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HVDC — from traditional applications
towards new market roles
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HVDC — Main Inherent Characteristics
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Zero Hz

S48

DC line

v No reactive power flow in the DC line R
—
Vacl—» Vdl Id Vd2 <€—— Vac2
v’ Basically aresistance

Iy = (Va1 - Va2)/R

v" Frequency Decoupler

v And, moreover, the active power flow corresponds exactly to the Operator’s dispatch
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HVDC Traditional applications @ Eletrobras

Cepel
* 1) Long Distance Transmission:.
HVAC
' . . ' v Synchronous Systems
ac || i | [ v Three phase condutctors
- i i i i i = |:> v Intermmediate substations for
Voltage and Switching Overvoltage
‘H_‘ IT control at each 300 to 400 km

HVDC T v Asynchronous Systems
v 2 Conductors (+ and - poles)

— &) 3 - — v’ DirectTransmission
System ‘.’ E u(.) System
-a—]
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HVDC Traditional applications D Eletrobras
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» 2) Submarine or Underground
Transmission:

As there is no charging effect,
applications beyond 100 km
are feasible with DC
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As we can see in many parts

P Eletrobras
of Europe Cepel

Caithness
1000 MW South Westlink _
1400 MW EstLink 2
NSN \.\. 670MW
1400 MW EstLink 1
Moyle 3500 MW
2x250 M NordLink
Greenwire 1400 MW
1000 MW Brobaoit
; Cobra orebae
Western Link NEMO 700 mw 600 MW
2200 MW 1000 MW
BritNed
1000 MW Alegro
1000 MW
Elecllnk )
1000 MW Corridor A 1000 MW
Corridor C
Ultranet Corridor D, 2000 MW
2x1000 MW
I(E::Jc:y} Piemonte-Savoie
Y INELEE 2 x 600 MW
2 x 1000 MW

COMETA
400 MW Sacoi-3, 400 MW
*——o
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Recent Examples of North Sea Interconnetions

NordLink — Norway - Netherlands
Statnett, Tennet, KW

1400 MW +/- 525 kV

VSC Converters

Bipole

Tonstad in Norway — Wilster in Germany

571 km cable + 53 km OH-line

Commissioning 2019
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North Seal Link
Statnett and National Grid
1400 MW +/- 515 kV
VSC Converters
Bipole
Suldal in Norway — Newcastle area in England
722 km
Commissioning 2021

~
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HVDC Traditional applications ch;gobras

v 3) Off-shore Wind Farms Transmission
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HVDC Traditional applications & Eletrobras
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Off-shore Wind Farms: they need to reach load centers
(Example fo Germany)

Offshore wind farms, planned and
/ operating, with subsea HVDC cables

Corridor A, to be
strung from the North
Sea port of Emden, e S — AR

1000 MW 660 km, o' ST . A =l

part of a €10 billion 7?,%:‘ i ) comsercl R comro o g S
project still being r/%.,\ Y LR . <
German parliament -~ — e PN ' T R et it
= Stuttgart ™~ 1 \ P =
= L e = 7 7 : & ~ -~
RS e o W {5 pr=y ULTRANET - Direct and alternating current on the same mast
= . / N . L
0y A3
Vs N/ "\—
//’4 \/\_//. \;\/"\\:}‘
S Munich e . T T —— T -
\“ﬁé,\i w R o T e
> \\——-’/\ l/ ‘\\ ........... - U S
"M

Amprion TRZANSNET BW
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HVDC Traditional applications Jgéggobras

* 4) Interconnection of systems at different

frequencies:

Many examples in South
America: Garabi (AR/BR),
Rivera, Mello (UR/BR)
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HVDC Traditional applications Jgé[e)léll'obras

* 5) Asynchronous Operation:

Example of the

East/West/Texas USA islanding

BtB | XCOT B8 AC/DC/AC
Interchange Comatettm'
WWWWW - Eastern 00 MW Stations
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HVDC Technological
Evolution and
Trends



HVDC Technological Evolution and  [SSF sy
Trends =

LCC or VSC?

