ical Use of Real Time
imulation for De-risking HVDC
Integration

16t & 24™ April 2020
Joint Webcast

The National HVDC Centre.
&
RTDS Technologies ®.

7~ \\ The National “llBID_szs\g\
HVDC Centre Technologies /

Scottish & Southern
Electricity Networks


http://www.epri.com/

HVDC in GB: ESO & OWIC Perspective © e vatina

O The Electricity System Operator (ESO) is planning for d The Offshore Wind Industry Council (OWIC) is
significant expansion of GB HVDC interconnectors planning for significant expansion of HVYDC
(18-23GW by 2032). connected Offshore Wind (at least 30GW by 2030).

Project Sze (MW)
[F g 2030
¢‘§ "
4 i
((:9 QA ‘,’/@ZJW ® =
7 ;‘M J,v“f ‘ @® '«
M a& %‘;:‘ \
N X
P N \
0 4 s ,',' .
L . A/
o= (' ! 266W
AW N ':5-:(\
B 4 //\~ & :,:f' & l\\
JOO & \‘\ 18.8 GW

Ref:
https://www.nationalgrides
o.com/publications/networ
k-options-assessment-noa

.......
...............

Ref: https://www.owic.org.uk/documents

O |= |0 |w [~ o (o |~ e o o

Belgium  Denmark  France — Germany Ireland  Netherlands  Norway

——— Scottish & Southern
e oty Renewables == Steacy Progression mm Toro Depecs S —— Electricity Networks
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HVDC Project Life Cycle & Simulation Tools © e e

+  Transmission Owners,

Consultants *  Manufactures, TO, SO
: Manufactures N

Bidders (Manufactures) Control Design * New functions

RMS and EMT » Software upgrade

Protection Design
Dynamic Performance
Protection Coordination

?_D'LEN‘ PSS®E PSCAD -\ Mathiworks:
PSCAD

Feasibility Planning & . Factory system n
Tender / Base Detailed .. Operational i
and ; ; ] test / Factory Commissioning Upgrade Refurbishment
opftions PeNEio iy Bid Design DEsigh Acceptance test support P9

Technical Specification
Qualification Stages

Replica

et Transmission Owners +  Manufactures Manufactures, TO, SO

* Transmission Owners (TO), System . +  Manufactures, TO, SO . .

Operators (SO) or Developsrs «  Manufactures + Control and Protection . Investigation of Control and Protection
. - : + RMS and EMT implementation verification . Replacement

RMS domain Studies. . Transient Stabilit : . incidents . Valve Replacement etc
«  Widely used tool in UK is crogglen Stability * Dynamic Performance with - Faults, failures \ Pemes OFI)’1d T AT

DIGSILENT and PSSE. SIUEES Real Control System - Replica, Site, offline P '

+ TOV, TRV » Protection Coordination with

studies

Ichhnulogics

SILEN * Equipment design Real Control system
© ‘ PSS®E J /
SILEN 2
o ‘ PSS®E
PSCAD

g OPAL-RT
TECHNOLOGIES

Scottish & Southern
Electricity Netwaorks
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HVDC Centre

HVDC Project Life Cycle & Simulation Tools— CM Example ( The National

—

Feasibility Planning & Tender / Detailed Fac_mw system Operational Refurbish
and options Devel . Bid Desien test / Factory _ t Upgrade t
and options evelopmen | sig memEEE Suppo men

Past

Present Future

* RMS and EMT « Control and Protection Ichhnologics 3 Technologies Bm ITechnologies

+  Qualification Stages implementation verification ?ec;;?mlsmonlng + New functions
« Dynamic Performance with Real . Converter * Software upgrade
HPo Control System
Su lier: . , o Performance
pp Protection Coordination with Real - System %&

AB B Control SySfem Performance © Inves’rigo’rion of incidents,
+ Control Design & Protection Design + Compliance faults & failures
» Dynamic Performance PSCAD - =

» Protection Coordination

« RMS domain Studies
fo assess requirements PSS®E PSCAD

¢ RMS and EMT
Own er. PSSOE + Technical Specification
S O it s
Transmission - Enhanced FST

+  Commissioning run through

+ Control room training

* In-service verification & modification tracking

e MpssoE.

