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Executive Summary

The AsiaPacific Economic CooperatiofAPEC) 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 AsiPacific 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 theqtion 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 aegtivind resource are
favourable for the deployment of the OSW technologies.

Following the success of the European economies, APEC aims to acdederstesingd SW
resources in the region. This study provides a review and analysis of the experience in OSW
development and grid connection in ChiKareg Japan Chinese Taipeithe 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 involvesytiteesis 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 economyods el e
government regulations, policies and plans regarding climategehand 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 andrpsocsglired

for the OSW development.

The third section describes the technical aspects of power grid connection of OSW plants to
the transmission and distribution networ k. I
current transmission network structure before detailing the stepsregqidgr 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 castn&®SW development. It explores the state
of the electricity market, and reviews the provision for the ancillary services by the OSW plant.

1
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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 nonfossil electricity generation in Korea and td& 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 havihggreatest 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 in€lude nadés go al f
installation of 1,200 gigawatts (GW) of wind and solar, andW8# s 100% el ectr
generation pollution reduction goal.

Each member economy has its own targets for installed OSW capacity. China has the largest
shortterm 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 frd thieich has a

target of 30GW for 2030.

All member economies either currently have or have previously had airfF@edliff (FiT)

scheme for the promotion of renewable electricity, some of which have been specific to OSW.
Some also provide the incentiv@gh 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 deregulatpmwer 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 frealgt, and only partfo Japandés el ectrici
using this mechanism. THdS has one of the most wedlstablished wholesale competitive
markets in the region for the trading of electricity.

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

companies or in the form of a monopoly. Chikareg Chinese Taipei; andiet Namall have
governmenbwned transmission companies and only a small share of power generation is
owned by private business. Chinads grtd net\
owned compani es, and Ja p-awnédsompanieghdh withithéif er e nt
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 contaahsngission
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 requedtjrathe 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.
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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 neahore 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 incentivizéhedevelopers. The lack of capacity and track record in local supply
chains also does not favahelarge scale development of the OSW technasgAs such, the
development durations can be fairly long. Although most economies believe in the
development of OSW as a key strategy for the decarbamizatithe 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 indos

In general, the transmission networks in the member economies have disibynatepared

for the largescale penetration ahe OSW power from the coastal areas. In many economics,
power networks are already largely congested from the recent rapid growth insotpieRity,

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 ensyptanned upgrades of the power network, considering
the installed capacity expected for the growth in the OSW sector.
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1 Development Status of the OSW in APEC Region

Europe has shown success in providing utsitgle renewable power with OSW, as well as
proving market and cost compatibility to wektablished forms of power generation
technologies, such asombinedcycle 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 ahpotentials in developing largeale offshore wind farm(©®WFs). 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 sloithwespect 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 governmentpraitiote 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

. Current installed OSW  Target OSW by 2030 Overall OSW potential
Economies

(MW) (MW) (MW)
China 26,380 >90,000 200,000~500,0001]
Korea 125 12,000 33,200~215,90(2]
Japan 20 10,000 608,000(3]
ChineseTaipei 237 15,000(by 2035) 30,000[4]
Viet Nam 830 7,000 600,000(5]
TheUS 40 30,000 2,000,0006]

The ambitious OSW development goals set by the six memmersl 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 issuesah ®f these economies, will be discussed in more
details.



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

2 China

2.1 Introduction

China i s t helargest edorobrys accounting ford16% of global GDPalso
contributes 28% of t hd7][8oCornsadodsxfitedlobatimpacteni t y g
carbon emissions, in 2021, the Peoplebs Repu
carbon neutrality by 2060.

The economyo6s climate target i's benefiting
development of lovwemission 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 CFr
new installation in 2021 alone. Ac@EAYy di ng
Sustainable Development Scenario, China is expected to reach 175GW of installed OSW
capacity by 2040, which would match the Euro
scale of development would require an average investment DEL®Billion on average

bet ween 2019 and 2040, i mplying that about 8
be allocated to OSWr].

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/9q9], with the highest OSW resources concentrated south along the Chinese Taipei
Strait. In general, the water depth of 0-1d0m below mean sea level is continuously found
along the coastlines from the northern to southern portion of Ctha~urthermore, the very

deep waters belowl,000m, can be found further towards the southeast portion of the Hainan
Island.

Water depths of up t&/Om are generally considered suitable for botfoad foundations of

the OSW project, while floating foundations are more suitable for the water depths between
70m to -1,000m. Sea depths beyond,000m are considered ukdeep andare 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
depl oyed desirably along t he CvJeiEcomomie Zofeai p e i
(EEZ) (sedrigure2-2).
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2.3 Energy Sector and Regulatory Mechanism

2.3.1 Structure of Electricity Supply

In2021,Chinads el ectri cal i nstal | ed shownpngigure-3y was ¢
The largest share of installed renewable electricity was from onshore wind, followed closely

by largescale hydraulic powdd 1]. With new sustainable development commitments, China

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

2013 _I|H1,23?‘56

2014 || | 1 5225

2015 ||| | 14503
2016_ | ||1,619,22

2017 || ||| 7507
2018_ I ”1,866.22
—
—T .
—

2005 -|[|477.28

2006 -IH 575.44

2007 -IHE‘)?S.SO

2008 -Hm.ag

2009 -I|855.65
2010 || o+ 4
2011 _I “ 1,054.76

Fossil & Muclear - Other ... Wind - offshore B Hydro - small
B Other fossil fuels B oil PV - utility
B Marine 0 PV - residential B wind - onshore
B Marine - wave PV - commercial B Hydro - large
B Marine - tidal Biomass & waste B Coal - fired
B Geothermal B Nuclear
I Salar - thermal Gas - fired

Figure 2-3 China's installed capacity (GW) by source 2002021

In terms of electricity generation in China, coal plants dominate, providing over 60% of the
economyo6s electricity consumpti on. Onshore
renewableresources of electricity generation, accounting for more than 20% comldibpd
Figure2-4 shows the evolution of electricity generation in the economy.

Although there are many electricity generation companies in China, the market is dominated
by governmenbwned enterprisess SOEs) t hat own over half of
Currently the five largest governmemivned generation companies include:

China Energy Investment Corporation
China Huaneng Group

China Huadian Group

China Datang Corporation

State Power Investment Corporation

= =4 =4 4 A
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Figure 2-4 Electricity generation (GWh) by source, China 20062021

In theretail sector, by the end of 2017, there were over 7,000 power retail companies operating
throughout Chingd12]. According to the latest release in 2021, the China Top 500 Energy
CompanyList includes 137 power corporations and 93 rmawrenewable energy companies

[13]. Although the provincial governments, local governments, private companies and foreign
investors bld a share in the retail and generation sectors, the government levelled SOEs still
dominate. It isrotedthat most wingpowergeneration 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 ABctober, 2021, the Chinese government officially submitted its
updated Nationally Determined ContributiNDC) [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 ndossil 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 efettefication 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 witl@elerate the development of a new and modern energy
system and vigorously develop renewables, including wind solar, biomass, marine, and nuclear
energy technologies

To reachthe 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 BloombergNEBNEF) forecasts the annual installed capacity needed to reach
this goal, as shown iRigure 2-5. In support of this, th@4™ 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 pro\it@les

17 1

18
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94 98 98 -
" 81 H 85 81 83
70 = Wind
59 H H H
H Solar
64 61 71

58 : 60
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30
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2019 2020e 2021f 2022f 2023f 2024f 2025f

Source: BloombergNEF

Note: solar capacity is AC. e=estimated, f=forecast.

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 Chin
Fujian, Zhejiang and Shandong province, as seé&iigure2-1. These are more economically
developed provinces, with continuous growth in energy consumption. The average OSW speed
along the east coast of China ranges frorl@.Bm/s, which is relatively lower in comparison

to the North Sea in Europe (912.0m/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 Europd18] [19].
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According toChina Renewable Energy Engineering Insti{@®EEI), as of December 2021,
China had an installed OSW capacity26f93GW of in Ching20]. 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 develepts[20] [21]. Jiangsu and Guangdong
provinces are expected to account for over 60% of these deployj2@jnts

The designated target installed capacity for the five leading OSW development provinces by
2030 is provided inTable 2-1. Although less ambitious, other coastal provinces, such as
Liaoning, Hebei, Guangxi, Hainan, and Shanghai, have also pledged the OSW development
targetq22].

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

provinces

Province

(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. Thtest release from the National
Development and Reform CommissiNDRC) and the National Energy Administration
(NEA) in May 2022, encouraged the development okfasre OSW farms to help reduce the
coastal impact and land u8] [24].

2.3.4 Renewable Energy and Offshore WiRdgulatory Support Mechanisms

The | EA predicts that Chinabés OSiWdgercratost i mat
in terms of the Levelized Cost of ElectriciftCOE) in the mid2020s[7]. This drop is

attributed to increased innovation, technological development and additional financial policy

and supporfll]. One of these incentives was the lmterest loan established in 2021. The

loan from the central bank of ChifRBOC) is estimated to be over CNY1 trillion and is
expected to support the development of renewable projects across the economy. In parallel with
the lowinterest loan was the announcement of a 1% drop in interesf2@ies

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 integidicsed 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 andthe Renewable Portfolio Standard®kPS) [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 CNY1,5D234@)Sor

each kilowatt of OSW capacity built in 2022, CNY1,000/kw for those built in 2023, and
CNY500/kw for those constructed in 20p28].

