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ÅWind power generation characteristics

ÅDesign and operation of power systems with wind 

power

ÅNetwork upgrades for accommodating wind power

ÅCapacity value of wind power

ÅPower market design considerations
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Å300 GW of wind power in Europe including 120 GW 

offshore in 2030:  25% of electricity demand

Å Increasing transmission capacity is option number 

one for large scale integration of variable output 

renewables

ÅAdequate power market design (and regulation) is 

needed for economic integration of wind power
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Components

Å Generating plants

Å Transmission and distribution 
grid

Å Loads

Å Storage

Å Controls

System must always be in balance

Security of supply and reliability

Stakeholders

Å Generating companies

Å Network operators (TSO, DSO) 

Å Regulators

Å Energy traders

Å Market operators

Å Service providers

Å Energy consumers
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ÅVarious electrical conversion systems are used for 
wind power plants, they do not behave identically to 
traditional power plants
ïAdvances in technology give power plant 

characteristics to modern wind farms (e.g. active power 
control, fault-ride-through)

ÅDue to prime mover (wind), wind power plants are 
VARIABLE OUTPUT generation
ïGeographical aggregation reduces the fluctuations in 

output

ïOperating wind plants with forecast tools enhances the 
predictability of the output.
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ÅMeteo systems

ïdimensions of 

1000 kilometres

ÅRegional decorrelation

ïexisting but limited

ÅUtilization of transcontinental 

decorrelation requires

ïinfrastructures 

ïmarkets

Courtesy of Gregor Giebel (Risoe)

Europe

L

H Courtesy of Andrew Garrad

Integrating a continental resource requires a European approach

. Spatial de-correlation most interesting over large distances.
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December 2000 wind speeds, 2030 MW amounts
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December 2000 wind speeds, 2030 MW amounts
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December 2000 wind speeds, 2030 MW amounts
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Annual wind power production (GWh)

Gross electricity consumption (GWh)

ENERGY PENETRATION

Wind power capacity (GW)

Peak load in the system area (GW)

CAPACITY PENETRATION

With a given capacity in the system the energy 

penetration is ca 3x lower than capacity penetration
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ÅWind power fits well in power systems, requires  

additional óintegration effortsô, depending on:

ïWind power penetration

ïFlexibility of the power system in question

ÅGeneration (up and down regulation capability)

ÅDemand side management and storage

ÅNetwork + interconnection (available capacity)

ÅPower market characteristics (e.g. for balancing services): time, 

geographical area

ÅFlexibility varies widely in EU

Å Integration efforts (e.g. moving to more flexibility) can 

be implemented by suitable market design (rules, 

incentives)
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Increase in reserve requirement 
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UK, 2007 distributed

wind

Summary reserve requirements

ï different time scales for estimating the reserve requirement ïin-hour, 4 

hours ahead, day-ahead

ï UK, 2007 assumes 4 hours ahead wind variations (persistence 

forecast) combined with load forecast errors

Germany, Minnesota

day-ahead
Four hours ahead

others in-hour
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Increase in balancing cost 
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Summary balancing costs

Å Integration costs 0.5 - 4 ú/MWh 

ï Small compared to production cost /market value of wind power (~ 

40-60 ú/MWh)

ï Not directly comparable due to: only use of reserves or allocating 

investment for new reserve; interconnection taken into account or 

not; assumptions on thermal power costs 
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Å In most cases, even if high estimates of reserve 

requirements, the current conventional capacity can 

handle these and no new reserve capacity is needed 

in the system

Å In all cases, a clear increase in the use of short term 

operating reserves is seen

ïthis is also the experience of integrating wind 

power from Denmark and Spain  
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THE MAIN CHALLENGES

Å Increased power flows as wind power capacity increases

Å Distance of wind power from load centres

ISSUES

Å European grid is weak on interconnections

Å Often weak distribution grids 

Å Interconnection projects face long lead times (10 years) due to 

planning obstacles

Å Cost allocation: example approach, e.g. infrastructure planning law 

in Germany (offshore grids for wind power to be built by TSOôs




