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AbstractɭMarine current energy conversion (MCEC) 

technologies are promising renewable energy systems with 

some full scale and semi -commercial turbines c onstructed 

and deployed in several countries around the world . In this 

work, we present the status of marine curr ent energy and 

systems in China and policies geared to support these. Over 

the past ten years the Chinese government has provided a 

policy fram ework and financial supports for the 

development of MCEC technologies of various design 

philosophies which has re sulted in significant technology 

deployment at sea. A review of these technologies  ɬ which 

have turbine capacities in the range 2 0 kW  to 650 kW , 

mostly tested at sea ɬ is presented in the paper. In addition, 

the paper also discusses Chinese plans for marin e energy 

test sites at sea to support prototype development and 

testing and concludes with a view of future prospects for the 

marine energy technology deployment in China . 

 

Keywordsɭ marine energy, marine turbines, tidal current 

energy, tidal energy in Chi na.  

I. INTRODUCTION  

arine currents in the oceans driven by gravitational 

effects possess large kinetic energy which can be 

harnessed for electricity power generation. The principle 

of marine current energy conversion is in most cases 

similar to that of wind energy, where horizontal axis 

turbines can be used to capture the sea water flow in 

marine currents and covert that into electrical power usi ng 

similar but adapted technologies as wind turbine 

generators. However, marine currents (sometimes also 

known as tidal stream) as a resource have different 

characteristics than the wind energy resource. Tidal  
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currents have a density which is approximately  800 times 

that of air utilised in wind energy conversion, it is limited 

by the depth of where the resources occur and it is more 

predictable than most other renewable energy resources. 

Marine currents mainly result from the gravitational 

motion of the moo n and the earth and therefore are not 

weather dependent. The resources are regular, predictable 

providing a more favourable resource for energy 

exploitation and planning  [1, 2]. This also provides an 

advantage for power purchase agreements compared to all 

renewable energy systems, with the exception of 

hydropower. Hence, marine current energy conversion 

(MCEC) is expected to be a promising renewable 

technology which can be integrated in to national  grid 

system in a coherent way [3]. Furthermore, in the past two 

decades, there is already great and rapid progress being 

made all over the world with first multi -megawatt arrays 

already producing power [4, 5]. These arrays were built on 

a commercialisation progression pathway including some 

projects with full scale or semi-commercial turbines that 

were constructed and deployed, such as Seagen by Marine 

Current Turbine s in UK  (twin -rotor , 16 m diameter each 

rated at 600 kW, decommissioned in 2018) [6], 1.5 MW 

turbine (18.4 m in diameter) by Hammerfest in N orway 

[7], and 1.5 MW  (AK1500), 2 MW turbines by Simec 

Atla ntis in UK [4]. The most significant commercial 

deployment is the Meygen project in  which phase 1 has 

resulted in the deployment of 4 MW array in 2018 which is 

part of an ambitious 398 MW capacity to be constructed 

during the next 5 years [4]. Such commercial work is built 

on and augmented with significant and pioneering 

fundamental research especially in the UK and elsewhere 

the National Science Foundation of China (No.51575477, No. 

51775487), and Fundamental Public Welfare project of Zhejiang 

Province (LGF19E050004). It is also supported by EPSRC grant 

EP/K012347/1, International Centre for Infrastructure Futures (ICIF).  

H. Liu is with the School of Mechanical Engineering, State Key 

Laboratory of Flu id Power and transmission, Zhejiang University, 

Hangzhou, China , 310027 (e-mail:  zju000@163.com).  

A. S. Bahaj is with the Energy and Climate Change Division within 

the Faculty of Engineering and Physical Sciences at the University of 

Southampton, Boldrewo od Innovation Campus, SO16 7QB, UK (e-

mail:A.S.Bahaj@soton.ac.uk). Digital Object Identifier  

https://doi.org/10.36688/imej.4.11-22 

 

2ÛÈÛÜÚɯÖÍɯ,ÈÙÐÕÌɯ"ÜÙÙÌÕÛɯ$ÕÌÙÎàɯ"ÖÕÝÌÙÚÐÖÕɯ 

ÐÕɯ"ÏÐÕÈ 

Hongwei Liu and AbuBakr S Bahaj  

 

Third C. Author  

M 



INTERNATIONAL MARINE ENERGY JOURNAL, VOL. 4, NO. 1, MARCH  2021 12 

[8-14].  

