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1. Introduction

In 2017, the Republic of Korea's new

government has announced a new

energy shift strategy in order to

increase the rate of renewable energy,

including offshore wind and a phasing

out of nuclear and coal. The

announcement was that the renewable

energy would curve the 20% of total

electricity energy demand by 2030. It

means that approximately 65 GW from

renewable energy has to be ready to

enter into Korean power network.

Therefore, large-scale wind farm is

one of the most promising energy

sources and should be established in

KEPCO transmission network to

achieve the target of renewable energy

[1].

A floating offshore wind turbine with

a superconducting wind power generator

is the most innovative proposal to

constitute the large-scale and

high-capacity wind farm. According to

those reasons, KEPCO (Korea Electric

Power Corporation) decided to support

that proposed development plan with 6

M USD for 3 years [2].

This report describes global trends in

superconducting wind generators and

introduces an innovative wind project

on the development of high-temperature

superconducting (HTS) magnet, test

facility, offshore floating system, and

network connection technologies for 10

MW class wind power system fully

supported by KEPCO.

Fig. 1. Global trends of superconducting

wind generators.

2. Global trends in

superconducting wind generators

Fig. 1 shows the global trends of

superconducting wind generators. In

most cases, performance evaluation

tests of the superconducting motors

have been completed. However, in the

case of the superconducting

generators, the conceptual designs and

prototypes are being developed.

SUPRAPOWER project is an EU FP7

program-funded research project, that

started in December 2012 and was

finished in May 2017.

It aims to provide an important

breakthrough in offshore wind

industrial solutions by designing an

innovative, lightweight, robust, and

reliable 10 MW class offshore wind

turbine based on an MgB2

superconducting generator [3].

SUPRAPOWER developed a 10 MW
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direct drive AC salient poles

synchronous machine. A cryogen-free

cooling system in a rotating

configuration was designed. It consists

of two parts: one modular cryostat per

coil and a thermal collector cryostat

that links all the modules. The heat is

extracted by conduction by two stage

G-M cryocoolers, which rotate jointly

with the rotor.

EcoSwing has received funding from

the European Union’s Horizon 2020

research for 4 years. The EU-funded

EcoSwing project aims at demonstrating

the world's first superconducting

low-cost and lightweight wind turbine

drive-train demonstrated on a

large-scale wind turbine.

The original wind turbine is a 3.6 MW

wind turbine with a 128 m rotor diameter,

direct-drive permanent-magnet generator,

and full power converter. In the project,

the direct-drive permanent-magnet

generator has been substituted for a

high-temperature superconducting (HTS)

generator.

EcoSwing has now ended on schedule.

The generator was successfully installed

and connected to the grid. The generator

and power converter reached target

range +3 MW and operated during more

than 650 h. According to schedule,

EcoSwing has been switched-off for

decommissioning on 25.4.2019 [4].

3. Importance and participants

of the KEPCO project

The development of large wind

turbines is a topic of great interest

for the wind industry. The European

Commission recognized the

importance of the topic by including

the development of efficient and

market affordable technology for

increasing wind penetration among the

Fig. 2. Research and development objective

in the project.

priorities of the H2020 program. In

Asia, the governments of the Republic

of Korea, China, Japan, Taiwan,

Vietnam, and India have taken active

steps to expand the wind turbine

market and develop [5, 6]. The

Republic of Korea’s new government

announced a major shift toward

renewables, including offshore wind,

and a phasing out of nuclear- and

coal-generated power in 2017. The

announcement was that Korea would

have a 20% renewable energy target

by 2030. By 2030, the installation of

wind power will reach up to 16.5 GW

in which 12GW will be offshore wind

power. Furthermore, as

superconducting wind generators

dramatically reduce the rare earth

requirement (from 100 kg per MW in

a conventional PM generator to about

100 grams of rare earth per MW in an

HTS generator), economic dependence

on countries which exclusively own

these resources is avoided [7-15].

