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Why HVDC? QO e Nationa

In long distance transmission, HVDC is preferred over HVAC due to
lower capital costs and losses

1) To connect offshore 2) Efficient long-distance 3) To interconnect to the
wind farms power transmission with asynchronous networks

(AC cannot be used for very long controllable power flow

cables, over ~ 80 km)
2021
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Types of HVDC Systems O T ationa

« Converter technologies:

_ LCC (Line.commu_.tated Converter) _ Se;:idng Transformer Rectifier DC Line oo Inverter Transformer Receiving
uses thyristors, suitable for bulk R_—— N End
power IAC ,\I — — IAC

— VSC (Voltage Source Converter) — —e
uses |IGBTs, offer better control and
black start capability o Line orter 1

» System Configurations: g | R ——
— Symmetrical MOﬂOpOIG End —D—@— ,\/ ~ O \/\ _@_’_Receiving
— Bipole configuration: e — we | End
* Full Blilpole — Neutral with dedicated @— Transformer _®
metallic return (DMR)
+ Rigid Bipole - No DMR (30— N =, NN —(D>
 Typical voltages: +320 kV and

+ 525 kV
« Standard power capacity
> G (& 525 T What happen; as HVDC
connections Increase?

Scottish & Southern
Electricity Networks

TRANSMISSION




Multi-Terminal HVDC System O T ationa

 Extension of point-to-point
HVDC with 3 or more converter

stations. 2V
. | N

e All terminals share a common TTT — K} +@—|_
DC network. “‘“m\]( ,»\\F ! | Q | B VSC,

« Each terminal can inject or T VsG,
draw power based on system Wind Farm N
needs. g

« Enables integration of multiple <. .
offshore wind farms and cross- ! \‘];\ﬁ kA Q)
border grids. T T A+ ﬁ} Vs,

* Improves flexibility, efficiency, e
and reliability of power WindFam Multi-terminal HVDC Grid
systems.
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HVDC Network Topologies QO e Nationa

Multiple Point to Point Radial Multi-Terminal Meshed Multi-Terminal

HVDC line /

cable B B B
\j\ % \/\ 14;414145

\/ N N 7
A p—

AC-DC 1 = % n,

converters —
= C C
\ il \/\_% e
_ — VML
» Project specific/Single vendor . Multi-purpose
) imglsipﬁ;otectlon and control « Less converters, cost (compared to * Redundant paths
. _ multiple  point-to-point), footprint » Potential for Increased Availability
* Mature and widely applied and losses
. o _ o * Requires DC protection system
« Designed and optimised per * Requires compatibility

project, not per system B
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Core Component: MMC QO Thepationa
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 Backbone of MT-HVDC = | i |
« Core Concept: i | i
— Series submodules i Rum | "l i
synthesize multi-level | i = |
voltage waveform i Eax | _I i

— Low harmonics, minimal "2 Uq i gi i
filtering. ! o Half-bridge |

o : : . : ! MMC Sub- |
Configurations: e, U, Lo | module |

— Half-Bridge MMC i ! i

_ Full-Bridge MMC | R T [T

— Hybrid MMC N | T ;

U, E ] LN

i | Fulbridge |

: ' MMC Sub- |

: : module :
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Energisation Background O e Nationa

 Transient phenomena INn energisation 4007

driven by dynamics of reactive

components di, do
v, = L =
« Energising components such as e dt
transformers, cables, reactive
compensation, or filters can be — -

challenging

« Current-sensitive power electronics- dv,

based HVDC converters also demand e =C—r flc dt = Cv,
care In energisation sequences

~. T Av leads to large energisation currents
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Energisation Challenges and Mitigations QO e Nationa

—

Challenges

= C Cat- Maximum number Limits S
G r I d o d e egory Title of occurrence %AVmax & YAVieaaystate Example Applicability

Any single or repetitive RVC
(see NOTE 1) As per Figure CC.6.1.7 (1) | that falls inside Figure