» Confrol and Protection
Replacement

* Valve Replacement etc

* Replica and FST, FAT

Technologies

Scottish & Southern
Electricity Netwaorks
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RTDS TECHNOLOGIES - THE COMPANY

« Based in Winnipeg, Canada
« ~75 employees

» World pioneer of real-time simulation and exclusive
supplier of the RTDS Simulator

. * Representatives in over 50 countries

Kalaallit Nunaat
(Gronland)

» Hardware and software development, model
development, customer support, sales and
marketing, finance, product assembly and testing all
under one roof

e

@ Natlonal capital

Technol.ogies RTDS.COM




HISTORY OF REAL-
TIME SIMULATION

o 1986

RTDS development project begins

®* 1989

World's 1% real-time digital HVDC simulation

e 1993

1=t commercial installation

®* 1994

RTDS Technologies Inc, created

RTDS.COM




WORLDWIDE USER BASE

= RE D # N\ The National T~ -~ Federal
f ELECTRICA \__4 HVDC Centre ?Aﬂ IUrna Grid Ccﬂ: r;:‘a @
DE ESPANA amprion pany

F o L pgS A gad| AS LT

Saudi Electricity Company

tl\ Manitoba
Hyd

nnnnnnnnnnnnnnnnnnn

SOUTHERN CALIFORNIA

EDISON

Comision Federal de Electricidad

<P Eletrobras
Furnas
@ TENAGA
. ) ) —J NASIONAL
ONS oo r s \J s
A NamPower @ E S |(Om Idgezjug ] = EIeCtraNet B TRANSPOWER
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WORLDWIDE USER BASE

SIEMENS i sNREL

NATIONAL RENEWABLE ENERGY LABORATORY

AL HR HR
AW

SCHWEITZER 4
oS TUDelft

The University of Manchester

RTDS.COM



APPLICATION AREAS

Distribution Power Electronics
* Microgrid testing. « HVDC and FACTS.

* Renewables/DERs. * Energy conversion.
 Distribution automation. * Drives.

* Inverter testing.

Smart Grid Protection
* Wide Area P&C testing. » Digital substations.
* PMU studies. » Travelling wave testing.

» Cyber security.

Technologies RTDS.COM




WHAT IS EMT SIMULATION?

Type of Simulation

Electromagnetic

Transient
(EMT)

~ 2 -50 s

Typical timestep

Instantaneous values

Output

0-3kHz
(<15 kHz)

Dommel algorithm of
nodal analysis used
- e L 7 in RTDS, PSCAD,

At ~_ EMTP, etc.

Frequency range

IHIBID_S Page: 11 RTDS.COM
Technologies




ADVANTAGES OF EMT SIMULATION

* .  Allows for a greater depth of analysis than phasor
- nooaf o sl L domain (RMS) representations such as load flow or
WWX\ /}\\-{’X\\Lﬁ \L{’X\\LWFNA}\AW{}( transient( stab)ilitypanalystist

| ] -
Bt S mocels che syt captre ot ek

. \NUW J \/U w \ Wv NWU optimistic results [1]

- » Important for systems with many power electronic
o o 01231 014043 0 Converters [1]

RTDS.COM



WHAT IS REAL TIME?

 Real time it takes for an event to occur = Simulation time of an event.
» E.g. 3 cycle fault for 60Hz system = 0.05 seconds. RTDS simulates this fault in real time i.e. 0.05
seconds
* Non-real-time simulations will simulate events faster or slower than real time depending on
case complexity
* Values updated each timestep
* All calculations and servicing I/O completed within a timestep.
* Every timestep has same duration and is completed in real time
* Requires dedicated parallel processing hardware

I“IBID_S Page: 13 RTDS.COM
Technologies




ADVANTAGES OF CLOSED-LOOP TESTING

Significantly more efficient than offline (non real-time)
simulation — save time

Real time operation is what allows us to connect

physical devices in a closed loop with the simulated

) Testing too| =—————) Device under test
environment

Signals from

. . . power system
« Test continues after the action of the protection/control

device, showing dynamic response of the system

« Test multiple devices (and entire schemes) at once .Slgna!s from relay
(i.e. trip or reclose)
* Much more detailed system representation than open-

loop test systems provide (e.g. modelling power
electronics)

