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Grid Integration of

Renewable Energy Systems

Overview of renewable energy sources and
application of power electronics and motor drives

in renewable energy systems

Dynamic modeling of electrical machinery and

drive systems

Wind energy conversion systems

Photovoltaic energy conversion systems

Energy storage component, circuits, and systems

High power converters, HVDC, and grid

integration issues

Power Quality

Voltage Sages and Interruptions

Transient Over Voltages

Fundamental of Harmonics

Harmonic Solutions

Long Duration Voltage Variations

Distributed Generation and Power Quality

Wiring and Grounding

Monitoring Power Quality

Voltage Unbalance

yzas

EH

February 23 - 24, 2011

North American SynchroPhasor Initiative
(NASPI) Working Group Meeting

Fort Worth, TX

March 6 — 10, 2011

The Applied Power Electronics Conference and

Exposition (APEC) 2011
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Fort Worth, TX

Tuesday, March 15, 2011

Wind Farms and Harmonics
Dr. Wei-Jen Lee
Fort Worth Chapter of IEEE Power & Energy Society

monthly meeting

Saturday, April 2, 2011

Introduction to the RTDS Simulator and its
applications
Dr. Yi Zhang

NACPPA Seminar Series #2011-4

Saturday, April 16, 2011

New Developments in Control for Wind Energy
Systems
Dr. Wei Qiao

NACPPA Seminar Series #2011-5

Tuesday, April 19, 2011

Lessons Learned from the Texas
Synchrophasor Network

W. Mack Grady, Ph.D

Fort Worth Chapter of IEEE Power & Energy

Society monthly meeting




AP L ERE ik
41 # 2§ 4 B Fut
FREFTRLAHER P DGR e Rd P 2T
ARG S5 o A u ARy ke 2L f ¢ (Federal Energy Regulatory
Commission, FERC) ~# %% 4 # 348 % i ¢ (North America Electric
Reliablity Corporation, NERC ) ~ %3 % 4 3% 2 A ¢ ( Area Power
Coordinating Council )~ " # 7. & % R ¢ (State Electric Reliablity Council ) ~
MRz ks R ¢ oo (State Independent System Operator ) ° FERC § #
BT H S RTERST RN 2 BRI T D BN A
Fef A 47 % I NERC # (7 en1 102 24137 e £ 7 AR5 2 + AGC
T E -

QUEBEC
INTERCONNECTION

NERC INTERCONNECTIONS

- Flerida Reliability Coordinating Council

- Midwest Reliability Organization

- Northeast Power Coordinating Council

- Reliabilty First Corporation

- SERC Reliabllity Corporation

- Southwest Power Pool

- Texas Regional Entity

WECC . Westorn Eloctricity Coordinating Council

WESTERN
INTERCONNECTION ~ ~ ~S o EASTERN
’ ~ o INTERCONNECTION
»
e & ~
~
ERCOT ~.
INTERCONNECTION

B 4.1 NERC ®# 7 F |+ & i B8]
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I

415 NERCH B8 BRT fftens GRH 27 ¢ 00
grl g 4 ¥ 2R % R ¢ (Electric Reliability Council of Texas, ERCOT); ' #

<

FHER LR Lo T AR AR el MR RS R D4 R

—~

% R (TR SRR R Y SR EF R T LB -

42 ERCOT § 4 Bi=
ERCOT #&} 1€ » #7415 2,300 § £ % - 84 2 85% T it f ¢
i E T5%E R AT 3 3 F ff 0 ERCOT shi 5 40,530 2 & g B 4%
T4 (345kV : 9,249 %@ 5 138KV : 19,565 ¥ ) % 473 550 5 i T4 0
3R R 84400MW > B T A ¢ 2 S g a2 LA ks
(b4 kA AR E) FREANGER2VRE 2% 57%  6%]c

14% > B P b 4 e ®BE FEEREINVRIREEFTE 12% 0 7

b
Hydro,
Wind  Bjomass,
12%  Other
Nuclear 29%

6%

Coal

23% Natural Gas

57%

\"‘b

B 4.22010 # ERCOT 4 $f8 m ek 2 £ 1+ B
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ERCOT % f F #A4pT 4 § 8 8L Fenpdir s b 4 F3L 660
FERSORLTHRRRB2L L 2 hT 4 % L% ERCOT & 52010 &
AL 5 65,776MW(Aug.23, 2010) > § £ 2 & kA FTE NS

3,190 AR 7 > Bl 43 5 2010 # ERCOT 2w a3 @ £ 4 vt o

ENERGY Hydro,
PRODUCED Wind piomass,
2010 % Other
Nuclear 1%
13%
Natural Gas
38%
Coal
40%

B 432010 # ERCOT ¢ p# e ## = 4 WV R

v

50 FIRAL R EETY F IR 4 R e 4 (FE3d P 9,000MW
¥ E 3 18,000MW ) ERCOT 4 i .31 % ATEE g LML 0 p 1999 & 1k

L

LU ERT C T 657 BE A REE T ME 0 A RBL T 00 RE S

\

ﬁ?@fﬁs‘]' MEL B 44 5 ERCOT it (p 2007&%\)11‘%?] ML 2 AT o



Millions
$3,600

£3,400
$3,200
$3,000
$2,300
$2,600
s2400 345 kV

$2,200
$2,000 m138 kV
ow  MBIKV

$1,400
$1,200 -

$1,000
$800
$600
$400
$200 -

0 : . ; i : : : :
2007 2008 2009 2010 2011 2012 2013 2014 2015+

W 4.4 i & ERCOT $H T b2 £ F(F ¥ % =)
ERCOT &3 MEMBEFHISO v F AR H GBI E B ET87
poo ERCOT A M2t HangfHE > VT daq 4 ISO> e P11 E
I AET & & B 9 Comision Federal de Electricidad (CFE) » & ;ﬁ B
@Ay w 4 P oied ERCOT éhi % > B 4.6 5 ERCOT i Se22 4p s
#3nTRF > FY T F 9 ERCOT s sl pp ST 2 7 5 3 08 5
£33 0.5 1,106MW » 'ﬂ@}ﬁ;f]ﬁ 3 "L Ap ¥ ERCOT i g f‘ R
Wb s ERCOT § %1 ALY — Banh f it 500 245 T

g% ERCOT 22 & = @k St fde & 4.1 -



DC Morth with Southwest Power Poaol
at Oklaunion — 220 MW

DC East at Monticello (SPP) -

DC South at Eagle Pass with Comisién r__’_______———-’-’

Federal de Electricidad (CFE) — 36 MW 1 D
DC Laredo; Variable Frequency / 1
Transformer (with CFE) — 100 MW |

DC Road at McAllen; Sharyland Utilities
(with CFE) — 150 MW

Bl 4.6 ERCOT 4 L7 4p i3 4 E jn 7 i 5@

ERCOT TPC
[Customers served 23 million 12.5 million
Area served 85% of Texas load, 75% of 109% of T.aiwan load, and
Texas grid Taiwan grid
|Generating units 550 566
E;Igl}sln‘l'lz Lti)gne 40,530 miles 10,290 miles
Installed capacity 84,400 MW 4,0912 MW
Reserve margin 17.5%(minimum required 23.4% (minimum required
13.75%) 16%)
Record peak demand | 65,776 MW (Aug.23 2010) 3,3023MW/(July 7 2010)
Wind generation 9,500 MW 471IMW
Demand response 1,063 MW 14MW

