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The Planning of Taiwan-Penghu Submarine Cable

oz s * #HRep 2ok }g,_gfémg* L A
Lin, Yung-Hsiang Cheng, Chun-Sheng Lu, Ming-Shun Ma, Wei-Fu

wm E

A T Ry — S BT AT 0 R R 12 MR R A E = B E -
gt kg & BRI TN PiTtes USSR B E R~ 08 Z (LB THEFETZ
R S 2 SR B 9% 7 MBI EEE o DARENL R K 20 2N ER SIS AR T 1A

Algaf St EBREBERT 2T TN TR « R T R Tt E R TT
HEANEARTET > $2 028 07 2 Z i h PUSUR RAREEBG AR Z MRH% -

Abstract

In the early days, the Penghu area was an isolated power system, with 12 diesel generators from
the Chienshan power plant supplying electricity to the entire island. Based on Taipower’s long term
load forecast, this study examines the feasibility of connecting Penghu to Taiwan power system with
submarine cables and compares the economics of the original plan for expanding diesel engines to
establish the general direction of Penghu’s power development in the next 20 years. This review
discusses various aspects such as the power supply method, engineering feasibility, economic
analysis of the aforementioned submarine cables, and provides an evaluation of each option as a

basis for future decision-making.
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Introduction to Taiwan-Penghu Submarine Cable Project
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Abstract

The main purpose of the 161kV Taiwan-Penghu submarine cable construction project is to
optimize the Penghu energy system to reduce the use of fossil fuels, turn Penghu into a green energy
and low-carbon island, and connect the power grids of Taiwan and Penghu. In addition to improving
the stability of the power supply in the Penghu area, the aforementioned project can also transport
the electricity generated by Penghu's abundant wind power to Taiwan via the aforementioned
submarine cable, turning Penghu into an island that exports green energy. In short, this power
construction project combines multiple benefits such as energy transformation, improvement of
people's livelihood, economy and environmental protection. This project is the first power
transmission grpade submarine cable in Taiwan, and there is no relevant engineering experience in
the past to follow. With the hard work of its engineering expertise and construction team, Taipower
overcame many hurdles and finally made this project run smoothly. We hope that the experiences of
this project may serve as a reference for all units in the company when planning and designing similar

projects in the future.
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The Differences in Calculation Methods of Power Transmission Capacity between the Taiwan-

Penghu Submarine Cable and Land Cable
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Abstract

This article uses the data provided by the contracted company JPS/SC to explore the differences
in the calculation of power transmission capacity (ampacity) between the Taiwan-Penghu submarine
cable and land cable, focusing on influential factors such as the internal structure, external
environment, arrangement of the submarine and land cable on power transmission and the difference
of the two calculation processes. The content of this article may serve as reference for understanding
the calculation principles and processes of power transmission capacity (ampacity) when planning

and constructing similar projects in the future.
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Cross Seawall Pipe Jacking Project — Taking the Taiwan-Penghu Submarine Cable Construction

Project as an Example
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Abstract

Most of the coastal areas in western Taiwan are alluvial, which is a composite formation
composed of soft mud, sand and other fine particles. Its geological characteristics are high void ratio,
low strength, and easy to compress and deform. In addition, because the landing point of this project's
submarine cable in Taiwan is located on the edge of the coastal embankment of Kouhu Township,
Yunlin County, high groundwater levels and weak sandy strata increase the difficulty of project
construction. Therefore, suitable construction methods must be selected to overcome local geological
conditions. Taking this submarine cable project as an example, since the planned pipe jacking has to
pass under the sea wall, during the construction process, it is very important to avoid disturbing the
structures on the ground and to ensure safety during offshore operations. This article takes the
"Taiwan-Penghu 161kV Line Cross Seawall Pipe Jacking" project as an example to illustrate how to
overcome the difficulties in construction. It is hoped that the experience of this project may serve as

a reference for similar projects in the future.
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The Planning, Design and Construction in Submarine Cable of Taipower’s Offshore Wind
Power Phase 1 Project
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Abstract

Submarine cables were used for telecommunication among countries or regions in the early
days. However, with the evolution of technology and dispatching needs in recent years, power
transmission has gradually become the main purpose. Due to the length limit, this article only
explains the core items and particularities of offshore wind power submarine cables in design and
construction stages. In addition, we summarize relevant construction essentials, such as thermal
proximity effect under solar radiation, cable laying considerations, wind turbine generator (WTQ)
foundation pull-in and trenching, etc. to ensure that the power transmission system can achieve the
expected life cycle and safety goals. After the submarine cable is embedded with optical fibers, its
multi-functionality also effectively improves the stability of power transmission.

This project built a total of 21 wind turbines with a total installation capacity of 109.2 MW,
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which can generate approximately 360 million kilowatt-hours of renewable energy every year, which
can provide approximately 85,000 households with electricity consumption for a whole year, and can
reduce carbon dioxide emission by 180,000 metric tons, which is equivalent to the carbon reduction
benefits of 462 Daan Forest Parks in one year. In addition to achieving the important national energy
policy goal of 237.2 MW of offshore wind power demonstration wind farms (109.2 MW of
Taipower), this project also laid an important foundation for subsequent offshore wind power projects
and transported wind power from offshore Changhua’s high-quality wind farms to Taiwan, bringing

more new possibilities to expand the development of green power.
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Abstract

The biggest difference between the installation process of submarine cable and land cable joint
is that the protective cover of the submarine cable’s joint must be welded with the lead alloy shielding
layer of the submarine cable. After the lead welding and anti-corrosion operation are completed, the
return conductor is connected to the outside of the protective cover and treated with a heat shrink
tube to prevent corrosion.

