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Constraints.

{2) Primary
Frequency

(7) WGR Ramp Rate Response

Limiting
(6) QSE/WGR

Schedule vs. ERCOT (3) System Inertia
Wind Forecast

(5) Wind Forecast (4] Voltage Ridge
Accuracy Through

B 11 R 4w T EHPRE

(= ) ERCOT g 382 %8 : 2 RAER £ (Voltage Ridge Through

Requirement )

»

P#iE#  AERCOT % h 4 &5 %% %29 9,000MV - % 3w

FHE P b 4P m%]:'mg 7,000MW - & # BRAGFEEZE > d >R k%
FEFIHDTR R4 FTEFEL PR (N-1X) 0 & 5 AR H e o B

12 54 4h 4 32 E e 2 REEL LB -
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1.3 1
12 - High Voltage
Boundary
1.1 4 |
1 -
o 081
E 08
L
o]
5 a07
$® No
i Tripping
* 05
0.4 1
03
0.2
0.1+
0 + t t
-1 0 0.15 sec 1 2 3 4
2 cycles Time (Sec)
| PrefaultPeriod || | Voltage Recovery Period |

1\

Fauit Ciearing Period

Bl 12 = REEER KF

(2 ) k& (Wind Generation Resource, WGR) g ¢
p o ERCOT 2 b s FE B F 4% % d AWS Truewind #74& #( = 2 *+ 1981
E o G R oA TR ﬁ‘éﬁé)o 7% AWS Truewind 4% - WGR #7fi= fA 55 R ¢
1.h 4 2% 24 2%+ (Wind Generation Resource Production Potential,
WGRPP) 4 % 4% % 80%:#) % & o
2.2 b 7 3¢ B (Short-Term Wind Power Forecast, STWPF) % &7 it
B % 50% 8 F E o

RypiE 2 e E 1B L PEIERIA k48 B ) PF > AWS Truewind 52 * i

R AR L ¥ L ERCOT Bl 13 % A4k 290 ¥ = 5=STWPF -
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% M=WGRPP - Bl 14 5 iz ud M2 T 352 % 5T % - W15
AR N LA FFEFEFTRF > B 16 5 2013 & ki

B2 - FA P F R KRB BL7 5 2013 E R u - R R 4 FT

Aggregate Power ODutput Forecast {(HH)
Forecast Plot Created 2809-88-17T15:11:81CDT

s ——m— 7 —F—F7—+—7+—Fr—+—7 rr—r+—+—7—F- +—r—V—FT-"r—+—"—FT""—"—TT T T[T

Power Output {(HH)
5
@
=
&

L

=]

=

[=-]
rrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrororoT

8 i RIS T BTN S R RSN = PR I RN SRR S ST SR NS S S B S
17/16 17/28 18/808 18/84 18/088 18/12 18716 18/28 19/88 19/84 19/88 19/12 19/16

Day/Hour (CDT}
S5THPF =—t== HGRPP ==

B 13 R4k T EPIE

24



O Nuclear

80,000 7
Sunday
07/12/09

70,000

mCoal mCombCycle mGasSteam M PrivateGas GasTurbine  m Wind
Monday Tuesday Wednesday Thursday Friday
07/13/09 07/14/09 07/15/09 07/16/09 07/17/09

60,000

50,000

40,000 -

30,000

20,000

10,000

W Other

Saturday
07/18/09

B 14

i)
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L

R
o
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=

ONuclear ®Coal ®CombCycle ™ GasSteam | PrivateGas GasTurbine ®mWind ® Other
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Sunday Monday Tuesday Wednesday Thursday Friday Saturday

04/19/09 04/20/09 04/21/09 04/22/09 04/23/09 04/24/09 04/25/09
45,000
40,000
35,000 1
30,000 -
25,000
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10,000
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Bl 15
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Nuke mCoal mCombined Cycle m Gas Steam M Private Gas Turbine ®mWind ® Other
80,000
Thursday Friday Saturday Sunday Monday Tuesday Friday
08/01/13 08/02/13 08/03/13 08/04/13 08/05/13 08/06/13 08/07/13

