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HVDC Centre

—

Topics ( The National

* Multi vendor Interoperability in VSC- * Practical DC system interfacing- offshore
HVDC systems. * INTOG, Hydrogen- anything else to come?
« What we’ve done. * Load rejection management- practically.
 Demonstration and making it practical to * Co-ordinated and staged allocations of offshore grid
deliver forming and damping controls.

* Howwe've done this. * Practical DC system interfacing- onshore

* Growth of DC systems.  HVDC as a network vs a resource connection interface.
* What might they look like * Grid forming support from multi-terminal systems.
* How to get to a vendor agnostic DCCB * Black start and other support.
specification. .

HVDC systems complementing resilience

e Associated devices to enable DCCB. .

HVAC & HVDC system cross-optimisation.
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The Role of HVDC in Achieving Net Zero ( e National

Existing Mabanrc

Holistic Network Design - Pathway to 2030 Beyond 2030 National Blueprint Additional 21 We need HVDC to meet Clean Power 2030 (and beyond):
50GW connected offshore wind by 2030. GW offshore wind.
7 £ r1) To connect offshore Wind (2) To move electricity from
xisting network = =
Eamngrework | g - & -. ) : Farms North (where it is Generated) tO
E%z?;:umm — } C Eﬂ L ‘(:ifecs?“"m be use f°f I‘?”F :bleS; fvlef N?é South (where it is Consumed)
::::::k:;m _ \ Catagor A {ny == ' 2 @ 50GW connected offshore wind (by 2030).
x:r:::‘ S rmstruziues - 3' ‘7 > ;@,. . . Additional 21 GW offshore (beyond 2030).
New offshore HVAC | s Hew orehome network e X A
vy [p— rilastristiong § s .\'\!\ s - .
HND offshore wind allags ingieass an nebwerk — T )
:;n":honsubmﬁon ? Exlstirg notwark upgrade — ' e . e = - %
Al option routes and locations are for SLI:;_:auun e [ ] [ 3 - — 1
illustrative purposes only. sisbstatian : K, e T
Submations delimrad for 2000 = L P -
e ST o ] .:' S \'.-.‘I-.'Z " o=
HHL wird farm * — .’ = _::‘ = 3 .z

Reirdarneemsetn dalvansd far Connect OWF Network Reinforcements

2030

*Deashied I raprapant oo matirity apions

Wote: &l roxins and apdians shown o fria r3) To interconnect to
map anz far lusiralive purpasces ooy
asynchronous networks

Current: 11 GW (10 projects) We n e e d a
Planned: +29 GW (21 projects)
— roadmap
to get to
) f here, and
AN
A%\ ) beyond

Interconnections

P Figure 1. Map of network infrastructure to \
S be delivered beyond 2030
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A road map to get to the DC systems we need.

Today By 2030 By 2035 By 2040

OffShore,DCSS (AN o ac (2.1GWmax, 275kv {using dookv V€W higher ratings

Radial AC (1.3GW max, 220kV) ”

= m

Radial/ multi terminal HVDC
(1.4GW max, 320kV)-max 5

,/ developed. ,

R standard?
’I
Vs

&

Radial/ multi terminal HYDC
bipole (2x1.2GW max, 525kV)-

» substation plant offshore})) HND proposed, if _. Of HVDC_ the next
”

The National
HVDC Centre

C

By 2050

Offshore
DC networks

A ends max 5 ends Radial/ multi terminal HYDC bipole (2x1.8GW max,

: 640kV)- no inherent limit to ends- if developed

I The Road Ahead

: Project Aquila

I

|

|

: HVDC DCSS hubs onshore

_’ . (2x1.2GW max, 525kV)- multi- HVDC DCSS hubs onshore with DC generation
Going beyond * SpeCIfylng &  terminal multi vendor connection BAU, small offshore DCSS being implemented.  Offshore large hubs Offshore meshed network acress north
, . . demonstration sea.
point- point operating DC
o networks
DC Switching
Stations *  Multi-terminal, SIF Network DC ~ Y
DCSS Multi-vendor aiall B ~
( ) C v ———— ~DCCB use
HVD e HVDC CB demonstration on existing hubs. —— h
P - Onshore DCCBs at scale within big hubs onshore
P - >3600MW generation

Scottish & Southern
Electricity Networks

Page: 4




. . A The National
LCC-HVDC interoperability \. 4/ HVDC Centre

IFA 2000 project- We’ve been here before

* 1980s- Bi-pole LCC-type HVDC link- ABB convertor in UK,
Alsthom convertor in France

» Both vendor C&P cubicles Tested together via CHilL, along with
master control within ABB facility in Stafford UK at time-
separated access to individual vendors to only view individual
plant performance.

