forces. 

Primary driving forces 

� KIF 12, Electricity price in China 

� KIF 14, Oil price in China 

� KIF 21, Battery technology of EV 

� KIF 22, Cost of EV 

Further 3 KIFs are located in Zone V (see Figure 28, section 4.3.3), which means that they have only 
a medium influence on the SF and also they are influenced by the scenario field. Those 3 KIFs are 
defined in this master thesis as the secondary driving forces.  

Secondary driving forces: 

� KIF 16, Quality and quantity of public transport 

� KIF 19, Charging station construction  

� KIF 24, Limitation on vehicle purchasing and using 

The primary driving forces could not be influenced by the SF and also they are hard to be controlled 
by the Beijing government - they are uncontrollable KIFs. The secondary driving forces could be 
influenced by the scenario filed, and also they can be controlled by the Beijing government - they are 
controllable KIFs. For the uncontrollable KIFs (primary driving forces), in most situation the only 
thing Beijing government could do is to learn about the related development trends and make correct 
projections. In contrast, the controllable driving forces (secondary driving forces), can be utilized and 
modified by policy development. The policy can try through the adjustment of the controllable driving 
force to adapt the development of the uncontrollable driving forces to steer the cities development and 
in particular its EV development in a desired direction.  

 Interpretation and suggestion for policy by author  

Without considering the influence of city policy, future Beijing mobility would have 3 different 
development possibilities (scenarios): (1) “Uninteresting cars!” (2) “Let’s drive!”, and (3) “EV, 
COOL~!” The different impacts on the megacity Beijing of each of these 3 scenarios was evaluated by 
indicators in section 5.1, analyzed regarding TCO and CO2 emission in section 5.2, and analyzed 
regarding controllable and uncontrollable driving forces in section 5.3. Based on the conducted 
evaluations and analyses, in this section suggestions for policy for all 3 scenarios are developed. 
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Policy in general can be defined as the formulation of an aim by the policymakers and the 
implementation and management of these aims: 

1. Policy aim: On the basis of the scenarios and their impacts outlined in previous sections, the 
aim of the policy makers of Beijing should be to influence (in particular: force, expand or 
mitigate) the impacts of each scenario on Beijing and lead the city development towards more 
sustainability. It is assumed in the context of this master thesis that policy can not completely 
avoid or make a specific scenario happen, since each scenario depends on many 
uncontrollable KIFs (see section 5.3). 

2. Implementation and management: Policy aims could be implemented most efficiently through 
the influencing some of the controllable driving forces (such as development of the public 
transportation system and some restriction measures on vehicles) and also other forces and 
factors. Measures and tools to achieve the implementation of a specific aim are for example 
subsidies, funding of a wanted development of a technology, information of experts and the 
public by policy, events and media, education, the construction of infrastructure, and the 
modification of the legislative framework.  

In the following section recommendations for both aim and implementation measures are developed 
for each scenario. 

5.4.1 Recommendations for policy for scenario 1 (“Uninte resting cars!”)  
For the scenario 1 “Uninteresting cars!” the KIF relationships are described in Figure 43. The 
scenario “Uninteresting cars!” is an advantageous scenario for Beijing in 2030 in particular in terms of 
sustainability. It could bring many opportunities for the megacity Beijing and it stands for an 
improvement of transportation system and air quality. The occurrence of the scenario would mean, 
that from 2014 to 2030, because of the high cost related to driving ICVs and not very well developed 
EV technology, the people in Beijing will gradually lost their interest in driving privately owned cars 
and turn largely to using the public transportation system. It can be assumed that the remaining private 
cars on the road will become smaller and more compact in order to save gasoline (for example, the 
development might go towards the type of compact cars and EVs outlined at the end of section 3.2). 
Thus the city transportation system will become increasingly efficient and the emission caused by 
transportation (currently one of the major problems in Beijing, see section 2.1.3) will be greatly 
reduced. Since the impacts of this scenario, are fully in tune with policy’s and citizens’ expectations 
about the future of Beijing, Beijing should force the happening of this scenario and strengthen its 
positive impacts. In this scenario, in particular the primary driving forces have a very positive 
influence on the development of the public transportation (see section 4.6.1 and also Figure 43), and 
they provide a very great opportunity for Beijing to expand its currently insufficient public 
transportation system. Therefore, the development and strengthening of the public transportation 
system should be in the focus of policy aims and measures for this scenario. A well-developed public 
transportation system could let the citizen of Beijing learn the advantages of using the public 
transportation system and thus enhance the likeliness that this this scenario is continued beyond 2030 
even if the oil price after 2030 would go down.  