« No need to bring equipment out of service

IHIBID_S Page: 14 RTDS.COM
Technologies




MAINTAINING REAL TIME: HARDWARE

Technologies

Parallel processing platform based on a IBM™'s
POWER8® multicore processor

Custom integrated, runs bare-metal (no OS)
Modular design

Main interface is through user-friendly software
Ample I/O to connect physical devices

RTDS.COM




PARALLEL PROCESSING ON TWO LEVELS

IIIIIIIIII

_/

“72 powers POWERS
I Processor V. Processor
I (10 cores) W (10 cores)

. = Level 1

TRAVELLING WAVE DATA Level 2

RTDS.COM



INTERFACING EXTERNAL EQUIPMENT: I/0

Modular digital and analogue 1/0 cards

» 12 channel, isolated 16-bit analogue * 64 channel, isolated digital input/output cards
input/output cards

GTAI GTAO

Technol.ogies RTDS.COM



Technologies

INTERFACING EXTERNAL EQUIPMENT: I/0

Network Interface Card

« Communication with external devices over Ethernet.
 Card has two “modules” and can have two network protocols operating simultaneously.

IEC 61850

GOOSE Messaging
IEC 61850-9-2LE, IEC 61869-9

SCADA
DNP3 and IEC 60870-5-104

Large data playback

PMU
|IEEE C37.118

MODBUS

TCP. RTU over TCP,
ASCII over TCP

Generic TCP/UDP
Sockets

Page: 18

Noquor

1 sy

GTNETx2

e o

External
Devices (IEDs)

0 &2

Ethernet Switch

RTDS.COM




CLOSED-LOOP PROTECTION TESTING
RTDS Simulator

[NNSN

g8 —&
||
Y I —

Digital I/O Digital IfO
& POTT 2-1 X ) P ] y ¥ POTT 1-2
x 4 b4 4
’l #
< -
|¢:. Status |§, Status
POTT 1-2 & POTT 2-1

Amplifiers

Trip Trip

7
\V/ NI/
AV ARV
Reclose/ Reclose/
4 -
Relay #2
» y

Devices Under Test

I“IBID.S Page: 19 RTDS.COM
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REAL-TIME SIMULATION SOFTWARE: RSCAD®

 Real-time performance
provides ability to operate
the simulated power system
interactively

 Simulator control

« Monitoring

« Data acquisition

 Scripting for automated
batch mode testing

| £

File Create Scripi Breakpoint Tools Composite Script Signal Case

DaEmaa&E=—5S )

€ e

RUNTIME 4.002.2f

|Z CARTDS_SWITUTORIAL\GPC-PBS\CH2-ACPowerSystem\acsysi.sib  Compiled on: rack1

Started: 12:00:40 Stopped: 12:00:46 Run Time: 00:00:05

tEvoe@eO!l — e

FSNEIE:

M)

BUS1VOLTS (O PSE Q QsE (o] ANG Q FRE o] QRE o] BUS2VOLTS (O
4500 200.0 2000 a0 2000 2000 4500
0.0 o [ 50 [ [ 0.0
* * ® ® * ® *
[ 2000 00 2000 L0 » LU 2000 » 0
’K_\rr |1_w\+ MVAR : |l_w|+ MUAR ’K_\rr
2300 96.60 40.83 1.783 96.38 48.29 2263
— Subsystem FATLNESTUINE /) EditPad pnr[c:\n?s_usen\ﬁ|=n§n\§ypﬁf?\9mxmionvsc60255-121\5,3?mmic ° 3.2 SIR\6.3.2.2 Short Line\6.3.2... el (=l S
File Edit Project Search Block Mark Fold Tools Macros Extra Convert Options View Help
) (1] i 1cine Al 8 oL O O oD N 00 B = T @
0 0.4 [ s3. z.z—son,sanpr.scr]

VA

Y

LA LLL

L

R
VW

VWAV

0 066EET o

1 013333 o1

165:43

// #2 - set
for (int f1

type
; ftype<d; ftypesr)