» Overall performance verified ahead of commissioning in 1986.

+ LCC- HVDC range of functions and performance (and control
time constants naturally more limited) than todays’ VSC-HVDC,
but that does not mean there is a problem with the test
process!

» Rather, key challenge is identifying right tests- and right areas
of specification to ensure acceptable Multi-vendor
complexity- “trial and error” has not to date worked.
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i - f \ The National
Caithness- Moray Shetland \ ) HVDC Centre

Europes first multi-terminal VSC-HVDC project

* Designed 3-terminal with (in principle)capability to include potential for 2
further terminals from any potential vendor.

. Phase 1 is a point-to-point HVDC link between 1 Phase 2 is planned as an extension to Shetland
Spittal (in Caithness) and Blackhillock (in Moray) and the infroduction of a DC switching station

1 Full design allows for further terminals to be

incorporated
v - — v Shetland
Future
station | \s Z :F_P_h_c_‘;‘;“-i
iPhose2 i
- | Phase 3/4!
N o _ WV
Spittal DC Switching Blackhillock
800MW Station 1200MW
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Interoperability in China ( Eﬂ%é'aéé%??é

—

Why That’s different....

Zhoushan (China)- 5 terminal Zhangbei (China)- 4 terminal
On-shore HVDC Projects 2. Sg&a':‘vﬂlg%anm\(”SifhuanJangsu) Central China to east coast — mmm HVDC C8 “ &m:;“
Sending from LCC to LCC+VSC -2172 km M b + "
B | g
3. Zhangbei MMC 4-terminal ring network, MMC half bridge + DCCB Zhouding thu’g;! ;lxm %&M-;’m

J
+500kV - in operation from 2020 June Station . "
666 km in total, 3 GW supplied by multiple venders, ABB, Nari Electric, § o Statice (O#<H = =@
5
& ABB ﬁ/§ - “X] O, T O,
- 74 W © ©
% 7 - P
- b )
k) i A .3,&. £

_Nan’ao (China)- 3 terminal
Sucheng o » Different purposes &

Station . Station

%} jox “’T_|J %} design principles
J i |
laz_xﬁ - wfﬁw w— Ii 2. * Multi-vendor has been

‘/ HVDC and UHVAC in China (By 2019)

1. China: Changji-Guquan - LCC - HVDC
+1100 kV - 12GW - 3293 km

LCC provided by ABB/Hitachi

W Bona occs achieved within Chinese
oo systems, but not in a
lor, .
— U sustainable approach
et igwj L),} outside of China
Lorga Bl

Artificial

Short-circuit Test

In each case- one point of direction in Control & Protection, delivery subcontracted to vendors

to a common plan; at every stage one vendor takes responsibility for their and others work.
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Multi-vendor control today VSC-HVDC ( The National

HVDC Centre

Approach Control DCCB DETE RS S Role/ responsibility for Timeframes

. .
approach | consideratio | (multi vendor) MTMV success More optlons

= more vender approaches to
achieve them,

CMS Evolution None New vendor would Original Vendor & SSE Commissioning
approach of Master- need to share Networks- Transmission  in full 2024 = complementing unique vendor
slave req’d data to devices & topologies
_ c?nfem . ~upPort * Risk of more complexity and
Chinese Similar included more ambiguity from
approach “ .ge T
overspecification” interface
ambiguity and access to
functions subject to multiple
Interopera TBC included Integrator takes levels of oPtimisation
approach responsibility- vendors * Important to define the
Eel 2 SEEE L network functional and
Integrator operational needs first-in a
way that generates clear
Project See next For but not Vendor IP need TO (SSEN-Transmission) Projects deliver specification which is
Aquila slides wit.h- staged not be exchanged. specifies relevant - for real-wor_ld "vendor-agnostic"
delivery Approach is aspects, vendors deliver  demonstration
vendor agnostic. to specification from 2030
onwards
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Multi-vendor simulations in GB for EU Promotion project

' HVDC Cables |
0 Parameters from real project !
. 1 Travellingwave frequency- I
dependent phase model used '
giving accurate v, i response :_

Model Topology

Phase 1: Partially Selective
Phase 2 : Fully Selective Radial
Phase 3: Fully Selective with
Mesh

Cables:(263km|

Foundation 3
ferminal
network based
on real CMS

Cable.|100xm)

,~" Breaker
y

Converters |
J Open-source I
0 Average HB-MMC |
J Includeshighand |

low level control I

.

