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1 

Executive Summary 

The Asia-Pacific Economic Cooperation (APEC) is a regional economic forum which 

consolidates the growth and prosperity of the economies in the Pacific Ocean. To achieve its 

goals, APEC promotes and facilitates trade, investment, economic and technical cooperation 

throughout the Asia-Pacific region. 

Increasing numbers of economies around the world are strategizing to reduce their greenhouse 

gas (GHG) emissions to meet the carbon neutrality targets. A large part of decarbonization 

requires a shift away from fossil fuels to renewable resources of electricity generation. APEC 

is looking for opportunities to contribute to this movement through the promotion of offshore 

wind (OSW) energy. Grid connection is a key driver in determining the success of an OSW 

project, and as such, it is the focus of this study.  

Since the beginning of the last decade, the installation of OSW capacity has been increasing 

globally, and in recent years, the global installed capacity has multiplied. European economies 

bordering the North Sea have dominated this growth, as water depth and wind resource are 

favourable for the deployment of the OSW technologies. 

Following the success of the European economies, APEC aims to accelerate harnessing OSW 

resources in the region. This study provides a review and analysis of the experience in OSW 

development and grid connection in China; Korea; Japan; Chinese Taipei; the United States; 

and Viet Nam. A summary of key challenges and recommendations are provided for each 

member economy.  

The research was organised and conducted in two stages. The first stage involved the collation 

of information from available online resources, government publications, research papers and 

in consultation with regional experts. The second stage involved the synthesis and assessment 

of this information into four concise report sections.  

The first section focuses on the energy sector and its regulatory mechanisms. This includes an 

analysis of the status of each economyôs electricity sector, as well as an assessment of general 

government regulations, policies and plans regarding climate change and renewable energy 

development. It also discusses specific objectives and targets for the OSW development and 

existing incentives and supporting mechanism.  

The second section focuses on the development procedure and the stakeholder engagement for 

OSW projects. It includes a detailed outline of the relevant stakeholders and their 

responsibilities as well as the legal procedures and necessary permits and procedures required 

for the OSW development.  

The third section describes the technical aspects of power grid connection of OSW plants to 

the transmission and distribution network. It starts with an outline of the member economyôs 

current transmission network structure before detailing the steps required for the gird 

integration of the OSW projects. It then continues by explaining any planned upgrades, 

reinforcement, and expansion of the transmission networks, before providing one or two 

existing operational OSW farm case studies.  

The final section is related to the business case for the OSW development. It explores the state 

of the electricity market, and reviews the provision for the ancillary services by the OSW plant. 
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It also describes the options for the offtake and the risk of possible energy curtailment in the 

related economies.  

Most evaluated member economies of the current study are still largely dependent on fossil 

fuels for electricity generation (e.g., coal and natural gas). Of the limited contribution, the 

majority of non-fossil electricity generation in Korea and the US comes from nuclear power, 

while in other member economies, the largest portion of renewable energy is from hydropower. 

It is clear from this study that OSW contributes to only a small portion of electricity generation 

in these economies, with China having the greatest installed capacity.  

Most member economies have announced the target of reaching carbon neutrality by 2050, and 

China set the goal being achieved by 2060. In addition to this, most have established a goal for 

renewables in the fuel mix by 2030. The most ambitious plans include Chinaôs goal for the 

installation of 1,200 gigawatts (GW) of wind and solar, and the USôs 100% electricity 

generation pollution reduction goal. 

Each member economy has its own targets for installed OSW capacity. China has the largest 

short-term target of 32GW by 2025, and is on track to exceed this by another 30GW. The 

remaining economies have targets of around 10GW by 2030, aside from the US which has a 

target of 30GW for 2030.  

All member economies either currently have or have previously had a Feed-in Tariff (FiT) 

scheme for the promotion of renewable electricity, some of which have been specific to OSW. 

Some also provide the incentives such as tax exemptions, loan programs, Renewable Portfolio 

Standards (RPS) for the specific targets of renewable share capacity, including OSW, and green 

certificates. 

Not all member economies have an existing competitive electricity market that allows trading 

of power. In economies like China, the market structure is still dominated by the government, 

but there are future trends of deregulating power prices and establishing wider range of 

electricity trading markets. Other economies, such as Viet Nam and Chinese Taipei, are 

transitioning to competitive electricity markets. While Korea and Japan have wholesale 

markets, the price in Korea is not freely set, and only part of Japanôs electricity is marketed 

using this mechanism. The US has one of the most well-established wholesale competitive 

markets in the region for the trading of electricity. 

The transmission network in most of the member economies is owned by government-owned 

companies or in the form of a monopoly. China; Korea; Chinese Taipei; and Viet Nam all have 

government-owned transmission companies and only a small share of power generation is 

owned by private business. Chinaôs grid network is managed by three different government-

owned companies, and Japanôs by 10 different government-owned companies, each with their 

own area of jurisdiction.   

By the completion of the current study, not all member economies have a standard process for 

the OSW grid connection, although there are standards and rules for the connection of 

renewable power generators. In most cases it will be necessary to contact the transmission 

company in the area to process the connection of an OSW project. The application procedure, 

requirements and duration for the grid connection vary for each economy. Some require impact 

studies on the electrical system prior to the request, and in the most cases, it will be necessary 

to contact the transmission company in the area to check the specific technical details in relation 

to the network connection. 



 Supporting Offshore Wind Deployment and Grid Connection in APEC Region (EWG 06 2021A)  

 

  |   | Click or tap here to enter text. |       

  

3 

Apart for China, the OSW industry in most of the member economies is still at a relatively 

early stage of the development. Most have very less significant installed capacity, and most 

operational facilities are near-shore and/or demonstration projects.  

Due to the early stage of the industry, the regulation and approval processes have not well-

established for the specifics of the OSW technologies, and they can often be too long and 

complicated to incentivize the developers. The lack of capacity and track record in local supply 

chains also does not favour the large-scale development of the OSW technologies. As such, the 

development durations can be fairly long. Although most economies believe in the 

development of OSW as a key strategy for the decarbonization of the electricity market. These 

barriers can be discouraging for the possible foreign investors. Improvements in the regulatory 

framework or incentives, most probably at the government level, will be required to mobilise 

needed investment in this industry.  

In general, the transmission networks in the member economies have also not fully  prepared 

for the large-scale penetration of the OSW power from the coastal areas. In many economics, 

power networks are already largely congested from the recent rapid growth in solar PV capacity, 

and although the network upgrade plans are in place, the risk of curtailment is still significant. 

Grid capacity is generally seen as a bottleneck for the large penetration of OSW electricity. 

Strong coordination is required to ensure planned upgrades of the power network, considering 

the installed capacity expected for the growth in the OSW sector. 



 Supporting Offshore Wind Deployment and Grid Connection in APEC Region (EWG 06 2021A)  

 

  |   | Click or tap here to enter text. |       

  

4 

1  Development Status of the OSW in APEC Region 

Europe has shown success in providing utility-scale renewable power with OSW, as well as 

proving market and cost compatibility to well-established forms of power generation 

technologies, such as combined-cycle gas turbines. The development of OSW in APEC 

member economies has been accelerating in the past 5 to 10 years following the success of 

OSW development in Europe. In the APEC region, there are a number of economies with good 

wind resources and potentials in developing large-scale offshore wind farms (OWFs). However, 

due to various reasons, especially the lack of sufficient policies, directives, and incentives from 

the governments on the promotion in development of OSW, the progress of OSW in these 

economies varies. In general, it is relatively slow with respect to achieving carbon neutrality 

goals.  

Following the COP26 held in the UK in 2021, most of the member economies announced goals 

to achieve carbon neutrality by 2050 or by 2060. It is therefore expected that the development 

of OSW will become smoother and quicker, and the local governments will promote such 

development in various ways. 

The following table briefly shows the development status, and the expected progress of the 

OSW in the six APEC member economies include in this study. 

Table 1-1 Development status and expected progress in the six APEC  

member economies 

Economies 
Current installed OSW 

(MW)  

Target OSW by 2030 

(MW)  

Overall OSW potential 

(MW)  

China  26,380 >90,000 200,000~500,000 [1] 

Korea 125 12,000 33,200~215,900 [2] 

Japan 20 10,000 608,000 [3] 

Chinese Taipei 237 15,000(by 2035) 30,000 [4] 

Viet Nam 830 7,000 600,000 [5] 

The US 40 30,000 2,000,000 [6] 

The ambitious OSW development goals set by the six members would require stronger grid 

connection and integration supports. In the following sections, the current status and probable 

roadmap for OSW development, various aspects affecting the development of OSW, as well 

as the grid connection status and issues in each of these economies, will be discussed in more 

details. 
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2 China 

2.1 Introduction  

China is the worldôs second-largest economy, accounting for 16% of global GDP. It also 

contributes 28% of the worldôs electricity generation [7] [8]. Conscious of its global impact on 

carbon emissions, in 2021, the Peopleôs Republic of China committed to the goal of achieving 

carbon neutrality by 2060.  

The economyôs climate target is benefiting from its strong industry and the global rapid 

development of low-emission energy technologies. Despite an increase in coal power 

consumption following the global health crisis, China surpassed 1,000GW of installed 

renewable energy capacity in 2021. While the majority of this came from hydropower, 300GW 

was attributed to wind and solar energy alone, demonstrating the exponential capacity for 

growth within the economy.  

OSW currently accounts for almost 27GW of Chinaôs installed capacity, with close to 17GW 

new installation in 2021 alone. According to the International Energy Agencyôs (IEA) 

Sustainable Development Scenario, China is expected to reach 175GW of installed OSW 

capacity by 2040, which would match the European Unionôs installed capacity. Achieving this 

scale of development would require an average investment of USD13 billion on average 

between 2019 and 2040, implying that about 8% of Chinaôs total power plant investment will 

be allocated to OSW [7].  

2.2 Overview of Offshore Wind Resource 

Figure 2-1 depicts the heat maps showing the wind speed and water depth in the offshore 

portion of China. According to the map, wind speeds at a 100m height hub range from 1.6m/s 

to 11.5m/s [9], with the highest OSW resources concentrated south along the Chinese Taipei 

Strait. In general, the water depth of 0 to -170m below mean sea level is continuously found 

along the coastlines from the northern to southern portion of China [10]. Furthermore, the very 

deep waters below -1,000m, can be found further towards the southeast portion of the Hainan 

Island. 

Water depths of up to -70m are generally considered suitable for bottom-fixed foundations of 

the OSW project, while floating foundations are more suitable for the water depths between -

70m to -1,000m. Sea depths beyond -1,000m are considered ultra-deep and are less 

economically favourable and more complex, thus making development riskier for floating 

foundation. Based on the wind resource, both fixed and floating foundation OWFs can be 

deployed desirably along the Chinese Taipei Strait within Chinaôs Exclusive Economic Zone 

(EEZ) (see Figure 2-2).  
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Figure 2-1 Wind speed (left) and water depth (right) of the offshore areas in China 
 

 

Figure 2-2 Wind speeds for fixed foundations (water depth 0 to -70m) (left) and for 

floating foundations (water depth -70 to -1000m) (right) in China 
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2.3 Energy Sector and Regulatory Mechanism  

2.3.1 Structure of Electricity Supply 

In 2021, Chinaôs electrical installed capacity was dominated by coal, as shown in Figure 2-3. 

The largest share of installed renewable electricity was from onshore wind, followed closely 

by large-scale hydraulic power [11]. With new sustainable development commitments, China 

plans to decrease its reliance on coal and increase its installation of wind and solar 

infrastructure.  

 

Figure 2-3 China's installed capacity (GW) by source 2005-2021 

In terms of electricity generation in China, coal plants dominate, providing over 60% of the 

economyôs electricity consumption. Onshore wind power and hydraulic power are the top 

renewable resources of electricity generation, accounting for more than 20% combined [11]. 

Figure 2-4 shows the evolution of electricity generation in the economy. 

Although there are many electricity generation companies in China, the market is dominated 

by government-owned enterprises (SOEs) that own over half of Chinaôs generation capacity. 

Currently the five largest government-owned generation companies include: 

¶ China Energy Investment Corporation 

¶ China Huaneng Group 

¶ China Huadian Group 

¶ China Datang Corporation 

¶ State Power Investment Corporation 
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Figure 2-4 Electricity generation (GWh) by source, China 2006-2021 

In the retail sector, by the end of 2017, there were over 7,000 power retail companies operating 

throughout China [12]. According to the latest release in 2021, the China Top 500 Energy 

Company List includes 137 power corporations and 93 new and renewable energy companies 

[13]. Although the provincial governments, local governments, private companies and foreign 

investors hold a share in the retail and generation sectors, the government levelled SOEs still 

dominate. It is noted that most wind power generation companies are owned by the government 

in China [14].  