70,000

60,000 -

50,000

40,000 A

30,000

20,000

10,000

B 16 2013 & &}l

A S A

Nuke mCoal mCombinedCycle m Gas Steam Private m Gas Turbine mWind m Other
50,000
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
03/11/13 03/12/13 03/13/13 03/14/13 03/15/13 03/16/13 03/17/13
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40,000
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(&) R fc 5E2 R "G/P B
iRt 1 2 (Protocol) sz & 413 b HJ1* - ISO #ix

ZUIEREF B R FEDF R FT AU SRR R > 2 AWS Truewind ( b

L N s LR T e S SRR e R L

B2 %2 55 10%2 4] et % T AR %S (Ramprate)

AMARPF 0 TERI R R TR T A efEie ?AERLE BB el
o~ 2 ag 3145 & (Responsive Reserve) % piF 2L i ( Non-Spin)
FE LT BIFR F ORER o

%% S (Ramp rate) =R FRFAPE DT AL f22 > ¢ FREHRS
(Ramp rate) 4] » #»# > h 4 F L7 X EHFAEHE (Governor)

WA RR A ERWAFIEL T FNHIFRER LR AFER

(=) CREZ3 %
1. CREZ # % : 2006 -2008

E # ERCOT # B a4 fai k87 £en4 67 FHHE > & Al

BHRETHAL R R EP (curtailment) 2 2 2 £ A2 &5 F %
UPLAN SCUC-ED /A3 247~ FE A2 B 3 E9RFHLET L
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BAFr e ¥ i&d CREZ #- 4%k % ezl (Four-cycle zero impedance

faults) & * *+ 7 F e12k - B 18 % ECROT 7 CREZ 3+ 4 ) -

.' - 18.5 GW of Wind
anhandleB 1« 10.4 GW existing ' Oe—

2393 MW B e
Yo \ | e« 8 new
3191 MW _
_?) 7 = 2% curtailment
Panhandle
Suany,
3047 MWEDP b

AEXICO

{
\ -

ERL..! Original 2007 numbers were 6.9 GW existing, 11.6 G\W new.

Bl 18 % ECROT ¢ CREZ - % M -

RS

2. CREZ % : 2009 % 11 {4
CREZ m»cq 4 F fa47 WA ZT WA Tk E (TLE2FE?) AT

PEB AP AR E AT SSRE L 8 Bz kA 5%% 2R (A

17 b Ac 4 B%F B2 B ) o

3. CREZ I 52t

85% AN NI(P = & ¥ * 2 A15%) ~ 15% A1 I (3= %7 % & > F
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B R 0 TP R TRAFRG R RT S EALE 10%pF o 236

#»F095 F & AN NEZAEFETR > HBEXIEH ] £ STATCOM -
(~) g v (Short Circuit Ratio)

L P2 L
1 =g

SCR 4 Uit T s B e P » £>10p » 224 % ;5 5 10 ¥

Ji ;235 F 7 ;<2PF > 24 o @mF %5 CREZ 2 SCR<5 * X gt

% SCR<1 - #x4+4+ ™ SCR » %’f’(' PE/" KA i® > %@F% ﬁrr]iﬁ—j"‘ ’ %’3%"

ABBE 2 dp ] RS F o 3 B SCR 2 #2 4 Bl4c B 19 #1o7 o

short circuit "power"
SCR.=
rated power
Example:
Wind 100 kY infinite
bus
500 MW/
100 MW S.CR. = =— =5
5000 A 1000 MW
00 Fault¢F I
ERCOT | 43
Bl 19 SCR #£ 4 B
2. 4rfe # 4 SCR
it SCRZ %k & de t 4o TR B Tl BB iRTIRL & K

B 5B MK E B 20 5 & Vermont chle 33 4p 4 o
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i