* |nrush currents
« Voltage dips

« Magnetic phenomena (saturation, residual :

. . : V,+6% Infrequent i;;ﬁg'; In?tln th %AV | < 10% transformer gnergisation,
e Owe r u a I a n a rl I I O n I C S . events (see NOTE 2) (see NOTE 3) re-energisation
: or increase in voltage (see NOTE7)

V+3% | .
| %AVms: | = 6%

* Resonance
* Can demand high power from energiSing : Vor3% fonooees """“'““Ti ““““““““ — As per Figure CC 617 (3) g%n;;rtli?as‘ﬁnsinw?{cmigﬁenance

| %AVstessyseate | < 3%
(see NOTE 7)

- ——

For decrease in voltage:

. h
. ' Very 1eventin 3
'
r . V6% | I L | %AVmas | = 12%
S O u C e : o e T ! 3 infrequent | calendar months (s0e NOTE 5)
- ' 1 -
Fol

events (see NOTE 2)
rincrease in voltage

* Instability in low system strength scenarios e e R g

t=0 100ms 08s 7

E Figure CC.6.1.7 (2) — Voltage characteristic for infrequent events CC_6_1 _7IECC_6_1 _7 VOItaqe Fluctuations ;

Common Mitigations _ o
10 — 12% voltage dip permissible for

100ms, 6% until 2s, then 3% thereafter

* Pre-insertion resistors (PIRs)
* Point on Wave (PoW) switching
 Soft start (controlled Vac ramp 0 = 1pu)
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Multi-Terminal Use Case System QO e Nationa

+525kV 2GW Bipole MTDC
AC-side DCSS DC-side OWF
crid  |-QD— ) 1 -
Yg/A N—— A/Yg oo
( :) 400/260 kV — | | — 260/66 KV
[mmmmmmmm————— >Vpc 00 V/f
: |1 :
I T2 I |
Grid — (OO N\
: Yg/A \/\ :
; ) :
: ( :) 400/260 kV — :|_°:)_/ :
I —(0O)— N\ !
v
I L f :
: AC-side S MTC
1
1 1
e R e e et ek [ N D RN TN NS T GER N WD ——— J
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MMUC Structure and AC vs DC Charging Loops
(T ‘o)
ac
AC — \/EVLL +
SM N A
+
,:,’ T — Ceq - A
" _’<> _ — 1Ja,up - vb,up - 17c,up
Maximum attainable arm
voltage from passive charging -+
Va — Vp T
PIR
/ \ J Vdc
AC charging loop (phase a-b) y T : T
DC charging loop T Valow T Vblow T Vclow
—0
g Scottish & Southern
Electricity Networks
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MMC Charging Process QO e Nationa
—

+ Key aim in HVDC energisation is managing the submodule charging p Submodule Submodule Cell -\ o to
Charging Process State

* The submodules undergo passive and controlled charging phases

1 Uncontrolled pre- Blocked Onshore and
. . . " charging Offshore Converter
* The controlled process should achieve two things:
2. Controlled charging Deblocked or Onshore and
1. Avoid large step changes in voltage to mitigate inrush currents ' Bypassed Offshore Converter
. . . . Onshore and
2. Bring the submodules up to nominal operating voltage 3. Controlled operation  Deblocked Offshore Converter

Phase 3
A
SM Voltage Phase 2

Seae / 4
(onshore) R /
/\\
KN Phase 2
e A
(offshore)
time
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MMC/MTDC Charging Sequence and Control QO Thepationa
—

