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ARTICLE INFO ABSTRACT

Keywords: China promotes the development of the offshore wind industry to reduce CO, emissions, tackle air pollution,
Offshore W.ind commit to the Paris Climate Agreement and develop a strategic emerging industry. The installed capacity of
Energy policy offshore wind power in China reached 4445 MW in 2018 which was ranked third in the world. Big developers

Fénlemma dominated the offshore wind energy market with domestic turbines. Many projects are under construction. The
overnance . . . . . . . . . .

Wind energy offshore wind industry in China has experienced four stages of price policy: demonstration, concession, feed-in
Subsidy tariff and market-oriented competition policy. Nevertheless, it is impossible to expand the installed capacity,
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lower the on-grid price (cost) and reduce the subsidy for the offshore wind power industry at the same time.
This is the trilemma (impossible trinity) that needs to be addressed by the price policy. In the past decade, China
has implemented an evolving price policy, i.e., a system and mechanism that encourage firms to invest in the
offshore wind industry to expand the capacity of the industry by setting price and providing subsidy and other
benefits. An overall evaluation based on the indicators of installed capacity, price, subsidy, spatial distribution,
technology and industrial linkage shows that the price policy has been effective in balancing capacity, price and
subsidy up to now. However, lowering the price and reducing the subsidy will be the major challenges that China
has to overcome in the coming years in order to sustain its current growth trend. To boost the development of its
offshore wind industry further, China needs to implement a market-oriented competition price policy and
mechanism, learn from the experience of price policy evolution in European countries and open the market to

foreign investors.

1. Introduction

Over the past four decades, the Chinese economy has grown at an
average rate of 9.4% a year. China is now the second largest economy in
the world. However, there are urgent and crucial environmental and
resource crises such as carbon emissions, air pollution and energy
shortages that need to be tackled for long term sustainable economic
development. In 2017, China contributed 15.17% of the global GDP [1],
consumed 23.18% of the primary energy [2] and emitted 27.61% of the
CO5, [3] of the world, which was close to the combined emission of the
USA and the EU (27.63%) in the same year. To address these issues and
fulfill its commitment to the Paris Climate Agreement [4,5], China is
transitioning from fossil fuels like coal as an energy source to renewable
energy. Due to its abundant offshore wind energy resource, the National
Development and Reform Commission (NDRC) of China identified
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offshore wind as a strategic emerging industry [6]. The installed ca-
pacity of offshore wind power is expected to reach 5 GW by 2020, which
was set by NDRC in 2016 [7].

Offshore wind power has many advantages over onshore wind
power. Offshore wind speeds are faster and steadier. About 750 GW of
offshore wind power may be harvested at water depths less than 20 m,
which is 3 times as much as that of onshore wind power [8]. In addition,
most Chinese onshore wind power farms are located in the northwest
and north China, far away from the high electricity consumption regions
along the coast. Around 44% of the population lives in and 55% of GDP
is created in the 9 coastal provinces and 2 municipalities including
Guangdong, Fujian, Zhejiang, Shanghai and Jiangsu. Demand for energy
is high but the traditional energy source is lacking in these regions and
the adjacent seas are not as deep as those in Europe [9]. Offshore wind
farms in these regions would help to meet increasing energy demands
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using nearby sources. They also have the advantage of minimal visual
impact as viewed from the land and minimal land use conflicts at
densely populated coastal areas (See Fig. 1).

The first Chinese pilot and commercial offshore wind projects went
into operation in 2007 and 2010 respectively. A decade later, the
installed capacity of Chinese offshore wind power reached 4445 MW in
2018, which was 19.83% of the global capacity and ranked third in the
world (See Fig. 2) following the United Kingdom (34.41%) and Germany
(27.57%). However, compared with China’s No.1 position with 36.38%
of installed capacity of global onshore wind power [10], Chinese
offshore wind power has greater potential for further expansion.
Meanwhile, the on-grid prices (costs) are 0.75 CNY/kWh and 0.85
CNY/kWh for intertidal and inshore offshore wind energy projects in
China respectively [11], which are much higher than the price of 0.52
CNY/kWh (£57.50/MWh) in the UK Contracts for Difference (CfD)
Round two auction in 2017 [12]. In addition, the deficit of the National
Renewable Energy Fund (NREF) had reached 112.7 billion CNY by 2017
[13], which is a heavy burden on power consumers.

Here, the Installed capacity represents the size of the offshore wind
power industry. The Price is the on-grid price (cost) that offshore wind
power developers should be paid. The Subsidy is the financial support
that developers receive from governments and/or public funds such as
the National Renewable Energy Fund (NREF) of China. The installed
capacity, price and subsidy are the three best indicators of the status
quo of the offshore wind power industry and the effectiveness of offshore
wind price policy.

At the initial stage of the offshore wind power industry, expanding
installed capacity, lowering on-grid price and reducing subsidy are the
three major development goals. However, this is a trilemma (impossible
trinity) issue (See Fig. 3) since it is not possible to achieve all three goals
at once; one has to be given up if any two of them are selected. For
example, if the government decides to reduce the subsidy and lower the
price, then the capacity of offshore wind power would cease to grow
since fewer companies would invest in the offshore wind industry.
Therefore, offshore wind power policy should have different priorities
and goals, such as expanding installed capacity and/or lowering price, at
different development stages of the industry and evolve with the market
conditions. In addition, the spatial distribution, technology and in-
dustrial linkage of the offshore wind industry become more important
for solving the trilemma in the long term than the short term. These six
indicators shall be used to assess the effectiveness of Chinese offshore
wind power price policy.

