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GE Renewable Energy Portfolio
B

* Lower wind speeds  * Expanding MMW reach e ScanWind Acquisition ¢ Performance e Inverters & utility
e Performance « Advanced load controls e Direct drive, Upgrades scale systems
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Grid Friendly Plant

e Intermittent variationslead to  « Grid operators prefer (require?)
changes in electrical quantities  plants that can actively help the

= Active Power (MW) power system
= \oltage : :
, , . e Wind Plant Control Experience
e High penetratlorj, the grid )
cannot tolerate “uncontrollable Reqctive Power even with no wind
power plants WindRIDE-THRU™
Utility Transmission System ;ﬁ:&::’gzrjg; L::Eggen?;zl:mtm

WindCONTROL™
\oltoge and power regulation
like a corventional plant
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/ WindSCADA™
Tools to operate, maintain, and manage the wind plant




Mitigation of Voltage Variation

V = Voltage

A P AQ P =_ ;:ctivi. PO\g/er (W?\‘/[ts) )
. R . X Q = Reactive Power (Vars

R = Resistance (between inverter

and POI)
V V X = Reactance (between inverter

and POI)

e Control of inverter reactive output allows for full
compensation of voltage change caused by power output
change

e Reactive power change offsets effects of real power variation
e Accomplished through a closed-loop regulator
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Voltage Regulation Example (Solar)

Simulated 10 MW PV plant

Power Output Voltage

Sunny Day v. Cloudy Day Without plant level control | With plant level control
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Allows tight Voltage control ... despite large MW fluctuations
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Solar plant monitoring & control

Remote access N

S !

;‘) SCADA
%
Auto alarm :(i
notification Co,m‘;l
LoPC |
g K |
Industry standard

external interfaces
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GE inverters

Weather data
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Substation & grid
integration
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Enhance plant performance

Real-time plant data
visualization

Real-time coordinated
control of inverters to
improve grid integration

Data analysis and
improved troubleshooting



Control capability

700 kW module inverter subsystem

e |nverters..fast, self-protecting Y.
regulation of terminal voltage
e Plant control...coordinated control of

inverters to meet requirements at
point of interconnection

e Measures conditions at the POI,
compares actual vs. set points,

commands individual inverters L

e Closed loop control to achieve
desired behavior at the POI

e Multiple paths to set plant control
features - Remotely via SCADA, .
Interfaces with utility SCADA, Point of Grid

Anolog & d|g|t0| |7/O Interconnect
e Broad range of functions... Reactive | T e« ‘

& Active Power controls

SolarCONTROL \

ODBC/OPC

wmm P

Grid Operator Customer System

Improving grid integration of solar plants
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Control Hardware

UCSA

R atkviel e GE MarkVle controller

Main components

NTRON
witthe

e GE Multilin transducer
e SCADA PC
e Fiber optic switch

e CT/PT terminations

YOPacks, Terminal Boords

e |Input/ Output packs

e UPS/battery powered backup for 60
minutes

Pow er dist nbution

Communication

e OPC/ ODBC remote connectivity
Environmental e Analog / Digital I/0

* NEMA 4 enclosure e Interface to Inverters via Fiber optic
e Operating temp. -20C to +50C*

e Storage temp. -20C to +70C*

*Qutside ambient

megnetenateen 1 Integrated monitoring and control solution | eesenterangevent

12/6/2010
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Solar plant communications

Solar SCADA & Control

N

-

3rd Party Devices:
 Alarms

e DC Input Power

* VAR set-point
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! Custo mer Remote LAN |

Custormer
Cannection
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Customer 1
Remaote Viewer PC
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: Connection !/ Modem :
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r GE-supplied modem —}

OPC Server Software |

Solar Plant
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Irverter

e AC Output real Power
Imverter
Irwerter —

e VAR output
e Status Codes

e Fault Codes
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Faint of Grid Connection

Modbus Client Interface ‘

SCADA Softwars

Historical Database
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Monitoring &
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systems
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SCADA plant monitoring

Features:

e Web based for easy access

h SolarSCADA 2009

e Both plant-wide and inverter
specific displays with drill down
capabilities

L
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e Real-time status of inverters and
i auxiliary devices

oo

(]

L O
z
|
-

& A e High level cumulative performance
i metrics

- Energy produced
- Performance ratio
- Availability

- Capacity factor

- Efficiency

e User-configurable views

Real-time visibility and analysis of plant performance
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SCADA inverter monitoring

Features:

e Remote inverter control functions

FADA 2009

nverter Details

e Remote inverter troubleshooting

e Current active alarms prioritized
based on criticality

e Configurable trending of variables

e |nverter-specific metrics (status, DC
& AC power, etc.)

e Counters to track operational states
- uptime, service, repair, grid
outage, etc.

e String parameter trending

e Weather data (irradiance, temp. and
wind speed)

Insight into performance...enhanced troubleshooting
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High Solar Penetration Study