In recent years, China has given much more attention to 

the renewable energy, including wind energy (onshore 

and offshore), solar energy, marine (ocean) energy, 

biomass energy and geothermal energy. Marine energy 

exploitation in China is mainly thro ugh research on tidal 

stream energy with some work being conducted on wave 

energy since the early 1980s [15, 16]. The research has 

progressed slowly until 2000s, which can be mainly 

attributed to the technology readiness level. Wit h the 

maturing of wind turbine technologies and propelled by 

the environment consideration and a required diversity 

strategies of energy security, as well as carbon emission 

reduction, more attention and financial supports was 

given to the MCEC technologies by Chinese government, 

with rapid progress being made since 2005. In this paper, 

we review this progress and make reference to Chinese 

policy related to marine energy. This is followed by an 

overview of the status of marine current energy conversion 

technologies in China focusing on significant sea tested 

medium -scaled turbines. An overview of plans for marine 

energy test sites will also be briefly presented. The paper 

will conclude with a view of the future prospects for future 

marine energy technology deployment in China.  

II.  MARINE CURRENT RESOURCES AND POLICY PERSPECTIVE 

IN CHINA  

A. Marine current energy resource in China 

The intensity of the marine current resource in China is 

variable. According to published investigation of 130 

channels in 1989, the theoretical power of marine current 

energy resources in China was estimated to be about 1.4 

GW (Table 1). This excludes un-investigated sea area 

which may possess strong currents [17-19]. As can be seen 

from Table 1 and the sites locations map Fig.1, marine 

current energy resource is distributed unevenly across 

China and most of the tidal current energy is concentrated 

in three coastal regions which are north of the Yellow sea, 

East Sea and South Sea respectively. Among these is the 

potential theoretical capacity of marine current energy in 

Zhejiang is about 709 MW and the power density of some 

channel in the range 15ɬ30 kW/m2, especially the Jintang 

channel, Guishan channel and Xihou channel in the 

Zhoushan archipelago, whose average power density is 

above the 20 kW/m 2 and it is very suitable for exploitation.  

B. China support policy for marine energy 

Under the background of sustainable development and 

urged by the need for high quality environments, the 13 th 

Five-Year Plan for Marine Renewable Energy (2016-2020) 

of China released by State Oceanic Administration (SOA) 

in 2016, proposed an over-arching vision of ocean energy. 

That is to promote the demonstration and application of 

marine renewable energy and improve the technology 

readiness levels, with a focus on the breakthroughs in key 

technologies. In this plan, the construction of 4 national 

offshore ocean energy test and demonstration districts was 

firstly put forward, which were scheduled to be finished 

by 2020. 

In 2019, a first temporary feed -in tarif f for a marine 

current turbine project led by a company called LHD 

(which will be introduced later) was set up by Zhejiang 

Province Development and Reform Commission and 

approved by National Development and R eform 

Commission of China. The tariff was set at 2.58 Yuan 

RMB/kWh (about USD0.385/kWh) and was applicable to 

the Jiaxia tidal power station of China [20]. Due to the 

limited number of marine current power stations and their 

high present cost, the National Energy Administration 

ȹ-$ ȺɯËÐËÕɀÛɯÔÈÒÌɯÛÏÐÚɯÛÈÙÐÍÍɯÈÝÈÐÓÈÉÓÌɯÕÈÛÐÖÕÈÓÓàȮɯÉÜÛ 

allowed the pricing  mechanisms to be set at to local 

government level [21].  

In 2016, NEA and National Development and Reform 

Commission (NDRC) jointly released Strategy to Energy 

Production and Consumption (2016-2030) aiming to push 

forward the demonstration and development of marine 

energy technologies [22]. Also in 2016, NEA released 

Energy Technology Innovation for 13th Five-Year Plan, and key 

technologies of ocean energy and demonstration of such 

technologies was stressed in the plan [23]. In the plan 

ocean energy technologies exclude offshore wind and 

were defined as wave energy, tidal energy, marine current 

energy and ocean thermal energy conversion. The first 

three of these were targeted for deployment and 

demonstration. Furthermore, the Ministry of Science and 

Technology (MOST) added marine energy into itsɯstrategy 

research field of 2035 medium-long term science and 

technology development in order to enhance the support 

of marine energy converter development  [24]. In the 

recently published 14th ÍÐÝÌɯàÌÈÙɀÚɯ×ÓÈÕɯÈÕËɯƖƔƗƙɯ5ÐÚÐÖÕɯ

drafted by Zhoushan City, distributed solar energy, wind 

energy and marine current energy were specifically put 

forward in the plan [25]. 

In 2018, Guidance on Improving and Strengthening 

Financial Services for Marine Economic Development was 

joint ly issued by the People's Bank of China, SOA and 

NDRC for promoting and advancing marine energy 

demonstration projects and their commercialisation. In 

this guidance, bank loans, equity and debt financing, 

insurance service, etc. were facilitated to support the 

development of marine energy.  