Time Event

t1 HVDC AC main breaker (MB) closed with PIR inserted

t2 PIR bypassed

t3 Onshore HVDC converter deblocks in DC voltage control mode — Onshore MMCs
t4 DC voltage ramp function increases DC voltage to nominal £525kV

t5 DCSS switch close to energise (15t V- MMC) or connect to (2"+ I/, MMCs) to DCSS B

t6 DCSS switch close inserting DC-PIR to pre-charge offshore MMC and cable

t7 Offshore HVDC converter deblocks and undergoes controlled charging phase

t8 Offshore AC-MB closed — Offshore MMCs
t9 Offshore HVDC converter assumes V/f control and ramps offshore AC voltage to 1pu

t10 HVDC system energised _

o s =1 e e - I
1

i (t4) Onshore MMCs i | (t6) Offshore MMCs |
i 525kV ! i 525kV i
1 7 i L oref Vbc /_ I
: 4 > . |4 =— > i 7 b _

i Vbcrer = V2V Mod i i s 2 lac ctl Mo i

1

: I !
1 I I }
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MMC Soft Energisation QO e Nationa

P2P Bipole Soft Energisation

(S
o
o

Study 1: P2P bipole energisation, DCSS switches
initially closed

o

z
§ - | | l I I l | Va : Vb : Ve : Vrms
= 0 2 4 6 8 10 12 14 16 18 20 22
= 100 T T T T T T T
E 50k : | Pac Pos «:rereees Pac Neg Qac Pos «reoreeee Qac Negl
* Onshore station V. droop control § . |f,__—l
« Offshore station V/f control 2" ; ; ; ; o 7 7 T e 2 2
> 600 T T T - T T T T T T
?:/400 — (/ —
. . . éo 200 |
* AC-side inrush transients managed by AC-PIR c . | | . | . . . .
0 2 4 6 8 10 12 14 16 18 20 22
 Onshore station deblocks with reduced V. and ramps to Tpu =R ' ' ' l ' : ' : 7 ]
b= o—{»
* Offshore station undergoes controlled charging of submodules ul ; . | .' j . ; . . T — e
0 2 4 6 8 10 12 14 16 18 20 22
» Offshore station assumes V /f and ramps up offshore voltage % oo ’ ' : : / ' ' ' ' '
T 400 - .
§ 200~ ? | . | | - VsumAuE) Onshore VsumA:Jp Offshorel
0O 2 4 6 8 10 12 14 16 18 20 22
v Controlled energisation £ w0f . . 1 . 1 1 ; .
= 200
S
v' Peak P,., Q4 and I;. minimised £ 0 o ——wor ——veor ——vmeu] | . . , -
0 2 4 6 8 10 12 14 16 18 20
Time (s)
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MMC Energisation without Soft Charging Functions

The National
HVDC Centre

—

Study 2: DCSS switches initially closed, soft
functions disabled

* Onshore station deblocks with V¢ ¢ = 525kV

* Offshore station deblocks without controlled
charging stage

€ Large AVj inrush currents

€@ Peak P, > 1000MW, and 1. > 4kA

P2P Bipole Energisation (Without Soft Functions)

< 500 T ]
4

=
&0
=
3 a Ve Vrms
> -500 '

= 0 2 4 6 8 10 12 14

<>ﬁ 2000 T T T :

< | Pac Pos +++:+--+ Pac Neg Qac P ©e Qac Negl

< 1000 ' _

s 0 '

=

o 1000 | I L I ' '

g 0 2 4 6 8 10 12 14
5600 — T 1 T T T ‘W‘ I T -
o 4001~ 7]
£ 200 - 7]
E Vdc P
> o 1 I L L ! '

2 4 6 8 10 12 14

Current (kA)
Ao N s

A~ O
o O
o o

Voltage(kV)
N
]

o
T

I T T T T T =
A
'
_ [ 1dc P 1dc Neg ||
= | | 1 | A > |
0 2 4 6 8 10 12 14
- T T T T y T |
o o
| | | i | = Vsum A up Onshore Vsum A up Offshore
I I
2 4 6 8 10 12 14
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Multi-Terminal Aspects: DCSS with DC-PIR QO e Nationa
—

P2P Bipole Soft Energisation (DCSS Switch with DC-PIR)