1/ # t POW fault inception point and faulting 4 times
for (int ipow=0; ipow<d; ipowr+)

fprintf(stdmsg, "SIR: ¥s\tRelay Test Case Number: %d\tFault Type set to: ¥s\tfault
#5 - fault 4 times in a row

applyfault();
SUSPEND 1;
applyfault();
SUSPEND 1;
applyfault();
SUSPEND 1;
applyfault();
SUSPEND 1;
}
getfaultdata();
fprintf(fname, "¥sks¥s¥s¥s¥s¥s¥sHi¥sH¥s¥¥s¥d¥s”,SIRr[sir],delim, itoa(itc-15)::" to "::ite
fprintf(fname, "\n");
iop = @;
¥
3
MasterPlotLockState = @;
plotresults();

MasterPlotlockState = 1;

il
Insert 11698

RTDS.COM

Technologies



COMPONENT LIBRARIES

» Large established library, plus CBuilder module for creating custom, user-written components

—_—{n ?'Y e {/*”l*» —
\fﬁ/ \;“_/
Y ¥ ¥ Y A Y

2k
@

Technologies

Transformer Models

£4
o
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=
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Valve Group and
SVC Models

Machine Models

Fault and Breaker
Models

RAMP
2p1 FIRING
o /1/ 3 PeBlock  pe R 3 Phase |2
GENERATOR Sine
0.001 B0.0 Hertz .
Eni_y Py ey (B
Pulse Generator High Precsion (rad) Lag30
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Fiting Pulse Generator
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RLC Components

Transmission Line
and Cable Models

SIGNAL GENERATORS

==
Mr=>5|—

sdet A
TIMERS SIGNAL SELECTORS SEQUENCER COMPONENT
T¢ RIDS
-7 > L ReaX < [X] /0
P & i |%1/0 * IxI/8
e — 7 COMPLEX MATH
/0 COMPONENTS SIGNAL PROCESSING FUNCTIONS
# degrecs P tactans MISCELLANEOUS
inteser flo oirt (e Exiernal Plot Updale
¢ @ AT D e Halt Sirmlation
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COMPONENT LIBRARIES

b Industry |eading poWer Systems mOdels: OVERCURRENT PROTECTION DISTANCE PROTECTION DIFFERENTIAL PROTECTION
Faulted phase domain synchronous machine R
. . = va Jl'; Tip — = VA M ZM-startf— Trip Bus! | —
Faulted terminal-duality transformer N - e 6
. . Ve Infe — VB APRPT — I Trip XFWR =
Small timestep frequency-dependent T-line N N T%L -
. . . Ve Start [— Ve RECL |— | Info |—
« Various protection and automation models based on B IR I - o |
standards (IEEE, IEC, etc.) b
. | bl k d I —> 1B — B EREAKER CONTROL / SYNC CHECK
|IEEE generator control block models N o e Sresker Contro
— BLOCK Control
M1 M1 GENERATOR PROTECTION
e ol el IEEE Type AC1 IEEE Type EXACTA ersion: pnB4_00 —J| BLkcs S _Sym_ch::nj B
@RI P2 EAL| B2 BRI BR2J qEs T (R Excitation Excitation croes | - L 1 Resim b—
System System RTDS-GEN = PUTT
Trip — —ICRG LCG — —3 Vi __ ViFmeq [—
Ef I Vpu Ef If Vpu 5
| /]\ /I\ | /[\ ’I\ et = OLTC CONTROL % V2 " \2Refim [—
- o e | o)
| M1 M1 Status — .
TR a2 - IEEE Type ST1 IEEE Type ST1A Blocked —
Excitation Excitation OutputRizing Edge
P2s1 CP282 System System Qv Man pos
o [T [
) Ef If \.I'pu, Ef If Vpu,
~ T 4 7~ T 7~ T
I“IBID_S Page: 22 RTDS.COM
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MODEL VALIDATION/BENCHMARKING

* In-house
»  Offline EMT programs
« Transient stability and load flow

 Benchmark cases (CIGRE, IEEE)