Keeping in step with the above policy releases, some 

funding schemes for marine energy research and 

development were established. The National Key Research 

and Development Program of China provided around 80 

million RMB (about USD11.9 million) starting from 2010 

until now. This support is aimed at solving some key 

fundamental understanding including the device design, 

off -grid electricity supp ly, technology development, and 

multi -energy comprehensive utili sation [24, 26] where 

integrated power supply systems , consisting of ocean 

energy, offshore wind energy, solar energy and energy 

storage batteries were researched. 
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TABLE I 

MARINE CURRENT ENERGY DISTRIBUTION IN CHINA IN 1989  

China region  Velocity distribution Vm (m/s)  Theoretical  

Power  

(MW)  
Vm ḷ 3.06 2.04 Ḷ Vm <3.06 1.28 ḶVm <2.04 

Liaoning 

Province 

North of Laotieshan 

Channel 

 Changshan East Channel, Guapi 

Channel, Sanshan and Xiaosanshan 

Channel 

113.05 

Shandong 

Province 

 North of Beihuangcheng Island  Channels in Temple Archipelago 

and Eastern Coast 

117.79 

Estuary of 

Yangtze River  

 North Harbour and South 

Trough  

Hengsha Harbour and North 

Trough  

30.49 

Zhejiang 

Province 

Jintang, Guishan and 

Xihou Channels, etc. 

North of Hangzhou Bay  

Some channels in Zhoushan and 

Estuary of Jiaojiang 

Some channels in Zhoushan, 

Xiangshan Harbour, Sanmen Bay, 

Taizhou and Leqing Bay 

709.03 

Fujian 

Province 

Northwest of Sandu Cape 

in Sanduao 

East of Sandu Island, Estuary of 

Mingjiang, south of Haitan Strait 

and Dazuo Channel 

Shacheng Harbour, Xinghua Bay, 

and some channels in Haitan Strait 

128.05 

Taiwan   North and south of Penghu, 

North of Taiwan, North of 

Linshanbi  

Penghu Island, West of Taiwan, 

Northeast of Sandiaojiao 

228.25 

Guangdong 

Province 

 East mouth of Qiongzhou strait, 

and Wailuo Channel  

Pearl River Estuary, channels in 

western coast of Guangdong 

37.66 

Hainan 

Province 

 South Channel of East mouth of 

Qiongzhou Strait  

Chengmai Estuary, Yinggehai 28.24 

   Total 1394.85 

 
Fig. 3.  Supported marine energy areas from 2010 to 2012 by the 

Chinese Marine Renewable Energy Special Fund (CMRESF).  
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Fig. 2.  Funding under the Chinese Marine Renewable Energy 

Special Fund (CMRESF).  
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Fig. 1.  Test side locations East of China as detailed in Table 1.  
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In 2010, there was a milestone for the development of 

marine energy in China. The Chinese Marine Renewable 

Energy Special Fund (CMRESF) was established by State 

Oceanic Administration  (Fig.2). Up to 2019, over 1.3 

billion RMB (US$ 0.19 billion) and 114 projects have 

been arranged specifically targeting marine energy 

technologies and project development [27]. The research 

and development programme are focused on two areas 

(i) resource assessment and fundamental research to 

improve the performance of marine energy converters 

and (ii) development of full -scale turbines, the 

demonstration of their performance at sea and final 

commercialisation. Within these two areas specific 

support is targeted into 5 categories - resource 

assessment and standardisation, technology research 

and it s demonstration, isolated power supply systemsɀ 

demonstration, on-grid large scale marine current 

turbine (MCT) development and demonstration, and 

commercialisation deployment (Fig .3).  

In addition, in 2016, the National Natural Science 

Foundation of China  (NNSFC) provided financial 

support for ocean energy with a budget of around 6 

million RMB (US$  0.9 million) which supported 18  

projects. Otherɯgovernmental sectors such as the 

National Energy Administration provided over 50 

million RMB (about US$  7.46 million) funding to 

support the creation of the State Key Laboratory of 

National Tidal Ocean Energy Power Generation in 2011.  

Before 2018, the calls for proposals were publicly 

released on an annual basis and qualified institutions 

can apply or bid i n any of the five target areas (Fig.3). At 

the early stages of the programme, there were too many 

projects, and most were granted around 3 million RMB 

(US$ 0.45 million). With development and technologies 

convergence, more funding by the programme was 

targeted to full scale turbine demonstration resulting in 

more money for each project at the expense of smaller 

size projects [16]. At the same time the support 

programme was inclined to support institutions with 

better research facilities and fundamental  

understanding . However, in 2019 this fundin g has 

stopped and no further announcement was made of 

plans for future programmes.  

Such government financial support played a vital role 

in promoting the development of marine current energy 

technologies in China. Under such support, important 

milestones were achieved for marine current turbine 

research, including the developments & deployments of 

turbines with capacities ranging from 2 kW to 650 kW, 

as well as plans of  construction  of ocean test sites.  

III.  STATUS OF MARINE ENERGY TECHNOLOGIES IN CHINA  

Despite the early start of marine current energy 

ÙÌÚÌÈÙÊÏɯÐÕɯ"ÏÐÕÈɯÐÕɯƕƝƛƔɀÚȮɯÕÖÛɯÔÜÊÏɯ×ÙÖÎÙÌÚÚɯÞÈÚɯ

made until the 2000s. Since then, the research mainly 

focused on fundamental understanding of vertical -axis 

marine current turbines (MCT) at capacities below 

100 kW some of which were tested at sea. 