Study 3: DCSS switches initially open < | |
« Onshore station energises DCSS o TR

| . . o e — L —
» DCSS switches closes with DC-PIR inserted o : : ; ; e - 14

- Offshore station deblocks and undergoes controlled %[ f_/ | |

charging = o : : : : L —
i T T T T L| T
= o.i— N _
g 0.2 F ‘ : r [ Idc P Idc Neg ||
v" Controlled energisation S o4, ; l : : 6 = s
= so T T T | T T
v Peak P,., Q ., and I;. minimised Foor - _— ]
>O . . . : | Vsum Alup Onshore I\/sum A up Offshore

v Demonstrates DCSS-MTDC practicalities

—
>
-~
=
& 0
<
G
>
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Demo with Three-Terminals

Mohamed Elgenedy
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/( )\ The National

Three-Terminal System Energisation and Power Flow \_J HVDC Centre

System Description:

« 3T Rigid Bipole

« MMC technology, + 525 kV, with power transfer capability of £ 2 GW (1 GW/pole).

« One earth reference at Station 2. Switchable earth at Station 2 for converter energisation.

* Onshore converters GFL and Offshore converter V/f GFM.

« Station 1 operates in Active Power Control mode, and Station 2 operates in DC Voltage Control mode.

Real-time EMT simulation has been conducted
based on generic converter models

Offshore windfarm
Type - 4

L ‘
g 1
Rigid-Bipole r ‘ —.—@
: L AT
P A % H ~ W% AC
|
|

DC Cable DC Cable

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Onshore Converter Station — 1 Onshore Converter Station - 2
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Three-Terminal System Energisation Sequence

A project-based example

1.

Energise Station 2 from the AC side and
activate DC-Voltage control

Energise the DC cable up to Station 1 HSS
Energise Station 1 from the AC side and
activate DC-Voltage control

Ensure the DC voltage difference across the
HSS is less than 3 kV

Close the HSS.

Switch the control mode on Station 1 from
DC-Voltage control to Active Power Control
mode.

Energise the offshore Station from the DC
side.

Integrate the OWF

It is noted that there may be other effective
energisation sequences using vendor-dependent
approaches.

£
3 <
Bn.
;‘ )

>l

***********************************************

S

/( )\ The National

N4/ HVDC Centre

HSS: High Speed Switch

3

Rigi

Onshore Converter Station — 1

HSS Isolator Isolator H
S8 VSC1 ACCB
P —
\ N

Hgss  Isolator

Observe the
AC and DC
PIRs

DC Cable

‘ DC-PIR
N oo

50

DC-PIR

~ ; E |
o 1
d-Bipole ;-u_m—z\ ...............
I v
I r = |
8 : s AC |
| Grid -2 ‘
i I

DC Cable

v

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

/

AC Grid

A .

AC-PIR /
\ _ ACCB
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Point-to-Point Energisation (D Foc cene

e Energise Station 2 from the AC side and activate DC-Voltage control ———

Step / Timin Description
Energisation along with the onshore grid AC voltage and currents P/ g — — - P
1(t=0.55) Positive pole AC circuit breaker is closed
AC Voltage at Station 2 Positive Pole

#00 ) ' T ' ' ' . 2(t=1.25) Positive pole AC-PIR is bypassed
— 20 3(t=2.35) Negative pole AC circuit breaker is closed
E 0 4(t=35s) Negative pole AC-PIR is bypassed
2 oo 5(t=3.95) Positive pole converter is deblocked and ramp the DC voltage to 525 kV

00! : : : ! 5 : " : 6(t=5.85) Negative pole converter is deblocked and ramp the DC voltage to 525 kV

500 F T T T I_..-""""——I T T _

Yaltage [KY]
(=Y
N
w
ﬂ
(0}
(o)}
1

HSS Isolator Isolator HSS
VSC1 ACCB

DC-PIR |
2 AC-PIR 1
5
N —-—@
50

z 6
E 4 3 AC Grid
a

. ¢ HSS Isolator —/ \/\
N
0.4 | 1 1 1 1 ! ! Isolator  HSS VSC2
0 1 2 3 4 5 [ i 8 AC-PIR
\ Timme [5] DC-PIR ACCB