After the submarine cable and platform were placed on the seabed, they were then stacked with
8-ton heavy stone bags (approved by the Japan’s construction review, passed the 8-ton anchor drop

test and drag test, and were proven to withstand 10-knot ocean current) for protection.
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Anchor Strikes Prevention Experience of the Taiwan-Penghu Submarine Cable
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Abstract

The Taiwan-Penghu submarine cable runs through the important international waterway
between Taiwan and Penghu, with a total length of 58.8 km. Ships from all over the world pass
through this channel every day and night. Therefore, the prevention and maiatenance methods of
submarine cables against anchor strikes far exceed the management and control requirements for
land cables. This article uses the Ship Automatic Identification System (AIS 2.0) of the Harbor
Bureau to establish a monitoring system to prevent ship anchor strikes, and monitor and control the
waters of the submarine cable. The platform can identify the anchoring risk of the passing ships
based on their width and speed and issue an alarm, and automatically send messages to deter
hazardous ships from the warning area of Taiwan-Penghu submarine cable. There have been
practical prevention cases to verify the feasibility of the notification mechanism.

The maintenance of submarine cables is a new field and a new challenge for Taipower. To
keep in line with the mission of maintaining power supply safety, the Jia-Nan Power Supply
Operation District of Taipower broke through the existing thinking and initiated pragmatic anti-
anchor strike management and control work for submarine cables. The content of this article has

written a new chapter in power supply maintenance.
Eﬁ%%ﬁl(Key Words) : {0 B Btk 245 (Automatic Identification System 2.0 » AIS 2.0) ~ &%
5 48 BS 1 244t (Taiwan-Penghu Cable Monitoring System) ~ {2 3 H 8 % % (Automatically Send
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Overview of Taiwan-Penghu Submarine Cable Monitoring System
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Abstract

The Taiwan-Penghu 161kV submarine cable is an ultra-high voltage (UHV) submarine cable
that connects the main island of Taiwan and the outlying islands of Penghu. It was officially put into
operation on February 11, 2022. Since it is impossible to conduct manual inspections, a 12-core
optical fiber was built inside the submarine cable to carry out the tasks of cable operation monitoring
and status tracking at any time. Furthermore, the cable is laid on the seabed to avoid damage from
external mechanical forces such as ship anchor strikes. By interfacing with the Maritime Port
Bureau’s automatic interfacing system (AIS), the ships cruising in waters above the submarine cable
can be driven away using broadcasts to reduce the risk of submarine cable failure and ensure the

stability and reliability of power transmission between Penghu and Taiwan.
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Application and Benefits of Taiwan-Penghu Submarine Cable in Utility Communication
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Abstract

Integrating the Penghu wind power system with the power grid of Taiwan main island can
promote the development of renewable energy, enhance energy diversification, and provide high-
quality and abundant power supply, Taipower hence planned to build the Taiwan-Penghu submarine
cable. Additionally, the submarine cable is embedded with an optical fiber communication system,
which can support the protection, monitoring, data transmission and power dispatching of Penghu’s
power system, as well as the stability and reliability of the area’s power supply. Furthermore, by
leasing excess optical fiber core lines to telecommunication service providers, the company can
create additional revenue and further promote business diversification and the development of local
communication services. In summary, this project will not only help diversify energy sources, but
also improve the power supply system of Penghu, helping the company to prepare for future

electricity demand.
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Simulation and Measurement Analysis of the Taiwan-Penghu Submarine Cable
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Abstract

After more than ten years of construction, the Taiwan-Penghu submarine cable after 168 hours
of energization in October 2021 officially made Taiwan and Penghu one system. To ensure the cable
go online smoothly, the relevant test work must not be sloppy. This article not only explains that
RTDS has the strengths of electromagnetic transient simulation and multi-frequency system,
analyzes the AC variable frequency withstand voltage, reactor operation and connection conditions,
but also proposes feasible schemes based on the analysis results. Finally, when the submarine cable
was actually in operation, the measured system conditions not only provided the operating unit with

a basis for subsequent operation and maintenance, but also recorded a milestone for Taipower.
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Abstract

This study aims to explore the impact of the Taiwan-Penghu submarine cable joint on the power
system in the Penghu area. By analyzing key data such as changes in device capacity of the submarine
cable joint, comparison of power generation, power flow transmission, and dispatching conditions
of Chienshan Power Plant, the current situation and vision of the Penghu power system are explained.
The study found that the Taiwan-Penghu cable joint has had an important impact on the power system
in the Penghu region, including changes in the energy structure, improvement of power supply
stability, and maximization of green energy. Specifically, the proportion of thermal power generation
in the energy structure decreases, while the capacity of grid-connected devices for renewable energy
increases. In addition, it also provides a more stable power source for the Penghu area. However, the
study also found that the integration into Taiwan's system has changed the positioning role of the
Chienshan Power Plant from "outside the grid to inside the grid". Its diesel generators’ rapid start-
stop ability is sufficient to cope with sudden fluctuations in power supply and demand. It plays a key
role in power systems with a high proportion of renewable energy.
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Abstract

This benefit analysis is based on the fact that after the joining of Taiwan-Penghu submarine
cable, the renewable energy (RE) grid connection capability in Penghu has been significantly
improved. To keep in line with government policies, Taipower will continue to promote the RE

development of in Penghu and turn it into Taiwan's first low-carbon island.
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