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J oha n Sverdrup – first Multivendor HVDC system in grid forming opera tion

Speakers: Sébastien Dennetière, RTE international HVDC expert ; Kamran Sharifabadi, EQUINOR Chief Engineer ;
Torsten Priebe, SIEMENS Senior Key Expert HVDC VSC ; Mohammad Yazdani, ABB PG Senior HVDC service engineer

HVDC webinar | Third session June 9, 2020

The Johan Sverdrup HVDC project: First multivendor HVDC system in grid forming operation

Technical challenges
• Grid forming opera tion of 2 HVDC systems developed by 2 vendors in 2 diffe rent sta ges
• Coordina tion of the dyna mic beha vior is a cha llenge due to confidentia lity restrictions between the vendors
• Coordina tion in stea dy sta te is a chieva ble with a globa l controlle r
• Prediction of issues tha t ma y a rise in future expa nsion of offshore tra nsmission network

Independent 3rd party is required to limit the risk of adverse interactions
• Perform tests a nd propose solutions to vendors to be a da pted in C&P settings
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INTRODUCTION 

Production capacity
bopd

14-17 bn
Investment 
estimate € 

Below 30
Break-even 

USD/bbl 

1,9-3,0 bn
Resources

bbl

660 000

• J oha n Sverdrup la rgest north sea  O&G fie ld
• J S will produce  O&G for next 50  yea rs

Speakers: Sébastien Dennetière, RTE international HVDC expert ; Kamran Sharifabadi, EQUINOR Chief Engineer ;
Torsten Priebe, SIEMENS Senior Key Expert HVDC VSC ; Mohammad Yazdani, ABB PG Senior HVDC service engineer
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The Johan Sverdrup HVDC project: First multivendor HVDC system in grid forming operation



Open

4

• SLD pha se-1 & 2
Simplified SLD

Four neighbouring pla tforms will be  connected to J S via  long 110 kV subsea ca bles
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• PMS & PDCS
Power Ma na gement system

AC 110 kV AC 33 kV

Harmonic 
Filter

HVDC Light

HVDC PLUS

AC 11 kV

Johan Sverdrup PH1Johan Sverdrup P2

AC 33 kV

Power Management 
System

Pmeas_plus

Pref_plus

Pmeas_light

Pref_light

- Loa d Sha ring be tween the  two HVDCs (Offshore)
- Rea ctive   power support  to onshore  grid
- Gra dua l Loa d shedding system (Active  power)
- Synchroniza tion logic to synchronize  the  two HVDCs. 

PMS (Power Ma na gement System, seconda ry control)
PDCS (Power Dispa tch & Control Sysetm
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Coordina tion  of  the   2  HVDC  links
• Power Ma na gement System (PMS)

A global controller to coordinate operation of the overall system
• Control offshore loa d sha ring between the 2 HVDC links
• Seconda ry offshore frequency a nd volta ge control
• Prepa re suita ble conditions for coupling a nd de-coupling the 2 HVDC offshore converters
• Loa d shedding a ctiva tion in ca se of critica l overloa d conditions

Integrated in the Power Distribution and Control System (PDCS)
• Control System tha t ha ndles a ll the a utoma tion processes in the J SFC
• Designed a nd ma nufa ctured by Kongsberg Ma ritime
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• Intera ctions
J oha n Sverdrup Pha se  2 HVDC

HVDC 
1

HVDC 
2

Generators
Large DOL motors

Large VSDs
110kV/ 33kV/ 11kV networks

Two HVDCs of diffe rent supplie rs in very close
vicinity, Low SCR ne twork

Fr
eq

ue
nc

y

Super-
synchronous Controlle r inte ra ctions

Sub-
synchronous

Power oscilla tions/ 
controlle r inte ra ction

• Loa d steps
• Fa ult recovery

Torsiona l inte ra ctions with 
Turbine  Genera tors

Stea dy sta te
Active  / rea ctive  Power 
sha ring
Sta tics
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Coordina tion  of  the   2  HVDC  links
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The Johan Sverdrup HVDC project: First multivendor HVDC system in grid forming operation