 

Figure 43. The driving forces, opportunities and challenges in scenario 1 
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A negative consequence of this scenario would be that it would put the strong, local automotive 
industry of Beijing into trouble and thus is likely to increase the unemployment rate (see section 4.6.1). 
A suitable EV policy could mitigate this challenge, satisfy the remaining demand for private cars, and 
support a substitution of ICVs by environmentally more advantageous EVs. By 2030, although EV 
technology will not good enough to allow EVs to fully replace ICVs, but the increased battery energy 
density will extend the mile range of EVs longer so that it could be long enough for the use of EVs in 
the inner city - if sufficient charging infrastructure network and EVSE are provided. Also like 
discussed in section 2.2, the economy of EV will be gradually improving with the rise of oil price and 
it can thus help to reduce more emission than ICV in this scenario. All in all, the introduction of small, 
compact EV models and the efficient integration EVs (for example for the last mile) with the public 
transportation system (which is very advanced in this scenario) would be in the view of the author 
logic policy measures. 

Summarization of the recommendations for policy for scenario 1 (“Uninteresting cars!”): 

Policy aim: force the happening of this scenario, make it continue beyond 2030, mitigate its 
negative consequences (mitigate weakening of the automotive industry and increase of the 
unemployment rate).  

Policy implementation measures:  

� Expand public transportation system so that it covers the whole metropolitan area of 
Beijing 

� Improvement of the comfort of public transport 

� Informatization of the public transportation system and Integration of EVs and the public 
transportation system 

� Control of the increase of the price of public transportation for citizens 

� Construction of sufficient charging facilities network and EVSE in Beijing 

� Suitable encouragement policies forcing the development of small, compact EV models 

5.4.2 Recommendations for policy for scenario 2 (“L et’s drive!”) 
For the scenario 2 “Let’s drive! ” the KIF relationships are described in Figure 44. “Let’s drive!” 
brings many challenges to Beijing in 2030, especially regarding the transportation system. The low oil 
price and the low electricity price as well as the good developed EV technology make the number of 
the cars in Beijing gradually increasing from 2014 to 2030; although the limitation regarding the 
vehicle purchasing and using rate gets more stringent (see section 4.6.2). In this scenario, the transport 
emission in 2030 is likely to be the same as in 2014, because EVs account for a high proportion of the 
total number of the cars on the roads (see section 5.2). But because so many cars occupy the roads of 
Beijing, worsens the situation of transportation system compared to the situation in 2014. Additionally, 
this scenario would increase the social polarization rate and the loss of city’s transportation 
infrastructure. Furthermore, it would accelerate the speed of the city’s population and territorial 
expansion, and threaten the ecological environment in surrounding areas of Beijing. Those negative 
impacts should be mitigated by 2 parallel measures: the efficient control of the number of vehicles and 
the coordinated improvement and expansion of the public transportation system in Beijing.  

However, this scenario could bring also opportunities for the local automotive industry. A cooperation 
of the local manufacturers and the government to develop suitable strategies and new usage and 
sharing models (such as outlined in section 3.2) could also mitigate the negative impacts of too many 
cars on the roads. Appropriate measures would thus be the development of car sharing models 
operated by the local automobile industry in combination with the manufacturing and improvement of 
in particular the small and compact car models. An increase of the taxation of the in this scenario well 
developed automotive industry could also finance the construction of better city road infrastructure to 
increase the efficiency of transportation.   
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Figure 44 . The driving forces, opportunities and challenges in scenario 2. 

In this scenario, the improvement of EVs adoption rate should be forced by the very rigid control of 
the ICV usage by Beijing’s city government. According to the analysis done in section 5.2, in this 
scenario the ability of emission reduction by EVs is not as good as in the other scenarios, because in 
this scenario the coal-fired electricity generation still accounts for about 70 percent of total electricity 
generation in 2030. Thus in order to make the EV cleaner in Beijing, the government has to improve 
the structure and modes of the electricity generation in surrounding area of Beijing. Furthermore, in 
order to show a cost performance improvement of EVs, the cost of ICV should be increased through 
for example higher taxes for gasoline. 