% 4.1 ERCOT £ & o 7 Sipgimt g (530 1 2010 & &)
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ABERCOT FrR v 2 % T3 4
R 2T+ ¥ AR Z R € (ERCOT) Atk 548 v [EHT 53R

e THEE o HEEp A mB R Y w(ISO) ERCOT f § ¥¥ 74 # ¢

BHE AL EMVART RN AR R ESTVR R R 2

o @]mﬁ"t’ T AR @ﬁajﬂ—r TR e TR K fpiR

AR TR WL T B VARL T
ERCOT £ & § R #1254 fI4s4E > d L | § #2346 5 oy

ok TEF AL R §(PUCT)Z 46 5 @87 3% § (0 E H o ERCOT =
Re 282 A Yfen 234 27 T4 EiFR FIRERA

=%
a4
ot
ok

ERCOT €% 4 pd 3 S ity » FReFg g @ f £95R 5]
B CRETEL P IR BT EE TR CETHRT T AR
AP ETARC JERRA(B R Y) § LfcR L FYE
FHABEEFE A 5 R @R TR AW e RIRA

AR ERB LR P IR TET IR LANRERTEE

T RRNE BRI BTEERTCRE FE -

W

¥ ¢k > ERCOT 7 ffkffent @ @ asf- B &Y Fienfil

LR FERI FAZREREIHFEFOTHR 2 BT L SR

.

PRAEEL S FLATG P SR A2 PR Y 0 R RCRIZ 6T ¥
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BEHFRLBEIGLPE LTS BRF HEHe TP 2k d
PR -

ERCOT # %% * ~ ¢ > ~#F R % TEF P HFEF G

/4
=

=3

¥ ® ERCOT ¥ Adj i ~# L ~ L2 By © o0 2425 5
P CERCOT 7 B~ & F &M PR Fehs i £F 24
ERCOT tikh ¢ - BHEL gL ERDEEE -

FRALESTRAVAAREL A §(ERCOT)Z fE R ip & 4o 450 %
B des

Recent History

1541 1970 1585 15545 1559 2002 2003 2008 2007 2010 2011
TIS ERCOT Legislature ERCOT Senate  Retail MNodsl Modal Wind Modal New Winter
Fomed Created Deregulates Becomes Bill 7 Market Market Protocols Capacity Go-Live Pesk
Whalessle 150 Cpens Project Approved Tops Demand
Begins 8,000 MW

] 4.5 ERCOT fr ¢ i &

1941 # : RAFEHH SRR 2P MEETERREZ L

3= Hy2 2 & = N = :‘ L1 a g, o] 5
]%_}%'T““ A N @ A 4} F—j £ ’/f,& Fu ]E_ﬂ’T Ilj Ezﬁ S ,S;Lt»

g‘l\-

- FZE R ABEE o g

( Texas Interconnected System, TIS )» #- % 4007 # JH B L AL T B - A

N

SR EREERSELE S EV A S AR
1970 & AR ERTHY I B AR (TIS) A Z A EHMVRAIFTEARALR
§(ERCOTMNEEM 2T 4 7HAL R & (NERC) eht £

AT T Bk A (TIS) T A w22 4 7 2R % R ¢ (ERCOT)

C
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FRA P @RS HRIIE

1981 # :ERCOT#Zi & A REF/ A K & ¢

1981 # 4= » TIS e & Hk (F# iy 4% % ERCOT » ERCOT = Z 4t 5
AT L R REE A F 0 1986 £ ERCOT & 2 f & oy 3 Bhgg
T oL RBAL

1995 & : A FEM VIR ERELER NG LTS

1995 & > P FERTH VR E BT SXFTEF B ERP LTS F o
s 22 E ¥4 R € (PUCT) B2+ ERCOT { % g iz » G §
8R4 Fengd I oA ﬁfc%—,/klz.-ﬁjé sk I R e o o

1996 # : ERCOT # 4 $ W% - B2 2 na A < (1SO)

1996 & 8 * 21 p > LTV 2 X F ¥4 f ¢ (PUCT) - 5% 7 4
FEEP ) rauEik > WERCOT = 5 - Bip= d5dd & ¢ (ISO) > 1

2

-

>

Fift ERCOT 3 20 en% = % 4 » B4 & B 48 T ®en s

cB46 ZERT A FHFISOL TR
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[ Perm vt Aovemter 08 v REleHnL TRANSMISSION ORGANIZATIONS

¥ 4.6 i%}%ﬁ*‘r‘fiﬁ-ISO&f#@

W 1999 & A EMVRELZAEHEREF LTS S
1999 & 5 % 21 p » {5 [ERTV R § SRR E X G| T % (SB7)» & =
- BELHOFETAFHF RE L2002 E 1P 1 pasERL P
BT 4 ERR e

B 2001 # : ERCOT p X B3 Redfdl? o &8 3 - Birgld o
2001 # 7 % 31 p » ERCOT £ % P 10 B4l % crgrdl? o 68 5 - B H
-y dl? o ERCOT £ 4 § 873 HR 48 7 o

B 2002 # (R FEHHVFLETAAFINRR G 650 F 2V AT

TAH

2002 1% 1 p »ERCOT B4 E &7+ chskld 8 BA2 &0

BRSSO R RER S HT Y RRF oA T 6507

-14 -



AT AEE LTS B 9k ERCOT & s f £ 24% o

2003 # : B 4p% 358 (Nodal) &4 7 Feh £ 4B

2003 # 9" g fEAr Y R E EL A € (PUCT) &4 ERCOT # E &
2t (Nodal) § &7 Hhk3t» Hp B { HohT B8 foi D
BRI » 22 d 4 B Ffo k B H FreF o

2006 # : #gL (Nodal) 7 # & #Fehd & 2R iE

2006 # 47 5p > fEAESSRTEELA € (PUCT) §%F-5% &4

puaE e (Nodal) 4 7 Hend 2k B @ % p 8 5 2009 & 17 1

2007 & : b 4 ey % ¥ 8000MW ; 46%:chii2 # = kBT 4
B

ERCOT b # 2% % % €& 8,000MW » b 4 #51 & 3 i& 3,220MW -

FRT AT B 46% Az S ERT S ERE

2010 # : &°gL (Nodal) &+ # #3 12 % 1 p & 3Ngx* ; b 4 ﬁfjﬂiié
722TMW ; § £ 4% % 3 42i8 65, 000MW

2010 & 12 # 1 p ERCOT s soF¥ 43¢ {7 &8 (Nodal) % 4 # 3 -

2010 # 12 ® 11 p ERCOT i seh # 3 T £1F ¢ 378 & 7,227TMW » % p&

B4 TR AL 258% b4k FE L 9,528MW -

2010 & 8 » 23 p ERCOT 45T 44 % 3 5 657716MW » 4fr# § %

-15 -



B 2011 # : A F %% T AIFTer
2011 # 2 * 10 p ERCOT s %t £ * 3 4 57315MW » £l & % 5

TH k&Ko

W

44 ERCOT Nodal & + % ¥4 &

2010 & 12 % i > 43 4 B FEE* R8T (Zonal) & BHVHER
FRAE PRI R WRRAY R e TR e R F L2001 £ 7
P3P g0 BARP EEH - BARAY < TR A9 ERCOT

