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China is the largest power producer and consumer and has the largest installed capacity of wind turbines (WTs)
worldwide. In the last two decades, China’s installed capacity of WTs has exploded, significantly impacting its
wind power (WP) industry and promoting the development of the industry globally. This paper examines China
as one part of the world and elucidates its role, status, and impact on global WP development from a global
perspective. Research indicates that China has become the global leader in WP, its WP development has greatly
promoted the growth rate of global WP, and it has become an indispensable force in global WP development.
However, the comprehensive capability of China’s WP generation is not only lower than that of other major WP
countries but also lower than the global average. China’s WTs have low global recognition and are difficult to
export. In addition, the proportion of WP in China’s power structure is lower than that of most other major WP
countries. Fortunately, these gaps between China and other major WP countries are gradually narrowing. The
goal of this paper is to help researchers and investors better understand China’s situation and to provide a

reference for the rational investment in and development of China’s WP.

1. Introduction

Many countries have signed agreements to address global climate
change, such as the Kyoto Protocol and the Paris Agreement, and these
countries are striving to fulfill their commitments [1,2]. There is
consensus on the need to reduce fossil energy and to accelerate the
development and utilization of renewable energy among most countries,
and they are engaging in concerted action [3,4]. As a source of clean
energy with high storage, no pollution, and using mature technology,
many countries are seeking to utilize wind energy [5] and consider wind
power (WP) to be a promising energy [6]. China, a major
energy-consuming carbon emission country, is one of many countries
that have installed wind turbines (WTs) (as shown in Fig. 1). The Chi-
nese government is actively supporting the development of clean energy
through laws, regulations, finance, and taxation. With the strong sup-
port of the Chinese government, the country’s WP has experienced
explosive growth [7,8]. In 2018, the cumulative capacity of WP installed
in China accounted for a record high of 35.7% of the total globally,
ranking first.

China’s WP development has attracted worldwide attention. To date,

a high volume of literature has reported on country’s WP status,
development and policies. For instance, He et al. [9], Xu et al. [10], Zhao
et al. [11], and others [12,13] studied the development of onshor-
e/offshore WP in China. Kang et al. [14], Zhang et al. [15], Zhou et al.
[16], Lu et al. [17], and others [18-21] analyzed China’s WP policy,
development and challenges. Lin et al. [22], Lam et al. [23], and Ru et al.
[24] studied the innovation capabilities of China’s WP industry and
found that they are relatively low and that national policies, WP
deployment and feed-in tariffs have a great impact on China’s WP
technological innovation. Dai et al. [25] performed a comprehensive
assessment of the development of China’s WP industry and found that it
is still facing many challenges. McElroy et al. [26] studied the devel-
opment potential of WP in China and found that the country’s WP ca-
pacity will reach 640 GW. In addition, some studies have examined the
globalization of China’s WP. For example, Zhang et al. [27] and Tan
et al. [28] studied the internationalization of China’s WP. Zhao et al.
[29] performed a comparative assessment of the performance of foreign
and local WT manufacturers in China and identified their competitive
advantages and disadvantages in the Chinese market. Additionally, Zhao
et al. [30] studied the impact of international forces on the Chinese WP
industry and found that the international cooperation subsystem, joint
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Units and nomenclature

MW Megawatt
GW Gigawatt
TWh TeraWatt Hour

research and development and information sharing provide both finance
and technologies for the entire Chinese WP industry. Lema et al. [31]
and Zhou et al. [32] found that China’s WP has a low level of innovation
and technology through research on the innovation path of WP and
quantitative analysis of the knowledge base of WP firms in Asia and
Europe; however, they also noted that China is constantly improving its
innovation ability through mergers with European enterprises.
Lacal-Arntegui [33] found that the globalization of WP has greatly
promoted the technological progress of Chinese WP enterprises. Lema
et al. [34] studied China’s impact on the global WP industry considering
five categories of power, launching a new field focused on the WP in-
dustry to study the impact of China’s rise on the changing global land-
scape. However, outside of this example, few studies focus on the role,
status, and impact of China on the development of global WP. In
particular, there is a lack of research on China’s WP development from
the perspective of globalization.

Therefore, this study focuses on the role, status and impact of China
on global WP development. More importantly, as its major innovation,
this study examines the role and impact of individuals on overall
development from the perspective of globalization. By establishing a
multifactor model and selecting several important factors for analysis,
this study performs a comprehensive evaluation of China’s role, status,
and impact on global WP development. This study fills a research gap in
this field and provides a reference for researchers and investors to better
understand China’s situation for the rational investment in and devel-
opment of China’s WP.
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2. Research methodology

There are many factors that determine the international role and
status of a country’s WP (as shown in Fig. 2), and some of these factors
are interrelated and mutually restricted. Therefore, it is difficult to
establish a comprehensive analytical model to accurately analyze the
international role and status of China’s WP in the development process
of global WP. To solve this problem, this paper analyzes the various
factors that determine the international role and status of WP and the
linkages and constraints among these factors. It selects several factors
that have a great impact on the status of China’s WP in the world for
detailed study, such as China’s import and export of WTs, the average
generation by WTs in major WP countries and the comprehensive
capability of WP generation in China.

Through public reports, scientific articles, news, microblogs, gov-
ernment policies, the annual reports of companies and other publicly
available information, necessary data can be collected. Then, the data
can be classified, screened, summarized, compared, analyzed and stan-
dardized. Finally, based on the comprehensive impact of various factors
and examines China as one part of the world, the role, status and impact
of China on the development of global WP can be elucidated and
determined.