From the year 2004 institutions such as Zhejiang 

University, Northeast Normal University started to 

undertake research on horizontal axis marine current 

energy conversion technologies supported by the high 

science technologies projects of China (863 plan) [28, 29], and 

the National Natural Science Foundation of China  [30]. 

From 2010 the Chinese Marine Renewable Energy 

Special Fund was established resulting in more 

industrial companies and institutions to join the 

research effort on marine current energy conversion 

[31]. These include Guodian United Power Corporation 

(GUPC), Harbin Electric Corpora tion (HEC), HangZhou 

JiangHe Hydro -Electric Science & Technology Co. Ltd 

(HZJH) and Three Gorges Corporation of China (TGC). 

Similar to the development trend in the world, the focus 

was centred on horizontal axis marine current turbines 

to exploit marine current energy in China due to their 

high efficiency and good starting performance.  

A. Horizontal axis turbine technologies  

Over the last ten years, some remarkable progress of 

horizontal axis marine current turbines was achieved in 

China. This includes the sea trails and operation of the 

650 kW and the 300 kW by Zhejiang University (ZJU) in 

2017/18, and those by GUPC, HZJH and HEC as detailed 

below.  

1) Research and Development  

Zhejiang University (ZJU) marine current technology 

research started in 2004 focusing mainly on the 

horizontal axis marine current turbine s. A series of such 

turbines have been developed and tested by ZJU [32-34].  

 
Fig. 5.  120 kW hydraulic pitchable turbine on it platform.   

 
Fig. 4.  60 kW turbine  demonstrating off and on grid operation .  
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In 2005, a 5 kW prototype was designed based on 

wind turbine experiences to validate the feasibility of 

marine current turbine technologies, including the blade 

design, power transmission and sealing system. This 

was followed by a 25 kW semi-direct drivetrain turbine 

and 20kW hydraulic transmission turbine in 2009 under 

the supports of Science and Technology Development 

Projects [30]. In 2010 and through support by the 

Chinese Marine Renewable Energy Special Fund, a 

60 kW turbine was developed and in May 2014 a floating 

deployment platform was constructed and 

commissioned(Fig.4). The generated electricity was 

partly stored in batter ies situated on the platform and 

then inverted to AC electricity for lightings and 

powering other equipment on the floating platform. 

Excess power was dumped into a resistor bank. In 2015, 

the turbine w as updated to allow connection to the grid.  

This 60 kW turbine has  a starting speed in the range 0.6-

0.7 m/s [34] and generates its rated power at about 

1.9m/s. 

In order to improve the reliability of the power 

transmission system and reduce the risk of high-speed 

stages, a semi-direct power t rain and a low-speed 

permanent magnet synchronous generator (PMSG) was 

used. The reliability of these two components was 

verified through the five years operation. The 

understanding, design approach and developed 

mechanisms were used to inform the development of 

tw o new 300 kW turbines respectively by Guodian 

United Power Corporation, Harbin Electrical 

Corporation and 120 kW and 650 kW turbines 

developed by ZJU. In all these turbines, the sealing 

system used, consists of a three layers of sealing rings 

and a wiper r ings to protect the bearing from the sands 

contained in the sea water. The chamber of the gearbox 

was filled with pressurised oil to realise the equalisation 

of inside and outside pressures. 

In 2015, a hydraulic pitchable 120 kW grid connected 

horizontal axis marine current turbine was deployed, as 

shown in Fig.5, representing the first grid -connected 

marine current energy conversion turbine in China  [35]. 

The hydraulic pitch system made it possible for the 

turbine to control output power and operate in bi -

directional flow. The semi -direct drive technol ogy was 

also used, but in order to provide space for pitch 

actuator, a shunt and confluence power mechanism was 

adopted, and the hydraulic actuator was put ahead of 

turbine (Fig. 6).  

 Building on the progress made above, ZJU developed 

a grid-connected fix-pitched 650 kW turbine which was 

successfully tested in 2017. Currently, this is the largest 

marine current horizontal axis turbine in China (Fig.7). 

ZJU are currently developing a more improved pitching 

system which will be deployed in 2021. The test results 

are shown in Fig.8 including the value of the maximum 

power coefficient of the turbine , determined to be above 

0.4. This success was attributed to the maximum power 

point tracking control strategy, as can be seen in Fig.8. 

     A marine current testing station based in the 

science demonstration island - Zhairuoshan island, with 

4 test berths (floating platform) , Fig.9, was also 

constructed in Zhoushan City, Zhejiang Province. The 

station is equipped with hoisting machine and moving 

maintenance deck, and any required daily maintenance 

 
Fig. 7.  650 kW horizontal axis  turbine by ZJU.  