Subsidy and price are the two most important factors that determine
the return on investment of offshore wind developers. However, the
mechanisms of subsidy and price that encourage firms to invest in the
offshore wind industry are different in China from other countries. The
price is paid by grid companies and it should be the result of market
competition, whereas the subsidy is provided by governments and/or
public funds, indicating the degree of government intervention. Mean-
while, subsidy and price are interlinked with each other. If the price

Fig. 1. Shanghai Donghai Bridge offshore wind farm, China.
Source: Xinhua News Agency, http://www.xinhuanet.com//power/2017-11/
15/¢.1121960332.htm. 2017 [accessed February 05, 2020] (see Fig. 1).
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Fig. 2. Top six countries for cumulative offshore wind installed capacity (left

axis) and share of global capacity (right axis) in 2018.
Data source: Global Wind Energy Council (GWEC), Global Wind Report 2018.

Expanding installed capacity

Lowering on-grid price Reducing subsidy

Fig. 3. Trilemma of offshore wind power industry: expanding installed ca-
pacity, lowering on-grid price (cost) and reducing subsidy (government in-
terventions). It is different from World Energy Council’s definition of Energy
Trilemma: energy security, energy equity, and environmental sustainabil-
ity [14].

decreases, the subsidy can be reduced. In addition, if the subsidy is
increased, then the price will drop and the installed capacity will
increase.

Given the fact that the European offshore wind power industry is
entering a subsidy-free era, for example, some European countries, such
as Germany and the Netherlands, have already implemented a subsidy-
free bidding policy [15-17], lowering price and reducing subsidy are
now more critical to the success of the offshore wind industry than
expanding capacity which has been the top priority in China in the past.
Furthermore, as an emerging industry, the offshore wind industry in
China faces many obstacles. 15 internal and external factors, such as lack
of coordination among government departments, insufficient policy
support, were identified as the hurdles that hinder the progress of
offshore wind power industry in China [18]. Therefore, to promote the
development of the wind industry, bold and effective policies, including
price support and non-price support, are necessary [19]. The same is
true in European countries, such as the UK, Germany, Denmark, the
Netherlands and Spain.

Some research on the Chinese policy of renewable energy and the
wind power industry, including the offshore wind power, has been done
by Refs. [19-27]. With the recent rapid growth of the industry, research
on Chinese offshore wind power industry and its policy is booming as
well [9,18,28-32]. However, according to the literature review, previ-
ous studies have focused on factors influencing industrial development
and non-price policies. Price policy, which means that policy sets price
and the market determines capacity [24], has not been investigated
thoroughly. However, price policy plays a key role in addressing the
trilemma issue. The Chinese offshore wind power industry is less mature
than that in Europe. The price policy in China is a system and mecha-
nism that encourage firms to invest in offshore wind industry to promote
the capacity building of the industry by setting price, providing subsidy
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and other benefits. It differs from the Feed-in-Tariff (FiT) and Renewable
Portfolio Standard (RPS) policies in Europe due to distinct differences in
economic and administrative systems in China and Europe.

This paper focuses on the evolution of price policy for offshore wind
power and its effects on the trilemma of expanding installed capacity,
lowering on-grid price and reducing subsidy in China. The paper is
organized as follows. Section 2 is a holistic review of the development of
Chinese offshore wind power industry, including the existing, under
construction and planned projects. In Section 3, the evolution of price
policies from demonstration to concession contract, to FiT policy, and
then to a new competition system introduced in January 2019 is
described. In Section 4, an assessment framework is introduced to
evaluate the evolution of Chinese offshore wind power policy based on
installed capacity, price, subsidy, spatial distribution, technology and
industrial linkage from current and long-term perspectives. In Section 5,
some policy recommendations are provided for the sound and sustain-
able development of offshore wind power industry in China.

2. The development of offshore wind power industry in China
2.1. Existing offshore wind power projects

2.1.1. Installed capacity

Within the past decade, the offshore wind power industry in China
has experienced a rapid growth. Shanghai Donghai Bridge offshore wind
farm, the first commercial wind farm with 100 MW capacity was in
operation in 2010. The total installed capacity in China was only 151
MW in 2010. The growth rate fluctuated from 2010 to 2014. After that,
the offshore wind power industry entered a stable and rapid growth
period, with an annual growth rate of more than 50%. By 2015, the total
installed capacity in China reached 1030 MW. Then by 2018, the total
capacity reached 4445 MW, which was 9 times greater than that of the
year 2013 (See Fig. 4). Jiangsu province and Shanghai accounted for
70.40% and 9.10% of the total capacity respectively [33].

2.1.2. Offshore wind power developers

Unlike onshore wind power, offshore wind power is relatively new
and faces many more challenges. Qualification and permission criteria
to enter the offshore wind industry are much higher. Therefore, the large
State-Owned-Enterprises (SOEs) instead of the small local energy com-
panies gradually entered and dominated the offshore wind power mar-
ket. China Energy Corporation (Guodian before 2017), State Power
Investment Corporation, China Three Gorges Corporation and China
Huaneng Group accounted for 33.97%, 18.04%, 12.94% and 6.97% of
the total market respectively (See Fig. 5) and were the four biggest
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offshore wind developers in 2018 [33] while Guodian Corporation,
Shengneng Group and Donghai wind power company were the biggest
ones in 2015 [34].