3. WP development in China and globally

Over the past two decades, as the energy crisis, environmental
degradation and greenhouse gas emissions have intensified, the global
development of clean energy has received increasing attention. Among
the numerous clean energy sources, the development of WE has been
particularly rapid, which is reflected not only in the installed capacity
but also in the growth rate (GR), the maximum WT size and the average
installed capacity of WTs.

3.1. Installed capacity of WP in China and globally

Although the Kyoto Protocol was adopted in December 1997, it
entered into force in February 2005 [35]. During the period prior to
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Fig. 1. Distribution of WP installed around the world.
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Factors that determine the international influence and status of wind power
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Fig. 2. Factors that determine the international role of WP and their interrelations.

2005, WP development globally and in China did not show significant
growth, but after 2005, it began to rapidly develop worldwide (Fig. 3).
The new wind power installed capacity (WPIC) of global increased in all
years except 2013, 2016, 2017 and 2018. In 2015, the new WPIC
globally and in China reached a peak of 63.63 GW and 30.75 GW,
respectively [36]. Subsequently, the new WPIC of global decreased for
three consecutive years. In 2018, the new WPIC globally and in China
was 51.32 GW and 23.00 GW [37], respectively, an increase of —2.24%
and 16.99% over the 2017 level. By the end of 2018, the cumulative
WPIC globally and in China reached 591.55 GW and 211.39 GW,
respectively [37,38]. As a result, since 2000, the average annual GR of
WP globally and in China has been 21.64% and 42.82%, respectively.
The GR of WP in China is almost twice that of wind power worldwide.

According to China Wind Energy Association (CWEA) data, China’s
WP has experienced explosive development. In the period under study,
the GRs of both the new and cumulative installed capacity of China’s WP
were much higher than the global average. China’s GR for new WPIC
and total WPIC achieved maximum of 157% and 130%, respectively,
whereas globally, these maximum GRs were only 43.3% and 31.8%,
respectively. Due to the explosive development of China’s WP industry,
in 2010, China became the top ranked country globally for total WP
capacity [53]. In the same year, China’s new WPIC accounted for 48.5%
of the global total, and in 2010, China abolished its localization policy to
attract foreign investment [54]. Since China became the largest country
in wind power installed capacity (WPIC) in 2010, the country’s new and
accumulated WPIC have consistently ranked first in the world, and 2018
was no exception (as shown in Fig. 4).

3.2. Maximum size of WTs in China and globally

To reduce equipment costs, improve the utilization of land and
obtain more wind energy, development is trending towards large-scale
single-unit capacity WTs (as shown in Fig. 5). All major WP countries
are competing to develop large-scale WTs, and to some extent, the
maximum unit size of WTs reflects a country’s WP technology level. At
present, the maximum WT that has been installed or will be installed
worldwide (agreement reached but not yet installed) is 9.5 MW [55], but
the maximum WT that has been installed or will be installed in China is
only 7.25 MW [56]. Although Goldwind has released 8 MW WT [57],
they are still far from formal installation. Meanwhile, the 10 MW WT
produced by MHI Vestas has obtained product quality certification and
will be officially installed for commercial use in 2021 [58]. The proto-
type of the Haliade-X 12 MW WT developed by GE is undergoing pre-
installation preparations at the Port of Rotterdam in the Netherlands
[59]. From this perspective, there is still a large gap in the maximum WT
unit size between China and other countries, although this gap has been
gradually narrowing since 2000.

3.3. Average unit size of WTs in China and globally

In 2017, the average size of new installed WTs globally passed 2.5
MW for the first time [60], reaching 2.525 MW (Fig. 6). However, the
average rated capacity of new turbines installed in China is only 2.111
MW, which is lower than the global average, only slightly higher than
that of India, and lower than that of other major WP countries. Among
the world’s major WP countries, the average size of new installed WTs in
the UK is the largest. The average unit size of WTs in three coun-
tries—China, the US and India—is lower than the global average, but the
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Fig. 3. Installed capacity of WP in China and globally: 2001-2018.
Source: Based on data from [36-52].

total WPIC in these three countries accounts for a large proportion of the
global total. Therefore, the average size of new installed WTs in China,
the US, and India greatly reduces the global average unit size of new
installed WTs. In 2018, the average rated capacity of new installed WTs
in the US surpassed the global average, promoting an increase in the
average size of new installed WTs worldwide. However, the average
rated capacity of new installed WTs in China and India is still lower than
the global average. Because the new installed capacity of WTs in China
and India together accounts for 49.1% of global new installed turbines, it
ultimately dropped the average size of new installed WTs globally to
below 2.5 MW in 2018, 2.452 MW [61]. Among the world’s major WP
countries, the average size of new installed WTs in Germany, Denmark
and the UK has surpassed 3.75 MW, and it is expected to reach 4 MW in
2019. In particular, the UK is likely to be the first country to break

through 4 MW with regard to the average size of new installed WTs.
Meanwhile, the average size of China’s new installed WTs is only 55.5%
that of the UK, representing a large gap.

4. The impact of China on the global WP growth rate

China’s WP development is part of global WP development. Due to
the strong support of the Chinese government, the proportion of China’s
WP in global WP is rising rapidly. The development of China’s WP is
inseparable from the development of global WP, and the rapid devel-
opment of WP in China has also increased the GR of global WP.