. DC voltage and

-~ Real World

.

Simulated Environment

o e i e e [

DCCBs
2 Developed
by WPé6 in

collaboration
with industrial
partners

d  3types:
hybrid;
mechanical;
and VARC

m DCCByx

commands -

Converter Station 2 \

HVDC system

. |

‘ Vendor X (Y,Z,...)
’ - HVDC Protection IED(s)

w— Busbar
O Relay
-E3- DC Circuit Breaker

W Vendor A

Vendor B

—E73- DC Disconnector
Converter (with/without
fault blocking capability)

Vendor C

W Vendor D

Real time operation lets us connect

physical devices in a closed-loop

with the simulated environment
Shows dynamic response of
the system as test continues
after action of the device.
Test multiple devices
simultaneously
More detailed system
representation than open-
loop test provides

f \ The National

\ / HVDC Centre

fl
l
n
]
1]
n
H
Vendor A Real-Time
Replica HVDC \ Simulator I;Ien:tmf
Controls
(Vendor A) (Vendor B)
HVDC Control Real-Time Simulator Real-Time
Replica Cubicle (PB5 Racks) Simulator
= :g:;,g L |« — (Novacor Rack)
>ul
Interphase Cubiclel | <— No:ecx'sggges
l Amplitude Fuh;r:’rvxlnd
. deelegeliee Model in RTS
VSC station j I ey s
Computerl VSCrs
A AR ACCB2
Notwork | DC Hub
7 S ACCBI
S — - I: 100 MW
| Load
/ Firing I—'L o Offshore AC
Valve Control| Pulses l>Dlgn°| IS Voltage &
Unit2 r i +VSCn Frequency Control
Network2
( VsC station *’\:}
= Computer2 I ‘,
A RTS
5 Signial poL Measured HMI
rocessing a
Interphase Cubicle2 |« Noge(a:l\jrcrwg:tgs;es
Scottish & Southern
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The National
Centre work on Functional Designs for HVYDC (2022-2023) ( HVDC Centre

I 4 Interconnection —

o Linking GB grid to other countries ceGaa Omer AC

o Loading depends on price
differential between different grids

We see this project as a critical component of enabling
GB delivery:

o Not always fully loaded

0 Grid Reinforcement
o Two converters located in same grid for
reinforcement & boundary capability improvement;

o Providing a flexible ‘test-bed’ for TOs/ESO/Developers/
Manufactures to test their coordinated designs.

Vendor component

mooels . . .
: o Loading follows variable demand profile, renewable
Venaor

generation & plant dispatch - not always fully
loaded.

o Component, control and protection elements of DC
systems

components

Vendor Hardware
o !_oad factor is about 50%
e o Includes patent filed approaches to control
o GB projects under-

construction with 7

Realistic Detailed generic e — =" = |This enables:
component models component models =TT e
uiti-purpose . H
S el il i ohce SICTESRERE o TOs; to test the technical performance of offshore

network designs on onshore networks;

o ESO; to assess potential interaction risks and ancillary
service capability of integrated solutions.

“Sandbox™ test
environment

o Embedded link with
onshore DC hub

o Embedded link with
offshore DC hub

o Developers; to investigate technical feasibility and
operability of shared transmission solutions; and

o Manufacturers; to verify performance of confidential
‘black-box” models within offshore network designs
comprising equipment from another supplier.

Scottish & Southern
Electricity Networks
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The National
Project Aquila HVDC Centre

—

*Net Zero targets for GB by 2030

——— RS AR S e
* up to 50GW of Offshore wind, by 2030 at S
least 40GW
. . . . Notice
— Scotwind leasing- 25GW in Scottish waters Offshore Transmission Network
alone. Review: Pathfinder projects
— Drives multiple co-located high capacity HVDC ,
. . . . A summary of progress on Pathfinder projects under the
projects, reinforcing network and connecting Offshore Transmission Network Review.

Net Zero resources.

From: Department for Business, Encrgy & Industrial Strategy

*Drivers for Multi-terminal & Multi-vendor. 8 e
*Environmental, cost and network efficiency
benefits in avoiding excessive converters, and Lotter o SSENJHVDC Centre reqarding

managing power flow in multi-terminal.
— Scale of simultaneous projects.
— Staged development of multi-terminal

- Netherton Hub“,

% AcsystEm

@ AC-DCCONVERTER o

*Delivery under Business as Usual with
Government commitments.

