VDC Operator
Forum
2022
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. . 5 The National
Why multi terminal: O HVDC Centre

* Environmental benefits %é ﬁ e
— Less convertor stations, lesser onshore —
footprint. nterconmoctor #m %; i gi =in ;E"m
* Cost benefits — >
— Less cable & converter than separate Point to :’ffthm‘* oo = | 8
Point v s
Quasi &)
* Multi- functional arrangements <
— e.g. multi purpose interconnectors. _— é
Connection to a —
* Flexibility & efficiency 10 oo z
=)
=

— Fast and flexible re-distribution of power flow.

Diagrams from "Changes intended to bring about greater
coordination in the development of offshore energy networks,"

Ofgem, July 2021 N
gem. 2y Scottish & Southern
Electricity Netwaorks
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Examples of VSC multi terminal today

C-M-S (UK)- 3(+2) terminal

200
163

20 320 120
Symmetrical Monopole: Halt Bridge Tipe

Zhoushan (China)- 5 terminal

Substation Station Station Substation

&

c

&
220kV Yunding £
Substation

_Nan’ao (China)- 3 terminal

Toz

Sucheng Jinniu
Station o Station
o s = ‘:
\ |
’%} - "3,3‘
o e P v
= | |
HVDCCB | |
| |
Qing's0
Station
. Lz o
' Q4
Qinghui Line ——
{Overhead Line) 1
U gar
Lo gu

Artificial

HVDC Centre

( The National

Zhangbei (China)- 4 terminal

HVDC CB

Xangbao Station Fencninl Station
1500 MW X 1500 MW
M = = 1
= EH @
_ =P
Zhangbei Station Beijing Station
3000 MW 3000 MW

DALY
®
(o)

» Different purposes &
design principles

* Multi-vendor has been

achieved within Chinese

systems, but not in a
sustainable approach
outside of China

Scottish & Southern
Electricity Networks
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. The National
DC networks enwsaged: HVDC Centre

Same basic
considerations

Laptev Ses Wind
Sen Kara Seo Wind Chubaty Wind
ToGreenland  (oINSTIN, o o sea e PoweBetd bt Power Base

Challenges-
» Multi-vendor
- DCCB

» Scale & Supply

=® Tuovila

The Road Ahead

nudt

® Slupsk-Wierzbiqcino
'® Dunowo " 9L AR5
[ PR RSN o

Western Baltic “DC Hub”

Eastern Baltic HVDC “spine”

North Sea, “DC mesh” concept

Scottish & Southern
Electricity Networks
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.. . - The National
Principles of inter-operability: HVDC Centre

Systems Layers of Co-ordinated control by device Outcome

Wide Area control

Supervisory control

QOuter control
& protections

Inner
C&P

Key
== |nforms

=== limits

"
Supervisory controls Outer Controls & Protection Pillars of enhanced
Wide Area controls- Local interaction & + Inner control loop C&P regional stability across
Frequency management, control hunting Delivering AC network GB system
Oscillation damping, management, performance, respecting device Via co-ordinated and
i ; management/ rationing and DC circuit needs, informed by  compatible devices and . .
z:::z:: 32|c*icangc;n& angle of behaviours under Wide Area and Supervisory control net\:ork oriented common interfacing
stability, Thermal limits; e.g. grid forming  needs together providing controls and protection
management. Protective current limits & multiple technical code compliant device solutions.
relay actions? disturbance cases behaviour, via proprietor IP

solutions

Scottish & Southern
Electricity Networks
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The importance of interoperability: (\ ) I.'&EE‘%;?,’:,?;

 Supply challenges

— Currently one vendor needs to deliver all stages of HYDC development or significant costs
and risks occur

— No one supplier has the capability to deliver everything needed across GB like this
— Provides new asset management flexibilities

— Analogy to an AC system - replacing/ adding a transformer would not be single vendor or
rely on a historic design approach; HVDC currently is that

* Increasing consistency & growth
— Allows technology growth at scale to common objectives

— More HVDC projects to deliver more capabilities either generate complementary risks or
complementary solutions through consistency of functions

— Today inter-operability is possible but is achieved ad-hoc .it needs to be repeatable and
scale-able

