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Abstract

China is the fastest growing car market in the world. Both, government and industry
alike have high hopes for the paradigm shift in mobility towards electric cars. China's
industry might be able to catch up or leap-frog, once electric cars have hit the roads.

Taking the question if and how paradigm shifts occur as a starting point, this paper
describes and assesses the current policies in electro mobility in China and puts them
in relation to China's scientific and technological capabilities. The results show that a
huge amount of public funding is involved, though spread over many programs and too
many provinces. Though the scientific capabilities seem to be very promising, the tech-
nological capabilities — applying science to real-world issues — seem to lag behind.
These findings let us conclude that the leap-frogging in mobility might not occur in the
way the most optimistic spectators might want to see.

1 Introduction

Electric mobility has received significant political attention in the last few years around
the globe, in developed and developing countries alike. It is seen as especially impor-
tant to realize more environmentally friendly modes of transportation and as a tool to
reduce carbon emissions, especially in large cities. It can therefore contribute to miti-
gate climate change in a certain way, especially when the energy comes from renew-
able sources. In China the State Council has declared the electric vehicle industry one
of seven key emerging industries, which will make an above-average contribution to
the national growth of GDP in years to come. In the Twelfth Five-Year Plan (12 FYP)
from 2011-2015 the key emerging industries might have even increased in importance
for the economy. In 2012, the Ministry of Industry and Information Technology (MIIT)
and the Ministry for Science and Technology (MOST) both issued additional implemen-
tation plans with regards to electric vehicles and their future goals.

Even though these plans have rebalanced the goals with reality, the expectations in
and for China for the development of new energy vehicles are still rather high and ex-
perts have no doubts that China will become the largest market for EVs in the world by
2020. As in all other countries as well, the development of the electric car market is at a
very early stage and a number of technical problems need to be solved before the
market will show a significant growth.

The market for cars with traditional combustion engines in China already outnumbered
the US car market by total sales in 2009, with a year-to-year increase of 48%. In 2010
total automobile production in China reached 18.3 million units, an increase of 32.4%
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compared with 2009.3 A similar level of production was achieved in 2011 respectively
with 18.4 million units.4

Considering car ownership per capita, there is still a huge potential for the development
of the Chinese car market. Yet if this development will be solely born by traditional
combustion engines as of today, the impact on China's CO, goals, on climate change,
on its cities' air pollution and on people's health could be devastating. Bearing this in
mind, the Chinese government strongly supports the development of its national elec-
tric car industry. While China has accepted the western countries' dominance in tradi-
tional combustion engine technologies as a fact, the government and scientists hope
that China can leap-frog this technology and become directly involved in electric vehi-
cle technologies, an area in which they want to become the world's leading player.
Hence, the big question is, where does China currently stand, do its policies already
have a visible or measurable impact. Both questions are especially interesting when
comparing China with other countries engaged in electric mobility. This paper tries to
give some answers to these questions, based on the concept of a technology shift,
which we parallel with the theoretical discussion of paradigm shifts.

In the next section, the paper introduces some general theoretical considerations,
which form the frame for our discussions. The subsequent section presents and as-
sesses the current policies on electric mobility in China. The next two sections offer
some empirical evidence of the scientific and technological capabilities of China. Sec-
tion six details the opportunities and challenges for China in this context, before section
seven discusses the findings and draws the conclusions for the future of electric mobility.

2 Theoretical background and research concept

The Chinese government and also Chinese industry as well as some national and in-
ternational observers see a chance for China to catch-up with industrialized countries
once the electric car ousts the traditional combustion engine. As new technologies be-
come more important and traditional competences, so the line of argumentation, might
diminish, the established actors cannot rely on their head-start. Some spectators even
impute a head-start for China in batteries and therefore in total electric mobility.

A paradigm defined as the rules, theories, concepts and knowledge uses in a certain
field, we see this technology shift even as a paradigm shift and we therefore base our

3 China Association of Automobile Manufacturers (2011).

4 http://www.echinacities.com/aroundtown/china-in-pulse/chinas-2011-car-production-
surpasses-combined-output-of.html
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analysis of China's opportunities in electric mobility mainly on three crucial studies of
the concept of technological change and innovations by Kuhn (1996), Dosi (1982) and
Utterback and Abernathy (1978; 1975; 1994). Even though many others have followed
their views, we found that these three provide us with the best evidence for our study.

Kuhn describes a scientific revolution — which is a completely new way of thinking and
theorizing — as a competition between different paradigms, where the current dominant
paradigm is fading away and a new paradigm is gaining more and more ground. A
paradigm is thereby defined as the theory and its applications and implications or as
Kuhn (1996: 10) puts it: "... some accepted examples of actual scientific practice — ex-
amples which include law, theory, application, and instrumentation together — provide
models from which spring particular coherent traditions of scientific research". In his
eyes, a scientific revolution is a shift from one paradigm to another and not a revolu-
tionary switch from the dominant theory from one day to the next, so scientific revolu-
tions occur much more slowly. He also stresses that this scientific revolution deviates
from "normal science" as he calls the improvement within a paradigm.

Analyzing the paradigm shifts in the big theories in physics and natural sciences of the
past centuries, Kuhn points out that it is hardly the case that the supporters and propo-
nents of the current paradigm change their mind, desert it and become proponents of
the new paradigm. Instead, new scientists who are proponents of the new theory gain
visibility, increase the numbers of their supporters, and thereby push back the stake-
holders of the old paradigm. This is why he uses the term "revolution". It is not to em-
phasize how quickly paradigms overturn, but it is his notion that a new regime with new
actors and new proponents arises, while the old regime diminishes.