S. Zhang et al.

Rest of the world
14.71%

Canada 1.10%
Sweden 1.40%__ -
Mexico 1.81%_—{

France 3.05%

UK 3.70%

Germany 6.

(a) Share of new WPIC

Fig. 4. Top ten share of the global wind market by the end of 2018.
Source: Based on data from [38].

10 4

—e— Foreign —— Chinese

Maximum Wind Turbine Unit Size (MW)

0 —

Renewable and Sustainable Energy Reviews 127 (2020) 109881

Rest of the world

15.54%
Italy 1.71%
Canada 2.17%___
Brazil 249% |

France 2.59%

Spain 3.89%

(b) Share of cumulative WPIC

9.5

v o T .s

2002 2004 2006 2008

2010

2012 2014 2016 2018 2020

Fig. 5. Maximum WT unit size.

4.1. Proportion of China’s WP in global WP

Since entering the new century, the proportion of China’s WP in
global WP has increased annually (as shown in Fig. 7). Before 2003,
China’s WP represented a very small share of the global market, with
both new and accumulated WPIC accounting for less than 2% of the
global total. To promote the domestic WP manufacturing industry, the
Chinese government implemented a localization policy for the conces-
sion project initiated in 2003 [27], and this policy stipulated that the
localization rate of WP equipment in the construction of wind farms
should not be less than 50%. This percentage was raised to 70% in the
Notice on the relevant requirements of WP construction management
issued by the National Development and Reform Commission in 2005
[62]. Meanwhile, to accelerate the development of renewable energy in
China and to respond to the call for energy conservation and emission
reduction in the Kyoto Protocol, the Chinese government promulgated
the Renewable Energy Act in 2005, which came into force the following
year [63]. Supported by a series of incentive policies from the Chinese
government, China’s WP has developed rapidly, China’s WP technology
has gradually matured, and China has realized the localization of WTs
and the cost of production, manufacturing and transportation of WTs in
China dropped significantly. Eventually, under the influence of many

factors such as policies and the cost decrease, the proportions of China’s
new and accumulated WPIC in the global totals have rapidly increased.

The financial crisis of 2008 seriously affected the global economy
and the development of WP in different countries to varying degrees
[34]. Because China was less affected by the financial crisis and because
it had the strong support from the Chinese government, its WP devel-
opment was only slightly affected. In 2008, China’s new WPIC ranked
second worldwide [64]. In the following year, China exceeded the
United States in new WPIC, becoming the country with the greatest new
WPIC globally [53]. That same year, China’s cumulative WPIC sur-
passed that of Germany, making it second only to the United States.
China then surpassed the US in 2010, making it the country with the
greatest cumulative WPIC globally [40], a position it holds today. In
2018, China’s cumulative WPIC accounted for 35.73% of the global
total, and it represented more than one-third of the global WPIC for four
consecutive years. China has become an indispensable force in the
development of global WP.

4.2. China’s impact on the growth rate of global WP

In different periods of global WP development, China’s WP has
accounted for a varying proportion of global WP, and the impact of
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China on global WP development has also varied. The difference be-
tween the proportion that China’s cumulative WPIC and new WPIC
represent in global totals reflects the impact of China on the GR of global
WP at different stages, that is, whether it increases or decreases the GR of
global WP. Additionally, the difference in the GR of global WP when
including China and excluding China reflects the extent of China’s
impact on the GR of global WP (Fig. 8 a). Before 2003, China’s cumu-
lative WPIC accounted for a higher proportion of the global total than
China’s new WPIC accounted for in global new WPIC, and China low-
ered the global average GR. However, at that time, China’s new WPIC
accounted for a small proportion of the global total; thus, its impact on
the GR of global WP was small. After China implemented the localiza-
tion policy for wind farm construction in 2005, the proportion of China’s
new and cumulative WPIC in the respective global totals increased
rapidly. However, the proportion of China’s cumulative WPIC globally
has increased at a slower rate than that of China’s new WPIC globally,
and the difference between the two is gradually increasing, which means
that China is having a gradually increasing impact on the global GR of
WP.

During the rapid development period of 2005-2010, the proportion
of China’s new WPIC in the global total increased from 4.4% in 2005 to
48.5% in 2010, and the proportion of China’s accumulated WPIC in the
global total increased from 2.1% in 2005 to 22.6% in 2010. The dif-
ference between the two increased gradually. In 2010, the difference
between the proportion of China’s new WPIC in the global total and that
of China’s cumulative WPIC in the global total reached a maximum of
25.9%, which means that the impact of China on the GR of global WP
reached a peak (Fig. 8 b). China has increased the GR of global WP by
9.5% points, representing an increase of 63.1%. Due to the large-scale
abandonment of WP caused by the power grid failure in 2011 [65],
China’s new installed WP capacity declined sharply, and China’s
contribution to global WP growth decreased accordingly. Meanwhile,
the “price war” caused by overcapacity has also harmed China’s WP
industry: “There is no minimum, only lower” is a phrase that vividly
portrays the price war at that time; thus, 2012 is called the “cold winter”
of China’s WP industry [66]. Nonetheless, China continued to contribute
to the increase in the GR of global WP. In that year, the GR of global WP
including China increased by 0.7% points more than the GR of global
WP excluding China, with an overall increase of 3.9%. As the global
cumulative WPIC increases, the GR of global WP decreases. The differ-
ence in the GR of global WP including China and that excluding China is

also decreasing, but China still plays a significant role in promoting the
growth of global WP.

