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Agenda

e Various methods of Voltage/VAR
control

e Other considerations

e Switched Capacitor Control Example
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Methods of Voltage/VAR Control

e \Wind Turbines

e Substation DSTATCOM/DVAR

e Substation fixed compensation

e Combination of the above
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Wind Turbine Voltage/VAR Control

e Asynchronous generator
— switched capacitor banks on each turbine

— Requires additional VAR compensation at the
substation level

e Doubly fed induction generator (DFIG)

— Voltage injected into rotor for continuously variable
VAR output typically with power factor of +/- 0.9

— Often no substation VAR control needed for power
factor and voltage regulation

e Full conversion AC-DC-AC generator
— Best performance for VAR, Voltage control
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Substation Voltage/VAR Control

e DSTATCOM/DVAR
— Power electronics used to source or sink VARS
— Continuous/smooth PF or Voltage control
— Controlled by manufacturer proprietary system

e Fixed compensation
— Typically switched capacitors

— May include fixed reactors depending POI
— Typically custom designed controller

e DSTATCOM / DVAR can be complimented by
switched capacitors or reactors
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Substation Voltage/VAR Comparison

e DSTATCOM / DVAR

— Roughly $1M to $3M per 100MW for asynchronous
generator site

— Provides “high resolution” set points

e Fixed compensation

— Roughly $500k per 100MW for asynchronous
generator site

— Delta V is typically in the 1% to 2% range
— Multiple stages in the 5-20 MVAR range each

POWER Engineers, Inc.



Other Considerations

e Harmonics

— Can tune up with capacitor banks in certain
configurations

— Can be predicted with study

e Low voltage ride-through

— Enhanced by the ability to instantly inject VARs into
the system

e Future regulatory changes

— Windows of voltage and/or PF at the POI can
change
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What solution is right for a specific site?

e Technical analysis
— Interconnect requirements
— Grid strength / load flow
— Wind turbine type used
— Control capabilities

e Economic analysis
— Capital
— Penalties
— Losses / efficiencies
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Capacitor Bank Control Example

e Programmable control with HMI Interface for
multi-stage capacitor banks

e Maintains PF or voltage at either Local Bus or
POI

e “Averages” operation of individual capacitor
stages

e Provides email-able alarms for problematic
system conditions or failed switching devices

e Control set points and system limits are user
definable — on the fly
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Multi-technology voltage control

e Fast
— Most Wind Turbine VAR controls
— DSTATCOM / DVAR
e |Intermediate
— Transformer Load Tap Changer (Local Bus)

e Slow
— Fixed compensation switching
— Dispatch

e Work together, must be coordinated
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Questions and Discussion
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