Scottish & Southern
Electricity Netwaorks
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Busting the “myths” around interoperability: (\ /] L’&EE’?&???J

Managing technological interoperabjlity

Tiele Skagerrakd Kristiansand

Managing scale & range of interaction risk ~

£ 3 DC Line
i B, j
s =
$ }
1 ’ :
. 5T .
Skagerrak3 . -F
s P A A
() = Skagerrak2
Skagerrakl

oy/requiremenis

- 1 - (P
ThN o wemow | ) _ . rd

Sellindge S Les
__________________________ e
; :
|| _Cable 200 km
' nshore = networl
jork
HVDC Phase-2
f
! 5] e}
| i | £80KV
| ! |
| i : =
* | 1 N
| I : < — T i D [j
77777777777777777777777777 {l [ — SIEMENS

o These are challenges of the past
now its not about how to manage, but more to continue

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

o These are challenges of the future; relate to

control and protection clarity; overcoming the

to refine and improve efficiencies of approach.. “Information gap”




Bridging the information gap of interoperability: L’&EE‘%;?,’:.?;

—

Bridging the Information ...the wrong w OTQ‘,?N"M'
dging the Information gap e wrong way HVDC Centre e e =
2 1 will tell you what I think achieves
requtemens notny
requirement, not why that ,and solve the rest

LCC & other VSC & other IGBT
e Thyristor based Tyf::s:tl\:nTG VSC & other IGBT based technologies based technologies,
| Oh dear I technologies Storage devices
i1 - — -
3\ Ax

Vendor-

Interoperability risks
land

“Old School” verification process- oriented around
Synchronous generation-no longer sufficient...

s Scottish & Southern Driver Emergence
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Physics of Power System and Power Electronic engineering

Current loop Wider stability impact
B x iy . control e from events,
Bridging the Information gap...properly O e Short ciruit Siiioach Defining new teciion heiloares
strength regional :Lablgtr\t/ voltage recovery &
1 will explain what | am trying to achieve, and why 1 will tell you what information | need from you to — inertia PP regulation, power
achieve that, and why i need it deficits qualit

TR ———
Ok, that should work- but we both need to have a way of sumula!mg lhe whole solutnon
je-risk its implementation, and handle is X ge

increased need for EMT
study

- . [ Interoperability risks Vendor- Convertor S Frequency regulation &
¥ 4 based Defining containment+inter-

land technology frequency area effectsin
displacement control needs distribution

New verifications with more detailed and more
extensive simulation needs

e Hosted simulation Scottish & Southern
VDL Canre Environments Electricity Networks

Page: 8
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. e L The National
How the Centre has addressed interoperability in PROMOTioN: HVDC Centre

Testing VSC-HVDC Supplied by Different Manufacturers Experimental Demonstration Results
'+ VSCyy enerisaton and oparaton test seqence e
Real Time Simulation with Hardware-in-the-Loop Replica HVDC C&P systems . : “ -
: : . . . DC Switch 1 D(‘Svmdn 1 YT g " g 200 :Vﬁ;
= Used for de-risking multi-terminal HYDC C&P ‘5”‘° o o m. R : s Viges
systems from different suppliers (Vendor A and B). DCH“.,. DC P iserionesisrs PR Vicn mﬂ B £ 3 ----:w,
o Two existing HVDC terminals (VSC; & VSC;,) == = . i ) 8200 BV
represented using hardware replica C&P system s ot N
o Additional terminal (VSC,3) is modelled using an eI N ey 2B 3 imewy 2 °
open-source modular multi-level converter models. Reveilos Cubicle """(,2';‘;:':’{“;';"'“ Kook T
m::'}'.'ﬂgm |“‘ —I—:.'HN:::U\/Q:(&:“ b Rad(ll\ DG Gusront ) AC VOItage
o ‘c = chmd:: i w’;"‘:‘lnd ' R U . R | .
gsosn:m 1| I Mm E = g 4 BT dPT ™ PTY T deNT u;-:'r:- - 400 ::v-ﬂ':
)l e e —on
Val rvu c”;;rm] I i %*4 , | E 0.5 E 200 _\':.u
*lvsc requency Control| o' 2 s - s 2 i <
. I Gt — . o e
- ( RTS -
oy o <=5 ~ P fmew C " 1 e
Interphase Cubicle2

