
Application of STATCOM 
Systems at Wind Farms 
Improving Dynamic Performance to Meet Stringent 
Grid Codes 



  Power output is inherently unpredictable 

 Power sources located at non ideal locations 

Presents system operator challenges  
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Resource Variability 

 Potential for transmission congestion  issues 

Drives need for stringent connection codes and 
procedures 

Level of renewable penetration 

Grid Impacts 

Renewable Integration Challenges 

600 KW (Possible?), 1.65 MW (for 

future increase in the limit) 

Firm Grid Codes with fully defined  
requirements in the areas of: 

  
Voltage Ride Through /Dynamic 

Stability 

Power Factor Capability 

Control Objective 

Power Quality 

Compliance Validation 

  Different technologies employed and spread in 
the system with varying capabilities employed 

Ancillary equipment with advanced controls 
typically required 

Different Technology  
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World Wide Grid Code Requirements 
To alleviate the growing impacts of renewables on the grid 

Grid code requirements vary from region to region.  

Reference: AESO ISO Rules Part 500 - Facilities 
Division 502 – Technical Requirements Section 
502.1 – Wind Aggregated Generating Facilities 
Technical Requirements August 10, 2010 

Reference: UK Grid Code, 
December 13, 2013 

Reference: Romania  - Technical conditions for connection to the 
public electrical grids for electrical  
wind power stations, March 4, 2009 

Reference: ESCOSA Electricity 
Transmission Code, July 1, 2008 

Reference: ESKOM Grid Connection Code for RPPs in South Africa - 
Version 2.8, July 2014 



• The Grid Code Requirements are 
imposed at the Point of 
Interconnection of the Wind Farm 
to the Transmission Grid 

• Variety of reactive resources are 
required to fully meet the grid 
code requirements  
– Often the assistance of STATCOMs 

are required 
– Creative control systems have been 

implemented to integrate all 
reactive resources to meet the 
various grid codes 
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World Wide Grid Code Requirements 
Requirements Met Using a Variety of Reactive Resources 

Creative controls allow multiple reactive resources to assist in 
meeting the various grid code requirements.   

Shunt Banks 
4 MVAR® 

D-VAR 

Wind Turbine Generators 
With Reactive Capability 

Utility Grid 

CT 

PT 

MCE - Master Control Enclosure 

PT 

Breaker 
Switch 

Medium Voltage 

Point of Interconnection 
Transmission Voltage 

Reactive Power 
Commands 

Voltage/Current Monitoring  

MVAR 
Control 

MCE 



• Proprietary technology exclusively available from AMSC 

• Provides dynamic reactive capability – both leading and lagging 

• D-VAR STATCOM has overload capability of 3.0 times its continuous rating 

• D-VAR STATCOM can seamlessly switch other devices and communicate with 
wind turbines to increase net reactive output 
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AMSC’s D-VAR® STATCOM Solutions 
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Texas - ERCOT 
Grid Code Requirements 

Power Factor Requirements 
• Q=±0.328 * Max Net Real Power 
• Applies between 10% - 100% Gen Levels 
• Applies at seasonal voltage set-points 
• Set-points between 0.95 and 1.05 pu 
 
System Sizing 
• Dynamic Reactive Capability= 
               ±0.328 * Max Net Real  
• D-VAR Overload included as dynamic 
• Use MSCs & MSRs to account for losses 
• MSCs & MSRs OK if respond to voltage 
 
Regulation Modes 
• Voltage control with 2% Droop 
 
LVRT & HVRT 
• See figure 
 
Emerging ERCOT Requirements 
• Reactive power swing with fixed taps  
• Preferred response and settling times 
 

REGULATION 

Reference: ERCOT Nodal Operating Guides, Section 2: System Operations and Control Requirements.  June 1, 2014 

DYNAMIC – Ride Through Requirements 
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Texas - ERCOT 
Wind Farm in Texas – D-VAR® System 

345 kV 

34.5 kV 34.5 kV 

D-VAR 
STATCOM MVAR 

Control 

50 x 2 MW 
Wind Turbine Generators 

345 kV/34.5 kV 
Transformer 

345 kV/34.5 kV 
Transformer 

Normally Open 

Voltage/Current Monitoring  

Remote Sub (POC)  