5. Import and export of WTs in China

China’s WP market is large, and the import and export of WTs in
China will have a great impact on global WT enterprises. The develop-
ment of China’s WP has undergone a transition from relying on imports
to achieving continuous exports. Due to the low price and certified
quality of China’s WTs, it quickly occupied the local market and caused
most foreign WT manufacturers to withdraw from the Chinese market.
Meanwhile, with the increasing export scale of China’s WTs, the impact
of China’s WP on the global market is growing.

5.1. The import of WTs in China

The turbines used in the early stage of China’s WP development were
mostly imported. In 1985, China installed its first WT [67], and its WP
industry began to develop. Prior to 2001, more than 90% of WTs in
China were imported, but there was also only a small market for WP in
China at that time, and the capacity of imported WTs in China was small.
With the rapid development of China’s WP industry, the capacity of
imported WTs in China began to increase. However, China’s WP imports
did not experience explosive growth mirroring the development of
China’s WP industry because imports were hindered by China’s locali-
zation policy and local WP companies began to emerge. Meanwhile, the
share of imported WTs in the Chinese market declined sharply due to the
large number of local WP enterprises emerging and seizing the market.
In 2001, the shares of cumulative and new imported WTs in the Chinese
market were 90.74% and 91.43%, respectively, but they fell 77.40% and
69.95% by 2005 (Fig. 9). Following the period of exponential develop-
ment in China’s WP industry (2005-2010), the shares of cumulative and
new imported WTs in the Chinese market were only 17.50% and 8.47%,
respectively, by the end of 2010. Thus, the incentive policy for WP
development promulgated by the Chinese government benefited the
development of local but not foreign WT enterprise development in
China.

By the end of 2018, the cumulative capacity of imported WTs in
China was 15.38 GW, and the share of cumulative imported WTs in the
Chinese market was 7.28%; the capacity of new imported WTs in China
was 0.975 GW, and the share of new imported WTs in the Chinese
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Fig. 7. The proportion of WP in China to that worldwide.

market was only 4.24%. The fierce competitive environment, price wars
and the protection of local WP enterprises by the Chinese government
forced many foreign WP enterprises, such as Suzlon, REpower and Zond,
to withdraw from the Chinese market. At present, except for Vistas, GE
and Siemens, it is very difficult for foreign WP enterprises to obtain
orders in China, and the era of foreign WTs dominating the Chinese WP
market has ended.

5.2. China’s WT export

In 1999, the Chinese government initiated the “go international”
strategy [32]. However, in the early stage before 2007, China’s WP

development was slow, and all of its WTs were used in the domestic
market. In 2007, Huayi Wind Energy exported three WTs to Chile [68],
with a total export capacity of 2.34 MW, marking the first step in Chi-
nese WT export. However, the export of Chinese WTs did not grow as
rapidly as the development of China’s WP. In contrast, it has been very
difficult for China to export WTs, and the share of Chinese WT exports in
the global market (excluding China) is very small. Before 2010, the
annual export capacity of Chinese WTs was less than 0.15% of the global
market (excluding China), and the total exported capacity was less than
0.4% of the global market (excluding China). It was not until 2011 that
Chinese WTs export capacity surged, reaching 692 MW in 2013 [45] and
accounting for 3.51% of the global market (Fig. 10). In the three years
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from 2011 to 2013, the export capacity of Chinese WTs showed a rapid
growth trend; thus, 2011 represents the commencement of the inter-
nationalization of Chinese WT manufacturers [69]. However, this boom
period did not last long, and the export capacity of Chinese WTs dropped
sharply after 2013. Although it increased later, to date, the peak ca-
pacity of Chinese WT exports remains at 692 MW. By the end of 2018,
China’s total exported WP capacity was only 3.58 GW [37], which is less
than 1% of the global market (excluding China).

Although the export capacity of Chinese WTs is small, the export
markets for Chinese WTs are increasing rapidly. Chinese WTs exported
to only 1 country in 2007 but exported to 19 countries in 2011. By the
end of 2018, the export market of Chinese WTs reached 34 countries (as
shown in Table 1). Among them, the United States is the largest export
market for Chinese WTs, with a cumulative capacity of 552 MW, ac-
counting for 15.38% of China’s cumulative WP export capacity. Addi-
tionally, Australia and Pakistan account for 14.31% and 11.9% of
China’s WP cumulative export capacity, respectively. Unlike the situa-
tion of Chinese WTs in the global market, the share of Chinese WTs in

different export markets varies. Take the United States, Australia,
Pakistan, India and South Africa as examples. The share of Chinese WTs
in the US market is less than 1%, only 0.57% (in 2018, the cumulative
installed capacity of WP in the United States was 96.67 GW [37]);
similarly, the share of Chinese WTs in the Indian market is also small,
only 0.32% (in 2018, the cumulative installed capacity of WP in India
was 35.13 GW [37]). However, compared with China’s market share in
the United States and India, Chinese WTs accounted for a larger share of
the market in Australia, South Africa and Pakistan, at 9.58%, 14.34%
and 59.14%, respectively. Notably, the installed capacity of WP in these
countries is small: the total capacity of WP in Australia, South Africa and
Pakistan is 5.36 GW, 2.09 GW and 0.72 GW, respectively.