2.1.3. Offshore turbine providers

There were 12 offshore wind turbine providers in China in 2018.
Shanghai Electric, Envision, Goldwind, Sinovel were the four biggest
companies among them (See Fig. 6). Their market share was 89.70%, of
which Shanghai Electric accounted for 50.90%. This scenario was quite
different from that of the onshore wind industry. Goldwind was the
biggest turbine provider while Shanghai Electric had a share of only
5.40%, illustrating the significant difference between the onshore and
offshore wind markets. The advantage and dominance of some com-
panies in the onshore wind turbines market did not automatically
transfer into the offshore wind turbines market.

The 4 MW and 5 MW turbines accounted for 52.90% and 4.60%
offshore wind power industry in China in 2018 [33]. While in European
countries, the mainstream turbines were already rated from 6 to 8 MW
in 2017 [35].

2.2. Offshore wind power projects under construction

By September 2018, 23 offshore wind power farms were under
construction in 6 coastal provinces and Shanghai (See Fig. 7). The total
capacities reached 6479.19 MW and increased by 35% over the same
period of 2017. Most of the projects will be completed before the end of
2020, which means China will exceed the target of 5 GW by 2020.

2.3. Latest plan for offshore wind power

At the national level, the wind power development plan for the 13th
Five-Year (2016-2020) was announced by the National Development
and Reform Commission (NDRC) in 2016 (See Fig. 8). According to the
plan, the installed capacity of offshore wind power will reach 5 GW in 5
provinces and 2 municipalities, and the under construction capacity will
reach 10.05 GW by 2020 [7].

With more emphases on the development of emerging industries and
new technologies at the provincial level, some local governments set
new higher targets than originally planned. For example, Guangdong
province increased its installed capacity to 2 GW from 300 MW and 12
GW for under construction from 1 GW [36], and Jiangsu province raised
its targeted installed capacity by 2020 from 3 GW to 3.5 GW [37].

80%
70%
60%
50%

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

mmmm Total intalled capacity

Accrued installed capacity

Growth rate

Fig. 4. Development of Chinese offshore wind power industry: total and accrued installed capacity (left axis) and growth rate (right axis) between 2008 and 2018.

Data source: China wind energy association (CWEA).
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Fig. 5. Top four offshore wind power developers in China and their share of the market in 2018.
Data source: China wind energy association (CWEA), China wind power industry map 2018.
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Fig. 6. Top turbine providers for the onshore and offshore wind industry in
China by 2018.

Data source: China Wind Energy Association (CWEA), Statistics of China wind
installed capacity 2018.

3. The evolution of offshore wind power price policy

The same fundamental policies for renewable energy are applied to
the offshore wind power industry. The most important policy for
renewable energy, the National Renewable Energy Law, was enacted
in 2006 and revised in 2009. The full power purchase policy, price
setting rules and National Renewable Energy Fund (NREF) were put into
law in 2010 [38]. Besides these general policies for renewable energy,
there are policies and regulations specific to the offshore wind power
industry.

The development of the offshore wind power industry lags behind
the onshore wind industry. It follows that there is a similarity between
the evolution of price policies for offshore and onshore wind power.
Nevertheless, the price policy evolution of the offshore wind power in-
dustry has its distinct characteristics.

Price policy of offshore wind power in China has undergone signif-
icant changes in the past decade. Its evolution through four stages from
demonstration to concession contract, to Feed-in-Tariff (FiT) policy, and
then to market-oriented system is summarized in Table 1.

Fig. 7. The number of projects and total capacity (MW) of under construction offshore wind power projects in Liaoning, Hebei, Jiangsu, Shanghai, Zhejiang, Fujian

and Guangdong by September 2018 (From North to South).

Data source: Xu, T (2018). Overview of under construction offshore wind power projects in China. Wind Energy Industry 2018; 9:10-21.
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Fig. 8. National 13th Five-Year (2016-2020) plan for installed and under construction capacity (MW) of offshore wind power in the coastal 9 provinces and 2

municipalities (From North to South).
Data source: China National Development and Reform Commission (NDRC).

Table 1
Four stages of Chinese offshore wind industry price policy: period, objective,
action and result.

Stage Demonstration Concession Feed-in-Tariff Market
Competition

Period Nov. 2007-Sep. Oct. May Jan. 2019-

2010 2010-Apr. 2014-Dec.
2014 2018

Objective  To promote To find the To increase To lower the
green energy actual cost of  the installed price level
and test the offshore capacity by and reduce
equipment and projects and minimizing the subsidy.

technologies. kick off the the
industry. investment
uncertainty.

Action Three Four State- The prices for The
demonstration Owned- projects in the ~ Renewable
projects serving Enterprises intertidal and Portfolio
different won the inshore zones Standard
purposes were contracts and ~ were 0.75and  policy was
put into the bidding 0.85 CNY/ introduced to
operation. prices ranged ~ kWh work with

from 0.6235 respectively. Tradeable

to 0.7779 Green

CNY/kWh Certificate
system.

Result The price was The projects The industry To be

high and was set ~ were delayed developed reviewed.

case by case. for 7 years quickly. The
because the prices were
bidding kept constant
prices were and the deficit
too low of NREF was
aggravated

3.1. Demonstration policy stage

There were three offshore wind projects at different locations at this
stage. On November 28, 2007, the first 1.5 MW offshore wind turbine
began to supply power to an offshore oil platform in Bohai [9]. On May
5, 2008, the first commercial offshore wind power (Donghai Bridge)
project was approved by the National Development and Reform Com-
mission (NDRC) and put into operation on June 8, 2010 with 34 3 MW

turbines [9]. The Longyuan (Rudong) offshore wind (intertidal zone) 32
MW demonstration project was put into operation on September 28,
2010 with 16 turbines from 9 providers. On November 23, 2012, the
installed capacity was expanded to 182 MW with an additional 58 tur-
bines from 3 manufacturers [39].