1@ ARY P ERCOT %4 # 87 FH4ni8 (7> H 2 R Ty
fof R ¥ AR L B Ben R 4 9 $02001 £ ERCOT £ %1 3 B %2
# 12 % 3# (Congestion Management Zone) > % % ¥ 3 cig)| &~ {72 &_ % 3B
poenfledof PUET R - CSC Foenip i i 2 f g F A i an 5 0 2002
17 1 PAAFL4BEEER 2004 & 1 7 1 PAREAKE R
7 5 B#FEEEEER > Ta F(South) # F (North)~ ik#7% % (Houston )~
% (West) fv &k 4 % (Northeast) o & %2 B K 7 ﬁ%l IR 1 BERRUED
7} 7 CSC (Commercially Significant Constraint> ¥ f£ 5 7 ¥ %2 5 *341)-CSC
TR A iﬁ%?ﬁﬁémﬁ_@ »paizty 6 CSC £ % am >4 %

R R T AT R E T R R A A R R R
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Bod o B AT ES Hera

Toon] ) EBHEAS
San JUaN { pig Arriba EU_S.-' ! Ui imarron Texas i

Mckinley

T Clbala

Catron

Grarrt .. Slerra

it Lura fona #od

Clu'dad
Judrez

CHIHUAHUA
@Chlhuahua

c 0

OAHUILA DE ZARAGOZ,

@
Monclova

DURAHGO
ALt e sered

Bl 47ERCOT 2 5B #FEEERIFZ2 6 CSC

& ERCOT > @3 R R HEEMD F L2 XL FLF LA TR
oo H - RPN FRERL > ERCOT Rl ¥ 4% - BhiNFEF
72 (Local Constraint Management) -] i€ (7 B 32 » 3 B 582 5 7 U pEF 45 €
FEBRAUHE S LRBOFRF T o

2003 # 9% > 4 fERrY 2L F ¥4 F ¢ (PUCT) &4 ERCOT %
B & 8. (Nodal) § &7 Hrehkst > 2 p eha Bl {34 8 foi
BB RIRTE 0 2L T 4B Hfe B H e 2006 £ 4 7 5P s LR
T o TEL R € (PUCT) §%-7 64 #8588 (Nodal) T
BHPLE R BRAF WP S 209 &1 1R o

L EIR AP FRE R SR R B 27 AR 2 ER Y
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£

50532008 £ e (7 p Hp 5 2010 & 12 * o F]pt ERCOT ,x 523 2010
E 128 1 prd %8874 7 3 (Zonal Market) ##3¢ 5 & 8LF 4 7 3

(Nodal Market ) » 48] 4.8 #771 o

Zonal Market Dec 1, 2010 Nodal Market

m— Commercially
Non-ERCOT Significant

Constraints

-.;g%ﬁgl
Tl =2l

4.8 RCOT dRBPTAFHELELSRT S
d B8 7 4 7 % (Zonal Market ) # 4% % & 227 4 # 3 (Nodal Market )
> ERCOT %{4pn #p £ & chF £ 34| (Commercially Significant
Constraints, CSCs) 4 = % [ 05 B 3% ¢ 2% (Congestion Management
Zones, CMZs ) Zonal :& & § *5 13 2 Iz 4> 2L .

B OB REPAT L EEEEE O TR T AR R
PR CLFEFERFALPNFREFIPE - ESFEFP ERl
RLHARFTHAFICES P& -

B TRBAZ UV LLBEZFERFP R RARAERF LS B3 0ER

T R4} - ERCOT 2R A &ish% 12 o
B REFERRRZATF B FEFRRPHE REOEET T
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PSSR E R Zonal MY FIRERFIAAM g T o
d %37 4 P F (Zonal Market ) #& 4% 5 & 2L7 4 3 3 (Nodal Market )
15 » ERCOT #-% i T 4 » 5 A2 4000 B & 82~k 5 B % > 4- @] 4.9
% R ERTY AL L R ¢ h¥ R TR B R 0 £ o Nodal
P58z iRk
W OSEGRE PR AT R U el R 8 03 R el
TP T il § i
B BB EE D AT RE O BD AR MR EWOF T AR

B P F BT R C Nodal e 3§ #2495 & S & o

B 4.9 ERCOT & 2.7 4 7 37 & B
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Zonal Market ¥? Nodal Market>* 7 #-3& 3 ' 2. £ 8 44 4.2>a ERCOT

LRFH PR P FEHRS 4

@ — P R} % 7 # (Day-ahead market, DAM )

¥ F A # e 78 T R4+ 3 (Reliability unit commitment, RUC )
TN T R EAZ 2H s FAm A B (Real-time or security
constrained economic dispatch , SCED )

% % Jc ~ # ( Congestion revenue rights, CRRs )

Mo RAAFE T R L LR AR R

FLRA P Hmes |2 BH ( Components or structure of the
current retail market )

> 2 ExH ¥ e £ 9 (Contracts for black start units )

P2 kY 28 R 4258 (Renewable Energy Credit program, REC)

ﬁg?] TE R A4 gy (Treatment of transmission and distribution
losses )

# T 7 8 A% (Unaccounted for energy, UFE )
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Zonal Market Nodal Market
_ _
Congestion impact
on prices
Local Congestion
Management

# 4.2 Zonal Market ¥? Nodal Market >+ 7 H-i&# + 2 £ B

TEAFE ) R RAER A F B E A4S 5 F4E Y ERCOT i st
# 7 Nodal Market 2. 7 H4]{8 -k 37 4 RRFEF A R2ZFRE
R ABH L R LB HREF TP LS T AES ] A0
FOTREIP R AR RT3 K EEIIEE TR &y BEFHEZ

e ©
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L~y Rr%E
512011 # 2 * # ® ERCOT % stihin*A7 400 §RERRT ¥ 2

27 1 P22 4P RERERZFE fgs,ﬁz].lf;

N\ R4
4

;3\1‘\
IR
|~
=k
131
i
7‘-.
[

FiRrTiRd UTA #»F A fiske 2 > R 2 B 58802 &

&

B

i

il

WAz B R AP AFE S A o SR P B AR B o @ 4w AT
7 & % R ¢ (Electric Reliability Council of Texas ,ERCOT ) { *+2/2 + = 6
T 14 P4 E 1% 9 50 23 (Rotating Outages ) ©
5.1.1 &it
FAvkE e TeAgR A F oI RE T LS BB ET B FK
FEOR K27 1P HEEIR= A2 - F Rz 5 kR 2 0 ALY T

A K 3200 2 R R ‘F'?K Ak =x

b

02 PR ZERA BT R 2

219 Vg # A h 2EE -1 pEY 0000 FEHFL2 P 5 2 E
I3 105 2B o FlaplalxEaF4 > ERCOT 52 1 p o
dqﬁrizé”ﬁ Waer P Raipg2d@m iRl T2 2p 2R
ERCOT & 5v3 423 90 3012 F g R 8 2 (% = 7 £ 10,000MW 12 F)F]
TEFEEEFT D AL PR NFE R4 FER RS 5 2011
E27 IPI3AARAAFEHVERSIE | FER IRV FNLLES

T —V;F /&ijlq('rl\%%‘ O)i I'’] 7 F o
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degF