* Independent customer -
validation B

0.03

* Power system
measurements

Technologies

Source: [2]

Actual_PSS_VSL == RTDS LIZ_VOTHSG
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Page: 23

RTDS Va PSCAD Va

-
0
=
2
1
2
- RTDS Vb PSCAD Vb
- | A
>
2
)
RTDS Ve PSCAD Vc
Zo

S —

RTDS iC PSCADIC

<< |
=9

:
RTDS Q PSCADQ
;}
5
>
=
250

Energy Deficit

MW

MW.s

o Y8) on

RTDS.COM




BRINGING OFFLINE MODELS INTO REAL TIME

PSCAD to RSCAD Conversion Tool -

[} RSCAD Conversion Utility =

Choose the type of conversion

® PSCAD to RSCAD
) PSSE to RSCAD
_» CYME to RSCAD

OK H Cancel

I“IBID.S Page: 24 RTDS.COM
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MULTI-RATE SIMULATION

Superstep
Substep
dt=At+n

Mainstep
At

RTDS.COM




FACTORY ACCEPTANCE TESTING (FAT)

» Used by all manufacturers of HVDC

for EAT Vendor X
, , HVDC control and protection
* Vendor builds up a model of their cubicles
scheme and equivalent of the
network where the scheme will be
installed AC bus voltages Firing pulses
« Tests include standard operating DC voltage and current Breaker commands

scenarios (start up, shut down, etc.)
Real time representation of converters,
DC link, and AC network of interest

contingency scenarios —
« Simulations run for hours or days @‘GD_lZ Z_GD_@

for comprehensive testing RTDS SIMULATOR

Technologies

and performance tests for various




REPLICA SIMULATORS

Assist during commissioning.

Investigate proposed network changes.

Investigate proposed control modifications.

Test scheme upgrades and refurbishment.

Train personnel on scheme theory and operation.

Furnas (Brazil) DEWA (UAE)

TNB (Malaysia) ONS (Brazil)

CSG (China) NamPower (Namibia)
SEPC (China) RTE (France)

ESKOM (South Africa) BPA (USA)

SEC (Saudi Arabia) Manitoba Hydro (Canada)
Power Grid (India) Transpower (New Zealand)
Powerlink (Australia) SHE Transmission (UK)
REE (Spain) Zhejiang EPRI (China)
Equinor (Norway) Amprion (Germany)

I“IBID_S Page: 27 RTDS.COM
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THE NATIONAL HVDC CENTRE

First ever NovaCor installation worldwide
(6 chassis, 3 racks)

Vendor-supplied HVDC replica controls

» Caithness-Moray link — HIL testing
addressed technical challenges and
ensured timely delivery

* First project designed for multi-terminal
operation in Europe

‘ * £320 kV link

Technologies RTDS.COM




USE CASE: EQUINOR HVDC PROJECT

AC300 kV Kdrste

» Offshore platform connected to
Norwegian onshore grid via two HVDC 1 e L
links

« 2-level VSC link supplied by ABB and
MMC-VDC link by Siemens

« HIL testing of C&P cubicles identified L N L
as necessary [3]

*  HVDC manufacturers do not have access to
full offline model of the system cnsom
*  Slower-acting C&P are not included in offline : i
models due to time restrictions | Y
«  Global controller to coordinate two links not i i oSt et
available for inclusion in offline model faf_j;‘_;_‘_‘ﬁl“ i ;%/%Ep__ald
|
|

hS
-
[ISEET —

Source: [2]

IHIBID_S Page: 29 RTDS.COM
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OTHER NOTABLE HVDC PROJECTS

ONS (Brazil)
At time of testing, Rio Madeira link was longest
in the world (2,375 km)

« Multi-vendor controls from NARI Relays, ABB,
Siemens, GE/Alstom

« Belo Monte link is 2 bipoles with multi-vendor
control plus a master controller

I“ITBID.S Page: 30 RTDS.COM
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USE CASE: TRAVELLING WAVE
PROTECTION

Public Service Company of New Mexico

» Division of line resulted in ~150%
overcompensation— issues for existing
impedance-based protection schemes