The first project provided power to a local oil platform and was not
connected to the grid. The second project was for demonstration before
the Shanghai World Exposition in 2010. Its symbolic meaning for green
energy exceeded the economic significance. The objective of the third
project was testing and inspecting new offshore wind power turbines,
equipment and technologies.

At this stage, the offshore wind power projects were initially for
specific demonstration purposes. The last two projects were put into
commercial operation later on. The price was set case by case. Adopting
the cost-plus pricing method, the government examined the cost and
verified the price. For Donghai Bridge project, the on-grid price was set
at 0.978 CNY/kWh with the approval by the National Development and
Reform Commission (NDRC). The Shanghai government also provided
an interest subsidy for 3 years and the subsidy was 42.27 million CNY in
2010 [40].

3.2. Concession policy stage

A concession contract policy of onshore wind power was introduced
in 2003 [41]. In October 2010, the National Development and Reform
Commission (NDRC) initiated the first offshore wind power concession
with 1 GW capacity for four projects located in Jiangsu province. Four
State-Owned-Enterprises (SOEs) won the contracts and the bidding
prices ranged from 0.6235 to 0.7779 CNY/kWh [42]. They were much
lower than the price of the Donghai Bridge project and close to those of
the onshore wind power projects [23]. However, none of these projects
was completed by 2018 [43]. There were many reasons for the delay of
these four projects, such as insufficient experience, lack of coordination
among relevant departments in the government [18] and challenges in
marine zoning and planning [44,45]. But low bidding price was one of
the main causes for the significant delay since the cost of offshore wind
power was twice that of the onshore wind power in China [46].

Based on their experience with onshore wind power, the four SOEs
were eager to win the projects but paid little attention to the profit-
ability. The other causes for the delay were SOEs’ aspirations to expand
in this sector, the soft budget constraints and the convenience of
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obtaining loans from banks or other sources.

At this stage, the government tried to identify the actual cost and
price by introducing the bidding mechanism and promote the develop-
ment of the offshore wind power industry. The delay of the four projects
proved that the concession policy was not successful. It eventually led to
the failure of the 12th Five-Year Plan (2010-2015) for offshore wind
power.

3.3. Feed-in-tariff policy stage

Since the concession program failed, reform of the offshore wind
price policy was initiated in 2014. Firstly, in May, the National Devel-
opment and Reform Commission (NDRC) devolved the approval of wind
power projects to the provincial authority, then announced the Feed-in-
Tariff (FiT) policy in June. The on-grid prices for offshore wind projects
in the intertidal and inshore zones, which meant the offshore wind de-
velopers would be paid at these prices, were 0.75 CNY/kWh and 0.85
CNY/kWh respectively for the projects in operation before the end of
2016 [47].

There were different opinions about the FiT price level. The prices
listed in Table 2 were the research results provided by the China Wind
Energy Association (CWEA). Compared with those of European coun-
tries, some argued the price of Chinese offshore wind was relatively low.
However, others argued the price level was reasonable and it wasn’t fair
to compare the absolute prices with European countries since the cost
was lower in China.

In December 2016, in order to simplify the administrative proced-
ures and enforce the role of local governments, a new regulation on the
development and construction of offshore wind power was released to
replace the old one of 2010 [49]. As shown by the flowchart in Fig. 9, the
National Energy Administration (NEA) is responsible for proposing the
national plan with National Oceanic Administration (NOA), approving
the coastal provincial plans and setting the rules for the construction of
offshore wind power projects. The Provincial Energy Administration
(PEA) is in charge of the provincial plan with the Provincial Oceanic
Administration (POA), awarding projects according to the plan and
rules, and supervising constructions and operations of offshore wind
projects. The grid companies, National Grid and China Southern Grid,
connect the offshore wind power to grids. National Renewable Energy
Center (NREC) collects the operation information.

Under the Feed-in-Tariff (FiT) system, the developer wins the project
by competition after meeting the environmental and technical re-
quirements and criteria. The on-grid price of offshore wind power is set
by the National Development and Reform Commission (NDRC). The grid
company pays the developer the local on-grid benchmark price of coal-
fired power which is different among provinces. The gap between the
two prices is supplemented by the National Renewable Energy Fund
(NREF) (See Fig. 10).

The price level was fixed for 3 years initially and supposed to
decrease gradually with the development of the offshore wind power
industry. A draft policy was issued by the National Development and
Reform Commission (NDRC) to reduce the price by 0.05 CNY/kWh in
2016 [50]. But the price remained unchanged. And the FiT policy was
extended for two years until the end of 2018 [51,52].

Table 2
Comparison of the on-grid prices of offshore wind in China, the UK and the
4 European countries.