Summarization of the recommendations for policy for scenario 2 (“Let’s drive!”): 

Policy aim: mitigate the negative impact of many cars are in use in this scenario, utilize and 
strengthen its positive impact on the automotive industry and economy. 

Policy implementation measures:  

� Development of better and more public transportation system 

� Improvement of the flow of traffic and traffic demand management, improvement of road 
system 

� Strong regulation of the purchasing of ICVs, improvement of the emission standard 

� Special control of some highly traffic congested areas, build more “park and ride” systems 

� Increase the taxes on gasoline, increase taxes on the well-developed automotive industry 

� Construction of charging facilities and EVSE, change the electricity generation structure 

� Encourage the use small, compact vehicle models in the city  

� Development some EV business models in cooperation with the local automobile industry 
(such as for example EV sharing) 

5.4.3 Recommendations for policy for scenario 3 (“E V, COOL~!”) 
For the scenario 3 “EV, COOL~! ” the KIF relationships are described in Figure 45. “EV, COOL~!” 
This scenario brings some advantages to Beijing mainly in the area of air quality improvement, but at 
the same time also leads to the continuance and (compared to today) similar levels of not well 
developed public transportation, low efficiency of the road system and a high load on the 
transportation infrastructure (see section 4.6.3). If Beijing extends this situation really over the next 16 
years until 2030, this will lead to more challenges and increase, for example, the social polarization 
rate. Therefore, the negative consequence of this scenario should be mitigated through measures that 
aim at the improvement of the public transportation system.  
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 Figure 45. The driving forces, opportunities and challenges in scenario 3. 

In this scenario from 2014 to 2030 the ICVs on the roads of Beijing are gradually replaced by EVs 
because of the increased oil price and well developed EV technology and the situation in Beijing is 
characterized by an increasingly high adoption EVs adoption rate. This could give Beijing the 
opportunity to become a forerunner in EV technology and adaption, develop a strong EV industry, and 
achieve the goal of China to let China (see section 2.3.1) to become a world leader in EV technology 
and manufacturing. Thus in this scenario, the city could receive more financial support from industry 
to support EV development, the construction of EV charging stations and the improvement of the road 
system of Beijing and a (EV adapted) city road information system. In this scenario Beijing could 
cooperate with the local automobile industry in terms of research and the development new EV 
models that fit exactly to Beijing (for example EV models with a suitable size and compactness of EV 
and mile range). Some advanced EV models should be supported to get adopted to tap into the 
potential of additional EV functionality, (such as the low weight and compactness of structurally 
changed EVs, EV integrated with computer systems and a city road information system for more 
efficient driving; see section 3.2) in order to mitigate the negative impacts to transportation system 
that will be caused by too many EVs on the road. 

Summarization of the Recommendations for policy for scenario 3 (“EV, COOL~!”): 

Policy aim: utilize the high adoption rate of EVs and the well-developed automotive industry to 
make Beijing a world leader in EV technology and manufacturing, mitigate the negative impacts 
transportation system. 

Policy implementation measures:  

� Development of a “rapid mass transit line” 

� Improvement of the flow of traffic and traffic demand management,  

� Improvement of road system 

� Increase of the emission standards for ICVs and increase of the taxes on fuels 

� Construction of sufficient charging facilities in the city 

� Encouragement of the development and purchasing of advanced EV models (such as 
smaller, compact EVs that are equipped with a lot of technology) 

� Direct research and development towards sustainable EV product innovation 

� Development of a city wide transportation information system connected with EVs 

� Funding research in better EV manufacturing technology 
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6 Discussion of hypotheses 

In section 3.2, the author formulated 2 hypotheses. In this chapter, the author will discuss these two 
hypothesises considering the research outcomes described in chapters 4 and 5 (scenario development 
and evaluation done in chapters 4 and 5). In the conclusion (chapter 7) it will then be shown how the 
research conducted in this master thesis contributed to finding answers and new knowledge regarding 
the research question formulated in section 3.1. 

Discussion of Hypothesis 1: 

Hypothesis 1: In future the EV will replace ICV in Beijing urban area and EV will occupy dominant 
share of the automobile market in Beijing – it is only a question of time. 