2.3.2 Renewable Energy and Climate Change Policies and Targets 

Ahead of the COP26 on 28 October, 2021, the Chinese government officially submitted its 

updated Nationally Determined Contribution (NDC) [15]. The updated NDC contains the 

following five overarching targets: 

1) Peaking carbon dioxide emissions before 2030 and achieving carbon neutrality before 

2060; 

2) Lower carbon intensity by over 65% in 2030 from the 2005 levels; 

3) Reduce the share of non-fossil fuels in primary energy consumption to around 25% by 

2030; 

4) Increase forest stock volume by around 6 billion cubic meters in 2030 from the 2005 

level; 

5) Increase installed capacity of wind and solar power generation to over 1,200GW by 

2030. 
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China has implemented an active domestic strategy to address climate change. In doing so, the 

government has established a leading group on carbon peak and carbon neutrality headed by 

Vice Premier of the State Council. Part of its plans are to speed up the electrification of end-

use sectors by improving electrical infrastructure and promoting smart electricity distribution 

technologies. To satisfy the increase in demand while driving down the carbon intensity of the 

electricity sector, the government will accelerate the development of a new and modern energy 

system and vigorously develop renewables, including wind solar, biomass, marine, and nuclear 

energy technologies. 

To reach the 1,200GW goal of renewable power generation capacity by 2030, the government 

has set a target of an additional 300GW of installed solar and wind power by 2025. A study 

conducted by BloombergNEF(BNEF) forecasts the annual installed capacity needed to reach 

this goal, as shown in Figure 2-5. In support of this, the 14th Five-Year Plan (FYP) includes 

the construction of eight major clean energy bases, highlighting new potential OSW sites in 

Guangdong, Fujin, Zhejiang, Jiangshu and Shandong provinces [16].  

 

Figure 2-5 China wind and solar annual installation forecast (GW) [17] 

2.3.3 Offshore Wind Power Development Policies and Targets 

The offshore wind resources are rich in Chinaôs coastal provinces, particularly in Guangdong, 

Fujian, Zhejiang and Shandong province, as seen in Figure 2-1. These are more economically 

developed provinces, with continuous growth in energy consumption. The average OSW speed 

along the east coast of China ranges from 6.5-11.0m/s, which is relatively lower in comparison 

to the North Sea in Europe (9.0-12.0m/s). With lower capacity factor, this suggests for China 

needs to install more OSW capacity to achieve a similar level of power production as the OSW 

fleet in Europe [18] [19].  
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According to China Renewable Energy Engineering Institute (CREEI), as of December 2021, 

China had an installed OSW capacity of 26.93GW of in China [20]. With 16.9GW installed in 

2021 alone, China saw the largest growth in OSW across the globe. Currently there is a goal to 

install 32GW by 2025, although predictions from the head of China Research indicate this 

could reach 63GW due to recent rapid developments [20] [21]. Jiangsu and Guangdong 

provinces are expected to account for over 60% of these deployments [20]. 

The designated target installed capacity for the five leading OSW development provinces by 

2030 is provided in Table 2-1. Although less ambitious, other coastal provinces, such as 

Liaoning, Hebei, Guangxi, Hainan, and Shanghai, have also pledged the OSW development 

targets [22]. 

Table 2-1 Planned installed OSW capacity by 2030 by provinces 

Province 
Planned installed OSW capacity by 2030  

(GW) 

Guangdong 30 

Jiangsu 15 

Zhejiang 6.5 

Fujian 5 

Shandong 3 

Moreover, the OSW development in Mainland China is expected to continue to grow rapidly 

and is also likely to see more floating platforms. The latest release from the National 

Development and Reform Commission (NDRC) and the National Energy Administration 

(NEA) in May 2022, encouraged the development of far-shore OSW farms to help reduce the 

coastal impact and land use [23] [24].  

2.3.4 Renewable Energy and Offshore Wind Regulatory Support Mechanisms 

The IEA predicts that Chinaôs OSW is estimated to reach cost parity with coal-fired generation 

in terms of the Levelized Cost of Electricity (LCOE) in the mid-2020s [7]. This drop is 

attributed to increased innovation, technological development and additional financial policy 

and support [11]. One of these incentives was the low-interest loan established in 2021. The 

loan from the central bank of China (PBOC) is estimated to be over CNY1 trillion and is 

expected to support the development of renewable projects across the economy. In parallel with 

the low-interest loan was the announcement of a 1% drop in interest rates [20].  

In the late 2000s China introduced the renewable energy FiTs scheme, which successfully 

promoted the rapid growth of the renewable energy sector. However, despite the large growth, 

challenges related to the government subsidy deficits and grid integration caused the 

government to phase out the FiTs scheme in 2020. The government is now transitioning to 

other support mechanisms, including competitive auctioning, voluntary green certificate 

trading and the Renewable Portfolio Standards (RPS) [25]. Additionally, some local 

governments have established subsidies for the OSW projects in their own province. For 

example, the Guangdong provincial government has set to provide CNY1,500 (USD234) for 

each kilowatt of OSW capacity built in 2022, CNY1,000/kw for those built in 2023, and 

CNY500/kw for those constructed in 2024 [26]. 
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The voluntary green certificate scheme implemented in 2017 was originally designed to 

complement the renewable energy FiTs. With the phase-out of the FiTs scheme, the green 

certificate scheme now operates as a complementary policy to the mandatory RPS scheme. One 

green certificate accredits 1MWh of non-hydro renewable electricity and can be traded to 

provide an additional revenue for renewable generators. As the green certificates scheme is 

increasingly identified as a channel to meet the RPS obligations, the trading volume has been 

raised.  

The RPS was introduced in 2019 and sets annual targets on the shares of total renewables and 

non-hydro renewables in electricity consumption by province. This policy incentivizes both 

power distribution and retail companies, as well as large consumers to target the sale and 

purchase of renewably sourced electricity to meet with their RPS quotas [25]. 

Established in 2006, the Renewable Energy Law has served as the foundation for large-scale 

renewable development in China. It covers many fundamental elements, such as capacity 

targets, planning, incentives, pricing mechanisms and cost-sharing method for renewable 

energy development, which has guided the formulation of renewable policy in a series of five-

year plans (FYPs) [27]. The 14th FYP on Renewable Energy Development was introduced in 

2021, and will continue to be the focus until 2025, with a specific target for the share of non-

fossil electricity generation to reach 39% by 2025. Table 2-2 summarizes the tax incentive 

policies relevant to OSW development [11]. 

Table 2-2 Tax incentives for OSW development in China [11] 

Policy  Content Start date 

China Renewable Energy 

Technology Enterprise 

Income Tax Reduction 

Renewable energy equipment manufacturers and  companies 

qualified as the "high and new technology enterprises" are 

entitled to a preferential Enterprise Income Tax (EIT) rate of 

15% for three years, while other corporate income tax rate is 

25%. Businesses that maintain their "high and new technology 

enterprise" status qualification can continue to enjoy the 15% 

EIT. 

01 Jan 2008 

China Income Tax 

Reduction for Renewable 

Energy Developers 

Renewable energy project developers are qualified for the 

enterprise income tax exemption for the first three years of the 

project operation, followed by another three years with a 

preferential tax rate of 12.5%, compared to the normal tax rate 

of 25%. 

01 Jan 2008 

China VAT Reduction on 

Wind Power 

A reduced value-added tax (VAT) rate of 8.5% applies to the 

project developers in China for power generation from wind 

energy. 

01 Jul 2008 

China VAT Exemption for 

Renewable Power 

Generation 

A halved VAT rate of 8.5% applies to the project developers in 

China for electricity generated from wind or solar. 
01 Feb 2013 

China Strategic Emerging 

Industries Key Product 

Catalogue 

Products and services that are classified as Strategic Emerging 

Industries (OSW included) can get the funding support from the 

government or enjoy the preferential tax benefits.   

22 Feb 2013 

Another significant support mechanism was the introduction of tax incentives for renewable 

energy generation in China.  
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2.4 Offshore Wind Development Procedure and Stakeholder 

Engagement 

2.4.1 Stakeholders and Their Responsibilities 

Established in 2013 the NEA serves under the NDRC as the regulator of the power industry in 

China. The NEA is responsible for [28]: 

Å Formulating policies and standards related to energy, such as coal, oil, natural gas, 

electricity, new and renewable energy; 

Å Managing the administration of nuclear power; 

Å Supporting energy saving and utilization of resources; 

Å Supervising and regulating the operation of the electric power market; 

Å Overseeing electricity safety, reliability and emergency management including 

formulation of regulations; 

Å Organizing international corporation by negotiating and signing agreements with 

foreign energy administration and international energy organizations. 

Table 2-3 summaries the different ministries and authorities relating to the OSW development 

in China.  

2.4.2 Offshore Wind Approval Procedures 

To streamline the development of OSW, the State Oceanic Administration and the NEA jointly 

released the guideline ï Measures for Offshore Wind Establishment in 2017. The guideline 

highlights the rules for the installation of new OWFs. Meanwhile, it specifies distance from the 

shore, water depth and sea area requirements under different conditions and in different 

locations along the Chinese coast. The guideline also clarifies that no OSW is permitted to be 

built in protected areas and fragile biological zones [29]. 

The approval procedure for an OSW project in China can generally be arranged into four stages 

[30]. Table 2-4 summarizes these stages, and Figure 2-6 shows a flow chart of the entire 

approval process [31].  
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Table 2-3 Summary of the authorities related to OSW development in China 

Ministry and authority  Functions and responsibilities 

National Development and Reform 

Commission (NDRC) 

Setting the economyôs development direction and the strategic 

energy plan. Facilitating sustainable development and coordinating 

environmental protection and restoration.  

Formulating policy for energy, renewable energy, coal, electricity 

development.  

Initiating, approving and regulating large energy infrastructure 

projects. 

National Energy Administration 

(NEA) 

Serving under the NDRC.  

Setting standards and overseeing the operation of the electricity 

market. Organising and approving large energy projects and 

investment.  

Regulating the economyôs energy industry and projects.  

Facilitating international energy cooperation. 

State Administration for Market 

Regulation 
Registering electricity companies. 

Ministry of Natural Resources 

Approving land use rights and sea use rights and granting relevant 

certificates.  

Regulating and monitoring sea use and shore area development. 

Ministry of Ecology and Environment 

(MEE) 

Overseeing the execution of CO2 emission reduction targets.  

Ensuring the compliance with the environmental regulations related 

to electricity generation plants.  

Formulating the strategic plans and policies on climate change and 

emission reduction in accordance with the United Nations 

Framework Convention on Climate Change (UNFCCC). 

Ministry of Industry and Information 

Technology (MIIT)  

Formulating plans and mentoring emission reduction and energy 

saving on energy intensive industry such as iron and steel, cement, 

aluminium, and chemicals. 

Ministry of Finance Approving and distributing the subsidies to renewable energy plant. 

State Oceanic Administration Regulating the use of sea area. 
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Table 2-4 Stages for OSW development in China [30] 
Stage Description Referencing technical standard 

Stage 1: 

Planning 

Preparing the required 

specifications for early-stage 

OSW development. 

Å Preparation Rules of Offshore Wind Power Farm 

Projects Planning Report (Trial) (FD 005-2008)  

Å Code for Preparation of Safety Pre-assessment 

Report of Wind Power Farm Projects (NB/T 31028-

2012)  

Å Code for Preparation of Offshore Wind Power Farm 

Projects Pre-feasibility Study Report (NB/T 31031-

2012)  

Å Code for Preparation of Offshore Wind Power Farm 

Projects Feasibility Study Report (NB/T 31032-

2012)  

Å Code for Wind Energy Resource Measurement and 

Marine Hydrological Observation of Offshore Wind 

Farm Projects (NB/T 31029-2012)  

Å Technical Specification for Construction 

Organization Plan of Offshore Wind Power Farm 

Projects (NB/T 31033-2012) 

Stage 2: 

Design 

Following design codes, including 

Load and Resistance Factor 

Design(LRFD)/Working Stress 

Design(WSD) structural design, 

structural load, aseismatic design, 

structural steel, pile foundation 

design, anti-corrosion technology 

and other aspects as issued by the 

relevant Design Institute. 

Å Wind Turbine Systems Design Requirements (GB/T 

18451.1-2012)  

Å Design Code of 110kV-220kV Offshore Boosting 

Substation in Wind Power Farm (NB/T 31115-2017)  

Å Guide for Selection and Laying of AC Submarine 

Cables for Offshore Wind Power Projects (NB/T 

31117-2017)  

Å Technical Standard for Anti-corrosion of Offshore 

Wind Farm Steel Structures (NB/T 31006-2011)  

Å Standard for Design of Offshore Wind Power Farm 

(GBT 51308-2019) 

Stage 3: 

Offshore 

construction 

Following the requirements for 

construction preparation, 

construction transportation, 

foundation engineering 

construction, installation of wind 

power equipment, laying of 

submarine cables, engineering 

observation and detection, the 

commissioning and trial run of 

OSW farms, construction 

management, etc. 

Å Code for Construction of Offshore Wind Power 

Project (GB/T 50571-2010)  

Å Technical Code for Construction Safety of Offshore 

Wind Power Farm Projects (NB/T 10393-2020) 

Stage 4: 

Operation 

and 

Maintenance 

The operation and maintenance of 

wind turbine are managed by the 

wind turbine manufacturer. The 

owning enterprise will later take 

charge of the maintenance and 

operation, following the 

manufacturerôs instructions. 