Dosi (1982) in his seminal work applied Kuhn's idea of scientific revolutions to tech-
nologies. First of all he differentiated between continuous and discontinuous changes,
where a discontinuous change corresponds to Kuhn's idea of a scientific revolution
rather than a technological revolution. In addition, technical change also occurs in a
more continuous way by small, incremental steps, which corresponds to Kuhn's "nor-
mal science". These continuous changes are usually planned and occur along a tech-
nological path, or as Dosi called it, "a technological trajectory" (Dosi 1982: 157). Dosi's
main merit was to introduce the concept of path dependency, which means that the
technological progress is usually not disruptive and that small technological steps rely
on the technological progress of the past. In other words, technological paradigms
have a strong exclusion effect: those who are active in a certain technological area are
most likely to be the ones to considerably push technological development. At the
same time, they avoid looking towards new technological possibilities (Dosi 1982: 153).
Technological development is therefore strongly related to the position that a scientific
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team (a firm, or a country) has in relation to the technological frontier. If they are at the
frontier, they cumulate more knowledge and know-how around their technology and are
the ones who push it forward. This also explains why catching-up in existing technology
paradigms for new players is extremely hard and rarely possible.

However, he also stresses that new players might appear on the scene when a new
trajectory is implemented as he states that "[o]ften this period of emergence of new
technologies is actually characterized by newly emerging firms, even in cases when the
major technological advances were originally produced in established firms and institu-
tions..." (Dosi 1982: 157). While Dosi's main focus was on the development of the
technology and the technological path, Abernathy and Utterback (1978; 1975) had a
broader perspective on the market and the diffusion of technology when they discussed
product and process innovations and when they introduced the concept of radical and
incremental innovation.

In the view of Utterback and Abernathy (1978; 1975; 1994) a technological break-
through first of all occurs as a product innovation, which then undergoes technical im-
provements and maybe the integration of existing technologies, before it flows into a
dominant design. The technology underlying this dominant design will then be incre-
mentally improved and its market might shift from a market that competes on technol-
ogy or quality to a price competitive market. In this process, incremental innovations
whose first aim is to reduce the costs or slightly improve the existing technology will
follow.

In line with Dosi's distinction of continuous and discontinuous change, Abernathy and
Utterback (1978) discuss the effects of radical and incremental innovation on techno-
logical progress. This technological progress can be put on hold, when a technological
lock-in effect occurs and other technological possibilities are neglected or not seen at
all by the leading actors. If the dominant design that emerges is not the one that is fol-
lowed by these particular actors, other actors will be in pole position to see their prod-
ucts diffuse the market. This again is in line with Kuhn's view of scientific revolutions,
as well as with Dosi's concept of technological paradigms and trajectories.

In our opinion, we see a slow shift of the technological paradigm in mobility on the hori-
zon. Still a long technological way might be ahead, yet an intermediate technological
paradigm (plug-in hybrid cars) is already emerging, before slowly more and more elec-
tric vehicles populate the roads of this world. We would also call it a revolution in the
Kuhnian (1996) sense and we would also expect a slow and insidious change towards
this new industry or technological paradigm.
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Following Kuhn and Dosi, the existing car manufacturers with a strong global position
might not be the proponents of electric mobility as they still stick with the old technol-
ogy. Their argument of the huge potential that still lies in the improvement of the com-
bustion engine and the incremental innovation follows the theoretical outline without
any doubt. Hence this opens the space for new and so far unseen actors. This, how-
ever, is one of the main arguments why leap-frogging in electric mobility might be pos-
sible and why China is seen as one possible leading country in the future.

Some spectators believe that China has a good chance to catch-up or even directly
jump to the top of electric mobility due to its experience with electric bikes and scoot-
ers. They argue that especially battery technology, which is the core technology of
electric mobility, even more so than power electronics, materials and chassis and re-
lated technologies, is seen as one of the core competences of Chinese industry. So,
taking Dosi's concept of technological trajectories into account, China might be in a
good position for the paradigm shift in electric mobility. Yet other observers doubt that it
will be an easy task to transfer any useful knowledge from scooters to cars and that the
challenges of car batteries are still quite different to those of scooters, as they typically
cover a short distance every day and are recharged at home or at the work place.

However, to become successful in a broad range in a certain technology or industry
and to even become a global leader, more than just mastering the technology is nec-
essary. Besides, the question is, if the diffusion of the technology and — in this case —
even more so, of complete products including sales channels, after sales services and
a high quality and safety level can be achieved. According to the argumentation by
Utterback and Abernathy this also holds for the new mobility paradigm. In this context a
governmental intervention might just kick the technology and create a market for it, like
in the field of renewable energy technologies, where governments use feed-in tariffs or
other regulations and subsidies to foster the demand. In the case of electric mobility,
the strong environmental regulations for example in California help to speed up the
paradigm shift.5

Also Utterback and Abernathy might argue that the Chinese electric car industry is in a
good position to become one of the world's leading countries in electric mobility. Those
who have a second-mover advantage and are free of the past's intellectual and techno-
logical burden might prevail in the emergence of new technologies. Yet in Dosi's sense

5 At the same time one could argue that those who are forced by such strict regulations to
adapt in an early phase might gain a head-start in the new technology. Chinese car manu-
facturers play no role in the Californian car market, so the Chinese government needs to
establish its own California-like regulations.
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of the cumulative nature of technology progress there might be doubts that the rela-
tively young Chinese car industry can catch up so quickly.

In the end, it is the question of mastering the technological challenges, yet this will not
be enough. Another very crucial question is the diffusion of technology. Those tech-
nologies — or individual technological solutions — that diffuse faster or diffuse at all
might become the dominant design, while others might drop out (e.g. the competing
technological solutions in the new vehicle field like plug-in-hybrid, range extender, fuel
cell, full electric vehicle or the more or less aborted hydrogen combustion).

The question which automatically arises here is how are new paradigms selected?
Dosi has tried to answer this question and has especially pointed out the role of market
and non-market influences®, especially of institutional effects like policies and R&D
investments (Dosi 1982: 155). He identifies industrial and social conflicts and argues
that their trade-offs may define which technologies prevail in the end. Current policies
for electric mobility clearly show that the Chinese government is trying to use its influ-
encing power and cover up for the yet not existing or still rather weak markets in order
to move towards this new technological paradigm faster than other countries while hop-
ing to take the lead in it.