 
Fig.8.  ZJU 650 kW turbi ne power curve.  
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Fig.9.  MCEC test station constructed by ZJU. 

 
Fig. 6.  Power train of 120 kW turbine  of Fig.5.  



INTERNATIONAL MARINE ENERGY JOURNAL, VOL. 4, NO. 1, MARCH  2021 16 

can be accomplished on the deck. The necessary grid 

connection equipment for the devices was also provided 

on the platform . The generated 400/690V voltage is 

stepped-up to 10kV, then transmitted to grid access 

point of the island. Depending on the capacity of 

turbines, adopted power electronic devi ces were 

different. For the 650 kW turbine, a full power converter 

was adopted just like a wind turbine. The 120 kW and 

60 kW turbines, due to their small capacity, uncontrolled 

rectifiers were used, and the power control were realised 

through the look -up table predefined betw een power 

and voltage.  

2) Route to commercialization  

In order to bridge the gap between research and 

commercialisation, ZJU cooperated with Guodian 

United Power Corporation , who is also a Chinese  wind 

turbine manufacturer , to develop a 300 kW marine 

current turbine (Fig. 10). The project was funded by the 

Chinese Marine Renewable Energy Special Fund in 2013 

with the aim to find a technical path of industrialisation 

and commercial prototypes. The 300 kW turbine was 

built , and testing at sea started in March 2018 and 

completed in April 2019. The turbine achieved its full 

power of 300 kW at current speed of 1.9 m/s. 

 
Fig.13.  20 kW direct-drive  horizontal axis  turbine by NNU .  

 
Fig.14.  300 kW horizontal axis  turbine by NNU and HJHE .  

 
Fig.12.  2 kW multi -blade turbine by NNU .  

 
Fig.11.  Monitor ing and control screen of 300 kW turbine of Fig.10.  

 
Fig.15.  20 kW OUC ducted turbine in tank tests.  

 
Fig.10.  300 kW turbine by GUPC & ZJU .  
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In its design, the 300 kW turbine also adopted the 

above mentioned semi-dir ect power drivetrain and an 

individual electrical pitch system which ca n drive each 

blade to rotate in the range of 270°. This pitch angle 

range enabled the blade to be feathered whenever the 

flow velocity starts to exceed the rated power regardless 

of the flow direction. The pitch ing system consists of a 

pitch controller, el ectrical driven motor and gearbox, 

pitch sensor and batteries housed in the hub. The hollow 

main shaft made it possible for the signal cables to link 

the hub devices to the control console. All signals of the 

equipment, including the state signals of gearbox, 

electrical system and pitch in the hub, were transmitted 

to the monitoring hub located at the end of generator.  

A SCADA (supervisory control and data acquisition) 

system and monitor ing were also used to monitor the 

pitch system, rotating shafts, generator, and brake 

system, etc. as shown Fig.11. 

The research in Northeast Normal University (NNU) 

was mainly focused on devices appropriate for the low -

speed tidal current flows. A 1  kW prototype turbine was 

completed and tested in 2005, followed by a 2 kW di rect-

driven turbine in 2009 and a 20 kW direct-driven 

horizontal axis marine current turbine in 2013. The 

research developed some new methods to improve 

starting performance and power transmission 

efficiency. These includ e multi -blades, direct-drive 

turbin es and polymer bearing with water lubrication  

technology, stator coils pouring technology etc. It was 

reported some of these turbines can start to rotate at 

about flow velocities as low as 0.25 m/s [36, 37]. 

Fig.12 depicts the 2 kW turbine with 4 blades 

optimised for capturing low velocity flows from the sea 

water column with reported total efficiency (including 

power coefficient and generator efficiency) of about 0.2. 

It was supported by the 863 projects programme [37], 

which was aimed at improv ing turbine starting 

performance and underwater seal technology. The 

20 kW direct-driven turbine shown in Fig.1 3 was 

supported by the National Science & Technology 

Support Plan Projects with the aim of solving the key 

problems encountered in long-term in -situ operation 

and maintenance [36, 38]. The turbine was designed to 

be free to rotate around the centre beam allowing the 

turbine to align itself autonomously with flow direction. 

During 2013, the turbine was tested at sea in Zhaitang 

island Shandong Province for half a year and the results 

showed that the turbine  could start at around 0.7 m/s. 

Building on the knowledge gained, in 20 19 NNU and 

HZJH jointly developed a 300 kW turbine, supported by 

the Chinese Marine Renewable Energy Special Fund 

[39]. The developed turbine (Fig.14) has the same design 

philosophy as described in the previous section. That is, 

it uses a direct drive powertrain (without gearbox) , an 

external outer rotor generator and non -metal bearing. 