CT 

PT 

CT 

PT 

MCE - Master Control Enclosure 
WPK – Wind Park Controller 

MCE MCE 

50 x 2 MW 
Wind Turbine Generators 

WPK WPK 

PT 

D-VAR 
STATCOM 

Switched Capacitor  and 
Reactor Banks 
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Texas - ERCOT 
Meeting Power Factor Requirements – Load Flow Simulations 

200 MW Wind Farm 
Reactive Power Capability 
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Texas - ERCOT 
Meeting VRT Requirements – Dynamic Simulations 

High Voltage Simulations – Wind Farm Ride Through Capability 
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South Africa 
Grid Code Requirements 

Regulation 
Modes:  
-Voltage 
-Q Control 
-PF Control 
 
Droop 
4%, 8% 

 
Power Factor 
±0.95 

REGULATION DYNAMIC 

Reactive Current 
Injection 
-Capacitive Current 
(Low Voltage 
Events) 
-Inductive Current 
(High Voltage 
Events) 
 
LVRT/HVRT 

Reference: ESKOM Grid Connection Code for RPPs in South Africa - Version 2.9, July 2016 
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South Africa 
Wind Farm in South Africa – D-VAR® System 

132 kV 

33 kV 33 kV 

MVAR 
Control 

23 x 2.5 MW 
Wind Turbine Generators 

(±0.95 PF) 

132 kV/33 kV 
Transformer 

132 kV/33 kV 
Transformer 

Normally Open 

Voltage/Current Monitoring  

CT 

PT 

CT 

PT 

MCE - Master Control Enclosure 
17 x 2.5 MW 

Wind Turbine Generators 
(±0.95 PF) 

PT 

MCE 

CT CT 

Reactive Power Commands 

Utility Grid 

AMSC 
D-VAR 
System 

AMSC 
D-VAR 
System 
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South Africa 
Meeting Regulation Requirements – Field Tests 
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South Africa 
Meeting Transient Requirements – Simulations 

Wind Farm Reactive Current Requirements  
High/Low Voltage Events 

Voltage Dip, 30% remaining voltage  Required 
Capacitive Reactive Current: 100% ΔIQ/IN 
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South Africa – Transient Response 
Meeting Regulation Requirements – Actual Voltage Sag Events 

Event 
6/16/2015 

Event 
4/25/2015 
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Indian Grid Code 
Grid Code Requirements 

Reference:  draft_tech_std_elec_plants&elec_lines.pdf, 2016 

Regulation Modes:  
Voltage Control  

• Adjustable droop (0-10%) 
 

Power Factor 
±0.95 

 
Speed of Response:  
95% within 1 second 

 

REGULATION 

DYNAMIC  - Voltage Ride Through Requirements 
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Indian 100 MW Wind Farm  
Sources  of Reactive Losses at Full Generation 

The Bottom Line 
Add 50.5 MVAR to the capacitive reactive compensation target value 

 To Utility 
Grid 100 MW 

132 kV 
120 MVA 

10% Z 

±95 % PF 

100 MW 
-50.5 MVAR 

Turbines 
±33 MVAR -7 MVAR 

GSU 
Losses 

-1.5 MVAR 

Net Collector 
Grid Losses/Charging 

-9 MVAR 

Power 
Transformer 

Losses 

Total 
Reactive 
Demand 

-17.5 
MVAR 

Inductive MVARs 

33 kV 690V 
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Indian Wind Farm 
Wind Farm in India – D-VAR® System 

132 kV 

33 kV 

2  Switched 
Capacitor Banks 

D-VAR 
STATCOM 

50 x 2 MW 
Wind Turbine Generators 

120 MVA  
132 kV/33 kV 
Transformer 

Utility Grid 

CT 

PT 

MCE - Master Control Enclosure 
WPK – Wind Park Controller 

WPK 

PT 

MCE 

Breaker 
Switch 
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Indian Wind Farm 
Meeting the Power Factor Requirements 

Grid code requirements vary from region to region.  



      

Jay Managoli 
Regional Sales Manager 

+911204309347 
Jayateerth.Managoli@amsc.com 
www.amsc.com 
 

AMSC, D-VAR, Gridtec, Windtec, and Smarter, Cleaner … Better Energy are trademarks or registered trademarks of American Superconductor 
Corporation. All other brand names, product names, trademarks or service marks belong to their respective holders. 
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