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DC Connected PPMs 

Power Park Module(s) AC collected 

and DC connected to the main 

electricity system 

Connection Point(s) 

HVDC connections 

between AC collected 

PPMs and the main 

electricity system 

HVDC connections 

may become DC 

connected to another  

synchronous 

electricity system 

Other 3rd party Power Park 

Module(s) AC collected  

AC connection in 

parallel with HVDC 

connection to  AC 

collected PPMs 
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DC Connected PPMs 

AC connections may become DC and vice versa 

 

Offshore platform with DC Connected PPM may become a node in interconnection between 

synchronous systems 

 

AC and DC connections should be interchangeable 

 

DC connected PPMs will have low inertia and be more volatile 

 

DC connected PPMs will be required to contribute with system services into the network 

which they are providing power to 
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Grid Configuration 
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EirGrid offshore grid study 
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DC link later 

paralleled with AC  

AC link later 

paralleled with DC  

Other newly DC AC 

parallel developments   
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NSCOGI – Grid Configuration – meshed design 

DC link to large AC 

offshore Island 

DC link later 

paralleled with AC  

AC link later 

paralleled with DC  

~ Offshore 

Gen x 2 
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DC and AC parallels – Why? 

Each decision unique but probable due to: 

 

 

 

 

 

 

 

 

 

AC parallel circuits power flow controlled by DC parallel cct, 
cheaper higher capacity controllable link 

DC AC DC AC DC AC DC AC 

Other AC 

circuits will 

be partially  

controlled by 

AC devices 

also  
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DC Connected PPMs – towards large clusters of offshore 

wind, integrated in the European system 
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EirGrid offshore grid study 
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 3 to 5GW offshore by 2030 

 Incremental development: ensure that each step 

still allows to capture a wide range of scenarios 

 Symbiotic nature of onshore and offshore grid 

 Choice for AC, HVDC VSC or HVDC LCC 

depends on various parameters and project 

specific assessments 

 Results eventually in meshed hybrid AC/DC 

connections 
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EirGrid offshore grid study 

