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Wind power scenario in Denmark

Henning Parbo, “Distributed Generation Trends and Regulation: The Danish Experience”, EPRG Workshop on Distributed Generation and Smart Connections
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Extended Type 4B IEC Model
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Extended Type 4B IEC Model - Pitch Control Block

• Limit the active power output from WT at rated power output during high wind speed conditions

• During low wind speed conditions, pitch angle remains constant at optimal value.

• Consists of an antiwind-up PI controller and a servomechanism
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Extended Type 4B IEC Model - Aerodynamic Block

• Tip-speed ratio - ratio of speed of tip of blade to wind speed

• Change of aerodynamic power depending on wind speed and pitch angle

• Power coefficient is modelled as a two dimensional look-up table
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Extended Type 4B IEC Model - Mechanical Block

• Two mass model

• Capable of capturing oscillations
induced by

• wind gusts
• change in active power set

points which causes imbalance
of electrical and mechanical
torque.



02 December 2016DTU Wind Energy, Technical University of Denmark7

Extended Type 4B IEC Model - MPPT Table

• Implemented as a lookup table which determines reference power output of generator as a
function of generator speed.

• This table ensures that optimal aerodynamic power is being extracted by keeping WT working at
maximum power coefficient, until nominal rotational speed is reached
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Extended Type 4B IEC Model - Active Power Control Block

• Low pass measurement filter
• Used to filter high frequency fluctuations

in measured active power.

• Anti-windup PI controller
• Error signal between reference and

measured active power is passed to
obtain reference active current signal.
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• Q control modes
• voltage control
• reactive power control
• power factor control
• open/closed loop control

• Low pass measurement filter
• used to filter high frequency fluctuations

in measured voltage or reactive power
signal

• Anti-windup PI controller
• Error between measured and reference

signal are passed to generate Iqbase
signal

• Q controller switches to LVRT mode
• when V < Vthreshold (due to sudden

system disturbances)
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Extended Type 4B IEC Model - Reactive power control block
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• In LVRT mode, additional reactive power
support from WT is required

• Voltage scaling factor used to determine
voltage dependent reactive current during
LVRT, Ifault

• Post-fault current contribution (Iqpost)
• Some grid codes require to inject post-

fault reactive power for a specified time 
period
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Extended Type 4B IEC Model - Reactive power control block
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Extended Type 4B IEC Model - Static generator block

• Consists of
• generator reference current limiter model
• phase locked loop (PLL)
• static generator block

• Static generator is used as a current source

• Input to the static generator
• reference active current input
• reference reactive current input
• phase information provided by the PLL
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Performance of Extended Type 4B IEC Model

Step changes in wind speed Step changes in reactive power set point



02 December 2016DTU Wind Energy, Technical University of Denmark13

Simulation System

• 4 central power plants

• WPP capacity= 300MW

• WPP is connected to grid at bus 111 by a 150 
km long transmission line.

• Short circuit ratio (SCR) calculated at bus 115 
(PoC) = 1.52 – Very Weak System

• Studies performed
• dynamic studies
• steady-state studies 
• three-phase bolted fault at line L1 

connecting bus 111 to bus 108
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Danish Grid Code Requirements

Voltage dip tolerance requirement

Reactive current injection requirement

Q in relation to P for steady-state operation

Q in relation to voltage for steady-state operation
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Dynamic Analysis – Low Voltage Ride Through
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• Steady-state analysis of the system is done using power flow

• Pre-fault scenario 
• WPP run in V control mode with Vref = 1.04 p.u. 

• After the fault -- line L1 is opened 
• voltage at bus 111 falls to 0.92 p.u.
• WPP operated in local voltage control mode with Vref = 1.04 p.u.
• reactive power output from WPP -- 0.222 p.u.

• Additional reactive power support from secondary voltage control is possible

• With centralized secondary voltage control
• voltage at bus 111 improves to 0.94 p.u.
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Steady-State Analysis – Secondary Voltage Control
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Conclusions

• LVRT support from WPPs are required in systems with low SCR

• Not prioritizing Q delivery during faults can cause lower voltage dips at PoC, post-fault voltage recovery is affected

• LVRT mode of operation helps in stabilizing the PoC voltage faster in post-fault period

• During fault, behavior of V control and Q control modes of operation are similar

• Post-fault steady-state voltage differs for V control and Q control modes

• In steady-state operation, local voltage control may not be able to utilize full capability of WPP

• Centralised secondary voltage control may be required to improve voltage profile specially in weak systems

• Further investigations are required in developing methodology for centralized secondary voltage control of WPPs
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Thank you for your attention!
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