Clearly, Chinese WTs have not been recognized in major WP coun-
tries around the world, their market share in major WP countries is
extremely small, and their influence is extremely limited. However,
Chinese WTs have a higher market share and a greater influence in some
countries with a small WPIC, which may be related to the relatively low
cost of Chinese WTs and the smaller demand for WTs in these countries.
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Fig. 10. China’s WT export capacity and its share in the global market.
Table 1
Export countries and cumulative export capacity of Chinese WTs through 2018 [38].
N Country Accumulated (MW) % Share N Country Accumulated (MW) % Share N Country Accumulated (MW) % Share
1 USA 552 15.38 13 Chile 77 2.15 25 Ecuador 17 0.47
2 Australia 513.5 14.31 14 Mexico 70 1.95 26 Belarus 9 0.25
3 Pakistan 427 11.90 15 Bulgaria 52 1.45 27 Kazakhstan 7 0.20
4 South Africa 299 8.33 16 Brazil 51.5 1.44 28 Finland 5 0.14
5 Panama 270 7.52 17 Romania 50 1.39 29 Cuba 5 0.14
6 Ethiopia 224 6.24 18 Iran 50 1.39 30 Morocco 4 0.11
7 Turkey 141.7 3.95 19 Montenegro 46 1.28 31 UK 4 0.11
8 Sweden 134 3.73 20 Philippines 40 1.11 32 Denmark 4 0.11
9 Thailand 122 3.40 21 France 37 1.03 33 Bolivia 3 0.084
10 India 111 3.09 22 Spain 36 1.00 34 Uzbekistan 1 0.028
11 Italy 92 2.56 23 Russia 35 0.98 Total 3581 100
12 Argentina 78.4 2.19 24 Cyprus 20 0.56
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Considering the number of exporting countries, the export markets and
international influence of Chinese WTs are increasing. However, judging
from the export capacity of Chinese WTs, the internationalization of
Chinese WTs is still far many years away. The proportion of Chinese WTs
in the global WP market (excluding China) is still small, and the market
shares of Chinese WTs in major WP countries are also small. In other
words, Chinese WTs have limited international influence in global and
major WP countries but have a greater influence in a few countries with
a small WPIC. However, in the long run, with the further improvement
of the quality of China’s wind turbines, its export capacity will increase,
and the prices of global wind power will be reduced by that time.

5.3. Domestic sales rate and share in the domestic market of Chinese WTs

The accumulated market share of Chinese local WP enterprises was
less than 20% before 2005, but this proportion began to increase with
the implementation of a series of Chinese government policies to
encourage the development of local WP enterprises. At the end of 2010,
local Chinese enterprises held 91.4% market share for new WPIC and
82.5% market share for accumulated WPIC (Fig. 11). In 2010, the new
WPIC in China was 37.34 times that in 2005. In just six years, the total
WPIC in China reached 43.468 GW, of which Chinese local enterprises
represented an installed capacity of 36.622 GW, with a market share of
84.25%. Since then, the share of local WTs in the Chinese market has
remained high, and the market share of local WTs in new installed WTs
has remained above 90% every year, reaching a maximum of 98.35%.
By the end of 2018, local WTs accounted for 92.72% of the cumulative
WPIC in China, holding a dominant position. Among China’s local wind
turbine manufacturers, seven large wind turbine manufactur-
ers—Goldwind, United Power, Mingyang, Huarui, Envision, Dongfang
Electric and ShangHai Electric—account for 68% of the domestic market
[38]. Goldwind ranks first, with 23.65% of the domestic cumulative WP
market.

This enormous installed capacity in the domestic market has enabled
China to accumulate rich experience in the production, manufacture,
and installation of WTs, but it has not increased export orders. Since the
first export in 2007, the export capacity of Chinese WTs has remained
relatively small. In other words, most WTs produced by Chinese local
manufacturers are installed domestically. Approximately 98% of the
WTs manufactured annually by Chinese manufacturers are used in the
domestic market, and the utilization rate of local Chinese WTs was the
lowest in 2013 (95.63%). By the end of 2018, 98.23% of the cumulative
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WTs produced by Chinese manufacturers were used in the domestic
market. Therefore, we have reason to believe that China is a country that
is dependent on its domestic market and that Chinese WT manufacturers
are regional rather than international enterprises. Although more than
half of the top 15 WT manufacturers worldwide were from China in
2018 [60] (as shown in Table 2), they have benefited from China’s huge
domestic market but have not changed the status quo for Chinese WT
manufacturers, which find it difficult to sell outside of China. According
to a CWEA report [38], only four Chinese WT manufacturers achieved
exports in 2018, Goldwind, Envision, Dongfang Electric and Sinovel,
with a total export capacity of 376 MW. Among them, Goldwind’s
installed capacity of WTs in 2018 was 6707.2 MW, ranking second in the
global market and first in the Chinese market, but the export capacity of
its WTs was only 274 MW, which means that 95.91% of the WTs pro-
duced by Goldwind were used in the domestic market. Similarly, the
installed capacity of Envision’s WTs was 4180.5 MW in 2018, ranking
fifth in the global market and second in the Chinese market, but its
export capacity was only 75 MW, and 98.21% of WTs produced by this
manufacturer were used in the domestic market. Other Chinese WT
manufacturers that entered the top 15 of the global market in 2018 have
not achieved exports, and all of the WTs they produce are used in the
domestic market.

From the first WT export to the end of 2018, a 12-year period, the

Table 2
Top 15 WT manufacturers globally and their market share in 2018 [60].