Country On-Grid Price (CNY/kWh)
Germany 1.27-1.6

United Kingdom 1.58

Denmark 1.14

Italy 1.40-1.50

Netherlands Average power price PLUS 0.94
China 0.75/0.85

Data source: [48].
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At this stage, due to the introduction of the FiT policy, the offshore
wind power industry entered a rapid growth period. The installed ca-
pacity jumped from 450 MW in 2013-4445 MW in 2018 (See Fig. 4). The
year of 2014 was regarded as the beginning of a new era for the offshore
wind power industry in China because the favorable FiT policy delivered
a clear message to the investors with low risks and high profits of their
investments in offshore wind. However, with the expansion of offshore
wind power industry, the price level did not fall as expected, which
aggravated the deficit of the National Renewable Energy Fund (NREF).

3.4. Market competition policy stage

The deficit of the National Renewable Energy Fund (NREF) escalated
to 112.7 billion CNY by 2017, which accelerated the transition from FiT
to the market competition policy stage. The dramatic price decline for
offshore wind power in the UK and Germany [12,53] also implied that
the FiT policy needed to be reformed.

On May 18, 2018, the National Energy Administration (NEA)
announced that the price of new offshore wind power projects must be
determined by market competition from that day while the FiT was still
applied to the existing and approved projects [52]. The Guideline of the
Competition for Wind Power Project was released simultaneously,
which allowed the Provincial Energy Administration (PEA) to set up the
competition rules. The weight coefficient allocated to the bidding price
by the tender can’t be less than 40%.

A new market-oriented policy framework for renewable energy is
currently under development. After being released for comments and
revised three times, the Renewable Portfolio Standard (RPS) was
introduced on January 1, 2019 [54]. It was implemented in conjunction
with the green certificate issue and voluntary purchase system launched
in January 2017 [55].

According to the new policy and mechanism illustrated in Fig. 11,
the NEA is responsible for the allocation of provincial quotas and
oversight of policy implementation. The PEA is obligated to achieve the
provincial goal and set the provincial rules. The grid companies and the
power consumers who buy electricity directly from the generators have
to sell or consume the required percentage of renewable energy. If they
fail to reach the percentage, they can buy Tradeable Green Certificates
(TGCs) from other companies or the green certificates market. If they
don’t reach the required targets, they will be put into a blacklist which
means they will face numerous constraints in the future, such as diffi-
culties in obtaining loans from banks and winning new projects. The
NREC is responsible for running the TGC system and collecting opera-
tion information.

At the latest stage, the introduction of competition policy, namely
the Renewable Portfolio Standard (RPS) system and TGC market, at-
tempts to force the price to drop, reduce the deficit of the fund, and
increase the demand for renewable energy to accelerate the develop-
ment of offshore wind power industry. But the details of the new system
haven’t been released. There is still no preferential policy for offshore
wind power. For example, the TGC is issued on the rule of one certificate
for 1 MWh renewable energy generated from onshore wind power and
photovoltaic power now. China should give more TGCs to offshore wind
following the UK in the future.

4. Evaluation of the price policy evolution of offshore wind
power

The Feed-in-Tariff (FiT) and the Renewable Portfolio Standard (RPS)
are the most popular policies to promote the development of renewable
energy. Many previous studies have discussed the merits of the two
systems in Germany, the United Kingdom, Denmark, South Korea and
China [56-60].

As an emerging industry, the Chinese offshore wind industry started
in 2010. In order to address the trilemma of “expanding installed ca-
pacity, lowering on-grid price and reducing subsidy”, the price policy
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*National Plan NEA and NOA
*Provincial Plan PEA and POA
*Permission to use the sea POA
*Project awarding by competition PEA
\/ *Construction completion acceptance PEA
*Connected to the grid Grid Companies
*Operation information PEA and NREC ‘

NS

Fig. 9. Flowchart for the procedure of offshore wind power projects from planning to permission, construction, grid connection and operation in China. NEA/PEA:
National/Provincial Energy Administration; NOA/POA: National/Provincial Oceanic Administration; NREC: National Renewable Energy Center.

Data source: [49].

Percentage of RE

Provincial Grid Companies

NEA: Quota allocation

Policy operation

PEA: Provincial goal

Provincial rule

Fig. 10. Two different subsidy levels for intertidal
(red dashed line) and inshore wind projects (green
dashed line) in comparisons with the local benchmark
price of coal-fired power (dashed black line) respec-
tively under the Feed-in-Tariff system in China are
provided by the National Renewable Energy Fund.
The yellow, blue and red rectangle indicates the total
subsidy an individual developer gets from the projects
located in different provinces. (For interpretation of
the references to colour in this figure legend, the
reader is referred to the Web version of this article.)
Data source: [47].
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Fig. 11. Flowchart of the market-oriented renewable energy supporting system introduced in 2019 in China. RE: renewable energy; TGC: Tradeable Green Cer-
tificate; NEA/PEA: National/Provincial Energy Administration; NREC: National Renewable Energy Center. (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)
Data source: [54].

evolves from demonstration to a concession policy in 2010, to FiT in
2014, and then to the RPS policy in 2019 (See Table 1). The installed
capacity in China has increased nearly 30 times since 2010; however,
the price and subsidy are still relatively high.

How should the effectiveness of the offshore wind power price policy

in China in the past decade be evaluated? What are the driving forces
behind the evolution of the policy? What is the current trend of the
policy? Because the offshore wind power industry of China is still in its
infancy and the price policy has changed significantly in the past, it is
difficult to evaluate the impact of price policy evolution by comparing
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FiT with RPS only.
4.1. Evaluation framework

It takes a while to design and implement a policy. Therefore, to
evaluate a policy, the focus should be on its current impact as well as its
objective, design, action and long-term effect, so that the evaluation is
continuous and comprehensive. The Organization for Economic Co-
operation and Development (OECD) introduced a framework for pol-
icy evaluation in 2014, which consisted of three steps (design, imple-
ment and strategic outcome) and five sub-contents (input, process;
output, intermediate outcome; policy quality) [61]. Gordon Dalton et al.
(2015) provided a comprehensive review of the current state of the art of
the economics and socio-economics of ocean renewable energy and
created a visualization method using concentric rings intersected by an
economic, socio-economic and environmental axis [62].

