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System

System 1 |—| System 2
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System A DC Line System B
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AC—Zx Y-AC

System A DC Cable System B

1
AC-& N -AC

System A System B
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HVDC Controllability is beneficial for

HVDC is a Firewall against Cascading Disturbances

Restricted © Siemens 2017 All rights reserved.




SIEMENS

z
A

Restricted © Siemens 2017 All rights reserved.




SIEMENS

Bipolar System: Operating Modes

*depending on Reliability Criteria as well as National Electric Safety Code
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HVDC Long Distance Transmission Systems

Symmetrical Monopole

® ®

I |

L L
DC Cable
7E >|L % >|L
Terminal A Terminal B
W Bipole
—® *—

OHL / Cable
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Terminal A Terminal B
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Benefits & Advantages
DC Vs AC Transmission

SIEMENS

Transmission Line Cost Estimate Matrix Substation Cost Estimate Matrix
- New Facility - Upgrade Facility
Base Cost Base Cost EIPC
$M/Mile .
Voltage (kV) | # of Circuits | MW Capability NEEM I-ieglonal
<230 1 300 $1.100,000 o Voltage (kV) $M/Bay Multipliers
230 1 900 $1,580,000 & 230 $2,500,000 1.0
5 230 2 1200 $1,800,000 > 345 $3,000,000 1.0
8 345 UG 500 $19,750,000 500 $5,000,000 1.0
345 1 900 $2,100,000 765 $11,000,000 1.0
345 1 1800 $2,500,000
345 UG 1800 $25,000,000
345 2 3600 $2,800,000
345 UG 3600 $28,000,000 ) .
500 1 2600 $3,450,000 Source: April 2013
765 1 4000 $5,550,000 il
TransmiSSion Line COSt Estimate Matrix Eastern Interconnection Planning Collaborative
- HVDC 45
ey
'::?Ente,rgy ISO newengland
Base Cost ® '
S Voltage (kV) | # of Circuits MW Capability $M/Mile _L‘_EE
S 500kV bipole 3500 $1,600,000 — LN m
T HVDC Terminal (both ends) $550,000,000 COMPANY A
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Break-even Distance

Thousands of Dollars /| MW

$450
$400
$350
$300
——HVDC

= $250 —— AC 500

s ——AC 600

€ $200 ——AC 765
$150
$100
$50
$0

50 100 125 150 175 200 250 300 Miles
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Benefits & Advantages

DC Vs AC Transmission — Other advantages

SIEMENS

Reactive Power

Right of Way

Transmission Losses

Trstrme i 4 Towrkc
Costs

A Break-Even Distance:

2xSSC Totai DC
Costs

2;53(7;7 il DC Terminal Costs

AC Terminal Costs including Grid — Transformers 1

Transmission Distance

= |Increasing AC transmission
distances require Series and
Shunt reactive power
Compensation (SSC)

16m

41m

= Comparison of Towers at the
same transmission capacity
of 3000 MW for:

= a) 765kV AC Line
= b) 500kV DC Line

735 kV AC 500 kV DC 800 kV DC

3GwW 36w 6.4 GW

= At similar voltage level, a DC
line can transmit more than
double the power at around
half the losses compared to
an AC line.

Source: March 2013 | SUPERGRID
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HVDC Classic — HVDC PLUS

DC _
AC Grid 1 E: = = Z AC Grid 2
HVDC Classic HVDC VSC
Line-commutated Self-commutated
current-sourced Converter voltage-sourced Converter

Thyristor with turn-on Capability Semiconductor Switches with turn-on
only and turn-off Capability, e.g. IGBTs
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Simplified Block Diagram Characteristics

M |, in one Direction only

B Magnitude of P / |, is controlled by

d
AC__ ZE O SE _AC the Converter DC Voltages
= 14 = (Ugrect = Uginv) / R

B Direction of P is controlled changing
the Polarity of the DC Voltages (U,

Equivalent Circuit Rectr Ud inv)
Ud Line (Id*RLine)

System A System B

Ud Rect Ud Inv
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HVDC Classic - Principles

HVDC Classic is generally the name used by all manufacturers but the technology
may be referred to as LCC or Thyristor

HVDC Classic the AC-DC conversion (and vice versa) is carried out by a thyristor
arrangement known as a valve.

The thyristor valve needs a relatively strong system to support its operation
however additional equipment such as SVC and Synchronous Condensers can
provide local system reinforcement to allow HVDC Classic to operate in “weak”
systems.

HVDC Classic can generate significant harmonics on to the connecting system.

Each HVDC Classic installation requires, therefore, multiple filters to mitigate the
harmonics which can require significant footprint at the converter station site.