10
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The voluntary green certificate scheme implemented in 2017 was originally designed to
complement the renewable energy FiTs. With the pbasef the FiTs scheme, the green
certificate scheme now operates as a complementary policy to the mandatory RRS Sotee

green certificate accredits 1IMWh of nbgdro 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 obligatlens;ading volume has been
raised.

The RPS was introduced in 2019 and sets annual targets on the shares of total renewables and
northydro renewables in electricity consumption by province. This policy incentivizes both
power distribution and retail companies, as well as large consumeasgés the sale and
purchase of renewably sourced electricity to meet with their RPS da@étas

Established in 2006, the Renewable Energy Law has served as the foundation fecdéege
renewable development in China. It covers many fundamental elements, such as capacity
targets, planning, incentives, pricing mechanisms andst@sing method foremewable
energy development, which has guided the formulation of renewable policy in a series of five
year plans (FYPHR7]. 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 202&ble 22 summarizes the tax incentive
policies relevant to OSW developmébi].

Table 2-2 Tax incentives for OSW development in Chind11
Policy Content Start date

Renewable energy equipment manufacturers and compani

qualified as the "high and new technology enterprises” are
China Renewable Energy entitled to a preferential Enterprise Income TBKI) rate of
Technology Enterprise 15% for three yearsvhile other corporate income tax rate is 01 Jan 2008
Income Tax Reduction 25%. Businesses that maintain their "high and new technolc

enterprise” status qualification can continue to enjoy the 15¢

EIT.

Renewable energy project developers are qualified for the
China Income Tax enterprise income tax exemption for the first three years of 1
Reduction for Renewable project operation, followed by another three years with a 01 Jan 200¢
Energy Developers preferential tax rate of 12.5%, compared to the normal tax ri

of 25%.

A reduced valuadded taXVAT) rate of 8.5% applies to the
project developers in China for power generation from wind 01 Jul 2008
energy.

China VAT Reduction on
Wind Power

China VAT Exemption for
RenewabldPower
Generation

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

China for electricity generated from wind or solar. Ol I 2003

China Strategic Emerging Products and services that are classified as Strategic Emer
Industries Key Product Industries (OSW included) can get the funding support from 22 Feb 2013
Catalogue government or enjoy the preferential tax benefits.

Another significant support mechanism was the introduction of tax incentives for renewable
energy generation in China.

11
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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 f[28]:

A Formulating policies and standards related to energy, such as coal, oil, natural gas,
electricity, new and renewable energy

Managing the administration of nuclear power

Supporting energy saving and utilization of resources;

Supervising and regulating the operation of the electric power market;

T o To I

Overseeing electricity safety, reliability and emergency management including
formulation of regulations;

A Organizing international corporation by negotiating and signing agreements with
foreign energy administration and international energy organizations.

Table2-3 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 guidelinie Measures for Offshore Wind Establishmenf017. 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 gumetilso clarifies that no OSW is permitted to be
built in protected areas and fragile biological esf29].

The approval procedure for an OSW project in China can generally be arranged into four stages
[30]. Table 2-4 summarizes these stages, &igure 2-6 shows a flow chart of the entire
approval procesB1].

12
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Ministry and authority

National Development and Reform
Commission (NDRC)

National Energy Administration
(NEA)

State Administration for Market
Regulation

Ministry of Natural Resources

Ministry of Ecology and Environment
(MEE)

Ministry of Industry and Information
Technology(MIIT)

Ministry of Finance

StateOceanic Administration

Table 2-3 Summary of the authorities related to OSW development in China

Functions and responsibilities

Setting the economyés develo
energy plan. Facilitating sustainable development and coordinz
environmental protection and restoration.

Formulating policy for energy, renewable energy, coal, electrici
development.

Initiating, approving and regulating large energy infrastructure
projects.

Serving under the NDRC.

Setting standards and overseeing the operation of the electricit
market. Organising and approving large energy projects and
investment.

Regulating the economyds ene
Facilitating international energy cooperation.

Registering electricity companies.

Approving land use rights and sea use rights and granting rele\
certificates.
Regulating and monitoring sea use and shore area developmel

Overseeing the execution of @&mission reduction targets.
Ensuring the compliance with the environmental regulations rel
to electricity generation plants.

Formulating the strategic plans and policies on climate change
emission reduction in accordance with the United Nations
Framework Convention on Climate CharfgdNFCCC).

Formulating plans and mentoring emission reduction and energ
saving on energy intensive industry such as iron and steel, cern
aluminium, and chemicals.

Approving and distributing the subsidies to renewable energy p

Regulating the use of sea area.

13
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Table 2-4 Stages for OSW development in Chin&30
Description

Referencing technical standard

Stage 1:
Planning

Stage 2:
Design

Stage 3:
Offshore
construction

Stage 4:
Operation
and
Maintenance

Preparing the required
specifications for earkgtage
OSW development.

Following desigrcodes, including
Load and Resistance Factor
Desigr(LRFD)/Working Stress
Desigr{WSD) structural design,
structural load, aseismatic desig
structural steel, pile foundation
design, antcorrosion technology
and other aspects as issued by t
relevant Design Institute.

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.

The operation and maintenance
wind turbine are managed by the
wind turbine manufacturer. The
owning enterprise will later take
charge of the maintenance and
operation, following the
manufactureros
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Preparation Rules of Offshore Wind Power Farm
Projects Planning Report (Trial) (FD 0@508)
Code for Preparation of Safety Passessment
Report of Wind Power Farm Projects (NB/T 3102
2012)

Code for Preparation of Offshore Wind Power Fa
Projects Prdeasibility Study Report (NB/T 31031
2012)

Code for Preparation of Offshore Wind Power Fa
Projects Feasibility Study Report (NB/T 31032
2012)

Code for Wind Energy Resource Measurement a
Marine Hydrological Observation of Offshore Win
Farm Projects (NB/T 31022012)

Technical Specification for Construction
Organization Plan of Offshore Wind Power Farm
Projects (NB/T 31032012)

Wind Turbine Systems Design Requirements (GE
18451.12012)

Design Code of 110kA220kV Offshore Boosting
Substation in Wind Power Farm (NB/T 3112817)
Guide for Selection and Laying of AC Submarine
Cables for Offshore Wind Power Projects (NB/T
311172017)

Technical Standard for Antiorrosion of Offshore
Wind Farm Steel Structures (NB/T 3102611)
Standard for Design of Offshore Wind Power Fari
(GBT 513082019)

Code for Construction of Offshore Wind Power
Project (GB/T 50572010)

Technical Code for Construction Safety of Offsho
Wind Power Farm Projects (NB/T 1032820)

Offshore Wind Turbine®kequirements for
Operation and Mai-£20®n a
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Including NDRC,
Ministry of Land and
Resources on the
Administration,
Forestry Bureau,
Bank, State Grid,
MEE, etc

Sign investment
intention paper with
local official

Wind data collection
for support evidence
(1-2 years)

Receive wind
resources distribution
Docs&Cert

Establish contractor
company (maybe
skip if already ready)

Launch coordination
meetings with
relating officials

Preparation of data
Feasibility study

Apply approval from
provincial officials

|

Land use application
to Ministry of Land
and Resources

Reapproval from
Ministry of Land and
Resources on the
Administration

Get construction
permit

Launch coordination
meetings with
relating officials

Grid connection
application

Powerprice and grid
connection permit
form province
officials

Start construction

Figure 2-6 The OSW planning mechanism in Ching31]
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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 governrognted grid corporations: tf&tate

Grid Corporation of ChinéSGCC), the China Southern Power Grid Corporaii@sPGC) and

the Inner Mongolia Electric Power CorporatiiMEPC). SGCC supplies power to over 1.1

billion people in 26 provinces, autonomous regions, and municipalities, covering 88% of
Chinaés territory and making SGCC the | arge
constructs and operates the grid in Chil|a f i ve southern provinces
Guangxi, Yunnan, Guizhou, and Hainan, while IME®(plies over 720,000km n Chi nad s
Inner Mongolia Autonomous Region. The mapFigure 2-7 highlights the footprint of the

three companies.

Northeast

Inner Mongolia Electric
Power Co., Ltd
Northwest North
State Grid corporation of China
Tibet
Contral G
China Southern

Power Grid Co., Ltd

km
0 500 1000
L Se——

Figure2-7 China grid service providef42]

Most operational OSWs in China haakernative currenfAC) transmission to the grid with

voltages of either 110kV or 220kV. Currently, there are serval planned OSWs implementing
flexible direct curren{DC) transmissionThe process for connecting an OSW farm to the grid

is highly regulated by the NEA. Projects mus
plan to apply for grid integration or construction. Projects are included in the plan through a
competitive alloation process via local NEAs pursuant to &aministrative Guidance for
Competitive Allocation of Wind Power Projects (Trig®].