LCHF111

MSEF111

MORF111VLVF111

LONF111

LCHF111

MASN111

VIGF111

HOUF111

GRAE111COUE111

TOUF111
ROUF111

DOMF111

VERF111CORF111

DISF111

DAMF111

MEZF111

AVOF111

LQUF111
LOUF111

GATF111

LREF111

AVEF111
HASO211

MANF111

LHVF111

DEEL111

WYLL111

PENL111

M ULLINGAR

ENNIS

TURLOUGHHILL

THURLES

-ON-
HILLGILRA ARVA

KINNEGAD

BALLYBEG

NENAGH
ARDNACRUSHA

CHARLESLAND

BALLYRAGGET

ORIO211

CKM C111

HUNC111

BALC111
WOOC111

M AYC111

LAOC111

BA1C211

WEM B111

CASTLEBAR

GALWAY

LANESBORO

CLOON

IKERRIN

DALTON

CAM US

TYNAGH

FLAA111-411

CASA111-411SHAA111-411

OLDB111-411

M ONB111-211 KELC111

WHRW211

LAMF111

CHEF111

MEES111

HENS111

DODS111

ZWOS111

GEES111

MAVS111

SIZM111

PEWL111

BOLN111

LOVN111

DOGK112

DRXK111

YORK111

WLPM111
NORM111

BRFM111

GRAN111

DIES111

DISS111

NORTHERN

IRELAND

ISL0211

WS10211

WS20211

WS50211

ARG0211

WS40211

WS30211

FAGH111

FWIH111

BRDH111

WIG0211 SOL0211

SU4O211

GRNH111

HUTL111

HUSL211

SU8O211

M ANQ211

SU7O211

SHANKILL

CUNGHILL

BUNBEG

TIEVEBRACK

SRANANAGH

*

KIN0211

OM AD111-211

STRD211

COLD211

M AGD211

TURD111-211

CACD211 KELD211
BAFD211

TAND211

LOUA211
BALA211

LETA111-411

CATA111-411

SLIA111-411

BELA111-211-411

HAND211

GOLA111-411

WIRW211

WJNW211
WKNW211

MORH211-111

MOSH111-211

PETH111-211

STEJ111

HAWJ111

LACJ111

QUEL111

DOGK111

DOGK113

THTK111

MESS111

DIEZ111
WEDZ111

KASU111

HANU111

SELN111
NURN111

TRAL111

CASL211

PEMM111

BR2O211

ALVN111

INDN111 LAGN111

ABHN111

EXTN111

SWAM111

WALM111

SCIN211

WIWO211

DOON

M ALLOW

CHARLEVILLE

BANDON
DUNM ANWAY

BRINNY

DUNGARVAN

KILB111-211

KILBARRY

OUGHTRAGH

TRALEE

CLASHAVOON

CULLENAGH

TIPPERARY

KILLONAN

GLENLARA

CROSS

PROSPECT

COOM AGEARLAHY

CLAHANE

COOM ACHEO
BVKB111

WF5O211

GLAO211

KNOB111

AGHB111

KN1B111-411

TARB111-211
WGRW211

THSK111

DRSK111

TORH111

STSJ111

BSUE111

WESZ111

KSSU111DSUU111

GSUZ111

DASH211-221

HUEH111-221

AUCH211-221

DOUH211-221

MYBH211-221

INVH111

BEAH111-211

M D1B111-211

TRIA111-411

ENND111-411

TASB111-211

CAML111

TREL111

LEGL111

BOSN211

TKSK111

BICM 111

COSN111

WERK111

HUGK111

BAIM 111

BRBU111

MEPZ111

AV1W211

AV3W211

AV2W211

OUGB211

CROB211

AF4W211

AF3W211

AF2W211

AF1W211

OBEZ111

GRNZ111

KUSZ111

LIPZ111

HNEZ111

GIEZ111

BROZ111

NEHZ111

GROZ111

HAMZ111

LANZ111

WAHZ111
WEHZ111

FRAF111

NETS111

GERZ111

NSUS111

CAHC111

B

PLHF111

CHIN111

M YSH211

HARJ111

BR1O211

HUSL212

HAM L211

NORM112

NORM113

NOSM111

FORH113

FORH112

NEAH111

FARH111

BELH111

COCH111

HORK112

TKNK111

RCBK111

DUDK111

SHHK111
DOCK111

GRGM 111

GUFM 111

LOAN111

THAN111

SU5O211

SU6O211

WNAO211

WALO211

WDUO211

WJ1O211

WF1O211

WF2O211

WLAO211

KRIS111

BLES111

MOUF111

MERE111

ARGF111

TERF111

PENF111

WARF111

ARKC111

GREC111

LODC211

WF3O211

CODO211

SU1O211

WF4O211

SU2O211

ARKO211

PESM 212

COOD211

SRAA111-411

KIAC111

CAVA111-211

DUNC111

CANN111

MESE111

WJ2O211

ENSS111

HO1K111

KISO211

BEVS111

FORH111

KEM N111

WIAO211

NC HVDC public workshop   |  Offshore requirements  |  4 December 2013  |  Page 12 



NSCOGI – Grid Configuration – radial design 
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Marine Border

Super Node
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HVDC Circuit (VSC, 1.5GW)

RES+ OWP Node

HVAC Circuit (220kV)

RES+ OWP by 2030

HVAC Circuit (165kV)

HVDC Circuit (VSC, 3.0GW)

Relative 

Scale:

Map of radial grid design for RES+ sensitivity on the Reference Scenario 
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NSCOGI – Grid Configuration – meshed design 

2,400MW
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Tidal Generator

Marine Border

Super Node

Offshore Node
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HVDC Circuit (VSC, 1.5GW)