*Pathfinder approval- assures Government and e
regulatory support in removing blockers across
policy, frameworks, codes to enable project
delivery.

*Funded within the context of known available
regulatory instruments, providing certainty.

Scottish & Southern
Electricity Networks
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Multi-terminal Multi-vendor VSC HVDC demonstration.

f \ The National

N / HVDC Centre

—

e What we have done.

Scottish & Southern (7~ Y} The National
Electricity Networks HVDC Centre

* HIITSLBISHI

e More to come!

e More Vendors

Specifications- layouts interfaces, data,
design (Q2, 2024/5)

- o CTReoy

- AL B,

[

Enables contracting, consenting, delivery

Patent protection, legal commercial review
(Q4 2024/5)

Multi-Vendor Multi- This Patent covers an advanced control system for coordinating HVDC converters supplied by
Terminal Control different vendors in a multl terminal configuration. This enables smooth power flow orchestration
between all inal itising stable operation intact and post-fault.

Multi-Vendor Multi- This Patent allows operation across unbalanced conditions across a range of configurations and
outages to maximise the availability of an integrated HVDC grid.

Terminal Operability

Multi-Vendor Multi-
Terminal Stability

This patent provides a mathematical proof of network stability that can then be monitored in real
time- and provides a basis for clear specification of an vendors’ convertor interface to a DC network

Enables legal & commercial space for interoperability

MTMV Control specification and testing
(Q3 2024/5)

s~ mins : ms™s us~ms

Power lne e Communication channel
vendor supplied black
delivered boxes
. oc
1000 002
£ 00— 001
g
§ 600 0
£ wo 01
200 - 002
° — 003
— v 2 n— Susceptance’
004 003 ==
00z o0 d i e - 004
conductancels L.

Enables clear roles& responsibilities, &
assured performance

Aquila Interoperability Package DCSS hub and associated design | Aquila Commercial and Legal package.
and specification

®Hitachi Energy

* More projects (offshore hubs & onshore

hubs- GB and continental Europe & beyond)

SIEMENS
cnercy

Why?

Lead by HVDC Centre (September

Lead by SSEN-THVDC

2021- April 2024 ) engineering team (September

2021- April 2024)

Vendor Agnostic multi-terminal control, Tender pre-engineering,
control interface specification, design specifications, layouts, design
input. Associated test & demonstration vendor agnosticlevel.
approach

Lead by SSEN-T Innovation, Comercial,
legal and procurement teams in
association with University of
Groningen (April 24- April 25)
Requirements at tender & contracting
at  phase, liabilities and responsibilities
allocations, how to manage “switch
on” and lifecycle support thereafter.

Patented approach protectingvendor  Planning, tender and contractual Independent review and assessment
agnostic delivery. Respects vendor IP as  engineering documents enabling of readiness to contract and manage

in real industrial project. Tested
demonstration across vendor replicas

interoperability

multi-vendor solutions.

uthern
BaF L'TCuivily N uWOorks
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f \ The National

Multi-terminal Multi-vendor VSC HVDC demonstration. \. 4/ HVDC Centre

 How we did this.

» Four key principles to our approach- Principle 2- enhanced DC network
Principle 0 — respect vendor IP operation & availability

Characterise and inform performance at convertor Unbalanced control to manage network outages/
island interface. NOT open up C&P faults, control hunting and Hybrid rigid & full bipole

+ Cascaded control architecture between MTC and converter
= Converter interfacing MTC via voltage reference value of Vi droop (K-factor refers to virtual a I'I"a I'Ige m e ntS
conductance) Offshore AL busbar B
= Essential MTC Functions
~ Power Control = - {2

Node A Woded Node A Node8  NodeC MNode A NodeB  Noded

- Urbal
Glabal DCv?:.Ilage control - f— bori e
= Pole balancing control -_— cumank
= Quantifying the positioning of operating point between no-load condition and collapse [CX-index) fow
+ Operating domain of equilibrium [voltage and power)

* Aprerequisite of small-signal stabiity

Nodes  Model  Model  Mde  moder | moger sges

i i * Main | seessuement
Multi-Terminal [ ain | sessuements _
control Y ST nertooms ™ Cireuit  Enforeed Constraint
) A i L L . Domains. of ecntiol
foce o Converter Control
2] Dong Chen and Benjamin Marshall, “Modelli ical HVDC Transfer
11 Cowe, B, brsha, . Foom. 5. T

Network for Multi-Vendor-Multi-Terminal Interoperability” IET Conference on
Renewable Power Generation, Glasgow, 2023, in press

= P
Transmipsion(ACDE 20200, Grasgow, UK. 2023, pp. Z34.231, dos: 10, 10404, 20201330

Principle 1- coherent robust DC
network control

Stability over power flow efficiency. Across contingencies stability in operation.
including loss of communication.