Hardware in the loop set-ﬁp '

Conclusions:

In principle other vendor control approaches may be integrated into a multi-vendor
arrangement- with performance demonstrated and tested via RT-CHIL simulation techniques

Model detail is critical

Clarity on control mode is critical

Interfaces between controls is critical

Scottish & Southern
Electricity Networks
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HVDC Centre

Delivering Multi-terminal Multi-vendor in GB: O The National

GB Functional Design
P r Oj eCt Vendor component Offshore

Transmission
el s

VAAY
[1®
—®
M|
i

» Reference models = complete, representative, work and compare
with real equipment

Nams . by g Multi-purpose :::__:'
WEndor Hardwanr interconnector *ﬂ%ﬁ%‘:’* e
* Network model — realistic, including real controls and protection

equipment and systems. Able to train operators and vendors across

Electricity

storage or
switch-overs Realistic Detailed generic demand "
component models COMOneEnt m |"-"|r'-'|-' g:::::::lzn to :::f.':.:
+ Hosted simulation Environment — Suppliers can bring own il it offshore > e
models/ hardware and conduct Functional System Tests in a common transmission
environment, allowing interoperability to be tested & refined. system
Quasi J————
* Robustness — we have clear specific tests to stress interoperability “Sandbox” test - Bootstrap c——
d!‘u‘ﬂlxllﬂd- emdironment - 22 —
* Insurance policy if tests nol met, operates in
single vendor mode, still meets NOA neads. Generator
D efl ne ggnnectign toa : ::.::,,
Scottish & Southern

Electricity Networks
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. . . . : . The National
Delivering Multi-terminal Multi-vendor in GB: HVDC Centre

AC & DC RTDS

GB Interoperability Expert Working Group ; ﬂa‘ /=
) 4 | :

|

l

oy
National HVDC |

centre Functional “ Vendors
Design Project

Lramtis 4+ S =X b e

Vendor Designs & hardware National HVDC Centre " National HVDC Centre, Vendor substituted

Example of an
anshore AC system
model in RSCAD

15t Multi-
vendor
project
opportunity
in GB

National HVDC Centre -hosted Multi-vendor
Simulation & testing

Performance Interface Delivery of 15t Multi-

testing and Specifications vendor Multi-terminal
verification of for Multi- project outside of

Vendor solutions vendor in GB China, in GB e

Key HVDC multi-
vendor functions
B Gty
o Real o virtual PMU
m mw enabled modelling
ohere gt of AC& DC
;:':: protections/ RTDS
coreror
Wice Avea Conmol
National HVDC Centre, TO & vendor supported

Scottish & Southern
Electricity Networks
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: . . # \) The National
DCCBs: addressing “first adopter” risk \ 2 HV%CE(.ZL?'I?fe

PROMOTioN delivered theoretical options- These cannot solve real

ioiect suc fication problams Wk kout tdontin (he Chinese The Network DC = Realistic test scenarios, realistic specifications, realistic

2 2 roject implementation plans real demonstration now needed
network testing approach. Technology stuck at TRL6/7 until we can i P i P :
e e GR aligned to Western project norms

@Eﬁ PROMOTiON et WE%R  ccee,
S5 wewonk: ABB  sCiBreak SR
Vdea

’mmm

'w;:uum

’Mvmma

AT I T T — :

of Techesopy o 10 i inustrial " @

’mmm =

[ System cuplets snd aiied

’mmmsmm

LI

SCiBreak

Scottish & Southern
Electricity Netwaorks
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Network-DC: an overview

The National
HVDC Centre

S Scottish b Southern

] nationalgrid
nationalgrid ventures

0
v

Sub-Contractor

MoTT M
MACDONALD M

3+ 1] + @

. Onshore
ibs, MPls

Increased

System
Security

\
[ Defining
The National [
HVDC Centre | the
[ activities
SSE Subsidiary |
|
’ *Front end
{ engineering- de-
. ] ( | risking the
— . ’ doing
| —
CARBON (mm [ .
TRUST L \ * Planning next
; phases and
““““““““““““ T R prioritising
Sector Stakeholders actions
s \ [ \
Ogse:glr: V&"{;\d 400 energy industry * Identifying
e members Critical path &
k key risks &
opportunities

Defining
the Value

* Cost Benefit
Analysis across
Use Cases and
Counterfactuals

*[dentifying key
value areas and
actions.

