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Introduction
• Wind Energy integration has increased significantly over the past few 

decades

• With increasing penetration levels on power systems worldwide, 

conventional plants are being displaced resulting in diminished ancillary 

control services that were provided by such plants

• Grid operators are demanding increased control at the turbine level to 

maintain the necessary balance between generation and load

• Frequency control regulation is one of the control that can be provided 

by WTGs
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Background
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WTG Modelling
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Model has been adopted from IEC 61400-27-1 standards DigSILENT PowerFactory



Fast Frequency Control 

• Inertial control is the first loop activated and 

depends on the rate of change of frequency. 

Inertial control extracts the power stored in the 

rotating parts of the turbines by slowing the 

WTG.

• Droop control loop on the other hand depends 

on the change in frequency. 

• The active power output increase during 

frequency event  may differ between systems 

but it is usually in the range of 5-10% 
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𝐷𝑟𝑜𝑜𝑝 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 = 𝐹𝑚𝑒𝑎𝑠 − 𝐹𝑟𝑒𝑓 ∗ 𝐾𝑑𝑟𝑜𝑜𝑝

𝐼𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 =
𝑑𝐹𝑚𝑒𝑎𝑠
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Active Power Control Block

• The inertial and the droop 

response from frequency 

control block changes the 

reference power to be 

generated depending on the 

fault conditions
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CASE STUDY-I (14-bus system)

Generator Bus No. Rating (MW)

Wind farm 1 (25 WTGs) 5 50

Wind farm 2 (50 WTGs) 13 100

Wind farm 3 (50 WTGs) 4 100

• A total of 3 WFs were connected to buses 

of the 14-bus system
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Fault event

• Penetration level is 75%

• No frequency support from 

WTGs
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Fault event
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• Inertial response from WTGs

• No droop response from 

WTGs

• Penetration level is 75%

• Improved nadir



Fault event
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• Inertial and droop response from 

WTGs

• Penetration level is 75%

• Improved nadir and recovery



Case Study-II (IEEE 39 bus system)

• The total demand in the 39-bus system is 

around 6200 MW as compared to 275 MW in 

14-bus

• Total 7 wind farms were connected as 

shown at different buses
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Generator Rating (MW)

Wind Farm 1 800

Wind Farm 2 600

Wind Farm 3 600

Wind Farm 4 600

Wind Farm 5 600

Wind Farm 6 600

Wind Farm 7 600



60% Wind Penetration
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70% Wind Penetration
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Impact at higher wind penetration 
and fast frequency support from 
WPP



Conclusions

• The results showed that frequency response was best when both droop and inertial control were 
employed followed by only inertial control and least when no control was employed.

• The recovery of droop and inertial response case is best followed by no frequency control, and 
worst in the case of only inertial control
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