Å Offshore Wind Turbines-Requirements for 

Operation and Maintenance (GB/T 37424-2019) 
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Figure 2-6 The OSW planning mechanism in China [31] 
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2.5 Offshore Wind Grid Connection 

2.5.1 Electricity Utility Structure and Grid Connection Procedure 

The domestic electricity network is run by three government-owned grid corporations: the State 

Grid Corporation of China (SGCC), the China Southern Power Grid Corporation (CSPGC) and 

the Inner Mongolia Electric Power Corporation (IMEPC). SGCC supplies power to over 1.1 

billion people in 26 provinces, autonomous regions, and municipalities, covering 88% of 

Chinaôs territory and making SGCC the largest power corporations in the world. CSPGC 

constructs and operates the grid in Chinaôs five southern provinces, namely Guangdong, 

Guangxi, Yunnan, Guizhou, and Hainan, while IMEPC supplies over 720,000km2 in Chinaôs 

Inner Mongolia Autonomous Region. The map in Figure 2-7 highlights the footprint of the 

three companies. 

 

Figure 2-7 China grid service providers [12] 

Most operational OSWs in China have alternative current (AC) transmission to the grid with 

voltages of either 110kV or 220kV. Currently, there are serval planned OSWs implementing 

flexible direct current (DC) transmission. The process for connecting an OSW farm to the grid 

is highly regulated by the NEA. Projects must be included in the NEAôs official development 

plan to apply for grid integration or construction. Projects are included in the plan through a 

competitive allocation process via local NEAs pursuant to the Administrative Guidance for 

Competitive Allocation of Wind Power Projects (Trial) [29]. 

The technical standards and requirements for connecting OSWs to the grid are published and 

regulated by the NEA. The earliest technical rule (GB/Z 19963-2005) for connecting wind 

farms to the grid was released in December 2005 and started to be implemented in February 

2006. It was later replaced by technical standard (GB/T 19963-2011) for wind farm grid 

connection, which was implemented in June 2012. This standard is planning to be replaced by 

https://std.samr.gov.cn/gb/search/gbDetailed?id=71F772D7C040D3A7E05397BE0A0AB82A
https://std.samr.gov.cn/gb/search/gbDetailed?id=71F772D7E316D3A7E05397BE0A0AB82A
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GB/T 19963.1-2021 for onshore wind, and 20180777-T-624 for OSW. While the onshore wind 

standard was completed and was released in August 2021, the OSW standard is yet to be 

finalized. It is likely to assume that until the implementation of the OSW standard, procedures 

for grid connection should follow a similar approach to the latest GB/T 19963.1-2021 onshore 

wind guide. Table 2-5 provides a summary of the relevant documents. 

Table 2-5 Relevant grid connection standards in OSW 

Name Standard code 

Technical rule for connecting wind farm to power system GB/T 19963-2011 

Technical rule for connecting wind farm to power system, part two: offshore 

wind power 
20180777-T-624 

The grid operation code DL/T 1040 

Technical specification for voltage source converters of DC transmission 

systems integrating offshore wind farms 
NB/T 10646-2021 

Technical specification for DC circuit breaker of DC transmission systems 

integrating offshore wind farms 
NB/T 10647-2021 

Technical specification for control and protection equipment of DC transmission 

systems integrating offshore wind farms 
NB/T 10648-2021 

All OSW farms must satisfy the basic requirement of DL/T 1040 with frequency adjustment, 

peak shifting and backup capability and function. Table 2-6 presents the active power 

maximum value change under the normal operation condition. 

Table 2-6 Technical requirement of maximum active power value change 

Installed capacity 

(MW)  

10 min active power maximum value change 

(MW)  

1 min active power 

maximum value change 

(MW)  

<30 10 3 

30-150 Installed capacity / 3 Installed capacity / 3 

>150 50 15 

In case of an emergency, the wind farm should be able to automatically adjust its active power 

output or even shut down power output upon instruction from the grid operator. The OSW farm 

should also be equipped with power output prediction capability that can predict power output 

for periods of 0 ï 72h and 15-min to 4-hour intervals. The wind farm should report its 15-min 

to 4-hour power output prediction curve to the grid operator every 15 minutes, as well as the 

power output prediction curve for 0 ï 24h every day. 

Regarding the reactive power requirement, the wind farm should be able to adjust its power 

with a power factor range of 0.95 leading to 0.95 lagging. The OSW must be equipped with 

reactive power frequency and voltage adjusting capability. The voltage should be maintained 

at 97% to 107% of the nominal voltage in the grid connection point. The requirements for 

action for the wind farm at different frequency ranges are presented in Table 2-7. 

Testing, including active and reactive power control ability, power quality, low voltage ride 

through, frequency and voltage adaptability, is required for a wind farm with more than 40MW 

installed capacity. The wind farm should submit the testing proposal and the wind farm model 

https://std.samr.gov.cn/gb/search/gbDetailed?id=CA6C0E542CB5C983E05397BE0A0AED11
https://std.samr.gov.cn/gb/search/gbDetailed?id=E116673EAD89A3B7E05397BE0A0AC6BF
https://std.samr.gov.cn/gb/search/gbDetailed?id=CA6C0E542CB5C983E05397BE0A0AED11
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as well as the system specifications and characteristic to the grid regulator. The testing report 

should be submitted within 6 months after the testing.  

Table 2-7 Technical action in the different frequency range 

Frequency range Requirement 

<48Hz According to the lowest frequency allowed in the wind farm for operation 

48-49.5Hz Capable to operate for at least 30 minutes when lower than 49.5Hz 

49.5 ï 50.2Hz Normal operation 

> 50.2Hz 

Capable to operate for at least 5 minutes and adjust the frequency according 

to the grid operator. The wind farm in shut-down status is not allowed to 

connect to the grid 

2.5.2 Transmission Network and Expansion Plan 

Existing and future Ultra-High Voltage (UHV) transmission lines owned by SGCC are shown 

in Figure 2-8. UHV AC refers to transmission of 1,000kV and above, while UHV DC refers to 

800kV and above. The total 31 UHV projects, currently at different stages of development, 

cover 41,000km with a capacity over 450 gigavolt-ampere (GVA) [29]. 

 

Figure 2-8 SGCC UHV projects under construction and in operation [24] 

The other major grid owner, CSPGC manages a total of nineteen 500kV-networks (consisting 

of 8 AC and 11 DC), in the provinces of Guangdong, Guangxi, Yunnan, Guizhou and Hainan 

[32]. CSPGC operates 110kV high power cables running over 256,000km. To accommodate 

growing demand and a push for non-fossil generation, the company is looking to invest USD98 

billion in the period 2020-2025 for grid expansion, digitization, and modern electrical system 

development [33]. 

According to the August 2022 statement of the NEA [34], the completed investment projects 

on the power grid are costing CNY23.64 billion (USD3.5 billion) from January to July 2022, 

and are expected to reach CNY100 billion by the end of the year. Four AC and four DC HV 
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connection projects in Bauhetan-Jiangsu were completed in 2022, while the Fujin-Xiamen and 

Zhumadian-Wuhan UHV AC projects had started construction. The planned 1 AC and 5 DC 

HV projects for the connection of Xiaxi-Anhui, Xiaxi-Henan, Mengxi-Jinjinji, Gansu-Zhejiang 

and Tibet-Guangdong, valued at CNY11 billion, are in the pre-construction phase.  

The expansion and investment plan of the grids has been focused on improving voltage 

regulation capability and better compatibility with renewable electricity generation. As 

mentioned by SGCC Chair Xin Baoan, they will invest USD350 billion between 2021 and 

2025 to upgrade Chinaôs power grid and build new power systems to accommodate future 

OSW and other renewable development [35]. More than 20 provinces with nearly 300 grid 

expansion projects are recorded in 2021 [36]. Although these expansion plans do not specify 

detailed upgrades for OSW grid connection, the upgraded grid will be more flexible and can 

hence facilitate renewable development, such as OSW. 

Moreover, the 14th FYP highlighted the development of smart grids and smart micro-grids to 

accommodate more clean and renewable power and facilitate the development of renewables 

in China [37]. For example, Beijing is developing new generation of data and information 

technology and grid system integration for power distribution automation and intelligent grid 

self-diagnosis.  

2.5.3 Offshore Wind Case Study 
The fully operational OWFs in China include the largest ones when the report was prepared, 

namely, Jiangsu Oidong and Shanghai Donghai Bridge 1. Table 2-8 and Table 2-9 provide a 

summary for each project respectively [38].  

Table 2-8 Jiangsu Qidong OSW Farm case study [39] 

Jiangsu Qidong Offshore Wind Farm 

Location 35km from the city of Qidong. Around 40km from shore 

Water Depth Water Depth of 35-55 meters 

Wind Turbines 134 turbines of 7 different types, developed by 4 different manufacturers 

Foundation Fixed, monopile 

Capacity 

802MW rolled out in 3 projects: H1, H2 and H3 

Each of the wind farms has an independently operated 220kV offshore booster station but 

share 1 onshore centralized control center 

Shareholder 

Å Developed and owned by: Jiangsu Huawei Wind Power and Qidong Hua Er Rui 

Wind Power Technology 

Å Contractor: Huadong Engineering Corporation Limited 

Å Render EPC: East China Survey and Design Institute 

Å Turbine supplier: Shanghai Electric Wind Power Equipment 

Status 

Å Construction commenced: 2020 

Å Commercial operation: December 2021 

Å Full capacity connection to grid: December 2021 

Site condition 
Å Wind speed at 100m: 7.94m/s 

Å Average wind power density: 497W/m2 

Choice of 

Technology 

Å 3 independent offshore substations with 1 centralized onshore power control and 

distribution center 

Å Wind Turbine Generator (WTG) selection: 

o H1: 6MW x 42 WTG 
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Jiangsu Qidong Offshore Wind Farm 

o H2: 6MW x 42 WTG 

o H3: 6MW x 50 WTG 

Grid connection 

Å Inter-array voltage: 35kV 

Å Export voltage: 220kV 

WTGs are interconnected through 35kV XLPE-3×95 cables. The 220kV submarine 

export cable used is XLPE-3×500. 

 

 

 

 

Table 2-9 Shanghai Donghai Bridge 1 OSW Farm case study [40] [39] 

Shanghai Donghai Bridge 1 Offshore Wind Farm 

Location 5.9 ï 13km from shore of Shanghai 

Water Depth Water Depth of 10 meters 

Wind Turbines 34 turbines made by Chinese manufacturer  

Foundation Fixed, High-Rise Pile Cap (HRPC) 

Capacity 102MW  
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Shanghai Donghai Bridge 1 Offshore Wind Farm 

Shareholder 

Å Developed and operated by: Shanghai Dong Hai Wind Power Generation Company 

Å Owned by: Shanghai Eclectic Group 

Å Operator: Huadong Engineering Corporation Limited 

Å Turbine supplier: Sinovel 

Status 

Å Construction commenced: 2008 

Å Commercial operation: December 2010 

Å  Full capacity connection to grid: December 2010 

Site condition 
Å Wind speed at 100m: 9.68m/s 

Å Average wind power density: 662W/m2 

Choice of 

technology 

Å 3-MW x 34 WTGs by Sinovel 

Å 1 onshore substation  

Grid connection 

Å Inter-array voltage: 35kV 

Å Export voltage to onshore substation: 35kV 

Å Export voltage to grid: 110kV 

The WTGs are connected in 4 strings of 8 or 9 WTGs each at 35kV, which then connect to 

the onshore substation. A 110kV cable line then connects the onshore substation to the 

transmission substation.  
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Shanghai Donghai Bridge 1 Offshore Wind Farm 

 

2.6 Offshore Wind Offtake Business Case 

2.6.1 Participation in the Electricity Market 

Prior to the reform in the power sector, the government controlled and owned all of the 

electricity generation and distribution systems, including electricity production, transmission, 

and distribution to the consumers. The only electricity retailers were the grid companies 

operated in each region. Following the reform in 2015, most power companies were still owned 

by the government, although the wholesale power price was deregulated, and consumers were 

able to sign contracts with chosen producers and retailers at an agreed price.  

The 2015 Reform of Power System (Document No. 9) by the State Council established a free-

market electricity pricing mechanism to encourage transmission between provinces in different 

grid networks [41] [11]. Overall, this reform document set guiding direction to liberalize the 

wholesale and retail electricity market allowing the government to have control only of the 

transmission grid. This was intended to help facilitate the development and installation of 

renewable energy capacity in the economyôs transition, and to achieve its carbon neutrality by 

2060 [11].  