¥ Converter Control (ps ~ ms)

Principle 3- assess and maintain

Ability to present emission limits at the DC converter terminal

Interface supporting single terminal testing of a global set of
Sogip =Iaphy =iz iy DC network stability criteria. Based on small signal, relative
gain array, and emission transfer iderations

» operate based on local
measurement

# respond to Multi-Terminal Control

# sustainable when communications
are lost

¥ Multi-Terminal Contrel {ms ~ s):

* monitor

F assess

= 0

TRPBPER S should be sustainable when
all communication channels or a single
power line is lost.

ol |1
V=Vl s
[
1S [
ot o= Vi)
(@) Onginal Gnd (1) Equavalent Curcmt

[3] Dong Chen and Benjamin Marshall, “Towards HVDC Interoperability = On Dominance of Nodal Impedance,” TechRxiv, Oct, 2023

Scottish & Southern
Electricity Networks
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/ \ The National

Multi-terminal Multi-vendor VSC HVDC demonstration. \__4 HVDC Centre

—

* How we did this.

* Three strands to approach-

NESO k= &&T1ennert
- e GE VERNOVA )‘ MITSUBISHI >-'nw nsoo@ '
= @ o (L ENERGI

s ‘Scmtish&Soumem
lectricity Networ

Newore Nationalgrid ®Hitachi Energy

Alignments l e
Mithlother nternationa TSOs across

) ) research on E
international urope &

interfacin GB TSOs Vendors ' ili [ [
g activitics interoperability internationally

Bilateral vendor activities Monthly GB interoperability expert group Wider dissemination

Simulation
. ; ’ . P GB HND,
Virtual replica Process, Dissemination of CIGRE, IEEE,

; trol
delivery & Tochnical SORNEO management of J approach, models, test IECIET. MPI/NSI/

- approach and
contracting requirement pptestln benches and activities Energy Islands

clarification and
process
discussion &
agreement

Department for
Energy Security
& Net Zero

Scottish & Southern
Electricity Networks
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f \ The National

Multi-terminal Multi-vendor VSC HVDC demonstration. \__4 HVDC Centre

—

* How we got here.

2013
Caithness-

2016 2018 2019 2020

Moray PROMOTi Johann-
. CIGRE B4.81
Shetland oN Svestrup

GB offshore co-
ordination project

Testing, operational Recruited staff,
support, replica knowledge
hosting exchange, Cardiff
university partner

Project partner, RTEi collaborative RTEi collaborative
WP lead, partner with centre- WG member & Partnered with partner,
testing, knowledge section author RTEi & GB TSOs knowledge

specification exchanges exchanges

2021
2021 Al 2022
Global US DOE

PST (eastern
offshore

Project

. INTEROPERA
Aquila

Active discussions
across industry for
design support, hosting
& testing of HND
solutions

Functional designs,
Modelling for Represented Expert Advisory control principles, Advisory
interoperability on WG advisor Board testing, operational Board
support, replica hosting

Interoperability
priorities to
enable offshore

Scottish & Southern
Electricity Networks
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Growth of DC systems. HVDC Centre

/( \\ The National

e The future is now!

LS

Figure 10. Map of network infrastructure
to be delivered beyond 2030

* HND phases >?
+ DC Network reinforcements where Project Aquila unlocks solutions

Scottish & Southern
Electricity Networks
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Growth of DC systems- DCCB. 7 Lf\}% gaé;%l:z

* The progress of Network-DC; vendor agnostic

Aims to advance industry readiness to deploy DC Circuit Breakers (DCCBs) and develop offshore HVDC networks.

D cc B S p e cifi Cat i o n & i nteg rat i O n a s a n etwo r k Sm“iSh.: ;S::z‘t:fic Innovation Fun.d (SIF) prOJect now in its Beta Phase from Septe‘r:b:ifozao June 2027.
Electr \.:..u- Networks @ L’\}%ya‘:{t‘z @ o EDINBURCH :é"gggf;d carson . M
grows. \

~

o e TRUST MACDONALD

MORE DC REACTANCE

) - Simplified models
Qv ')9'1(? ’\9’{7 r\/g'l' Q'\S’ q,qu) i;ﬁ ji \ developed for testing.
é-'\’ < % Y v Q Focus on worst-case
o ® ® ® N &

conditions,

Identify DC reactor
locations of greatest
- benefit.

