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Progress on Meshed Offshore HVDC Transmission Networks
Enabling the North Sea power house

 Improve capacity utilisation by combining: h.

» Offshore wind export

* Interconnection h‘
» AC grids reinforcements
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Progress on Meshed Offshore HVDC Transmission Networks
Enabling the North Sea power house

 Improve capacity utilisation by combining: h.

» Offshore wind export

* Interconnection h‘
» AC grids reinforcements
|| | |

« Connect on the DC side
 Benefits compared to point-point connections
* Better availability
.

 Lower CAPEX
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- Lower OPEX 5 45\. 4}

L ]

—
(t E © PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714.

g




Progress on Meshed Offshore HVDC Transmission Networks
Enabling the North Sea power house

* Develop cost effective & reliable HVDC network protection

» Work towards technology interoperability & standardisation kl

« Recommendations for EU regulatory & financial framework
* Deployment plan for implementation up to 2050

* Full scale technology demonstrations
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PROMOTioN The Project

Statistics
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PROMOTioN The Project

The Partners — Covering the Offshore Grid Value Chain
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Meshed HVDC grid
technology Is real
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Multi-terminal HVDC grids
will develop incrementally
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Who integrates the
HVDC system?
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(OF"

(OX"

—
(tf © PROMOTIioN — Progress on Meshed HVDC Offshore Transmission Networks
== This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714.

O

A' ®

03.05.16 15




(OX"

-

Wind farm A

© PROMOTIioN — Progress on Meshed HVDC Offshore Transmission Networks

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714.

O

A' ®

03.05.16 16




_ Manufacturer B Manufacturer C

[ Wind farm A ]
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_ Manufacturer B Manufacturer C Manufacturer D Manufacturer E
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Need for Standardised Interfaces
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Harmonize HVDC system
characteristics
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Required
functionality

Control

strategies Voltage levels

Inter-
operability

Harmonisation
Communication Converter &
Protocols configurations standardisation

Fault clearing
strategies
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Validate controller models
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Sub-synchronous
f1 osdllation

2f1

0.5 f,

Side banc Unvalidated black-box
(RMS) model




Generic model Vendor model Full system

Software Software in the Field
simulation implementation

RT-LAB
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Conclusions

Ingredients for HYDC multi-terminal grids are ready...

...but HVDC system integration remains key challenge:
* Requires change Iin responsibilities

 Need for further harmonisation & standardisation
 Need for controller model validation
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DISCLAIMER & PARTNERS
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The opinions in this presentation are those of the author and do not commit in any way the
European Commission
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DNV GL Netherlands B.V.

Utrechtseweg 310, 6812 AR Arnhem, The Netherlands
Tel +31 26 356 9111

Web www.dnvgl.com/energy

CONTACT

Cornelis Plet
cornelis.plet@dnvgl.com
+31 6 115 240 83
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PARTNERS

DNV GL Netherlands B.V., ABB AB, KU Leuven, KTH Royal Institute of Technology,
EirGrid plc, SuperGrid Institute, Deutsche WindGuard GmbH, Mitsubishi Electric
Europe B.V., Affarsverket Svenska kraftnat, Alstom Grid UK Ltd (Trading as GE Grid
Solutions), University of Aberdeen, Réseau de Transport d'Electricité, Technische
Universiteit Delft, Statoil ASA, TenneT TSO B.V., Stiftung OFFSHORE-
WINDENERGIE, Siemens AG, Danmarks Tekniske Universitet, Rheinisch-
Westfalische Technische Hochschule Aachen, Universitat Politécnica de Valéncia,
SCiBreak AB, Forschungsgemeinschaft fir. Elektrische Anlagen und
Stromwirtschaft e.V., @rsted Wind Power A/S, The Carbon Trust, Tractebel
Engineering S.A., European University Institute, Iberdrola Renovables Energia, S.A.,
European Association of the Electricity Transmission & Distribution Equipment
and Services Industry, University of Strathclyde, ADWEN Offshore, S.L., Prysmian,
Rijksuniversiteit Groningen, MHI Vestas Offshore Wind AS, Energinet.dk, Scottish
Hydro Electric Transmission plc, SCiBreak AB
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