According to Dosi, the most important question related to the influence of policies is the
unpredictable nature of innovation. It is almost impossible to evaluate ex ante which
technology might become the leading trajectory or dominant design. This is enhanced
by the fact that at this early stage the technology development heavily relies on the
"multiplicity of risk-taking actors" (Dosi 1982: 157), which have to engage in competing
technologies and designs. Nelson (2008: 486) argues in the same direction and states
that in the early phase of technology progress or the development of a new paradigm
there is a necessity for a number of competing alternatives. Hence policy intervention,
which might tend to restrict this competition, might create new stumbling blocks for
technological progress.

The following analysis of the Chinese policies towards new energy vehicles draws on
the above described power of policies to influence the technological trajectories and
the development of new paradigms. It is followed by an assessment of the current de-
velopment by measurable and comparable indicators. By doing so, Dosi's finding of the
relation of technological progress with a country's/firm's position regarding the techno-
logical frontier is reflected. We then relate the findings to an analysis of the current op-
portunities and challenges for the development of electric mobility in China.

6  Rosenberg (1976) calls this the "focusing device".
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3 Policy Analysis

As in most other countries, there is not only one single policy dedicated to e-mobility in
China, but many different policies from different ministries and agencies with different
main targets influence the development of e-mobility. The current strategy of the Chi-
nese government concerning the development of electric vehicles is supported mainly
by three major policy fields: support for R&D, support for the related industry and the
support of private and public consumption. The majority of these policies are industrial
policies and they have been adopted by the State Council, the highest level of govern-
ment, most notably the 12" Five-Year Plan (2011-2015) and the Plan for an Energy
Efficient and New Energy Vehicle Industry (April 2012).7

The Ministry for Industry and Information Technology (MIIT) is in charge of these indus-
trial policies. As the technology is still rather immature, the Ministry of Science and
Technology MOST also significantly supports the research and development of electric
cars, especially with the two large national R&D programs, 973 (for basic research) and
863 (for applied oriented research). Support of public and private consumption is stipu-
lated by a number of demonstration projects, most notably the "Ten cities, one thou-
sand cars" program and the five model regions for subsidies for private buyers. Public
consumption is also targeted by the plans to set up the respective charging infrastruc-
ture. The three policy arenas will be described and analyzed in the following.

3.1 Industrial policies

In 2009 the State Council declared a fuel efficient and new energy vehicle industry one
of the country's seven new emerging strategic industries. These seven industries are
seen as most important for the country's economic development and they are expected
to contribute with above-average growth rates to the national GDP. The electric vehicle
industry is also explicitly mentioned as an important and strategic industry in the 12
FYP (2011-2015). In April 2012 the State Council released the "Development Plan for
an Energy Efficient and New Energy Vehicle Industry (2012-2020)" as its current most
important plan with regard to the development of the electric vehicle industry. The plan
describes the industry's basic goals as well as some implementation guidelines for the
goals of the 12 FYP. Both recent plans indicate the highest possible governmental
support for the industry's development, both financially and politically.

Published by the State Council, the "Development Plan for Energy Efficient and New
Energy Vehicles" was drafted under the responsibility of MIIT, but includes the support

7 For a more detailed analysis of China's electric vehicle policies see Tagscherer (2012).
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of several other ministries and government agencies, e.g. Ministry of Commerce
MOFCOM, Ministry of Science and Technology, Ministry of Finance MOF and the Na-
tional Development and Reform Commission NDRC.

The goal of this plan is to support the whole industry chain of a fuel efficient and new
energy car industry, including the development of standards and regulations, as well as
for the three key components (power engine, electric drive and power battery) to reach
world level. China intends to have around 500,000 electric cars (pure EV and plug-in
hybrids) on Chinese roads (including buses, sanitation vehicles etc.) by 2015. The aim
is for this number to increase to more than 5 million vehicles by 2020. In the plan hy-
brids without plug-in technology are excluded from this plan as well as from major gov-
ernment subsidies. The plan proposes that the sales of China's new energy vehicles
are the world's number one by this time.

3.2 R&D policies

MOST started to support the R&D of new energy vehicles in a significant and visible
way during the 10" Five-Year Plan (FYP 2001-2005), especially in its basic research
program called "863". The R&D program supported three key technologies (called the
three verticals): fuel cell, pure electric and hybrid technologies as well as the three key
technology areas (three horizontals) of power engine, electric drive and power battery.
The research was mainly conducted in R&D institutes, universities and in a few R&D
departments of state owned enterprises (Sun 2010; Yun 2011). The investment for
electric vehicles in the 10" Five-Year-Plan was around 290 million RMB (Gong et al.
2013: 211).

Fuel cell development, hybrid technologies and pure electric vehicles were also sup-
ported by MOST under the 11™ FYP, again especially in the 863 program. Research
and development of new energy cars are also part of the "Mid-to-long Term plan for
Science and Technology (2006-2020)", China's most important policy document re-
garding science and technology (Yun 2011).

During the 11" FYP China spent between 1.1 billion RMB on new energy vehicles. To-

gether with enterprises' investments, this amount might be at 10 billion RMB (1.5 billion
USD) in total, which is considered to be a rather small investment (Sun 2010: 30). Lin
et al. (2010: 5) and Gong et al. (2013: 211) refer to 2 billion RMB and 1.5 billion RMB of
R&D investment by the national government. There are no official numbers available of
how much the local governments might have spent on R&D in these fields.

In March 2012 MOST released its "Special 12 FYP Plan for Electric Vehicle Technol-
ogy Development", which can be seen as one of the implementation plans for the goals
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stated in the 12 FYP (MOST 2012). Even though some discussions were going on in
the years before whether China should support pure EVs only or include plug-in hybrid
cars, the new plan now supports both technology pathways. For the period until 2015
hybrids will be supported as a means of transition, before China is able to rely solely on
pure electric cars. MOST's final strategy is clearly to develop pure electric cars, but as
hybrids are closer to commercialization, they will be supported at the same time.