Apart from the liberalization, China also intends to standardize the whole electricity market, 

facilitating interconnection across provinces, cities, and districts. According to the 

announcement made the NDRC in January 2022, China plans to unify the electricity market 

economy-wide at a preliminary level by 2025 and complete the unification process by 2030 

[42]. This is expected to provide the necessary efficiency to integrate more renewable power 

generation and allow large-scale green power trading. While this process will facilitate further 

development of OSW in China in the foreseeable future, it has been expected that the entire 

standardization process would be both complex and time-consuming.  
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2.6.2 Cost of Offshore Wind 

The cost of OSW is expected to continue to decline thanks to the development in the local 

manufactures, policy support, the increasing installed capacity, and improving generation 

efficiency. The LCOE for OSW in China is predicted to drop from a range of USD54/MWh to 

USD96/MWh in 2022 to around USD27/MWh to USD44/MWh in 2050, which is 

approximately a 50% reduction [11]. A study conducted in 2021 found that out of the six 

provinces studied (Jiangsu, Zhejiang, Hebei, Liaoning, Fujian, Guangdong), Hebei Province 

has the highest LCOE value of USD125/MWh, while Fujian Province has the lowest LCOE 

value of USD100/MWh, representing a 20% difference between the two provinces [43]. The 

cost difference in this case is mainly due to the fact that the farm in Hebei Province has lower 

annual utilization hours hence higher unit cost, resulting in an 8.75% higher price than the 

NEAôs policy guidance price. 

The overall trend of reduction in the cost of China OSW can largely be contributed to the 

rocketing development and installation of OSW in China. According to BNEF, mainland China 

accounts for 80% of OSW installation in 2021 and the trend is expected to continue, as shown 

in Figure 2-9. As a result, it is not surprising to see the drop in Chinaôs OSW cost. This is an 

encouraging sign for the development of OSW in China. With the central government gradually 

removing subsidies for OSW projects, the cost of OSW must become more market competitive 

to overcome the financial barriers. 

 

Source: [44] Jean-Michel, 10 August 2022. 

Figure 2-9 Global offshore wind installations prediction by market 

2.6.3 Participation in Provision of Ancillary Services 

The NEA released the Measures for Administration of Ancillary Services in December 2021, 

which outlines the updates to ancillary services in China. Major changes were planned to be 

imposed, including the expansion of ancillary service products and types, the establishment of 
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cost sharing mechanisms using the ñwho benefits, who paysò principle, and the addition of 

more eligible market participants. To incorporate more renewable electricity and follow the 

ongoing updates and reinforcement to the grid, the new measures will allow more ancillary 

services, totalling three categories, namely active power balancing services, reactive power 

balancing and emergency coping and recovery services, to enter the market. 

For the first time since 2006, the ancillary service cost was passed to the end users, not just the 

generators. This implies that the consumers may end up paying more, thereby changing the 

level of the power tariffs. Renewable generators such as OSW can benefit from the downward 

ramping (peak shifting) ancillary products, but the allocation fees could increase as more 

renewable power entering the market [45].  

2.6.4 Private Offtaker of Electricity  

China has aimed to steadily establish an electricity market exchange to enable direct 

transactions between new and renewable energy projects and power users, as mentioned in the 

latest release from the NDRC and the NEA in May 2022 [46].To test and prepare for a possible 

future green power exchange market, the NDRC and the NEA have launched a trial scheme for 

trading green electricity. Currently, the two trading centers are the Beijing Power Exchange 

Center and the Guangzhou Power Exchange Center. Liaoning and Fujian provinces have 

launched their green electricity markets, with orders of more than 2.78 billion kWh [47] and 

transaction volume of 28.43GWh in 19 transactions respectively [48]. Although the 

establishment of a power exchange market is still at an early stage, it is an encouraging sign 

for possible cost reduction as well as demand boosts for renewable electricity and the OSW 

projects. 

Although various approaches for trading green electricity have been explored at central 

government and local levels in China, there is currently no unified Power Purchase Agreement 

(PPA) with power producers available for off takers [49]. Green electricity transactions, in 

which power users directly participate, follow the basic frameworks of medium- and long-term 

electricity contracts (such as PPA), involving power generation enterprises, power grid 

enterprises and power users. However, due to the complexity and absence of the unified 

contractual solutions for electricity procurement, China has been regarded as one of the 

challenging markets for the private or foreign entities to reduce their GHG emissions related 

to electricity generation.  

2.6.5 Curtailment 

The rocketing growth of renewable generation capacity have created challenges for their 

integration with the power grid. The IEA mentioned in its report that a curtailment rate of 17.2% 

for wind generation and 10.3% for PVs was recorded in 2016. In some regions, the curtailment 

rates exceeded 40% [12]. The IEA summarized the following three reasons: 

1. Poor coordination in the planning and investment processes leading to a large deviation 

between the plan and implementation;  

2. Inefficient resource allocation due to the lack of sufficient market trading mechanisms;  

3. No fully formed market-based pricing mechanism resulting in the power prices that are 

not commensurate with the costs. 
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Despite the challenges of integrating renewable power with the grid, Bloomberg analyst 

suggests that curtailment in China is lesser an issue in a mega-energy bases. This is because 

the generation added is much lower than the increase in demand, and even if the generation 

added is higher than local demand, other provinces would be able to absorb the excess 

generation [50]. The development of the UHV transmission lines has been the proactive 

response to the situation of unbalanced locations of load centres and renewable energy 

resources in China.   

It is difficult to predict the exact curtailment rate in China as there is less available or up-to-

dated data across different provinces. However, following the continual development and 

implementation of the market-based mechanisms and pricing systems in electricity sector, 

curtailment risk could be reduced in the future. Additionally, as more policies have been rolled 

out to address the carbon neutrality goal, it is expected that more policies and guidelines will 

be implemented to avoid the likely misalignment in the planning of the renewable energy 

projects. 

2.7 Summary and Recommendations 

While the rapid development of OSW energy in China is highly promising, several barriers 

remain. Some of the most significant barriers are associated with the member economyôs 

current procedures and policies. The electricity market in China is regulated by the State 

Council, with the largest portion of electricity generation controlled by the SOEs. This 

monopoly situation leaves little room for private-owned companies to make their marks. 

Welcoming foreign investment would help to increase positive market competition, therefore 

drive the growth of the industry. Additionally, allowing more room for cooperation with the 

experienced foreign OSW companies and partnership with European economies, such as the 

UK or Germany, can promote OSW knowledge sharing to overcome the current barriers in 

OSW development procedures and policies. 

Planning and application procedures for the development of OSW projects in China are 

complicated and vary across provinces. This is another barrier for the foreign investors as it 

makes the approval process challenging to navigate. Standardising the approval process and 

introducing great transparency would help to drive out the current monopoly. Policy-based 

strategies such as standard development and certification of key OSW equipment can further 

improve the transparency and strengthen the investor confidence.  

Although the costs of OSW have dropped significantly over the past five years thanks to the 

many recent large-scale OSW farm installations, OSW in China is still among the most 

expensive renewable energy technologies in terms of LCOE. The ending of FiT for renewables 

poses more challenges for new OSW projects. The central and local governments can consider 

market-based strategies to aid the development of OSW projects. For example, issuing green 

bonds and green loans can help fill in the gap without FiT, and drive the development of the 

OSW-related industry. 

While much work has been to upgrade and expand the grid network to accommodate the 

exponential growth in variable renewable power generation, in its current state, the gap stil 

exists for higher renewable penetration. Without appropriate network planning, the risk of 

curtailment for many investors is still a strong deterrent. The OSW grid connection is still in 

an early stage, with almost all OSW systems in AC transmission. To explore deeper water 

OSW development, such as floating wind farms, China should continue to examine and adapt 

the latest OSW transmission technology, such as DC transmission system. In-depth research 
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on the key challenges of AC/DC transmission is of particular importance for future 

development and innovation. Demonstration platforms should be established for new 

technology trial applications. 

As more green power enters the electricity market, its unification is increasingly important. 

With the reform in power sector, the government has planned to strengthen the network 

connection between provinces, cities, and districts. While still in its early stages, these changes 

would help to increase the number of participants in the green power market exchange. The 

establishment of medium- and long-term electricity contract mechanisms for the China market 

is needed for future OSW development.  
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3 Japan 

3.1 Introduction  

Japan has committed to the target of carbon neutrality by 2050. This announcement came in 

the first draft of the Green Growth Strategy released in December 2020. The strategy highlights 

the scale of the challenges and the magnitude of the transformation required among each of the 

14 priority sectors across the economy.  

Offshore wind plays an essential strategy in achieving Japanôs Green Growth Strategy goals. 

The Japan Wind Power Association (JWPA) estimates that the economy has a total 552GW of 

potential offshore wind resource, although most of which are in deep waters (floating 

foundations required). Since Japan established its targeted promotional offshore wind areas in 

2019, the value of entering the market has become much more favourable. Many Japanese 

utilities are attempting to partner with more experienced European utilities to tender for a spot 

in these promotional zones. Transmission infrastructure is now also being actively considered 

to support the offshore wind goals of the Green Growth Strategy. The DC power transmission 

networks are needed to connect the emerging OWFs to areas of demand.  

3.2 Overview of Offshore Wind Resource 

Figure 3- 1 shows the wind speed and water depth as heat maps for the offshore portions in 

Japan. The wind speeds at 100m hub height range from 2.8m/s to 11.4m/s along the coast, with 

the highest located in the north off the southern coast of Hokkaido. The water depth around 

Japan tends to drop much faster than some of the other APEC member economies, with the 

shallowest far coast waters being located off the southeast coast.  

Water depths up to -70m are generally considered suitable for bottom-fixed foundations, while 

floating foundations are suitable for water depths between-70m and -1,000m. Sea depths 

greater than -1,000m are considered ultra-deep and are less economically favourable and more 

complex, and thus riskier in terms of development for floating foundation. Based on the wind 

resource, both fixed and floating foundation OSWs can be deployed desirably off Hokkaido 

and the north of Honshu (see Figure 3-2). It can also be seen from Figure 3-2, to capture most 

of the offshore wind potential in Japan, floating foundations will have to be deployed due to its 

unique bathymetry. 
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Figure 3-1 Wind speed (top) and water depth (bottom) of Japan's offshore areas 
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Figure 3-2 Wind speed for fixed foundation water depth 0 to -70m (top) and floating 

foundation -70 to -1000m (bottom) in Japan 
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3.3 Energy Sector and Regulatory Mechanism  

3.3.1 Structure of Electricity Supply 

Leading up to 2011, nuclear power generation was a large portion of Japanôs electricity mix. 

Following the Fukushima incident, the share of nuclear electricity generation fell from 25% in 

2010 to 0 in 2014, the gap of which was filled by the fossil fuels. Since the peak in 2012, the 

installed electrical capacity from the fossil fuels has been steadily declining. Between 2012 and 

2021, renewable electricity generation grew by 70% and solar power accounted for almost 90% 

of this growth (due to the introduction of the solar FiT), while wind power made a modest 

contribution. The share of renewable energy in total power generation increased from 10% in 

2012 to almost 21% in 2021 [51]. In 2021, natural gas accounted for 34%, coal 31%, solar 9%, 

hydro 8%, nuclear 6%, bioenergy and waste 4% as well as small shares of wind, geothermal 

and other fossil fuels and nuclear [52]. Historical electricity generation in Japan is shown in 

Figure 3-3 and the installed capacity in Figure 3-4.  

 

Figure 3-3 Historical electricity generation (GWh) by source in Japan 2006-2021 [51] 
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Figure 3-4 Historical installed capacity (GW) by source in Japan 2005-2021 [51] 

3.3.2 Renewable Energy and Climate Change Policies and Targets 

In the Japan's Nationally Determined Contribution (NDC) under the Paris Agreement, 

submitted on 22 October 2021, Japan updated its commitment to reduce its GHG emissions by 

46% in 2030, compared to 2013 levels [53]. To achieve this goal, it has implemented the Global 

Warming Countermeasure Plan and had already reduced its GHG emissions by 11.8% in 2018 

relative to 2013. The aim is to achieve carbon neutrality and a decarbonized society by 2050 

[52]. 

 

Figure 3-5 14 Sectors included in the Green Growth Strategy 

In response to this ambitious target, the Ministry of Economy, Trade, and Industry (METI) in 

collaboration with other ministries and agencies formulated the Japanôs Green Growth 
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Strategy Through Achieving Carbon Neutrality in 2050. The strategy presents a blueprint of 

energy policies and supply and demand mechanisms to achieving carbon neutrality. The plan 

specifies 14 promising fields and provides them with action plans from both the industrial and 

policy viewpoint [54]. A summary of the objectives for each of the promising fields can be 

seen in the following sub-section.  

3.3.3 Offshore Wind Power Development Policies and Targets 

The first sector of the Green Growth Strategy is concerned with next-generation renewable 

energy technologies, specifically offshore wind. The strategy emphasizes the importance of 

efforts to introduce offshore wind power in Japan from both an energy policy and industrial 

policy perspectives, while reducing the costs by cultivating Japan's offshore wind power 

industry and strengthening competitiveness. The government will set offshore wind power 

generation introduction targets, specifically to award capacity of 10GW by 2030 and 30-45GW 

(including offshore floating wind) by 2040. The recent legislation established 11 promotion 

zones in five prefectures, with the competitive auctions to support the offshore wind 

deployment [7]. The distribution of the targets by region is outlined in Figure 3-6 [53]. 

 

Figure 3-6 Offshore wind introduction targets by region [55] 

The government is seeking to establish an attractive domestic offshore wind power market to attract 

domestic and foreign investment by reducing the costs of offshore wind in Japan, including 

growth of a competitive and resilient supply chain. To promote the establishment of local 

companies, the government aims to increase supply chain capability by 60% by 2040. By 2030, 

the LCOE of fixed-bottom offshore wind turbines must reach JPY8-9/kWh [56].  