To assess the offshore wind power price policy in China, following
OECD’s method, a framework with five components, including stage,
objective, action, result and overall evaluation (See Fig. 12) is con-
structed. Firstly, according to the evolution of offshore wind power price
policy, a detailed analysis on the first four components of the four spe-
cific policies is given in Section 3 (See Table 1). And then in this section,
an overall evaluation of the effects of price policy on the offshore wind
industry is conducted from current and long-term perspectives (see
Fig. 13).

4.2. Data source

Most of the data used in this study are from the China Wind Energy
Association (CWEA), China National Development and Reform Com-
mission (NDRC), China National Energy Administration (NEA) and the
Global Wind Energy Council (GWEC). Other data of specific figures are
provided in detail in the paper.

4.3. Indicators

Investment certainty, effectiveness, efficiency, competition and
administrative demands are the five indicators proposed by Morthorst
(1999) to assess wind power industry [63]. Hu et al. (2013) evaluated
the Chinese wind power policy using technology, wind resources,
administration, and time/space frame [23]. But these two frameworks
were put forward for the whole of wind power including both offshore
and onshore wind.

Installed capacity, price and subsidy are the three best indicators
of status quo of the offshore wind power industry. They show the
effectiveness of price policy in addressing the trilemma. In addition to
these three indicators, the spatial distribution, technology and in-
dustrial linkage of the offshore wind industry should also be considered
because they are more important for solving the trilemma in the long
term than the short term. These six indicators together are appropriate
to evaluate the evolution of Chinese offshore wind power price policy.

Installed capacity describes the size of the offshore wind power
industry. For an emerging industry like offshore wind, the increasing
volume is the best indicator of the performance of the supporting policy
by the government. The policy is successful only if a rapid expansion of
the industry is observed. Furthermore, the significant expansion of ca-
pacity often leads to a declining price.

» Stage

* Objective

Implement

* Action
* Result
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Price refers to the on-grid price of offshore wind power. In general,
the price drops as an industry matures gradually. The offshore wind
industry is not an exception. Only after the offshore wind power be-
comes as competitive as other renewable energy or even traditional
energy sources, can one be convinced that the offshore wind price policy
is successful.

Subsidy is the financial support that offshore wind power developers
receive from governments and/or public organizations. The money
comes from tax or other payments from power consumers. The high
subsidy means a heavy burden on the taxpayers and/or consumers. The
subsidy should be reduced gradually to zero with the progress of
offshore wind power industry.

Spatial distribution means the expansion of an industry from one
location to other locations and then to a wider geographic area.
Expansion of the offshore wind power project from one single location to
multiple places indicates that the offshore wind resources are being
utilized to a greater extent, the technology is improving and the industry
is booming.

As the technology advances, the reliability of the equipment is
improved and more efficient turbines are put into operation. The cost of
offshore wind power projects and the price of the electricity will
decrease. Then the industry becomes mature. Technology may take the
forms of the Research and Development (R&D), advanced equipment,
experience and so on. For the offshore wind power industry, knowledge
transfer and experience are important for cost reduction [59].

The offshore wind power industry is closely linked with other in-
dustries, such as marine surveying and mapping, manufacturing, con-
struction, maintenance of wind turbines, technical and financial service.
The industrial linkage or the supply chain is important for the local
and national economy by creating more industries, jobs, technologies
and GDP. These industries complement each other to foster an industrial
cluster which accelerates the development of the offshore wind industry.

4.4. Evaluation

4.4.1. Installed capacity

To fulfill the commitment to the Paris Climate Agreement, the
installed capacity of the offshore wind power becomes the top industry
target for China. After the introduction of the Feed-in-Tariff (FiT) policy
in 2014, the annual growth rate of installed offshore wind power ca-
pacity reached 58.10% from 2013 to 2018, compared with the 18.05%
annual growth rate of onshore wind power [33]. During the same
period, the installed capacity of offshore wind power in the UK grew at
an annual rate of 16.24% [64]. The installed offshore wind power ca-
pacity of China rose from 5th to 3rd place in the world ranking. Its
contribution to the global installed capacity increased from 6.39% to
19.83% (See Fig. 14).

Based on domestic and international comparisons, a conclusion can
be drawn that the FiT policy has boosted the offshore wind power in-
dustry. It is difficult to predict how long the rapid growth will be sus-
tained because the high growth rate is not unusual at the early stage of
an emerging industry. But it is hard to ignore the contribution of the FiT
policy for the growth rate was above 50%, which was much higher than
that of the UK. By providing a predictable profit to developers, FiT policy
encouraged investors to enter the offshore wind power industry [56,57].
In China, the Return on Investment (ROI) of offshore wind power project
was 8.91% according to the estimation [48] and the FiT policy did

. Overall evaluation

« Effects on
industry

Fig. 12. Evaluation framework for Chinese offshore wind price policy evolution from the perspectives of policy design, implement and overall evaluation.
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Fig. 13. Overall effects of price policy evolution on addressing the trilemma of the offshore wind industry in China, namely, current perspective (installed capacity,
price and subsidy) and long-term perspective (spatial distribution, technology and industrial linkage). NREF: National Renewable Energy Fund. FiT: Feed-in-Tariff.
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Fig. 14. World Ranking of installed offshore wind power capacity in 2018
(From 1st to 6th, blue) and percentage contribution to the global capacity for
2013 (orange) and 2018 (blue). The global capacity is 7357.8 MW and 23,140
MW in 2013 and 2018 respectively. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this
article.)