\
o N
a8 \
46 \
a4 N\

34 w \'\

32 4\ —Houston
; —_—_ =
28 Austin

26 AN\ / VAN 7’ =~ —Dallas

2 LN N VA A ~ .
22 NSNS S \ S ——Brnsville
2 —~— NN y 4

hhhhhhhhhhhh

Bl S.12011#27 1pPI3PARABFEIVELSD & PR
ERCOT ##| % 3 5 ik 4 %) 85% § ﬁ\ ' Bl 52 %2011 F2% 1p3%
APFRP PSSR RT N2 L P RB AL fRE s F o
ERCOT &2 " 2P 6PFL 14 sihnied - d 29 2 3 panf o &
T g R LT ek g o F kg ERCOT 3 ae g # 0 4020 2 p ("2
T P)E 5 19:00-20:00 — |- BE T 35§ % 56,334AMW © SAZiE frE 4 F A M

§ 35 55,878MW & 4-(2010 & 1 7 8 7 )«
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MW

‘—2/1/2011 ==2/2/2011 ===2/3/2011 ===2/4/2011

60,000 " " " " " "

4000MW ;125 - 14§ [ 2000M W)

212 6 - 1R IR LT (6 1~ 2B Ly

55,000

50,000

45,000

40,000

35,000

30,000

25,000

20,000

B 522011 # 2% 1p34p ERCOT,

2 A

A

REE O PFER ?‘

Flet B 2 Pk S F%ii%“ﬁ%‘ﬁ”@"#?,ﬁ?f%%ﬁ ( Energy

h
;5

&

% g3 ok

7

Emergency Alert, EEA ) » ECORT % &t ?f & B4R (EEA)# 2~ 2 o

Fodil 3 3Nded 51 e

ERCOT Energy Emergency Alert Communications

Emergency Levels

Operating Reserves

Reserves > 3000 MW

Mormal Conditions

Grid Operators’ Actions

Mormal operations

Automated Emergency
Motifications

Follow-up Communications from
External Affairs

Media/Public
HNotifications

Reserves = 3000 MW Issue "Advisory” fo utilities - Public Utility Commissicn (PUC)
nformational only -- no and NERC regional entity (TRE)
additional authority for notified via grid report daily
Eraiz] BEsi SO sEny operators’ actions emails
Reserves < 2500 MW  Use quick-start capacity and Automated Emergency If potential emergency situation,
NoN-sginning reserves Motification System phone call additional information sent to the
(available within 30 minutes) and email to PUC, the GridEmergency email list (SOC,
Control Room Watch ndependent market monitor PUC, OPC, Board, GovmtiLege,
{IMM), TRE, and FERC IMM, TRE, FERC, and Market
FParticipants' media contacts/PIOs)
Reserves < 2300 MW  Use capacity available from Above plus State Operations Motify GridEmergency list with Mews release, if
Energy Emergency Level 1 other grids (via asynchronous Center (nofifies city, county additional information appropriate; Twitter
POWER WATCH - connections; S00 MW on officials & law enforcement), and Facebook
Conservation Meeded (appeal average) and dispatch all Office of Public Utility Counsel,
optional if situation short-lived) available units govmtilege staff and ERCOT
Board
Reserves = 1750 MW  Drop interruptible loads (lcad Same as above Same as above Mews release, if

Energy Emergency Level 24
POWER WATCH -
Conservation Needed

Energy Emergency Level 2B
POWER WARNING -
Conservation Critical

available

Reserves continuing to
trend downward or not

resources under contract;
1000 MW on average) and
begin block-load transfers of
oad to other grids. if
appropriate

Use Emergency Interrupticle

average

Above plus major news services

Load Service;, 300-400 MW on and media contacts for utilities

Reserves continuing to
trend downward or
frequency at or below
59.8 Hz

Energy Emergency Level 3
POWER EMERGENCY -
Rotating Outages

# 5.1 ECORT % st ?]’4‘

Instruct transmission operators Same as above
to implement rotating outages

Areas affected are at the

dizcretion of the utilities.

-24 -

& 4R (EEA)E +h F il

Same as above

Same as above

oAk 3
)«k S

appropriate; Twitter
and Facebook

Mews release, if not
already done; Twitter
and Facebook

Mews release; Twitter
and Facebook



BFFIPEFFT A PRSI FTHEFTE T LEHEF R
ERCOT % M#E A 5% 2@ AL > AR 22F ¢ pF R 54342409 % ik
g F 5 10-45 240 VT B 53 E 4000MW L RE 4 2P R H g
FALIEARATE L REA 2P A RANNT R0 52 Hminied

TEIFFIFPT S M RRRRT

Transmission Owner % MWs Shed
Shed

Austin Energy 3.96 158.4
American Electric Power 9.33 373.2
Brazos Electric Power Cooperative 4.62 184.8
City of Bryan 0.57 22.8
CenterPoint 26.56 1,062.4
City of College Station 0.29 11.6
CPS Energy 7.34 293.6
Denton 0.49 19.6
City of Garland 0.74 29.6
Greenville Electric Utility Service 0.17 6.8
LCRA 521 208.4
South Texas EC 1.32 52.8
Oncor 35.55 1,422.0
Public Utility Board of Brownsuville 0.43 17.2
Rayburn Country EC 0.93 37.2
Texas New Mexico Power 2.35 94.0
Tex-La 0.14 5.6
TOTAL 4,000
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5.1.2 ECORT =% st ?]i‘ & EH(EEA) L

B Conservation Encouraged / Normal Conditions -
Bd oo R AR IR E iﬁv’**“ﬁ‘éz)ﬁl?fﬂ“ FORF A

B Conservation Needed / Power Watch :
T d R BERIE S FEPN /)%wrﬁ#%*a? R L R EE
F(EEA)S 1 %% % 2A % > &% 1 %pFJR B 4o4r BLip oh en® 4 Bided
DC g bW PpEE R4 v FEZEFLHT A RE T 2A B EH
I NS £ K S & A

B Conservation Critical / Power Warning :

g TS EARE T RS Q88 L g L i A otk

P
T o ¥ 2BAEAR LY T TR BT B S
BT N QUERTT L E R BT o

B Power Emergency / Rotating Outages :
IR TR B3 RER S LB i BT P R L E L

AV EEE AR BT R EF L o

-26 -



513 1T ¥ £ iF
FL X FBE P 20 20 FRE4 > ERCOT {2 % 15 2 p i B s
25 > B 5.3 5 ERCOT % p sstf s $iledtiz . d B9 v 5 9
OpFAc AIF 22 F PR EF T EFIF TP e pafam2 477 % > &
BEFArFIR F RAFE A TR 543 Asfpe g R R Mok
R B R A LU
@54%2512ﬂiiEMDT%%W?iﬁ@P > e & B 5.5

% 2 k= 2
i BAAE S

& f UGB %7 2 ERCOT 3417  § U4 enpFis > o &

‘—\:li‘ﬁ

ﬁ#éM’é%?EMDT%iﬁ%Q’ﬁ?%ﬁ?ﬁﬂiﬁﬁﬁiwf:

00:00AM-05:20AM & %c¥ 50 3012 3 T8 e pes o F F 4218 7,000MW

04:00AM  fz* 1,804MW 4 % &% &

05:20AM & # 1>t 1,750MW > ERCOT 2 wi&E» 7 it B & g‘f% EEA 2A »
g i\ /i (Load Resources) = Z & F &