The research conducted in this master thesis has shown the possibility of the occurrence of the 
situation stated in hypothesis 1 through showing the possibility of the appearance of the scenario 3 
“EV, COOL~!” Scenario 3 indeed comes very close to what hypothesis 1 state: EVs have replaced the 
conventional ICVs and have a dominant share in the automotive market in Beijing in 2030. Therefore, 
it can be concluded that the situation projected by hypothesis 1 could potentially happen in 2030 in 
Beijing. Similar as scenario 3, the occurrence of the situation projected by hypothesis 1 requires that 
some preconditions. Those driving forces are: (1) very high oil price, (2) low electricity price and (3) a 
well-developed EV technology. The combined effect of these 3 driving forces could lead to the fact 
that EVs become more competitive than before and in particular in scenario 3 the EV shows a very 
good cost performance (considering a 16 years’ TOC analysis; see Figure 41 in section 5.2). This 
characteristic will make the purchase of EVs attractive to Beijing’s citizens. Given these preconditions, 
if the government develops a supportive EV policy in the period from 2014 to 2030, (such as the 
construction of enough EVSE in city) it is in the view of the author (and based on the research 
outcomes) there is definitely the possibility (in the view of the author) that scenario 3 might happen.  

However, it has to be considered that scenario 3 “EV, COOL~!” shows a smaller occurrence 
possibility than the other 2 scenarios. According to the analysis conducted (see chapter 4, section 
4.5.2), the scenario cluster 3 shows a relatively small size compared to the other 2 scenario clusters 
(see Figure 33). The reason is that the PBs of scenario cluster 3 are not as consistent as those of the 
other scenarios. Scenario cluster 3 contain less PBs (11 from all 105 PBs, see Attachment 12) than 
the other 2 scenario clusters. Its PBs consist of more “partially inconsistent” projection pairs (for 
example, in scenario 3, the increased number of vehicle in Beijing - projection “350 vehicles per 1,000 
population” - is partially inconsistent with the projection “more stringent limitation on vehicle 
purchasing and using” and with a less car dependency in Beijing - projection“50% by public transport, 
30% by car, 10% by bicycle”). This means that in the PBs of scenario 3 the possibility of a 
simultaneous occurrence of some projections is relatively small which leads to the conclusion that 
scenario 3 “EV, COOL~!” the situation exactly projected by hypothesis 1, shows a smaller possibility 
of occurrence in 2030 than the other two scenarios. 

From the point of view of author, scenario 1 (“uninteresting cars!”) also holds the potential to realize 
the situation projected by hypothesis 1, but probably after 2030. As discussed in section 2.3.2, the 
insufficient infrastructure (charging facilities and network) is one of the main reasons for the slow 
development and adoption of EVs. If the charging facilities of Beijing could satisfy the demand of the 
market, the EV development process would speed up significantly. In scenario 1, due to the increased 
oil price EVs will show gradually a better cost performance than an ICV in the time between 2014 and 
2030 (see Figure 41 in section 5.2). Therefore, in this scenario if government could construct 
sufficient EVSE, EVs could also become an economic choice for personal driving in the inner city, 
complement the public transportation system which is strong in this scenario, and maybe will 
gradually develop towards having a dominate share in the automotive market in Beijing (but probably 
this can only be accomplished after 2030). 

All in all it can be concluded that the situation projected by hypothesis 1 could be realized given the 
occurrence of certain preconditions such as high oil price, well-developed EV technology, relatively 
low electricity price. In the view of the author most importantly the occurrence of the scenario 
depends on the construction of sufficient EVSE in the city. 

Discussion of Hypothesis 2: 
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Hypothesis 2: Based on the first hypothesis, EV will in the future make Beijing come back from the 
car-based society towards a more “liveable” development, including but not limited to improving the 
city air quality, the transportation system, and changing the city structure as well as forming a better 
social system. 