3.3 Support for public and private consumption

Policies for private and public consumption are implemented in two major demonstra-
tion projects, which will be described in the following.

Ten Cities, One Thousand Vehicles Program

In 2009 the government (Ministry of Science and Technology, Ministry of Finance, Min-
istry of Industry and Information Technology and NDRC) introduced the "Ten Cities,
one thousand vehicles Program" to encourage the public use of electric cars through
demonstration projects in different cities. In this plan, 1000 vehicles shall be introduced
every year for three years in these ten cities. The number of participating cities quickly
rose to 13 and by 2011 the total number of cities participating in this program reached
258, It is still unclear whether the program will be continued after 2012.

Each city is responsible for the implementation of the project. The central government
sets a certain set of framework conditions for its support, but the local governments
need to implement the demonstration projects according to their own local needs and
necessities. This leads to the fact that each city sets up its own policy to promote new
energy vehicles, sets up own industrial alliances, creates its own guidelines for finan-
cial support and provides its own (additional) R&D funds. It also leads to the creation of
many different standards on the provincial level. Most recently, MOST and MIIT have
tried to urge the Chinese industry towards more national standard setting in electric car
development (Zhen 2012).

Even though government regulations make open bidding necessary for these demon-
stration projects, eight city governments have purchased their vehicles from their local
car manufacturers only. Some experts therefore worry, that local interests might conflict
with the national industrial policies and that local protectionism violates central policies

8  These 13 cities are Beijing, Shanghai, Chongging, Changchun, Dalian, Hangzhou, Jinan,
Wuhan, Shenzhen, Hefei, Changsha, Kunming, and Nanchang (Lin et al. 2010; Yun 2011).
Additionally Tianjin, Haikou, Zhengzhou, Xiamen, Suzhou, Tangshan and Guangzhou
joined in 2010 and in 2011 another 5 cities joined the program.
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(Lin et al. 2010: 16). There might be a risk of developing the same technologies at mul-
tiple places at the same time and wasting public money. Also some companies might
be strongly supported, even though their technology level might never reach the na-
tional or the international standard and therefore weaken China's international competi-
tiveness in the long term (Sun 2010).

For the cities, investing in the local automotive industry is basically an instrument to
increase investment from outside into the city and it is therefore seen as an investment
into the city's attractiveness. How effective these investments are with regard to the
development of electric vehicles seems to be only a marginal concern.

Official numbers given by the cities or respective government agencies state that
Shanghai, Changsha and Beijing together have already purchased more than 3,000
new energy vehicles and the total number in the 13 model cities has reached more
than 5,500 cars. Yet non-government organizations estimate that in fact by 2010 there
were about 2,000 new energy vehicles on China's roads (The Climate Group 2010b).
Most of these e-vehicles are used as taxis and buses (Huo et al. 2010) and private
consumption has still been left out so far. This is supported by the information that from
the 100 BYD EG6 ordered by the Shenzhen City government, by 2010 half of them had
been delivered.

Pilot Project for Private Consumption

With the announcement of the "New Energy Vehicle Demonstration and Promotion
Notice" in January 2009 the Chinese government paved the legal way for the imple-
mentation of financial subsidies for the purchase of public vehicles. Following this no-
tice, the Ministry of Finance (MOFCOM), the Ministry of Science and Technology
(MOST) and the National Development and Reform Commission (NDRC) introduced
the first pilot project for private consumer subsidies (Pilot Project for subsidies for the
purchase of new energy vehicles) in June 2010. In the six cities of Shanghai, Beijing,
Shenzhen, Hangzhou, Changchun, Shanghai and Hefei consumers are able to get
government subsidies for the private purchase of fuel efficient and new energy cars.
For pure electric cars the subsidy is 60,000 CNY and 50,000 CNY for plug-in hybrid
vehicles (China Daily 2010: 1; Yun 2011). In all other regions, purchases of private
consumers are not yet intended, as the industry itself is not ready and the infrastructure
is not yet in place to serve a bigger demand.

Local governments, e.g. in Shenzhen and Changchun, have implemented additional
local subsidies to make the purchase even more attractive. In addition to the financial
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support on the national level, Shenzhen government offers up to 60% discounts on the
local brands of new energy and fuel efficient vehicles.9 Other support measures in-
clude the exemption from license plate auctions, one day per week driving restrictions,
and the granting of preferential parking.

So far private consumption is still not in the main focus of government support. The six
cities are mainly used as a test base to gain a better understanding of private con-
sumption patterns and behaviour, but also for the adjustment of framework conditions
and infrastructure development. Most analysts state that the technological development
of Chinese electric cars is not mature enough to diffuse it to private customers and
therefore the support of mainly public cars like taxis and buses seems to be rather rea-
sonable. Car expert Yale Zhang states that the basic assumption behind the 500,000
e-cars by 2015 is that most of them are still bought by governments. In his opinion, this
overestimates the local willingness and capacity to buy e-cars (Zhang 2012). Besides,
some experts have expressed concerns about subsidizing private consumers, as the
development should benefit the society as a whole. So in their opinion, public transport
subsidies fulfil this requirement much more than subsidies for private transportation. In
contrast it can be argued that government subsidies at this point of technology devel-
opment could also help to overcome the valley of death of the new technology, yet so
far policy makers are still holding back private subsidy schemes on a larger scale.

It can be argued that while US and European car manufacturers, less of course than
the Japanese, have for a long time neglected the development of electric cars and in-
stead focused on the optimization of fuel consumption of combustion engines, the Chi-
nese government has seen its chance to promote electric vehicles and thereby avoid-
ing the difficult process of catching-up. It has obviously perceived the Chinese chances
in this catching-up process as rather low compared to the chances they saw in the
early support of electric drive technology and their own R&D developments. The Chi-
nese government's policies follow the theoretical assumption of Kuhn, Dosi and Utter-
back and Abernathy, which we outlined above that once a paradigm shift occurs, the
chances of new actors coming into play and even winning the game increases.

