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As Wind (and Solar) Power Plants
increase in size and number ...

e Wind plants have a greater impact on the grid

e Displace other generation, so wind needs to provide its share
of system support

e Continuity of wind generation contribution becomes essential
to grid reliability

e Behavior during disturbances needs to be predictable

behaved performance of grids with high levels of wind

Plant Level and WTG Level Controls enable stable, well-
power
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Grid Friendly Wind Power Plant

WindFREE™ Reactive Power
Reactive Power even with no wind

WindRIDE-THRU™
- o Uninterrupted turbine operation
Utility Transmission System through grid distrubances

WindCONTROL™ o v
Voltoge and power regulation @ @
like a corventional plant Metmast
i
- )_,,
Operator/Technician Service Support Center

- ':T
inerStutionE ' l

-

WindSCADA™

Tools to operate, maintain, and manage the wind plant
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What makes a Wind Plant “Grid Friendly”?

Not trip during Faults and other System Disturbances
.. ride through capability

Regulate plant voltage and reactive power
React to Changes in Grid Frequency

Provide inertial response to large under-
frequency events: WindINERTIA™

Limit the amount and/or rate of change of
power from variations in wind speed



Eastern Frequency Response Study

** NREL REPORT RELEASED ** NREL/SR-5500-58077 Eastern Frequency Response Study

Eastern Frequency Response Study
(PDF 2.3 MB])

Authors:
N.W. Miller, M. Shao, S. Pajic, and R. D'Aquila - GE Energy
3

NREL Technical Monitor:
Kara Clark

imagination at work


http://www.nrel.gov/docs/fy13osti/58077.pdf
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Active Power Control (APC) - Overview

Wind Farm Management

System
Commands Wind Farm
from System rVolt/var Commands for
Operators/ *Startup/Shutdown Individual
External Control . WTGs

Interface Power
Demand

Active Power Control Power Command

(APC] Maximum Ramp

Frequency Response Uprate
Control Setting

*Farm Maximum Power

Ramp Rate Control *Delta/Reserve power
Setting Function M
easurements
*Maximum Ramp up from Individual
Rate Limits WTGs
*Off-nominal

Available Power
Frequency Response =

\ 4

Generated Power
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Frequency Droop

WTGs reduce power very

12
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Genesis of present offering is
for systems with deeper
frequency nadirs... may not be
adequate for all grids.
36mHz DB present NERC

Available Power
Active Power Output (pu)
o

o
N
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Point D

effectively. Symmetric
droops aren’t required.

All parameters can be
set/customized. Is easy to
selectively enable/disable

all frequency sensitive

guideline. (Fd,Pd)
controls.
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GE Product Description From PSLF manual
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Frequency Droop- What's New

e Retrofit on plants in ERCOT

e Now required in AESO

e Some refinement associated with
- Reference (Available vs Rated Power)
— Reduced deadbands

Sleepy issue (in North America at least) is rapidly waking up...
“does it really work”
and

“what does it do to our machines?”
Will be asked more often and louder....

GE imagination at work 10/ NW Miller. 1st International Workshop on
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GE Energy

WiIndINERTIA™: Inertial Response
Option for GE Wind Turbine
Generators

Nicholas Miller
Kara Clark
Robert Delmerico
Mark Cardinal

WINDPOWER 2009
Chicago, IL, May 4-7
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Control Concept

e Use controls to extract stored inertial energy

e Provide incremental energy contribution during the
15t 10 seconds of grid events;

- Allow time for governors and other controls to act

e Target incremental energy similar to that provided
by a synchronous turbine-generator with inertia
(H constant) of 3.5 pu-sec.

e Focus on functional behavior and grid response:
do not try to exactly replicate synchronous
machine behavior

GE imagination at work




Constraints

e Not possible to increase wind speed

e Slowing wind turbine reduces aerodynamic lift:
- Must avoid stall

e Must respect WTG component ratings:
- Mechanical loading
- Converter and generator electrical ratings

e Must respect other controls:
- Turbulence management
- Drive-train and tower loads manage

GE imagination at work



How does it work?

Basic components of a GE Double-fed Asynchronous
Wind Turbine Generator:

Electrical Power Delivered to Grid

3 ¢ AC Windings >
\ \ Machine Terminals

Wind fnet

—— P

-
P
— rotor Protor [P conv
F rotor | F network

Wind Turbine

Wound-Rotor Converter
Generator

GE imagination at work 14/
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How does it work? Part 2 Basic

: . . : : Notation:
Basic machine equations for all rotating machines

Electrical Jis the
ectrica inertia of the

Torque, T, entire drive-
trainin
physical

—~

/ units

\D ) ‘> o His the
v

Mechanical
Torque, T

inertia
Te constant - it
is scaled to
the size of
the machine.

TURBINE GENERATOR

A typical

2
\] d—a) — Ta — Tm _Te H = % J(Dmo sync?l:?kr)]i?\lg
VA generator
dt base has an H of

KineticEnergy Storedinthe Rotor (Watt -sec) about 3.5
H = MW-sec/MW.