While most of Japanôs current project pipeline uses fixed-bottom type turbines, there are 

relatively few shallow areas available for offshore wind, which means that more ambitious 

deployment of offshore wind is likely to be tied to the successful development of floating 

turbines. Most of the technical potential of more than 9,000TWh per year is in deep water and 

would require floating platform technology. In 2013, Japan established the first offshore 

floating wind farm demonstration project (up to 14MW) in Fukushima; the wind farm is 
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currently still in operation as an empirical research project with a view to further expanding 

offshore wind power capacity [52]. Japanôs Demonstration Research Team is conducting 

research into the technologies aimed at reducing the cost of floating OSW generation to 

JPY20/kWh or less by 2030 [57]. 

Figure 3-7 shows the roadmap for the offshore wind development outlined in Japanôs Green 

Growth Strategy Through Achieving Carbon Neutrality in 2050. 

 

Figure 3-7 Roadmap of Growth Strategies for OSW power generation industries [58] 
 

3.3.4 Renewable Energy and Offshore Wind Regulatory Support Mechanisms 

A FiT scheme covering different renewable generators was introduced in July 2012. Under the 

FiT scheme, electricity utilities could pass on costs for the purchase of electricity generated by 

renewable energy resources to their customers. The Government revised the FiT scheme in 

2016 for wind power and other generators, allowing purchase prices to be fixed for several 

years. 

In 2020, the government decided to review the FiT system with the launch of a feed-in premium 

scheme to add premiums to the market price of renewables. The aim was to support the uptake 

of solar and wind electricity generation, thereby increasing their shares in the electricity mix. 

Table 3-1 shows the expected offshore wind FiT prices for the next a few years.  
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Table 3-1 Offshore wind FiT prices 

Foundation type 
FY2021 

(JPY/kWh) 

FY2022 

(JPY/kWh) 

FY2023 

(JPY/kWh) 

FY2024 

(JPY/kWh) 

Fixed 32 29 public tender - 

Floating 36 36 36 36 

In April 2019, the Act on Promoting Utilization of Sea Areas for Development of Power 

Generation Facilities Using Maritime Renewable Energy Resources came into effect. This act 

introduced the rules for the lease agreement of maritime areas and the process for coordinating 

the interests of stakeholders, such as members of the fishing industry.  

The government has been systematically promoting the establishment of power grids, ports and 

harbours, and other necessary infrastructure to achieve the offshore wind power capacity 

introduction targets. The Power Grid Establishment Master plan is scheduled to be completed 

by the end of FY2022. A study group was launched in March 2021 to form a detailed 

development plan for the introduction of long-distance submarine High Voltage Direct Current 

(HVDC) power transmission system from the offshore wind power generation sites (Hokkaido 

and Tohoku) to the large consumption areas [7].  

Other incentives driven by the government include a regulatory review aimed at shortening the 

examination period of the METI and the Ministry of Land, Infrastructure, Transport and 

Tourism (MLIT), as well as the streamlining of their safety review procedures by increasing 

the percentage of equipment types that do not require detailed verification. Other policies 

include clarifying criteria for permission to leave the fixed bottom wind turbines in place and 

relaxing the criteria related to the installation of the aircraft warning lights on wind power 

generation facilities [53]. 

3.4 Offshore Wind Development Procedure and Stakeholder 

Engagement 

3.4.1 Stakeholders and Their Responsibilities 

The electricity market in Japan is divided into three main sectors: generation, transmission and 

distribution and retail. As of January 2020, there were 834 registered electricity providers in 

Japan. Most entrants to the generation business are autonomous distributed generators, 

including the firms from paper manufacturing, steel making, and the gas and petroleum 

industries. Some local governments have also entered, albeit on a small scale. The former 

Electric Power Companies (EPCOs) and the two largest former wholesale electric utilities (J-

POWER and the Japan Atomic Power Company) still dominate the sector, jointly accounting 

for around 55% of capacity and approximately 80% of peak output (JEPIC, 2020). The retail 

market had 637 companies in January 2020 (including the retail arms of former EPCOs) [52]. 

The Japanese transmission and distribution network is organized into 10 regional grids, each 

operated by a utility company and its associated subsidiaries (see Table 3-2).  

There are three primary ministries involved in the development of offshore wind:  

Å the Ministry of Land, Infrastructure, Transport and Tourism (MLIT); 

Å the Ministry of Economy, Trade and Industry (METI);  
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Å the Ministry of the Environment (MoE). 

Each ministry oversees certain regulations and acts. Those of relevance to offshore wind are 

included in Table 3-3. 

Table 3-2 Electricity utilities and transmission and distribution subsidiaries in Japan 

Electricity utilities  Transmission and distribution subsidiaries 

Hokkaido EPCO Hokkaido Electric Power Network, Inc. 

Tohoku EPCO Tohoku Electric Power Network, Co. 

Tokyo EPCO TEPCO Power Grid, Inc. 

Hokuriku EPCO Hokuriku Electric Power Transmission & Distribution Co. 

Chubu EPCO Chubu Electric Power Grid Co. 

Kansai EPCO Kansai Transmission and Distribution, Inc. 

Chugoku EPCO Chugoku Electric Power Transmission & Distribution Co. 

Shikoku EPCO Shikoku Electric Power Transmission & Distribution Co. 

Kyushu EPCO Kyushu Electric Power Transmission & Distribution Co. 

Okinawa EPCO Okinawa Electric Power Co. 

 

Table 3-3 Involved Acts and the ministries in charge for OSW project development 

Involved acts Ministries in charge 

Offshore Wind Promotion Act METI, MLIT  

Electricity Business Act METI 

Port and Harbour Act METI, MLIT  

Ship Safety Act METI, MLIT  

Civil Aeronautics Act MLIT  

Building Standards Act MLIT  

Coast Defence Act MoE 

Environmental Impact Assessment Act MoE, METI 

Ship Act MLIT  

Additional agencies that would be involved in the development of an offshore wind farm 

include: 

Å ANRE: Agency for Natural Resources and Energy is responsible for policies regarding 

energy; 

Å EGC: Electricity and Gas Market Surveillance Commission is responsible of 

monitoring energy markets and encouraging competition; 

Å NEDO: New Energy and Industrial Technology Development Organization is 

responsible of promoting the technological development necessary to achieve a 

sustainable society; 
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Å JEPX: Japan Electric Power Exchange is responsible for the wholesale electricity 

market; 

Å OCCTO: Organization for Cross-regional Coordination of Transmission Operators is 

responsible to promote development of transmission and distribution networks. 

3.4.2 Offshore Wind Approval Procedures 

The current procedure for the development of an offshore wind farm is regulated by the Act on 

Promoting Utilization of Sea Areas for Development of Power Generation Facilities Using 

Maritime Renewable Energy Resources, which was enforced in April 2019. This Act 

designates sea areas for the construction and development of offshore wind and introduces a 

competitive auction scheme to provide 30-year seabed leases. Figure 3-8details the main steps 

included in the Act, which covers:  

1. Preparation of Basic Policies; 

2. Designation of the Promotional Zones; 

3. Preparation of Guidelines for Occupancy; 

4. Submission of Action Plans for Occupancy; 

5. Certification of FIT; 

6. Permission of Occupancy. 
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Figure 3-8 Procedures for the development of OSW projects [59] 
 

The process used for the selection of the Potion Zones is outlined in Figure 3-9. This process 

takes about 10 months and is repeated each year to ensure fairness.  

Due to the inefficiencies to carry out early-stage surveys by multiple operators, the Government 

of Japan decided to introduce the Japanese version of a Centralized Model with reference to 

instances in Europe. This Centralized Model is implemented during the promotion phase to 

increase the transparency of the selection process. The new policy including the Centralized 

Model for the selection of Promotion Zones is outlined in Figure 3-10.  
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Figure 3-9 Promotion zone selection procedure 
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Figure 3-10 Centralized model for the selection of promotion zones 

A wind power plant with an output of 10MW of more is considered a Class 1 project in which 

case an Environmental Impact Assessment (EIA) is required. One with an output between 

7.5MW and 10MW is considered a Class 2 where the necessity of the EIA will be judged based 

on further consideration [60] [61]. The EIA permitting process is carried out in seven main 

stages with the engagement of four stakeholders. A flow diagram of the process is provided in 

Figure 3-11. 
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Figure 3-11 Procedure for EIA in Japan 

Figure 3-12 outlines the occupation timeline for a granted site. The occupation plan validity 

period is 30 years after the bidder is decided. This assumes 5 years for the environmental 

assessment, 3 years for construction, 20 years for FIT and 2 years for decommissioning. The 

site occupation allowance period is from the construction to decommissioning, which is 
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maximum of 30 years. However, the end of the occupation plan validity period comes 5 years 

earlier because of the 5 years needed for the environmental assessment before the construction 

starts, which leaves the actual time frame of 25 years. The extension of the occupation period 

is allowed with the MLIT permit, but it is currently unclear what procedures are required. 

 

Figure 3-12 Occupation timeline 
 

3.5 Offshore Wind Grid Connection 

3.5.1 Electricity Utility Structure and Grid Connection Procedure 

As an island with no cross-border interconnections, Japan needs to balance all of its electricity 

production and consumption itself. The transmission network is divided into ten regional grids 

arranged into two frequency levels. Since eastern Japan operates at 50Hz whereas western 

Japan operates at 60Hz, it is necessary to convert the frequency when transmitting electricity 

between eastern and western Japan [52].  

Japanôs bulk transmission system comprises of 500kV, 275kV, 220kV, 187kV, 154kV and 

132kV transmission lines. All regional grids aside from Okinawa have maximum transmission 

voltage of 500kV. Japanôs three largest metropolitan cities, Tokyo, Osaka and Nagoya are 

served by bulk transmission systems comprising of 500kV outer ring transmission lines 

surrounding the demand centers. TEPCO Power Grid serving Tokyo has constructed 

transmission lines designed to handle up to 1,000kV to accommodate future large-scale grid 

expansions. While most transmission lines are AC, DC transmission is used for 

interconnections between Hokkaido and Honshu and between Kansai and Shikoku.  

As of March 2021, there were 7,137 substations with total installed capacity of approximately 

869,000MVA throughout Japan. Due to heavy concentration of commercial and residential 

infrastructure, finding additional sites for substation development in urban areas is challenging. 

To overcome these challenges, utilities are using gas insulated switchgear (GIS) to reduce their 

footprints and are installing substations beneath the existing structures.  

The grid connection process for offshore wind farms can take around 1.5 years to complete, 

with the local EPCO being the key stakeholder to apprise before project construction. The 
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project company is required to have a preliminary consultation with the EPCO before 

submitting a System Impact Study (SIS) application. Any questions raised at this stage will be 

answered in around a month. For the high voltage cases, the SIS carried out by the EPCO 

following the application is expected to take around 3 months.  

 

Figure 3-13 Electricity grid and utilities in Japan [62] 

Once the results of SIS are provided, the project company may submit the grid connection 

application and power purchase contract application. For these to be accepted by the EPCO, an 

application for the sale of electricity and a detailed technical design is also required. The EPCO 

may refuse the grid connection on the following basis:  

Å The development company does not agree with the curtailment rules; 

Å Transmission capacity is exceeded; 

Å Supply exceeds demand. 

The project company is required to pay the cost of construction related to grid connection 

within a certain timeframe after signing the grid connection agreement. Tohoku EPCO does 

not specify the exact days however, other EPCOs, e.g., TEPCO, request the payment within a 

month after the grid connection agreement is signed, prior to the expected construction. A guide 

for the grid connection process is provided in Figure 3-14.  

Currently all near-shore wind farms in Japan are connected to on-shore substations. Wind 

turbines are typically grouped together into array which are connected at an onshore substation 
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near the site. The voltage would typically be stepped up at the substation and onshore export 

cables installed taking the power to the grid substation for transmission. 

 

Figure 3-14 The grid connection process for OSW project 

3.5.2 Transmission Network and Expansion Plan 

Historically, access to high-voltage transmission in Japan has been based on first-come, first-

served basis, under which power-generating facilities that are already connected to the grid are 

guaranteed transmission capacity equivalent to their maximum generating output. This rule 

triggered concerns that new renewable energy-generating facilities faced difficulties in 

connecting to the grid, as many grids lacked sufficient capacity and new facilities would need 

to bear part of the costs of reinforcing the grid [52]. 

To address these issues, the government introduced the so-called ñConnect and Manageò 

policy, under which new entrants can connect to a grid that is running short of available 

capacity before work to reinforce grid capacity is completed. In addition, the new policy 

changed the calculation of available grid capacity for variable renewables from maximum 

nameplate capacity to an estimated future power flow of electricity based on the previous 

performance. This will make more grid connection capacity available for variable renewables 

without additional grid enhancements under the condition that output is limited/curtailed in the 

case of grid contingency [52]. 