B 20 & Vermont :rfe % 24 4p 5

BB PETFEATEAEF A2 3O ERCOT #3tp i3 %

BT © TE RV R o R AB T ) TR e

B 0 W LS M e R AU - A MRS R R F
TRFAL-W21 5 **ERCOT2 ¢ @7 % 327 4#F - B 22 5 ERCOT

2P RTFECER -
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B2l **ERCOTzZpr@g 7 FeqHE

S B
\

CREZ has lots of series cap

Furband ._,_-: " -"- 50% Series Compensation
’ 2393 MW A _"_ Compensation for angular
3191 MW@ stability
BE\ -"- Compensation for power
Panhandle redirection. /

OKLAHOMA /
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z ~ ERCOT ## & 4,

\3
i

(=) TRAF S

FEER TR 4 T R(T2008 2 11 7 1L pwgprlA R F ) AT EEF
SGBMF RRDR G2 AP S ERCOT T BAEME (VRT) 2 & Ko B % L &
RTHFARNTT TR B LT - EXTFARNTT R T WL afecfa  ~ A7
FATF IR G WL @oxT 4 4 2 TRIEAIEN (HF) S TR 1]
POk TR TREA A RER  F TR IR R F (-

) ek BHECA > AR BB EFBEAIT > AR GR A FTHT R

B % % SLh 'k o

(= )CREZg»% 4 3 +#/%

B GA f R B (REA B ) fouit f 0T A8

Rl

MR~ WM 4=t % £ 3R (Sub-Synchronous Resonance, SSR) % =
# 4= #& 2 (Sub-Synchronous Torsional Interaction, SSTI) 2.k *% °

# 4= F # £ 4= (Sub-Synchronous Resonance, SSR) # 3 » 3+ &
POBAT T AU EE T B RO iR ook o

= 4= 8 2% (Sub-Synchronous Torsional Interaction, SSTI) #
T F AT R RS f T B2 i 545 0 DFIG b 4 # T

{57 i 73 £ SSI -
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(Z)FEHIRBE &
P E R G f2 > 27 44 ERCOT 2

http://www.ercot.com/content/mktinfo/ services/kd -

(= ) ERCOT k % 1 & (ERCOT Risk Assessment Tool, ERAT)
ERAT &% gl ™ 7| AL £ 215 A a B30 e

PFehf PFFR(FPERBEZ - pFZR)?2FRZPELDT FF - BER

2R GEREF T L E R LT RL L R AR GRS TR 2 R
%21 2 ¥ 3% ERCOT - & # 2 ;% (quantitative way) 3 k 51¥ 3

& - B 23 5 ERAT = ;2] -

Acceptable
Risk Level
Wind Reliability (LOLP)

Model

ERCOT SYSTEM Is the determined
RELIABILITY MODEL level of risk acceptable?
Combined-cycle MATLAB PROGRAM Determine Hourly

Reliability Model

COPT Risk Level (LOLP) Do we need to
“Capacity Outage procure additional
Probability Table” resources?

All other Generation

Reliability Model

Forecasted
Load

Bl 23 ERAT =z F

(I ) ERCOT = % ¥4 k3t (Large Ramp Alert System, ELRAS)
BAKRG P PENFET A PRI 4 nFFERT o LR

PR S P s R T R B B B Rt g
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REZ R a1 B7e 7 W@t R F 0 B 24 5 ELRAS ]

30% chance of a negative wind
output change of 1500 MW or more
between 16:00 and 19:00

D
O ] 1
0% 0% [ 0%
W 40% 4% T 10%.
N 0% 0% i 50%
60% 60% I 60%
% 0% 1 0%
8% B0% I 80% ]
0% 0% 0%
g ——— L — 100%
1530 CPT 19:00CPT 21:00CPT 15:30CPT 19.00CPT  21:00 CPT 1S30CPT IZ00CPT  19:00CPT  21:00CPT
Legend Legend Legend

1000MW

T50MW 1500MW

1000MW 2000W

1000MW 2000MW A000NW

Bl 24 ELRAS g2 4 B

(=) 60 B ERCOT + 3|k § 174
GREEF A FaieFE > L2 NIFRAREFE G E A
it o B 25 5 ERCOT 60 B ~ 4|k #x = (Up Ramps) % "% (Down

