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Offshore Wind Power and Ocean Shipping
— Growing Business Potential and Effects on Safe Operation —

7EE R wE

1. What 1s offshore wind power?

Wind power uses the force of the wind to turn a wind turbine and convert that
motion into electricity. Unlike solar power, wind power can be generated day and
night. It is also considered a clean renewable energy source that does not emit
greenhouse gases (GHGs) such as carbon dioxide (CO2) because it harnesses
natural energy. Offshore wind power is the installation of wind turbines offshore
mstead of on land. Offshore installation can provide more stable power compared
to onshore installation because winds are strong and relatively stable (42%
capacity factor for offshore wind, compared to 25% capacity factor for onshore wind,
in Europe in 2020). Moreover, there are fewer regulations regarding transportation
and offshore installation, so wind turbines can be made larger and installed in
larger quantities, and costs can be reduced accordingly. It is estimated that a large-
scale offshore wind farm with more than 100 wind turbines would generate the
equivalent of one nuclear power plant (1 GW).

In recent years, many countries around the world have pledged to achieve
carbon neutrality (virtually zero greenhouse gas (GHG) emissions) by 2050 and are
expanding the introduction of renewable energy under the Paris Agreement, which
calls on countries to reduce GHG emissions to curb climate change. In this context,
offshore wind power is also drawing increasing attention. According to the
International Energy Agency's scenario toward virtually zero GHG emissions,
renewable energy sources will account for about 90% of the world's electricity
generation in 2050, and wind power will account for 35%. Offshore wind power is
expected to play a significant role in realizing a future decarbonized society.

2. Status of offshore wind power around the world

Currently, wind power accounts for only about 6% of the world's total electricity
generation, and offshore wind power accounts for only 10% of that. However, the
global installed capacity of offshore wind power has increased more than tenfold
from 2.9 GW in 2010 to 35 GW in 2020, and further expansion is expected in the
future.

Looking at the amount of installed offshore wind power capacity around the
world, China surpassed the U.K. as the world's No.1 in terms of installed capacity
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by country in 2021. In addition, the North Sea coastal countries in Europe (the
U.K., Germany, the Netherlands, Denmark, Belgium, etc.), which have been ahead
of the curve for more than a decade, continue to account for more than half of the
global total (see the Graph 1 below).

> 4 Q> > QO > N > RS <
F S S FSFS S &S S F &SP
o S F F T EEE F VY SFFE S E
& & AT R v % > NN i
& SRR < Q a2
<~ o
(]

(Source) World Forum Offshore Wind, Global Offshore Wind Report 2021

The North Sea i1s an ideal site for offshore wind power, with its favorable wind
conditions and shallow seabed topography. Furthermore, North Sea coastal
countries have accumulated a considerable amount of experience in the offshore
industry through the development of the North Sea oil fields over the years. In
2022, Germany, the Netherlands, Denmark, and Belgium signed a cooperation
agreement aiming to expand offshore wind power generation capacity by 10 times
the current level (150 GW) by 2050. In 2020, the European Commission also set an
EU-wide target to increase offshore wind power generation to 300 GW by 2050.
The trend toward expansion of offshore wind power in Europe i1s expected to
continually grow.

On the other hand, Japan currently accounts for only 0.18% of the world's
installed offshore wind power capacity. But under a new law taking effect in April
2019, the “Act on Promoting the Utilization of Sea Areas for the Development of
Marine Renewable Energy Power Generation Facilities,” and the 2050 carbon
neutrality target and offshore wind power introduction target (10 GW by 2030 and
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30-45 GW by 2040) set by the cabinet of then-Prime Minister Yoshihide Suga in
2020, projects to install offshore wind power farms are underway in some regions
in Japan, too. Power generation companies were selected in December 2021 for
Promotion Zones such as the two areas off Akita Prefecture and the one off Choshi
City, Chiba Prefecture. In the ports of Akita and Noshiro, where projects are
progressing ahead of others, installation work for offshore wind turbines is already
underway using wind turbine installation vessels (WTIV). Preparations for the
installation of offshore wind farms, such as surveys of ocean areas and the
establishment of cooperative relationships with local communities, are underway
for other sea areas, and the number of offshore wind power turbines installed in

Japan 1s expected to increase in the future.

3. Offshore wind power and ocean shipping industry

1) Contribution of ocean shipping to facility installation, etc.