Not only in China, but also on the global markets, we can see completely new compa-
nies being established around new energy cars or single components (e.g. Tesla,
Coda, Wheego, Haima) as well as other companies shifting their core business.

9  http://green.autoblog.com/2009/05/15/chinese-cities-offering-incentives-to-buy-locally-
made-hybrid-car/
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To summarize the above, one can see that the Chinese government supports electric
vehicles at several stages of its development, from basic science to diffusion. However,
especially the funding for diffusion might hamper a real diffusion as a dominant design
(Abernathy and Utterback 1978; Utterback and Abernathy 1975) might not yet evolve.
Therefore one might assume that the Chinese government is taking a wise step in not
inflationary providing large scale subsidies for private users at the current stage of de-
velopment, avoiding to be locked into a certain design that might not end up being the
most successful on the market. At the same time, the government is testing some pri-
vate support and technology diffusion policies in the five model cities in order to get a
better understanding on how these policies work and to adjust their policies respec-
tively. The pilot cities are seen as an experimental field which should help to prepare
once a dominant design or leading technology is visible.

In contrast to that more careful approach the local diffusion policies of the provinces
and cities, especially in the 10 cities 1000 cars program, can be seen rather sceptically
as these policies might currently reduce or might have reduced in the past the competi-
tion for the best technological path. The variety as stipulated by Nelson (Nelson 2008)
is given, but the policies are not technology-neutral so that Dosi's (1982) argumentation
against government intervention might come into play here. In the end, the strong fi-
nancial support on the diffusion side might hinder competition and the well-intended
subsidies could create new stumbling blocks for China on its way to this possible new
paradigm.

It might be the balance of how much financial support is given at which state of devel-
opment and how much at the same time the market can freely develop that might de-
cide whether the Chinese policies will have a positive impact on the potential paradigm
shift ahead.

4 Indicator Analysis for Patents and Publications

Publications and patents are both indicators of early-stage innovation activities and
may offer a perspective on future market strengths, based on current scientific and
technological strengths. In an international comparison, the scientific and technological
competitiveness can be assessed. Scientific publications are one of the most important
outputs of science systems, especially of public research in universities or in non-
university institutions. Patents, on the other hand, are a vested right to keep others
from using a technology that was invented (filed) for the first time. In exchange for this
vested right, a disclosure of the technical items and a complete description of the in-
vention is necessary (Frietsch et al. 2010). The majority of patents are filed by compa-
nies or individuals, while only a minority is filed by public research institutions. In West-
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ern innovation-oriented countries the share is about 5% of total filings (Dornbusch et al.
2012; Lissoni et al. 2008).

The question in this section is, if China is able to master the technology, to theoretically
and especially scientifically base it on solid grounds and gain a national and interna-
tional technological competitiveness. As the other countries — or to be more precise,
the car manufacturers in other countries —, who were and are strong in traditional com-
bustion engines, do not stand still, the crucial point here is to analyze if China is able to
really catch-up and make use of the technology and paradigm shift as the theory sug-
gests and some of the spectators expect.

4.1 Publications

Figure 1 shows the absolute number of Chinese publications and different subfields of
electric mobility in the database Web of Science. We differentiate between three basic
fields of mobility, namely battery technology, fuel cells, and electric vehicles in general,
which includes energy distribution, power electronics, electric engines, but also issues
such as brake energy recovery, plug-in hybrids or the layout of electric vehicles in gen-
eral. Another very important question that needs to be addressed in the era of electric
mobility is where the energy comes from. This was already broadly mentioned in the
policy section. Therefore, we also include technologies that are relevant for energy
provision in the context of electric mobility, like smart grids, bidirectional converters,
state of charge control, distributed energy resources etc.

The data shows a steep increase in the total of Chinese scientific publications in gen-
eral in the database. A similarly steep trend can also be found for publications con-
cerned with batteries for vehicles. A less steep but still steady trend is also visible for
fuel cells, while publications in the context of electric vehicles in general only increased
after 2006, and reach a much lower level than the number of publications in the other
two fields. What becomes very clear from this analysis is that the question of energy
provision in the context of electric mobility is almost of no relevance in the Chinese
science system.

What is very striking is the strong increase in the share of Chinese electric mobility
publications worldwide. It becomes apparent that China (18.4%) has become one of
the most important scientific nations in battery research only second to the USA (28.5%
in 2010), but also has considerable shares in fuel cells (17.5%) and in energy provision
(13.6%), which are all well above the Chinese share in total publications (11.0%). The
shares in electric vehicle publications in general reach a lower level, which is similar to
the total shares.
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Next to the quantity it is the quality of publications that is of interest to our analysis. Qual-
ity is usually indicated by citation measures, using the number of citations of each article
in the Web of science. The basic idea is that better papers are cited more often (Jin and
Rosseau 2004; Moed et al. 2004). The citation index10 that is depicted in Figure 2
shows values above one (world average) for China in the fields of fuel cells and batter-
ies only recently. This means that Chinese publications in the field are only recently
cited on a similar level or slightly above a level like — on average — any other scientific
publication in this field. One could also formulate it more positively: given the huge
number of scientific publications in the field of electric mobility, they were even cited on
a similar level as publications from any other country (on average). So the visibility and
from this derived the quality of Chinese publications in these areas is rather high.