Market share ranking Manufacturer Country Share (%)
1 Vestas Denmark 20.3
2 Goldwind China 13.8
3 Siemens Gamesa Spain 12.3
4 GE Renewable Energy USA 10.0
5 Envision China 8.4
6 Enercon Germany 5.5
7 Mingyang China 5.2
8 Nordex Acciona Spain 5.0
9 United Power China 2.5
10 Sewind China 2.3
11 Suzion India 1.8
12 Senvion Germany 1.8
13 Windey China 1.7
14 CSIC Haizhuang China 1.6
15 XEME China 1.1
Total of top 15 93.3
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Fig. 11. Domestic sales rate and domestic market share of Chinese WTs.
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total capacity of export WTs was 3.58 GW, indicating the difficulty in
exporting them. The fierce competition, price war and the local pro-
tectionism in the Chinese WP market decreased the market share of
foreign WT enterprises in China. Meanwhile, Chinese WTs have poor
reliability and low recognition globally, ultimately creating a situation
in which “Chinese enterprises find it difficult to go out, and foreign
enterprises find it more difficult to enter”. However, the international
market cannot be circumvented [70], and a single target market is not
conducive to the development of WP manufacturing. Chinese WP en-
terprises face many problems and shortcomings, such as high supply
chain costs, long capital cycles, and overcapacity. In 2018, the National
Energy Administration issued a notice on “Configuring and Determining
the Electricity Price through Competition” [71], which indicates that
China will soon realize the same price for WP and thermal power. The
promulgation of this policy will force Chinese WP enterprises to reduce
WP costs in a relatively short time; otherwise, they will find it difficult to
survive. Currently, Chinese WT manufacturers are actively seizing the
market and maximizing their market share, but increasing domestic
competition has forced domestic WT manufacturers to expand overseas.

6. The level of WP generation

By analyzing the WP generation capacity, the proportion of WP in
the power consumption and the average power generation capacity of
WTs in a country, the development potential of WP and the compre-
hensive capacity of WP generation in that country can be obtained,
which is conducive to guiding the development of WP.

6.1. Power generation and WP generation in major WP countries

In the development of modern society, all countries attach great
importance to the development of electric power. According to the “BP
Statistical Review of World Energy June 2019” report, in 2018, global
electricity production reached 26614.8 TWh [72]. Meanwhile, the
proportion of WP in the global power structure is still low, representing
only 1270.0 TWh in 2018 and accounting for 4.77% of the global total,
less than 5%. To promote the development of the new energy industry,
many countries have formulated policies: the New Tax Reform Act in the
US retains the “Production Tax Credit” to reduce the tax credit for WP
[73,74]; Germany approved a plan to reform renewable energy laws to
facilitate bidding and to increase WP deployment in 2016 [75,76]; the
Spanish government is encouraging foreign companies to transfer their
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production bases to Spain and provides financial subsidies for localized
WP projects [76,77]; and Denmark provides long-term financing and
guaranteed loans for projects using Danish WTs and low-interest loans
for WT technology research [78,79]. As the largest country in terms of
WPIC, China has also implemented a series of policies to encourage and
support the development of its WP industry, such as the National Stra-
tegic Emerging Industries Development Plan of the 13th Five-Year Plan
[80], the 13th Five-Year Plan for Renewable Energy Development [81],
the 13th Five-Year Plan for WP Development [82], the Notice on the
Establishment and Improvement of the Renewable Energy Power Con-
sumption Guarantee Mechanism [83], the Notice on Improving the WP
On-grid Price Policy [84], the Notice on the Green Industry Guidance
Catalogue [85], and others [86-88]. The implementation of these pol-
icies is gradually improving and promoting the development of WP in
China.

Currently, China is the world’s largest producer of electricity and of
WP. In 2017, China’s electricity production reached 6495.1 TWh [89],
accounting for 25.4% of the global total (Fig. 12), and China’s WP
production reached 286.1 TWh [90], accounting for 25.5% of the global
total (Fig. 13). This marks the first time that the global proportion of
China’s WP production exceeded the global proportion of China’s
electricity production, and both represent more than a quarter of the
global total. In 2018, China’s electricity production reached 7111.8
TWh [72], representing an increase of 7% over 2017, and accounting for
26.72% of the global total, while China’s WP production reached 366.0
TWh [72], representing an increase of 24.1% over 2017 and accounting
for 28.8% of the global total. As shown in Figs. 11 and 12, the proportion
of China’s power generation in the global total has increased steadily,
and the proportion of China’s WP generation in the global total has
increased rapidly with the increase in its cumulative WPIC.

Among the major WP countries and major electricity producers, the
United States, Germany, and Spain have a higher proportion of global
WP production than of global electricity production. Thus, in these
countries, WP has played an important role in promoting electricity
production and increasing the proportion of their electricity production
globally. However, the global share of WP generation in Germany and
Spain is declining sharply. In particular, the global share of WP gener-
ation in Spain fell from 20.34% in 2005 to 4.01% in 2018. Thus, it ap-
pears that something is hindering the development of WP in Germany
and Spain. Although Russia and Japan rank among the top five world-
wide in terms of electricity generation, WP in these two countries ac-
counts for a small proportion of the global total, less than 1%, which
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Fig. 13. Proportion of WP production in major WP countries.

shows that WP is developing slowly in these two countries. However,
Russia and Japan rank among the top five worldwide in terms of WP
patents, far surpassing China. In particular, Japan has the largest num-
ber of WP patents in the world [6].