Further, the pouring technique mentioned earlier was 

also used to seal the generator stator coils instead of a 

moving sealed unit on the main shaft, and a water 

lubrication rotor bearing. This device is being tested in 

Zhejiang University test site (Fig.14). 

Ocean University of China (OUC) which started 

marine energy research in 2006, initially concentrated on 

vertical axis turbine technologies, building and testing a 

 
Fig.16.  2 turbines each rated at 50 kW gravity based developed 

by OUC for the micro grid project.   
 

Fig.18.  300 kW horizontal axis  turbine by HEC and HEU .   

 
Fig.17.  10 kW horizontal axis  turbine by HEU and HEC . 

 
Fig.19.  Twin 2.5 kW horizontal axis  developed by IEE of CAS.   
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5kW turbine with flexible blades in  2008 [40]. In 2009, 

OUC moved into horizontal axis turbine research and 

developed a 20 kW ducted horizontal axi s turbine 

prototype [41, 42]. The duct was aimed at enhancing 

power capture. The research also covered blade design, 

the effect of blade shape and the number of blades per 

turbine on the performance, Fig.15. 

In 2013 OUC also developed two 50 kW horizontal 

axis turbines rated at flow speed of 1.5 m/s with a joint 

electrical pitch system (Fig.16) [43]. The turbines were 

part of a 500 kW hybrid micr o-grid  project being 

commissioned by China National Offshore Oil 

Corporation (CNOOC) and supported by Chinese 

Marine Renewable Energy Special Fund. The sea trials 

of the 2×50 kW grid -connected gravity-foundation -

based turbines started in 2013. The trails were 

abandoned after one month of operation due to sealing 

problems at the  location between electrical cable and 

nacelle [44]. 

Harbin Electrical Corporation (HEC), who is engaged 

in the design and manufacture of the main components 

of hydropower and thermal power plant s in China, 

started research on marine current energy conversion 

technologies in 2010. Its first 10 kW horizontal axis 

direct-drive turbine with a diffuser was developed and 

tested at sea jointly with Harbin Engineering University 

(HEU) in 2011 (Fig.17) [36]. The development was also 

supported by the Chinese Marine Renewable Energy 

Special Fund with the aim of bringing mature 

hydropower plant technologies to marine energy. HEC 

developed a fixed pitch 300 kW marine current turbine 

with a semi-direct drive gearbox with a lar ge nacelle 

(diameter about 2.7 meters) like the bulb-type 

hydropower unit, which allowed workers to work 

inside (Fig.18). In 2019, the turbine was tested in off-grid 

mode at the Zhejiang University test site  (Fig.9). The 

turbine started at 0.51 m/s, and had a reported total 

efficiency (from kinetic energy to electricity) of about 

0.37 [45]. Because of the large nacelle and metal blades, 

the weight of device is above 200 tons. 

LHD company developed its 3 rd generation 300 kW 

horizontal axis turbine in 2018 [46]. Unfortunately, there 

is no available test data reported to date. Its first two 

generation devices adopted vertical axis turbine which 

will be reported in the next section.  

In addition, the Institute of Electrical Engineering 

(IEE) of the Chinese Academy of Sciences (CAS) 

developed a rim-type direct -driven horizontal axis 

marine current turbi ne (2×2.5kW) supported by the 

Chinese Marine Renewable Energy Special Fund 

(Fig.19). The turbines were tested near Xixuan Island 

Zhoushan city in July 2016. The developer reported a 

starting speed of about 0.35 m/s [47] and the conversion 

efficiency was about 40% [48]. The design principle is 

similar to that of Openhydro in Ireland [49], with the 

main shaft bearings located around the rims, with the 

inner rotor being supported by them. Its disadvantage is 

that the generator size will get larger with the increasing 

power capability, and then t he manufacture of bearing, 

pitch actuator and field installation, will be problematic.  

B.  Vertical axis turbine technologies  

The research on vertical axis marine current turbines 

in China started in 1980s, but at a slow pace of 

technology development partly due to its low efficiency  

and imbalance of load distribution on the turbine. 

However, such turbine technology has the advantage of 

operating in bi -directional flow without a pitch control 

system, no need for underwater sealed unit, which has 

attracted some institutions to be engaged in this 

technology type of research in China. Below we 

highlight some typical prototypes develo ped in recent 

years. 

 Harbin Engineering University (HEU) is the first 

institution to research vertical axis marine current 

turbines in China and has been engaged in it for over 30 

 
Fig.22.  Marine current en ergy station by LHD  [50].   

 
Fig.20.  2*20 kW Wanxiang II turbine .   