The technical standards and requirements for connecting OSWs to the grid are published and
regulated by the NEA. The earliest technical r@8{Z 199632005 for connecting wind

farms to the grid was released in December 28}ibstarted to be implemented in February
2006. It was later replaced by technical stand&@B/T 199632011 for wind farm grid
connection, which was implemented in June 2012. This standard is planning to be replaced by
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GB/T 19963.12021for onshore wind, an80180777T-624for OSW. While the onshore wind
standard was completed and was released in August 2020 SWestandard is yet to be
finalized. It is likely to assume that until the implementation ofQS&V standard, procedures
for grid connection should follow a similar approach to the |&&T 19963.12021onshore
wind guide.Table2-5 provides a summary of the relevant documents.

Table2-5 Relevant grid connection standards in OSW
NETE! Standard code

Technical rule for connecting wind farm to power system GB/T 199632011

Technical rule for connecting wind farm to power systpatf two: offshore

; 20180777T-624
wind power

The grid operation code DL/T 1040

Technical specification for voltage source converters of DC transmission

systems integrating offshore wind farms NET Lot

Technical specification for DC circuitreaker of DC transmission systems

integrating offshore wind farms NEYT Slgletr a0l

Technical specification for control and protection equipment of DC transmi:
systems integrating offshore wind farms

NB/T 106482021

All OSW farms must satisfy the basic requirement of DL/T 1040 with frequency adjustment,
peak shiftingand backup capability and functioifable 2-6 presents the active power
maximum value change under the normal operation condition.

power value change
1 min active power

Table2-6 Technical requirement of maximum active

Installed capacity 10 min active power maximum value change .
maximum value change
(MW) (MW) (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 upwstruction from the grid operator. The OSW farm
should also be equipped with power output prediction capability that can predict power output
for periods of @ 72h and 15min to 4hour intervals. The wind farm should report itsrhf

to 4-hour power output prediction curve to the grid operator every 15 minutes, as well as the
power output prediction curve fori024h every day.

Regarding the reactive power requirement, the wind farm should be able to adjust its power
with a powerfactorrange 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
actionfor the wind farm at different frequency ranges are presentéahie2-7.

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 proposiaihe wind farm model
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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.

Table2-7 Technical action in the different frequency range
Frequency range Requirement

<48Hz According to the lowest frequency allowed in the wind farm for operatior
48-49.5Hz Capable to operate for at least 30 minutes when lower than 49.5Hz
49.571 50.2Hz Normal operation

Capable to operate for at least 5 minutes and adjustettpeency according
> 50.2Hz to the grid operator. The wind farm in skddwn status is not allowed to
connect to the grid

2.5.2 Transmission Network and Expansion Plan

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

in Figure2-8. UHV AC refers to transmission of 1,000kV and above, while UHV DC refers to
800kV and above. The total 31 UHWojects, currently at different stages of development,

cover 41,000km with a capacity over 450 gigaaastiperg GVA) [29].

State Grid UHV Projects Under Construction and in Operation

—— UHV AC Projects in Operation
— UHV DC Projects in Operation
= = UHV AC Projects Under Construction

= = UHV DC Projects Under Construction

@ Show All
© 2022 Baidu - GS(2021)6026S - Bt 11111342 - RICPIF030173S - Data © 3257 & OpenSireciMap & HERE

Figure2-8 SGCC UHV projects under construction and in operation [24]

The other major grid owner, CSPGC manages a total of nineteen B@kdrks (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 rimssil generation, the company is looking to invesD98

billion in the period 2022025 for grid expansion, digitization, and modern electrical system
developmeni33].

According to the August 2022 statement of the NB#4, the completed investment projects
on the power grid areostingCNY23.64 billion (US3.5 billion) from January to July 2022,
and are expected to reaCiNY100 billion by the end of the year. Four AC and four DC HV
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connection projects in Bauhetdiangsu were completed in 2022, while the Fjiamen and
ZhumadiarnWuhan UHV AC projects had started construction. The planned 1 AC and 5 DC
HV projects for the connection of Xiadinhui, Xiaxi-Henan, Mengxdinjinji, Gansl-Zhejiang

and TibetGuangdongvalued aCNY11 billion, are in the preonstruction 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 investD3S0 billion between 2021 and

2025 to upgrade Chinads power grid and buil
OSW and other renewable developmfgg]. More than 20 provinces with nearly 300 grid
expansion projects are recorded in 2(@d]. 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, thel4" FYP highlighted the development of smart grids and smart Agdds 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
Thefully operational OWFs in China include the largest ones when the report was prepared,
namely, Jiangsu Oidong and Shanghai Donghai Briddeile2-8 and Table B provide a
summaryfor each project respective|$8].
Table2-8 Jiangsu Qidong OSW Farm case st{&]
Jiangsu Qidong Offshore Wind Farm

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

Water Depth Water Depth of 355 meters
Wind Turbines 134 turbines of 7 different types, developed by 4 different manufacturers

Foundation Fixed, monopile

802MW rolled out in 3 projects: H1, H2 and H3
Capacity Each of the wind farms has an independently operated 220kV offisboster station bt
share 1 onshore centralized control center

Developed and owned by: Jiangsu Huawei Wind Power and Qidong Hua Er Ri
Wind Power Technology

Contractor: Huadong Engineering Corporation Limited

Render EPC: East China Survey and Design Institute

Turbine supplier: Shanghai Electric Wind Power Equipment

Shareholder

Construction commenced: 2020
Commercial operation: December 2021
Full capacity connection to grid: December 2021

Wind speed at 100m: 7.94m/s
Average wind power density: 497W/m

Status

Site condition

3 independent offshore substations with 1 centralized onshore power control a
distribution center
Wind Turbine Generator (WTG) selection:

0 H1:6MW x 42 WTG

Choice of
Technology

o Bo PoDe DeToI» PoDedo  I»
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Jiangsu Qidong Offshore Wind Farm

0 H2:6MW x 42 WTG
0 H3:6MW x50 WTG

A Inter-array voltage: 35kV

A Export voltage: 220kV

WTGs are interconnected through 35kV XL-BE95 cables. The 220kV submarine
export cable used is XLPE&x500.

Grid connection

DDHI Composite Buck ekFcundation Test Project

hongming Dao

Table2-9 Shanghai Donghai Bridge 1 OSW Farm case sfddj/[39

Shanghai Donghai Bridge 1 Offshore Wind Farm

Location 5.97 13km from shore of Shanghai

Water Depth Water Depth of 10 meters

Wind Turbines 34 turbines made by Chinese manufacturer
Foundation Fixed, HighRise Pile Cap (HRPC)

Capacity 102MW
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Shanghai Donghai Bridge 1 Offshore Wind Farm

Inter-array voltage: 35kV

Export voltage to onshore substation: 35kV

Export voltage to grid: 110kV

The WTGs are connected in 4 strings of 8 or 9 WTGs each at 35kV, which then con
the onshore substation. A 110kV cable line then connects the onshore substation to
transmission substation.

A Developed and operated by: Shanghai Dong Hai Wind Power Generation Compg
Shareholder A Owned by: Shanghai Eclectic Group
A OperatorHuadong Engineering Corporation Limited
A Turbine supplier: Sinovel
A Construction commenced: 2008
Status A Commercial operation: December 2010
A Full capacity connection to grid: December 2010
Site condition A Wind speed at 100m: 9.68m/s
A Average wind powedensity: 662W/rh
Choice of A 3-MW x 34 WTGs by Sinovel
technology A 1 onshore substation
A
A
A

Wind 0.69/35kv Sea Land ste| substation
- | pap 110kv busbar

Q l 35/110kv
110k v cable

S N ) | —

On(®) |

Grid connection

Shanghal
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Shanghai Donghai Bridge 1 Offshore Wind Farm

2.6 Offshore Wind Offtake Business Case

2.6.1 Patrticipation in the Electricity Market

Prior to thereform 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 c@®pa
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 atesadauyice.

The 2015 Reform of Power System (Document Nay #)e State Council establishadree-

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
renewabl e energy capacity in the economyds
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 thieigletiarket
economywide 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 lareggeale green power trading. While this process will facilitate further
development of OSW in China in the foreseeable future, it has beentedphat the entire
standardization process would be both complex andd¢onsuming.
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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 rang&sSb6W/MWh to
USD96/MWh in 2022 to around UR7/MWh to UPD44/MWh in 2050, which is
approximately a 50% reductidil]. A study conducted in 2021 found that out of the six
provinces studied (Jiangsu, Zhejiang, Hebeli, Liaoning, Fujian, Guangdong), Hebei Province
has the highest LCOE value of D$25/MWh, while Fujian Province has the lowest LCOE
value ofUSD100/MWHh, representing a 20% difference between the two provjadgsThe

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
NEAG6s 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 expectedtiousy as shown
inFigure2-9. As a resul t, it is not surprising to
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 margetittoen

to overcome the financial barriers.

Global offshore wind installations, by market

Annual installations (GW)
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Source:[44] JeanMichel, 10August2022.
Figure2-9 Global offshore wind installations prediction by market

2.6.3 Participation in Provision of Ancillary Services

The NEA releasethe Measures for Administration of Ancillary Serviae®ecember 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 tiipestablishment of
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cost sharing mechanisms usithggeii wh o Is,e nveHfa tpayso principle,
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 catges, 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 endaigess 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 brenetite downward
ramping (peak shifting) ancillary products, but the allocation fees could increase as more
renewable power entering the marjs].