Figure 1: Absolute number of Chinese WoS-Publications in electric mobility fields
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10 We use a three year citation window for this analysis. In consequence, data for the publica-
tion year 2008 is the latest completely available cohort for citation analyses.
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Figure 2: Relative citation rate of Chinese WoS-Publications in electric mobility fields
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4.2 Patents

Patent data analysis allows several perspectives on the technological competitiveness
of China in the field of mobility. While scientific publications reflect the activities of the
science system and thereby — as a matter of fact — mainly focus on basic research,
patents draw a picture of the technological strengths mainly of the industry sector.
While this sentence is absolutely true in the majority of innovation-oriented countries,
this still might be different in China, where large shares of patent applications are filed
by public research institutions. However, patents are more application-oriented than
scientific publications. In addition, patents might be filed at different patent offices. This
information offers additional information on the markets that are targeted and on the
international competitiveness of the technologies. We take the inventor country instead
of the applicant country information to define Chinese! inventions, as we are inter-
ested in the knowledge sources and not in the ownership of the technology. In other
words, we want to find out if the knowledge of and capabilities for electric mobility are
existent in China and if this knowledge is internationally comparable. We use invention
patents only.

11 Chinais defined as mainland China including Hong Kong, excluding Taiwan.
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As Figure 3 shows, the number of patent applications to the State Intellectual Property
Office (SIPO) by Chinese inventors has increased enormously since the beginning of
the new century. This is a well-known fact. What can be seen in Figure 3 as well is a
steep increase also in the number of electric mobility patents, while the dynamics in
traditional combustion mobility are rather limited. However, it is also evident that both
forms of mobility play a subordinate role in the Chinese patent portfolio at SIPO. In
2009 only about 5,000 patents were filed in electric mobility and just about 1,200 out of
more than 200,00012 patent filings in that year were in traditional combustion mobility.

The strong increase over time leads to high shares of Chinese inventions in the context
of electric mobility in recent years. As can be seen in Figure 4, almost 2/3 of all patent
applications in China have a Chinese inventor on the list. Another quarter is filed by
Japanese inventors and the rest of applications originate in other countries. The largest
among them is Germany, followed by the USA and South Korea. This underlines the
strong position of Chinese inventors in this field at home (at SIPO).

It is interesting to see in Figure 5 that the shares of Chinese inventors per field are
highest for powertrain technologies and biofuels, which are above the average of total
filings at SIPO. Electric engine technologies, brake energy regeneration, and batteries
still reach a level well above 50%, but are below the average. Obviously, in all of these
fields also inventions made in other countries are filed in China as the Chinese market
for these technologies might be of some interest to foreign applicants. This is even
more so for fuel cells and hybrid technologies as well as for traditional combustion
technologies. Another explanation is that Chinese inventors themselves are not yet
ready to file invention patents in these areas and might not be able to compete with the
international quality of the patented technologies.

This latter argument becomes even more evident when patent applications outside
China at the transnational3 level are analyzed (Figure 6 and Figure 7). The growth of
the filings accelerates after 2003 for total filings as well as for electric mobility tech-
nologies, while again traditional combustion technologies are not very dynamic. In the
recent years under observation another jump in the numbers is visible here. The

12 We use EPO's PATSTAT database as a source for our analyses. We use priority date —
the date or worldwide first filing — to define the year. It takes 18 months before patent appli-
cations are published. Some of the applications that were filed to the office might never be
published mainly due to the withdrawal of the applicant in the early phase. Next to the use
of the priority instead of the filing date, the non-published patents are the reason for the dif-
ferences between our data and the statistics published by SIPO (or any other office).

13 Transnational Patents are patent families with at least a family member filed at the EPO or
under the PCT (Frietsch and Schmoch 2010).
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shares in the worldwide patent applications by Chinese inventors reached a level of 6%
in 2009 for all patents, 5% in the case of electric mobility, and less than 2% in the case
of traditional combustion technologies. What becomes evident again is the fact that the
absolute number of patent applications is also rather low compared to the total number
of applications. Only about 280 out of almost 12,000 patent applications are in the field
of electric mobility. The country with the largest share (see Figure 7) of patents in elec-
tric mobility is Japan reaching a level of more than 37%, followed by Germany (21%),
the USA (8%), and South Korea (7%). China only plays a minor role with a share of
3.4% in the period 2008-2010.

In sum, the application of the scientific findings and the conversion of the scientific
strengths into marketable technologies in the area of electric mobility are not yet visi-
ble. Especially in the most promising areas of batteries, fuel cells, and — relevant for the
bridge to electric mobility — hybrid technologies, Chinese inventors do not yet show
broad competences. The results show that it is a long way from science and theory to
application and markets. In the coming years, China might be more able to convert
scientific results into applicable technologies, but from the current point of view China is
still in the catching-up phase. So from our theoretical perspective of paradigm shifts
and the opportunity to catch-up or even outperform traditional car making countries or
companies, China is not yet able to exploit the full potential. The huge national market,
however, might offer good starting conditions and promise economies of scale. This
would be in line with both, Dosi's (1982) as well as Utterback and Abernathy's (1978;
1975; 1994) line of argumentation. However, so far it is only a promise or an expecta-
tion rather than a real trend, as the policy analysis in the previous section emphasized.
What can be seen from our data is that not only Chinese inventors have identified elec-
tric mobility as a relevant and interesting area of activity, but also inventors from other
countries. So the Chinese technologies need to prove themselves not only on a na-
tional level — where they also compete with internationally invented technologies —, but
also on an international level. In the end only those might prevail, which are able to
offer globally applicable solutions to the challenges of electric mobility. The successes
in electric mobility reflected by scientific publications raise the expectations on a posi-
tive future development of the Chinese industry and China as a research location also
for applications under the new paradigm of mobility.
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Figure 3: Absolute number of patent applications in mobility of Chinese inventors
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Figure 5:
fields at SIPO, 2007-2009

Shares of Chinese patent applications in total applications in mobility

100%

90%

80% -

70% -

60% -

50% -

40% -

30% -
20% -
10% -
0% -

& o > 2 & o N2 o
RSP S S SR PO S
& -0 & & ,2‘55' 2 Q N S

& L e & Y L ® K
R & & ENIIN
N2 *ﬂ \0\) e "’\0
<@ & ©
& 9 &
§ ¢ &
2 <
¢
e

Source: EPO — PATSTAT; Fraunhofer ISI calculations.