 
Fig.21.  Haineng й platform for the 2*300 kW turbines.   
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years. The floating 70 kW Wanxiang I  and gravity -based 

40 kW Wanxiang и (twin turbine,  Fig.20) were tested at 

sea in Guishan channel of Zhoushan in 2002 and in 

Daishan in 2005 respectively. The 70 kW turbine used 

hydraulic power tr ain system. A 2×150 kW Haineng I (in 

2012) and 2×100 kW Haineng II  (in 2013) were developed 

under the supports of 863 programme and National 

Science-Technology Support Plan respectively [40]. The 

2×100 kW turbines used two direct-drive horizontal axis 

turbines and were also part of the CNOOC micro grid 

500 kW project mentioned earlier. The largest turbine to 

date was developed by HEU was named Haineng й. It 

consists of two 300 kW vertical axis marine current 

turbines (Fig.21) funded by the Chinese Marine 

Renewable Energy Special Fund. The turbines were 

deployed in Guishan Channel of Zhoushan in December 

2013 and operated for more than 20 months. No 

operational data was made public.           

Another vertical axis marine curren t turbine array 

was constructed by LHD company located in Zhoushan 

city, Zhejiang Province, which started the ir  marine 

current energy research in 2009. The turbine is different 

from the above-mentioned devices, having a large 

concrete support platform simi lar to the hydropower 

dam plant, as can be seen in Fig.22. The platform 

constituted a tidal fence providing 7 test berths which 

can support a total capacity of 3.4 MW. LHD first grid -

connected turbines began to operate in August 2016 [48], 

including two 200  kW and two 300 kW vertical axis 

marine current turbines . By the end of 2019 site 

deployment increased with the addition of one 400  kW 

turbine and one latest 3rd generation 300 kW horizontal 

axis turbine. However, due to some commercial issues 

no further data on these turbines were reported with 

exception of the total generated electricity close to 1GWh 

by the end of 2018 [50]. 

 Another player engaged in the vertical axis marine 

current turbines is the Dalian U niversity of Technology 

(DUT) who tested a 15 kW VAMCT (Fig.2 3) which 

achieved a maximum power output of 8  kW with the 

total conversion efficiency 25% [51]. Its novelty is 

adopting a co-axial twin rotor with water lub ricating 

bearing. In order to improve its starting performance, 

the two rotors have a staggered arrangement and the fix 

structure was designed to eliminate vortex shedding 

and improve the flow state around the turbines  [52]. A 

special low speed Permanent Magnetic Synchronous 

Generator (PMSG), whose magnetic pole was sealed to 

resist the corrosion, was designed to improve its 

efficiency. 

C. Summary of turbine development  

Through the description above, some marine current 

energy conversion technologies went through sea trials 

phases. However, long operation time is needed to 

quantify  and validate their performance and 

commercialisation prospect (related to the technology 

readiness level and development cost). In addition, the 

available limited resource intensity at test sites is 

another factor constraining turbines capacity to 

hundred s of kilowatts . The latter is also perceived a 

good choice in China reflecting its limited resource 

intensities. 

D. Marine energy ocean test sites in China  

The need for the construction of test sites was firstly 

put forward in 2013 by State Oceanic Administr ation, as 

a result of larger turbines coming on stream such as the 

300 kW machines mentioned earlier. In 2015, China 

Three Gorges Corporation (CTGC) was granted a project 

to construct a marine current energy test field in 

Zhoushan, Zhejiang. The test field was scheduled to be 

divided into two functional areas, pilot scale 

demonstration area and testing area, with a targeted 

total capacity of around 1 MW. The demonstration area 

will provide at least 6 test berth and the testing area will 

provide 3 test berths. These areas are located in the east 

of Zhoushan island  (see below for further details ). Both 

sites were planned to be grid connected with one booster 

station to be constructed in each area, to step-up the site 

voltage from 690 V to 10 kV, then through s ubmari ne 

cable, transfer the electricity to an existing substation 

onshore. Unfortunately, the necessary permission was 

not granted until late around 2018/19. To date at this site, 

the first 500 kW horizontal axis turbine has been 

deployed and is currently  being commissioned prior to 

full operation. Considering the sea conditions at the site, 

a pile structure to receive the turbines was adopted 

(Fig.24).  

 
Fig.23.  Vertical axis marine current turbine by DUT .   

 
Fig.24. Test site configuration by CTGC.   
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Another test site is the location of ZJU turbines 

mentioned earlier. Under the support of financial fund 

from 2010, Zhejiang University has built the test field in 

Zhoushan, Zhejiang Province. The site consists of four 

floating test berths (Fig.9), two onshore voltage 

transformers and can accept turbine capacities of 75 kW, 

150 kW and 1 MW (Fig.9).  

The test station, located in Zhoushan, Zhejiang 

Province, is a part of Jintang channel which is one of 

three famous channels with huge tidal current energy  

(Fig.25). The channel is about 250 meters wide and about 

500 m long with a maximum depth about 30 meters in 

the middle of channel. The seabed consists of fully 

ÞÌÈÛÏÌÙÌËɯ ÚÈÕËÚÛÖÕÌȮɯ ÚÖɯ ÐÛɀÚɯ ÚÖÍÛɯrequiring gravity -

based anchors to be used to fix the floating platforms. 