Conv Station 2
Due to AC-PIR utilisation, the maximum inrush current Energisation

during this phase peak is below 0.3 kA Scottish & Southern
Electricity Networks
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Point-to-Point Energisation O The National

HVDC Centre
Energise the DC cable up to Station 1 HSS . SR, Teower hoor - BSY gy Acc
' M -{ =
o | | Terminal DF voltf:lge anld curr?nt | | . : oot n

— C onv N - AC-PIR
400 |- X 2.98625 N .
200 |- w/ N Station 1

j%_g’ or — NOT : o —a——¢ Conv Sta-tion —.—<: :)
£ 200 _ DC Cable Energisation 5Q 2 Energised
a00f - . Energised : AC Grid
S — — o o - I
" leseraah, | | | ' - Isolator  Hss vsc2

J— AC-PIR
o . lDC_Pos DC-PIR ACCB
0.2 R ’x — lbc_Neg '. ans?
.. [ & 1
. X 1.00075 .
. Y 0.214946 H
-
01F"% . |

Voltage difference across the HSS

L I 0 T T T T T 3
0 1 3 5 6 7 8 9 10
Time [s] - 7
400 X 4.97695 -
Y -524.914

600 I 1 I 1 I 1
6 7 8 9 10

Current [kA]

~

N

o

o
T

Voltage [kV]

(9]

Due to DC-PIR utilisation, the maximum DC current 0 ¢
is 0.214 kA, whereas the cable is rated for 2 kA.

600 T T

T

X 5.0077 -
400 - Y 524.938
200 - -

Voltage [kV]
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Point-to-Point Energisation O e nationa

e Ensure the DC voltage difference across the HSS is
less than 3 kV

e Energise Station 1 from the AC side and activate DC-
Voltage control

e Close the HSS.

[«2]
o
o

> : 0.5 T T T T

a00 - xs - oo
S L Y 524.994 —— Ve pos | = : X 3.9857
<, 20 - v = W e Y 8.95398e-10
[ L DC_Neg | _| o ®
> 0 S oF ‘
£ 8
S 2007 X 5.0143 . S

-400 - Y -525.012 i

-600 L L 05 I I L | I I I I |

0 1 2 3 4 5 6 7 8 9 10
0.5 I , | 0.5 | T | |
—
DC_Pos

T X5 —— 6 Neg = X 0.51175 X 3.9857
= Y -7.47923e-05 = Y -0.0149326 Y -8.94261e-10
T 9 > o 0 > >
5 8
3 S

05 | ! | | | | ! | | -0.50 1' ; ?I, A" ; ('3 ; é é -

0 1 2 3 4 5 6 7 8 9 10 Time [s]
Time [s]
Conv station 1 steady state DC voltage and currents HSS voltage difference (pre/post-closing)
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/( )\ The National

N4/ HVDC Centre

OWF Integration

e Once the HVDC link is stabilised, the
HSS switches at the OWF sides are
closed.

e The OWF HVDC GFM converter will
set the Voltage and Frequency

Offshore windfarm

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Onshore Converter Station — 1 Onshore Converter Station - 2

Setting the
V and f for
DC Voltage
the OWF 800 —
| AC Voltage at Transformer 1 ol 7 | ‘ 7 — Vdc_Neg
A, — Va y
200 TIEEYY 400 i i - v N.B. No DC-PIR

E ‘\‘\‘\“‘\ | ““‘ HH \w\‘uH‘\HH\M\‘\‘HH“ T —— VC ; 200 ! 4 implemented
w — Vrms = offshore
g O & 0
o S
>O [ R M\ 010000 OO 0T 0 AT T A T O Y O O | A0 00 0 01 § -200 -

—200 ~400 -

03 04 05 06 07 08 09 1.0 1.1 -600
-800 . : : : :
0.0 0.5 1.0 15 2.0 25 3.0
Time [s]
Scottish & Southern
Electricity Networks
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Three-Terminal Power Transfer O FVDC Centre

Demonstration of controlled OWF power flow from the OWF to Grid-1 and Grid-2
Case 1: Grids 1 and 2 share the OWF's exported power.
Case 2: Grid 2 imports the total OWF power.

| E |

8 '@ s 0O r= |

I . ] [}

BT > ; |

- b

: S = —] 1 :

| "E \V) P |

! go:: ——(0)— !

