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Background & Significance

Surplus Energy Rapid Greener
Demand Industrialization Environment

Rise in Renewable
Energy Resources

Stringent Demand for Cables for
Power Transmission
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Global energy interconnection

Investment cost
Total AC cost

555 — 625

17,550 - 104,605

m Hydropower

25,825 - 112,950

® Solar Energy

A Windpower
DC subsea cable Total DC cost

ast 5 N
——DC transmission g\ cost
wenes o \
. | Mw
Wind Z e e EE 600 fou
300 GW { g /
25 000 km sq a> LA DS
5000 x 5 km i %"
AC subsea e oKV,

DC termination
cable cost 100 [ 110KV

cost

askv

Solar I . - . il T
700 GW = t Distance, km
8000 km sq . . L :
90 x 90 km B - W 2l AC termination.cost | Voltage level selection
_______ 3

Distance

European super grid ASEAN super grid e Dedblonutance —y

AC-DC selectio'n



Brief Overview of HVDC System

Components & Technologies
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A HVDC system mainly consists of:
« AC side

« Grid, generation side

Converter
Transformer

« Converter station
« Converter station
« AC switchyard
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HVDC Cable Technology
Evolution of XLPE Cables

First commercial

production of Use of XLPE

ep oxy " : nanocomp osites for
First use of XLPEin B HVDC cables in Japan
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Design and Development of HVDC Cable

System

FESEM image of interface between
conductor screen and insulation layer
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Space Charge Distribution of XLPE
insulation at 90°C

Stress-strain curve of XLPE insulation
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Design and Development of HVDC Cable
System

Efficient Design
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Design and Development of HVDC Cable
System

Cable Manufacturing Overview

Hollangise Kust (west Beta) (HKWB)
220kV Sea cables

Vertical Production
Line (169 m)



Design and Development of HVDC Cable

System

Qualification of HVDC Cable System

r
m Main Standards

for DC cable

* |[EC 62895

.
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r
m Main Specifications

for DC cable

* CIGRE TB 852

\

e [IEC 60949
* |[EC 62067
* [IEC 60502
e [IEC 63026
* [IEC 60840
* [IEC 60287
* etc.

* CIGRE TB 490
* CIGRE TB 722
* CIGRE TB 446
* CIGRE TB 880
* CIGRE TB 303

Power cable rating examples for
calculation tool verification
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Design and Development of HVDC Cable
System

Qualification of HVDC Cable System - PQ Test Loop
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Dummy loop for submarine cable

Buried
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Design and Development of HVDC Cable
System

Accessories & Layout
¥V

GIS termination AIS termination

Transition Joint

e = D

Pulling Head Factory joint Cable cleats




Design and Development of HVDC Cable
System

Qualification of HVDC Cable System - Quality Control

Lab Size:
120L x 42W x 35H
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Design and Development of HVDC Cable

System

Quallflcatlon of HVDC Cable System - Quality Control

Produced a local PD test equipment prototype

!
Performing local PD test
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Tuning to get test results
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Design and Development of HVDC Cable System

Qualification of HVDC Cable System - Logistics and Installation - Subsea
Cable

Haigong07 Barge

Transportation example for HKWB project:
1. Cable length = 140km

2. Total weight = 15000ton

3. From Ningbo to Netherland
4

Duration = 50days

Net Capacity: 2x 92000t

N
X
3
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Breadth overall: 42m

Depth: 9m Length overall: 128m



Design and Development of HVDC Cable

System

Qualification of HVDC Cable System - Logistics and
| rytiadidymamic analysis, structural analysis, thermal-magnetic analysis and electrical analysis.

Features Software

Structural analysis

Abaqus / UFLEX

Electric field analysis

CYMCAP / Multi-physics

\ o skalis '
SR A

Magnetic field analysis

CYMCAP / COMSOL / Workbench

| \F | ORIENT CABLE

Temperature analysis

Ansys / COMSOL

Stability analysis

Stableline

Accessory design

Work Bench / Soild work

/ AutoCAD
Cable monitoring DTS / DAS
Fluid mechanics analysis Orcaflex
Fatigue analysis Orcaflex / UFLEX Abaqus




Design and Development of HVDC Cable
System
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: 1004y o Stainless steel corrosion rate: :
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Iilmer beddFi)ng: PP yam;i Insulation aging life > 40 years
! Bitumen; ;

Quter sheath: PP yarn y > 40 years
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Conclusion & Discussion

0
%

Efficient Long-Distance Power Transmission.

Better Grid Stability and Integration.

Compact and Environmentally Friendly.

Technology Limitation and Advancements

De-commissioning
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