Ramps) 2. & F]@] -
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Causes of the Sixty Largest ERCOT Wind Power
Ramps January 1 to April 20, 2009

Down Ramps Up Ramps Coid Front - Up Ramp
Low Level Jet - Up Ramp

Pressure Gradient Change - Up
Ramp

Daytime Mixing - Up Ramp
Dry Line - Up Ramp

M Pressure Gradient Change - Behind
Cold Front - Down Ramp

M Pressure Gradient Change - High
Pressure - Down Ramp

Pressure Gradient Change - Other -
Down Ramp

M Nocturnal Stabilization - Down
Ramp

Low Level Jet - Down Ramp

Ramp events h:a\ve different meteorological causes and thus the
optimal parameters for tracking and predicting them are different

B 25 ERCOT 160  ~ 4| b H= 2 %% 2 R 7] H]

(=) #u
PHARIRBFEEAFE DB BV R B2 T8 ¥ 8 CREZ £ >
# O E RFT 7 0 7 %4 GE ¢ 5T Wind Generation Impact on Ancillary
Services-GE Study | =3¢ £ > ¥ I http://www.ercot.com/news/
presentations/2008/index ™ §* -
VR RBITZAPM PR o
1.PRR 794 4 QSEs % * WGRs 2. B FH- 3% & (* *2h TIR]) -

2.PRR 824> 4 WGR %2 PRR833 2 i # % /i » ¢ L7 WGRS 2 i #f %
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CARBE § Rk A2

Monday, September 13
Meeting Room: Paln Ballroom 2
Time Agenda Item Presenter Roomn
7:00 - 8:00 Continental Breakfast Palm
Ballroom 1
8:00-8:45 Welcome and Introductions Carl Bridenbaugh Palm
» Agenda Review (FirstEnergy) Ballroom 2
= PDU Sector Update Karen Forsten &
Arshad Mansoor
8:45-9:30 Program Area (P39, P40. P173, P172A) Overview Karen Forsten Palm
= Area Update & Direction for 2011 Ballroom 2
9:30-10:00 Brainstorming Session Overview Paul Myrda, Navin Palm
*  Summary of Feb 2010 Brainstorming and Bhatt and Warren Frost | Ballroom 2
Integrating Into Portfolio Plans 2011 (facilitator)
= Concept for Building a Longer Term Strategy
10:00 —10:30 | Morning Break Palm Foyer
10:30—12:00 | Bulk Variable Generation Integration Program 173 Palm
= 2010 Status Update Jay Caspary, SPP & Ballroom 2
= Inertia/Freq Response Project Update Daniel Brooks
= Open Discussion on 2010 Pouyan Pourbeik
» Impact of High DG on Bulk System Invited [SO/Utility
Reliability Daniel Brooks
= 2011 Plans & Discussions Aidan Tuohy
» Ensuring Sufficient System Flexibility
12:00—1:00 Lunch Palm
Ballroom 1
1:00—3:00 Grid Operations & Planning Overview Doug McLaughlin, Palm
Grid Operations Program 39 SoCo, & Paul Myrda Ballroom 2
= 2010 Status Update DelJim Lowe, TVA
= 2011 Plans & Discussion Kevin Ding, CNP) and
= Wide area power system visualization using Howard Daniels, CNP
synchrophasor measurements and EMS data | Eugene Litvinov, ISO-
= EPRIDYNRED NE
3:00—3:30 Afternoon Break Palin Foyer
3:30-5:00 Grid Planning Program 40 Paul Myrda Palm
= 2010 Status Update Carl Bridenbaugh, Ballroom 2
= 2011 Plans & Discussion FirstEnergy
»  Evaluation of Transmission Reinforcement
Options Rod Hardiman and
= Reliability Studies at Southern Company Murali Kumbale. SoCo
using TransCARE
6:00 Group Dinner - The House of Blues Orlando (Southern Inspired American Cuisine)
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Tuesday, September 14

