
02/06/2009 1The Cobra Cable- A feasibility study

The Cobra Cable -
A feasibility study regarding 

an HVDC submarine cable 
between the Netherlands and 

Denmark

C.P.J. JANSEN

and 

B.F. VAN HULST

The Netherlands

P. DAMGAARD

and

K.H. SØBRINK

Denmark



02/06/2009 2The Cobra Cable- A feasibility study

Background

It is expected that a 700 MW interconnector between the 

Netherlands and Denmark will improve the accessibility of the 

electricity market and the security of supply.

Integration of additional renewable energy sources (wind 

power) will be possible.

Ancillary services and reserve power can be shared between 

The Netherlands and Denmark.

The utilisation of the transmission capacity is expected to be 

high.

Nordel and UCTE get next to NorNed another direct 

connection in favour of a cooperation between NordPool and 

APX.
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in Denmark

Endrup

Revsing

Idomlund

in The Netherlands

Eemshaven

Velsen/Beverwijk

Oterleek

Flevoland

Possible locations

Preferred DC cable route

 Eemshaven (NL) – Endrup (DK)

 Sea cable 275 km

 Land cables 39 km (DK) + <5 km (NL)
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46-136%Combined heat and power 
penetration

65-200%Wind power penetration

2400 MWWind power plants

1700 MWLocal CHP plants

3400 MWCentral power stations

UCTE

Western Denmark
Synchronous area

25-74%Combined heat and power 
penetration

30-85%Wind power penetration

750 MWWind power plants

650 MWLocal CHP plants

3800 MWCentral power stations

Nordel

Eastern Denmark
Synchronous area
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Cobra Cable: Duration Curve 2025 with high installed wind capacity
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Calculation of HVDC transmission losses
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VSC HVDC loss function:

DC cable loss function:
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Transmission losses for different HVDC technologies and DC voltages 
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Energy losses in percent of the yearly energy exchange (4040 GWh/year)
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VSC onlyReduce ancillary services from 

forced operation of central power 

plants -

Only benefit for DK

Short circuit capability and inertia6

VSC onlyReduces requirementsBlack Start capability5

Reservation of capacity or 

capacity only in one 

direction if congestion

Requires approval from the 

regulators

Market extension and therefore 

reduced possibilities for use of 

market power 

Extension of procurement area for 

primary and secondary reserves 

(without control area integration)

4

Harmonisation of products, 

operational procedures, 

messaging

Reduces cost of balancing energyCommon NL/Nordic bid ladder3

Remaining available direct 

interconnection capacity, 

product harmonisation

Reduces cost of balancing energySharing of reserves2

Good quality interregional 

coupling

Efficiency gain through market 

coupling

Wind power1

ConditionBenefitsWhatItem

Potential operation and market benefits of 

the Cobra Cable
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Skagerrak 1+2

6.0161034010041Cobra (Endrup)

6.712223408489Storebaelt 1

4.8208958010572Skagerrak 3+4

2.528051607129

5.017843109259Konti-Skan 1+2

MIESCR
(SCC –Qf) / (∑PDC x MIIF)

MVA/MW

∑PDC x MIIF
MW

Qc

Mvar
SCCmax

MVA

Maximum
Scenario
western system

Interaction with existing and planned HVDC 
inverters in Denmark west (Endrup)

2.321813405351Cobra (Endrup)

1.621743403925Storebælt 1

1.526775804689Skagerrak 3

0.932751603126Skagerrak 1 + 2

1.327923103807Konti-Skan 1+2

MIESCR
(SCC –Qf) / (∑PDC x MIIF)

MVA/MW
∑PDC x MIIF

MW
Qc

Mvar
SCCmax

MVA

Minimum
Scenario
western system
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Interaction with existing and planned HVDC 
inverters in the Netherlands (Eemshaven)

11.6145043017,300Cobra
Eemshaven

13.5107076515,200BritNed
Maasvlakte

11.6145043017,300NorNed
Eemshaven

MIESCR
(SCC –Qf) / (∑PDC x MIIF)

MVA/MW

∑PDC x MIIF
MW

Qf

Mvar
SCC
MVA
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Commutation failures in western Denmark

Statistic over Commutation Failurs 

2006 to 2008
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Inertia and short circuit power in western Denmark

Denmark west

Sympatic HVDC 

commutation failure

Calculated 

frequency 

deviation

Fault 

clearence 

time

Inertia 

constant H

Reduction 

of power 

infeed

Calculated 

frequency 

deviation

Fault 

clearence 

time

Inertia 

constant H

Reduction 

of power 

infeed

% ms MWs/MVA MW % ms MWs/MVA MW

Cobra as a LCC 0.3% 200 3.5 1000 1.7% 200 8.1 1109

Cobra as a VSC 0.3% 200 3.5 800 1.2% 200 8.1 800

Maximum scenario Minimum scenario with 3 CG

Denmark west

Sympatic HVDC 

commutation failure

Calculated 

frequency 

deviation

Fault 

clearence 

time

Inertia 

constant H

Reduction 

of power 

infeed

Calculated 

frequency 

deviation

Fault 

clearence 

time

Inertia 

constant H

Reduction 

of power 

infeed

% ms MWs/MVA MW % ms MWs/MVA MW

Cobra as a LCC 3.0% 200 5.4 1109 8.2% 200 5.0 1439

Cobra as a VSC 2.2% 200 5.4 800 4.8% 200 5.0 839

Minimum scenario with 1 CGMinimum scenario with 2 CG
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Summary (1)

Endrup (DK) and Eemshaven (NL) are the preferred locations 

for the HVDC converter stations.

A transmission capacity of 700 MW has been anticipated in 

the prefeasibility study.

Both technologies (LCC and VSC) have been considered from 

the perspective of investment costs, capitalised losses, risks 

and the added-value of ancillary services.

Present assesment results are slightly in favour of LCC, but 

innovative development of VSC is followed with interest.
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Summary (2)

Dependent on the developments in the Netherlands, the 

Cobra Cable could be part of congestion management in 

Eemshaven. 

TenneT and Energinet.dk will continue their cooperation. The 

next phase of the development of the Cobra Cable Project will 

carry on, anticipating the approval of the Dutch regulator.

The Cobra Cable is scheduled to be ready for operation in 

2016.