In offshore wind power, where power generation facilities are installed offshore,
ships are required in various phases, including preliminary sea surveys, transport
of components, installation of offshore wind turbines, laying of transmission cables,
monitoring of work, maintenance during project operation, and removal after the
project ends. As a result, offshore wind power generation is seen as a new business
opportunity for maritime industries such as ocean shipping and shipbuilding, and
various projects using ships are in progress.

A variety of special-purpose ships, in addition to tugboats, barges, and so on
maintained for offshore work are used in the installation and maintenance of

offshore wind turbines. Typical special-purpose ships include the following.

Chart 1 Main ships involved in installation and maintenance of offshore wind turbines

Wind turbine installation vessel During installation work, the barge

(WTIV) (platform) is jacked up from the sea surface
to a height beyond the reach of waves by
means of legs that can be raised and
lowered, and the offshore wind turbine and
its foundation are installed.

Platform supply vessel (PSV) Deliver supplies and other items to offshore
facilities.
Anchor handling tug supply vessel Tows and moors floating facilities.
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(AHTSV)
Cable-laying vessel Lays power transmission cables.

Crew transfer vessel (CTV) Transports offshore personnel, supplies,
equipment, etc. to the offshore wind
turbine during periodic maintenance after

operation begins.

Service operation vessel (SOV) Provides accommodations for personnel
who stay at sea for extended periods to

work on maintenance and repairs.

Other ships involved in offshore wind power include geological survey ships and
heavy lift vessels. In the North Sea coastal areas of Europe, many of these special-
purpose ships are already in operation and working on offshore wind power
projects in line with the wider adoption of offshore wind power. The Japanese
maritime industry is also in the process of entering the special-purpose ship
business.

And in the shipbuilding industry, the manufacture of foundation structures for

floating offshore wind turbines is also considered a new business opportunity.

2) Effects on safety of navigation of ships and mitigation measures

On the other hand, offshore wind power is the possible impact on the safety of
ships that have traditionally used to navigate in the waters surrounding offshore
wind farms, because turbines for wind power are installed offshore. Such ships
include merchant ships, fishing boats, pleasure boats, etc. In offshore wind power
generation projects, it is also important to ensure the safety of navigation of these
ships in the vicinity of the wind farm. In Europe, which has taken the lead in the
introduction of offshore wind power, they have already accumulated experience in
the area of safe navigation measures. Following is a case study from the U.K. that
illustrates actions to ensure the safe navigation of ships involved in offshore wind
power.

In the U.K., laws and regulations impose various requirements on offshore wind
farm operators to ensure safe navigation. Therefore, as a general rule, wind farms
installed in U.K. waters are subject to the safety measures described below. Ships
are required to take their own safety measures on this basis.

In the U.K., the law has two key points: Projects that interfere with the use of

recognized sea lanes essential to international navigation are not permitted; and
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consultation with interested parties and others is required prior to applying for a
permit. Proposed projects that do not meet these two requirements will not be
approved by the authorities.

Furthermore, detailed marine guidance notes (MGN) established by the U.K.
Maritime and Coastguard Agency (MCA) serve as the substantive criteria for
operators’ applications for offshore wind power projects. The MCA also makes
tentative decisions on compliance with criteria and advises on plans. Below is a
brief overview of the MCA's guidelines (MGN654 is the latest version, revised in
2021).

In the U.K., at the planning stage of a wind farm project, a fact-finding survey
of the sea area is conducted, taking into account various factors, such as the use of
the planned sea area for navigation, fishing, recreation, etc., the approach to ports,
the proximity to other offshore wind farms, in addition to the laying of submarine
cables. The survey requires Automatic Identification System (AIS) data as well as
radar and visual data, so it also takes into account smaller ships without AIS.

Based on the results of this survey a Navigational Risk Assessment (NRA) is
conducted. The risk assessment takes into account the installation plan of the
offshore wind farm (including the safety distance between the wind farm and the
shipping routes), weather and sea conditions, navigability in and out of the wind
farm area, effects on emergency measures, effects on hydrographics,
communications, radar systems, etc., and effects on ships and seafarers due to the
occurrence of blind spots. A simulation analysis will also be conducted. Risks
arising from changes or detours of conventional shipping routes (including the use
of large ship routes by smaller ships) due to the installation of the wind farm will
also be assessed. The location of individual wind turbines within the wind farm
area will be determined by taking into account the fact that ships will be
navigating between offshore wind turbines.

