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HVDC Application in China

® Three applied HVDC: LCC, VSC,MVDC
® LCC-HVDC application
- Long distance bulk power transmission

- Asynchronous grid Interconnection
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Drives to Accelerate HVDC

® Technical advantages

- Increase transmission efficiency over long

distance
‘.
- Interconnect asynchronous grids )
;Coal bage e
- idirecti a4 Renewabes
Control bidirectional power flow ] i O~
Coal b e \\‘.

- Perform firewall to AC faults at different

" Load E:-_eryire

locations
- -ﬁa&tﬂl’fjna
- Enhance power grid stability N "y

® Economic advantages

- Reduce cost of transmission line over 500-
700km

- Narrow down rights-of-way of overhead line
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HVDC Application

® VSC-HVDC application

Power supply to passive grid

City center in-feed

Bulk power evacuation
Asynchronous grid Interconnection
Off shore wind farm connection

Power from shore

Power supply |

to passive grid

Off shore wind
farms

connection
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HVDC Application

® VSC-MVDC application
- DC power sources and DC loads Interconnection
- Power flow balance; Renewable power penetration

- Reactive power support; AC faults isolation

pc H*
source

Micro grid

LIl

Frequency EV charger Data center
conversions
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HVDC Links in China

® HVDC becomes backbone
of power grid

- LCC-HVDC: 36 links
50kV-1100kV, BOMW-12G\W

- VSC-HVDC: 9 links, 30kV-
800KV,

18MW-5000MW

- VSC-MVDC: 4 links, 8kV-10kV, T NN
+800kV Linyi station

20MW-32MW
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HVDC Links in China

® /45 HVDC links in total (except
MVDC) and 29 in operation till
2018

® Total transmission capacity is
167GW and transmission length
Is 39900 km until 2018

® Total transmission capacity will
grow up to 192G\ and total
transmission length grows to
44000 km till 2021

180

150

HVDC capacity

PO S S G W S

HVDC length

1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
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LCC-HVDC Development

Before 1990:
exploration stage,
2 HVDC links

1991-2000:
stagnation stage,
No HVDC built

2001-2010:
developing stage,
14 projects

2011-present:
developing stage,
20 projects
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VSC-HVDC Development

6000 Hybrid HVDC
5000
5000
4000 DC grid
3000
3000
' BTB
2000 Bipolar BTB
5-terminal 1250
1000 2-terminal  3-terminal 1000 1000 800
420 500
30 18 160200 200700 320 350 I I
2011 2013 2014 2015 2016 2018 2019 2020

m Voltage(kV) m Capacity(MW)

Indicate the maximum VSC converter in multi-terminal, DC grid or hybrid link
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+200kV Zhoushan 5-Terminal VSC-H

® Supply power to weak island grids for enhancing power security

® Service in 2014 —
Transmissi
Converter on Capacity
Connection to Mainland(Ningbo): gm. Station (MW)
1 double circuit AC line (220kV) 0
2 single circuit AC line (110kV) ) )
‘Yangshan Islanda Sijiao Islanili ‘:J Dlnghal 400
Interconnections: mm s Islands Daishan 300
Five-terminal VSC-HVDC a%km | Interconnection:
Radial network é[ Mainly 110kV S.C.

_atn, Ly AC lines Qushan 100

g Qushan Island
| e Yangshan 100

mg e Sijiao 100

Ningbo Dinghai Island ——————  VSC-HVDC Line e
" ef il Isolated Island
IR
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Demands to Setup 5-Terminal VSC-

® Power security enhancement of regional grid

- 400MW power gap by 2020

- Islands were interconnected by single AC feeders only
® Effective multi terminal operation

® Wind energy connection

- Wind farms in Dinghai,Qushan and Sijiao

® Black start

® Better power quality by providing reactive power

Sijiao station

support
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Main Measures of 5-Terminal VSC-H

® Barriers

- Coordinate control and protection scheme
- Various operation modes
- Development of converters

® Measures

- DC voltage deviation control and proper
protection zones 400MW converters

- Proper various operation modes control

- Reliable converters with low failure rate
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Operation Mode of 5-Terminal VSC-

Yanshan — ——s=b {344 26 operation modes are

100MwW .
designed for Zhoushan 5-
Terminal VSC-HVDC :

5 terminal

4 terminal 5
3 terminal 10

2 terminal 9

STATCOM  Each station

Compact in-door type station

www.nrec.com 16



Control Strategies

® Coordinate control

udcref _h_1 deref _h_2
- Master-slave with communications; ., 4rBﬁ%::::j\_;_:::;%:::::}g
DC voltage deviation control without | | ik °
communications i U
. Dinghai Daishan Qushan Yangshan Sijiao
® AC faults ride through DC voltage deviation control

® Island mode control
® Black start

Coordinate control test; Protection test
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+500kV Zhangbei DC Grid

® Under site commissioning fEreinre

AC \Voltage
J 500KV
Level
Pumped-storags AC Frequency [gslolghi
Power Station
- DC Voltage +500kV
N I\ Chengde Level
T1 2l Fengning O
T24
+ < " 3000MW/Zhangbei station
[pled T34 DCTg 0
e angpin _ 3000MW/Beijing station
Kangbao, | X2 changping Power Rating sing )
TZhangbei 1500MW/Fengning station
o * 1500MW/Kangbao station

Zhangjiakou Beljing

Converter Bipolar with half-bridge MMC
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Demands to Setup Zhangbel Dcm

