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CONDON WIND FARM
Proposed Host Site




Full Scale Demonstration Project

10 MVA STATCOM with battery storage

Adjacent to Condon Wind Park
Mitsubishi Type 1 induction machines
Poor voltage regulation

Long line with many small customers




Proposed 10 MVA ETO
STATCOM for Condon Wind Farm
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Condon Windfarm Problems

Voltage regulation trouble— Loss of control
over Inductive VAR compensation caps

Turbine main breaker trips and controller

faults during 69kv undervoltage transient
events

Harmonic sink for 51" harmonic — overheating

the local turbine compensation current limiting
reactors.

Megawatt output limited to 15MW on single
ended feed.
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VQ sensitivity from FSU model

— Pcw= 0.0MW, Q inj at Fossil, Qcw = 0MVAr
— Pcw=49.8MW, Q inj at Fossil, Qcw = -20MVAr
— Pcw= 0.0MW, -Q drawn at Condon

Pcw =49.8MW, -Q drawn at Condon




Analysis of Power Flow Results

and SCADA Data

Wind Farm P-Q Relationship
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25 SCADA Data

—5 min SCADA Data for 3 days starting 22-Aug-2004
— Only Fossil Capacitors

— With WF Capacitors

— No Capacitors

Strong
evidence that
malfunctioning
of Condon
Wind Farm
capacitor
switching
causes the
problem
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5/7/07 6/1/07 8/6/07 9/30/07 10/28/07

NCSU .
NCSU Task 3 NCSU Task 5 Deliverable

Task 0
Deliverable

5/1/07
BPA /NCSU
Project Kickoff
Teleconference

i

NCSU Task 1.1
Deliverable

STAGE GATE 1

NCSU Task 1.2
Deliverable

NCSU Task 2
Deliverable

STAGE GATE 2

‘ v

NCSU Task 4
Deliverable

Deliverable

STAGE GATE 3

1) ETO STATCOM, BESS
and Controller parts
acquired

STAGE GATE 4 -
Approval to integrate
BPA / DOE / EPRI/TVA -
10MVA STATCOM.

Vg

5/1/2007

5/21 5/28 ‘ 6/4

L
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4
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8/13 8/20 8/27

9/10 917

5/24/07
BPA Lab Report

<

|

7/16/07
BPA Deliver Report on
Lab Development Progress
and Condon Site Progress

BPA to
work with
NCSU and
integrator

on LAB
test plan.

9/3/07
BPA Deliver Report on
Lab Development Progress
and Condon Site Progress

Approval to Proceed

DOE sponsored Blue Ribbon
Panel endorses ETO
development

Contractor: North Carolina State University
Principle investigator: Dr. Alex Huang — patent holder for ETO Thyristor
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Power Smoothing via battery

fdain . Graphs
© Pood_G9KY with ES O Pood_G9KY with ES=5 MWh & Poo_B9kY with ES=10 Myt ® Pool_B9kY with ES= 15 MWh

Main © Graphs
O Pood_B9kY with ES O Pod_B9kY with ES=5 Mh & Pod_B9kS wwith ES=10 ® Pod_ESkY wwith ES= 15 WMyWh
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Smoothing performance index Pl vs. energy
storage size (MWh) for a time constant of
one hour

Smoothing Performance vs. Energy Storage
Size




Converter Topology: Five Level CMC

CMC = Cascaded Multilevel Converter

Transforme
Configuratic




TESTING

 Digital Controller
— Testing at NCSU (finished)
— Testing at FSU — Contract w/ EPRI




Central Controller

DSP Processor (1)

Control <E> t Control Room
Center & HM |
[ =" :

FPGA (3)

A e 3

Interface




CAPS Large-Scale High-Fidelity Transient
Power System Simulation

. Largest real-time dlgltal S|mulator (RTDS) installation in any unlverS|ty, worldwide
« Systems studies sized up to 250 three-phase buses at 50/2us time steps

» High-speed analog I/O to enable realistic control and power HIL experiments

» Additional off-line simulation tools, i.e.. EMTDC, Matlab, PSS/E

* Established expertise in understanding the details of novel and legacy power
system apparatus and their interaction with the system

« Knowledge in system simulation methods, analysis, and interpretation of results




Controller Hardware in Loop (CHIL) and
Power hardware in loop (PHIL)

Simulator « Controller HIL Simulation

D/A A/D — Controller under test

l T — Low level transmitting signals (+/-15V, mA)
A/D D/A — A/D and D/A converters are adequate for

Controller the interface

under Test

Simulator

Power HIL Simulation DiA A/D

— Power device (load, sink) under test

Power Interface

— High level transmitting signals (kV, kA, MW)

— Power amplifiers required for interface A/D D/A

Power Device

under Test




Testing of a 13.75 MVA STACOM in RTDS-PHIL
Facility at CAPS

Simulate Electric .