The Power Grid Establishment Master Plan was established by three committees: Next 

Generation Electric Power Networks Committee, Power Grid Master Plan Committee and 
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Power Grid Establishment Committee. Figure 3-15 outlines the planned upgrades and 

reinforcements to the electrical network in Japan. These upgrades were published by METI 

and include the integration of new interconnections between grids, and an increase in 

transmission line capacity. The Grid Master Plan includes the potential installations of long-

distance high-voltage submarine transmission lines, which would support the transmission of 

power from northern locations with high wind resources to large demand centers like Tokyo. 

The Sakuma and Higashi-Shimizu frequency converters are planned to have expanded capacity 

to 900MW by 2027 to respond to the increase in new renewable generators in the grid.  

In June 2020, the government passed legislation to strengthen the resilience of the electricity 

sector. The Act includes a requirement for transmission and distribution operators to develop 

partnership plans to facilitate a quick initial response to disasters, changes to the transmission 

charges to spur investments in transmission and distribution network, and promotion of 

distributed grids which are more resilient to natural disasters [52]. 

The government decided to introduce a wheeling charge to be paid by all power generators (a 

so-called G-charge) from 2023 onward (except for the residential solar PV less than 10kW), to 

finance investments in network facilities necessary for expanding renewable generation 

capacity. The G-charge would also promote the efficient utilization of network facilities, as 

generators will be offered a reduction in the charge if they are located in specifically designated 

areas (discounted areas). The G-charge under consideration will be non-discriminatory, 

technology-neutral and fairly distribute the network costs [52]. 

 

Source: [63] METI Ministry of Economy Trade and Industry. 

Figure 3-15 Power grid reinforcement plan  
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3.5.3 Offshore Wind Case Study 

The only operational offshore wind projects in Japan are typically nearshore, small-scale 

(~20MW) demonstration projects. While there are no operational commercially sized OWFs, 

there are many in the pipeline. The Akita Noshiro Offshore Wind Project is the closest to 

achieving COD by the end of the financial year in 2022 [64]. The onshore substation and 

transmission line construction began in February 2020 near the Port of Akita and the Port of 

Noshiro. Around the same time, the design for the production and installation of subsea cables 

from the turbines to the onshore network began [64]. Details of the two OWFs under this 

project are provided in  

Table 3-4 Akita Noshiro OSW Project case study 

Akita Noshiro Offshore Wind Project [65] 

Location 

 
No more than 1.1km from the coastline [66] 

Water Depth Water depth of >10 meters. 

Choice of 

technology 

Akita Port (13 x 4.2MW wind turbine) 

Noshiro Port (20 x 4.2MW wind turbine) 

Turbines using fixed-bottom foundations 

1 onshore substation per location 

Capacity Approximately 140MW 

Shareholder 

Marubeni Corporation 

OBAYASHI CORPORATION  

Tohoku Electric Power Co.,Inc.  

Cosmo Eco Power Co., Ltd.  

The Kansai Electric Power Co., Inc.  

Chubu Electric Power Co., Inc.  

The Akita Bank, Ltd. Ohmori Co., Ltd.  

Sawakigumi Corporation Kyowa Oil Co., Ltd.  

Katokensetsu.Co.Ltd. Kanpu Co., Ltd.  

Sankyo Co., Ltd. 

Wind Model: Vestas V117-4.2MW 
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Akita Noshiro Offshore Wind Project [65] 

Turbines Rated power: 4.2MW 

Rotor diameter: 117m 

Gearbox: 2 planetary / 1 helical 

Generator: PMSG 

Wind speed range: 3-25m/s.  

Wind class: IEC IB-T/IEC IIA-T/IEC S-T 

Hub height: 84 / 91m 

Grid 

connection 

Inter-array voltage: 33kV 

Export voltage to onshore substation: 33kV 

Export voltage to grid: 161kV 

The WTGs are connected forming strings at 33kV that connect with the onshore substation. 

From the onshore substation a line at 154kV connects to the transmission system substation. 

Status 

 
 

The onshore construction work began in early 2020 and offshore work in early 2021. Both 

offshore and onshore work is expected to be completed by November 202. 

Expected 

COD 
End of 2022 

As there is significant opportunity for floating offshore wind in Japan, demonstration floating 

projects have been conducted. One completed floating offshore wind demonstration project is 

the 14MW Fukushima FORWARD. This project was the worldôs first floating substation 

developed in 2013, with a rated voltage and capacity of 66/22kV and 25MVA. The 

demonstration project is located 23km from shore in water depth of approximately 110-125m 

and consists of three floating offshore wind turbines rated at 2MW, 5MW and 7MW 

respectively. The power cable arrangement is shown in Figure 3-16. 

 

Figure 3-16 Fukushima FORWARD power cable arrangement 
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3.6 Offshore Wind Offtake Business Case 

3.6.1 Participation in the Electricity Market 

Prior to the electricity reform, regional monopolies produced and sold electricity directly to 

consumers with a single electric power company operating as the exclusive supplier in each 

region. In 1995 Japan began to follow the Western trend of deregulation of the electricity 

industry, liberalising entry into the electricity generation sector. The liberalization of retail 

supply for extra-high voltage customers was implemented in 2000 (20kV or more) and the rest 

in 2016.  

The 2011 Great East Japan Earthquake that led to the power shortages and other issues 

prompted discussions about the ideal configuration and reform of the Japanôs electric power 

system. Three phases of reform were since implemented: 

Å Phase 1: establishment of an Organization for Cross-regional Coordination of 

Transmission Operators (OCCTO) to manage supply and demand in different areas 

(completed in 2015); 

Å Phase 2: full liberalization of the retail electricity market (achieved 2016); 

Å Phase 3: separation of the transmission and distribution sector, and elimination of 

regulated retail rates (achieved 2020). 

The METI emphasized the need to increase economic efficiency by promoting greater 

competition in the electric power sector. Based on these guidelines, new market types have 

been considered, including a baseload energy market, a capacity market, a balancing market, 

and a non-fossil value trading market, of which the baseload energy market and the capacity 

market are already in operation.  

Following the liberalization of the retail market, new system licenses were introduced. These 

licenses were divided into three main categories for generation, transmission and distribution 

and retailing. As of March 2021, 986 companies had obtained a power generation license with 

a total installed capacity of 270GW. 

Japan Electric Power Exchange (JPEX) was established for the first time in 2003 as a private 

and voluntary wholesale power exchange, and designated the wholesale electricity market in 

2016. In December 2019, the volume of transactions at JPEX accounted more than 30% of all 

retail sales. The trades available in this market are the spot market, forward market, intra-day 

market, and over-the-counter trading. The spot market trades 30-minutes of electricity for the 

next-day, while the intra-day market allows for trading for the unbalances of the spot with at 

least one hour in advance [52].  

In 2018, JPEX established a non-fossil fuel value market where the certificates for FIT 

electricity are traded to facilitate the purchase of electricity from renewable reources to new 

market entrants. Additionally, it was also expected that the cost of the environmental value of 

electricity generated by renewables through the FIT scheme would not be passed on to all 

customers, but only to those who want this value [52]. 

Figure 3-17 shows the status of the electricity market in Japan. 
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Figure 3-17 Japan electricity market structure [11] 

3.6.2 Cost of Offshore Wind Electricity  

The LCOE for offshore wind in Japan in 2018 was approximated at USD125/MWh [67]. While 

this is typically common in the Asia Pacific, it is much higher than the more developed markets 

in Europe and China. The price is due to a lack of government support for transmission 

infrastructure, a poor supply chain, administrative challenges related to permitting, and the 

technology risks. The FIT price for the offshore wind in Japan is currently JPY36,000/MWh 

(approximately USD250/MWh). 
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Recent research from BNEF has shown that the LCOE for offshore wind in Japan is expected 

to fall to 53 - USD113/MWh by 2050, making it competitive against the gas power plants. The 

forecast is shown in Figure 3-18. 

 

 

Note: CCGT = combined cycle gas turbine 

Source: BloombergNEF 

Figure 3-18 Japan offshore wind LCOE forecast 
 

3.6.3 Participation in Provision of Ancillary Services 

The Japanese ancillary services are relatively immature compared to other developed 

economies, such as the US that allows power generators to provide the ancillary services to the 

Independent System Operators. Since 2014 Japan has been conducting the ancillary 

demonstration tests. Several electric power companies, such as TEPCO, started offering the 

services two years after testing, although currently the electric power companies are allowed 

to provide the services to power generators.  

Japanôs ancillary services are still undergoing investigations by the committees managed by 

the OCCTO, which consist of: 

Å The Coordinating Power and Supply-Demand Balance Evaluation Committee;  

Å Electricity Resilience Subcommittee; 

Å Supply-Demand Coordination Market Study Subcommittee; 

Å Subdivision of Coordinating Power and Wide-Area Procurement Technical Study 

Working Group; 

Å Sustainable Demand Fluctuation Study Group. 

3.6.4 Private Off Taker of Electricity 

In 2021, Japan established the onsite and offsite corporate PPAs for the procurements of 

renewable electricity. As renewable prices continue to drop, the corporate PPAs, particularly 

onsite ones, are becoming competitive with the regular tariffs. The Japanese government is 

implementing new policies to accelerate the corporate PPAs, such as the Feed-in Premium 

(FiPs), which allows the developers to receive premiums based on the wholesale market prices 

and retain the environmental attributes of renewables.  
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Historically, Japanôs corporate PPA structure, unlike the direct third-party contracts in other 

markets, required the ower retailers to facilitate transactions between the developers and buyers. 

The new implementation of the virtual PPAs has provided more options to the private offshore 

wind developers. Clean energy buyers are now able to obtain the environmental attributes 

directly from new clean energy projects (not funded by FiTs) that started their operation after 

March 2022.  

3.6.5 Curtailment 

Limited interconnection capacity and difference in system frequencies have been exacerbating 

the grid congestion and curtailment issues, which appeared more as renewable electricity 

generating facilities have expanded. The power transmission capacity between the two 

frequencies network regions in Japan remains limited, and available wind (in the north-west) 

and solar resources (in the south-east) are far from major demand centers. Grid congestion 

already exists in the Kyushu and Hokkaido regions, which have experienced rapid deployment 

of solar PV. So far, only the Kyushu region has faced the issue of renewables curtailment. 

Curtailment rates of wind and solar PV plants are announced to generators one day ahead of 

delivery based on day-ahead weather forecasts, because curtailment requires physical presence 

at the plant site in many cases [52]. 

According to the Act on Special Measures Concerning Procurement of Electricity from 

Renewable Energy Sources by Electricity Utilities, the electric company can enforce 

curtailment on the generators. If the electric company provides a written document with the 

appropriate reasons, no compensation for damages will be provided to the generators. These 

cases may include: 

Å When electric supply is stopped due to natural disasters causing damage or to prevent 

the equipment in the system from breakdown;  

Å When electric power company stops electric supply due to contact with electrical 

equipment or the need to rescue someone in the vicinity of the equipment; 

Å When electric supply needs to be stopped for periodic inspections, temporary 

inspections, or repairs; 

Å When electric supply needs to be stopped due to necessary construction to connect 

third-party electrical equipment to the electrical equipment connected to the network. 

3.7 Summary and Recommendations 

Japan has significant potential for offshore wind power generation, which remains untapped. 

Limited development can be attributed to several policy and market challenges. The generation 

of substantial electricity in Japanôs deep oceans necessitates the implementation of floating 

offshore wind technology. The floating turbine technology in Asia remains relatively under-

developed, and it is considered with certain technological risk for some developers.  

The permitting processes for the establishment of an offshore wind farm is still nascent in Japan, 

resulting in administrative challenges and delays in the development timelines. The supply 

chain for the offshore wind industry is relatively inexperienced, and the businesses are 

responsible for the entire project development cycle, including the offshore wind transmission 

lines. To overcome these challenges, it is crucial to grow the offshore wind supply chain, and 
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leverage international experience through successful auctions and cost reduction measures. The 

Japanese government will require closer cooperation with the experienced international 

companies, increasing incentives for these companies to invest in the economy [52]. 

Japan has a strong transmission network expansion plan which is designed to keep pace with 

ambitious targets for the offshore wind development. The existing plans for new transmission 

lines connecting different regional distribution networks along with the addition of new 

substation facilities is promising. This development needs to be accompanied by a variety of 

smart network technologies to improve system stability, supply reliability and operating 

efficiency. The development plans include switches with sensors and static automatic voltage 

regulators, such as STATCOMs as well as smart meters to track the usage, and provide a means 

for limiting consumption when the balance is tight.  

Upgrades to the transmission infrastructure, enhancement of the government support for local 

supply chain development as well as alleviation of the administrative permitting challenges 

will overall contribute to reducing to the current high LCOE (USD125/MWh) for the offshore 

wind projects. While the floating offshore wind technology is still under-developed, promising 

demonstration projects and increased government investment in this area may help reduce risks 

and costs for developers, and unleash Japanôs offshore wind potentials in the future.  
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4 Korea 

4.1 Introduction  

Korea is aiming to reach carbon neutrality by 2050. The economyôs National Assembly passed 

the Carbon Neutrality and Green Growth Act, in addition to the 2050 goal, requires a reduction 

of at least 35% in the economyôs GHG emissions from the 2018 levels by 2030 [68] . 

