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Interconnection & Demonstration

i Focus & Objectives

¢ Power Electronics interface with grid

A High Voltage DC, Wind turbine interconnection, power elect
transformers

Post A RonanMeere: HVDC connected wirlrms, RonamMeere, started 09/20

Docs. | /5% ¢ hQEBenpeyStt g !
A Post Dock; to be hired 2013; Mixed AGDC Transmission

PhDs A PhD1 (Sep 2018)AC & DC Transmission Systems
A PhD2 (Sep 20138)Interconnection of Offshore wind farms

A The technoeconomic implications of high levels of crosscontine

A Dynamicsand Control of Power ElectronicsTransformers,Tao Yang, \
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Background Why Interconnection? 3

A European targets for renewable energy
¢ Europe 2620-20 targets
¢ For 2050 an 80% green house gas reduction has been suggested
A Near zero carbon power supply

A Most studies highlight the need for an expanded and
Interconnected European grid to facilitate increased renewable
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A Europearbupergri@ 4

Transportrenewable energy from area~
of high concentration to where it is
needed.

Facilitates Sharing of reserveseduces
backup generation capacity (by as mu
as 30¢ 40%)

Reduces the effect of demand variabil
Reduces volatility of wind

Exploits negative seasonal correlation
between e.g. wind and solar
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E.g. Reduction in Demand Variabilitys

EXHIBIT 20
Increased transmission cancels out both daily and Individual regions
seasonal fluctuations —— Total EU-27

Example: Regional demand variation from average per hour during one day
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Regional demand variation from average over the year
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A Source: RoadMap2050: Practical Guide to a Prosperous, Low Carbon Europe, European Climate Foundati

2010 .
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Costs & Optimal Interconnection 6

Energy Policy I (Nm) ima-1m

Contents lists available at SciVerse ScienceDirect

Energy Policy

journal homepage: www.elsevier.com/locate/enpol

Optimal interconnection and renewable targets for north-west Europe *
Muireann A. Lynch ®®* Richard S.J. Tol ¢4, Mark J. O'Malley ®

¢ Demand can be met by a combination of increased
generation and interconnection

¢ Constrained by renewable targets
A Individual region target vs. global targets

¢ Objective is to minimise total costs across all regions
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Conclusions from the study 7

Investment in interconnection reduces costs only when renewable
generation targets exist.

Cost reduction is sensitive to wind integration cost and discount rate.
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Global targets concentrate renewable generation in areas of high wind.
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The Role of Offshore Wind 8

Off-shore wind expected to contribute significantly to Europeat
targets

A Currently approx 5 GW mstalled 40 GW by 2020 150 GW by
2030 FIGURE 2.1: INSTALLED CAPACITY OF OFFSHORE WIND FARMS IN NORTHERN EUROPE TO 2030, OFFSHOREGRID SCENARIOS
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Offshore Grids

A A significant portion of a Europe&upergridvill be offshore
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Figure 0-5 Radial Grid Design for 2030, Referencé Scer%ario‘
A Source: The North Seas Countries Offshore Grid Initiative: Final Report WG1.:
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Technical Approach 11

A large portion of grid is likely to be based on
High Voltage DC transmission

i Why?
¢ Connection of asynchronous system t!‘”""‘*"*' .

¢ Lower loss for long distance, bulk
energy transfer

imeertal

VDX catie, 2 - e
¢ Controllablec based on Power
Electronics Conversion ﬂ.

New Challenges: A
A Control & Power flow in Mixed AC and DC networks
A Multi-terminal HYDGQgrids
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Interconnection & Power Electronics:z

i Power Electronics are the enabler
HVDC stations
Wind turbines (DFIG, Full Conversion)
Flexible AC Transmission Systems (FACTS)
Power Electronics Transformers

i Power Electronics bring benefits
Controllability,Intelligence, Decoupling

A But also drawbacks
Losses, Harmonics, Reliability, Costs
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A5/ . dza dél-é“[c‘)z/v A 3
AC grld AC Grid

A Grid of independent DC lines. ©
Each DC line connects only to W
the AC system. )

4 Meshed DC grid with common ()/v?
DC voltage. Interconnected DC

lines without converters)

317 OO0A A dermihal @93CHEDC for the Europesupergridy / AOOA AlHeemM. $8
Ghandhari Renewable and Sustainable Energy Reviews 14 (20103165
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Control in Mixed ADC Systems 14

i Mostexisting HVDC is point to poighow to control
multi-terminal HYD@
A What mix of technologies Is possible?
Voltage Source Converters vs. Current Source Conver!

i How can system support be best provided?
Reactive power and voltage support
—reguency support and simulated inertia
Power osclillation damping

Fault ride through

Black start
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Architectures for Offshore wind 15

i Off-shore wind driven by reliability and maintenance
concerns

i Power Electronics can enable different configuratiol
C although they are also part of the problem
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A SourceB. Hahn, MDurstewitz, K.Rohrig@Reliability of wind turbinegExperience of 15 years with 1500 &Vii's
Wind Energy: Proceedings of tfigiromechColloquium, S. 328832, SpringeiVerlag Berlin.
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Off-Shore Wind Farm Architecture ahaterconnection 16
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Multiple Wind Turbines Controlled by VSG
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4 RonanMeere, Post DocVSEHVDC Link to Support Voltage and Frequency Fluctuations for Variable Speed
Wind Turbines for Grid Connection, in IEEE BES ISGT Conference, Berlin, Germany, Oct. 2012
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TheRole of DEDC Conversion in DC &

A4 DC Grids need BPIGC conversion in place of AC
Transformers
i What are the implications for system design, losses

and control?
Control and operation of Dual Active Bridge

High Frequency DOC converters
High Frequency, high power Transformers
PowerElectronicslransformers

<«— DO DCConverter ———»

\—AC vac L_I LVfCDC ]
%9 — = TJ@J@T AC | %}

. LVAC
Electronics Transformers

MV A . .
A Tao Yang, PhD %rolect on Dynamics and Control of Power
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Demonstration: Real Time Digital Simulation 19

4 Hardwarein loop RealTimeDigitalSimulator

A Allows interfacing of Hardware (e.g. controllers or power
hardware)to real time simulationof network (e.g. at 50 ustime
step)

Testing/Developmendf controllers
A Simulation/testof fast power electronicanterfacedto grid

Signals from
simulation to
activate Hardware,
Simulation of Network = "2"dWare | e g. controller, IED,
running in real time, e.g. Relay
50 us time steps
Hardware
response back to
simulation
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RealTime Diaital Simulation: Exampke

Real-time simulator —

Sample time AT:
10-20pus

Wind farms
Real-time simulation
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Questions 21
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