When the installation of an offshore wind farm begins, the following measures
are required as needed. Safety information will be disseminated and ships
navigating in the vicinity will be notified. Aids to Navigation will be placed and
ships' routing measures will be implemented in the installation area. Guard
vessels will be deployed to the installation area for monitoring. Emergency
responses, as needed will be conducted in accordance with the Emergency
Response Co-operation Plan (ERCoP) prepared in advance. A safety zone is
established in the waters surrounding the wind turbine installation site, based on

a decision by the Secretary of State for Business, Energy and Industrial Strategy
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based on the application of the project operator. Under the U.K. law, a safety zone
is a certain area around a facility offshore (spaced 500 meters around the facility
during installation and 50 meters around the wind turbine when in operation) that
is off limits to entry, and is established for both territorial waters and exclusive
economic zones.

After construction of the wind farm, the location data of the farm is submitted
to the United Kingdom Hydrographic Office (UKHO) and is reflected on nautical
charts. Submarine cables are also included on charts, but some of them may be
omitted depending on the scale of the chart.

Installed offshore wind turbines require measures to make them more visible to
ships. Based on the guidelines of the International Association of Marine Aids to
Navigation and Lighthouse Authorities (IALA) mentioned in the MCA guidelines,
15 meters from the highest water surface on the tower of the wind turbine will be
painted yellow. Significant Peripheral Structures (SPS), such as the outer corners
of the wind farm area, will be marked with flashing yellow lights with a range of
at least 5 nautical miles. In addition, fog signals and radar reflectors may be
installed as required by sea conditions. Each turbine will be marked with an
alphanumeric plate that will be visible at 150 meters at night by illumination.

Fig.1 Identification measures for offshore wind farms based on IALA guidelines

(Source) IALA Recommendation O-139

While taking into account the above safety measures on the operator's side, the
ship side should also take the following safety measures stipulated in the MCA
guidelines (MGN372) for ships and seafarers.

Ships shall thoroughly check the marking, navigational aids, and charts of
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offshore wind turbines in advance when navigating around offshore wind turbines.
Also, they shall thoroughly review the safety information that is issued. During
actual navigation, they shall comply with the rules of the COLREG (Convention
on the International Regulations for Preventing Collisions at Sea), such as
appropriate watchkeeping. In particular, a risk assessment must be conducted
beforehand when navigating in the vicinity of offshore wind turbines. The following

points shall be considered in the risk assessment.

Chart 2 Factors to Consider in Navigational Risk Assessment

Turbines within a wind farm are generally spaced 500 meters or more

Spacin . . .
P g apart depending on the size of the turbine.
The majority of wind turbines now operating or planned are located in
relatively shallow water. However, it is expected that new generations of
Depth of | . . . .
water wind farm will be constructed in deeper water, where navigable channels
in the vicinity may restrict larger vessels to a particular route passing
close to a wind farm boundary.
Seabed Wind farm structures could, over time, affect the depth of water in their
changes vicinity.
. Wind farm structures may obstruct tidal streams locally, creating eddies
Tidal streams nearby

Vessels involved in turbine maintenance and safety duties may be
encountered within or around a wind farm. Fishing vessels may also be
Small craft operating in the area. Mariners should be alert to the likely presence of
such vessels and be aware that the structures may occasionally obscure
them. This is particularly relevant at night.

In coastal areas shore marks may also become obscured by wind farm
Shore marks | structures. The ship’s position should be checked by other means when
a wind farm obscures coastal marks.

In or adjacent to larger wind farms offshore electrical transformer-
stations may be present. Submarine cables link turbines to this
substation from where the generated power is exported to the shore.
Whether all submarine cables are charted depends upon the scale of the
chart; in some cases only the export cable may be shown.

(Source) The chart is provided based on MCA, MGN 372 (M+F).

Transformer
stations

The MCA guidelines also call attention to the potential effects of offshore wind
turbines on communications equipment and navigation systems, based on
experimental results. According to past experiments conducted by MCA, there was
minimal impact on marine VHF band, Global Positioning System (GPS),
Automatic Identification System (AIS), and cellular phones. However, microwave

systems such as Ultra High Frequency (UHF) were affected to some degree
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shielding, depending on their location of the wind turbine. Offshore wind turbines
were clearly displayed on radar, but false images also occurred, caused by multiple
reflections and sidelobes when approaching close to the wind turbines within about
1.5 nautical miles. Therefore, if a ship is approaching a wind turbine, its radar may
be affected commensurately as it gets closer. In this case, ships must carefully
comply with the rules regarding safe speed and watchkeeping stipulated in the
COLREG. In watchkeeping, ships must also take into account information from
non-radar sources such as voice signals, Vessel Traffic Service (VTS), and AIS.

