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" Wind Power Plants
Sophisticated Generation Technology
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Wind Turbine is a Complex System - Sample View
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Grid Requirements Evolution
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Grid Requirements Evolution
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Grid Requirements Evolution
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Grid Requirements Evolution
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Wind Power Plants
Grid Friendly Features




Grid Friendly Wind Power Plant

Utility Transmission System

WindCONTROL™

Voltoge and power regulation

like o conventional plant

WindFREE™ Reactive Power
Reactive Power even with no wind

WindRIDE-THRU™
Uninterrupted turbine operation
through grid distrubances

Metmast

Server

e

ks

Qperator/Technician Service Support Center

B

WindSCADA™
Tools to operate, maintain, and manage the wind plant
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* Dynamic VAR Control (Voltage, PF or VAR)

e Line Drop Compensation
 Voltage Droop
e Power Curtailment
 Capacitor/Reactor Bank Control
 Ramp Rate Control

* Frequency Droop Control
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Grid Friendly Wind Power Plant
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Reactive Power

Full leading and lagging range over full power range
Faster reactive response than synch. generator

Capability of reactive compensation with no wind
No need for FACTS devices
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Generic Sample: GE X MW WTG - Reactive Power Capability
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Voltage Regulation - Initial Effect

* Individual WTGs have fast, autonomous, self-protecting regulation
of their terminal voltages

* Individual WTGs will always respond rapidly and correctly for grid
voltage events
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Voltage Regulation - WPP Level

GE WindCONTROL provides plant-level controls
Sends supervisory reactive power commands to individual WTGs
Coordinates other substation equipment (shunt capacitors/reactors, SVC, etc.)

Interfaces with utility SCADA
Accepts commands (e.g., voltage reference setpoint) from utility system operator
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Plant Level Control System - WindCONTROL

e Coordinated turbine and plant supervisory
control structure

e \oltage, VAR, & PF control

e PF requirements primarily met by WTG
reactive capability, but augmented by
mechanically switched shunt devices if
necessary

e Combined plant response eliminates need
for SVC, STATCOM, or other expensive
equipment

e Integrated with substation SCADA
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Fault-Ride-Thru (FRT/LVRT/ZVRT)
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e Currentis managed per Grid Code
e Reactive current injection
* Specific ramp rate, etc.
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Active Power

 Some grid codes require that wind plants have to provide
frequency response... Specifically, governor-like reaction

e AESO (Alberta) and ERCOT (Texas) are among those

* In Europe Ireland grid system operator...

GE WTG Can Provide:
* Frequency response, Droop response, Wind Inertia, Ramp Rate
Control
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GE WTG: Active Power - Frequency Response Curve

_ 100
03 B
LET 80 1T
EB% 1
o3 60 -+
E%g 1k
s%% 4 a%
£23 Il D
£ :
S<= 20 7
0

47 48 48 50 51 52 53

Frequency (Hz)

Wind Grid Interconnection - Selected Technical Aspects 18 April 2017 © 2017 GE International, Inc. - All rights reserved



GE WTG: Active Power - Droop Response

Settings:
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Power (MW)

GE WTG: Active Power - Startup
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GE WTG: Active Power - Shutdown
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Wind Interconnection - Adv@n Topics



Multiple Generation Site Coordination
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Sample: Wind Plant Droops & Gains
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Volt/Var Control (simplified block diagram)

Voltage Reference

Measured
Voltage
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Voltage Behavior - 5 Wind Plants
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WTG and Harmonics

* Power electronic converters use PWM technology
- Harmonics are clustered around multiples of the switching frequency
- High frequencies are easily filtered

- Random phase superposition self-cancels much of the harmonics produced in a plant
with many WTGs/inverters

* All rotating machines produce a small amount of harmonics due to winding configuration
* WTG harmonics do not usually require action in collector system design

: 1‘ R ’*’ wa x‘w
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WTG and Harmonics

Modern WTG/PV converters tend to cause low distortion at POI*:
- High frequency PWM converter switching
— Distortion filter

-Harmonic system studies should be based on realistic converter modeling guidelines.

-Wind/Solar plant equipment can create resonances (Shunt Caps), particularly to grid
distortion. If shunt capacitors are required, consider de-tuning.

If filters are needed, design must be sufficiently robust to meet design objectives for

expected variations. Grid Variations
. . . (Inductive)

POI* - Point of Interconnection
]
z ¢® ¢ ¢ Resistance
3 ——
3
< Individual

configuration
(Capacitive) results
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WTG and Harmonics Evaluation
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Figure 1. Norton-Equivalent Circuit for Evaluating Wind Generator Distortion.
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Doubly Fed WTG and Short Circuit Contribution
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In the first cycle of the fault: high magnitude of AC current with DC offset due to the residual flux in the generator

Right after that: current control in the WTG pulls down the fault current
In about three cycles: the current regulator regains the control
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Measure of Grid Strength - SCR

*The industry has used the Short Circuit Ratio (SCR) to assess the system strength
for the connection of power electronic converters

*SCR varies with system conditions

eThere are few different SCR calculations proposed in the industry

] Ly ]

WAV

SCR — shortcircuitMVAof AC System @
converter MW rating povegaat o

GE turbines can operate on grids w/ SCR 1.7
For lower SCRs, studies would be necessary to explore feasibility
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SCR applied to Wind Plants
In the case of Wind Plants (WP), the characterization of system strength has to take
into account all electrically close converters (Multi-infeed)

eComposite SCR (CSCR) considers the grid strength as seen by all electrically close
converters and is used for wind plants.
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WTG and Weak Grids

e All current-controlled PE sources require grid strength to operate reliably and stably
eGrid strength is high when electrically close to conventional generation

eLong transmission paths typically have power transfer limited below thermal limits
due to stability challenges

eFast control stability refers to interactions between transmission system and PE
sources (WTG, FACTS, HVdc, etc.)
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WTG and Weak Grids

eModern WTGs are PE sources
eSome applications may need mitigations to achieve desired

system performance under very low system strength conditions:

* New lines

Meshed vs radial

Series compensation

Synchronous condensers (System strength, dyn VARSs)
SVC, STATCOM (dyn VARs, control challenges)
 Special protection schemes (such as transfer trips)

*GE WTGs have control features to improve performance in low
system strength conditions
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Thank you!
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