; A‘{‘J/ Ve a.a ¢ \ct &: R
/ A Vi v BT 18 s B
« SEL Engineering Services proposed new ’ / e
travelling wave-based protection ' L
« Technology currently used for fault location

« Increased accuracy

« Faster tripping — improved stability, safety, AA
: I
reduced equipment damage ™) |
» Secure protection for compensated lines 7

Source: [4]

I“IBID.S Page: 31 RTDS.COM
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USE CASE: TRAVELLING WAVE
PROTECTION

Original plan to use current differential
for main protection and T400L for
monitoring

Factory Acceptance Testing at SEL with

the RTDS Simulator SEL-TAO0L and e RTDS Simulator
SEL-411L relays

I“ITBID.S Page: 32 RTDS.COM
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USE CASE: TRAVELLING WAVE
PROTECTION

* HIL testing revealed 600 microsecond
operation time for a midline single-phase fault

» Traveling wave fault locator reported the fault
location to within 0.02 miles on a 33.1 mile line

» First utility in the world to deploy traveling-
wave based protection with live tripping to CBs

3]

D

T400L relays installed in the substation

Source: [4]

IHIBID_S Page: 33 RTDS.COM
Technologies




POWER HARDWARE IN THE LOOP (PHIL)

 Simulated environment exchanges power with renewable energy e
hardware, motors, batteries, loads, etc. Y

+ Vi -? DEVICE UNDER
TEST

DC/AC INVERTER

_—_————"
T-'-Vamp _Tv Lconverter |
|

AMPLIFIER SENSOR
++ Vja - + |
|
D/A CARD A/D CARD
| [
------------------------- 'I-'-'----'-'------'------'--1---'------7
l FILTERS

|
.

o -

— SIMULATED GRID

RTDS.COM
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USE CASE: PHIL

« Characterize inverter behaviour
* Investigate the impacts of inverter behaviour on other protection and control systems

—— Grid, Load, PV & Inverter Voltage, Current & Power CA ) P_GHd_W )
@ ﬂﬁ STy Vine
>
1 ﬁ% 1.000
B . /\/\F”M““
Fault Controls {3 / \/
— £ 0
L zuul: o 248.2

B8

i ”‘\/\f\f\/\rMMK/\N\/\/ N
= BT ARANA 177

[ — - 2480
9@%’ /\//\‘/\/\V \/V\J/\\/ W\/\FM\ / \\/\ N \/\ / \/\ _ .P_Panener_w \HF
) S |
3 —|"
0.1651

nnnnnn
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USE CASE: LARGE-SCALE SIMULATION

« Large RTDS user base in China, including the two largest real-time simulators in the world

NARI/SGEPRI
« Can simulate >3600 three-phase buses o = haz= ;‘—--5 —
TLT =1 " et

and 20 HVDC links I ! A B
« Validate wide area protection and control ’

schemes, AC and multiple HVDC

coordination, system stability control

i

IHITBID_S Page: 36 RTDS.COM
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USE CASE: LARGE-SCALE SIMULATION

aaaaaaaaaaa

PORT LATTA 500 MW
HVDC LINK

TasNetworks

uuuuuu

« All 110/220 kV lines modelled plus 500 kV lines on

sssssss

Victoria side

EEEEEEEE

* Modelling existing LCC-HVDC interconnections to
mainland Australia and 2 future MMC-HVDC links
« Over 2000 MW of wind power, 1000 MW pumped

SORELL

Sto ra g e TASMANIAN

POWER SYSTEM
Legend

KNI
O Generating Units (59) HUON RIVER

¥ Private Substation (4)
® SUBSTATIONS (49) CASTLE FORBES BAY

KERMANDIE
X SWITCHING STATION (6)

s 110 KV Transmission Route
= 220 KV  Transmission Route
=400 kV DC Transmission Route

o 50km_____.,
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Thank you!
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Practical Use cases of RTS O HUDC. Centre

H |mpqct of HVDC Link on AC Grid Protection Performance —

NGET and SPEN commissioned the HVDC Centre to test & validate AC protection performance and co-ordination testing for a new
HVDC interconnector to ensure the security and resilience of the GB electricity network.