Figure 6: Absolute number of Transnational patent applications in mobility areas
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Figure 7: Shares of selected countries in Transnational patent applications in elec-
tric mobility, 2006-2008
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5 Discussion and Conclusions: Opportunities and
Challenges

Applying quantitative as well as qualitative empirical analyses, this paper addressed
the question, if China is able and has a chance to catch-up in mobility technologies in
the medium term. From a theoretical/conceptual perspective, a change in the underly-
ing paradigm might offer new opportunities for new market entrants. It was discussed, if
the shift from combustion-based to electric mobility is such a paradigm change. Though
we were not able to give a final answer to this question, it seems that the current ad-
vantages in innovation policy and R&D performance as well as strong worldwide mar-
ket positions of the actors in combustion technologies are important factors also for the
future positions in electric mobility. There is a clear political and policy hype visible in
China — like elsewhere. At least for China it seems that it is not sufficiently backed by
market developments. There are clear dynamics and also a large number of scientific
publications have originated in China, which might suggest an even higher growth in
the future. In addition, the technological position in the home market is considerable,
there seems to be no reasonable and considerable trends outside China. Yet master-
ing electric mobility in China alone will not be crucial enough.
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We see that the Chinese government is following the strategy of betting on any horse
in the race. Their hope seems to be that this will in the end produce at least one Chi-
nese company that is among the winners. So this strategy might be effective, but surely
not efficient. However, the size of the Chinese market seems to allow for such ineffi-
ciencies. Furthermore, as our theoretical discussion showed, the technological solution
is only one part of the answer to the question of future mobility. The diffusion is another
main component in this endeavour. And here again the Chinese governments — na-
tional and provincial — play a strategic role especially by setting the regulations, norms
and standards that apply to the Chinese market. As the Chinese market is one of the
largest markets in the world and currently is for sure the fastest growing market for mo-
bility, the government can influence the diffusion of related technologies in the country.
Yet, this does not mean that their companies for sure will take the lead in the global
technology development.

Technology diffusion is a science in its own as dimensions like quality, price, and mar-
keting (including sales channels) are crucial for its speed, breadth, and sustainability.
And here the diffusion on the Chinese market might be regulated by the Chinese gov-
ernment, but the diffusion outside China might not be influenced sufficiently, especially
if the technology and the quality are inferior to the solutions of the non-Chinese actors.
Without any question, Chinese car manufacturers will become important players in the
field of mobility in general and of electric mobility in particular. But the unanswered
question still is, if they will be able to be successful beyond the Chinese market. And
here the current visible protectionism of the Chinese government in the Chinese market
might hamper or even weaken the position of the Chinese car manufacturers in interna-
tional markets.

The development of new energy vehicle industry in China — like in many other coun-
tries — does need the combined efforts of government and industry. On governmental
levels, the coordination of policies among different ministries and agencies and as well
as between the national and the local level are of key importance to its success. So far
it seems that the most enthusiasm has come from public authorities and the car manu-
facturers themselves. Yet private consumers and experts seem to be less enthusiastic
about the development of new energy vehicles in China.

5.1 Advantages and Opportunities

There are quite a number of advantages for China and the opportunities seem to sup-
port its chances to leap-frog into becoming a leader in electric vehicles.

The most important and biggest opportunity is the potentially huge market for electric
mobility. As the number of cars per person still remains far below more developed coun-



22 Discussion and Conclusions: Opportunities and Challenges

tries and the income of the average Chinese family income is still increasing, a huge
growth is anticipated in the automotive market. As the government has clearly stated that
it does not intend to let this growth be driven by the internal combustion engine technol-
ogy, there seems the possibility of a big market share for electric vehicles. As mentioned
in the policy analysis, the current plans aim at 500,000 electric cars (pure EV and plug-in
hybrids) on Chinese roads by 2015 and more than 5 million vehicles by 2020.

Besides the market potential, the development pace has been quite fast over the last
few years. With the 12™ FYP and the following policies there is a lot of catching up go-
ing on in the companies as well as in the laboratories of research institutes and univer-
sities. Since electric vehicles have become one of the strategic emerging industries,
the development pace has increased and so has investment. The support through the
different national and regional plans and policies goes hand in hand with a huge finan-
cial support from the government, even though official investment numbers for this
technology are not available. State owned enterprises are also motivated by govern-
ment investment into this leap-frogging adventure. Driven by the government it has
formed a collaboration platform for electric vehicles, called SEVIA (State-owned enter-
prise electric vehicle industry alliance). Some experts see such measures together with
the high investment and the policy support at various levels as a huge advantage for
China, because they believe that with such an investment rate into the technology,
there will be eventually some success stories and even breakthrough innovations may
be possible.

China has already introduced private subsidies for the purchase of cars in the six
model regions mentioned before. If the demonstration projects go well, this can easily
spread all over the country and analysts have no doubt that the government would be
willing to do so. This would then, almost automatically, translate itself into the next
comparative advantage, namely economies of scale. In China, the growing middle
class, the supporting policies and the size of the market will generate economies of
scale, which will result in reduced costs and benefit the users of electric vehicles. This
will also give the producers of electric cars in China plenty of opportunity to invest fur-
ther into this technology and solve those problems that might still exist in the early pe-
riod of the development. Some experts see advantages for China in the power battery
industry: large scale of production and natural resources are said to put China on the
forefront of the future development in batteries. Besides, China holds the second larg-
est lithium reserves in the world. As has been discussed in the publication analysis,
China has become one of the most important scientific nations in battery research
(18.4%) only second to the USA (28.5% in 2010). Very recently, also the citation index
shows values above the world average for batteries, indicating a rather high quality of
these publications.
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5.2 Problems and Challenges

As mentioned in the beginning, the goals of the Chinese government for the penetra-
tion of electric cars are still very high. In order to reach these goals, China faces many
challenges, some being the same as in other markets, some very unique to China. One
of the biggest challenges is the fact that there is still no consensus in industry as to
which technological path to follow. Industry still develops in parallel pure electric cars,
different hybrid cars and a variety of other technical options (The Climate Group 2010a;
2010b). Also with regards to the battery development, there are still a number of car
manufacturers in China using lead acid batteries (Gong et al. 2013: 218), others use
the lithium-ion batteries.

