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Why utility scale hybrid power plants?
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R&D perspective of Risø HPP facility

Planned power emulator test equipment for Risø HPP 42026-06-16

Grid 
compliance

Electrical 
design and 

control

Optimal 
operation

System 
design

Wind farm 
control

Test and 

model 

validation

Grid connection and requirements

Ancillary services

Power quality

Test methods

Standardization
Optimization

Wakes / mechanical 

loads

Electricity markets / 

purchase agreements

Forecasting

Energy management

Control architecture

Dynamic control

DC versus AC

Optimal sizing 

Physical design

WPP hybridization

New technologies



DTU Wind

Risø HPP – Double bus system
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GREAT project with TotalEnergies
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IEC 61400 standards – wind energy generation
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61400-21-2

Wind power plant

Edition 1.0 2023--3

61400-21-1

Wind turbine

Edition 1.0 2019-05 61400-21-3

Harmonics 

Edition 1.0 2019-09

61400-21-4

Subsystems

Edition 1.0 2025-04

61400-21-5

PS HiL

(Forecast 2025-10)

61400-27-2

RMS

Edition 1.0 2020-07

61400-27-3

Frequency domain

(Forecast 2027-03)

61400-27-4

EMT

(Forecast 2027-09)

61400-27-1

RMS

Edition 2.0 2020-07
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Harmonic and interharmonic currents – and limits

• Harmonic and interharmonic current emissions from Risø HPP 2025

– Harmonic currents within Green Power Denmark limits

– Interharmonic currents exceed Green Power Denmark limits
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Circuit model – frequency domain

• Electrical circuit model for 

– Converter filter (LC or LCL)

– Unit transformer 

– Grid equivalence

• Model resonance frequency (790Hz) 

close to local maximum emission 

(875Hz)

– could be accounted for by the 

tolerance in the filter capacitors 

(±15%)

– could also be caused by the 

influence of the converter control 

system including the modulation
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PV inverter filter impact on WT interharmonics
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• It seems 

interharmonics are 

highest in nights 

when WTs produce 

and PV inverters 
are off
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