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 fromme NDRC andtheNEA in May 202246].To test and prepare fopassible

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 aad Pupvinces have
launched their green electricity margewith orders of more than 2.78 billion kW#7] and
transaction volume of 28.43GWh in 19 transactions respectij&8y. 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 takgt8]. Green electricity transactions, in
which power users directly participate, follow the basic frameworks of medindlongterm
electricity contracts (such as PPA), involving power generation enterprises, power grid
enterprises and power users. Howewhre to the complexity and absence of the unified
contractual solutions for electricity procurement, China has been regarded a$ thee
challenging markets for the private or foreign entities to reduce their GHG emissions related
to electricity generatio.

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 sgoasethe curtailment

rates exceeded 40pp2]. 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 markebased 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 aeneggy bases. This is because

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

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@r up
dated data across different provinces. However, following the continual development and
implementation of the markétased mechanisms and pricing systemslactricity 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 misaligent 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
remai n. Some of t he most significant barrie
current procedures and policies. The electricity market in China is regulatdt [State

Council, with the largest portion of electricity generation controlled by the SOEs. This
monopoly situation leaves little room for privadened companies to make their marks.
Welcoming foreign investment would help to increase positive madkapetition, 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 tocownee 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 theahppooess and
introducing great transparency would help to drive out the current monopoly.-Batey
strategies such as standard development and certification of key OSW equipment can further
improve the transparency and strengthen the investor conéde

Although the costs of OSW have dropped significantly over the past five years thanks to the
many recent largecale OSW farm installation®SW in China is still among thmost
expensivaenewablenergy technologiea terms of LCOEThe ending of H for renewables
possmore challenges for new OSW progcEhe central and local governmgnan consider
marketbased strategies to aid the development of QBdjects For example, issuing green
bonds and green loans can helpifilthe gap without H, and drivethe development of the
OSWrelated 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 plarihengisk 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 shautintie to examine and adapt

the latest OSW transmission technology, such as DC transmission systptHiresearch
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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 itg stades, these changes
would help to increase the number of participants in the green power market exchange. The
establishment of mediunand longterm 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 transformagioredeamong each of the

14 priority sectors across tkeonomy

Of fshore wind plays an essenti al strategy ir
The Japan Wind Power Associati@WPA) 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 oéntering 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 azhsider

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 watead=sotd

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 t&/Om are generally considered suitable for botfowed foundations, while
floating foundations are suitable for water depths betw@®sn and-1,000m. Sea depths
greater thanl,000m are considered ukdeep and are less economicallydarable 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 (sEgure 32). It can also beeen from Figur&-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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3.3 Energy Sector and Regulatory Mechanism

3.3.1 Structure of Electricity Supply

Leading up to 2011, nucl ear power generatior
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 fugilsce 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 introducticof the solar FiT), while wind powenadea modest
contribution. The share of renewable energy in total power generation increased from 10% in
2012 to almost 21% in 202%1]. 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 nuclg&®]. Historical electricity generation in Japan is shown in
Figure 33 and the installed capacity Figure3-4.
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3.3.2 Renewable Energy and Climate Change Policies and Targets

In the Japan's Nationally Determined ContributiDC) 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 leVi@8]. To achieve this goal, it has implementieel Global

Warming Countermeasure Pland 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].
Offshore Hydrogen/fuel
wind/solar/ ammonia

geothermal power

+ In 2040, 30-45 GW projects
[Offshore wind]

+ In 2030, power generation
cost of 14 yen/kWh by next-

+ In 2050, about 20 million
tons introduced [Hydrogen].

+ 500 billion yen market in
Southeast Asia [fuel

generation solar cells [Solar)]  ammonia).
Logistics, 'h Food,
people flow, and ot agriculture,
e civil engineering % forestry and
infrastructure fisheries

+ In 2050, carbon-neutral porls
realizing decarbonization of
ports and construction work.

+ In 2050, zero CO, emissions
from fossil fuels in
agriculture, forestry, and
fisheries sectors.

Next-generation
heat energy

+ In 2050, injecting synthetic

methane by 90% into
existing infrastructure.

Aircraft

+ Starting from 2030, installing

core technologies such as
batteries in stages

Nuclear

+ In 2030, carbon-free
hydrogen production
technology for HTGR
established.

Carbon
recycling/material

* In 2050, artificial
photosynthesis plastics on par
with existing products [CR].

* Realizing zero carbon steel
[Material].

Automobile/battery &

R
o

+ In 2035, elecirified vehicles
accounting for 100% of new
passenger car sales

4l s Housingand
building/ next-

‘./ | generation power

» management

* In 2030, average of new
houses and buildings being

ZEH and ZEB [housing and
buildings].

Semiconductor/

information and

" ! communication

+ In 2040,
semiconductor/information
and communication
industries achieving carbon
neutrality.

Resource

Y circulation-related

4
L

« In 2030, approx. 2 million
tons of biomass plastics
introduced.

Shipping

N

+ Before the conventional
larget year of 2028, realizing
the commercial operation of
zero-emission ships.

&
ir"‘h

+ In 2050, a carban-neutral,
resilient, and comfortable
life.

Life style-related

Figure3-5 14 Sectors included in the Green Growth Strategy

In response to this ambitious target, the Ministry of Economy, Trade, and In(M&TY) in

collaboration with other ministries and agencies formulatedJttep a n 6 s
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Strategy Through Achieving Carbon Neutrality in 20%8e 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 subection.

3.3.3 Offshore Wind Power Development Policies and Targets

The first sector othe Green Growth Strategg concerned with nexdeneration renewable
energy technologies, specifically offshore wifdhe 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 compigeness. The government will set offshore wind power
generation introduction targets, specifically to award capacity of 10GW by 2030-@ad30
(including offdhore floating wind) by 2040. Theecent legislation established 11 promotion
zones in five prefectures, with the competitive auctions to support the offshore wind
deploymen{7]. The distribution of the targets by region is outline&igure3-6 [53].

| Hokkaido |
Introduction targets \ 9.55~
14.65GW .‘
r g P
2040 2050w
K
Approx. 30GW~ | Tohoku (f:
Approx. 45GW - éo~9 -
2930 | Hokuriku | :.f'.;. /
Approx. 0.85~1.30
10GW aw ¥ _
et . = 070~ —_—
L Chugglggvj -y { Tokyo1
o ]M 50 , ~

SN ﬁlm
° 75-0.
13-~G 32
‘ Kyushu % ik
Shakoku
7.75~
11.906W ‘V) fenayl Chubu

Figure3-6 Offshore wind introduction targets by regif&b]

The government is seeking to establish an attractive domestic offshore wind power market to attract
domesticand 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% bgywQa80,

the LCOE of fixedbottom offshore wind turbines must realihY8-9/kWh [56].

Whil e most of Japands c u-bottoentyipe tpriney, theret arep i p e |
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 develupafeloating

turbines. Most of the technical potential of more than 9,000TWh per yeadegp water and

would require floating platform technologiyn 2013, Japan established the first offshore

floating wind farm demonstration project (up to 14MW)FRaokushima; 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 capacitfp2].

J a panondtsation Research Team is conducting

research into the technologies aimed at reducing the cost of floating OSW generation to
JPY20/kWh or less by 203[5B7].

Figure3-7 shows the roadmap for the offshore wind development outlinddarp a n 6 s
Growth Strategy Through Achieving Carbon Neutrality in 2050

“Roadmap” of Growth Strategies for

@ Introduction phase: 3 MIGOCon and sxpommon 4. Aulonomous
[ 1. Development phase 2. Demonstration phace cnar maCS oA (R commencislization phase

oﬁshore w“-ld pnwer generatlon Indus'"es ® Policy means to be substantisted: [1] goals, \Z]Eigsl sysiems (such as regulatory reform), [3] standards. [4] tax

[8] budgst, [&] finance, [7] public procurement,

Creation af
attractive
domestic
market

target]

® Intraduzssn
target

2030

10GW

2040
30-45 GV

2021 12022 2023 12024 | 2025 - 2030 - 2040 - 2050

Demand creation by public-private partnership through Public-Private Council (Government commits to introduction target,
the Industry commits to Japan content and cost reduction target)
! ! ! I | |

Public tender based on Act on Promoting Utilization of Sea Areas for Renewable Energy Genarati (30-45 GW by 2040)
(prospect for awarding capacity: 1 GWiyear, 10 GW/yaar by 2030) *including floating offshore wind
I | I I | |
Sci o demonsiraticn hed by governmant . . 5
(praliminary survey of wind eondition, Push-type project scheme (establishment of Japan version of a cenfralized model)
geolagy and =o o)
| | | | I | |

first marster plan, I

dretaled shacly af

HVDGC power |
|

System development to cannect suitable locatian far wind power generation and pawer demand area

raremission | | 1 |

Steady development of base parts

I Il
T T

Investment
promitisn
and
fonmation of
supply chain

[The industry's
target]