Evaluating effects of high levels of PV
on a distribution feeder

* Phase 1 started March 15t 2010

* 4 year program

ARIZONA STATE
UNIVERSITY

Ko DNREL

\\*

imagination at work

- S— %

Grid L

Feeder 3%

Area
N Black Bill Park
4 :

W« K"}»E @ C'nder.l.ake

?
S

> Weatherfor Inverter
Canyon H
o i @ |
Sandvig Substation

12
Presenter and Event
12/6/2010



Thank you

Owen Schelenz
schelenz@ge.com

December 6", 2010
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Inverter kVAR Capability |

For SunFreeVAR Mode Inverter kVAR Capability
For kVAR Demand Mode
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Inverter kVAR Capability
For PF Demand Mode
(Shown at default range of +/- 0.9PF)

-700
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GE Brilliance 700kw Inverter kW/kVAR Capability
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Voltage Regulation Example (Wind)

/L\ [ m_ i TR

Voltages and Flows
at Utility Point-of-
Interconnection

Lk

i 4
m L2 —

Comparison: with
WindCONTROL (red)
vs. without (black)

__Total Wind Farm React ve Power [I'-Wﬁl]_ WTGO Wind 5peed (m/fs=c)

f\ P

N Very clean
i voltage on the
Joe e host utility grid
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SCADA data analytics and reporting

_ SolarSCADA \ 2009

Features:

e 5 minute averaged data stored in

SQL

1 year data storage for historical
reporting

Many pre-configured reports:

e Performance evaluation

e Operational reports

e Maintenance / fault reports
Report scheduling

Export reports to standard formats
(CSV, XLS, PDF)

Interactive data analysis

imagination at work

Reporting tools for continuous optimization
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SolarRIDE-THRU

«  Features Mandated for Wind and Solar in EU, Required for Wind in US
= Consistent with U.S. Federal Energy Regulatory Commission (FERC) Order 661-A

«  Provides Capability beyond UL1741 requirement
= Low Voltage Ride Through (LVRT)
= High Voltage Ride Through (HVRT)
= Optional Zero Voltage Ride Through (ZVRT)

- Proven Performance in over 10,000+ WTG's Worldwide

140

High Voltage Ride Through

é’ﬂ. 120 [I

g 100 - Typical UL1741 Limits
E 807 Low Voltage

2 Ride Through:

+« G0 i

o RS S / \

& / GE Solar Ride-Thru Capability

S - ./

: —

Zero Voltage Ride Through
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Requirements increase with penetration

Wind interconnection requirements

Prior Current Increased penetration drives
Today : d g :
to 2003 evolution advanced requirements

m .
O @ Ulsconnect | LVRT Broader LVRT, _
5 2| from grid Z\RT ZVRT envelopes Voltage Response
= O . .
5o HVRT H'?her over- None / Fixed Power factor —
g o voltages Dynamic voltage control
o | Turbinesat | Plant level Reactive power
| constant voltage requirements Fault Response
E P et control ﬂ% ;Urt'c*r? d'ft':* No ride thru (UL 1741) = Zero
arergrds Voltage Ride thru (FERC661a)
_ | NoMw Curtailment | Over-frequency
S g control Ramprate | droop Plant Controls
To Inertial ,
<a response Autonomous operation —»
Coordinated Controls
Solar today EU leading w/ solar
(N. America) requirements
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Power System Data Acquisition

Garmin GPS Receiver

Features:

>  High Event Sample Rate
Lower Statistical Sample Rate
GPS Synchronized Data
Event Based Data Capture
Wireless Network Trigger and

>
>
>
>

Data Download

imagination at work

SE—
Grid ;
Feeder ;3,1"
Area

Rise

A @
Sandvig Substation

o

® Data Acquisition Box Location
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Active Power Controls

Power Ramp Rate control

eLimits the rate of change of MW to a defined value

eReduces requirement on other generation to change output rapidly

~ Ramp Rate {M\J\z’ i
(1 min avg.) 9
20 — XUATS o
T
L. ] ¥ 4 | Ramp Rate
1 (10 min avg.) _ 40
- A 0
§ I " Power 1 “ ) E
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‘ o ;\ 2
= f “, bt ; | o
| Sl ‘.‘ | i -
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4 = | ‘.IF
Wind Farm example - Ramp rate controlled to 50kW/sec

Power Curtailment

*Caps the farm output at a certain max MW

eHelps respect system MW limits (eg: Transmission line Power transfer limit)

imagm MW Control in addition to VAR control

GE Proprietary and Confidential
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Active Power Controls

Over Frequency Droop control

e MW output reduced in response to grid frequency

» Helps system frequency recover ~ S
2 e T S S o Power ARl | n \\f\/)\‘k I =1 §
i 16 ~ Numberof - 39 &
e T s
" 2% Frequency Ak / i ®
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— g N 8
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: . Power N o
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= IOS/div = CEE S ! 1 NI =
___________ M A : 0~ SN— 0
Wind Farm example - 50% MW reduction for 2% freq increase Wind Farm example - controlled shut down

Startup / Shut down control

e Uncontrolled startup/ shutdown results in insertion/removal of large MW blocks at once

e Ensures gradual startup / shut down
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