Data source: [10,65].

promote the development of offshore wind power.

4.4.2. Price

According to Table 2, the price of offshore wind power in China was
the lowest among the six countries. It is difficult to judge whether the
absolute price level is reasonable or not because the wind resource,
technology, cost and subsidy vary from one country to another. How-
ever, the price will decline with the progress and maturity of the in-
dustry as long as the market and the supporting mechanism perform
well.

In 2014, the on-grid prices were set at 0.75 CNY/kWh and 0.85 CNY/

kWh for projects in the intertidal and inshore zones respectively.
Although the government tried to lower the price level in October 2016,
the price didn’t change due to strong resistance from the industry. This
dilemma showed that it was difficult for the National Development and
Reform Commission (NDRC) to identify the actual cost and fix the price.
The price policy and its mechanisms did not work as expected due to
information asymmetry between the NDRC and the developers, the lack
of experience in developing emerging industries and understanding of
policy mechanisms, and all the developers being State-Own-Enterprises,
whether they are owned by central or local governments.

Germany also adopted a revised the Feed-in-Tariff (FiT) policy from
year 2000 [66][67]. The decline in price level of offshore wind power,
planned by the German government, has been achieved through
competition among developers. However, the competition to win the
offshore wind power projects in China sometimes leads to an unintended
consequence, such as the tender results of the concession projects in
2010.

As the industry in European countries, such as the UK and Germany,
entered into an “expanding capacity, falling price, subsidy-free” era [17,
68] in 2017, China is determined to reform the FiT policy and strengthen
the market competition in price by introducing market-oriented policies
such as the Renewable Portfolio Standard (RPS) and Tradeable Green
Certificates (TGCs). The new policy emphasizes the weight coefficient
allocated to price in obtaining offshore wind power permission and the
responsibility of local governments to accelerate the development of
renewable energy. But the mechanism to achieve the goals has to be well
designed because the experience of the UK indicates that the RPS
(Renewable Obligation in the UK) was not as effective as expected. The
UK introduced the Contracts for Difference (CfD) under Electricity
Market Reform in 2013 [12,60] and awarded its first CfD allocation
round in 2015 [69]. Since then, CfD has been the only mechanism for
subsidising new offshore wind development in the UK.
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4.4.3. Subsidy

Subsidy plays a critical role in promoting offshore wind power in-
dustry in China. For example, the on-grid price for coal-fire power in
Jiangsu was 0.391 CNY/kWh [70], while the price of offshore wind
power was 0.75 CNY/kWh in 2017. Therefore, the subsidy for offshore
wind power was 0.359 CNY/kWh which was 47.87% of the price. The
power generation of offshore wind reached 6.19 billion kWh in Jiangsu
province in 2018 [71] and the total subsidy for the offshore wind
exceeded 2.22 billion CNY.

The National Renewable Energy Fund (NREF) of China was estab-
lished in 2012 according to the Renewable Energy Law [72]. The gap
between the Feed-in-Tariff (FiT) price and the local on-grid benchmark
price for coal-fired power is supplemented by the fund (See Fig. 10),
which is collected mainly through an additional charge from power
consumers except for residential and agricultural users or Tibet and
Xinjiang users [73]. Although the levy standard was raised several times
from 0.008 CNY/kWh in 2012 to 0.015 CNY/kWh in 2013 and then to
0.019 CNY/kWh in 2016 [73,741], the deficit of the fund kept increasing
and exceeded 110 billion CNY in 2017 [13]. This put tremendous
pressure on the operation of the fund and the FiT system. Effective
measures needed to be taken to solve this problem.

4.4.4. Spatial distribution

Jiangsu has the combined advantage of shallow sea water [75] and
strong wind (See Fig. 15). It follows that 60% of installed capacity and
44.78% of projects under construction of the offshore wind power will
be located in Jiangsu Province by 2020 according to the 13th Five-Year
(2016-2020) Plan (See Fig. 8). However, by 2018, the installed offshore
wind projects were scattered among 7 coastal provinces and 2
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municipalities (See Fig. 16), including Liaoning, Hebei and Shandong
which were beyond the scope of the plan. Furthermore, according to the
latest data of projects under construction (See Fig. 7), the installed ca-
pacity of Fujian and Guangdong in 2020 will also far exceed what was
planned. All of this means that the spatial distribution of offshore wind
power will be much more extensive than what was in the plan.

The unpredicted expansion of spatial distribution of offshore wind
power projects indicates the local governments in coastal provinces have
been motivated by the Feed-in-Tariff (FiT) policy. In China, in addition
to the central government’s policies, local governments compete with
each other to promote the regional economies and have their own
regional economic development policies. The same is true for the
offshore wind power industry. All the coastal provinces are keen to
promote the development of offshore wind industry and have their local
plans and policies, which lead to the wider spatial distribution than what
was in the plan.

4.4.5. Technology

Supported by the price policy, offshore wind power industry of China
has achieved rapid growth in the past decade. To meet the demands of
the development of the offshore wind industry, significant progress has
been made in offshore wind power technology, which in turn speeds up
the growth of offshore wind power industry.