05:43AM % X &2 & P & BuHp & 43 59.8HZ » ERCOT 7 i i& » & av
?’T‘, ﬁ EEA3”:§’?’FBT‘—1—§$\‘“€F | 1,000MW

06:04AM & %udp & B M > ERCOT # i ip £ 3 e ;“ B i\ 'L

1,000MW (£ 2,000MW )

06:23AM  ERCOT % i 4p 4 £ 3 v ?f & 2,000MW( = 4,000MW )
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01:07PM

01:57PM

02:01PM

03:14PM

07:15PM

65,000

60,000

55,000

MW

50,000

45,000

AR RRRT

Y4k § §* % /& (Load Resources) ™ W ie b @& % § & F Ji

?ﬁé?ﬁ%g’* EEA ¢4 3t 3 2B
T FAEELEEAY BT 2A0 S RF2ARMT 12
pr= 10

$ g P AIFTE 56,480MW

Committed Generation minus Forced Outages vs. Actual Load
!
EEA Level 3 @ 05:43

40,000

QQQQQQQQ
QQ’\

QD Q Q Q Q Q O Q Q QO O O & O 0 a® O
AN ) QY H QY QY EN)
N il S U R N RS R RIS

Time

——=Committed Generationminus Forced Outages =—=ActualLoad === Load during EEA

532011 & 2 % 2 p ERCOT f 44 4rif el fo (5 2 4 o e
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Issued EEA 3 New winter Peak
«EILS deployed Z:57am Record
1,804 MW «Firm Load Shed R;’eg»gg?v(li V\5/00 tMW Moveto EEA2B 56,480 MW
Non-Spin 1,000 MW ‘ (3 out) From EEA 3
deployed 8:22am Restored 500 MW
¢ Restored 500 MW {  Restoration ¢ ¢
¢ (3,000 MW out) Complete
9:25am
Restored 500 MW
4:30am 5:43am (2,500 MW out) 1:07pm 2:01pm

FEB 2 FEB 3, 10 AM EEA 2A ENDS & EILS
RECALLED

5:08an >:20am 6:04am 11:39am 57pm 3:14pm
Firm load shed 1,000 MW Restored 500 MW
) Issued EEA2A (2,000 MW total) (2,000 MW out)
*Reserves below 6:05am 12:04pm
1,750 MW Frequency 59.576Hz Restored 500 MW ) Move to EEA2A
sLoad Resources 6:23am (1,500 MW out) From EEA 2B
deployed ' _— 12:25 Load
Firm Load Shed 2,000 MW 22i2opm Resources
) (4,000 MW total) Restored 500 MW Recalled
Issued Watch 6:59am (1,000 MW out)
N 12:49pm
Reserves below i i _
2500 MW Media Appeal issued Restored 500 MW
(500 MW out)

B 542011 #2* 2 p = ERCOT i"f%"‘l?ﬁi i R 5

Frequency vs. Load Shed
60.10

60.05 -~
60.00
59.95 -+
59.90 -+
59.85 -+

59.80 -+
HZ
59.75 4

2,000 MW Firm
Load Shed @ 6:23
Load Resources
i Shed @ 5:20
59.70 1,000 MW Firm
59.65 - Load Shed and
Emergency
59.60 - Interruptible Load
@ 5:44

59.55 4

| 1,000 MW Firm
59.50 Load Shed @ 6:04

59.45 T

N o S N o N R o N o N N
° O I . . A S T

=—=Frequency

B 552011 & 2 * 2 p + = ERCOT & ¥udg & % ?T?,U R
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5.1.4 ¥ k3

L AT EREFF R FAEREF TP ep iz
B 5.6~57 % % 53 4~ % i ERCOT )& 5 2005 & 3 2011 & .4
50 R prrifs it R R F RSB PBEXEFE S 2FTD

FHPRAS R PR s T A A R ¢ 2R T LA E

AT TR RE RF T ERET MR R W ET
U F G RV 2 E s aF R EALS BREER A
Eeci s i i Sl i A

2. R ARFAFRRAENE AEBER e G F o AeR] 5.8 704
RFIE ARG R E FIF R EBREzRy AT &
F0 TR RS X Ry 2 AR -

3. B59 527 2p%p ERCOT s 5uh 4 SEpleg g

I
T
il

4
g

3

b
=3
o

PG R 4 kg A 15 BRI R RO TER] R
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Daily Cumulative Forced Outage Capacity on 50 Coldest Days

12,000
@ 2/2/2011
10,000
8,000
MW
’ @ 1/9/2010
& 1/13/2011
4,000
@ 1/8/2010 & 1/17/2007 P
2,000 ° 3
)
@,
. *0, ‘: * 48 ,° A
0 ' ' e o O , .
20 25 30 35 40 45
Temperature (Fahrenheit)
¢ Forced Capacity
B 5.6 ERCOT , ¥2 2005 & % 2011 & &4 50 X pemsi % 2 i3 [
| | - e
HELE EE Foaa  ade Era 4oy & kb E3]
AR LIGQUIDE LARGE INDUSTRIES US LP [RE] 2 2
BRAZOS ELECTRIC POWER €0 OP INC [RES] 3 1 1 1
BRYAN TEXAS UTILITIES (RES) 1 —1
CALPINE CORP 22 15 T
CER COLORADO BEND EMERGY PARTMERS LP (RE) 1 1
CITY OF AUSTIN DBA AUSTIMN EMERGY (RES) El )
CITY OF GP.RL.ﬂ.r.'JnD |RES) 2 1 q
CPS EMERGY [RE] BRAUMIG AVRLI CT1 11 =) 2
DENTOM MUNICIPAL ELECTRIC (RES) 1 1
EXTEX LAPORTE LP 4 Ll
FPLE FORMNEY LLC [RE} 1 1
FROMTEARA GEMERAL LIMITED PARTMERSHIP 3 2 1
GEN TEX POAWER CORP 3 3
GEUS [RES) 1 1
G0 CHANMELYIEW COGEMERATIOMN LLC [RE] 2 2]
GUADALUPE POWEHR PARTMERS LP 3 3
HAYS EMERGY LP L )
INWVISTA SARL DUPYVLI DUPVI G1 1 1
INGLESIDE COGENERATION LIMITED PARTHERSHIP 2 1 1
KHIWA POWER PARTMERS LLC [RES] 3 3
LOWER COLORADD RIVER AUTHORITY (RES] 2 2
LURINANT GENERATION COMPANY LLC af 7] 20
MIDLOTHIAN ENERGY LP 3' 3
MNRG TEXAS POWER LLC [RE] af T 1
MUECES BAY WLE LP (RES) 3 3
DAK GROVE MANAGEMENT COMPANY LLC (RE) 2 B
DDESSA-ECTOR PFOWER PARTMERS LP 1 1
OFTIM ENERGY ALTURM COMGEM LLC [RE} 4 4
XY WINYLS LP b 2 1
RIC NOGALES POWER FPROJECTLP 2 2
SOUTH HOUSTON GREEN POWLER LP_AMOCOOIL_AMOCO 52 1 1
SOUTH TEXAS ELECTRIC CO OP INC [RES) 4 2 1
TEMASKA GATEWAY FPARTHMERS LTD 2 1 1
[RE] 1 1
WHARTON COUNTY GEMERATION LLC 1 1
B D 120 a3 7 T 10 1

