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Figure 13.23 China electricity generation mix by region and net electricity

frade flows in the New Policies Scenario
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HVDC VSC Projects

System
Operational
Name Year Com- Power Voltage Voitage Transmission Converter Reference
missioned (MW) DC(kV) AC(kV) Length(km) Manufacturer
1 Halizjen - 1997 3 210 10 10 ABB Ml | Luxi, Yunnan 2016 1000 £350 7 Back-to-back China Southern http://english.iee.cas.cn/rh/rp/201609/t20160905 167435.htm
Sweden . .
2 Gotlanc 1999 s0 80 80 70 288 ha Province Grid, RXPE
CRETE China (Yunnan) XD
3 Direct Link 2000 360 80 132110 59 288 g Group/IEECAS
[TerraNors, (Guangxi)
Auz 30 NordBalt, 2016/17 700 +300 400/330 450 ABB http://new.abb.com/systems/hvdc/references/nordbalt
4 Tjaereborg, 2000 72 9 105 43 ABB
= Sweden
5 Eagle Pazz, 2000 36 1159 132 Back to Back ABB
usa
6 Crozs Sound, 2002 330 2150 345/138 20 ABB ]
usa 9
7 Murraylink, 2002 220 150 1327220 180 ABB
Australia
8 Troll A, 2005 2x48 260 56/132 70 ABB
Norway
: rpr gl (Rl | (e s . i |
Finland [ungergrounc)
74 (submarine)
1 °=:"“:"K 2010 300 | -350 | 330/400 950 ABs VSC-HVDC NEWSLETTER | Vol. 7, Issue 10
amibiz
e g;:: BU?A e - SR = SR Name Year Com- Power Voltage Voltag Tr ission Converter Reference
2 Valhal 2011 7% 150 300/11 202 288 missioned (MW) DC(kv) AC(kv) Length (km) Manufacturer
N
B3 N::::‘: 2011 13 +30 35/35 84 PRI 31 DolWin2, 2017 916 +320 155/380 45 (undergmund) ABB http://new.abb.com/systems/hvde/references/dolwin2
(underground) Germany 90 (submarine)
14 WC: East 2013 500 =200 200 -5 ABB s 32 Maritime Link 2018 500 +200 230/345 187 OHL, 170 ABB http://new.abb.com/systems/hvdc/references/maritime-link
Wwest (undergrounc) submarine, bipole
m“:;:m" 186 (submarine) 33 Caithness- 2018 800 +320  275/400 113 (submarine) + ABB http://new.abb.com/systems/hvdc/references/caithness-moray-hvdc-link
Ireiand-UK .
15 Nan'soldand 2013 200, 160 110 Multiterminal  RXPE, XiDian, iy Moray (1200) overhead lines i : ‘
150, 50 NR-Electric 34 NEMO 2019 1000 +400  400/380 140 Siemens http://www.nemo-link.com/the-project/overview/
GB-Belgium
35 Hokkaido- 2019 250kV  +250 275 98 (overhead line) Toshiba https://www.cigre2019.ip/_img/program/The%20New9%20Hokkaido-
Honshu, Japan 24 (cable) Honshu%20HVDC%20Link.pdf
36 YU'E 2018/9 1250x% +420 Back-to-back, 2 RXPE, Xuli https://www.rxhk.co.uk/corporate/news/yue-hvdc-commissioning-complete/
4 parallel pairs Electric and C-
EPRI
37 BorWin3 2019 900 +320  150/400 30 (underground) Siemens http://www.energy.siemens.com/ha/en/power-
130 (submarine) transmission/hvdc/references.htm
38 Cobra Cable, 2019 700 +320 400 325 Siemens http://www.cobracable.eu
Neth.-Denmark
39 Johan Sverdrup 2019 100 +/-80 300/33 100 ABB http://new.abb.com/systems/hvdc/references/johan-sverdrup
Phase 1
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Future Projects (details subject to change)