RES+ OWP Node

HVAC Circuit (220kV)
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HVAC Circuit (165kV)

HVDC Circuit (VSC, 3.0GW)

Relative 

Scale:

Map of meshed grid design for RES+ sensitivity on the Reference Scenario 
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Future views of the DC-Connected 
PPMs 

NC RfG and NC HVDC Coordination 

Reactive power capability requirements 
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AC connected offshore PPMs and DC Connected PPMs 

Power Park Module(s) AC collected 

and DC connected to the main 

electricity system 

Connection Point(s) 

HVDC connections 

between AC collected 

PPMs and the main 

electricity system 

AC connection in 

parallel with HVDC 

connection to  AC 

collected PPMs 

NC HVDC Applies 

NC RfG Applies 
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NC HVDC and RfG interaction  

• To ensure network development practical NC RfG used as basis for many 
requirements for example: 
• Frequency Requirements 

• Voltage Requirements 

• Control modes 

• Protection 

• Certain requirements need to be adapted due to: 
• Economics, and/or 

• Changes in network configuration 

Power Park Modules 

• Converters must be compatible with NC RfG requirements 

• Principle of network [HVDC] being last to disconnect is 
reflected in DC Connected PPM converters 

Converters 
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Future views of the DC-Connected 
PPMs 

NC RfG and NC HVDC Coordination 

Reactive power capability requirements 
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PPM DC Connected Single AC connection point Article 40.2.a 

Single AC  

Connection Point 

HVDC 

system 

agreement 

For Generators with agreement with HVDC system owner: 

 

 

• Fit and be tested with reactive requirements (defined in Article 

40.2.b) 

 

• Do not fit reactive requirements (defined in Article 40.2.b) now but 

agree with TSO when and how it is to be provided if required later 

 

• Generator has the right not to install reactive capability if CBA 

performed by TSO does not show requirement within the timescale 

 

 

HVDC system requirements to stabilise the generators local node is 

local issue 

 

Future network development met by agreement on reactive power 

provision 

NC HVDC public workshop   |  Offshore requirements  |  4 December 2013  |  Page 19 



PPM DC Connected Reactive Power Article 40.2.b 

AC Connection Point 

For Generators without agreement: 

 

•Meet TSO defined reactive power requirements [any shape] within 

range in table below 

 

•As required compensate cable/line connections from connection point 

 

•If there is a future AC connection to a synchronous network, reactive 

power should be consistent with the NC RfG and either be provided at 

the time of connection or demonstrate and agree with TSO how it is to 

be provided in future when AC connected 

 

 

Reactive power can be impacted by local area existing and future 

network [both local collector network and other connection] 

 

Network assets for a generator linked contractually and finacially to it 

 

Future network development must be considered to be equitable to all 

users 

Range of width 
of Q/Pmax 

profile 

Range of steady-state 
Voltage level in PU 

0.33 - 0.95 0.1 - 0.225 
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HVDC Converters Reactive Power Article 40.3 

 AC Connection Point 

Remote -end HVDC Converter Stations shall: 

 

•Meet TSO defined reactive power requirements [any shape] within the 

range in table below 

 

•If there is a future AC connection to a synchronous network, reactive 

power should be consistent with AC connected PPM NC RfG and either 

be provided at the time of connection or agree with TSO how it is to be 

provided in future when AC connected 

 

Reactive power can be impacted be local area existing and future 

network [both local collector network and other connection] 

 

Future network development must be considered to be equitable to all 

users 

 

NC RFG reactive power requirements for PPMs in meshed and remote 

nodes sized to provide stabilised nodes – Equitable requirement on 

converters for same 

Range of width 
of Q/Pmax 

profile 

Range of steady-state 
Voltage level in PU 

0.33 - 0.95 0.1 - 0.225 
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ENTSO-E Public Workshop on NC HVDC 

 
Thank you for your attention! 
 
Questions? 

Brussels, 4 December 2013 