Meeting Room: Palm Ballroom 2

Time Agenda Item Presenter Room
8:00—10:00 Strategic Planning Navin Bhatt and Palm
»  Overview of Process Warren Frost Ballroom 2
= Task 1 (Brainstorming of Barriers, (facilitator)
Challenges and Issues) All
10:00 - 10:30 Morning Break Palm Fover
10:30—12:00 Strategic Planning (cont.) Navin Bhatt and Palm
= Task 2 (Brainstorming of Future State Warren Frost Ballroom 2
Statements) (facilitator)
All
12:00 - 1:00 Lunch Palm
Ballroom 1
1:00-3:00 Joint Session: Palm
Transimission and Substations / IntelliGrid Ballroom 2
» Introduction of areas and where they cut Paul Myrda
across
= Present the Smart Transmission Vision
»  Smart Transmission and Coordination Don Von Dollen
Across Multiple Program Areas
= Present Examples of Smart Transmission
R&D Projects Luke Van der zel
o Sensors
o T&S fleet management analytics Bhavin Desai
o Data heap Paul Myrda
o Smart Grid lab for support standards
including IEC, NASPInet, PMU
communications
o Cyber Security approaches and Erfan Ibrahim
technologies
*  Group discussion
3:00 Afternoon Break Palm Foyer
3:30-5:00 Transmission Efficiency Program 172A Rich Lordan
= 2010 Status Update
= 2011 Program Structure and Direction Jennifer Dering, NYPA
»  Assessing the Efficiency and Utilization Sanjay Bose & Michael
Gains of Dynamic Ratings at NYPA Forte. ConEd
= Con Edison N-2 Project, Applying Virtual
Power Plant for Augmenting T&D
Infrastructure & Demonstrations Projects
5:30-7:00 Reception Palm

Ballroom 1

38




Wednesday, September 15

Meeting Room: Palm Ballroom 2

Time Agenda Item | Presenter Room
7:00 - 8:00 Continental Breakfast Palm Foyer
8:00—8:45 Prism 2.0: Preliminary Insights from EPRI’s Bryan Hannegan, Palm
Regional Model VP EPRI Ballroom 2
= Q&A Environment &
Renewable Energy
8:45 - 10:00 Strategy Session Navin Bhatt, Palm
= Task 3 Review prior day input and Warren Frost & All | Ballroom 2
mapping of 2010 & 2011 projects to
future states
10:00 - 10:30 | Morning Break Palm Foyer
10:30—11:30 | Strategy Session (continued) Navin Bhatt, Palm
= Task 4 (Development of 2012 project Warren Frost & All | Ballroom 2
ideas to facilitate the 2020 Vision
* Round Table
= Next Steps
11:30—12:00 Member Satisfaction Carl Bridenbaugh & | Palm
Karen Forsten Ballroom 2
12:00-1:00 Adjourn and Lunch Palm Foyer

- 2010 &£ R3] (P40 E) + 5%
(- ) PS40A #3]% %
1. P40.012—i& * 47 &

HE R

B ot

(‘:‘J—i

F B

. 1020060 )

FE -5 2 1P AMIF R Z =

B

2_- ¥4 (load component percentages) - i H

P

F F =N

4

s R A

¥ s AR

T2 b e
FEBAP | PATLAT
24P |2010£127
BB - E L AAiEE > PR L KAMITR R A

TP A E | e

ot
=

% B - f*

K %gu;gjﬁq%g%g‘ihaﬁ
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IR =" RS eI R

Key Tasks and Milestones

I completed
[ ] In Process
I Upcoming
Project Plan

ikaiez Methodology
Development and
3 2 testing
2. P40.013—% B & fy ~ & e 577 (-4 %52 1020061 )
- 4+ (generic) SVSH-ZA]
P& kx#s HVDC -7
T RS ERIEE ik SN = R
FEMSED [ FE{AT & IR
R P 2010# 12"
B2LIER (YWECCSVCTF,IEEE%® ) % st & %
TR IR
BT aE - AP R
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AR 1iFZ