I . I

i Offshore Converter Station i

L |

\

e T L T
| — e ! P P :
i NN 7 ' J :
| \ |
: @—.— - Rigid-Bipole —.—@ :
| | !
' Grid-1 ; . AC :
| | ! Grid -2 |
! ! DC Cable DC Cable : :
I | | |

Onshore Converter Station — 1 Onshore Converter Station - 2
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Three-Terminal Power Transfer

C

The National
HVDC Centre

—

OWF HVDC Converter

Case 1: Grids 1 and 2 share the OWF’s exported power.

Conv station 1: Active Power Control

Conv station 2: DC Voltage Control

DC Voltage
550 DC Voltage 550 9
= Pos
Pos
530 DC Voltage 540 Neg _ 540 —— Neg |
} = S
—— Negative = x>
>28 —— Positive | < 530 ; 530
= ) g
= 526 £ 520 S 520
g S S
©
£ 524 510 510
522 500 500
520 0.0 02 04 06 o8 10 0.0 0.2 0.4 0.6 0.8 1.0
0.0 0.2 0.4 0.6 0.8 1.0 DC Current DC Current
1.60 DC Current 0.00 0.00 5
: Pos — Fos |
1.65 Pos —-0.25  Neg | ~ 0.25 New
< 170 —— Neg < -0.50 < -0.50
2 = =
E 1.75 S -0.75 § -0.75
S 180 3 -1.00 3 —1.00
1.85 —1.25 —-1.25
1.90
—1.50 —-1.50
_— e e = e e e e e 2 e e Y a2 I 0 0.2 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 0.8 1.0
| DC Power — e e e e e e e e e e e - - -
900 Active Power Active Power
| | -500 ‘ ‘ ~500 I
920 —— Pos — Pos
Iy 940 I —490 1 P t = -950 MW — —— Neg | —480 — Neg | |
5 Pos | | I B € ]
Ig 960 —— Neg I = —480 S —460 I
= =
I 980 I I 2 —a70 2 —440 |
| | & &
1000 I —460 —420 |
I 0.0 0.2 0.4 0.6 0.8 1.0 I
Time (s) | —450 —400 1
| Time (s) Time (s)
S — L )] S 114 — - - — —
~
OWFs Exported Py, , ~ 1850 MW Onshore Imported P, .., = -1820MW
- Scottish & Southern

Electricity Networks
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The National
HVDC Centre

Three-Terminal Power Transfer (

Case 2: Grid 2 imports the total OWF power.