# 532011 # 2" 2 p 3 4p ERCOT ) st
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Generation Range
0-99 MW

100 — 199 MW
. 200 — 399 MW
. 400 — 799 MW

@ soomw

B 572011 # 2% 2p ERCOT 3tid Rg BEHRBeXE 38

Forced Outage Generation Fuel Mix at 0630 Hours

Wind
1%

Simple Cycle
Generation

Coal / Lignite
40%

Combined Cycle

Generation
41%

B 582011 & 2 % 2 p = 6:30 ERCOT & Septi 4 0 2_ bl w)
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ActualWind vs. Wind Day-Ahead COPs on February 02,2011

6,000
4,000 -
MW
(Wind)
3,000
2,000
1,000
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Operating Hour
JActualAggregated Wind Power Output ===Hour-Ahead COP HSL
B 592011 #2 % 2 p % p ERCOT s%uh 4 Fpplea g ugd 7 &
Average DAM, RT & AS Prices Versus Early February
$900.00
SB00.00 - Feb 2 Operating Day
Day-Ahead energy and A/S (green) prices were twice {
anticipating cold snap
s700.00 Real-Time prices(blue) hit $3,000 with average price of almost $200
I Feb 3 Operating Day
$600.00 - Day-Ahead ran the morning of Feb 2 clears $ $1,000 prices for
Energy and Ancillary Services
SR Real-Time prices relatively more stable at less than $150 average
| Feb 4 Operating Day
SO DAM prices decrease but still more expensive than Feb 2, and
' | relative high ancillary service costs
I Real-Time price average back under $50
$300.00 -
$200.00
$100.00
60-day Market 2/2/2011 2/3/2011 2/4/2011 2/5/2011 2/6/2011 2/7/2011
Average
W Day-Ahead SPP M Real-Time 5PP MNon-Spin Respensive RegUp Reg Down

15102011 &2 7" % - 2E&H@2p 31 7p)2 T3t
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515 w#Rf

l.

20 2pF P R AR BT % 7 fbr b 3,000 # /MW 4B 5. 10
T O BEEEAARA G IFF R LT g R A T 4B H
T BT R o
& BCORT ¢ ic ¥ & 4 (EEA)E #H Fifad = S ff 27 50w 1
%ﬁEMDT%@%ﬁﬁiﬁ%T@ﬁﬁ%@ﬂ,Fﬂﬁﬁ@?
TR b FE 1 B 4o ! Twitter ~ Facebook % 1% 5 $oh 8 5 i) 4 &p
T Lo RAFTRRLEF

ERCOT ## B2 *¥ w3 FIE AR 2 R B8R T AHARERE T
NAE S ARAR o HAABEHEER LA X AT & B
7 2 S 3 4,000MW e 9534 > e frai s s L 0 T e dp
AT AR AAFYEE AL XX pk? AT BV R R
MO IEAT AR G R A BT, A Z 3 RPN R 10T
1k PR RGO SR L STRRY - RN

%m’aﬁﬁﬁ&ﬁ%?%ﬁ%%ﬂ%ﬁmﬁalﬁmmﬂ’ﬁ

R RN TP LTS E SR VY S

l4

o

Em

3y

%2011 & 2 " ERCOT eh#s/i I3 £ 2 ¢ » d 3 ERCOT ¥ &=#

RRER 2T TP ERI 2T 2 ER R ERIALE
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52 iR HPEFRTELT | EER

*E R HApE S EE (North American SynchroPhasor Initiative
NASPI) #_d # R st /RI%(U.S. Department of Energy, DOE)% # %

vhE L
R ¢ (North American Electric Reliability Corporation, NERC) *7% o 4 {7
R e RP RS dEd LR
o i@ e F

B B AR E BB TALE AR
T A ALY AR

o

F]pb NASPI e 8 T2 8 A1 234 T 0ep R 8 E

- F@E2
s BARR Y X 2inlk o TR RS > T HRE

RIS A JEE ]
W hEARFIPEE -

BN AEY AT F TR s e Sy

SEAE e e £
% (PMU) #7& plen®

.E.

/\

PE AL T Sl 0 F & ESRC 3 7 -
PREGEE T2 230 240 SRt ERABES

Bida i) g
(NASPI Working Group Meeting )

521 &AM %

rERHIPEFEE (NASPI) # B 7 2 B - =1 17/ 2§ 3%k
( Working Group Meeting ) » 4 %]

25 v6 12 \loaﬁyﬁsf«;o
§RHAT A 5T S
WG

td ERitRIV(DOE) ~# ¥ £ AL | € (NERC)
AERHAPE R E

353 (NASPI) % kg 3p p v pc L B 4w 2
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x kB2 -

Bl Vendor - Applications © B &F 1 S EITHHAET - L RS 2R

* B AT ol

» Alstom Grid — Using PMUs to enhance control center
capabilities

» OSIsoft — Using PI as a real-time and archival synchrophasor
data system

» Electric Power Group & CAISO — Going beyond visualization
with synchrophasors at CAISO

» InStep Software & SCE — Supporting SCE’s Smart Grid
Initiative

» Space-Time Insight — Real-time event analysis using complex
event processing for actionable situational awareness

» Beijing Sifang Automation — PMU application in power system
dynamic monitoring and control
Psymetrix Ltd. — New phasor data applications in Europe
Siemens Energy — Dynamic network and protection security of
transmission systems

» V&R Energy — Region of Stability Existence Software

B SGIG Awardees Respond to Vendors : & A& 3| T L FTAH 24 £

( Smart Grid Investment Grants) E# A HiEREF 2 v K o A= ¢

w4 B % p :BPA~ISO-NE~MISO - Entergy - CAISO~NYISO ~

PIM-WECC $4 M7+ 2P &8 AR ¢ < o
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M Technical Demonstration @ $ j#¥ 77 4 o * = d SISCO ~ Cisco »
OSlIsoft ~ InStep ~ Space-Time Innovations ~ GE Digital Energy ~ EPRI
% 2 {7 IEC61850-90-5 = pF 3 it 3 id 77 %‘7 °

B Concurrent Technical Panels: # ¥/ £.34% 3% 3 42 5 Phasor data

quality and availability - system data quality issues and performance,

where do we lose the data?

B Vendor - Hardware and Communications : & /&% 1 5 & 37H &
oo ERFRE AR BT AeT

» Schweitzer Engineering Labs - Solutions for the synchrophasor

community

» ERLPhase Power Technologies & Manitoba Hydro - Effective

use of PMU data for continuous recording and communications

using DFR

» Grid Protection Alliance -- Phasor Gateways - sooner better
than later

» Harris Corp. - Implementing cost-effective, mission-critical

networks without going broke

» SISCO - Integration of phasor data using the IEC Common
Information Model and PMU Registry
» Real-Time Innovations - What is NASPInet anyway?
M Task Team Reports : & Ei4+1 15/ 2482 » NASPI % % = B T 4%

-38 -



A A A & Rl o ? @ ( Data & Network
Management Task Team ) ~ i 22 4% 1 %] % (Performance and
Standards Task Team) ~# 7 % i§3k 1 -] % (Research Initiatives

Task Team )

522 #1§ ¥

l.

4.