2 e/

Key Tasks and Milestones g compietea
I:l In Process
Il Upcoming

Project Plan

Develop SVS model
structures and code

Encourage implementation
in commercial software

Report & Workshop

3. P40. 014—%] T e ARl (34 %L 1020063 )

WABT B AR A B G AR R il T

P&
A4 fed 2 7%
VEMSAED PR 2,
ERN 2010# 12"
EPRI#- 4] 1 2 fF & (T pginli 484 2 & > B B ﬁjy?g
TRE = %
hEHE S DEMEAE R EF RSN G R
Project Plan Il completed
|:| In Process
1&k1iEx Guidelines for Model
Management
Functional

Requirements

Report
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(=) PS40B V¥ 4 R =F
1. P40. 003—% FRENRRY T LARTEE (3E %5 1 1020064 )
MEEVFRMEEIALTRERES {é“b%&ﬁ_&&&@l
B
R FH
EHRED | FWTLAT
EACNE 2010# 12"
AFLAHEBRFTEDARLGE O NFALAIFET LS E
TRE & %
B
Key Tasks and Milestones g completed
|:| In Process
Review NERC-TADS Il Upcoming
and other availability
data
ig1iv2 2 Catalog event
likelihood
A2
Research contingency
|mpact metncs o
Report _
2. P40.015— T frig A2 ¥ AR W - A MIEE P I RLNER (£ 5
¥ 1020065 )
P& H - 3En pralfﬁi;ﬁ%i T FLR R OSAME
FESED BEREL
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EAR N 2010# 12"

AFL SIS - RIERE RS BRG] E R LS
R &
)J_ %
Project Plan E Completed
22 - In Process
,L-Q.l LS 3_ -Upcoming

(=) PS40 % B v 4]

1. P40.008—#7#1 7 2 # & (- % ¥ * 1020066 )

STIRSEENE ERE TS TR D.

gli
\
| 4
«F‘m

B

FTEMBEP LT

ER N 2010# 12"

ARG - RIEGANER T ERIFHES S PR
EH L 5
o 3 R ApROTE L Sk o 2 i 7 O T

Project Plan

. Completed
[ ] In Process
I Upcoming
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2. P40.009—3 4¢ ¢ # jpineni At (3% %%, 1020068 )

FeegHE 2 Fu - HPREA L&A B APy

P&
ERAL
VREMSIEP BT AT
Z2p 2010# 12"
ERE- AP T A PR ERFET LA
HopF e A
R &
BEMIT a3 o AL s BRORE R b sk 2
Project Plan
. Completed
AR 1iE2 [ ] In Process
Industry Survey B upcoming
9 fem Experiments

3. P40.010—TF # 4p £ (Synchro-Phasors) ehE & * 2 2 224 &% (3

% %L 1020069 )

Bﬁ%‘ tﬂfg:‘?\'ﬁﬁ”’)f@? l:gb‘"’rj\ ’ J‘IT@EJJZ\ﬁ%\;ﬁE%?ﬁ;E:@ B
TESED B AT
Z 4 20104 127
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B - 44 U AEE R 1 E R T hlR H

TR = 5
A ENEE 2R AP RRAL (Ar7 BRBL)
Key Tasks and Milestones g completed
|:| In Process
Review state-of-art Bl Upcoming
technology
. . Review
1k1iex industry applications
(spreadsheet)
2 2

Attend workshops
(Southern, NASPI)

— - —

Réﬁéﬂ

P&
AR R e
FTHEMSED | FAL AT
A 2010#% 12"
d 272 RTOiéjgl\‘-?ﬁ:;% CBORZTHZ A4 ARG g
FY A5

¢ R FIER 3 & (2 EPRI 2006 #1012474 -4 40 M)
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Key Tasks and Milestones g completed
[ ] InProcess

_ Il Upcoming
Project Plan

i&1iF% Literature survey

2 2
Survey & Analysis

Report
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