Although this master thesis shows a possibility of the occurrence of the situation projected by 
hypothesis 1, scenario 3 (reflecting this possibility) would not allow for the ideal effect of EV on the 
megacity Beijing in 2030 as projected by hypothesis 2. The possibility of the occurrence of the 
situation projected by hypothesis 2 cannot be proved through this master thesis and the likeliness of its 
occurrence is limited also by relatively low occurrence possibility of scenario 3 (indicated by the 3 
relatively small size of the scenario cluster of scenario 3). In scenario 3, the EVs have a dominate 
share in the automotive market of Beijing, but the function of EVs in scenario 3 is only limited to a 
simple replacement of conventional ICVs. In chapter 3, section 3.2, in order to describe the 
preconditions for the formulation of hypothesis 2, the author illustrated a variety of changes that EVs 
could bring for Beijing. However, according to the evaluation done in section 5.1 the scenario 3 only 
shows some actual, provable opportunities which mainly concentrate on the improved air quality. But 
other changes which the author has assumed with hypothesis 2 could not be demonstrated in the 
context of scenario 3.  

The projected and in section 3.2 hypothesized changes that could not be proven or demonstrated by 
scenario 3 (or any other scenario) can be summarized as follows: 

� EV will become smaller and even be foldable (as the MIT city car), and thus many city places 
such as parking plots could be rebuilt for city-park or for housing 

� EV could be manufactured with 4 “independent wheels”, thus driving method and road structure 
in city would be changed 

� EV could be combined with computer system, thus EV could be safer and could help in many 
driving situations 

� The computerized EV could be used as medium of communication between people and between 
the cars, thus the communication in Beijing will be easier, the transport information could be 
shared, those would increase the transport efficiency and good for car sharing. 

Those changes could not be demonstrated in scenario 3. The reason is not that hypothesis 2 has no 
realisation possibility, but that some in that context relevant influence factors (such as the structure of 
EVs, city information system) were in the process of scientific and systematic scenario development 
have not validated and reconfirmed as KIFs and thus also could not represent and describe the future 
change of the city. Therefore, the changes which would be caused by the omitted factors, could not be 
demonstrated in the final description of the scenarios. In the research presented in this master thesis, 
the IF “battery energy density” is the only one validated and reconfirmed as KIFs by the influence 
analysis (see section 4.3) to describe the future development of EV technology. The reason is also that 
most of the factors related to EV technology could not directly show and influence on the EV policy of 
Beijing and on the current situation in which Beijing still shows a dominate ICV market. Therefore, it 
could by conclude that this master thesis could not prove the possibility of the scenario projected by 
hypothesis 2. A task of future research could therefore be to prove whether the situation projected by 
hypothesis 2 could occur on basis of scenario 3, for example, about 10 or 20 years after 2030.  

Nevertheless, hypothesis 2 is considered by the author as an advantageous vision for the EV future of 
Beijing and it could be a future goal of Beijing based on the realisation of the situation projected by 
hypothesis 1. Although research conducted in the context of this master thesis cannot give a clear 
prove regarding hypothesis. In the view of the author the in the future (1) public (EV) transportation, 
(2) personal and compact digitally “connected” EVs, (3) new usage and sharing models and (4) a 
digital city information system can be combined and build a (economically) efficient and (ecologically) 
sustainable total system. 

Additionally, it could be shown that the mentioned changes towards advanced, smaller, compact and 
with technology equipped EVs could be play (to some limited extent) a role in the context of policy 
recommendations aiming at the strengthening or mitigating certain impacts of the scenarios (see 
section 3.2) 



Conclusion 

Development and Analysis of E-Mobility Scenarios for 2030 for the Megacity Beijing                    76 of 78                            

7 Conclusion 

It is always difficult to answer questions about the future, and it is even more difficult to develop 
complex, usable scenarios and policies for the future. In order to be able to provide the policy makers 
in Beijing a reference for the development of an EV policy for Beijing for the next 15 years, this 
master thesis developed 3 future scenarios for E-Mobility for Beijing in 2030 through the 
methodology of scenario management. Furthermore, based on the used methodological approach and 
the research finding the author developed own policy recommendations, discussed the formulated 
hypothesises and thus contributed new knowledge related to the previously identified challenges and 
the research question. The developed knowledge shall help policy makers (and also other strategists 
for example from industry) to get a graspable idea of the possible futures of E-mobility in Beijing, to 
better prepare for future changes, and to make more suitable decisions. 