System Response > .

Feedback
Measured Data

\ 4

Simulates electric power
systems & controls in real time
14 racks — 756 electrical nodes
> 6000 control components
Timer step (typical):

At =1.5...50ps

400 digital and 200 analog 1/0O
enable “real-world” feedback

e Full power

 Current & voltage
regulation

* Limited system and
wind farm dynamics

12.47 kV : 50 MVA 115 kV system
; City of Tallahassee
L 2.5 MW | ( ~N
75 _D_@_< : > 1< - > —@-D—
MVA _} .
2.5 MW | \.
~ 0 O e —O)r0— )
Experimental
Utility 4.16 kV bus 4.16 kV AC bus
- * —
+ 7.5 MVAr + 6.25 MVAr STy~
*) May require AC-DC-AC
additional line
Up to £ 13.75 MVATr | reactors for filtering “Conve_fr_ter”
and current sharing Amplifier
i""[:]""i Reproduces
STATCOM : simulated
| under test ~I voltage
Utility voltage : _ | waveforms:
reference for — 4.16 kV nominal
controls +20%/-100% 40-
65 Hz
Harmonics up to
1.5 kHz

Equipment manufactured, complete

Commissioning expected early 3Q 2007



ETO STATCOM Review

Curtiss Wright contract with Sandia NL

Assure conformance with utility needs

Review NCSU design

BPA contract for Expert Panel Review




Energy Storage — Sandia Labs

 Lead Acid Batteries - Tom Hund Report
* Flow Batteries
e Vanadium Redox Batteries

e SuperCapacitors




3 Phase Step-down Transformer




Condon Loop One Line

Antelope - WEC

Maupin - Fossil 69kv
line 56.93 miles

Drawing2

[11/14/05 | [ 1418 |

BPA - Big Eddy 230kv BPA - Big Eddy %D
A Y 115kvkv
230k To Klondike Wind | & II
v 115kvkv i g > 49.5MW (WEC)
To Klondike Wind IlI
%{—> 50 MW (WEC)
A Y
= 115kv T % sorr
150/200/250MVA 137MVA summer max &—{Cst BPA - DeM
—, . . BFA - DelVloss
2=4.26% 23.98mi 167MVA winter max 3
— To Rose Bush Sub
15/20/25MVA (WEC)
Z=8.15% 3
2
Big Eddy - Redmond >
30kv - i To Gordon Hollow
BPA - Maupin 5th harmonic filter (PacifiCorp )
29.4mi located somewhere
from BE ALY
69kv ) PE G 3313 mi
Condon Wind - SeaWest 220 )
49.8MW " —H 69Kkv operation /
—_— ‘Mva —H 115kv construction
1Mva —H
7
22£2=98/.3876NOLVA & wivE —H 25mWA
- 83 MHI - 600V /600kw e, 5| oo /
Induction Generators ey - v A // E
To Red d - .
° 6;021;? 2 banks of PF. caps per turbine 1 34.5kv < ¢ » S To City of Condon
. low wind = 6 pole mode 1200rpm with 90 kvar pf caps T T MVa N ? ¢ o—}‘_ (CBEC)
higher wind = 4 pole mode 1800rpm with 180 kvar pf caps 18miles [l S5 C
1MVa 3\
3¢ underground cable [
3t -206MVarshunt Mo, | = 272 25mu¥| 1839 mi
sy eome LR
6.0 MVar - 79kv
Heed—]l
$—GD
BPA - Fossil
To Service Creek
) ~69kv ) B (Columbia Power Coop)
6.84mi 21.45mi 14.59mi L
29.32mi with 6
customer taps L
§ To Columbia Basic Electric Coop
A Y A Y < A{H—‘H “ (Need to draw system and loads)
BPA - The Dalles E— Cap Grp #2
N } 12.5kv 6.0 MVar - 79kv
a 12.5kv
*J 3 = 4 oA =
3t g >
7.5/9.37MVA Bakeoven - WEC Muddy Ranch - WEC
Z=8.5% 3.75MVA —

Anders Johnson report
sayes these are
2.75MVar @ 69kv







Next Steps

Get FY08 BPA funding in place - $750k

Select Integrator and assemble STATCOM - 08
STATCOM Testing in BPA LAB -08

DOE Funding for Energy Storage $2M- 08
Integrate Energy Storage into STATCOM - 08
Test Combined System in Lab - 08

Design STATCOM Substation -08

Order Substation Materials — 08

Build Substation — 09
Install STATCOM -09
Commission STATCOM -09

Integrate Wind Forcasting system into Energy Storage Control
Algorithm — 09 or later