• HVDC1 a nd 2 prima ry controls

P/f control
• To regula te a ctive power a nd frequency
• Severa l generic a pproa ches to illustra te the P/f control:

Generic structure of VF control (grid forming)
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Coordina tion  of  the   2  HVDC  links
• HVDC1 & 2 prima ry controls

Vac control
• To regula te the AC volta ge a t Point of Common Coupling (PCC)
• 1 generic exa mple to illustra te the Va c control:
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Coordina tion  of  the   2  HVDC  links
• HVDC1 a nd 2 prima ry power sha ring

Simplified layout of the offshore parallel operation
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Coordina tion  of  the   2  HVDC  links
• HVDC1 a nd 2 prima ry power sha ring

Simplified layout of the offshore parallel operation
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Coordina tion  of  the   2  HVDC  links
• HVDC1 a nd 2 seconda ry control

f

P

fref
fmeas

Pmeas0

A

B
ΔP

Δf

f

P

fmeas=fref

0

A

B
ΔP

Δf

C

Pref=0 Pref=Pmeas

Secondary control for HVDCs Secondary control to prepare for parallel operation

Seconda ry control a ctiva tion

Active  
power 

Frequency
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Coordina tion  of  the   2  HVDC  links
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• HVDC1 a nd 2 seconda ry volta ge  control

Illustration of the compensated droop control 
with PMS (Reactive Power)

Seconda ry control Activa tion
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3rd PARTY (RTEi) SCOPE OF WORK

• Preserve  the  inte llectua l property, protecting both VSC technologies involved in this 
project (Siemens a nd ABB), 

• Specify the  functions of a  globa l controller coordina ting stea dy sta te  opera tion of the  
overa ll system.

• Develop a nd define  the  methodology a nd scena rios required to a ssess the  
interopera bility issues of the  two HVDC links in a ll opera tion modes e .g. stea dy sta te , 
dyna mic a nd tra nsient conditions. 

• Build the  onshore  a nd offshore  grid PSCAD models. EQUINOR provides the  developed 
PSCAD models of the  pha se-1 a nd pha se-2 offshore  AC grids, ABB a nd SIEMENS provide  
Bla ck-Boxed models

• Esta blish the  PSCAD simula tion environment for pre limina ry offline  a na lysis.
• Identify the  a ttributes of the  Power Ma na gement System to ensure  the  pa ra lle l converters 

opera te  efficiently within the  opera ting ra nge specified.
• Perform the  offline  Electro-Ma gnetic Tra nsient (EMT) studies a nd rea l time simula tions 

with replica  of the  HVDC C&P cubicles. 



Open

15

Pa ra lle l opera tion studies
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The Johan Sverdrup HVDC project: First multivendor HVDC system in grid forming operation

• EMT studies a re  required to ensure  secure  power supply

HVDC systems developed with limited information of each other
• HVDC1 ha s ben designed to be the ma in power source offshore
• HVDC2 is designed without deta iled informa tion on HVDC1

Studies are required to analyze interactions and coordination of the overall system
• EMT simula tion is the most a dva nced simula tion tool (vs pha sor doma in tools)
• Deta iled electrica l component models a nd deta iled C&P representa tion

For the Johan Sverdrup project the following events were analyzed :
• Power sha ring
• Energiza tion processes
• Loa d shedding, loa d re jection
• Synchroniza tion
• Fa ult ride- through
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• Specifica tion a nd delivery of Offline  EMT model

Main requirements
• Functions to be included
• Accessible pa ra meters (ca n cha nge during project)
• Version of simula tion tools a nd compilers
• Selection of simula tion time step

Models delivered by vendors
• As built model for HVDC1
• Prelimina ry model for HVDC2
• Offshore grid model delivered by SIEMENS
• Simplified PMS model developed by RTEiHVDC1

Phase1 
offshore

Phase2 
offshore HVDC2
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Pa ra lle l opera tion studies
• Offline  studies with multivendor models
Sharing information
• Ea ch vendor needs minimum set of results to a na lyze system beha vior
• They a lso need to limit informa tion sha red with the other vendor
• List of signa ls to be sha red between ABB a nd SIEMENS ha s been a greed before sta rting simula tions