Besides improved experience, there are at least three key techno-
logical breakthroughs. First of all, the quality of turbines has improved
greatly. As shown in Fig. 15, the offshore wind resources in Zhejiang,
Fujian and Guangdong province are much richer than those of other
provinces. The planned installed capacity in the three provinces only
accounted for 30% of the national plan because the three provinces are

Fig. 15. Distribution of average offshore wind energy density (unit: w/mz2) at 200 m altitude and 5-10 m water depth for China in 2014. Source: [21].
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Fig. 16. Distribution of the installed capacity of offshore wind power in China for the top 7 provinces and 2 municipalities by 2018.

Data source: [33].

often disturbed by typhoons about 6 times a year in summer [76]. In the
past, when a typhoon came, it was impossible to prevent storm damage
of turbines, even for the onshore wind power farm close to the sea. For
example, due to a typhoon, several wind towers of an onshore wind farm
in east Guangdong collapsed in 2013 [77]. However, new turbines can
often withstand the violent winds and extreme weather caused by a
severe typhoon [78], indicating that the performance and reliability of
offshore wind turbines have been enhanced significantly. Secondly, the
average size of turbines has increased considerably. In 2018, the 4 MW
turbine dominated the offshore wind power industry. Its market share
rose from 20% to 52.90% since 2014 [33]. Thirdly, specialized equip-
ment and platforms for installing and maintaining offshore wind farms
have been built in the past several years. For example, the offshore wind
turbine installation vessel “Tianhua” was delivered in 2016 and played
an important role in many projects [79,80].

4.4.6. Industrial linkage

Industrial linkage effect is one of the most important considerations
for governments, especially the local governments. As an emerging in-
dustry, the value chain of offshore wind power includes many other
economic activities and industries. It not only contributes to energy,
environment and green sectors [22], but also GDP, jobs and new in-
dustries. In fact, under the Feed-in-Tariff (FiT) policy, the offshore wind
industry does foster R&D, equipment manufacture, construction and
installation, operation and management, and many other service sec-
tors. It is estimated that the market value of these supply chain activities
in China has reached 178 billion CNY from 2018 to 2020 [81]. Many
offshore wind power Industry Development Zones have been established
in coastal provinces, such as Jiangsu, Fujian, Guangdong, Shandong and
Liaoning. For example, taking the first-mover advantage of offshore
wind power construction, Jiangsu had set up more than 70 wind power
related companies, which account for 20% of the wind turbine market,
50% of the hub market, 58% of the blade market, and 65% of the
high-speed gearbox market [82]. At the same time, the international
competitiveness of Chinese companies in the offshore wind power in-
dustry is on the rise. For instance, the accumulated installed capacity of
Shanghai Electric’s turbines reached 2.26 GW in 2018 and was ranked
the third in the world after Siemens Gamesa’s 12.80 GW and MHI
Vesta’s 3.80 GW [64].

5. Conclusions

A successful offshore wind power price policy should make full use of
offshore wind energy resources at the lowest cost while promoting a
low-carbon economy and related industries. The key is to maintain the
balance of installed capacity, price and subsidy of offshore wind power.
The Chinese offshore wind power price policy has evolved from the
demonstration to the concession, to the Feed-in-Tariff (FiT) and to the
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market-oriented competition policy stage in the past decade. The prin-
ciple behind this policy evolution is capacity first, then price and sub-
sidy. At the beginning of the offshore wind industry, the top priority is to
kick off the emerging industry so that the capacity is the most critical
consideration and indicator. With the expansion of offshore wind power
industry, price and subsidy become more important than capacity.

Firstly, and overall, the price policy of offshore wind power in China
is successful. The installed capacity increased 9 times in 5 years from
2013 to 2018 and was ranked 3rd in the world. The industry has
expanded to more coastal areas. Significant progress has been achieved
in the offshore wind energy technology. The related supply-chain in-
dustries are growing along with the offshore wind power industry.
Secondly, the evolution of the offshore wind power price policy dem-
onstrates the flexibility and resilience of the Chinese policy. Within the
past 8 years, the offshore wind power industry policy has changed 3
times. The National Development and Reform Commission (NDRC) and
National Energy Administration (NEA) play key roles in the policy
adjustment according to the development of the industry. The motiva-
tions and policies of the local governments in the coastal areas may have
influenced the development of the offshore wind industry as well.
Thirdly, driving down price and reducing subsidy are the top priorities
of the current price policy of offshore wind power industry in China. The
price of offshore wind power has been kept constant in the past 5 years,
which is higher than those of European countries so that the subsidy
remains nearly half of the price.

To address the trilemma issue of Chinese offshore wind power in-
dustry and promote the development of the industry, a market-oriented
policy has been recently introduced. However, the mechanism to
implement this new policy must be well designed to ensure its success.
Government intervention and the free market should complement and
balance each other. The unique role of the government in the offshore
wind market can’t be ignored. Furthermore, China must study and learn
from the evolution of offshore wind power price policies in European
countries, such as the UK and Germany. Meanwhile, China should
attract more foreign companies to promote the development of the
offshore wind industry because they have more advanced technologies
and experience. More importantly, the participation of foreign com-
panies would strengthen market competition to drive down the price
and reduce subsidy. In addition to price policy, China should have a
good marine planning and a sound governance structure to manage the
sea space for a blue economy.
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