® lspan cantent
2040: BO%

& Cost targal
20302035
EOyen

Formation of competitive and resilient domestic su chain 2030 - 2035  Inz040

(goal serlmg and sleady \mplementanon by the Industn/) :‘;"‘;:f;mmmn 95t Japan content | 60%
\

screngthen ng of co Jemlveness of su pplle

| |
When assessing public occupancy, Enluula the fnnngmn of & robust ;q:ply «chain (domestic of laqunm\enlj from the perspective of securing a stable power supply. matching support

| | | i by JETRO, &te.
Support for formation of | | 1 T

supply chain considered | | |

Promation of @g‘um reform
{rstionalization of salely review, leaving Further premotion of regulatory reform

regulations, eic.)
|

1 | 1 [}
e Promotion of offshore wind power talent development

iR program |
1 1 1 |

Next-
genaration
technology
development
and cross-
bordar
collaboration
with a view to
expansion
inke Agis

Establishmentcf | | | I
technology | | | |
developmeant 1 | 1
|mad'n=:p T n!lj — um!gmlnn an‘gm including 1 !!M!u offshore wind (using funds) COMMercialization and expansion of introduction of fleating offehora wind
| |
Promaotion of bilateral dhlggln joimt R&D llld international NIPIDIIIMI'IDII almmu for global expansion Fi al r i I (supported by NEXI/JBIC)

‘ Intematlonal atandardizatlon of safely evalualir.-n melhods, etc. for floating offshore wind | o

Figure3-7 Roadmap of Growth Strategies for OSW power generation indugégs

Gr ee

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 Governmesetdréve 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 ofia feechium
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 theieska the electricity mix.
Table3-1 shows the expected offshore wind FiT prices for the next a few years.
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Table3-1 Offshore wind FiT prices

R, FY2021 FY2022 FY2023 FY2024
yp (JPY/KWh) (JPY/KWh) (JPY/KWh) (JPY/KWh)

Fixed 32 29 public tender

Floating 36 36 36 36

In April 2019, theAct on Promoting Utilization of Sea Areas for Development of Power
Generation Facilities Using Maritime Renewable Energy Resowar®® 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 targetsThe Power Grid Establishment Master piarscheduled 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 ledgtance submarine High Voltage Direct Current
(HVDC) power transmission system from the offshore wind power generation sites (Hokkaido
and Tohoku) to the large consumption af@s

Other incentives driven by tlgovernment 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 verificativer. 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 facilitie§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 retailAs 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 Companid&PCOs) 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 hadb37 companies in January 2020 (including the retail arms of former EPRZDS)

The Japanese transmission and distribution network is organized into 10 regional grids, each
operated by a utility company and its associated subsidiarie$gb&xS3-2).

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

A the Ministry of Land, Infrastructure, Transport and Tourism (MLIT);
A the Ministry of Economy, Trade and Industry (METI);
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A the Ministry of the Environment (MoE).

Each ministry oversees certain regulations and acts. Those of relevance to offshore wind are
included n Table3-3.

Table3-2 Electricity utilities and transmission and distribution subsidiaries in Japan

Electricity utilities

Transmission and distribution subsidiaries

Hokkaido EPCO
Tohoku EPCO
Tokyo EPCO
Hokuriku EPCO
Chubu EPCO
Kansai EPCO
Chugoku EPCO
Shikoku EPCO
Kyushu EPCO
Okinawa EPCO

Hokkaido Electric Power Network, Inc.

Tohoku Electric Power Network, Co.

TEPCO Power Grid, Inc.

Hokuriku Electric Power Transmission & Distribution Co.
Chubu Electric Power Grid Co.

Kansai Transmission and Distribution, Inc.

Chugoku Electric PowéeFransmission & Distribution Co.
Shikoku Electric Power Transmission & Distribution Co.
KyushuElectric Power Transmission & Distribution Co.

Okinawa Electric Power Co.

Table3-3 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:

A ANRE: Agency for Natural Resources and Eneigygesponsible for policies regarding

A

energy;

EGC: Electricity and Gas Market Surveillance Commissian responsible of
monitoring energy markets and encouraging competition;

NEDO: New Energy and Industrial Technology Development Organizatson
responsible of promoting the technological development necessary to achieve a

sustainable society;
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A JEPX:Japan Electric Power Exchange responsible for the wholesale electricity
market;

A OCCTO:Organization for Crossegional Coordination of Transmission Operatiss
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 regulatedday tme
Promoting Utilization of Sea Areas for Development of Power Generation Facilities Using
Maritime Renewable Energy Resourceghich 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\atar seabed leasésgure3-8details the main steps
included in the Act, which covers:

Preparation of Basic Policies;

Designation of the Promotional Zones;

Preparation of Guidelines for Occupancy;

Submission of Action Plans for Occupancy;

Certification of FIT;

Permission of Occupancy.

o o bk wDdE
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Figure3-8 Procedures for the development of OSW projfs9$

The process used for the selection of the Potion Zones is outlifaglire 3-9. This process
takes about 10 months and is repeated gaahto ensure fairness

Due to the inefficiencies to carry out eagage 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 duragromotion phase to
increase the transparency of the selection process. The new policy including the Centralized
Model for the selection of Promotion Zones is outline&igure3-10.
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(D Collect some information to select Promising Zones

Local governments provide bellow information to GOJ:

+ Proposed site for Promotion Zones

» Status of coordination with local stakeholders (Confirm that
councils can be established.)
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Figure3-9 Promotion zone selection procedure
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Original Development Flow New Policy

+Grid operators will conduct basic surveys (wind conditions/ || In areas where consen he survey h in

: e°|| f‘i?‘al etc.), secure power grids, and coordinate with || the prefectures will provide the information to the national government.
ocal fishermen

STneffici It of fap | Kt l v
have been pointed out
v government or some organization_will conduct the survey.
Local governments provide information to GOJ on matters of - Surveys for basic design of offshore wind (wind conditions, seabed
certain maturity ground, etc.)
- Basic surveys for the Environmental Assessment initial part.
v - Securing grid based on the estimation of offshore wind power

installation potential.
Wind condition and geological surveys

carried out by GOJ) v
Establishment of council for regional - T ; z Provide the
coordination i fEstIabllslhmen;. £ gounclls survey result
3 I ONE or local coordination to the public
. 4 v auction

- Bidder selection through public tender
- Renewable Energy Act accreditation, 30-year
occupancy permit

- Bidder selection through public tender
- Renewable Energy Act accreditation, 30-year
occupancy permit

Promotion Promotion

Zone Zone

Figure3-10 Centralized model for the selection of promotion zones

A wind power plant with an output of 1L0MW of more is considered a Classgjdct in which

case an Environmental Impact Assessn{&tf) 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 consideratiof60] [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
Figure3-11.
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Figure3-11 Procedure for EIA in Japan

Figure 3-12 outlines the occupation timeline for a granted Sitee 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 tbenstruction 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 extefislemoccupation period

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

The day
bidder is
decided

v v
Year 0 b 8 28 30

environmental| constr A rarating decommi
Operation

"The occupation plan_ assessment | uction ssioning

validity period" : P
FIT (20 years)

"The site occupation
allowance period" ¢ * *

COD

milestone

Fromjconstruction starting to decommissioning completion
(25 years)

Figure3-12 Occupation timeline

3.5 Offshore Wind Grid Connection

3.5.1 Electricity Utility Structure and Grid Connection Procedure

As an island with no crogsorder 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 agpatai®Hz whereas western
Japan operates at 60Hz, it is necessary to convert the frequency when transmitting electricity
between eastern and western Jgpai

Japands bul k transmission system comprises
132kV transmission lines. All regional grids aside from Okinawa have maximum transmission
vol tage of 500k V. Japands three | arygaest me t
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 futursdaleggrid
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 areas is challenging.

To overcome these challenges, utilities are using gas insulated swita{f#eatio 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 BbisE@e
submitting a System Impact Stu¢ylS) 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.

Hokkaido
Tohoku
Tokyo

I Hokuriku

Chubu

P Kansai

Chugoku

I8 shikoku

Kyushu
Okinawa

60Hz /

Kanmon

line ~<_
: —500kv AC
------- 275 ~ 187kV AC
250kV DC
——250kV DC

Frequency converter
QO AC/DC converter

Figure3-13 Electricity grid and utilities in Japd62]

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 desajsa required. The EPCO

may refuse the grid connection on the following basis:

A Thedevelopment company does not agree with the curtailment rules;

A Transmission capacity is exceeded:;

A Supplyexceeds 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, requegtntieatpaithin a

month after the grid connection agreement is signed, prior to the expected construction. A guide
for the grid connection process is providedrigure3-14.

Currently all neasshore wind farms in Japan are connected tshmre 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.

|
(SIS) ppicatlon

- 3 months
Applications for grid connection
and power purchase contract
Appllceuon for
sale of eledncny app
= 6 months
El

; ectricity
1
[ — V J = 4 months
Grid connection agreement and
Construction cost contribution agreement

PPA ]- 6 months

J L

Construction

) Developer
Legend: Procedures EPCO Procedures son
General EPCO/ Developer I Source: Tohoku EPCO website
Process Procedures

Figure3-14 The grid connection process for OSW project
3.5.2 Transmission Network and Expansion Plan

Historically, access to higholtage transmission in Japan has been based owdirst, first

served basis, under which powggnerating facilities that are already connected to the grid are
guaranteed transmission capacity equivalent to their maximueraeny output. This rule
triggered concerns that new renewable engeyyerating 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 thied52].