GE Series
Compensator

Capacity to transmit 1,400 MW of power at DC voltage +525kV
730 kilometre link will be the world's longest subsea power interconnection
Expected to enter commercial operation in 2021.

The protection study has increased
our understanding of the:

@ spENERGY

NETWORKS Converter Station & Kvilldal 420KV

Model Biyth 400KV Converter Station &
Underground Cable Substation

Substation Underground Cable

Subsea Cable

=  Potential risks associated with AC
protection in the presence of

[ I
B | =
s B AN !
y
3
»
Y.

Physical relays
at Eccles

& I .
L — 1 ' HVDC links & FACTs
= Practficalities of implementing
nationalgrid & L multivendior protection system
“  Physical relays at Source: http://northsealink.com/ Testlng Wlfhln GB NeTWOI’k

Blyth
= Differences between modelled

and actual protection behaviour.

Physical relays

of Stollo Weor ] Commissioned by: nationalgrid & ¥ sPENERGY

Overview of Eccles-Blyth-Stella West 400kV Protection

Performance Studies A test setup with Physical relays at our centre

Scottish & Southern
Electricity Netwaorks
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Practical Use cases of RTS @ HDC Centre

d

Grid energisation from HVDC schemes (EPRI Project)

O Coordination of AC network protection settings during grid energization from HVDC schemes

1pu
Uref
Norway
0
Kvilldal 2.00
[pu] |}
1.00
orth-Sea Link 0.00 VSC e
450 mile sub-sea cable - ~
100 HVDC
Blyth
2.00 .
| : : ! . : 1,400 MW
-3.00 Lt N 1 . 1 1 1
United 200 1 500 +525kV DC voltage
Y HVDC AC Bus: Line to Line Voltage A
Kinadom HVDC AC Bus: Line to Line Voltage B
HVDC AC Bus: Line to Line Voltage C

Recommendations for:
o Protection settings, algorithms and relay configuration
o How to mitigate low grid strength issues during black-start/restoration

o Control system design considerations for design of the VSC HVDC incorporating black-start capability

To ensure the security and resilience of the GB electricity network as more HVDC links are connected
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Practical Use cases of RTS \_J HVDC Centre

[ DC Grid Protection Demonstration (PROMOTioN WP9)
This project has received funding from the European Union’s Horizon 2020 programme.
o Hardware-in-the-loop testing & guidelines for non-selective protection systems demonstration
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o Demonstration of selective protection systems interoperability and primary and back-up protection o [ |
£ of
. % S ||
Real Time > 2 200 \
Simulator Rack e N 9 !
Measured DT L] 390“;’:;32"“ / \F \‘\ 08 0.08 01 012 0.14
s Woltages & Procesing at Lo ‘ ]( T . time (s)
Cuments Analogue Ihputs ‘| ‘___T‘-_\ ) T )
Arnplitud e ACCB, T R
Scaling at AD Cable{269km) ' ; [ 10
Offshore HYOC o
Tiodeling in gt | SWF et Y nverter Station 3 Loan Wind Farm 3 ‘/\l — lscpa
RTS Software Frotection ' = L8 [ |
R A40MVA = | \ T deN43
Algorithm pravy L] : o 5 , ‘
1685 K} Cableysf31km) — 3;;::mu 8 5
L C ACER, | | 165 O g 5
Sk a4 GHOH2R 8
: . ACCE; .
ez Wﬁ\:‘:r&f;;iil i Cables136km) JivS ACNetworks 007 0075 o0e ooes 008 0085 o
DC Switching Station 4 S(R=25 /s

Onshore HYOC
Converter Station 2

MELCO IED

DC Circuit Breaker
Trip Signal

Measurements at IED location
Hybrid DCCB
Mid-cable pole-to-pole fault

Digital Input “

i
17
[
\

Real time Simulation Test Setup & Schematic Diagram

o Combined with the protection schemes and hardware prototypes has been integrated into a
realistic radial multi-terminal HYDC system to test different protection scheme

o A mesh grid DC protection will be demonstrated

o To allow overall system performance pole re-balancing and post-fault recovery sequences will be

considered
(t “; PROMOTioN g
PROGRESS ON MESHED HVDC
OFFSHORE TRANSMISSION

BRae . NETWORKS
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Practical Use cases of RTS e cae

@,

d Caithness-Moray (CM) HVDC Link e ,

CM HVDC link increased BO boundary capability.
HVAC option was slightly more expensive and had a number consenting issues.