From the analysis of this master thesis, one conclusion can be made clearly: the future situation for 
Beijing’s E-Mobility in 2030 is uncertain and many possibilities exist in reality. In this master thesis 
finally 3 scenarios were extracted: “Uninteresting cars!”, “Let’s drive!” and “EV, COOL~!” Scenario 
clustering indicated that these three scenarios have a relatively high occurrence probability and thus 
they were developed and summarized as they could represent the general development direction of 
future E-mobility in Beijing. Furthermore, through the systematic analysis of influence factors, the 
author has defined the driving forces for each scenario. 4 primary driving forces (Table 21) were 
identified which have a very high impact on the E-mobility of Beijing but hardly can be influenced by 
other factors, and can thus be considered as “uncontrollable” (by Beijing city government). 3 
secondary driving forces (Table 21) were identified which have a high impact on the E-mobility of 
Beijing but also easily can be influenced by other factors; thus those 3 factors are “controllable” (by 
Beijing city government). Policy thus can try through the adjustment of the “controllable” driving 
force to modify or adapt the development of the uncontrollable driving forces and to steer so the 
development (in particular EV adoption and development) into a desired direction.  

Table 21. The driving forces of this E-Mobility of Beijing 

Primary driving forces (uncontrollable KIF) Secondary driving forces (controllable KIF) 

Electricity price in China Quality and quantity of public transport 

Oil price in China Charging station construction 

Battery technology of EV Limitation on vehicle purchasing and using 

Cost of EV  

Furthermore, it was shown that according to the cost performance and CO2 emission analysis, in the 
time period from 2014 to 2030 in all 3 scenarios, an EV could produce less CO2 and it has a better 
cost performance than an ICV. Thus in all those 3 scenario, EV could be improved by government for 
emission reduction and it would be accepted by market considering its cost performance. In order to 
evaluate the scenarios, indicators related to sustainable megacity development were introduced in this 
master thesis. The systematic evaluation through the indicators showed the risk and opportunities of 
each scenario. Based on this, the author was able to develop grounded suggestions for an EV policy 
for each scenario. It was concluded that due to the uncontrollable factors the occurrence of a certain 
scenario cannot be avoided or be made happening directly. The given suggestions therefore aim at 
maximizing the opportunities and mitigating the risks for each scenario and given the situation that 
first signs in the future show that a certain scenario might happen.  

In summary following scenarios and policies were developed:   

1. “Uninteresting cars!”  

Scenario: This scenario describes a very advantageous future for Beijing in particular in relation to 
transportation efficiency and city air quality. The high oil price, high electricity price and less 
developed EV technology make the people of Beijing lose the interesting to drive by car, and 
instead public transportation will be the main transportation split mode for Beijing’s citizens. A 
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negative consequence of this scenario is be that it would put the local automotive industry into 
trouble and thus increase the unemployment rate.  

Policy: Since the scenario is compared with the others regarding sustainability and the 
environment the most advantageous, policy should aim to force this scenario happen (as far as 
possible) and make it continue as long as possible though improvement of the public 
transportation system. Furthermore, policy should aim to mitigate its negative impact on the 
industry and on unemployment through linking the public transportation system (which is very 
advanced in this scenario) with EV (for example for the last mile) and thus to push the EV 
industry.  

2. “Let’s drive!” 

Scenario: This scenario represents a total different situation compared to scenario 1. Because of 
the low oil price, low electricity price and well-developed EV technology, driving by ICV is 
cheaper and EV is more economic than before, thus people in Beijing would prefer to own a car 
and drive by themselves. In this situation, the city roads will be occupied by private cars, the 
transportation system will have a low efficiency and the public transportation system will be 
difficult to improve. However, this scenario obviously has a positive effect on the local 
automobile industry and thus the city would have more revenue which could be used, for example, 
for the improvement of the city road system. 

Policy: Compared with the other scenarios this scenario has the most negative impact on 
sustainability and environment. However, it holds the potential to provide everybody with the 
possibility for individual (car based) transport. So the policy for this scenario should aim at 
mitigating some of the negative consequences of a situation where many cars are in use. This can 
be done, for example, by supporting the development and use of smaller (and lighter vehicles), the 
increase of the rate of EVs and especially future, compact EVs and the building of efficient road 
system for cars. 

3. “EV, COOL~!” 