To address these issues, the government introduced 4hea do ICendect fand Manage
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 renewliblasmaximum
nameplate capacity to an estimated future power flow of electricity based on the previous
performance. This will make more grid connection capacity avaifableariable renewables
without additional grid enhancemenitsder the condition that output is limited/curtailed in the
case of grid contingend$2].

The Power Grid Establishment Master Plamas established by three committees: Next
Generation Electric Power Networks Committee, Power Grid Master Plan Committee and
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Power Grid Establishment CommitteEBigure 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 capacityhe Grid Master Plan includes the potential installations of-long
distance higkvoltage submarine transmission lines, which would support the transmission of
power from northern locations with high wind resources to large dgwemters like Tokyo.

The Sakuma and HigasBhimizu 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 disgsthanges to the transmission
charges to spur investments in transmission and distribution network, and promotion of
distributed grids which are more resilient to natural disafi@ijs

The government decided to introduce a wheeling charge to be paid by all power generators (a
so-called Gcharge) from 2023 onward (except for the residential solar PV less than 10kW), to
finance investments in network facilities necessary for expandingvedte generation
capacity. The &harge 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). Thecliarge underconsideration will be nodiscriminatory,
technologyneutral and fairly distribute the network cof&g].

Japan Grid Connections

« The Higures for each ared are the forecasted tanumission-eod peak koad 3-day averages for fiscal 2021 mm area
« The igares for each interconnection are the Jverage dady operating capacties (anasal plan) of Asgest 2021 4,150 MW
»‘ Frequency comvester | Connection between
Hokkaado and Homshe
! am 1 %00 MW
’ ACDC converter A | H0OMW
Hokuriku-Kansai Hokuriku Tohoku area
Chugoku-Kyushu Kansai-Chugoku  Interconnection area 12,930 MW
interconnection interconnection 1500 MW 4920 MW
» 2410 MW *4 250 MW « 1,500 MW
« 230 MW 2780 MW
; < Connection between 4
| —g Y| (hubu and Hokuriku Tohoku-Tokyo interconnection
— Chugoku area 1300 MW 1 2,360 MW
10,320 MW f— 130Mw 1 6,050 MW
Kyushu area s ( P r— Tohoks Tokyo intesconmecton
15210MW | (hugoku-Shikoku 27,260MW Fica Shinano f « OCCTO plans 1o Increase
interconnection operating Capackty by 4,550 MW
11,200 MW 41,200 MW Chubu area _”_ Tokyo area o be completed i /Y2027
»—< L s0uw —— 53,290 MW
Shikoku area S J —_> -
4,920 MW Chubu-Kansai Sakwma f
2 interconnection.
Okinawa area Connection between oo\ X
1,500 MW Kansai and Shikoku .y 150 MW Higashi Shimes §
» 1,400 MW Connection between Tokyo and Chubu
« 1,400 MW » 2,100 MW
« 2,100 MW

Conmection between Tokyo and (hube (2,100 MW —+ 3,000 MW)
«0CCTO plans to 244 ancther 900 MW and TEPCO Power Geid, Inc, (habe Blectric Power Geid (o, Inc., 20d
JPOWER Transmission Netwerk (o, (14, are poeparing 1o commence constraction (10 be complieted in FY2027)

Source: Compiled by the authors from Agency for Natural Resources and Energy, “Detalled Design for Constructing a Sustainable Electric Power System” (20200,
and OCCTO, “Grid Operating Capacity in FY2021-2030 (Annual & Long-term)*  (2021)

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

Figure3-15 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;ssaiall
(~20MW) demonstration projects. While there are no operational commercially sized OWFs,
there are many in the pipeline. The Akita Noshiro Offshore Wind Project isldkest to
achieving COD by the end of the financial year in 2024]. 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 netlwdregan[64]. Details of the two OWFs under this
project are provided in

Table3-4 Akita Noshiro OSW Project case stud

NOSHIRO @
AKITA ®

Location

No more than 1.1km from the coastliie&]
Water Depth  Water depth of >10 meters.

Akita Port (13 x 4.2MW wind turbine)
Choice of Noshiro Port (20 x 4.2MW winturbine)
technology Turbines using fixedottom foundations
1 onshore substation per location

Capacity Approximately 140MW

Marubeni Corporation

OBAYASHI CORPORATION
Tohoku Electric Power Co.,Inc.
Cosmo Eco Power Co., Ltd.

The Kansai Electric Power Co., Inc.

SN 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 V11-4.2MW
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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-35m/s.
Wind class: IEC IBT/IEC IIA-T/IEC ST
Hub height: 84 / 91m

Inter-array voltage: 33kV
Grid Export voltage to onshomubstation: 33kV
Export voltage to grid: 161kV

connection The WTGs are connected forming strings at 33kV that connect with the onshore substal
From the onshore substation a line at 154kV connects to the transmission system subst
2020 2021 2022
12 3465 6 78 9101M1M1212 346546 78 91011212 345246 7 8 9101112
o, HNEEEEEEEEEEEEEEEEE
St Consthiction EEEEEEEEEEEEEEEEEEEEE
Start of C ial
tartope:)atcr;?nema .
The onshore construction work began in early 2020 and offshore work in early 2021. Bo
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 Jap@monstration floating

projects have been conducted. One completed floating offshore wind demonstration project is
the 14MW Fukushi ma FORWARD. This project w a
developed in 2013, with a rated voltage and capacity ¢226& and 25MVA. The
demonstration project is located 23km from shore in water depth of approximatel3id0

and consists of three floating offshore wind turbines rated at 2MW, 5MW and 7MW
respectively. The power cable arrangement is showigine3-16.

Onshore grid Floating ,"‘
. connection point Floating substation offshore i
] ! wind =

turbine
=

buoyancy buqyancy buoxancy

66KV riser '
cable 22kV riser cable

joint

66kV submarine
cable

Figure3-16 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 deregutdtithe electricity
industry, liberalising entry into the electricity generation sector. The liberalization of retalil
supply for extrahigh 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 confi gt
system. Three phases of reform were since implemented:

A Phase 1:establishment of an Organization for Crosgional Coordination of
Transmission Operato®CCTO) to manage supply and demand in different areas
(completed in 2015);

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

A 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 batankatg

and a norfossil 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 peweration license with

a total installed capacity of 270GW.

Japan Electric Power Exchan@E’EX) 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 sals. The trades available in this market are the spot market, forward markedaytra
market, and ovethe-counter trading. The spot market trades@@utes of electricity for the
nextday, while the intraday market allows for trading for the unbalanoéshe spot with at

least one hour in advan{®?].

In 2018, JPEX established a nfwssil 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 ehthenmental 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 v§ia.

Figure3-17 shows the status of the electricity market in Japan.
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. Generation

Generators are required to have a license Wholesale utilities: J-Power,

Japan Atomic
9 other regional utilities (VIRUS) TEPCO
Other suppliers
L 4 h g
. System Operation ‘-NnosesaYe market
. The T&D arms of 9 VIRUs will be legally (30%+ of VIRU demand) rgg?ig]negl
unbundled. System operatuon‘wAlll Japan Electric utilities TEPCO
remain under OCCTO supervision. Power Exchange RU
JEPX trading volume to comprise at (VIRUs)
least 30% of VIRU demand.
. Transmission
The T&D arms of the 10 vertically integrated utilities
except Okinawa Electric will be legally unbundled. Inter- )
regional transmission subject to auction conducted via 9 other regional TEPCO
the wholesale market. Specified electric utilities own utilities (VIRUs) (T&D
2 T&D assets within their designated areas. (T&D legally legally
= = unbundied from unbundied
.+ Distribution generation and retail from
=% The T&D arms of the 10 vertically integrated SRCEn o kaawa generatpn
et . 7 Electric) and retail)
utilities except Okinawa Electric will be legally
unbundled. Specified electric utilities own
T&D assets within their designated areas
- sales/Retail v v
1o Retail segment has fully liberalized. ) ,__
Regulated tariffs likely fo be abolished post- 9 other regional utilities (VIRUS) TEPCO
2020 Other suppliers
5. 9 h 4
Consumption ‘ * *
Residential Commercial Industrial
Majority Majority Mixed
publicly owned privately owned ownership ~ Power Seller  Power Buyer

Figure3-17 Japan electricity market structytel]

3.6.2 Cost of Offshore Wind Electricity

The LCOE for offshore wind in Japan in 2018 was approximated at USD125[8KNVRWhile

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 challengageceto permitting, and the
technology risks. The FIT price for the offshore wind in Japan is curréRif$6,000/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 Figu18.

