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Wind Power Integration

Generation must equal demand at all times
Variability of demand throughout day, week, year

Dutch Load in first week in 2007
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Wind Power Integration

Variability and uncertainty are not fundamentally new issues
Wind power challenges the operation of conventional generation

Simulation of first week in 2014
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Wind Power Integration

Long distance power transmission
Overloading of transmission lines
Changing power flows, loop flows
Voltage stability

Power flow control (phase-shifters, FACTS, capacitor banks), HVDC
Market organization (gate-closure times, wind power as power plant)

Gradual replacement of conventional generation
Reactive power control
Power system inertia
System support during extreme events

Wind power generators use power electronics
Inertial response, reactive power control, fault ride-through capability
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Scientific Output

3 PhD thesis (Yi Zhou, Ralph Hendriks, Bart Ummels)
9+ Journal papers
45+ Conference papers

Papers and reports in cooperation with
TenneT TSO
KEMA, ECN, IEA
Government
Industry

Data and model development

International cooperation in working groups
Establishment of Dutch wind integration competence
Media and public opinion
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Application by TSO

Wind power integration has been studied by TSO for decades
Better data and better research has removed ‘barriers’ for wind

| 1985 | 2003 2005 2007 2009

Confidential / © Siemens AG / Siemens Wind Power AS 2 009. All rights reserved

Page 7 2 December 2009 Siemens Offshore Wind Power NL / BCU



Application by TSO

Wind power integration has been studied for decades

Better data and better research has removed ‘barriers’ for wind

Joint research in We@ Sea: scientific publications - industry vision
‘International networks and markets are key for wind power integration’
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Application by Institutes and Government

2005, ECN/CPB, Social Cost/Benefit Analysis Wind Power
‘Reserve capacity is not a bottleneck for offshore wind power’

2006, TenneT TSO, Capacity Plan
‘First integration issue for wind power is not variability, but low-load’

2007, APX ‘Developments in the markets do not stop after day-ahead
trading is done. Wind power forecasts improve significantly’

2007, TPDEV — Ministry of Economic Affairs
‘Energy storage is not needed for wind power integration, greenhouse
emissions may even increase. International exchange is essential’
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Application by Institutes and Government

2008, IEA ‘Before considering expensive new capacity (e.g. storage),
existing flexibility should be used more efficiently’

2008, Dutch Energy Council, ‘Flexibility needed from base-load units’

2008, Dutch Ministry of Economic Affairs, Energy Report
‘Large-scale wind (...) will require more fast-starting reserve power’

2009, CE Delft ‘Renewable obligation necessary since wind power
worsens business cases for coal and gas’
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Dutch Governmental Policy

+2000 MW onshore?
SDE provides fixed price incentive for 15 years
Optimisation towards 1760 full load hours promotes inefficient turbines
Market price determines consumer mark-up for wind

+950 MW offshore in 2014/15, individual connections
Additional subsidty available for distances 30-85 km. offshore
Based on 3180 full load hour equivalents per year
Monthly reporting to government (production, turbine availability)

+5000 MW offshore in 2020, offshore clusters
Tendering for pre-approved offshore sites
Power socket at sea provided by TenneT TSO?
Network planning? Grid code requirements?
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Outlook on Dutch Offshore Wind

Base incentive on EUR/MWh
Stimulates maximum production of renewable energy per MWe
SDE: Base-price may be fixed, incentive depends on market price
Annual wind can be predicted better than the electricity price

Link locations and incentives to governmental object Ives
2020 Targets are clear: 35% renewable electricity
Translate number of sustainable GWh/year to wind energy GWh/year
to local development in MW/year — to 2020 and beyond
Permits and incentives must be available for each location

Stimulate efficient wind turbines
Base incentive on ambitious benchmark for capacity factor
Efficient turbines comprise efficient maintenance
Sustainable innovation and local employment
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Outlook on European Grid Integration

TenneT TSO
Develop offshore grid
Coordinate wind
integration NL-EU
International markets

ENTSO-E
42 European TSOs
5 Regional groups

EWIS
Integration study at
European level
Network bottlenecks
Energy storage
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We have got the power




Thank you for your attention

oarturnrnels@siarnens.corr