6.2. Proportion of WP in the electricity structure of major countries

Although China is the world’s largest producer of WP, the proportion
of Chinese WP in its electricity structure is relatively low (Fig. 14). This
proportion was below the global average prior to 2017, reached the
global average in 2017 and slightly exceeded the global average in 2018.
Among the major WP countries, Denmark has the highest proportion of
WP in its power structure, and it is much higher than that in other
countries, followed by Spain, Germany and the UK. In 2017, the pro-
portion of WP in Denmark’s total power generation was 43.6%, which is
a record high [91]; in 2018, this proportion dropped to 41% [92]. The
proportion of WP in Spain’s power structure is relatively stable, and in
2010-2018, it remained at 15%-20%. The proportion of WP in the
power structure of the United Kingdom and Germany increased rapidly
in 2010, reaching 6.08% and 2.69%, respectively, but increasing to

17.20% and 17.10% by 2018. Apart from these countries, the proportion
of WP in the electricity structure of other major WP countries is less than
10%, and in China, this proportion was only 5.15%. According to the
analysis and forecast of the International Energy Agency, the proportion
of WP in Denmark’s power structure will exceed 50% by 2020; the
proportion of WP in Spain’s power structure will peak at approximately
20%, and the proportion of WP in Germany’s power structure will sur-
pass 20% [93]. According to the US Department of Energy, WP will
account for 10% of US total by 2020 [94]. The goal of China’s 13th
Five-Year Plan for WP Development is for the proportion of WP in
China’s power structure to reach 6% by 2020 [82]. In the proportion of
WP in the power structure, there is a large gap between China and other
major WP countries. However, this gap also indicates that China’s WP
has much room for development compared to other major WP countries.

6.3. The average power generation of WTs in major WP countries
The average power generation of WTs is determined by numerous

factors, such as wind resources, WT quality, wind farm management and
grid infrastructure, and these are a direct reflection of the
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Fig. 14. Share of WP generation in the power structures of major WP countries.
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comprehensive capacity of WP generation in a country. The larger the
average power generation of WTs is, the higher the comprehensive ca-
pacity of WP generation in a country. With the development of the
global WP industry, the average power generation of WTs in the world is
constantly improving (as shown in Fig. 15). Among the major WP
countries, Denmark, the United States and the United Kingdom have
consistently held the leading position in the average power generation of
WTs, which is far higher than the global average. This once again
demonstrates that in terms of the comprehensive capacity for WP gen-
eration, Denmark, the United States and the United Kingdom are the
global leaders. However, the average power generation of WTs in China
is low, being lower than not only the global average but also the aver-
ages of all other major WP countries. Thus, the comprehensive capacity
of WP generation in China is very low, and the total amount of electricity
produced by a WT in China is supported by the huge installed capacity of
WTs. At present, China’s WP generation is still in the stage of winning by
“quantity” rather than “quality”. Strong WP countries such as the United
States not only have the advantage of “quantity” but also have higher
“quality” WP generation. However, although strong WP countries such
as Denmark and the UK do not have a huge installed capacity of WP,
they do have a higher comprehensive capacity of WP generation. Thus, it
becomes clear that judging whether a country is a powerful WP country
or not is more concerned with the “quality” than with the “quantity” of
WP generation. Therefore, China must improve its comprehensive ca-
pacity for WP generation to become a strong WP country and not just a
large WP country.

The low average capacity of WP generation in China is the result of a
combination of factors. For example, with the backward technology and
high failure rate of China’s WTs, the average downtime of domestic WTs
is longer than that of WTs produced by strong WP countries; China’s
“Three North” region is rich in wind resources, and many wind farms
have been developed and constructed. However, the economic devel-
opment of the “Three North” region is backward, and the power con-
sumption capacity is insufficient. At the same time, the grid’s capacity to
accept WP is insufficient, and the cross-regional transmission capacity is
poor. To prevent large-scale power failure and to ensure the stability of
the grid, WP must be reduced in large quantities. Notably, however,
China is actively encouraging the development of distributed WP and
offshore WP. At the same time, China is also boosting grid construction
and improving the load-bearing and transmission capacity of the grid,
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and these measures will be more conducive to improving the average
capacity of China’s WP.

Fortunately, the gap between China and other major WP countries is
gradually narrowing. As shown in Fig. 16, based on the average power
generation of WTs in China, the per unit (p.u.) average power generation
of WTs in other major WP countries is obtained, where China’s p.u.
average power generation of WTs is 1. The p.u. average power genera-
tion of WTs in other major WP countries is continually approaching 1,
which means that the gap in the average power generation of WTs be-
tween China and other major WP countries is decreasing and that the
gap in the comprehensive level of WP generation between China and
other major WP countries is also decreasing. The function fitting of p.u.
values for the average power generation of WTs in major WP countries
shows that the average power generation of WTs in China will reach the
global average level as soon as 2025 based on the current development
trend in WP. However, China still has a large gap with strong WP
countries. By 2038, the average power generation of WTs in China will
be equal to that of the United States, but it will still fall short of the
average power generation of WTs in Denmark and the UK. Therefore,
China still has a long way to go before becoming a strong WP country.