250 Offshore wind

200 range
150 Offshore wind
100
50 CCGT
0

D M~ O = M W M~ @ - M 0 M~ O Coal

(oY} (o] &} (80 ™ (a2} [s2] ™ < < < ey e

o (] (=] o (=] o (=] (=] (=] (=] o (=] o

(9] (o] (o] (] (o] (9] (o] (o] (o] (o] (9] ™~ (9]

Note: CCGT = combined cycle gas turbine
Source: BloombergNEF

Figure3-18 Japan offshore wind LCOE forecast

3.6.3 Patrticipation 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 they ancil
demonstration tests. Several electric power companies, such as TEPCO, started offering the
services two years after testing, although currethiéyelectric power companies are allowed

to provide the services to power generators.

Japands ancillary services are stildl under g
the OCCTO, which consist of:

A The Coordinating Power and Supidemand Balance Evaluation Committee;
A Electricity Resilience Subcommittee;

A SupplyDemand Coordination Market Study Subcommittee;

A

Subdivision of Coordinating Power and Wideea Procurement Technical Study
Working Group;

A 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 elspaovernment is
implementing new policies to accelerate the corporate PPAs, such as th@ Peechium

(FiPs), which allows the developers to receive premiums based on the wholesale market prices
and retain the environmental attributes of renewables.

49



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

Historically J apands cor porate PPA spanywantraatsieqgtheru nl i k
markets, required the ower retailers to facilitate transactions between the developers and buyers.
The new implementation of the virtual PPAs has provided more options poitiate 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 capacityebethe two
frequencies network regions in Japan remains limited, and available wind (in thevastih

and solar resources (in the scetist) are far from major demand centers. Grid congestion
already exists in the Kyushu and Hokkaido regions, which eaperienced 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 daghead weather forecasbecause curtailment requires physical presence

at the plant site in many cag4ég].

According tothe Act on Special Measur&3oncerning Procurement of Electricity from
Renewable Energy Sources by Electricity Utilitigee 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:

A Whenelectric supply is stopped due to natural disasters causing damage or to prevent
the equipment in the system from breakdown;

A 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;

A When electricsupply needs to be stopped for periodic inspections, temporary
inspections, or repairs;

A 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 substanti al el ectricity i lemedtaipnaohfloasingd e e p
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 inexperiencaag 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 tloengd62].

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 atidition 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 wetiisers 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 (USD125MIWér the offshore

wind projects. While the floating offshore wind technology is still urdareloped, promising
demonstration projects and increased government investment in this area may help reduce risks

and costs for devel fishoeerwsnd potantials indhe futarees h Japané
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4 Korea

4.1 Introduction

Korea is aiming to reach carbon neutrality b
the Carbon Neutrality and Green Growth Act, in addition to the 2050 goal, requires a reduction
of at |l east 35% in t he the201Brevembhy@@3B&HHG e mi ssi o

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 aigitage wind speed of

around 8.5m/s. A deep and steep sloping seabed in this area, however, creates a challenge for
the installation of fixeebottom 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 capacitgby 20

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, tepthater

are reasonably shallow, especially over long distances along the southeast. However, very deep
waters, such as belo000m, can be found in further east.

Water depths of up te/0Om are generally considered suitable for botforad foundations,

while floating foundations are suited for water depths betwéeém to-1,000m. Sea depths
beyond-1,000m are considered ukdep, and are normally less econontctlvourable 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 (sdeigure4-2).
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4.3 Energy Sector and Regulatory Mechanism

4.3.1 Structure of Electricity Sector

Koreabs i nstalled capacity has practically doul
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 Haeealsovery notable

growth in solar power. The installed capacity of wind technology represents a very small
percentage compared to other technologies, as can be $agarav-3.
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Figure4-3Kor eads installed cap2alB9ty (GW) by

Electricity generation from fossil fuels rose by 1% from 350TWh in 2015 to 353TWh in 2020,
supplying 66% of Koreads electricity in 20:
contribution to the economyo6s elthefeltshoitafi ty s
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 noifossil fuel generation sources remed unchanged in 2020, with
approximately 27% electricity generated by nuclear powe}. Figure 4-4 represents the

evolution of electricity generation by source in Korea since 2006.

After the Fukushima incidenh Japan, Korea decided to phase out nuclear power generation
plants.According to the8™ Power Supply and Demand Plahe work started with Gori#1 in
June 2017 and is expected to continue until February. 2029
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4.3.2 Renewable Energy and Climate Change PoliciesTamngets

In October 2020, Korea pledged its goal to achieve carbon neutrality emissions by 2050. In

2019, Koreads emissions accounted for 2% of
industri al sectors primarily cneat87PciaidB@%, ng t O
respectivel\[68].

Before the plans for achieving carbon neutrality, in December 2017, Korea announced the
Renewable Energy 3020 Implementation Phahich sets a target to increase the share of
renewabl e energy in the economy®s energy miXx
Koreabs energy deployment a n dSouth KergalEpergyg t r at e

Masterplanandthe Basic Plan for Longerm Electricity Supply and DemarfBPLE) The
most recent, th8"™ Energy Master Plafiocused on a significant reduction in céiaéd power
generation and an increase in electricity generation by renewable resources.
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To achieve sustainable growth and improve the quality of life through energy transition
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Figure4-5Snapshot of Korefds energy mast €

The 9" Basic Plan for Longerm Electricity Supply and Demarahnounced in 2020, set a
similar renewable energy target of 20.8% in 2030 and 18530 by 204(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 lomgrm supply and demand forecasts, demand
management goals, power generation and transmission developmenepparsion of the
distributed power supply, and GHG and fine dust reduction plan.

In mid-2020, the Korean Government establishedGi@en New Dealwhich supports
renewable energy and eteendly businesses with KRW73.4 trillion to create 659,000 jobs,
build a renewable friendly energy infrastructure by 2025, and hekxctieomypursue carbon
neutrality.

The strong governmental support for renewables is backed up by the policies implemented by

the previous President Moon Jime Mr Moon suggested four main topics for renewable energy
innovation, including the RR8evelopment in agricultural areas and buildings, raising energy

funds, and demonstrating eneigw dependent ci ti es. However, K
Seoky e o | has expressed plans to revise the ec
there are currgly no bills or laws that have been passed regarding this matter, there are
specul ations t hat-nudlee anre wp lriecsyi dmany d6asf fpa oot K
target.

4.3.3 Offshore Wind Power Development Policies and Targets

The development ddSW projects in Korea started in 2004, but the FiTs for both onshore and
offshorewind projects, according to the IEA, were significantly lower (KRW107.6/kWh) than
that for solar PV (KRW716.4/kWh). Duo to relative immaturity of @8W technology in
comparison to the PV technologSW was less attractive than other renewable energy
technologyand the overall development was slow. In 2010, with the advancement in
OSWtechnologies and the release of the Southwest Offshore Wind Projeelopeent
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Roadmap, th© SW market gained significant momentumHKiorea After the announcement
of the roadmap, Korea launched &%W development task force with multiple planned
projects in the pipeline.

The Renewable Energy 3020 Implementation EREB020)ets 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 EnergylOTIE), the Ministry of Oceans and Fisher{&OF),

and the Ministry of EnvironmeMOE) issued th&lan for Offshore Wind Power Generation

in Collaboration with Local Residents and the Fishing Ind#teyOSW Collaboration Plan)

This plan aims to support the installation of 122GW of OSW power generation by 2030 to realize
the Green New Deabs well as support Korea in becoming one of the top five OSW power
generation economies in the world. The plan includes government and local govdetument
siting and zoning, simplification of the licensing processes, and preparation and promotion of
theOSW projects that are compatible with the livelihoods of the residents and fisheries groups.
The plan is expected to create 87,000 new jabsially, 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 summariZebie4-1 and
located inFigure4-6.

Table4-1 Operational OWFs in Korea
Operational OWFs in Korea Ca'\r/)ls\clzlty Turbine model

. Doosan
Tamra Offshore Wind 30 10 X WinDS3000/91 (3MW)
. Unison
Younggwang Wind 34.5 15 x U113 (2.3MW)
Southwest Sea Offshore Wind 60 Doosan
Demonstration Project 20 x WinDS3000/134 (3MW)
. . Doosan
JejuHaengwon Test Site 3 1 x WinDS3000/91 (3MW)
3 Unison 1 x U113 (2.3MW)
ggﬁh Igio”a Demonstration 9.6 Doosan 1 x WinDS3000/91 (3MW)
P Unison 1 x U151 (4.3MW)
Doosanédés Turbine 3 Doosan
Gunsan 1 x WinDS3000/91 (3MW)

Based on th€©SW Collaboration PlanKorea aims to prioritize the development of OWFs in

the five regions highlighted iRigure4-7. 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 eadeoisland by 2030

andto 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 30MNM@mraoffshore 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 irsdaige
commercial offshore wind sites and the management of local communities. Despite these
challenges, the market enjoys favourable conditions, with good topographgtiae wind
resources along the coast, well established infrastructure, and the supports fibonethe
government
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Doosan'’s turbine
test site in Gunsan

Southwest Sea
Offshore Wind
Demonstration

Younggwang Wind South Jeohia

Tamra Offshore Wind -

Wlejuﬂaengwmwstdte

Figure4-6 Location of operational OWFs in Kor¢#b]

North Jeolla

South Jeolla

Jeju Islands

Figure4-7 Promotion areas for OSW developm§grt]
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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 iKorea, 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 @&icates(RECS) using a fixegbrice contract regime administered by the

New and Renewable Energy Center from the Korea Electric Power ExokdPge

Specifically, the RPS requires 21 governmewned 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 annoa 1 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 1IMWh 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 ter smewable 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 atatibs owned and operated by the Korea
Electric Power Corporatio(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 kigure4-8.