[ HVDC (High Voltage Direct Current) ]

HYDC System

~~_i |converter o~
1] station 1 [] DC ne — station 2 [T
P

Il ? 3?

[ LCC (Line Commutated Converter) ] [ VSC (Voltage Source Converter) ]

Converter| 7\

Constant Constant
Current Voltage
& |
H@ csc| L |/W\@ VSC II c
c
Current Source Convertor Vollage Source Convertes
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VSC and LCC Responses to Line fauliiad s

Cepel
ZEE - 1’ P
gg8 "‘: T, xf. = R S
T
Fault current cleared by AC breaker (3 Fault current cleared by Thyristor control in 10
cycles); full recovery time, from 700 to ms; typical straight forward recovery time in the
1500 ms; with DC breakers or full bridge, range of 400 ms, including arc deionization

time will be less

HVDC response due to a mid-line pole DC fault: left VSC System; right typical LCC Scheme
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HVDC — The Chinese breakthrough & Eletrobras
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Name Volt (kV) |Power [Year
(MW)

Humeng - Shandong 800 6400 2015

Inner Mongolia - Linyi 800 6400 2017

Irkutsk - Beijing 800 6400 2015

Jinsha River Il - East China (800 6400 2016

Xilin Hot - Taizhou 800 6400 2017

Goupitan - Guangdong 3000 2016

Jiugquan- Xiangtan 800 6400 2016

T ~ 5 Only these projects add to

inchuan - Zhuji 6400
: new 80000 MW!

Jinsha River Il - Fujian 800 6400 2018

Northwest Yunnan - 800 6400 2017

Guangdong

Humeng - Liaoning 800 6400 2018

Xinjiang - Anhui 1100 10000 2017
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HVDC — New Frontiers to be

. : : @ Eletrobras
accomplished In China Cepel
+800kV VSC project = +E#HER

« UHV
| « Multiterminal
sooomw * Large Capacity
vVs€C . LCC+VSC

8000MW
LCC
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HVDC — The Chinese breakthrough DE
etrobras
The £1100 kV, 12000 MW, 3300 km SGCC G20l

587 MVA power transformers supplied by SIEMENS, ABB and Chinese
Manufacturers
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New trends in HVDC — The Overlaying
The Chinese idea of the Asian Interconnection
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New trends in HVYDC — North America

Transmission Overlaying
» F =

Athabasca N, St John's
R/ McMurmy > NEWFSONOLA
o . Conawapa Vi
ke g e /
BRITISH =4 JNorthern Canada s
ALBERT. RS s - ]
COLUMBIA 3 ISASKATCHEWAN B irioed =i
= —res A QUEBEC St Lawrenced
Western ™ = Rerouted James Bay
Canada Grid "e<9/\ Bipole Il ‘3’]
VANCOUVER o Saskatoon 1 ONTARIO >
ISLAND : NOvA
ST | ] e ; SCOTIA
s 3 H leuno
O Thegina |7, ~ b QUL Ymme &
e e 3 Thunder Bs X% Mosc ol
L o ! \ - _ W
’ NORTH DAKOTA) \lvesbTA g Atlantic Ocean
MRTANA oBupat; | Y 5
%‘--- P M» s ONSSACHUSETTS
SOUTHDAKOTA | StPa RHOOE ISLAND
oPieme BANECTICUT
WYOMING
JERSEY
Chayenna NEBRASKA
— Lincoing
e 'Q" ~re=ao
COLORADO \\ KANSAS
A JORTH CAROLINA
o Nashvile
ENNESSEE LEGEND
Bi-Directional US-CAN
Clean Energy Flows
Proposed HYDC ===
HVDC Existing e—23
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Renewable Energy Evacuation $ Eletrobras
In the USA =

Using Classic LCC HVDC to Transmit Renewable Energy from Weak
AC Systems

D. KELL, R. OSTASH, M. MOHADDES W.GALLI

TrancZrid Salntianc ("lean T ine Fnerov

WESTERN SPIRIT
w-',

*V

CENTENNIAL WEST

Existing AC Transmission Existing DC Transmission \\J 6.0

/NS 345-499kV N\ 345-499 kv e 50
/N\/ 500 - 689 kV N\ 500 - 699 kV = :-g
AN\S 700 - 799 kV A\S 700 - 799 kV <4
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New Paradigms in Power
System Planning considering
HVDC