® Bulk renewable power
evacuation from weak AC grids

- No reactive power demand from
AC grid

- Immunity to synchronous
instability due to unstable
renewable power

- Flexible power distribution within
DC grid

Zhngbei ra
® Skeleton for future extended

DC grid
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Main Measures of Zhangbel DC

® Barriers

DC faults clearance and fast recovery of healthy system

Development of 500kV/3000MW converters and 500kV DC breakers

Coordinate control of DC grid

Islanded grid connection

® Measures

- Fast DC line faults detection and selection; fault clearance by DC breaker
within 6ms; system fast recovery strategy in case of transient faults

- Type testing of 3000MW converters and 500kV DC breakers
- Master-slave control and DC voltage deviation slope control

- Proper U/f control strategy
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DC Breaker for VSC-HVDC Grid

500kV hybrid DC breaker
Rated Voltage 500KV
Rated Current 3KA
Breaking
Current 25KA
Breaking Time <3ms
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+800kV Wudongde Hybrid DC Li

Technical Data

Yunnan AC Voltage

LCC . Level S00kv
_.Guangxi

AC Frequency S50Hz

DC Voltage +800kV
Level

8000MW/Yunnan station
Power Rating 5000MW/Guangdong station
3000MW/Guangxi station

' 5000MW ,
Guangdong

VSC OHL Length
Source: B4-120, CIGRE 2018

Yun-Guangxi 932km
Guangxi-Guangdong 557km

Converter Bipolar with MMC
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Demands of Wudongde Hybrid D

® Bulk hydro power transmission to load
centers

® |mmunity to commutation failure
caused by multi in feed of LCC
Inverter stations

- 8 LCC inverters are already located within a
200km X 200km area in Guangdong

- One more LCC inverter has high risk of

Construction started

suffering multi-commutation failures, so hybrid
type is deployed
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Main Measures of Wudongde Hytk REQ

® Barriers

- Control and protection philosophy compliance
with different characteristics of LCC and VSC

- Development of 800kV VSC converters

- DC faults clearance strategy
® Measures

- Coordinate control and protection technology
for hybrid UHVDC

- Development and testing of 800kV VSC
converters

- DC faults clearance by hybrid converters with
full-bridge and half-bridge modules
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+800kV Converter for Hybrid HV[m

® Development and testing of 800kV —m—
hybrid full-bridge and half-bridge i,:"-i‘ﬁ’-f,?—i |
VSC converters iy |

- Full-bridge and half-bridge modules
development and testing -

T 5 % =
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- Compatibility design of VBC(valve
base control )
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- Compatibility valve tower structure
design

- Insulation design and testing

800kV converter
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Wujiang 300MVar STATCOM m

e Put into service in 2018

— Coordinate control of 3 units
— 1.5 p.u. 5s over current capability
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Wujiang 300MVar STATCOM

STATCOM

B RremotE

101 ll
T
=| =]

n
B

03
* >
[
= e =

o= —
e —

l HII i

» » & T
|

STATCOMI STATCONZ STAT i3
HmI HMI HMI,
[
. . : |
' |
STATCOM STATCON? Coordination STATCOMSI :
Controller Controller Controller Controller :
|
[

www.nrec.com 28



India GETCO 120Mvar STATCO

India GETCO weak AC network with potential risk of voltage instability

* Big voltage fluctuation

* Potential voltage instability in case of heavy loading with induction motor
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India GETCO 120Mvar STATCOm

EPC contract in association with local construction partner STELMEC
Be in service on March 2019

Valve Tower (factory view) Coupling Reactor

www.nrec.com 30



Saudi Arabian National Grid Mobile STATCOM

e Put into service in Layla and Summan areas in 2018, 20MVar each

— Low voltage in summer due to heavy A.C. loads

- STATCOM acts to regulate voltage and can quickly inject reactive power and
support voltage recovery during and after network fault

— Proper system design considering harsh operating environment , very high
temperature up to 55°C and sand storm
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Saudi Arabian National Grid Mobile STATCOM
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Saudi Arabian National Grid Mobile STATCOM(
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STATCOM for Wind Farm

Mulilo De Aar Wind Power in South Africa

* access to power grid for installed wind power at size of 244.5MW

* voltage support along with reactive power compensation targeting to 132kV
* voltage ride-through requirement

* power quality improvement at connection point

Fa e _— A ~
o e —— '\_* -

De Aar Maanhaarberg
Wind Farm

SO 004
12" 009001995

#O L0k AWT G458
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059.©58
OB7
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STATCOM for Wind Farm

Grid code

*\oltage regulation

*Power factor

LVRT and HVRT

* Even if some wind turbine has some variable reactive power capabilities,
wind farms can not provide enough dynamic reactive power
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STATCOM for Wind Farm

* 4(14Mvar and 18Mvar, 21Mvar and 24Mvar) sets of container type of

STATCOM rated at 33kV, each one for each busbar
« delta-connected circuit, air/water cooling system
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Overview of China HVYDC Development

® | CC-HVDC takes critical role in power transmission
and VSC becomes more competitive because of
technical maturity and cost reduce of semiconductor

® The first DC grid is under site commissioning and
expected to have a leap of development in near future

® Hybrid HVDC is a proper solution to resolve multi in-
feed LCC inverters commutation failure

® MVDC and PET also make distribution networks more
flexible and resilient

® STATCOM is widely applied to provide support to grid
and improve power quality
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