Together withthe OSW Collaboration Plamentioned in sectioA.3.3 Korealaunched three
initiatives as follow[76]:

1 Governmemnded Siting and Streamlined Permitting: Under this governdezhsiting
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 orstopshop to grant all required permits and approvals for OWFs, to
streamline the permitting processes for the development of OWFs.

1 Encouraging Stakeholder Acceptance: Korea devised a -phafitng 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 coexistnce 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 Licens¢@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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category REC weighting
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1.5
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2.0
Others
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5.5
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4.5

Energy source and criteria
Facility type Criteria
Less than 100kKW
Facility install.ed More than 100KW
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Facility installed

isting buildi
on existing bulleings More than 3,000k\W

Facilities floating on the water
IGCCC, Byproduct gas
Waste, landfill gas

Hydro, onshore wind, bioenergy, RDF, waste gasification,
tidal power (with embankment)
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Fuel cell, tidal power

Oftshore wind (grid connection Fixed

longer than Skm), geothermal,

tidal power (no embankment) “ariable
“15

ESS (connected to wind power) ‘16

Figure4-8 REC weighting scheme [42]

1 Leveraging LargeScale Projects to Enhance Industrial Competitiveness: The Korea
government aims to expedite the construction of and prioritize the grid connection for
largescale 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 byHhectricity Business ACEBA)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, consumetigorotec
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
MOTI E. MOTIEOGs roles and responsibilities 1in
registration of smalkcale electricity brokerage businesses and @egghicle charging
businesses; approval of business transfers, mergerspfépland changes in the control of
electricity business enterprises; cancellation and suspension of EBLs and imposition of
sanctions or other disciplinary measures; approvalaabus 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 manageseedispatch

as well as supply and demand monitoring to manage blackouts and brownouts. The KPX also
supports Koreabs green energy pollongteens and
electricity supply and demand. KPX is responsible for matching demand and supply, and load
balancing in the wholesale electricity market.

The Electricity Regulatory Commissi¢dgRC) was established under the EBA and operated
under the MOTIE. The RECG6s primary role incl
the rights and interests of consumers, and monitoringtraisti activities through the
supervision of the opetiah 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 PolicgiGdWOTIE
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
Figure4-9.

In Korea, the six Generation Compari@snCos), 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 (IPPsyhich 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 econoswyde grid connection. Since KEPCO is thelesoetailer 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 speciéiemmunity or the customers in
industrial complexes.
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Figure4-9 Electricity market in Koref71]

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:
A National Land Planning and Utilization Act;

Public Waters Management and Reclamation Act;

Electric Power Source Development Promotion Act;

Environmental Impact Assessment Act;

Act on Allocation and Trading of GHG Emission Permits;

o o o Do D>

Rules on Operation of the Electricity Market, etc.

Despite Koreads attempt to streamline the
project developer has control over and is expected to conduct all project development activities,
including site selection, site verification, and application foagprovals and permissions.

The permitting and regulatory processes is summarizegyure4-10.
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Farm commercial
Construction operation

Contracting and
Financial close

Figure4-10 Governmemed site identification and permitting processes

The permitting process for developing an offshore wind project in Korea involves several steps,
which typically require:
A The issuance of an electricity generation business license;

A Conducting environmentaklated assessments and issuance of an environmental
impact approval;

The issuance of a building permit / development permit;

The approval / reporting of the electricity utilities construction plan;
Approvals and permits during the construction phase;
Preutilization / preoperation inspection;

Registration process with KPX;

Facility certification / utilization approval,

o Bo Do Do Do Io P>

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, théaistered Jeju
Energy Corporation, a local governmental agency involved in selecting and developing
offshore wind farm projects.

To conduct a power generation business over MW 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 AssesgiW&) 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 projectsrozentrated in the Jeonnam and Ulsan regions. Although the costs
associated with gaining approvals and permits vary, the typical approximate costs and
timeframe are summarized Tiable4-2 and are further broken down Trable4-3.
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Table4-2T

Process

ResponsibleBureau/

Department

Approx.
timeframe

The issuance of an electricity generatio
business license

Ministry of Trade,
Industry and Energy /

Mayor and Governor

Conducting environmentaklated

assessments and issuance of an MOE
environmental impact approval
The issuance of a building permit / Municipal

development permit

The approval / reporting of the electricit
utilities construction plan

Approvals and permits during the
construction phase

Governor

ministries

Pre utilization inspection Corporation

KPX
Municipal

Registration process with KPX
Facility certification / utilization approva

Filing of business commencement repo  MOTIE

administrative agencie:
MOTIE/ Mayor and

Multiple agencies and

Korea Electrical Safety

administrative agencie!

180,000,000

20 months

5,340,000,000 28 months

240,000,000

Unknown

Unknown

Unknown
Unknown
Unknown

Unknown

14 months

6 months

Various

6 months
1 month
1 month

3 months

Table4-3 Typical cost breakdown for each step in theqoastruction permitting process
Approx. costs
Process Outcome KRW

The issuance of an

Permission For Lidar

Electricity Business License

Military & Radar Interference Study
Cultural Property Investigation
Maritime Traffic Safety Study
Environmental Impact Assessment
Consultation On Utilization of Sea Area

Prior Examination of Factors Influencing Natural
Hazards

Consultation On Sea Argzompatibility

Permission To Occupy Sea Space

Permission For Port Construction by Npart Authority
Fishery Damage Influence Investigation

Fishery Damage Investigation
Development Permission
Substation Construction Permit
Road/Land Usage Permission
Electricity Facility Usage Application
Total Costs
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electricity g

eneration

business license

Conducting

environmentatelated

assessments and issuar

of an environmental
impact approval

The issuance of a
building permit /
development permit

80,000,000
100,000,000

400,000,000
300,000,000

300,000,000
1,500,000,000
200,000,000

90,000,000

150,000,000
100,000,000
100,000,000
200,000,000
2,000,000,000
50,000,000
70,000,000
50,000,000
70,000,000
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 dqtéOD). The development timeline from EBL to COD
of four projects in Korea is shown kigure4-11.

04 06 08 10 12 14 16 18 20 22 24 26 28 30 YEARS

o (;;Td:/:) 11 years
o S?;ghm)st 9 years
0 (:g tl:dave) 8 years
B W =

Figure4-11 Sample development timeline from acquiring EBL to COD

4.5 Offshore Wind Grid Connection

4.5.1 Electricity Utility Structure and Grid Connection Procedure

Koreads electricity system is geopolitically
and the private generators are transmitted over high voltage lines to the central distribution
station of each region, and from there to the substationsaknre power system Vvo
are relatively high at 765kV, 345kV, 154kV, and 22.9kV. This contributes to higher reliability

of the power system and reduces the transmi:
was 1.59%468].

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 theufaeturer, 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 @éigloltage 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, capacitdgsgic Synchronous
CompensatdS5TATCOM), Static Var Compensat(8VC) 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 ni&t]:

1) 154KkV 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 gendfatonsower
transmission equipment, KEPCO specifies the following performance staificklr{iz9]:

1
1

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 laglead;

Continuous operation within the range of 58 B5Hz, being able to operate for at least
20 seconds within the range of 5&B.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 redgime 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 lef&®]. For connecting new generators to the

grid, the following chart needs to be considered:
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Evaluation Request for Connecting
to the Power System

Input Evaluation Crieria

|
|

Contracted capadity - Connection point - Timeframe

Power Flow Calculation

-
—

Contingency Simulation

Evaluate foroverioad overvoltage - breaking capacity

Evaluation of Adequacy for Connecting
to the Power System

Notify the Resuits of the
Technical Evaluation

Figure4-12 New equipment grid connection proced[8&]

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 foll@&ing

1 Business plan;

1 Calculation of expected annual business profit and loss for 5 years after business start
up;
1 1/50000 topographic map specifying the boundaries of the project area.
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Government

Generation Business (Ministry/ Mayor | Govermor] KPY, KEPCO
Submit Application ' e Evaluate for lssue
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o [ e

Figure4-13 Generation business license applicafi@]

4.5.2 Transmission Network and Expansion Plan

Koreads transmissi on e x p aysaspemod. The mastrecensplam e s i ¢
is based on the goals outlinedtie 9" 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 fa€litressntly, most

of the renewable energy generation is in rural mountainous areas, requiring additional
transmission lines to carry the electricity to the loadersf0].

Significant wupgrades of the transmission sys
coast to manage future planned offshore wind facilities, particularly to prevent further grid
congestion from the northward power floligure 4-14 gives an indication of some of the

planned upgrades.
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Figure4-14 Planned sites for OSFs and expected grid reinforcement in &fpa

According tothe 9" 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
Table4-4 shows the details of the projected transmission [B®&s

Sincethe 8" BPLEwas 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 fat@lithe
integration of 8GW of renewable generation capacity through the installation of 1 substation,
59 transformers and 118 distribution lin&@able4-5 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.
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