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The National HVDC Centre — About us @ The National

The National HVDC
Cenftre is an Ofgem
funded simulation and _

training facility available - -

to support all GB HVYDC = PSSOF
schemes. ' - §‘

Ofgem determination takes us - E‘fé%ttﬂiﬁy& 5‘&‘3}2?;;‘
from Innovation to BAU for RIIO-
T2
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The National HVDC Centre is part of Scottish & Southern Electricity
Networks and is funded through the Electricity Network Innovation
Competition as the Multi-Terminal Test Environment (MTTE) Project.
Scottish and Southern Electricity Networks is a trading name of Scottish
Hydro Electric Transmission plc, Registered in Scotland No. SC213461,
having its Registered Office at Inveralmond House, 200 Dunkeld Road,
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Development of HYDC Connections in GB

8)  Shetland

9) Westernisles
Current HVDC in GB ¥ Future HVDC in GB e

4 : ; 14) Aquind
7 HVDC Links - Totalling: 8 GW ‘- Up to 34 HVDC Links - Totalling: 45.45 GW 15) Viking
16) Greenlink
17 17) NorthConnect
18) IFA2
19) Fablink
20) NeuConnect
Interconnectors: ' 21) Gridlink
1) Cross Channel (IFA) ? 28
2) Moyle - New Offshore Wind Connections
3) BritNed L 10 31) Dogger Bank
4) EWIC 32) Norfolk Vanguard

34) Sofia

New Interconnector:

5) Nemo New Embedded Links

10) EasternLink 2
New Embedded Links: 11) Easternlink 1
6) Caithness— Moray
7) Western Link Additional Interconnectors
26) Aminth

27) Atlantic Super Connection

28) Continental Link

2018
2019

Source: National Grid Interconnector Register 01 08 2019 2 02 7+
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Beyond GB
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2. Fundamental Considerations
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Fundamental Considerations ( [he National

1] Function ) Topology
Technology o Embedded o Symmetrical monopole
o Interconnector o Bi-pole
o Generation connection o Bi-pole with metallic return
o Hybrid 2 Rating
-l Project lotting o State-of-the-art?
Regulation o Turn key? ) Compliance (i.e Grid Code)
J Technology o P-Q
o LCC o Faultinfeed / ride-through
o VSC o Harmonics
o Other 0 System Integration

Plannina & A Factory system :
Jevelo [Z::‘r:i—]er]T [Ej;:“ m test / Factory Commissioning O[?S;}C{l;ﬂgr?ol
i Acceptance test
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What to consider for development and integration of HVDC in GB?@ m%('}'aé;?,'{'fe'

Integration Implementation
- [Knowledge from other 1
Jprojects ¥ + [Multi-vector: economic,
e Rood i . fenviconmental, technical;

Government/

Manufacturers
Regulators

JConsalidating

Infrastructure,

ddressing, And all the
fFrameworks Codes Developers

Jand standards rest...

Standardise offshore HVDC platforms
Interconnection meshing

Protection strategy
Onshore DCCB pilot project
Offshore DCCE pilot project
Offshore DCCB de ployment

SIS pilot project

@IS deplayment
Interaction with flexibility
DC/DC converters

Market made| trials
Market model implementation

North Sea Treaty
Define offshare hybrid asset
Grid regulation

Marine Spatial Planning and Pe
Authorise anti tory inve: ts
Develop decomissioning guidelines

Technology-agnostic planning
Skilled personnel
supply chain

Connection costs alignment
CBCA for meshed projects

Joint support schemes for OWFs
Aligned permitting pilot project
Remuneration regulation pilot project

Investment medels

Data; Models and wionitoring

Scottish & Sou:i
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3. Summary

-
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Use of RTDS® along with Replicas can be part of the solution HVDC Centre

/( \)\ The National

Infernational experience has shown RTDS
and replica controls allow you to fully
address interactions

Multiple facilities globally in opero’rlon
doing this kind of work

Physical hardware housed at @
trusted 39 party facility inherently
manages IP

Benefits across the lifetime
of an HVDC system

ssssss Shetland PROMOTioN IEDs

HVDC Repllcas Control Hardware

Protection Relays
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4. Projects

-  Overview

- RTDS® Application

‘ -
The National HVDC Centre is part of Scottish & Southern Electricity Networks and is funded through the Electricity Network Innovation Competition as the Multi-Terminal Test \
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Phasor Point

The National HVDC Centre is part of Scottish & Southern Electricity Networks and is funded through the Electricity Network Innovation Competition as the Multi-Terminal Test
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/ — 1 The National
Phaser Point — Overview ( HVDC Centre

! National Innovation Allowance (NIA) = T
Funded Project

Y

! Physical PMU's | [ User Workspace ]

PhasorPoint Server

=) (=
“*|le=

o The Phasor Point project is part of SSEN
Innovation program — SSEN, GE , HVDC Centre
are project partners

AY

o This Project Aims to estimate the system
strength using GE’s WAMPAC technology -
Phasor Point Wide Area Monitoring System
(WAMS) + PhasorController.

o As part of this project HIL testing of the WAMS
along with physical and simulated PMU would
be done

| s— |

=
ﬁ: Phasor
allils Controller

== UDP IEEE C37.118 (PMU data P-class)
== 1EC 61850 GOOSE
(3= PTP/IRIG-B
=== RTDS-HVDC Protacol
== Analog waveform (amplified)
(B NTP
e=(D=TCP HTTPS UI
==(@m== TCP phasorpoint workbench
n

(@)= TCP PLC-IDE connectio
<« Data Flow Direction

Scottish & Southern
Electricity Networks
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HVDC Centre

—

Simplified North of Scotland Network Modelled using RTDS

Phaser Point - RTDS® Application ( The National

1 Modelled North of Scotland AC Network in RSCAD “;i QW — i“”l mrl'f"}

1 PMU: Both physical PMU and Simulated RSCAD PMU L i TIT T
would be used to send information to the e Oyt mop| m M o
PhasorPoint WAMS et ms g e

4%§%F= o N

1 System Strength PhasorController would calculate
the system strength of the North of Scotland
Network based on the inputs from PMU .