@ GE imjagination at work base 15/
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Field Tests Approach and Constraints:

e Not possible to drive grid frequency

e Controls driven with an external frequency signal
- (very similar to frequency of previous example)

e Performance a function of wind speed
- (also, not possible to hold wind speed constant during tests)

e Since WTG must respect other controls

- Turbulence &drivetrain and tower loads management
affect performance of individual WTGs at any particular
Instant

- Exact performance of single WTG for a single test is not
too meaningful

- Aggregate behavior of interest to grid

WIindINERTIA validation tests:
Multiple tests over varying wind conditions

GE imagination at work 16/ NW Miller. 1st International Workshop on
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Simulations vs Field Test

1800

1500 +

1200 +

900 +

Power (kW)

600 -

14 m/s - 52 tests

=8 m/s Avg Meas =10 m/s Avg Meas 14 m/s Avg Meas 10 m/ s - 19tests
——8 m/s PSLF —— 10 m/s PSLF 14 m/s PSLF 8 m/s - 19 tests

300 +

Time (Seconds)

WindINERTIA simulations capture key aspects of
-~ observed field performance
GE imaginationetweort 7 NW Miller. 1st International Workshop on
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WINdINERTIA - What's New

* Present design based on hydro system

« Explorations underway to “tune” these
parameters for other systems, e.q., faster but
shallower events

* Maintain due diligence on mechanical and
electrical stress

Terminal - Error | / Power Power / I Turbine
p— » . = . . 7 >
Frequency I Shaping | | Coordination | Controls
+ . e e e - . - _—_—____ |
WindINERTIA Generator
Reference Signals Power
Frequency Order
To
Converter
Controls
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GE Hybrid Wind Turbine program

Incorporate battery storage into turbine

- electrical and controls system

Why To enable new active power control
features and enhance existing ones

v

What's different ?7?

©,2013,GenerakElectric Compan :

Wind Turbines, Battery

Included, Can Keep Power

Supplies Stable

Advances like GE's new hybrid wind turbines could make renewable

energy more practical.

GE recently sold the first of a new line of “hybrid”
wind turbines that comes with a battery attached.
The turbine’s battery can store the equivalent of
less than one minute of the turbine operating at full
power. But, by pairing the battery with advanced
wind-forecasting algorithms, wind farm operators
could guarantee a certain amount of power output
A for up to an hour.

This could make integrating intermittent renewable
energy far easier, and lower the cost of wind power.
Indeed, even relatively small batteries could double
the amount of renewable energy the power grid can
handle.

Your specs.
Only in the I

Find your g

WHY IT MATTERS
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What have we done?

Pgrid Piine

< P Filter
a=0) |
690 volts n
AN =

Rotor-side Line-side

P converter converter
rotor

/ - ~\ pa—
Doubly-fed induction [ ¢ EF: : | —
\ ™ L

generator (DFIG) —|_
~=2 %3 | |53 03

Bi-directional
Battery == DC-DC converter

Battery connection at the DC link thru

bi-directional DC-DC converter

World's 15t GE 1.6-100 Hybrid
powered by GE Durathon. Located
at Tehachapi, CA
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A different beast....

Why Incorporate battery storage into turbine electrical
and controls system?

Enhanced functionality:
« Loads control
 further protection from mechanical stresses of
grid events
 drive-train damping
e Enhanced inertial control




GE storage “apps”

Short-term scheduling Frequency regulation
——Wind Power (KW) -~ Net Turbine Power (KW) =———Forecast (KW) j::: T
§ 500
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18000 Wind Farm w/ ACE
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3 16000
.

H
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Time (secs)
-
control Other applications

i Frequency response  Meets/exceeds NERC obligation
Inertial response For small or light systems
. Back up power Auxiliary power back up
o

Adjustable Ramp rate
control capability

147200

e W
o

Site specific, flexible solution
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Next Generation WINndINERTIAt™M:

By drawing on battery, Next

1800 Generation WindINERTIA
— avoids short-term energy

recovery back-swing, even

1500 when wind speed is below
rated
1200 —+
S
<
5 900 +
2
o
o
600 -
300 + —8 m/s Avg Meas =10 m/s Avg Meas =14 m/s Avg Meas
0
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" This enhancement would be )
valuable in very high
GEimF penetrOtion syStems With NW Miller. 1st International Workshop on
. . . Grid Simulator Testing of Wind Turbine Drivetrains
\_limited or slow primary reserves /




Closmg thoughts on CGI/DT testing

In real systems, voltage AND frequency both change

e Positive sequence fundamental frequency response is
critical: 60/50Hz power pays the rent

e More realism in testing is very welcome

e WTGs don't run in a vacuum: testing on complex integrated
systems is welcome

e Behavior of wind plants, not individual turbines is ultimately
what is important to the grid

e Unbalance and non-fundamental frequency behavior can be
very important, and even limiting:

e Unbalance; grounding,

e Natural frequencies (both subsynchronous and
supersynchronous)

e High-frequency control interaction
Great care is needed to create meaningful tests
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GE Energy
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