7. Future prospects of WP in China

After more than 30 years of development, China’s WP has gradually
matured, and China has become one of the leaders in the development of
global WP. At present, the development of WP in China and globally
mainly involves onshore WP. However, with the increasing restrictions
on onshore WP and the increasing requirements on the efficiency of
WTs, WP is developing towards large-scale offshore WP.

Compared with onshore WP, the offshore wind speed is 15%-40%
higher, the annual operating hours can reach more than 4000, and the
wind stability is relatively good. Therefore, WTs can output high power
in a stable manner and can generate 50%-70% more power [95].
However, the offshore environment is more complex, and more factors
need to be considered in the development of offshore WP, such as the
impact of waves on WTs [96,97], the erosion of blades in the offshore
salt fog environment [98,99], the distribution and classification of
offshore wind resources [100,101], the wind energy storage of the China
Sea [102,103] and the offshore wind farm management [104,105],
among others. These are urgent problems in the development of offshore
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Fig. 15. Average power generation of WTs (TWh/GW).
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WP. The researches conducted by Zheng et al. [96,106,107] are
important for the development of offshore WP in China, and these re-
searches will provide reference for the wind power plant location and
will be helpful to study the influence of wave impact on offshore wind
turbine foundation. Unfortunately, current research on offshore WP in
China still lags behind that in Europe (such as Denmark and Germany);
thus, China must accelerate research on offshore wind resources, the
marine environment and other factors to better develop the country’s
offshore WP.

Compared with WP related technology research, the installed ca-
pacity of offshore WP in China is growing rapidly. Before 2010, almost
all offshore WP projects were located in Europe; even in 2015, 91.1% of
the global installed capacity of offshore WP was in Europe, with the UK
having the largest offshore WPIC, followed by Germany and Denmark
[48]. By the end of 2018, the market share of the cumulative installed
capacity of European offshore WP had fallen to 79.5% worldwide and
for the first time it was below 80%. Meanwhile, the global market share
of the cumulative installed capacity of China’s offshore WP increased
from 8.38% in 2015 to 19.32% in 2018, and the cumulative installed
capacity reached 4443 MW. The new installed capacity of China’s
offshore WP in 2018 accounted for 38.04% of the global total, reaching
1655 MW [37]. Since 2010, China’s new offshore WPIC has increased at
a compound annual GR of 36.7% and the cumulative installed capacity
is increasing at a compound annual GR of 52.6%. China has become one
of the fastest-growing countries in offshore WP development. The
development of WP in China is also moving in the direction of
large-scale WTs. The future of China’s WP will also be offshore WP. After
China becomes the leader in WPIC, it is expected that China will become
the leader in offshore WP technology.

8. Conclusions

This paper treated China’s WP as part of global WP to elucidate
China’s role, status and impact on global WP development. It found that
China’s role, status and impact on global WP development have un-
dergone tremendous changes with the development of WP globally and
in China. After the Kyoto Protocol entered into force, WP, both globally
and in China entered a rapid development period. However, the devel-
opment of WP in China has been faster than that globally. The propor-
tion of China’s accumulated WPIC in global WP increased from 1.59% in
2001 to 35.7% in 2018, and the total installed capacity and new
installed capacity rank first. China has transitioned from a small WP
country to an indispensable force in WP development.
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The rapid development of WP in China has spawned a large number
of local WP enterprises, which have seized much of the domestic market,
forcing many foreign WP enterprises to withdraw from the Chinese
market. China’s WP has realized the transformation from relying on
imports to achieving continuous exports. Unfortunately, China’s WTs
have low recognition globally, and the share of Chinese WTs in the in-
ternational market is less than 1%. Therefore, at present, the impact of
China’s WP on the global WP market is very limited. However, the
development of WP in China has greatly promoted the growth of WP
worldwide. Under the influence of China, the GR of global WP has
increased by a maximum of 9.5% points, for an increase of 63.1%. The
rapid development of WP in China has given confidence to the global WP
industry and triggered a wave of WP development in more countries. It
is believed that with the expansion of China’s WT export scale, the
impact of China’s WP on the global WP market will increase, causing the
global WP price to drop due to the low price of China’s WTs.

At present, China’s WP is still in the stage of winning by “quantity”
rather than “quality”. The maximum WT unit size of China is small, the
average rated capacity of new turbines installed in China is below the
global average, and the average power generation of WTs in China is
lower than that in other major WP countries. Compared to the world’s
major WP countries, the technology level of China’s WP technology is
lower. Fortunately, the gap between China’s WP and that of other major
WP countries is gradually narrowing. After more than ten years of
development, China has become a large WP country and a global WP
leader. Currently, China is striving to meet the goal of becoming a strong
WP country. If China can overtake at a bend in the development of
offshore WP, then it will truly become a strong WP country, it will have a
greater impact on the development of global WP, and the development
of global WP will follow China’s lead. However, before this happens, the
development of WP in China will face more difficulties and challenges.
Nonetheless, we should have full confidence in China’s ability to face
these issues.

In summary, China’s WP development has matured, and China has
become one of the global leaders in WP. Meanwhile, the rapid devel-
opment of China’s WP has increased the average GR of global WP.
Although the installed capacity of China’s WP ranks first in global,
China’s WP is still in the “quantity” victory stage, and the quality of
China’s WP needs to be improved. Due to the low price of Chinese WTs,
China’s WP has had a huge impact on foreign WT manufacturers and
greatly squeezed the share of foreign manufacturers in the local market.
With Chinese WTs getting more and more recognition worldwide,
China’s WP will have an increasing impact on the international WP
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