NASPI Working Group Meeting e17%-4c & § ¢ 3 DOE ~ NERC ~ %
SO~ TR2HT 27 KRAWULHF - HFHIP - F2 7T
‘)fﬁ-i ’ g;i‘ 3R TARRALT 0 4 "Eié 2R KA

g7k 7 0 3] NASPL $H4p £ 2 RIAP M K & B R DL AT

BRPRRA P W YR N2 WAL L e g

MEERIEAEAFTT R E > R FIfEP W et FAHELRE

EREGER A R NCR ENRE Y i
R F OGSy SRR R LR SRR
TNt X G ATHE R S ow S L WATR 8 o

HAES X GRITALS 0 B AT ERESES A IR FEd R
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53 # T e rit 2

53.1 %2

TIPS AR RAE DT R A Ak

x:

FoonB e R T 0 4 B Et P RIS SR R
RA R A FRERP AR Ao Y AR IR RS 2
o B E R -

N

AP RERPFET R BB R B R E R Tl R4k SR
AR B R AT TR AR AT FHRY R hE g T ipd ATk
24l R A AR E A AR A R FREEARA RS R

RRBCER S 1T R A  EE vg 0 FE R AT A 2 R T R

- Bk AE Sl dg 0 ERERS R B DF LT
5 0199 & 8 " FREINT  (WSCC) &7 ¥ 4B 5.11 #71 > % "%
e S BT A AT L R AT R B ek R S Hren o Fl R A Een

A SRR TR B 4 B R RIE Y B R A 410

R AR Sl A TR AR S S = B
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o Observed COI Power (Ditmer Control Center)
20 |-
20 |-
20 |-
J0 [~ Simulated COI Power (initial WSCC base case)
20
20 =
2 ™ (Data contributed by D. Kosterev, BPA)
T T T T T T T T
0 10 20 30 40 50 60 70 80
Time in Seconds
PENE s by Ja—)eo 4L N
B 511 WSCC BT F @ CEHFEEL LR
h 5L [ L 3= ) )7'» hH y e EY N ~ AL
4 kit B A T A e F T @v‘;ﬁ RSN H

SR Y S EE YRR S SIS TR RS SIS R
THEE AR A P AR SR F BRI R ERRET (4

DEE) HPERATRRAIET O N ERAS B FL0 0 R RPETE

REHEASPE TP L Sl Btk 27 A2 T T 4
BERE R HEF TPl FHEGEFF R LTRSS T B 2wl
SHeo R DFPRFTWENS 5 T PEREREE o

EFRMEN A ERFHEASRDN R LT Y ST E D 8 E FE Y ERCOT
AMETR PP E SN 2ZFT > g e A e R fpi g

Pl R (PMUs) ~ 3T~ #7R 38 4 58 (SPS) ~ BT # s E « EMS
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( Energy Management System ) 3% 3K &% #7HpP~2_ fF € € Pl#cdy > e & S8
FEak2 E > 0 PSS/E R i SRR A 1T L > Bk CE A e R %
B RIT R B L R kA sl A BRE TS ey R
EeafRT o BEF TR B P R%RE

SAE AR R R R T AR R E S N L - ATaA o A e

FEA R I F e £ (The Smart Grid Investment Grant ) #>+ 0t 3R 42 7 4p ¥

=H

EAL PRFIEAARE A 4 2 A AP Y o BEER P W W B

WRFE? o LA PR SR R R IR T

e
A
o

5.3.3NERC # 4 5.6 fi TH & &
SREMETS AT AAVERS PR ALY M EV LA
4 B ¢ (NERC) ¥ 3L & # % (Reliability Standards)*t & sid g 3 cn& fgz
3F £ #2 5 (MOD-013-1 — RRO Dynamics Data Requirements and Reporting
Procedures)® R T_:
1. %= « 5 #% (Eastern,Western, and ERCOT) p 9% %8 ¥ 1B
%‘« (Regional Reliability Organization ) F 15 % 38 P 2.3 ~ ﬁg?] i '%,*” 24
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);}b ?_,’E&?—%‘/&ﬁif%pa n- %Eb?]%zﬂ%] 5. 17 ’ = B, @;ﬁ_ﬁg —!1\,’"‘%. .
B jp & & B HE =~ (PMU Measurement )

PMU FAtfe g in L R(V) > & & (Angle)® 4pid & St # (P) ~ e
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#FQ) e srMEF T W LR IHAERTNTRLARELI L 12 )0 H(F
w25 0 Fikis 10 §5) 0 @ 2 B4R R+ 3T E 2 30 samples/second ©
B % F4 (Sync Simulation time step corresponding to Sampling rate )
d 30 L B PMU TP h e T 2 R fRge 7 — R R B ATiR Y

2 ERERFRT - Tk o Tl At R A RT R R -

B A4 4o ik w (Initial Case )

Sync Simulation

PMU time step . Best fit
—> : Optimization Process [—>
Measurement corresponding to P parameters

Sampling rate

Initial Case J

Key
—> Parameters
Screening

B 5.17 2 5By 42 B

W A4 S8 (Key Paraments Screening )
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=1 S N 5 = g 22 A [ | $F 2 . v A S , hE = ¥
IR Y REIT o I 2EATG LB F R PR BRE L R LS
Bl o
CONs | # | Value Description CONs | # | Value Description
J Tr (sec) J+12 TEz (sec)
J+1 Ka J+13 EFDmax
J+2 T,q1 (sec) J+14 EFDMW
J+3 VR J+15 Ke
J+4 Va2 J+16 Te (sec)
J+5 Taz (sec) J+17 Eq
J+6 Taz (sec) J+18 SE4
J+7 Taa (sec) J+19 E2
J+8 VRMAX J+20 SE>
J+9 VRMIN J+21 Ke
J+10 Kg J+22 Kj
J+11 Teq (=0.) (sec) J+23 Kc
VREF .
VR
+ ! VRMAX
Ec Ka(l +:Tal) 12Ty ."_
zm:l_.‘ ! -5 “_?.ufl..':l_ﬂa::'l.'-_”.u: J l
{pa

sKF
1+ E-T]:'_]I:l + ST]:J}

VB
Tr—l,, _ |- e T
TT Vg = [EpTp = ikyly !
FEX
IFm—»
KL, 30 Fpy =1
L. =0.433 F£x=1‘°57”ftq
I p| E0433 <L =075 Fpy = E-D I » Fry
KL, 2075 Fpy = 1LT3(1-Ty)
;=1 Fpyp =10

I (Kp=0andKy=0), than Vg =1.
I Tg =0 then EFD =Ey

Vg = VOTHSG + VUEL + VOEL
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5.3.6 PSS/E i Bl

i * PSS/E iw# it 4% 4 7 (Dynamic Event Simulation) PF > 4% 5%
EH2 AT AR PR AR P R R ENT LT Y T A
R oA b TP SEIRREARY X R AP EFER
@ & 41* PSS/E p % ip):# (Response Test) 5% iy > 444 38 (7 4 47 0

Bl TSR TR 1 A 2 R R AT 0 T S

BT S EFER TR ¥ 0 PSS/E chERIET A 5 i 1 BRI
( Governor Response Test) % B # 2% P13 (Exciter Response Test) e
1. 2 ¥ % B &Rl (Governor Response Test) 4 %
PSS/E eigd i@ 18 iR Ak & R f SR brec® > TP
R RS R A AR TSR BN

(governor gain) % pF ¥ ¥ # (time constant) % %87 9 %5 7 LR

Q.