Due to the constraint presented by the islands, the 

maximum velocity is about 3 m/s. Further site 

characteristic in term of velocity distrib ution for the 3 

turbine types is given in Fig.9 is shown in Fig.26.  

To date, this test site has provided test services for the 

GUPC, HEC and HZJH. This site is also configurable 

and can provide opportunities to stud y the array 

configuration of marine curr ent turbines in -situ.  

In addition, and as mentioned earlier, the LHD 

company has completed its concrete foundation for its 

test site, which is able to provide 7 test berths, total 

capacity of 3.4 MW, for pilot scale marine current 

turbines testing at diff erent scales. However, this site 

currently seems to have no interest of providing test 

services, which rather puzzling for such a flexible 

facility.  

Lastly, in 2019, a comprehensive sea test site was 

being planned in  Weihai Shandong by SOA and Weihai 

regional government, which was aimed to provide 

supports to the ocean technologies and promote their 

applications, including ocean equipment, marine energy 

devices [53]. The planned test station has a budget of 459 

million RMB (US$68.5 million) and was scheduled to be 

finished in 5 years [54]. One of the main functions of this 

test site is also to provide test berths for wave energy 

converters (not available at other test sites) and low 

velocity marine current turbines.  

IV.  CONCLUSION S AND FUTURE PROSPECTS  

This work provides an overview of Chinese policy of 

marine current energy as well  as the current status of its 

conversion technology. Over the last 15 years great 

strides have been made to propel Chinese marine 

current energy technologies to pilot scale and a pathway 

to commercialisation. This came out on the back of 

supports of the Chinese central and regional 

governments. Tens of medium scale turbines (from 

60 kW to 650 kW) including horizontal axis turbines and 

vertical axis turbines have been deployed with some 

ÎÖÖËɯÙÌÚÜÓÛÚɯÖÕɯ×ÙÖÎÙÌÚÚȭɯ(ÕɯÈËËÐÛÐÖÕɯÛÖɯÖÝÌÙÈÓÓɯÛÜÙÉÐÕÌÚɀɯ

performances, the scope of sea testing also covered key 

technologies, such as blade design, fabrication, semi-

direct driven powertrain with high reliability and 

efficiency, hydraulic pitch control technology, sealing 

techniques and operation & maintenance of marine 

current turbines. This allow matu ring of technology 

development, especially those associated with the 

success achieved in 300 kW and 650 kW turbines which 

are strong candidates for commercialisation in China 

and elsewhere.  

The work also highlighted the role of the test sites in 

such developments which in addition to other needed 

policy and funding support are likely to enhance the 

prospects for further development leading to 

commercialisation. However, before commercialisation, 

much more development work is needed, including the 

long-term verification of design and componen ts, 

operation and maintenance experience. 

Looking into the near future, it is anticipated that 

megawatt scale turbines are likely to be constructed and 

tested in China. However, one of the barriers for large 

scale roll out is the low intensity marine curre nt resource 

around China waters as compared to the good sites in 

 
 

 
Fig. 25.  Zhoushan, Zhejiang test site showing location m ap (top) 

relative to other cities in East China. The test site details and the region 

where measure data given in Fig.26 is shown at the (bottom).   
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Europe and elsewhere. Nevertheless, China is likely be 

looking at markets in South East Asia (SEA) where the 

resources are better, but the thrust will mainly be 

concentrated on turbines capacities in the 100s of 

kilowatts not only to take advantage of the local Chinese 

resources but also explore niche island electrical power 

supply markets around SEA region. In addition, a 

potential application for marine current turbines is 

perhaps in sea aquaculture, sea water desalination and 

hydrogen production as a stepping -stone to 

commercialisation  [55]. 

The drafting of 14 th five year plan (years 2021-2025) is 

currently being carried on by local governments and 

sectors such as NEA [56]. In the coming five years, 

augmenting the proportion of non -fossil energy in the 

energy supply mix of China will be the focus and the 

goal is expected to be 17.5% by 2025 (~15% in 2020) and 

~25% by 2030 [57, 58]. As projected, the grid parity of 

wind energy and solar energy is expected to be achieved 

in next 5 years or earlier, and large-scale development 

and utility scale renewable energy supply will be main 

thrust for development and achievi ng the set targets in 

the plan. At the same time, marine energy (wave and 

tidal) as part of the ocean energy platform will 

undoubtedly be considered especially as a promising 

renewable energy resources in some coastal provinces 

(Table 1). Hence, marine current or tidal energy has a 

promising but a long prospect for large scale 

development in China, however some potential niche 

applications (isolated islands and water desalinisation) 

are likely to be supported in the medium term  [55].  
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Fig.26  Zhoushan, Zhejiang test site (Fig.25) showing measured 

velocities where the 60kW, 120kW & 600kW turbines were tested.  
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