-1 Mode Change In CMS Replica: The system strength
estimation would be used as a input to CMS replica

to change the operation mode of the CM link.
Hnocknsgel
27 Key:
— 00 kW AC Line Single Circuit Generstion Source
— 525 KV DC Cable 3ingle Circuit .
-------- 275 17 AC Line Single Chowit* =P Resistive Load
Note: * parallel components illustrated n dashed Bnes —_— Ql‘ég E% J;\E m gmgllz (élm““t:_ WGax Tiind Farm
are modelled using single elements in real-ime = | 132 17 AC Line Sﬁzle Cmt . Restof GB Network
spnulation due to hardware Imidations of the simulator Trancformer Parallel Transformers*

Scottish & Southern
Electricity Networks
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Distributed ReStari

The National HVDC Centre is part of Scottish & Southern Electricity Networks and is funded through the Electricity Network Innovation Competition as the Multi-Terminal Test
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. . _ . The National
Distributed ReStart — Overview ( HVDC Centre

! National Innovation Competition (NIC) Funded

Project

o National Grid ESO, Scottish Power Energy Networks, TNEI 132KV Chapelcross “
are Project Partners
! Distributed Energy Resources (DER) — Restore I @@ ______ N

Power W.—%
o System studies —Restoration Strategy — Hf %5 J%g m
o Transformer energization and Block Load Pick up %2:? oo |0 ?—@ é;;,
o Development of Wide area controller I;pm:t":)gofwm:gp;ék %T é
o Protection studies L i
o Ensuring the performance of Anchor Generator (DER) - {,
o Connecting other non Anchor DER ..
o Live Field Trails nationalg ridESO (SPENERGY

NETWORKS

Scottish & Southern
Electricity Networks
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The National

Distributed ReStart — RTDS® Application

! RTDS Model development
o Import the Chapel cross network Model from PSCAD to RSCAD

o Enhance the Anchor Generator Model along with protections and
other details

o Further expansion of RSCAD model to include other part of network

) RSCAD Studies & HIL Testing

PSCAD to
RSCAD
o Energization Studies
o 33kV/132kV Transformer energization @ Hag e ottt WAT shbbafias Biggh ghoall somii i
. g “"JQ’I- A‘\_: 5 .
o 132kV Circuit Energization 3= = Cooiimag L Fee
o 132/400kV SGT energization WL ' kL o i R gj—:w
(e s 1 o s = g e
o RTDS HIL Testing BT s =
N f T i U e =
o Generator Protection Testing jar 5 i =0
...... L > - e
o Distributed Wide area controller Testing Gt i

Scottish & Southern
Electricity Networks
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Protection Test Bench
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Protection Test Bench — Overview 7 ) The National
\ / HVDC Centre

—

) This project is part HYDC Centre

FL
. SCRBMSA — LBus4

research and innovation program s
for the yea r 2020 2. Different levels of synchronous @_D

compensation

. . . . . +  Adjustable SC ratin
o This project is done by University of ; AVR controllor @_

Constant Q control

Strathclyde in coordination with the HVDC " Droop control G

Real Time Simulation

Equivalent SG2

Zep
Line 1: Overhead Line Under Investigation Bus B

7 o
Fault Load 2, [
gm Tripping Signal |

Voer

|
Ce ntre- : i T Monitoring
MMC_HVDC otao L | e NSG_Grid
O ThiS prOjeCt aimS tO Create d test benCh in 1.F|gxi|b|e H\:’DCControIIer | *\ 3. Different NSG penetration levels

. alance cur.rentcontro, | Hard Platf
RSCAD that could be used to test the  Constantactivepowsrcontral i e

. nject the desired levels of negative ~ Amplifier Tipping
effect of HVDC Converters, Non- aones ot st negat e e

el S
Synchronous Generators and Synchronous Qi
P443 I..(:}.J

condenser on AC protection

56

Universityof ~~%>

Strathclyde

Engineering

Scottish & Southern
Electricity Networks
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Protection Test Bench — RTDS® Application Q The National

) Developed Benchmark model was used
to test the Distance protection

] The Test Bench RSCAD model has the S

full flexibility to adjust modes and level ik i ket AR 2

of contributions from the HVDC

Converter, NSG and the synchronous T, UU an

condenser. mmm%nymafw mmmgwﬁmoﬁw mm04myojmw
] Effect of system strength along the

with change in the levels of HVDC (

Converter, NSG and SC can be seen in LNTZ | LNV

the polar impedance plots. o o

Scottish & Southern
Electricity Networks
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Thanks for listening.

ANy questions, please?¢

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

Follow us on Twitter @HVDC_Centre GB

/ \ The National
\ / HVDC Centre Follow our Linkedin page The National HVDC Centre for

regular updates.
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