Also different marketing and development strategies are chosen by industry, some
chose to do independent research and development, others chose to import parts and
components to be integrated into their own developments. At the current stage all the
above mentioned different pathways might strategically still be the best way to follow,
as industry is at such an early stage that the focus on only one technology pathway
might be too early and lock-in effects might be too risky (Sun 2010). Yet from the view-
point of resources, a clear pathway can be very beneficial (The Climate Group 2010a;
2010c) and can accelerate the emergence of a dominant design. At the same time,
clear technology policies help industry, including OEM, suppliers and infrastructure
development.

Besides the technology path, a number of weaknesses have to be overcome with re-
gard to industry and technology. First of all, the car industry in China is still comparably
weak compared to developed countries, especially in the design and development of
key components. Large-scale investment in the car industry is still very young and
more investment will be needed to develop this industry further. Besides industry, also
technology still has some bottlenecks to overcome: in comparison with advanced coun-
tries China's battery technology, electrical and electric control and other core technolo-
gies are still backward and this will prevent full commercialization of electric cars in the
short term.14

With regard to battery technology, some experts believe that China has reached already
international levels (Sun 2010). Other experts have identified weaknesses also in battery
technology. Especially lithium-ion battery production technology is said to still be lagging
behind international standards (with regard to materials, cell design, process control and
battery management system, energy density, longevity, consistency, safety etc.)

14 http://www.theclimategroup.org.cn/publications/2010-05-Towards_Market_Transforma
tion_Electric_Vehicles
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(McKinsey & Company 2012: 3).15 As our analysis has shown, China has still a rather
small absolute number of transnational patents in the field of electric mobility, including
battery technology. In other words, our patent analysis shows that China's technologi-
cal capability in the field of batteries is not at the same level as the leading countries in
this field and there is still a long way to go for China. So we do not find any evidence
that this paradigm shift can be used by Chinese actors to leap-frog or even outperform
actors from other countries. The scientific (Kuhn) and technological (Dosi 1982) revolu-
tions seems to be even more dynamic in other countries.

A major challenge for further development of electric cars in China is the charging in-
frastructure. Even though infrastructure development is proposed in all the plans and
major domestic power and energy companies are committed to it, its implementation is
still very weak.

At the current stage, the economical value of the power charging operations and its
long payback period reduces companies' investments into infrastructure. Currently op-
erational and proper business models for the charging facilities are still missing, while
the existing charging stations are inconvenient for the (Accenture 2011: 60-61; The
Climate Group 2010b; 2010c).

Other weak points are the lack of standards for battery charging and the missing inter-
face. Only in 2011 MIIT adopted 4 standards for charging infrastructure and its devices
becoming effective on March 1, 201216. These points make it difficult to achieve large
scale infrastructure construction (The Climate Group 2010b; 2010c). The lack of stan-
dards and regulations is also seen as a risk for investing too many public funds in less
successful technologies.

To date the price of electric cars is still too high to reach a significant market penetra-
tion. Hybrid cars are already more expensive than traditional ones and pure electric
cars are said to be still more expensive than traditional ones.

So far companies as well as researchers have been relying heavily on government
support. While in general this is often necessary for the development of new technolo-
gies, there is a certain risk that market mechanisms are not coming into force at the
right time. But in the context of the global market economy, the competition mechanism
will be of great importance for the survival of the industry in the long term. Therefore, a

15 http://www.theclimategroup.org.cn/publications/2010-05-Towards_Market_Transforma
tion_Electric_Vehicles

16 http://theenergycollective.com/lihui-xu/9137 1/charging-or-changing-question-chinas-
electric-vehicle-market
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balance between government regulations and market regulations will be needed.17
Especially the local government support in the 10 cities 1000 cars program has re-
ceived some criticism for its local protectionism and hindrance of free market competi-
tion between the Chinese EV manufacturers (Gong et al. 2013: 225).

Another side effect of government support is seen in the lack of transparency and fair-
ness. Private enterprises and non-key enterprises or research institutes do not have
access to policy funds in general. This might harm China's further development in this
field instead of nurturing it.

This goes hand in hand with subsidies and financial support for private consumers: at
the moment, consumption does not focus on private consumers at all, yet they do not
have any incentive to buy new energy cars.18 Clear standards for private subsidies are
required by national and local authorities. On the other hand, China's government
seems to believe that due to the immaturity of its technology, private subsidies would
benefit from foreign enterprises and this is not in conformity with the national goal of
"self-owned brands" (Sun 2010). On the positive side, public fleets like taxis and buses
are seen much more useful for the first adoption of electric cars in China than private
consumers (McKinsey & Company 2012: 3).

Mainly as a result of the above mentioned issues, investors currently have taken on a
"wait and see" attitude, as they do not see the earning potential of an investment. For
them, the whole venture of new energy vehicles is still a venture that lacks the neces-
sary infrastructure (Accenture 2011: 60-61).

At the same time, a lack of systematic data collection and monitoring of the existing
fleets has been mentioned (Gong et al. 2013: 222). This seems especially due for the
ten cities one thousand cars program, where no overall project evaluation is publicly
available and from which it seems that not enough lessons learned can be transferred
into improving the current technological, organizational and management developments.

17 http://auto.sina.com.cn/news/2010-08-07/0917635965.shtml

18 In the cities of Shenzhen and Hangzhou, where individual consumers can get rebates on
their electric car purchases, only 800 and 162 electric cars were sold to private owners by
2011, which is 3,2% of their goals for Shenzhen and 0,8% for Hangzhou (Gong et al. 2013:
221).
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