Scenario: This scenario describes a very advantageous situation for the EV technology 
development in Beijing. Due to the high oil price and a well-developed developed EV technology, 
EV is more competitive than ICV and thus in Beijing EVs will reach a very high adoption rate in 
2030. Because there will be many EVs on the roads of Beijing, in 2030 Beijing may have a similar 
transportation efficiency as in 2014, but the air quality will be greatly improved.  

Policy: Advantage of this scenario is the very high adoption rate of EVs. Policy should thus aim at 
utilizing this development for Beijing’s economy and society and make Beijing a world leader in 
EV technology and EV manufacturing. However, the negative consequences of this scenario 
should be mitigated and Beijing should improve especially the weak public transportation system 
in this scenario.  

In the process of developing the policy recommendations, the authors realized that, the improvement 
of the public transportation system could be a “multi-purpose” policy. A well-developed public 
transportation system could address many challenges (such as the low efficiency transportation system 
in scenario 2 and scenario 3), and it could also bring many opportunities to the city (such as the good 
air quality, the reduced city polarization rate in scenario 1). Therefore, no matter what scenario in 
future in Beijing might occur, the city should from now aggressively improve and expand its public 
transportation system. Additionally, some other problems related to Beijing’s transportation system 
which were mentioned in chapter 2 (such as single-center structure and low road density) have also to 
be addressed as they significantly prevent sustainable development. 

In this master thesis, the author formulated and discussed 2 hypotheses based on her understanding of 
the megacity Beijing and her analysis of on EV technology development. For the situation projected 
by the first hypothesis (EV will dominate the automobile market in Beijing), it could be concluded that 
it is potentially and realistically realizable by scenario 3 (which has however compared to other 
scenarios a lower occurrence probability). The situation projected by the second hypothesis (EV could 
change city structure, driving method, road system and society formation), could not be validated by 
scenario 3 (or any other scenario), because the influence factors which are related to this hypothesis 
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(such as EV structure, city information system) turned out in the process of KIF selection. The author 
has made those 2 hypotheses on the basic of the fact that EV technology can solve the air pollution 
and transportation problems in Beijing and thus EV would be good developed and have a dominate 
share of automobile market in future of Beijing. But actually through the analysis of this master thesis, 
this “fact” is not inevitable cause the realization of hypotheses and also in the scenario transfer it is not 
the start point of EV policy development. The megacity Beijing actually is a system of high 
complexity, and EV technology alone could not decide the E-mobility future situation and as well as 
the city EV policy. EV technology development should, on the one hand, fit to the needs of the city, 
and on the other hand, fit to the changes caused by other influence factors (such as oil price, electricity 
price, public transportation and so on). From that in can be concluded that a successfully city 
development policy should be developed basis of a consideration of the whole scenario “system”, and 
not just based on certain factors or certain IAs of the city environment.  

Regarding the research question addressed by this master thesis (which kind of EV policy should be 
developed and adopted for Beijing in the future) it can be said that many futures are possible (due to 
uncontrollable factors) and thus both the future of scenario for Beijing in 2030 and the EV policy are 
to some extent uncertain. All 3 scenarios generated in this master thesis show both positive and 
negative impacts to the total city system. Because of the driving forces driven by the uncontrollable 
factors (oil price, EV technology and electricity price), Beijing government could not completely 
avoid or let a certain scenario happen, but could “only” develop policies (including EV policies) to 
maximize the positive impacts and mitigate negative impacts of a certain scenario. In the process 
towards future development, policy makers should pay in particular close attention to occurring 
development of the uncontrollable driving forces, and then accordingly develop and adjust the city 
policy as suggested by the author.  

All in all it can be said that for a correct projection future scenarios, a large amount of knowledge is 
necessary. Therefore, a scenario project is usually finished by a large group of people which have 
different professional background related to the targeted scenario field. In this master thesis, the author 
tried to compensate the lack of other professionals at least partly by inviting some experts from China 
and Germany to participate and share their knowledge in the process of projection development and 
scenario formation. But due to time limitations, activities, such as influence analysis and consistent 
matrix which also would require multiple experts to collaborate, were done solely by might have been 
affected – the more experts would be included in the process the higher would be the validity and 
quality of the developed scenarios. However, the author hopes that this master thesis was able to 
develop basic insights and that it could add knowledge for city government, EV planners  and 
industry professionals in terms of developing EV strategies and scenarios of megacities in China 
which share in many points the unique characteristics outlined for Beijing. 
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