Korea has a promising OSW resource due to its high latitude and long coastline. The western 

coast is dominated by shallow water as opposed to the deeper water found along the south and 

east coasts, including Jeju Island. The east coast also has the highest average wind speed of 

around 8.5m/s. A deep and steep sloping seabed in this area, however, creates a challenge for 

the installation of fixed-bottom OSW structures, and as such would be more suited to floating 

structures.  

Taking environmental and technical considerations into account, the estimated OSW power 

potential in Korea is approximately 33.2GW. Currently, Korea has only 124.5MW of installed 

OSW capacity, while the government aims to achieve 12GW of OSW capacity by 2030. 

4.2 Overview of Offshore Wind Resources 

Figure 4-1 shows the heat maps of wind speed and water depth for the offshore portion of 

Korea. The wind speed at 100m hub height ranges from 3.6m/s and 9.8m/s along the coast, 

with the highest speed located along the south and southeast coast. In general, the water depths 

are reasonably shallow, especially over long distances along the southeast. However, very deep 

waters, such as below -1000m, can be found in further east. 

Water depths of up to -70m are generally considered suitable for bottom-fixed foundations, 

while floating foundations are suited for water depths between -70m to -1,000m. Sea depths 

beyond -1,000m are considered ultra-deep, and are normally less economically favourable and 

more complex, thus making development riskier for floating foundation. Based on the wind 

resource, both fixed and floating foundation OWFs can desirably be deployed along the east 

coast of Korea (see Figure 4-2).  
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Figure 4-1 Wind speed (top) and water depth (bottom) in Koreaôs offshore areas 
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Figure 4-2 Wind speed for fixed foundation water depth 0 to -70m (top) and floating 

foundation -70 to -1000m (bottom) in Korea 
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4.3 Energy Sector and Regulatory Mechanism  

4.3.1 Structure of Electricity Sector 

Koreaôs installed capacity has practically doubled in recent years, growing from around 70GW 

in 2008 to almost 140GW in 2021. This growth has been mainly because of the installation of 

new capacity from coal and gas power plants. In recent years, there has also been a very notable 

growth in solar power. The installed capacity of wind technology represents a very small 

percentage compared to other technologies, as can be seen in Figure 4-3. 

 

Figure 4-3 Koreaôs installed capacity (GW) by source 2005-2021 [69] 

Electricity generation from fossil fuels rose by 1% from 350TWh in 2015 to 353TWh in 2020, 

supplying 66% of Koreaôs electricity in 2020. Over the period, wind and solar powerôs 

contribution to the economyôs electricity supply increased, while it significantly fell short of 

the global average of approximately 9.4% renewables generation by 2020. Although the share 

of coal generation fell from 41% to 36%, gas generation increased to 27% to meet the demand 

gaps. All other non-fossil fuel generation sources remained unchanged in 2020, with 

approximately 27% electricity generated by nuclear power [70]. Figure 4-4 represents the 

evolution of electricity generation by source in Korea since 2006.  

After the Fukushima incident in Japan, Korea decided to phase out nuclear power generation 

plants. According to the 8th Power Supply and Demand Plan, the work started with Gori#1 in 

June 2017 and is expected to continue until February 2029.  
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Figure 4-4 Koreaôs electricity generation (GWh) by source 2006-2021 [71] 

4.3.2 Renewable Energy and Climate Change Policies and Targets 

In October 2020, Korea pledged its goal to achieve carbon neutrality emissions by 2050. In 

2019, Koreaôs emissions accounted for 2% of the global annual emissions, with its power and 

industrial sectors primarily contributing to the economyôs annual emissions at 37% and 36%, 

respectively [68].  

Before the plans for achieving carbon neutrality, in December 2017, Korea announced the 

Renewable Energy 3020 Implementation Plan, which sets a target to increase the share of 

renewable energy in the economyôs energy mix from 7.6% to 20% by 2030 [72].  

Koreaôs energy deployment and supply strategies are based on the South Korea Energy 

Masterplan and the Basic Plan for Long-term Electricity Supply and Demand (BPLE). The 

most recent, the 3rd Energy Master Plan focused on a significant reduction in coal-fired power 

generation and an increase in electricity generation by renewable resources. 
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Figure 4-5 Snapshot of Koreaôs energy masterplan [73] 

The 9th Basic Plan for Long-term Electricity Supply and Demand announced in 2020, set a 

similar renewable energy target of 20.8% in 2030 and to 30-35% by 2040 [74]. It is expected 

that solar and wind will account for 91% of the total renewable energy mix by 2034. The 

relevant policies mainly cover the long-term supply and demand forecasts, demand 

management goals, power generation and transmission development plans, expansion of the 

distributed power supply, and GHG and fine dust reduction plan.  

In mid-2020, the Korean Government established a Green New Deal, which supports 

renewable energy and eco-friendly businesses with KRW73.4 trillion to create 659,000 jobs, 

build a renewable friendly energy infrastructure by 2025, and help the economy pursue carbon 

neutrality.  

The strong governmental support for renewables is backed up by the policies implemented by 

the previous President Moon Jae-In. Mr Moon suggested four main topics for renewable energy 

innovation, including the RPS, development in agricultural areas and buildings, raising energy 

funds, and demonstrating energy-independent cities. However, Koreaôs new President Yoon 

Seok-yeol has expressed plans to revise the economyôs decarbonization roadmap. Although 

there are currently no bills or laws that have been passed regarding this matter, there are 

speculations that the new presidentôs pro-nuclear policy may affect Koreaôs renewable energy 

target. 

4.3.3 Offshore Wind Power Development Policies and Targets 

The development of OSW projects in Korea started in 2004, but the FiTs for both onshore and 

offshore wind projects, according to the IEA, were significantly lower (KRW107.6/kWh) than 

that for solar PV (KRW716.4/kWh). Duo to relative immaturity of the OSW technology in 

comparison to the PV technology, OSW was less attractive than other renewable energy 

technology, and the overall development was slow. In 2010, with the advancement in 

OSW technologies and the release of the Southwest Offshore Wind Project Development 
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Roadmap, the OSW market gained significant momentum in Korea. After the announcement 

of the roadmap, Korea launched an OSW development task force with multiple planned 

projects in the pipeline. 

The Renewable Energy 3020 Implementation Plan (RE3020) sets out an ambitious plan to ramp 

up the OSW power capacity in Korea from 124.5MW to 12GW by 2030. In July 2020, the 

Ministry of Trade, Industry and Energy (MOTIE), the Ministry of Oceans and Fisheries (MOF), 

and the Ministry of Environment (MOE) issued the Plan for Offshore Wind Power Generation 

in Collaboration with Local Residents and the Fishing Industry(the OSW Collaboration Plan). 

This plan aims to support the installation of 12GW of OSW power generation by 2030 to realize 

the Green New Deal, as well as support Korea in becoming one of the top five OSW power 

generation economies in the world. The plan includes government and local government-led 

siting and zoning, simplification of the licensing processes, and preparation and promotion of 

the OSW projects that are compatible with the livelihoods of the residents and fisheries groups. 

The plan is expected to create 87,000 new jobs annually, aiming to share the economic benefits 

of the OSW development with residents and the fishing industry. 

There are currently six operational OWFs in Korea, which are summarized in Table 4-1 and 

located in Figure 4-6. 

Table 4-1 Operational OWFs in Korea 

Operational OWFs in Korea 
Capacity 

 (MW)  
Turbine model 

Tamra Offshore Wind 30 
Doosan 

10 x WinDS3000/91 (3MW) 

Younggwang Wind 34.5 
Unison 

15 x U113 (2.3MW) 

Southwest Sea Offshore Wind 

Demonstration Project 
60 

Doosan 

20 x WinDS3000/134 (3MW) 

Jeju Haengwon Test Site 3 
Doosan 

1 x WinDS3000/91 (3MW) 

South Jeolla Demonstration 

Complex 
9.6 

Unison 1 x U113 (2.3MW) 

Doosan 1 x WinDS3000/91 (3MW) 

Unison 1 x U151 (4.3MW) 

Doosanôs Turbine Test Site in 

Gunsan 
3 

Doosan 

1 x WinDS3000/91 (3MW) 

Based on the OSW Collaboration Plan, Korea aims to prioritize the development of OWFs in 

the five regions highlighted in Figure 4-7. These areas include Incheon, South Jeolla, North 

Jeolla, Ulsan, and Jeju Islands. The regions highlighted in green are the ones that have the most 

attraction from both foreign and domestic developers. 

On the provincial level, Jeju Island has an ambitious plan to be a carbon-free island by 2030 

and to have several offshore windfarms planned for installation in the coming years with total 

capacity of 2GW. This is one of the reasons why several pilot projects have been developed in 

the area. Currently, in addition to the 30MW Tamra offshore wind project, five offshore wind 

projects have been planned around Jeju, with a total capacity of 525MW.  

Currently, the key challenges for the local sector are lack of a track record in large-scale 

commercial offshore wind sites and the management of local communities. Despite these 

challenges, the market enjoys favourable conditions, with good topography, attractive wind 

resources along the coast, well established infrastructure, and the supports from the Korea 

government.  
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Figure 4-6 Location of operational OWFs in Korea [75] 

 

 

Figure 4-7 Promotion areas for OSW development [75]  
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4.3.4 Renewable Energy and Offshore Wind Regulatory Support Mechanism 

To create a competitive market for the renewable energy sector and promote the uptake of 

renewable electricity in Korea, the member economy government replaced the FiT system with 

the RPS scheme in 2012. Under this scheme, large generators are obliged to produce a 

minimum amount of electricity generated from renewable energy resources or purchase the 

Renewable Energy Certificates (RECs) using a fixed-price contract regime administered by the 

New and Renewable Energy Center from the Korea Electric Power Exchange (KPX).  

Specifically, the RPS requires 21 government-owned and private companies with installed 

capacity of 500MW or larger to produce a minimum portion of their power using new and 

renewable energy sources, with the yearly RPS target designed to rise annually from 2012 to 

2023. Currently, the RPS mandatory supply ratio is 10%, and is targeted to be expanded to 25% 

in 2030. 

In the current RPS scheme, power companies purchase electricity produced by offshore wind 

developers at a fixed price. The fixed price is derived from the sum of wholesale System 

Marginal Price (SMP) or wholesale electricity price and REC price. Thus, in return, under the 

RPS and REC schemes, the total income for power generation from offshore wind energy is a 

combination of SMP of electricity and the sale of REC. 

REC uses a 1MWh as the reference unit. The REC weight value, which is assigned based on 

the technology used, location and installed capacity has been adjusted twice since the beginning 

of the RPS, to reflect the superiority of offshore wind compared to other renewable energy 

resources in Korea, including solar and onshore wind, in terms of economic efficiency and 

meeting policy goals. For offshore wind, the weight factors are estimated based on the straight 

distance between the closest coastline with a substation owned and operated by the Korea 

Electric Power Corporation (KEPCO) and the center point of wind turbine generator (WTG) 

closest to the coastline. The weight factors range between 2.0 and 2.5 or more. The weighting 

scheme is summarized in Figure 4-8. 

Together with the OSW Collaboration Plan mentioned in section 4.3.3, Korea launched three 

initiatives as follow [76]:  

¶ Government-led Siting and Streamlined Permitting: Under this government-led siting 

campaign, Korea aims to publish a marine cadastral map to propose potential offshore 

wind consideration zones and conduct feasibility studies therein. The  government will 

also establish a one-stop-shop to grant all required permits and approvals for OWFs, to 

streamline the permitting processes for the development of OWFs. 

¶ Encouraging Stakeholder Acceptance: Korea devised a profit-sharing model for 

implementation by the local governments for OWFs to encourage stakeholder 

acceptance. Furthermore, the MOTIE will develop demonstration projects to show the 

feasibility of coexistence for both OWFs and the fisheries industry. The MOTIE will 

also require site consulting by experts and public consultations prior to issuance of the 

Electric Business License (EBL) for OWFs. To minimize the impact of the OSW 

project to the environment, the Korea government has also introduced various measures 

covering all stages of the project life cycle, which include restoration performance 

security. 
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Figure 4-8 REC weighting scheme [42] 

¶ Leveraging Large-Scale Projects to Enhance Industrial Competitiveness: The Korea 

government aims to expedite the construction of and prioritize the grid connection for 

large-scale OWFs. The MOTIE will also support the growth of secondary offshore wind 

infrastructure sectors, such as support docks, demonstration projects, domestic training, 

and domestic manufacturing facilities. Additionally, financial guarantees and low-

interest loans would be given to developers and the Original Equipment Manufacturers 

(OEMs) that demonstrate low carbon emissions. 