HVDC Classic is available up to +/- 800kV with power transfer of up to 8GW
(8,000MW)



HVDC “Classic” SIEMENS
Example

Control Buildinggmeasransformers.
a [ | e .
Valve Hall | AC, AlS Switchyard

DC Hall 4

DC Cable Entry

AC Filters /|
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600
i HVDC Station _
5001 JAC Filters] Q rect.
Q
[MVAr] -
4004
J o Qfilter
3004
2001
. delta Q
100 - A
| +80
0 M
-1001 -80
current [%] 200
Tm& 0 02 04 06 08 1 12 = 14
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HVDC Station

AC Filters

AC System

AC-Filter Type 1

1000

AC-Filter Type 2

0 10 20 30 40

B0

KTHT

© 0 2 % s w

AC-Filter Type 3

o § § §§J

Single Tuned (ST)

01020

Double Tuned (DT)

3040 50

Triple Tuned (TT)
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Converter Transformers SIEMENS
Single Phase, 3 Winding

Siemens HVDC Converter Transformers - Outstanding Performance since 1977

S

400 MVA 1-ph / 3-w N O %ﬁmh/&w

Converter Transformer: Obtain the AC voltage needed for the required DC voltage
Obtain 12-pulse operation (star and delta connection)

_ _ _ Allow for series connection of 6-pulse bridges
Restricted © Siemens 2017 All rights reserved.
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Valve Hall
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Thyristor Technology — Direct Light Triggered Thyristor LTT

, Light pipe
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Valve Design

Design of Thyristor Stack

Heatsinks 16 Thyristors Spring Package

Valve Design: 5 x 16 = 80 Thyristors
mmm)>  Optimum usage of thyristor stack size

Thyristor Features:

* Blocking Voltage > 8 kV

* Direct Light Triggered (LTT)

* Integrated overvoltage protection (BO)
« BLTT: T2563 N80T S 34
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Valve Components

SIEMENS

. DC gradin
i .-r " F

[ Multimode S

Thyristor Voltage
Monitoring board with
g resistor

Recovery Protection Unit J

Grading
capacitor

Snubber
capacitor

: " %

. coling pipes
_— F“

Valve reactor

I
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UHV DC valve tower =
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Oil immersed Design Air-Core Design

lllii. Ml e 270 mH = 150 mH

| 500 kV DC T g 500 KV DC

U Y Sl e,

! | |
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800kV Converter Station

Shenzhen Converter Station
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HVDC Classic — HVDC PLUS

DC _
AC Grid 1 E: = = Z AC Grid 2
HVDC Classic HVDC VSC
Line-commutated Self-commutated
current-sourced Converter voltage-sourced Converter

Thyristor with turn-on Capability Semiconductor Switches with turn-on
only and turn-off Capability, e.g. IGBTs

™
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VSC HVDC - Principles

VSC HVDC is a generic name but most manufacturers try to use their brand
name: Siemens — HVDC PLUS

In HYDC PLUS the AC-DC conversion (and vice versa) is carried out by an IGBT
(Insulated Gate Bipolar Transistor) arrangement known as a power module.

HVDC PLUS works well with weak systems as it does not need any external
references to generate voltage or frequency. HVDC PLUS does not generate any
harmonics on to the connecting system and so does not need filters.

HVDC PLUS independently controls active and reactive power e.g. at each end
there is effectively a Statcom.

HVDC PLUS can support Blackstart (network restoration) and can be used with a
range of underground or undersea cable technologies and overhead lines.

HVDC PLUS is currently available up to +/- 525kV with power transfer of up to
2,000MW



SIEMENS
HVDC PLUS
The Evolution of HYDC PLUS and VSC Technology

Topology of VSC

Two-Level Three-Level Multilevel

o Ly’ ==
__ . _.o_o:\._o %:\-\@’\H B
T l =_i_ \\ — \
™ A Vo Vac T
VA LT \ \ L1 Vd
> 1 3 I,/ 2 ﬁ
\ N t 2 N | » t . | > {1
Vd
-2

Power Electronic Devices
GTO /IGCT IGBT in PP

O
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Simplified Block Diagram Multilevel Technology

+ U, /2
O
7]
Ein|
Uo | 1 Uy /2
i
LA
Uac v
———oOo———» 0o - Udc /2 3
{11 -
X5 ] Characteristics
u,. | i
! Z'S—l Ugc / 2 B Switching of individual Power Modules:
ﬁ:zs T 1. Tolerance Band of AC Voltage
\ 4
v 2. Voltage Balance of Power Modules
O
B No fix Pulse Pattern
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The Power Module
- a two terminal component

The Power Electronics
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Power Module (5)

Modular Converter Design

“6-Pack”
Shipping unit ex-works

Replacement of
single Power Modules

Double Tower with:
M 3 Floors (72 Power Modules)
M 4 Floors (96 Power Modules)

B Defined internal Voltage Stress
B Compact Installation
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HVDC PLUS - Trans Bay Cable Project
World’s first MMC-VSC Technology in Commercial
Operation

SIEMENS
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Trans Bay Cable Project SIEMENS
Valve Hall
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INELFE Project
Valve Hall
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® Half Bridge Power Module PM Electronics
The Solution for Cable
Transmission w/o OHL Ugc A
UG,C ........................
________ 'ioni'_?'of?'_____________.
® Full Bridge Power Module PM Electronics uA
ac

For Transmission with
_ IGBT11 IGBT21
OHL with or w/o Cable ||<} o1 —IK

D21

e

oL ..

