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Challenge: 
Manage system, control and other 
interactions between the Phase 1 and 
Phase 2 converters in a weak industrial 
grid

J oha n Sverdrup Fie ld Centre  – North Sea  
(≈200km off the coast of Norway)

• HVDC Pha se  1 - 10 0  MW
• HVDC Pha se  2 – 20 0  MW
• Different HVDC vendors 
• Different HVDC technologies
• Long 110 kV AC ca bles to consumers



Open

Phenomena  of Inte rest with focus on inte ra ction

Impa ct of offshore  
genera tion 
(volta ge  a nd 
frequency control) 

Impa ct of:
 Converter controls
 Ha rmonic intera ctions
 Converter protections

Impa ct of:
 Loa d cha ra cteristics 

to volta ge  sta bility
 Energisa tion of 

tra nsformers a nd 
ca bles

 Loa d re jection

Impa ct of:
 Loa d sha ring
 Synchronisa tion
 Decoupling

Impa ct of:
 Offshore  fa ult
 Onshore  fa ult
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Open

Cha llenges with multivendor multite rmina l HVDC configura tions

• Due to IP issues, HVDC ma nufa ctures only provide  bla ck-boxed models of the  converter controls
• sma ll-signa l sta bility a nd Sta te-spa ce  a na lysis to determine the  control loop intera ctions ca n not be  performed.
• Difficult to tune  a nd study the  non a ccessible  pa ra meters in ca se  of intera ctions

• Simplified VSC equiva lent model representa tions, negliga te’s the  beha vior of VSC in high frequency ra nges 

• Frequency ra nges to ca pture  the  beha vior of va rious pa ssive  components a re  not well esta blished.

• EMT converter models don’t ca pture  in deta il  a ctua l C&P functions e .g. sta rtup sequences

In the first stage the focus should be to resolve technical issues related to multivendor multiterminal HVDC grids
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Open

DC circuit brea kers for offshore  implementa tion

• Weight a nd volume of the  a va ila ble  DC brea ker technologies a re  a n obsta cle  for utiliza tion in offshore  pla tforms

• At current sta ge  HVDC ma nufa cturers do not provide  a ccess to C&P systems for 3rd. pa rties

• Relia bility of DC protection systems in DC grids a re  not verified, hence  industria l a pplica tion of the  technology will be  
limited

At the current stage Industrial offshore utilization of available DC CB technologies cannot be justified due 
to cost, weight, volume, reliability
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Open

Fina l Rema rks

• Wha t will be  the  a ctua l cost, weight a nd volume of DC brea kers?

• Ba sed on the  DC brea ker pa tents a nd vendors, there  will be  no rea l competition. Selecting a  brea ker technology will bind 
the  purcha ser to a  single  source .

• Wha t will be  the  re lia bility a nd a va ila bility of DC fa ult protection technologies?

• Multivendor DC brea kers a nd HVDC converters in a  DC grid is not foreseen a s option, due  to a va ila bility gua ra nties, 
excha nge of technica l da ta , …..e tc.

• Alterna tive  DC fa ult protection technologies, e .g. FCLs, full-bridge converters vs. ha lf-bridge converter is eva lua ted to 
be  more  rea listic.

Which DC fault protection technology at which cost will be the best alternative for offshore DC grids?
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