4.4 Offshore Wind Development Procedure and Stakeholder 

Engagement 

4.4.1 Stakeholders and Their Responsibilities 

The electricity market in Korea is primarily regulated by the Electricity Business Act (EBA) or 

the Electric Utility Act, including the subordinate presidential and ministerial decrees issued 

under them. The EBA covers the granting of licences to conduct prescribed electricity business, 

including generation, transmission, distribution, and retail businesses, consumer protection, 

prohibition of unfair trade practices, wholesale electricity market, the constitution and 

responsibilities of the electricity regulatory body, and the safety management of electricity 

equipment. 
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The main regulatory authority responsible for policy in the Korean electricity sector is the 

MOTIE. MOTIEôs roles and responsibilities in its regulatory capacity include granting EBLs; 

registration of small-scale electricity brokerage businesses and electric vehicle charging 

businesses; approval of business transfers, mergers, split-offs and changes in the control of 

electricity business enterprises; cancellation and suspension of EBLs and imposition of 

sanctions or other disciplinary measures; approval of various tariffs relating to transmission 

lines, distribution networks and retail sales; regulating wholesale electricity prices; approval of 

the market rules; and approval of vesting contracts between generators and wholesalers. 

The KPX operates the electricity market and the power system. It manages real-time dispatch 

as well as supply and demand monitoring to manage blackouts and brownouts. The KPX also 

supports Koreaôs green energy policies and plans, such as the basic plan for long term 

electricity supply and demand. KPX is responsible for matching demand and supply, and load 

balancing in the wholesale electricity market. 

The Electricity Regulatory Commission (ERC) was established under the EBA and operated 

under the MOTIE. The RECôs primary role includes licensing electricity companies, protecting 

the rights and interests of consumers, and monitoring anti-trust activities through the 

supervision of the operation of the electricity markets and the power system. 

Other relevant regulatory bodies include the MOE, which is responsible for overall 

environmental protection, and the Ministry of Employment and Labour, which oversees overall 

labour issues, including occupational safety and health. The Electric Policy Council of MOTIE 

reviews the draft Basic Plans. 

In general, the electricity market in Korea can be divided into electricity generation, 

transmission, distribution, and supply. Market stakeholders are summarized graphically in 

Figure 4-9. 

In Korea, the six Generation Companies(GenCos), which are wholly owned subsidiaries of 

KEPCO, dominate the electricity generation. The GenCos accounted for over 70% of the total 

installed generation capacity in Korea. In addition to the GenCos, there are 17 independent 

power producers (IPPs), which do not include renewable energy producers and community 

electricity business companies. 

KEPCO has a monopoly over transmission, distribution, and retail of electricity in Korea. Thus, 

the transmission and distribution facilities are constructed and operated by KEPCO, and the 

company oversees economy-wide grid connection. Since KEPCO is the sole retailer of 

electricity in Korea, it is also the sole wholesale purchaser of electricity in Korea. However, 

minor exceptions apply to the community electricity business companies that generate, 

distribute and supply electricity directly to the specific community or the customers in 

industrial complexes. 
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Figure 4-9 Electricity market in Korea [71] 

4.4.2 Offshore Wind Approval Procedures 

The primary legislative instruments for the renewable energy sector in Korea are the EBA and 

the Renewable Energy Act. The new Marine Spatial Planning and Management Act is another 

key legislative framework for the new OSW projects. 

A wide range of other laws and regulations are  relevant to OSW projects. These include: 

Å National Land Planning and Utilization Act;  

Å Public Waters Management and Reclamation Act;  

Å Electric Power Source Development Promotion Act; 

Å Environmental Impact Assessment Act; 

Å Act on Allocation and Trading of GHG Emission Permits; 

Å Rules on Operation of the Electricity Market, etc.  

Despite Koreaôs attempt to streamline the site identification and permitting processes, the 

project developer has control over and is expected to conduct all project development activities, 

including site selection, site verification, and application for all approvals and permissions.  

The permitting and regulatory processes is summarized in Figure 4-10. 
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Figure 4-10 Government-led site identification and permitting processes 

The permitting process for developing an offshore wind project in Korea involves several steps, 

which typically require: 

Å The issuance of an electricity generation business license;  

Å Conducting environmental-related assessments and issuance of an environmental 

impact approval;  

Å The issuance of a building permit / development permit;  

Å The approval / reporting of the electricity utilities construction plan; 

Å Approvals and permits during the construction phase; 

Å Pre-utilization / pre-operation inspection;  

Å Registration process with KPX;  

Å Facility certification / utilization approval;  

Å Filing of business commencement report.  

The permitting process for the Jeju Island differs from the central government policy and its 

development procedures. The local government of the Jeju Island has created the Public 

Management System of Wind Resources clause. Through this clause, the island launched Jeju 

Energy Corporation, a local governmental agency involved in selecting and developing 

offshore wind farm projects. 

To conduct a power generation business over 3MW in Korea, an EBL must be obtained from 

the MOTIE. To obtain the EBL, the business should provide the wind resource measurement 

data for at least one year, Wind Resource Assessment (WRA) reports, obtain residents consent, 

and submit a plan for grid connection to the power system. As of the end of April 2022, a total 

of 60 offshore wind farm projects totalling 18.13GW have obtained the EBL in Korea, with 

over 70% of these projects concentrated in the Jeonnam and Ulsan regions. Although the costs 

associated with gaining approvals and permits vary, the typical approximate costs and 

timeframe are summarized in Table 4-2 and are further broken down in Table 4-3. 
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Table 4-2 Typical costs and timeframe for each step in obtaining approval and permits [11] 

Process 
Responsible Bureau/ 

Department 

Approx. costs 

(KRW)  

Approx. 

timeframe 

The issuance of an electricity generation 

business license 

Ministry of Trade, 

Industry and Energy / 

Mayor and Governor 

180,000,000 20 months 

Conducting environmental-related 

assessments and issuance of an 

environmental impact approval 

MOE 5,340,000,000 28 months 

The issuance of a building permit / 

development permit 

Municipal 

administrative agencies 
240,000,000 14 months 

The approval / reporting of the electricity 

utilities construction plan 

MOTIE/ Mayor and 

Governor 
Unknown 6 months 

Approvals and permits during the 

construction phase 

Multiple agencies and 

ministries 
Unknown Various 

Pre-utilization inspection 
Korea Electrical Safety 

Corporation 
Unknown 6 months 

Registration process with KPX KPX Unknown 1 month 

Facility certification / utilization approval 
Municipal 

administrative agencies 
Unknown 1 month 

Filing of business commencement report MOTIE Unknown 3 months 

Table 4-3 Typical cost breakdown for each step in the pre-construction permitting process 

Process Outcome 
Approx. costs 

(KRW)  

Permission For Lidar The issuance of an 

electricity generation 

business license 

80,000,000 

Electricity Business License 100,000,000 

Military & Radar Interference Study 

Conducting 

environmental-related 

assessments and issuance 

of an environmental 

impact approval 

400,000,000 

Cultural Property Investigation 300,000,000 

Maritime Traffic Safety Study  300,000,000 

Environmental Impact Assessment 1,500,000,000 

Consultation On Utilization of Sea Area  200,000,000 

Prior Examination of Factors Influencing Natural 

Hazards 
90,000,000 

Consultation On Sea Area Compatibility 150,000,000 

Permission To Occupy Sea Space 100,000,000 

Permission For Port Construction by Non-port Authority 100,000,000 

Fishery Damage Influence Investigation 200,000,000 

Fishery Damage Investigation 2,000,000,000 

Development Permission 

The issuance of a 

building permit / 

development permit 

50,000,000 

Substation Construction Permit 70,000,000 

Road/Land Usage Permission 50,000,000 

Electricity Facility Usage Application 70,000,000 

Total Costs  5,760,000,000 
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Some projects have historically experienced time lag of between 8 to 11 years from gaining 

the EBL to commercial operation date (COD). The development timeline from EBL to COD 

of four projects in Korea is shown in Figure 4-11.  

 

Figure 4-11 Sample development timeline from acquiring EBL to COD 
 

4.5 Offshore Wind Grid Connection  

4.5.1 Electricity Utility Structure and Grid Connection Procedure 

Koreaôs electricity system is geopolitically isolated. The electricity produced by the six GenCos 

and the private generators are transmitted over high voltage lines to the central distribution 

station of each region, and from there to the substations. Koreaôs power system voltage levels 

are relatively high at 765kV, 345kV, 154kV, and 22.9kV. This contributes to higher reliability 

of the power system and reduces the transmission losses. In 2018, Koreaôs transmission loss 

was 1.59% [68]. 

The connection structure of OWFs in Korea is very similar to that of other economies, and only 

the connection voltage to the transmission system changes. The wind turbines are connected to 

each other forming arrays with a voltage that will depend on the manufacturer, some local 

manufacturers use 22.9kV while global manufacturers use 66kV as a standard. Depending on 

the distance to the shore, the arrays can be connected directly to an onshore substation at the 

inter array voltage or can be exported at a higher voltage through an offshore grid voltage, 

which in the case of Korea is 154kV, 345kV or 765kV. In addition, reactive power, and voltage 

compensation equipment such as reactors, capacitors, Static Synchronous 

Compensator(STATCOM), Static Var Compensator (SVC) or harmonic filters will be installed 

in any of the wind farm substations to comply with the requirements of the grid code. 

To make the connection to one of the high voltage transmission networks, certain 

characteristics must be met [77]: 

1) 154kV transmission lines: 
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a. Generators over 500MW shall connect using 2 lines using ASCR410 mm2 x2B 

wires or equivalent. 

2) Over 354kV transmission lines: 

a. Generators between 500MW and 1GW may connect using 2 lines with 

ASCR480 mm2 x2B wires or equivalent; 

b. Generators between 1GW and 2GW shall connect using 2 lines with 

ASCR480 mm2 x4B wires or equivalent; 

c. Generators between 2GW and 3GW shall connect using 2 lines with 

STACIR480 mm2 x4B wires or equivalent; 

d. Generators over 3GW must connect using 2 or more 765kV lines with 

ASCR480 mm2 x6B wires or equivalent. 

The grid connection code for Korea is set and regularly updated by KEPCO. The code describes 

the technical requirements and specifications to connect to the KEPCO grid systems. The code 

also covers standards and requirements on renewable energy generators. For power 

transmission equipment, KEPCO specifies the following performance standards [78] [79]: 

¶ Remain connected in the event of an instantaneous voltage drop (FRT capability); 

¶ Supply or absorb reactive power according to the active power output. Power factor 

0.95 lag-lead; 

¶ Continuous operation within the range of 58.5-61.5Hz, being able to operate for at least 

20 seconds within the range of 58.5-57.5Hz; 

¶ Ability to reduce active power to 20% within 5 seconds and have an increase/decrease 

rate to within 10%/min; 

¶ Continuous operation within up to 10% of the nominal voltage and be able to perform 

a reactive power control method; 

¶ Being equipped with real-time communication and remote control to monitor status and 

power output. 

When conducting offshore wind power development in Korea, the power producer should 

estimate the amount of power to be generated and consult with the relevant KEPCO Regional 

Headquarters in advance to determine whether the expected power generation can be 

accommodated in the related grid system. The power producer can have preliminary 

discussions verbally, but for an accurate review, the power producer must contact the KEPCO 

Regional Headquarters through an official letter [80]. For connecting new generators to the 

grid, the following chart needs to be considered:  
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Figure 4-12 New equipment grid connection procedure [81] 

Anyone wishing to start a generation business must obtain a generation business license from 

MOTIE. To obtain a license, an application form must be submitted to the MOTIE, and the 

Minister must submit to the ERC for review in order to authorize the license or a license change. 

The following figure shows the process to obtain the license. 

The main documents for applying for a generation business are the following [82]: 

¶ Business plan; 

¶ Calculation of expected annual business profit and loss for 5 years after business start-

up; 

¶ 1/50000 topographic map specifying the boundaries of the project area. 
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Figure 4-13 Generation business license application [82] 
 

4.5.2 Transmission Network and Expansion Plan 

Koreaôs transmission expansion plan is designed to span a 15-year period. The most recent plan 

is based on the goals outlined in the 9th BPLE, and includes projects aimed at reinforcing 

transmission infrastructure to accommodate the expected demand growth, and increased 

construction of decentralized new and renewable energy generation facilities. Currently, most 

of the renewable energy generation is in rural mountainous areas, requiring additional 

transmission lines to carry the electricity to the load centers [80].  

Significant upgrades of the transmission system are expected to be necessary on Koreaôs west 

coast to manage future planned offshore wind facilities, particularly to prevent further grid 

congestion from the northward power flow. Figure 4-14 gives an indication of some of the 

planned upgrades.  
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Figure 4-14 Planned sites for OSFs and expected grid reinforcement in Korea [80] 

According to the 9th BPLE, main transmission lines are being established to improve the 

reliability of the system and provide a stable power supply. The upgrade of the electrical lines 

has foreseen the installation of new OSFs in Koreaôs coastal zones, including the island of Jeju. 

Table 4-4 shows the details of the projected transmission lines [83]. 

Since the 8th BPLE was launched, the capacity of the East Coast line has increased by 1.5GW 

through the introduction of a flexible transmission system when the new transmission lines are 

built. Additionally, the distribution infrastructure is also being reinforced to facilitate the 

integration of 8GW of renewable generation capacity through the installation of 1 substation, 

59 transformers and 118 distribution lines. Table 4-5 shows the improvements being made to 

facilitate the connection of generators in the areas with renewable energy focus, which affect 

the installation of new OWFs in the coastal areas and the Jeju Island. 




































































































































