New Paradigms? < Eletrobras
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Zero Hz: no trasnfer of short circuit current or oscillatory modes

Zero “km”: there is no electrical distance: generation gets closer to loads

Zero Hz

gt

Zero km
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The Brazilian Transmission Grid @ Eletrobras
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New Paradigms

e

-

N R

-

- -
. 4 s - 4L
: o —_— -
e ¢ =
Region 7~ _ -

ST A 4

Belo Monte X l

Bipoles

. -
Madeira X l
Bipoles
« Madeira and Itaipu: assinchronous
* Belo Monte: system embedded
o and bi-directional
It . - -
Bi:;?:s *gi::,r Overload capability (30 min) specified:

' - Itaipu: 10% for a Pole Contingency
- Madeira: 33% for any DC Contingency
- - Belo Monte: 33% for any AC or DC event
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HVDC i1s now embedded
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In addition:

The Belo Monte HVDC run in close

proximity of large 500 kV AC trunks
Chile
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HVDC Role in System & Eletrobras
Restoration =

ﬁ_ﬂ System Restoration with the
participation of the Belo Monte BP2
‘ HVDC Link
"\ New HVDC line
“Requested to transmit 25% of rated
hpwer under restoration process

Rio de Janeiro load

STGR500
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The Effect upon diferente markets 8 Eoh:
(or sub-markets in Brasil) Cepel

Northern
Region _ PR

)
o
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Hydrological Complementary among & Eletrobras
Basins — Storage on a System Basis Cepel

e Two months displacement
among basins

e Allow water reserves

. . EnergiaNatural Afluente Historica Média
e Gains on operational costs

and reliability L 70000

«

12000 60000

10000 ;;/%\ 50000 g

\ , 3

8000 ,/ \ \\ 3 7 000

6000 +— “\\\ /7 3000 &

) [}

4000 \\ ?/ 20000 E
2000 \_—// 10000

oIn this way, storage of water
(Energy) may be executed, on
a systemic basis

On a local basis:

Madeira e B.Monte [MWmeés]

o Key technology to provide
more flexibility

~

0 T I T T T T 0

*To compensate sudden JAN FEV MAR ABR MAI JUN JUL AGO SET OUT NOV DEZ
variations of power generation .

P g —NMadeira —BeloMonte —Sudeste
and loads
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About Storage: System and Local D Eletrobras
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A
Spinning and s |
£ | non-spinning _ easonal storage
2 Arbitrage
16w 2 reserve o8 =
i:n %
B -
100 MW > Variable c
5 supply Load S
= resource | | following 3
10 MW o - - =
Voltage i integration || | Waste 3
o
> support Combined I'Ir tpower T o
2 1Mw © 3
2 cE
Q. £ =
(3v] © "
o 2 é
100 kW e @
Demand | & s
shifting | @ =
10 kW and peak
reduction =
2 5
1kW & =
(@] [a)
1 I I I 1 I ’
Microsecond Second Minute Hour Day Week Month
Discharge duration
O Electricity-only applications (| Thermal-only applications O Electricity and thermal applications

Source: IEA Technology Roadmap Energy Storage (2014)
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Expoiting the DC Power Overload

— : P Eletrobras
Capability of HVDC Links Cepel

Generators angle separation for a double circuit 500 kV AC fault:
red: North to Southeast; blue: North to Northeast

No HVDC overload applied
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Expoiting the DC Power Overload

— : P Eletrobras
Capability of HVDC Links Cepel

Expoiting the DC Power Overload Capability of Belo Monte HVDC Links
(33% for 30 minutes)

Generators angle separation for a double circuit 500 kV AC fault:
red: North to Southeast; blue: North to Northeast

K 33% HVDC overload applied

Presently, no dynamic overload is
available with VSC Systems
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THANK YOU!
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