IGEI|'1ZES ID12IGE'||2<ZES -
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The DC voltage is always higher than the AC voltage

AC and DC Voltages controlled by
Converter Module Voltages:

+V,4/2

VConv.

&
E
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The DC voltage is independent from the AC voltage

The DC voltage can be controlled to Zero or even
be entirely reversed maintaining current control on

— lugs the AC and DC sides including under short circuit
conditions

4 'i_\‘ AC and DC Voltages

+Vy/2
o o |
=

0
Vac

E Vg2
=
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This figure shows why a
converter with half-bridge
modules can not control dc fault
currents.

4
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This figure shows why a
converter with full-bridge
modules can control dc fault
currents.
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New Applications

Fast DC Line Fault Clearing — the key for System Stability

4000.0
DC-line 1 fault G --> K 300 MW at 1 i —
3000.0 tower 5 from Gurun measured at 250 : Com pUter Sl_mu Iatlon .
oo I inverter Khlong Ngae 200 ’ MMC Full Brldge Solution
: | 1.50
Ig/A 10000 41“ 0. ' /
I o 0,15 0300 0450 0,600 0750 0,900
300.00f— i« = = P 1
Valkv | .

200.00

of Successful

HEA \ J Recovery with
(} "

i19] 0,300 0,450 0,600 0,750 0,900

-100.00

300.0—
Py /MW \ /

200.0

1000 | /’
e

0,000 0,150 0,300 0,450

600.00

Qac /MVAr (\

400.00

200.00““ e

LAAA
0,006 0,150 0,300 0,450 0,600 0,750 0,900

Field Measurements — HVDC Classic Vo B T
Conv. pu‘m
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Advantages and Benefits of Classic (LCC) HVDC

and Siemens HVDC PLUS (VSC) Technology

Characteristics

SIEMENS HVDC LCC Technology
(“Classic“)

SIEMENS HVDC VSC Technolgy
(HVDC PLUS)

Rating “Classic“ <4 GW “Smart“ < 1,100 MVA (Cable)
“Bulk“< 10 GW Full Bridge < 2200 MVA (Overhead)
Overload Capacity Thyristor - very high IGBT strictly limited
Total Converter & Station Losses <15% close to 2 %
Voltage, POD & Frequency Control Available Available
Dynamic Performance High Very High
Filter Requirements Typically. 50 % (in MVAR) of reated None
power transmission capability
Independent Control of Reactive Stepwise linear Fully linear
Power
Space Requirements High Less
Grid Access for weak AC Networks | Restricted (with additional measures like | Quite easy
installation of Synchronous Condensers
(SCO))
Supply of passive Networks and No Yes

Black-Start Capability

Reversion of Current Polarity for
Multiterminal Schemes

complexe DC-SWY in LCC-Multiterminal
Stations required

inherent converter function

*Value for transmission - Highlighted boxes: yellow and
grey

*Very High

*High

SIEMENS
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Common HVDC Misconceptions/Comments

« HVDC Classic cannot be used in a weak system
« Only VSC can support system voltage

« VSC contributes to the short circuit current

« VSC is only good for about 1000MW

« HVDC causes big problems to generators

« HVDC is only for bulk long distance Transmission

« HVDC is inflexible
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Weekly MW/MVAR Ramping

450 150
400
100
350
50
300 H
250 0 g
§ S
200 | 4 -50 E
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-100
100 U
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50
Saturday Sunday nday Tuesda ednesday hu Friday
0t i : - ; : i -200
0 24 48 72 96 120 144

e \|\\V == ||VAR P|T == IVAR POT
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SIEMENS

Common HVDC Misconceptions/Comments

« HVDC Classic cannot be used in a weak system
« Only VSC can support system voltage

« VSC contributes to the short circuit current

« VSC is only good for about 1000MW

« HVDC causes big problems to generators

« HVDC is only for bulk long distance Transmission
« HVDC is inflexible

« HVDC is expensive

 Why can’t HVDC be more like AC?
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Thank You

SIEMENS

Peter Kohnstam
HVDC Business Development
Manager

4601 Six Forks Rd
Raleigh, NC 27609

Mobile: +1 (919) 917 8096

E-mail:
peter.kohnstam@siemens.com

siemens.com/answers