Conv station 1: Active Power Control Conv station 2: DC Voltage Control

OWF HVDC Converter

DC Voltage DC Voltage
530 DC Voltage 550 9 550 5
— fr— oS
— Negative Pos . 540 —— Neg |
>28 —— Positive | = 540 — Neg <
s 2 =
% 526 g 530 s 530
£ 524 £ 520 £ 520
s < 2
522 510 510
520 500 500
0.0 02 04 06 0.8 L0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
6o DC Current = DC Current 1s DC Current
— oS .
1.65 —— Neg 0.2 —— Pos | — Pos
< —— Neg _ -16 — Neg |
g 170 = o0a 3
£ 175 =3 =
5 180 g o0 g b
1.85 3 -0.1 3 -1.8
1.90
X ) 0.4 . 8 1.0 —0.2
— e o o o o R e mEm EEE EEm EEm EEm EEn S Em SEm e Bmm e mem mem e mmw I —-1.9
| DC Power 0.0 0.2 0.4 0.6 0.8 1.0 I 0.0 0.2 0.4 0.6 0.8 1.0
I 900 I — o e e e e e S e e e e e e e e e e e e e e e e
Pos ; Active Power 1
: 020 —— Neg I : 5o A‘ctlve Pow?r —1100 s I
5 Pos 0s
< 940 —1050 |
13 I _%®f PusOMW  — nes _ —neo |
8 I= set 2 -1000
2 %0 | Z 30 =
I 980 1< 5 —950 |
L
E
I oo I 13 °° S -900 |
0.0 0.2 0.4 0.6 0.8 1.0
| Time (s) I I -850 I
- e EE EE EE o EE EE EE e EE EE EE e EE EE S e e EE e e e e e =m o) o 800 I
I 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
. Time (s)
OWFs Exported P;, .., = 1850 MW L L oo S |
Onshore Imported P, .., = -1820MW
. Scottish & Southern
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Multi-terminal Considerations

Asif Khan
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Challenges (i): MT-HVDC Control (@R

| === 3 ittt ettt l
S — mins : ms —s: : HUs — ms Pole :
| : | LTI T Control '+ Complex control
! : L NN | coordination
A AN | and
| : | : | communication.
| ono
: ¥ P! .+ Interoperability
| Multi-terminal | f— p—
DPowerh == LEp|  Coordination <-|-——-! ————— Pole v v Poit b,etween
ispatc : Control : | Control /\/: ,\/: Control different
TO defined i t i _-" N vendors.
and vendor I o e .
delivered : I : I Inner and Lower level : * Limited . .
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Challenges (ii): MT-HVDC Protection O e Nationa

e DC fault behaviour Generic Structure of DCCB:
— Different than AC T
— Fast rise of DC current S N
— No zero—CI‘.OSSIng VARC (VSC-assisted e 3
* Fast protection Resonant Current) —{ ey sbsorpion banen. |——]
« DC Circuit Breaker (DCCB) T Ot
— Maturity S
— Expensive -
Mechanical
Hybrld S, + Vy
 Regulatory and economic uncertainties — T T L. s v |
for cross-border systems (MPI Pilot i =
Projects) v
* Other operation challenges and g 3 5 aul
feasibility studies (modelling and

simulation) D e A R
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Key Takeaways O e Nationa
—

« Multi-terminal HVDC systems are key enablers for future flexible,
reliable, and renewable-rich energy networks.

» Coordinated control and energisation strategies are essential

 Technical considerations: protection, interoperability, and system
Integration

« Addressed across a range of projects

« Q&A
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The National

Upcoming Webinars J HVDC Centre

—
Network DC: End of Phase Webinar (Show and Tell)

Join us for a 'show and tell' dissemination session on our Strategic Innovation Fund (SIF) Beta project,
Network DC. The session will explore what the project has learned in addressing the Round 1 Whole
Systems Innovation challenge 5

. . L =] T _"..l-.-..
Registration refiasntdid

Multi-Terminal HVDC Part 2: Transient Operation and System Dynamlcs
for Multi-Terminal HVDC

Building on the fundamentals introduced in Part 1, this session will focus on the transient operation
and system dynamics of multi-terminal HVDC networks under faulted conditions.

HVDC Centre | Upcoming Events
LinkedIn | The National HYDC Centre

Scottish & Southern
Electricity Networks

TRANSMISSION



https://www.hvdccentre.com/events/
https://www.linkedin.com/company/the-national-hvdc-centre/posts/?feedView=all
https://events.teams.microsoft.com/event/9051a1f6-fb23-4d67-8a23-fdfbceea2b90@953b0f83-1ce6-45c3-82c9-1d847e372339

Thanks for listening.

Any questions, please?

Please visit www.hvdccentre.com or email info@hvdccentre.com

f \ The National Follow our Linkedin page The National HVDC Centre for
\ ’ HVDC Centre regular updafes.
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