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OWPP layouts

M Small AC layout

« MV AC collector system

e Collector system used to transmit the power to the Point of
Common Coupling (PCC) located onshore

* No need of offshore substation
* Unfeasible for large wind farms
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OWPP layouts

M Large AC layout

« MV AC collector system

* Offshore platform including transformer, Gas Insulated Switchgear
(GIS) and reactive compensation

e HV AC transmission cable
e Onshore station

local wind turbme grid
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M | arge AC layout. Reactive energy

e Simulation of a 150 kV submarine cable with no load
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The reactive current due to the
parasitic cable capacitance increases
with the length of the cable. This
implies higher losses and a decrease
in the active power transmission
capacity.

When the cable length is around
125 km the reactive current in the
cable is equal to the nominal
current!!!l It is not possible to
transmit active power.



M | arge AC layout. Reactive energy

e Simulation of a 150 kV submarine cable with no load
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OWPP layouts

M Large AC layout

local wind turbme grid
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OWPP layouts

MW HVDC layout

« MV AC collector system

o Offshore platform including AC/DC converters
« DC transmission cable

 Onshore station with DC/AC converters
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HVDC-VSC technology overview

M Two level converters with series connected IGBTs
« ABB late 90s, Siemens 2000-2003
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HVDC-VSC technology overview

M Two level converters with series connected IGBTs

e Switching states
Sal ON Sa2 OFF - v=v,,=Vdc/2
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HVDC-VSC technology overview

M Two level converters with series connected IGBTs

e Switching states
Sal ON Sa2 OFF - v=v_=Vdc/2
Sal OFF Sa2 ON - v=va0=-Vdc/2
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HVDC-VSC technology overview

M Two level converters with series connected IGBTs

e Switching states
Sal ON Sa2 OFF - v=v_=Vdc/2
Sal OFF Sa2 ON - v=va0=-Vdc/2
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M Two level converters with series connected IGBTs. PWM modulation
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HVDC-VSC technology overview

M Three level NPC converters with series connected IGBTs
« ABB 2000-2005
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HVDC-VSC technology overview

M Three level NPC converters with series connected IGBTs

e Switching states
Sal ON Sa2 ON Sa3 OFF Sa4 OFF -v_ ,=Udc/2
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HVDC-VSC technology overview

M Three level NPC converters with series connected IGBTs

e Switching states
Sal ON Sa2 ON Sa3 OFF Sa4 OFF -v_ ,=Udc/2
Sal OFF Sa2 ON Sa3 ON Sa4 OFF _v,,=0
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HVDC-VSC technology overview
M Three level NPC converters with series connected IGBTs

e Switching states
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HVDC-VSC technology overview

M Three level NPC converters with series connected IGBTs

e Switching states
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Sal OFF Sa2 OFF Sa3 ON Sa4 ON -V ,=-Udc/2
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HVDC-VSC technology overview

M Three level NPC converters with series connected IGBTs. PWM modulation.
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HVDC-VSC technology overview

M Three level NPC converters with series connected IGBTs
e Loss distribution
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HVDC-VSC technology overview

M Three level Active NPC (ANPC) converters with series connected IGBTs




HVDC-VSC technology overview

e Two and three level converters can facilitate AC/DC conversion in
HVDC applications. However:

« High switching frequency is mandatory due to the reduced
number of levels .

« Poor efficiency.
* Direct connection of switching devices required.
* Not easy scalable to higher power/voltage levels.
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HVDC-VSC technology overview

MW Modular multilevel converters: Topology and manufacturers implementation
« Siemens 2007, ABB 2010, Alstom 2010
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HVDC-VSC technology overview

MW Modular multilevel converters: Topology and manufacturers implementation
« Siemens 2007, ABB 2010, Alstom 2010
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HVDC-VSC technology overview

MW Modular multilevel converters: Topology and manufacturers implementation
« Siemens 2007, ABB 2010, Alstom 2010
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M Modular multilevel converters: Switching states
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HVDC-VSC technology overview

MW Modular multilevel converters: Switching states and commutation rules
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HVDC-VSC technology overview

MW Modular multilevel converters: Switching states and commutation rules
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HVDC-VSC technology overview

MW Modular multilevel converters: Switching states and commutation rules
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Advantages:

 Low switching frequency

 High efficiency (around
99%))

 Easily scalable

 Low harmonic distortion

Disadvantages:

 Requires twice the number
of semiconductors than a
two level converter and
heavier capacitors.

o Complex control



HVDC-VSC technology overview

MW Modular multilevel converters: Equivalent circuit

To maintain the charge in the capacitors stable
a dc current has to be added to the arm
currents.

. lg

It can be demonstrated that the dc current
needed to maintain stable the capacitors
voltage is given by the following expression:
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M Modular multilevel converters: Manufacturers implementations
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M Modular multilevel converters: Manufacturers implementations
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Conclusions

 This presentation has described the current commercial available
solutions for energy transmission of offshore wind farms

* For large offshore wind power farms located far from the PCC the
most suitable energy transmission layout is based on HVDC-VSC
technologies.

« The MMC represent s a really important milestone in the evolution
of HVDC-VSC transmission links.

e Future research topics
 New energy transmission layouts with MVDC collector systems.
 New converter topologies for HVDC-VSC transmission systems.
 Development of control algorithms for multiterminal HVDC links.
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