Figure: Ty for L\ = 200mH , 400mH

Appoint OEMs

Increasing the DC
reactance at the ¢
Confirm control philosophy switching stationis %5 ———
. approx. 4 times T 5 . L:::mm
OEM confirms technology readiness : : : leterminals more effective than %,
&Y DCCB Protection & Control Replicas : ;’fﬁ%“g:ggjﬁz’i‘pmes adding DC )
: : - : g ihili 5 s * Ky, s reactance at the
Simulations re-confirm DCCB specification and feasibility Hardware-in-Loop (HiL) * Adding DCCBs s_upponds terminal of the 18
icas i . . capacity expansion an iy [
Replicas installed Software-in-Loop (SiL) operational flexibility oo converters : .
25 - -
Realistic tests of DCCB performance in future GB networks \Aim to prevent converter blocking except for pole closest tofault/ \ ] 50 o 100 150
ACTIVE CURRENT LIMITING GROUNDING IMPEDANCE

Active current limiting DCCB

? . . ® Fault clearing DCCB
et

Helps limit currents to be interrupted. o

* Philosophy and testing process confirmed Calgos sraeds o

damping of post-clearance oscillation.

p. "

* OEMs identified; contracting supports next steps

Resistance earthing at the DCSS, even with low resistance, helps
\lncreasa time before converter blocking.

Scottish & Southern
Electricity Networks

Page: 17




f \ The National

Growth of DC systems. N4/ HVDC Centre

* Enabling DCCBs- related considerations.

* Protection IED capabilities—»

PROMOTioN IEDs

e Fault limiters

\ 4

4 |ESS D2 Residual current|
_| circuit breaker

* Damping support

Scottish & Southern
Electricity Networks
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o po . / \ The National
DC networks Components and specifications \ ) HVDC Centre

* InterOpera provides additional clarity on DC component functions and
specification areas.

Power exchange DC Switching Transmission
devices i

AC devices T T devices Tde\,rices

 Standardised terminologies and implementation concepts

* Aquila and Network provide foundations for control and performance
specification respecting IP. It all fits together.

Scottish & Southern
Electricity Networks
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f \ The National

Practical DC interfacing- offshore. N HVDC Centre

* Lots of new devices.

e Lots of new
considerations-

— Load security/
intermittency

— Energisation/ impulse
load management.

— Legacy
specification/interfacin
g (INTOG).

Scottish & Southern
Electricity Networks
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Practical DC interfacing- offshore.

f \ The National

N / HVDC Centre

—

* Load rejection
WTG want slow ramping- e.g.
0.25p.u./ s

but can go faster with crowbar
action (AC fault or intertrip)

Intertrips risk uncertainty
across large arrays.

But this is not a reason for AC
chopper specification- would
WTG really want that?

Offshore AC Hf/ HV crowbar
operation specification?

Postive Pole (Faulted pole) Behaviour for DC Fault 1
DC Voltage

Negative Pole (Healthy pole) Behaviour for DC Fault 1

kV)

DC Voltage

|

DC Current

DC Current

ion
Offshore Station 3

rate = 0.25 pu

— ‘0
—— O
— O
\ — of
— o
Ed — Of
1, A\
: AN
° N~
Time (s)
Windfarm 1 Characteristics for DC Fault 1
Active Power Qutput from Windfarm 1
2000 4 = ramp down
% 1750 4 —— ramp down rate = 2.1 pu
55 1500
E
£ 1250 4
1000 1 . 1
0.5 1.0 15 2.0
Offshore Frequency
52 A
= 50 A
JE A% = ramp down rate = 0.25 pu
z 48 T —— ramp down rate = 2.1 pu
* 46
444 T - T
0.5 1.0 1.5 2.0

Time (s)

2.5 3.0

Scottish & Southern
Electricity Networks
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Practical DC network interfacing- offshore.

* Grid forming- &

across HVDC
interfaces to o, o~ &/
common AC 3 | b4

offshore islands§ ";--\

e Harmonicand _ &

inter-harmonic 74 5’-*7@.
AN X

damping and
allocations of
roles.

e Code and
standards issues-
clarity needed

Mew offshore network
Infrastructurs

MNew onshore network
Infrastructure

Voltage increase on network

E:isting netwaork upgrade

Substation upgrade or new
substation

Subatations delivered for 2030

In scope wind farm

HHND wind farm

Existing Matwork

BUEIEICC IR

Reinforcements dediverad for
2030

*Dashed lines represent low maturity options.