*|dentifying how
CBA can
support DC
Network
development
decisions

Engaging with
Suppliers

* Identify future
supplier partners
in Alpha and Beta
across those that
can deliver these
solutions.

*Identify a plan for
that engagement-
when, what, &
how.

+ %l =) L
Reduced
Cost

DCCBs

Develop/
apply
specification

* Codes, standards,
functions,
performance all
defined

* Modelling,
simulation, key
tests &
expectations

* Engage with
supplier base on
the above

Beta phase

Evaluate, refine support
and test the Supplier
developed options- look
for real opportunities

* Support suppliers in
identifying real solutions

* Test, simulate and evaluate
real performance

* Identify practical
opportunities and address
real risks

A future
DC

Network

Scottish & Southern
Electricity Netwaorks
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. . The National
Supporting DC network R&D in GB: HVDC Centre

7]

Cost reduction Reliability
Enabled large volume of offshore wind, The system reliability has increased
the cheapest form of renewable energy, | with no more power cuts like the one
to connect cost effectively to the that affected large areas of Great There has been no
network reducing energy Britain in August 2019. repeat of the August

Whilst enhancing
visual amenity on our

bills. 2019 blackout coastlines

-
.
- Delivered to both

Smart systems Net zero
Enabled the widest possible stability The network as been able to grow
support to be available without significantly and accommodate 40GW
relying upon expensive standby of offshore wind by 2030 and
fossil fuel generators. continue to increase helping to
deliver net zero goals.

onsumers and network | Giving other countries
the confidence to
invest in DCCBs

Yours sincerely,

Yours sincerely, The Network DC Team
The INCENTIVE team

* INCENTIVE- teaming short term energy reserves+ « Network-DC; delivering the Front-End Engineering and
with HVDC to deliver Inertia and network stability ~ CBA de-risking for DC Circuit Breaker implementation

Scottish & Southern
Electricity Networks
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Supporting Multi-terminal Multi-vendor in Europe:

Increasing the EU's Climate
ambition for 2030 and 2050
/

Supplying clean, affordable
and secure energy

European
Commission

English Search

SETIS - SET Plan information system

Home Implementing the actions SET Plan implementation progress reports Publications Related links

European Commission  SETIS - SET Plan information system  New SET Plan action on high voitage direct current (HVDC)

NEWS ANNOUNCEMENT | 13 April 2021

New SET Plan action on high voltage direct current (HVDC)

Financing the transition

TheEUasa
global leader

The SET Plan secretariat is establishing a technical working group on high voltage direct current (HVDC). The technical working group will help to:

+ align ongoing research, development and innovation actions and raise interest in HVDC systems and related power electronics at the national and EU
evel

« increase collaboration and coordination with SET Plan countries, ensuring their active involvement in the technology development.

Transforming the
EU’s economy fora
sustainable future

7~ N\ The National

N4 HVDC Centre

Mobilising research
and fostering innovation

—_—

A zero pollution ambition
for a toxic-free environment

\
Preserving and restoring
ecosystems and biodiversity
|

From ‘Farm to Fork’: a fair,
healthy and environmentally
friendly food system

/
Accelerating the shift to
sustainable and smart mobility

Leave no one behind
(Just Transition)

A European
Climate Pact

HVDC is a power electronics (PE)- based technology that enables the transport of electricity over long distances and allows the integration of high shares of _r' =
renewable energy sources (RES) in the actual alternative current (AC) energy system ﬂ
CNGIG 5
As stated in the offshore renewable energy strategy < =/ , the rollout of offshore wind and ocean energy, expected to take place in all EU sea basins, y / '_,'J
requires the development of energy-transportation infrastructure such as HYDC. The technical working group’s goal is to support the development and ) st t ﬂett
deployment of HVDC and direct current (DC) technologies and systems within the AC grid to make the EU energy systems fit for the future. a
For more information, please contact the SET Plan secretariat. .'U Delft /
afe ofe . . i
 HVDCresilience, Interoperability, Multi- terminal 0| ENERGINET
’ ’ ’ X ) =
. wL " GTE
21, - o nner
Multi- vendor are all themes. L~

