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INTRODUCTION

@ "mdasifuddin.khan@sse.com
Offshore wind and

interconnectors today

Tomorrow’s solution:
Offshore wind and interconnectors in harmony
» Increased offshore windfarm
connections
» Interconnectors plays a vital role
> New generation interconnector:
MPI
= Efficient use of transmission
assets
= Maximum utilisation of wind
resources

OBJECTIVES

<8

Source:

ps://wwi link-offshore-wind-farms-britain-and-netherlands

ONSHORE AC NETWORK MODEL

Investigate the performanceand operational
challengesofan MPI

To achieve this Vs

A representative MPI network is developed
in Real time simulator considering -

it

. Each component should have realistic
behaviours as vendors’ model, and

- The models characteristics validated
by disturbance scenarios

Isolator

P
® A comprehensive list of simulation scenarios
were performed including

AC and DC faults at different location
Converter blocking

Windfarm disconnection
Energisation

Isolator

Onlythe keyfindings of few simulation
scenariosare discussedhere

MPI NETWORK MODEL

DC Fault 2

Offshore windfarm.
Type -4

Offshore Converter
Station - 1
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DC Switching
Station DC Fault 3

DC Cable -5 (60 km)

» Thevenin Equivalent:
Ideal AC Source (400 kV)
with series impedance
» Variable fault level

HVDC CONVERTER STATION

VsC
transformer
ACCB
ACCB
transformer AR
AC Grid
AC Bus

Both onshore and offshore stations are based on Bipole configuration.

Offshore Converter
Station - 2

|
é DC Fault 1

DC Cable -1 (30 km) DC Cable -2 (30 km)

nshore Converter
Station - 1

]

_
DC Cable -3 (60 km)

Onshore Converter
Station-2
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525 kV DC Cable Parameters 400 kV AC Cable Parameters == “ﬂ* =

Conductor outer Inner conductor outer

il 5 B

L72x oo Inner conductor 3.62 -
resistivi 10~ resistivit x 1078

3

i N Y
Insulator 1 outer| 64.5 mm Insulator 1 outer radius 46.45 mm j w
radius : Insulator 1 permittivit: 2.7536
Insulators (both) Sheath outer radius 62.87 mm
R 2.5 I
permittivi o 2.49 YP E _— 4 W F
Sheath resistivity 9 Om
Sheath (earthed) x 10
P 67.5 mm -
outer radius Insulator 2 outer radius 81.29 mm e

Sheath 283x o 3
resistivi 10 99.71 mm

G

Stivi -7
Insulator 2 outer il mm 1.8%x 10 aQm Sk PN

permeabili .
> Library model 6671 mm mm| LAY
>  Frequency 1

i o . _
. Outer conductor -
> Generic value TS| SIMULATION CASES
or AC and DC 400 % Various types of faults at different locations
permeabili! o

ca b|e5 Insulator 4 outer radius 333.21 mm o Offshore AC faults, Onshore AC faults and DC faults
- a1,
1 39% HVDC Converter blocking

@, One pole disconnection to observe the performance during
OBSERVATIO C FauLT

unbalanced operation
Onshore AC faults lead to offshore AC disturbances O BSE RVATI O N 2 i

E—
i

AC voltage at the onshore AC grid 1 decreases severely and DC voltage increases
AC voltages of both offshore terminals increases due to variation in DC voltage at

the VSC GFMs I
No grid code defined to access the performance of the offshore network based N - : ‘

on the fault or disturbances across different nations” onshore AC networks

(a) (b)
Fault at AC (Grid 2 causes disturbances at AC(érid 1
No impact on AC grid 2 due to a fault at AC grid 1
Minor impact on the AC grid 1 frequency due to fault at ac
grid 2
During fault active power at AC grid 2 decreases, and due
to the full capacity operation (4 GW in total) of offshore
windfarms, the excess power is consumed by onshore
station 1 and the DC choppers transiently. This additional
power causes AC grid 1 frequency increase.

OBSERVATION 3: DC FAULT

Total 27 DC fault (pole to earth) cases simulated by varying
fault location and AC grid SCL value

For all cases, the defective pole is disconnected from the
network by blocking one pole converter at all stations and
all the DC isolators are opened

DC voltages and current of all terminals for other pole
remains stable once fault is isolated
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OBSERVATION 1: CONVERTER BLOCKIN e e o

simulation instances of converter blockages,
except for the simulation related to the
blocking of onshore converter station — 1

Suctng st Sctng gt

This instability due to loss of DC voltage
controlled HVDC converter

\/ . When one pole of station — 1 is lost without

reducing the power supplied by windfarms,
it causes a significant imbalance in the
network as well as an increase in DC
voltage, triggering the DC choppers located
at the positive pole of HVDC converter
station — 2

While not demonstrated in the simulation
results, if these choppers are not deactivated
after a certain duration, the positive pole of
HVDC converter station 2 will be blocked.
. T e amime " Consequently, both positive poles of the
onshore HVDC stations will be lost, leading
to the disconnection of the offshore stations.

00 vt B vorege

n

While results not shown, Behaviour of (a) Onshore Station 1, and (b) Onshore Station 2 during Positive Pole Blockage of Onshore Converter
blocking of one pole of the Station 2. scaing signs [r——
offshore  HVDC converter

signifies a loss of 1 GW | T S —
supply. To account for that . —

0 Fower

loss, power consumed by one
pole of onshore station — 1 “ ! C 3 -
drops to zero. . 0 oo

B vonsge

However, in case of loss of - J
one pole of onshore station — ° = "
2, causes power at the onshore
station — 1 to increase from 1 |

GW to 2 GW (inone pole) — .~ " " e sta
which causes current in the
converter to saturate. A — T—
Therefore, to match the power Ourestage tromston stineComurne
supplied by the windfarm, the
DC voltage controller of the

0 Carrams

Undar.voitage Prataction of the Cenvertsr undar:

converter increases the DC . -
voltage.

Appropriate controller is required to ride through additional power
supplied by windfarms during one pole operation scenario.
Employment (where appropriate) of DC-side circuit breakers in
the MPI network

The studies with fault ride through and blocking indicate value in a

CONCLUSIONS AND FUTURE WORK

A centralised coordinated control between HVDC converter stations is necessary.
More than one DC-Voltage controlled terminal using droop-based control or

mode switching option required. . . n
s | idealisti X de for the develoned MPI K model strategy of rating DC chopper infrastructure carefully to ensure there is
A (GRS GRS 6 WD ) Ui CEVElms R (S not an excessive disturbance in over-rating individual DC choppers

considering the simulation resources, and in future, the models can be further within it- allowing for a diversified strategy of operation and recovery.

improved.
www.cigre.org/
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