T2 EAREL TP L - R NPT B Br A8 T Sl
#oo 1T S @ O] 0B g Sl
- B g g e He AR - 2 L ¥ RS 0844

Z SRR FTRFEHRIBE AR PR OLE J F TR SRR
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Her it o RFbres 0 e g TP £ F g 0.1 2 h

P B RERBEAEP S J PRI RRFTHBEL
- F o kA PRI W R IR § ST f R e B BB

Rl Al ok A e ciplgE L E N RITART S PRI REAERT

J&iRZE o

. BrE s BRI (Exciter Response Test) /1 % !

PSS/E ehpéth B RIE AL * ¥ 1f FIBRFE R & 3L 80 RE
/ﬁﬂ'ﬁ G kLSt o PSS/E ¥ 3 3 B2 e e R ERRIE 0 - 5 R R
## (response ratio test )> — & B i &3k T 2P| (open-circuit setpoint step
test) o o it A fERIFER A P NEFELE TP L PRPE AR P T
(75 1 Bt AP BT g TR AT M i S ETRE -

% PSS/E ch8 i vt ipl3# (response ratio test) ¢ » 3% ¢ € 1 <
E2 A LR ENST R PR E fRE TN
FARIES D R 2 P4 R h g H g
P LR AP R R ST R (field voltage/ Efd) % it
% PSS/E e 1 B3k % BEiP|3# (open-circuit setpoint step test) ® -
AP E e 5% BA K Bengd % 72 BLRES T R(field voltage/

Efd) % % % #:4 % & (terminal voltage /Eterm) ¥ i » @ & =X P32 B

30 FHR S fiah MBE R E TIR R -
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Ad P REEA Y R IR O] A Y B R
TELRBET UER T M T RAFE B E 2 BFF YT AT e fm
B RPBERAS M A S RSREPT > AR PR T A R ERIR RE

ey ﬁ&ﬁ’lﬁ RALE R e

B T EABIER LD > AP IR GV EEY DT g sk
EEHGFTHE ALY FRRRS B H 4P E E P HE ~ (Phase Measurement
Unit/PMU) » FTHLE ¢ 7 Bim T R(V) ~ & & (Angle) 3 4pad & g5 # (P) >
B (Q) e & it B T FBFFR O EAT T AERL SR 12 fj
(F&m 245 0 Fixis 10 4)) > @ 2 B4 F B + 3t % % 30 samples/second °

gtk AY £2 BE - BRiiied £ PMU > FIR 8 T A7 S0k
FEBPFE R Y BT PMU 2 B 8T B R T SRR H TR A
A PMU %yt b o H &g k B8 {7 % S it (System Reduction) °
Wk 3y it (System Reduction) /i %

gOBLH T AR e o NP * R B N # i Wt (Hybrid Dynamic
Simulation) % ff i ks> T A Z WA T o B 5190 5 R4n kg ATF

FEAZ_F T8 0 subsystem ® 0 AR3TF PMU & 407 R S
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Bl520: 2 *MEGRBECHERE TRA B LEGM

VZH nZaoa
I )¢ IOubSyster

W 520 ¢ * EREELF AR MLEAT
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—
I L)

%k ¥Lf§ it (System Reduction)fs > &7 ifj*ui& W T e 280 E
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TEWERAE L OPEEFTLT > AN EY P& TR A 17 (Trajectory

Sensitivity) °

B i & AT R A 17 (Trajectory Sensitivity) 4 5

H\

o e B TRIAY L RHRBURHE T B2 oo F(P)2 ok

Qe -
AP(t) = ) AX, =Py (DAX,
AQ(t) = QM AX, =Qy, (DAX,

oX,

2 Xoh B R 2 Sk

A L LN RS SRR S S & S E A
AT PR TR T EHE T BN P Q Al
Foodagd v P Qb A)357 13354 (mean squared error /MSE) > & iE 1 G
Mz 3 7 8 Sl o

g marZ epaken Al b o A - 5 BB AR)PRE P BT

il ol R 0 o e

f
“m

~ RPER o FI BT R iE R B
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= 6 NS PR R ARG FERAE R 0 B P PMU %K & BuslO -

Bus10 Bus30 Bus130 Bus110
Bus20 Busl10l Bus120
Gl Gll
3E 3 |
Q, 3 #F—T00
G2 Gl13
3& 3e |
O—f—¢ 15LIATL 10
H / ahy ( il
PMU am mn
Load Load Lozd Load

@ G3 mz@

I S
==

20 R 2

1460

Eal i

2

##t (Hybrid Dynamic Simulation) f§ f* {8 2. B 27

1440

1420

1400

Active Power (MW)
o
o
]

1360

1340

1320

&t

100

150 200
Samples

250

— Prec
== Psim

P-~Qiotpk » 4o B4

Reactive Power (MW}

— Qrec
== Qsim

50

100

150 200
Samples

250 300

& * fLpt & AT R & 17 (Trajectory Sensitivity)ig 7 b 42 % BciEis o

SE = i(ym (t) - ysim (t))2
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[— St=o.0a7.pard

SEw109 4081, Farl

—  SE=0,0534,Farh
SE=S6.6327 FarT
=1.3635.Parl
.0, Part
SE=0.0,Parl0
SL=0.0Parll
SE=0.0,Parl?

— SE=70.7585.FArl3

=0.0.Par0
=0.0281.Parl
0.0.Par
=0.0.Par3
=0.0,Pard
=0.0.Pars
=0 0P
=0.0101.Par?
= 004002 Pard
=0.0.Pard
0.0.Par10
SE=0.0.Parll
SE=0.0,Por12

ERREMKBERRR

SE=0.0018.Pard3 | |

SE(E2) > 4c™ Bl F 304

VREF VRAX

EC
(pu)

i |
VE=5E x EFDE!—

1 L EFD
sTg " (pu)

1+sTF M

Vg =VOTHSG + VUEL + VOEL

Note: Sg 15 the saturation function

KA ~ KF ~ TF ~ SE(E1) ~

Exciter default value (IEEET1)

CONs Defaultvalue | Key Parameter Description
T 0.03 TR (seC)
T+1 275 H KA
T+ 001 TA (se0)
+3 10 WYRIMAK or Zero
T+ 0 YRIMIN
T+ 1 KE or zero
T+ 0.135 TE (=0) (5ec)
T+7 0.019 * KF
8 1 ¥ TF (=0 (sec)
o 0 Switch
10 315 E1
11 0.769 ¥ SEET
M1z 42 E2
T+13 0771 x SEED

B s 11 % MR ik & i JF 8 2 (A multi-dimension optimization algorithm)
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1420 _
g W m AR 7 A T AR PEIRAT 12 2 th
T 1400
2
s 1380 s Dfadvake | Tkl | Fid | Desaripion
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1360 J 0B TR{=c)
H 2175 2317 104 K,
T 00 TAfGer)
3 10 VRV za0
az0, 50 100 150_7 : VZUO 250 300 350 ‘]-_'_4 4] ‘VR\N
_— HS 1 KEorzeo
— Prec Fo o5 TEPO) (SQC)
-=- Psim
i - R oae DE7 | oSS HF
1420 T8 1 1 157 | T (O)ise)
ES HO &} Satch
= W e
i ) 35 E1
AL GFe | oeB | 0m | SN
b4 H2 47 B2
i 3 a7l 102 | o8 )
1340
3320 50 100 150 200 250 300 350
Samples

Busl0 b &M HEAT 2 2 A A sh F b2
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