Note: all routes and options shown on this
map are for (llustrative purposas only.

The National
HVDC Centre

G Recor
gory ey
New offshore network
infrastructure (HVDC)
offshore ork
infrastructure (| )
mission ace Pol @
INTOG Project Area O
Basting Network —
Note: all routes and options shown on this
- map are forillustrative purposes only.

Scottish & Southern
Electricity Networks
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Practical DC network interfacing- onshore.

Resource connection vs

transmission
Energy buffers?

7

frequency

i.'.'

3}

DC
Voltage

HVDC Cable
|

Inertia support

Resource
inertia
insufficie

DC

f Voltage b ,
f ok ? /<
AC 4 7 inertia

Symmetrical Monopole
HVDC Link

Interarea mode

R §

' Resource &
& inertia
insufficient?
A
N/

nt?

Resource &

C

Resource &
inertia

insufficient

The National
HVDC Centre
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. . . / \ The National
Practical DC network interfacing- onshore. \ ) HVDC Centre

* The INCENTIVE project -l INCENTIVE Device

500 {(a) Frequency
’ 1 ' Without DyC
* The storage don’t need to be that big! 50 oo o |
W 498 ¢
o
 What else could (some of these..) Energy buffers be 196
494 t
used fO r? Offshore wind fram 49.2 ' : ' : :
6 7 8 9 10 11 12
{(b) Device Active Power
| HVAC |—— 0.1+ — Without DyC | 4
With DyC
Grid Following mode o 0.05F |
INCENTIVE ¥
STATCOM 0 -
: _0.05 1 1 1 1 1
(VA 6 7 8 9 10 11 12
Grid Forming mode 0.00 {c) Device Reactive Power
Test Grid Dynamic — Without DvC
Containment 0 With DyC
Serivce !
— DC 8 -0.02 ¢
N %Voltage
_ _ Source 0.04 | . | . .
Grid following 6 7 8 9 10 11 12
Converter

Time (8)
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Black start, fault recovery, POD? \. 4/ HVDC Centre

—

* One re-start asset can reconnect many ' o vscs Aases i, ) —
offshore and onshore resources via the = oo sysiem: suoring {QL |

MTHVDC nEtWOrk. GC0156 Definitions: ESRS ACGrldl.—c?_ =

2
) ) o — OwWF1
Anchor: Generator with the ability to i1 \ T MMes :

* Many buffers can insulate HVDC P riet i T S a4 e

voltage source
+525kV

n etwo r k fro m a Wi d es p rea d Ac Syste m Top-Up: Generator not required to self- = MM;Z Bipole DC Network

start, but can be ready to connect on ACGrid 2 .—: —{ A
° instruction once external voltage source I/-
VOItage depress‘on . becomes available, to support demand BL2
reconnection

* Energy buffer can be used for POD and s
other damping functions to avoid
MTHVDC disturbance

* Just beginning to explore these
applications.

3 phase fault at Walpole
400 kV substation 2025

B Fault Location 0% Volts
I 0-15% Volts
15-30% Volts
77 30-40% Volts
40-50% Volts
[ 50-60% Volts
I 60-70% Volts
70-80% Volts
80-90% Volts
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Complimenting resilience, optimising AC & DC system \. 4 HVDC Centre

Il AC double circuit OHL

Far North Scotland Shetland

S O

Scotland

* HVDC wise.
| LCCHVDC subsea cable
° l VSC HVDC subsea cable
. Lea rn I ng a S we go . l J— Impedances as required

Central & SW Scotland

Auchencrosh Southern Scotland

Ballvcronan.

More
NW England NE England
Western

Yorkshire &
East
Midlands

Nodes with SG, wind, o
other gen., demand fest -
Ben., Midlands East England

Nodes without SG, wind, O =

other gen., demand ritne:
NEMO

South Wales . London &
led

North Wales
& Mersey

East West

G Large, highly-meshed network \

HVDC embedded in single synchronous zone, operating in parallel with AC corridors. System
remains AC-dominated.

Investigate HVDC overlay grids, interaction risks, impact of failure.
erge model enables testing of analysis tools.