Iterative process
• Integra te  upda ted models  
• Run test ca ses
• Genera te  reports a nd a na lyze  

results
• Propose  solutions with vendors
• Vendors implement solutions
• BB models a re  genera ted by 

vendors
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Pa ra lle l opera tion studies
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• Illustra tion of intera ctions a na lyzed with offline  simula tion

Load step test with generic models (Rated 
power HVDC1: 100MVA, HVDC2: 200MVA)



Open

19

Pa ra lle l opera tion studies
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• Ha rdwa re  In the  Loop (HIL) simula tions - justifica tions

Limitations of the EMToffline models
• Long a nd cumbersome itera tive process to a na lyze intera ctions a nd fix issues
• Difficulties in solving issues for vendors (they do not ha ve the full system)
• Offline EMT simula tions a re time consuming a nd within a limited time window
• EMT simula tion is not suita ble for dyna mics of PMS
• Some non releva nt functions a re not included in the EMT models

Advantages of HIL simulation
• Reproduce conditions of tests simila r to onsite conditions
• HVDC C&P systems ca n be upda ted remotely by ABB, SIEMENS a nd KM
• Ma nufa cturers ca n insta nta neously ha ve a ccess to pa ra lle l test records on their system

EMToffline simulation remain essential
• More deta iled a nd a ccura te representa tion of the electrica l equipment a nd especia lly nonlinea rities
• Possibility to run severa l simula tions in pa ra lle l without a ny huma n a ctions
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Pa ra lle l opera tion studies
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• Test la b fa cility – orga niza tion with ma nufa cturers

Special care to the following topics
• Respect confidentia lity requirements
• Strict tra cking of softwa re cha nges
• Coordina tion with HVDC2 sta nda lone tests
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Dogger Bank Wind Farm
Dogger Ba nk Wind Fa rms consist of three  offshore  HVDC connected wind fa rm projects, Dogger Ba nk A a nd B a nd 
C, loca ted between 125 a nd 290 km off the  North Ea st coa st of Engla nd. 

The  projects a re  be ing delivered a s pa rt of a  joint venture  be tween SSE Renewa bles a nd Equinor. Once  comple ted 
Dogger Ba nk will be  the  worlds la rgest offshore  wind fa rm.

Ea ch project will ha ve:

• 120 0 MW Insta lled Ca pa city

• GE Ha lia de X Wind Turbines

• One Offshore  HVDC Pla tform

• Two 320 kV HVDC Export Ca bles 
(20 0 km+)

• Onshore  HVDC Converter Sta tion

• 40 0 kV HVAC Export Ca bles
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The Sofia  Offshore  Wind Fa rm is a lso being 
developed in the  Dogger Ba nk region.
Sofia  is a lso HVDC connected a nd is be ing 
delivered by Innogy.
Sofia  connects to Na tiona l Grids La ckenby
Substa tion, the  sa me connection point a s 
Dogger Ba nk C.
The projects a re  be ing delivered by different 
HVDC suppliers. As a  result the  intera ction 
between the  two HVDC Systems needs to be  
studied to ensure  complia nce  with the  Grid 
Code.

Dogger Bank Wind Farm
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Final remarks

• World’s first Multivendor HVDC system in grid forming opera tion is a  success

• Competent 3rd pa rty to perform the  offline  EMT a nd HIL a na lysis is the  key success 
fa ctor due  to confidentia lity restrictions between the  vendors

• System studies a nd a na lysis a re  time consuming processes, 10 0 0  scena rios ha ve  
been tested with the  replica s of the  systems

• Deta il specifica tion of system beha vior is essentia l

• Ba la nce  of da ta  a nd model confidentia lity, with simulta neous open processes is 
necessa ry but cha llenging

• Commitment from a ll pa rties involved is the  key success fa ctor
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Ka mra n Sha rifa ba di
Chief Engineer Electrica l Power Systems & Renewa bles
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