* GB a partner across programmes up to €55m in scale

* National HVDC Centre active in supporting the setting = L
of the research direction in Europe i

ComitiaS

e m e

™ Nose
.k:'m M/ Ith‘ -
> R

University
ol Cyprus

UE

Scottish & Southern
Electricity Netwaorks
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. The National
Progress since COP26 on key HVDC development areas: HVDC Centre

Innovation Potential Current Size of Action required by
Level of Opportunity AR
Innovation 8 510yl W * Max. Consent
Theme 1: Upscaling HVDC manufacturing innovation ‘
1.1 Demonstrate HVDC Circuit Breakers in Europe Meaian .g. .@ .g. M’ = & n etW or k
. Netv\/ork- DC 12 Develop capability for high-power plastic-insulated HVDC cables ow @.@ B Use benefit
mprove high voltage subsea connections and dynamic cables for deep-
water systems Low '@' 'ﬁ‘ Avallable .
° |NCENT|VE '.| EGREA Ty SIoeE N dwith HYDC, Inclciog tnteid | ] e ‘ﬁ"@"ﬁ‘ B Available) ° W0r|d-|ead|ng
solutions
Theme 2: Advancing Coordinated .and Efficient HVDC schemes ¢ E X pO l’t- a b | e
. HVDC-W'SE n and test new control functions for grid integration of complex HVDC | psedium .@..@..@. Specify THl eirver . O t|m|S|n
72 Develop reconfigurable HVDC replica controls and demonstrate mobile L _@_ _ﬁ _@_ m x <3| p g
s e = «  Added Value
2.3 Explore GB use of overhead line circuits for DC transmission and DC
- READY4DC s or ot vedu | G F
"4 Enable delivery of dispersed Bipole HVDC offshore addressing other sea X R 7—-—;
user imerm?ons i . High @‘ 'ﬁ ‘@' el e m
o me 3: Maxim the Benefits of Integrated Offshore Solutions
A D O R e D Develop control and protection approaches for lower fault level networks = _g. .ﬁ. .g. m e WO rl d-l ea d i ng
. 3.2 Expand GB strengths in wide area control and manufacturing of complex %
* Multi-vendor HVDC applications Medum | 13F * Export-able
3.3 Enhance supervisory controls & asset management telemetry on HVDC i . ..
dosrn Ui oY e Optimising
3.4 Review and inform the application enhanced controls for MPIs and offshore e, ,ﬁ_ '
grids "
W Theme 4: Leveraging Technical Expertise, Skill Develop and Resourcing
4.1 Nurture and develop early-year teaching of HVDC and STEM-based subjects Low _g‘ _ﬁ m ® Tr-a | n | n g
industry
B HVDC R&D bility in UK Universities & fi ed doctoral = B\ ] i .
e i R 3 = B BB * Focussing
4.3 Increase efficiency of hardware-in-the loop testing capability for complex e, _@_ _ﬁ m = m A OFFSHORE TRANSWISSION R L.
HVDC schemes L *  Optimising
44 E:::::::VDC operator training using simulators and export of technical Medium _@_ 'ﬁ' m . o
9 Theme 5: Grow d ic capability via Knowledge from Oil and Gas Sector g Malntalnlng
5.1 Optimise offshore rter platform design, tion, maint: nd I
:omx;m“urre;:onve er platform ign, operation, maintenance a L _ﬁ, _g, _@_ m m . B u| |d| ng
5.2 Repurpose existing O&G manufacturing hubs & offshore assets for HVDC-
W & 12 ppleaions : oo R « Resourcing
5.3 Exchange skills and innovation in offshore operation & re-training Low '@' _ﬁ ::3.
personnel H
5.4 Optimise seabed and environmental surveys Medium @g.@. Start [ ‘ Consentlng

Scottish & Southern
Electricity Networks
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Thanks for listening.

Any questions, pleasee

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

. Follow us on Twitter @HVDC Cenire GB
The National
HVDC Centre Follow our Linkedin page The National HVDC Cenfre for

regular updates.

C


http://www.epri.com/
http://www.hvdccentre.com/
mailto:info@hvdccentre.com