Name Year to be Power Voltage Voltage Transmission Converter Reference
Commissioned (Mw) DC (kV)  AC(kV) Length (km) Manufacturer
1 Dolwin3, Germany 2018/9 900 +320 80 (underground) GE http://www.gegridsolutions.com/AlstomEnergy/grid /cleangrid/envira
80 (submarine) nmental-benefits-for-the-electrical-grid/super-grid-
solutions/index.html
http://www.tennet.eu/our-grid/offshore-projects-germany/dolwin3,
2 Zhangbei phase 1 2019 3000x2, +500 NR Electric, Xuli https://new.abb.com/systems/hvdc/references/
1500x2 Electric, C-EPRI
and ABB SiFang
3 Savoie-Piemont, 2019 2x600 - .
Italy-France Name Year to be Power Voltage Transmission Converter Reference
4 Krigers-Flak 2019 410 Commissioned (MW) DC (kV) Length (km) Manufacturer
Combined Solution
S E'E::;"nkc'eu'(' 200 Ty e Higashi-Shimizu 2027 600 / / ABB (Hitachi) https://new.abb.com/news/detail/19701/abb-wins-600-mw-hvdc-
6  SW Link, Sweden 2019 25600 order-to-reinforce-japanese-power-supply-through-hvdc-jv-with-
(SydVistlinken) (2x720) hitachi
; 'FAZN' “(;("_Ff”ce ;gig iggg 40 Nautilus 2028 1400 https://www.nationalgrid.com/group/about-us/what-we-
G oraint do/interconnectors-connecting-cleaner-future
ermany-Norway
190 Tric’:hfiﬁa‘a ;ggg iggg 41 Eurolink 2030 1400 https://www.nationalgrid.com/group/about-us/what-we-
indi . do/interconnectors-connecting-cleaner-future
ndia (PK2000)
11 AWC, USA 2020/21 1000 . . X )
12 Kunliutong/ 2020/21 2000.500 42 Icelink 2030 - Under 1000 1000 https://www.nationalgrid.com/group/about-us/what-we-
Wudongde C5G ’3600 consideration do/interconnectors-connecting-cleaner-future
China
13 Borwind 2020+ 900 43 Shetland Early pla nning / 600 / 267 / https://www.ssen-transmission.co.uk/projects/shetland/
14 Zhangbei phase 2 2021 / pl}SSibly VSC
15 Ultranet, 2021 2000
Germany 44 Jeju island, Korea Unknown 200 100 ABB https://new.abb.com/news/detail/25354/abb-to-support-south-
16  North Sea Link, 2021 1400 ~ .
Norway-UK koreas-greener-future/
45 BorWin 5 Submitting for 900 / / / httD:waw.4coffshore.comfwind_farmsf hvdc-converter-borwin5-
approval converter-cid96.html
a6 SylWin 2 Submitting for 900 / / / http://www.4coffshore.com/windfarms/hvde-converter-sylwin2-
approval converter-cid13.html
a7 Eastern link, UK Under 2000 / / / https://www.ssepd.co.uk/EasternHVDClink/
consideration
48 SENER-BC, Mexico Pre-tender 1500 +/-500 700 (bipolar) / http://www.nortonrosefulbright.com/knowledge/publications/16329
1/mexicos-first-public-bid-for-electric-transmission-lines
49 Suedlink Under / / / / https://www.transnetbw.de/de/suedlink
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Energy availability 88.18 91.10 93.63 89.79

2016 Scheduled energy unavailability 10.70 8.30 5.70 9.30
Forced energy unavailability 1.11 0.60 0.66 0.90

Energy availability 95.94 94.50 95.94 95.52

2017 Scheduled energy unavailability 3.36 3.36 3.36 3.36
Forced energy unavailability 0.70 2.15 0.70 1.1

Energy availability 92.76 92.97 92.38 92.77

2018 Scheduled energy unavailability 7.15 6.94 6.94 7.06
Forced energy unavailability 0.09 0.09 0.68 0.17

ai Energy availability 99.61 99.61 99.61 99.61

2019 Scheduled energy unavailability 0 0 0 0
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The Gotland scheme became a test bed for many HVDC innovations and in 1970 became the
first application of the new thyristor valve technology. The original mercury-arc valves were

operated alongside the new thyristor valve technology, becoming the first hybrid HVDC
scheme, but the advent of the thyristor marked the end of the mercury-arc valve HVDC
converter scheme. There are many texts available with more detail of the pioneering work
between 1902 and 1954 if you are interested in reading more about the mercury-arc valve.
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« B4.79 - Hybrid LCC/VSC HVDC systems