Symmetrical monopole configuration with standard AC transformer use & operation during temporary faults.

E

- es e as s enan an an an e a» a» o
- e s an e an an e an a» @ @ @ =

v
v
v Weak AC network in Spittal & Embedded HVYDC with parallel HYAC circuits sets operational challenges
v
U

d

sed HVDC Replica Control & Protection Systems with RTS to:

o De-risk GB customers’ investment in HVDC RealTime ]| Spittal HVDC
RTS Simulator Rack Replica Cubicle
(@) RUﬂ OddiﬂOﬂOl FST HMI - Measured || -I__> signal
, _— , & | cunents & o j 3| Intertace Cobicle
o Provide fraining for engineers T °wes;;?fg'”;:’:o Trssm .
o . . Trigger" v "Trigger
o Diagnose HVDC operating issues »| Digita I VSC Station
. e @ [Outeut ] I Computer
o Develop future solutions R ] i
Digital | g
o Test software upgrades, or system changes | T et ‘I fiing Configuration of Caithness-Moray HVDC Link
. RTS Pulses
o Test extensions to HYDC Schemes Software [
o Test changes to the network [ R
o Long-term model @
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Future Use of RTS with HVDC Replicas @ The National

d Shetland HYDC Multi-terminal Extension a Analysis of Multi-Vendor HVDC Options

Island Kergord “/si:?lli‘:x‘:n
600

o De-risk multi-terminal VSC-
HVDC system design,
extension & operation;

o Support DPS, factory
system tests,
commissioning & in-
service operation.

- o Use RTS with two hardware
New YR HVDC replicas for
infegration of an open-
source converter model;

o Assess technical feasibility,
control requirements &
system testing option:s.

HVDC Control Real-Time Simulator Real-Time

Replica Cubicle (PBS lacks) Simulator

(Novacor Rack)
A

Futre Wind
By

O New Replica Projects O Composite Testing Project

Offshore HVDC Design: Frequencyﬁesponse Example

o A variety of new and

existing connections of o Investigate composite | °“°~ e fre™|
Intferconnectors and interactions & compliance ﬁ%
FACTS devices are testing of combined e
engaged with Centre; EO'UT'THS; e it il 4 T

: o Develop RTS with Re- o g E
o Hostreplica, pre- configurable replica Uy Tlr Er [i i

commissioning tests & in-
service support

k_/ (A A

0 Coordinated Control Srafegy needed - requires whole system testing

concept with OEMs
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Use of RTS for De-risking Innovation Projects Q The National

d Distributed ReStart — Confrol Hil Testing O Protection Assessment in Low Strength Areas

Distributed T — f N Memieob
ReSta rt NETWORKS [ SRS HYDRO INTERNATIONAL

Generator
Protection

Energy restoration
for tomorrow

d HVDC Power Oscillation Damping Conftrols Q Protection Test Benchmarking & Sync. Comps

Universityof 2~

=2l | RESEARCH INSTITUTE
M\':\f‘ Equivalest SG2 Strathcly e

Current HVDC in GB
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Thanks for listening.

Any gquestions, pleasee

d Summary of questions, answers and discussions from the webinar will be made available at:
https://www.hvdccentre.com/wp-content/uploads/2020/04/Webcast-Summary-16042020-Final.pdf

Q For further information, please visit www.hvdccentre.com ; OR email: info@hvdccenire.com ; OR
email: kati@rtds.com

A Upcoming Webcast 13t May. “Demonstration of DC Grid Protection - PROMOTioN WP9 Results so Far";
reqistration open at: https.//www.ssen.co.uk/StakeholderEvent/Registration/2Eventld=503

. Follow us on Twitter @HVDC Cenftre GB
||||BIDS 4 ) The National
Technologies HVDC Centre Follow our Linkedin page The National HVDC

Cenfre for regular updates.
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