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PROMOTioN Context

European Commission Energy Strategy 2030
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PROMOTioN Context

Go like the wind... I

EUROPE ELECTRICITY CAPACITY (FIGURE 3-5)
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PROMOTioN Context

New Transmission Infrastructure
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PROMOTioN Context

Why a meshed grid?

« Different types of offshore users
« Consumers
* Producers
* |Interconnectors
 Traditionally connected point-to-point,
dedicated connection
» Lower utilisation
 Reliability offshore

* Mesh offers benefit
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PROMOTioN Context

Challenges

» Offshore requires cables & platforms
Long cables require HVDC
HVDC requires converters

HVDC network requires HVDC
control & protection system

HVDC protection system requires
HVDC switchgear / circuit breakers
Transnational network

» Regulatory differences
e Business models

e Governance

» Financing
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PROMOTioN Objectives

Objectives

1. Identify technical requirements and investigate possible topologies for meshed
HVDC offshore grids

Develop protection schemes and components for HVYDC grids
Establish components’ interoperability and initiate standardisation

Demonstrate cost-effective offshore HVDC equipment

a bk~ w0 DN

Develop recommendations for a coherent EU and national regulatory framework
for HVDC offshore grids

6. Develop recommendations for financing mechanisms for offshore grid
infrastructure deployment

7. Develop a deployment plan for HYDC grid implementation
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PROMOTioN Project organisation

Work packages

WP1 - Requirements for meshed offshore grids - TenneT

WP2 WP3 WP4 WP5 WP6 WP15 WP7

Grid topology WTG - HVDC Grid Test HVDC CB HVDC GIS Regulation &
& Converters Converter Protection Sytems environment performance Demonstrator Financing
interaction for HYDC CB characterisation

RWTH Aachen DTU KU Leuven DNV GL UniAberdeen TenneT WP13 WP14

]} inati Proj
WP16 WP9 WP10 issemination Man;cggﬁ:ent

MMC Test bench demonstrator Protection system HVDC Circuit Breaker SOW DNV GL
demonstration demonstration

RWTH Aachen SHE Transmission DNV GL

WP11 - Harmonisation towards standardisation - DTU

WP12 - Deployment plan for future European offshore grid - TenneT
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PROMOTioN The Project

Demonstrators
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HVDC network control
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RWTH Aachen
Aachen, Germany

HVDC network protection

Multi-terminal test centre

SHE Transmission
Glasgow, UK

HVDC circuit breakers

KEMA High Power Lab
DNV GL
Arnhem, Netherlands
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PROMOTioN The Project

Statistics
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PROMOTioN The Project
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WP3 WTG - Converter interaction

WTG Control capability evolution

Grid Supporting

Source: Prof. R. Blasco-Jimenez, UPV
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WP3 WTG - Converter interaction

Diode Rectifier Units as offshore HVDC
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WP3 WTG - Converter interaction

Grid Forming Wind Turbines
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WP3 WTG - Converter interaction

Objectives

Objective 2
Develop test cases
& control

Objective 3 Objective 4
Define & apply Recommend grid

Objective 1
Define functional

VsC
onshore

requirements to OWFs algorithms compliance evaluation code requirements
a’ a’ a’ DRU Voltage [%]
Diode Rectifier Unit 1233::
\ tion
. - - * HVD‘(E link J:} 100%— -permanent operating area.
L1 1

Time

Blisdbonsnnd

—
(&: f © PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
s This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714. Bilbao, 03-04-2019 17



WP3 WTG - Converter interaction

Offshore AC Grid Start-up Options
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WP3 WTG - Converter interaction

Som - AC grid . .
ome results gri start-up strlng connection
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Figure 2-6: Simulation results during offshore AC grid start-up (string connestion): (a) active pawer through umbilical cable

‘igure 2-8: (d) Simulation results during offshore AC grid start-up (string connection): (a) active power delivered by eact

neasured at umbifical offshore and on-shore ends; (b) reactive power through umbilical cable measured at offshore and on- gure 2-7: Simulation results during offshore AC grid start-up (string connection): (a) total OWF active power; (b) offshore /F4; (b) reactive power generated by each OWF-i, (c) voltage at terminals of each DRU platform; (d) current through ez

shore ends: (c) offshore and on-shore AG voltages: (d} WTG active power Pwra: (2] WTG reactive power Gwia,

voltage Ve (c) active power through the umbilical cable; (d) frequency of the offshore AC grid.
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WP3 WTG - Converter interaction

Next steps - Demonstrator

CHIL validation (WP16 — DNV-GL, RWTH Aachen, UPV):
 DRU connected grid forming wind power plants

» Black start for HVAC connected wind power plants

» Black start for HYDC connected wind power plants
 HVDC grid connected WPPs

CWTHAACHEN
UNIVERSITY
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WP3 WTG - Converter interaction

WP3 Preliminary list of Recommendations for Requirements
DRU-HVDC connected WPPs

»  Grid forming WTs for DRU connection

»  Energization

Operational ranges (e.g. V, f, df/dt)

>
»  Control gains (e.g. droop, reserve)
»  Onshore and offshore FRT (100% Power-Electronics)
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https://www.promotion-offshore.net/fileadmin/PDFs/D3.4_PROMOTioN_Results_on_control_strategies_of WPPs_connected_toDR-HVDC.pdf
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WP3 WTG - Converter interaction

WP3 Preliminary list of Recommendations for Requirements
HVAC & VSC-HVDC connected WPPs

» Self-Energization and Black Start requirements for OWPPs

HVDC-connected OWPP(s)
with AC collector substation(s)

HVDC-connected OWPP(s)
directly (66kV) connected to the HVDC

nd innovation programme under grant agreement No 691714. Bilbao, 03-04-2019
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APPENDIX
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DNV GL Netherlands B.V.
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d‘Electricité, Technische Universiteit Delft, Equinor, TenneT TSO B.V., Stiftung
OFFSHORE-WINDENERGIE, Siemens AG, Danmarks Tekniske Universitet,
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de Valéncia, SCiBreak AB, Forschungsgemeinschatt fiir. Elektrische Anlagen und
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Offshore Wind AS, Energinet.dk, Scottish Hydro Electric Transmission pic,
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