In addition, the guidelines caution that the effects resulting from the rotation
of wind turbines (rotor effects) can change the wind flow and affect ships.

The above is an overview of actions in the U.K. In Japan, measures will also be
taken to ensure the safe navigation of ships around offshore wind farms to
minimize the risk of collisions.

First, in Japan, one of requirements to designate promotion zones under the Act
on Promoting the Utilization of Sea Areas for the Development of Marine
Renewable Energy Power Generation Facilities stipulates, “without hindering the
use, preservation, and management of waterways and ports within the relevant
zones and its neighboring areas.” Promotion zones are designated to maintain a
safety distance from waters frequently transited by large ships and to ensure that
these ships encounter no interference when calling in and out of ports surrounding
the wind farm. In addition, interested parties (including ocean shipping companies
and fishery operators), who may be affected by the installation of the wind farm,
shall participate in a pre-consultation council. In addition, the enforcement
regulations of the act stipulate these standards for offshore wind turbines: Take
measures to improve their visibility from ships and ensure that they do not
interfere with ship navigation.

Moreover, the project operators shall take the following measures based on the
various guidelines, descriptions of standards, etc. established by the

administrative agency with jurisdiction.

Chart 3 Measures to Ensure Safe Navigation in Japan (Examples)

Preliminary survey on sea area utilization (including radar, AIS data analysis,

interviews, etc.)

Maintain a certain safety distance from port facilities and shipping routes

Survey the effects of offshore wind turbines on the visibility of seafarers and on the
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radar and other equipment of ships

Survey the effects on marine traffic (simulation and other methods will also be used)

Consider other utilization of the surrounding waters

Installation of navigational aids and marking to increase visibility of offshore wind

turbines

Secure a minimum distance of 22 meters between the lowest edge of the wind turbine

blades and the highest water surface

Need to inform, warn, monitor, etc. in advance of installation work

Develop emergency response plans for the project operators and authorities

(Note) Includes measures at each stage of planning, construction, and post-installation.

(Source) The chart is provided based on the Act on Promoting the Utilization of Sea Areas
for the Development of Marine Renewable Energy Power Generation Facilities, and
various guidelines and descriptions of standards from the Ministry of Economy, Trade and

Industry and the Ministry of Land, Infrastructure, Transport and Tourism, etc.

Therefore, even in Japan, offshore wind farms will in general be appropriately
located and installed by avoiding major routes for large ships, based on
consultation with interested parties, and upon a multifaceted study of the
navigational risks to ships, including the effects on seafarers' visibility and radar,
associated with the installation of offshore wind turbines. In each actual sea area,
based on such basic frameworks, case-by-case measures (e.g., use of fog signals,
installation of the required number of light signs, consideration of establishing a
corridor in the waters within the wind farm, etc.) will be taken, while sharing
Information and maintaining close communication on trends and natural
conditions in each sea area (whether ships navigate at night, main routes of fishing
ships, locations of fixed nets, and the occurrence of fog, etc.)

In Japan, ships are also required to comply with rules on safe navigation. Ships
at sea shall follow the Act on Preventing Collisions at Sea and comply with safety
rules, including safe speed and watchkeeping. Japan currently has no guidelines
specifically for ships navigating around offshore wind turbines, but it is recognized
that measures are needed, for example, to ensure sufficient distance from offshore
wind turbines and implement safe navigation based on the effect of turbines on the
visibility of seafarers and on radar. Meanwhile, in Japan, similar to the U.K.,
measures are exemplified based on the IALA guidelines as measures to enhance
the visibility of offshore wind turbines (e.g., marking them yellow 15 meters from

the highest water surface, placing navigational aids with a luminous range of more
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than 5 nautical miles away from the offshore wind farm at the corners of the
perimeter, selectively installing navigational aids with a luminous range of 2

nautical miles or more, and so on).

4. Conclusion

Offshore wind power, which being more widely adopted in Europe, East Asia,
and other parts of the world with the goal of decarbonization, represents a new
business opportunity for the maritime industry, because wind turbines are
installed on the ocean, and may have some effect on ships that have traditionally
navigated the sea areas around offshore wind farms. Both operators and ships also
need to implement measures that sufficiently address the safe navigation of ships.
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