The aim of the project is to develop

a floating type offshore wind turbine

platform for 10 MW class large-scale

superconducting wind turbine in Korea

to achieve the renewable energy of

20% until 2030. This can be

achieved by creating turbines with
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large rotor diameter and height, to

maximize energy capture. In

particular, we focus on ultra-high

capacity superconducting wind power

generator. The project is for three

years and started in early March

2018. In the first year, a floating

offshore wind power generation system

using the HTS generator is designed,

and HTS magnet as rotor pole of the

HTS generator will be fabricated in

the second year. In the final third

year, the characteristics of the HTS

magnet at high torque condition will

be evaluated.

Total of 5 organizations which are

Changwon National University,

University of Ulsan, Jeju National

University, Incheon National

University, and Andong National

University, are participating in this

project as shown in Fig. 2.

Changwon National University is the

lead organization of this project and

aims to design the 10 MW HTS

generator and to fabricate and test the

HTS magnet of the generator.

University of Ulsan conducts analysis

and test of a floating system technology

for the offshore wind turbine with the

HTS generator. In the cases of Jeju

National University and Incheon

National University, they develop

models and grid connection technologies

of floating offshore wind farm

including the HTS generator. Andong

National University analyzes

mechanical-electrical characteristics of

the HTS wire for the HTS generator

and develop element technologies to

improve HTS coil design performance.

The detail plans for the HTS

generator of the floating offshore wind

turbine as bellow;

In the 1st year, the 10 MW HTS

generator and the module which is one

pole including structures and cryostat

Fig. 3. Conceptual design structure of

the PES for 10 MW HTS generator.

of the generator are designed in

detail. In the 2
nd

year, the module is

manufactured considering winding

and insulation methods, cooling

system and supports. In the 3
rd

year,

the electromagnetic and mechanical

characteristics of the manufactured

module are measured. We also

develop a performance evaluation

system (PES) to test the magnet

under torque condition as shown in

Fig. 3. A major problem in terms of

the large-scale HTS generators is the

high torque and Lorentz force

generated in the HTS coils of the

generator. If the same characteristics

(such as torque, force, and so on) as

the full generator can be applied to

the HTS coils through the

construction of part of the full

generator, the investment cost saving

of the HTS generator is possible. The

construction can also be used to

evaluate and verify the HTS coils

before mounting on the full

generator. Therefore, we suggested

the PES and will manufacture it for

three years in the project.

4. Vision and future plan

The primary target of this project is

to design the final 10MW class HTS
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wind generator and to test 3 HTS

magnet poles of the generator with

very strong torque as same as that

between rotor and stator. After

completing these target, real

feasibility fabrication of HTS wind

generator will be occurred after

passing the evaluation of the next

step. In the case of the floater, the

real fabrication projects are already

started and a few new big programs

regarding offshore floating system are

also on the planning stage.

At the next step, the industry

related with generator or magnet has

to participate the real fabrication

project. Now, all participating

institutes are universities. In order to

move to the real fabrication level,

universities only is not making a

sense. And also, the fabrication only

is not enough, so the full load test

has to be carried out with proper

rotating speed pattern.

According to the development level

of large scale HTS wind generator,

there needs at least 3 years to

fabricate real scale 10 MW HTS wind

generator. After that, the field test is

also obviously required more than 2

years. Consequently, after 7 or 8

years, the commercially available

HTS wind generator could be ready

considering only the technical point of

view. However, the industrialization

means that both sides not only

technically but also economically have

to meet the proper requirements.

Technically the HTS magnet should

withstand with extremely strong

torque on the operation, but the

economical remained worry is the

price of HTS wire. Considering the

width of HTS wire is 12 mm, totally

more than 100 km length of wire is

required to fabricate 10 MW class

wind generator. Due to the recent

price of HTS wire, the benefit;

lightweight and small volume, of HTS

wind generator is not enough value to

overcome the demerit of fabrication

cost. The price of HTS wind

generator is not needed to be the

same or cheaper price of conventional

wind generator since the ultimate

advantages of superconductivity.

However several times more

expensive than that of the

conventional is still unsolved and

crucial problem against

commercialization.
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