G. Small or medium synchronous area i [eilzs wiide DT il & Southwest [  Southeast

as single end

HVDC to transfer power from wind-rich zones onshore and offshore. Connection of large
offshore wind plus embedded links forming multi-terminal networks.

Investigate hybrid AC/DC grid dominated by HVDC and converters.

Qnaller model enables analysis of whole system.

(.

Offshore wind integration and inter-area energy trading.

-

i , P Offshore
: Deliverable 2.1

Resilience Needs and

Objectives

Challenges

Extent of HVDC elements- co-ordination,
interaction, stabilization.

A

Multi-purpose offshore HVDC grid Extent of HVAC elements- decoupled offshore

qn r_er?ulat\on, interaction to WTG, resonance &
amping.

JOM?

Co-ordination across HVAC island behaviors
Interconnection of use cases 1 and 2. Need to respect requirements of different areas.

Compliance, control and testing needs of WTG
Opportunity for new inter-area services while maintaining firewall.

HVDC control resilience onshore fault/ outage &
priorities for power recovery

\Model will interface to UC1 and UC2 models, or reduced equivalents.

HVDC DC side onshore fault coordinated power
recovery management & interoperability

Onshore fault effect and extent of subsequent
onshore voltage recovery

Offshore DC fault control strategies
N
Offshore DC fault protection strategies

§ Limitation of offshore AC fault effect

Local community, environmental and amenity
impacts

[Barriers & selutions
- Roles and responsibilities
- Regulatory, code and standard requirements -
- Technology limitation and pipeline development need
- Anticipatory investment benefits and requirements

- Processes and frameworks
Review, Consult, Recommend

Regulatery complexity — interaction of codes and|
sta%c;arggy prexity

hern
e Electricity Networks
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The Future networks of Northern Europe- its not just GB. \._4 HVDC Centre

./
o
IE
&\ GB
o/
8
e—ae Corridors identified in ONDP e—e Corridor identified in neighbour SB e—e Corridors identified in ONDP e—ae Corridor identified in neighbour SB
e—a Existing, planned hybrid and e-~-@ Potential corridors identified eo—eo Existing, planned hybrid and e-—-# Potential corridors identified
radial links in ONDP radial links in ONDP
S T— ‘ Scottish & Southern

Electricity Networks
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. The National
Conclusions ( HVDC Centre

* We have started a long .
The Future is Now.

journey.
*  We need to do this to address Climate change. DC
* We h dave d I ready mad e networks are non-optional, we need to deliver & are
substantial progress LRI L
e Thereis a P lan *  Evolution vs revolution- find the steps, learn from

the relevant earlier work.

e There is more to come .
* Plan-ahead to learn what you need next, from what |

* There has never been a you do now.
more interesti ng time to be *  Play the players where they best perform, not
anE | ectrica | En gl neer. where you want them to be- right tools for right job.
e En gage with the tasks *  Learn from others- we’re in it together. :
ahead, and th ey Wi || Enjoy this event and these unprecedented times- they won’t come again in our lifetimes

continue to be addressed

Scottish & Southern
- Electricity Networks
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Thanks for listening.

Any gquestions, pleasee

O For further information, please visit www.hvdccentre.com ; OR email:

O https://www.hvdccentre.com/technical-films/

Follow us on Twitter @HVDC Centre GB

The National
HVDC Centre Follow our Linkedin page The National HVDC Cenfre for

regular updates.

(


mailto:info@hvdccentre.com

f )\ The National

HVDC Centre

Overview of the HVDC Centre

‘,//‘
'SP ENERGY
/( \) The National Scottish & Southern IERRNORS
\ )HVDC Centre part of ectrcty Newors — together with ; . ¢ and nationalgrid
nationalgrid 9

The National HVDC Centre is Great Britain’s simulation and training facility for
HVDC; supporting the integration and successful operation of all HVYDC schemes
connecting to the GB Network (including Offshore Wind connections).

The Centre is also the National hub for HVDC knowledge exchange, expertise and
innovation.

The National HVDC Centre is part of Scottish & Southern Electricity Networks. 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, Perth, PH1 3AQ; and is a member of the SSE Group www.ssen.co.uk


http://www.ssen.co.uk/
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJuv_hw6nVAhXFJFAKHQRnBrUQjRwIBw&url=https://www.shropshirestar.com/news/2016/06/29/18-million-electricity-capacity-upgrade-to-get-underway-in-north-shropshire/&psig=AFQjCNGSJFIO8ZttyRmlG0Jw6LCdARPkwg&ust=1501247196574132
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