Fe

CIGRE Study Committee B4

PROPOSAL FOR THE CREATION OF A NEW WORKING GROUP?

Name of Convenor: Hong Rao (CHINA)
WG N° B4.79
E-mail address: rachong@csg.cn
Strategic Directions #2: 1 JTachnicaI Issues #: 1

The WG applies to distribution networks*: No

Potential Benefit of WG work #°: 3

Title of the Group: Hybrid LCC/VSC HVDC Systems

Scope, deliverables and proposed time schedule of the Group:
Background:

Line commutated converter (LCC) and voltage sourced converter (VSC) are the two
technologies utilized in High Voltage Direct Current transmission systems (HVDC). Over the
past 80 years more than 100 LCC-HVDC systems have been put into operation, with the
transmission voltage reaching +800kV and transmission power capacity of up to 10GW.
Meanwhile, more than 30 VSC-HVDC systems have been put inte operation, of which the
transmission voltage is up to £320kV and the transmission capacity is up to 1GW. VSC-
HVDCs with higher transmission voltage (£500~800kV) and larger capacity (3~5GW) are
expected to go into operation in the next few years.

LCC-HVDC offers the advantages of larger transmission capacity, but generally has a large
footprint which means large site area. The inverter station must be supported by an AC
system with sufficient short circuit capacity as defined in broad terms by the short circuit
ratio (SCR) to ensure reliable operation and satisfactory performance. The disturbances
caused by commutation failure due to AC and DC disturbances, as well as the reactive
power requirements of an LCC converter certainly have an impact on the connected AC
system. On the other-hand VSC-HVDC does not suffer commutation failures, and the active
power and reactive power can be controlled independently. These technical advantages
enable the VSC-HVDC to ride through AC system faults and to control the reactive power to
the connected AC system. To this end each have been utilized on a standalone basis.

The concept of combining the LCC and the VSC technologies in one HVDC link seems to be
gaining popularity. It combines the LCC and VSC technology within one HVDC system. For
example, in the SK4 project the LCC and VSC are used in different poles in a bipolar
system, in the Luxi back-to-back project the LCC and VSC converters are connected in
parallel, in the application of power supply to offshore drilling platform and integration of
offshore wind power the LCC and VSC can be installed at the rectifier and inverter
respectively and in application of overhead line transmission (OHL) the LCC and VSC can
be connected in series in one station. There are many other scenarios that need
investigation. The hybrid HVDC system offers great technical value and application
prospects, since it combines the lower cost of LCC and the absence of commutation failure
and the flexible control of VSC.

At present, there are no systematic discussion on hybrid HVDC. The purpose of this working
group is to comprehensively discuss the definition and configuration of hybrid HVDC
systems, as well as the necessary equipment, control, applications and prospects. It will also
highlight any issues related to implementation,
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2018FCIGRE SC B4E£3:
HVDC and power electronics ->

DC systems and power electronics

RIERIBARNGRIE
— Direct Current equipment and systems including
converter technology and semi-conductor devices.

ERRENRE, SIERRSAIMIGFSI 4

— Power electronics for AC systems and power quality
Improvement, advanced power electronics and
applications.

HRRZRRFAIE R ENERIE B F
SEItFE R F IR N A

AW |

SN,




i ESIE!

&7

ey B O ™

7 ) BB 1 AN [l 2R BB /R 5K

State Key Laboratory of HVDC

Ul

39



