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B2 ~ ERCOT &
4.1 HEAEH

(@125 ] 55142 & ERCOT(Electric Reliability Council of Texas)2:/2 N
J8I17 7402 i (Independent System Operator, ISO) » S F ¥ ELEEFE A 52,700 JLE
AUEMEE 4REE A 1,100 {55 BB (RIFERA A B HER) N ERETE Y -
ERCOT 7 Ryt AU R BB b 3 i e T 45 5 A B I B
f5k(competitive choice areas)§1#3#% 800 & ([ F FHYZ &ifdiia - ERCOT &—F &
Bl 501(c)@)IFEFAT - HESEEH » WHZENAHEZEZE 2 (Public
Utility Commission of Texas, PUCT)FIZ 77 A HERRHTES &S o

ERCOT EH{E N 2,600 & FHYE SR » 4952 INEHAT 90% - Hik
AiE RS & B ERARES (L FE (DC Tie) - F£35E = AKFEA T » ERCOT 2MfE—%
HESINELTHY 28 - A/ DER 7 BER & ) BARAT BE A S - ] R — (a1 e
MEE T 245 - R BRI ETIREE B -

TE Rsz AL HIRE A 1SO 4% - FEUEBE B4R B 2458077
5E/% (Reliability) » DU B35 823 #E A\ ERCOT FE BRI EE S5 » WGHEE I
AT E TG AR - b E R EEEA EEE S ERM - 1
18R 173 F] ERCOT HYEE 11 445 » HIl ERCOT A EB S TnE L 8 BEimE
4RI o

ERCOT RHEA (L3 - BB - fneE KA B S F 3 - A AE
e E(ESR R E TS 2HE AR ENS) - AEESEEEE TS
VAR - [ RS S i R AR g - B 2R 358 ) v 5% /A F] (North
American Electric Reliability Corporation, NERC) F] SfE# 7 - ERCOT th & & (&
ETTHERAN AR E TGS EEHIRITHEA BN » S S IR S TIE
/NHIEFEIR G SRR A g REE G -

ERCOT HEREH L EE T EEETY - P ERARA PR AR 240t
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oVt~ AL R » BRI EE SRS TR ZENT R MR R SR B
HEEFFES > ZRENREREZ LR -

Quebec
Interconnection

Interconnections

‘ 1

Eastern
Interconnection

|
|
|
N I
|
|
|
|
I
>

Western Interconnection
7/ ~
7/ ~

IR ERCOT

Interconnection

EMRO ENPCC ORF B SERC OTexas RE EWECC

3 J5EJ NERC Ll ZdlE (2]

42 BB

ERCOT H filfE S24RIE S a0 s% fy 85,508MW » #8412 2023 A2 8 F 10 [ -
wt 2023 S E TR 2 2GR EFEACE  ERCOT LIAR & A £ (5 41.8%)
PEEEE 55 28.6%) ~ AP EENL(16.6%) FIKFHEEE(11%) » AIEE3H I A RETR
ERuBERNIERNR - ERF P - [E1573EEHY > 2023 42 ERCOT AYEJT K
NEEBERBCAIZEN 377GW K 184GW » HE KEEE HILE o Rk E]

69.15% K 32.93% » HEMRE -
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90%
O percent of Texas Load
)

More than

26 million
customers in the
ERCOT region

7 5 0/ of load is competitive-
0 choice customers — nearly
8 million electric-service IDs (premises)

o)

1 MW of electricity can power about 200 Texas homes during
periods of peak demand.

85,508 MW 85,116 MW

All-time peak demand record Weekend peak demand record
(August 10, 2023) (August 20, 2023)

*Unofficial until settlements occur

4 ERCOT ZHulhii /4H- S il & f R E 4 (3]

2023 Generating Capacity 0.5% Hydro

9 *
Reflects operational installed capacity based on ;12;: g,:gg G
November 2022 CDR report for Summer 2023. ' 4% Nu clgar

Natural Gas Coal Solar

41.8% 10.8% & 11%

The sum of the percentages may not equal 100% due to rounding.
*Other includes biomass and DC Tie capacity.

2022 Energy Use

*Qther includes solar, hydro, petroleum coke (pet coke), biomass,

landfill gas, distillate fuel oil, net DC-tie and Block Load Transfer 6.2% Other*
imports/exports and an adjustment for wholesale storage load. 9.7% Nuclear

Natural Gas Wind

42.6% 24.9%

5 ERCOT L4l R/ 4H-EE R B NEESLE (3]
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mEEES

1,873+

active market participants that generate,
move, buy, sell or use wholesale electricity
BEy

1,100+

generating units, including PUNs

SEBREERE

52,700+

miles of high-voltage transmission

LeREeEEn
98,000+ MW

expected capacity for Summer 2023
peak demand

BANEEEE

37,725 MW

of installed wind capacity as of
July 2023, the most of any
state in the nation

AEREEE
18,364 MW

of utility-scale installed solar capacity as
of September 2023

gas=ss
4,048 MW

of installed battery storage as of
September 2023

ENSAREE
27,548 MW

wind generation record
(January 07, 2024)

BAZEKSE

69.15%

wind penetration record (April 10, 2022)
AEEAREE

13,944 MW

solar generation record
(December 29, 2023)

AEEASHE

32.93%

solar penetration record (April 30, 2023)
EERE

$3.3 billion

transmission projects endorsed in 2022

6 ERCOT At /réd- A48 R (3]

4.3 ERCOT 5T

ERCOT 7£ 2010 4 12 H HE&I 155 (zonal market)## 2= €875 (nodal
market) > 3 LLAGEEE{H 1% (nodal prices) #E1T45H » &HRLEAS I K & nR R (EF
(Locational Marginal Prices, LMPs)

ERCOT #it# 2oz el ¢

1. QSE(Qualified Scheduling Entity) : &#8%8 5% » B ERCOT X 5% 5 »

AR A H I 25+ 25 (Current Operating Plan) ~ SeRREEAE K i i 55 Bk
CREE

2. LSE(Load Serving Entities) : S#ki#5 A5 - 1RHE BRI =

st -

3. RE(Resource Entity) : EJFFEAE » PEA SRR EMLE - s (EH S

4. TDSP(Transmission/Distribution Service Providers) : ¥l EE/\E] » A

A R R S B e A DA B A
5. Congestion Revenue Rights(CRR) Account Holder : ZEZEUT AFEMR FIFAEE
FrA NMREA E iR n S eC (B E ] -
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Reporting

Oversight

Wholesale

Settlement Settlement

| Operstonss

ettlement

Operations

7 ERCOT B tff(% (4]

ERCOT 5 G 8 & ZEZEMEHAZ(CRR auction) ~ EE3E2%7 Fl(bilateral trade)
H Al i35 (Day-Ahead Market, DAM)~ A S 144H HEFE (Reliability Unit Commitment,
RUC) ~ F#&HA(Adjustment Period) ~ ff 708/ B Ik 75 135 (Supplementary Ancillary
Services Market, SASM) ~ H[Ii% 35 #H (real-time operation)F145 E (settlement) 5 » HHF

[E1%6 &2 ERCOT/QSE g4 MHEAE 7 o

Real-Time Operations

CRR Auction Day-Ahead Market
* Buy monthly instruments « Centralized forward market .SE(:::g., ((:;gsEtera)med Eeonomic
+«PTP OD(-IOH Bids - Energy Offers and Bids + Five-minute dispatch
+ PTP Obligation Bids - PTP Obligation Bids. + Ancillary Service deployments

+ Ancillary Service Offers

e ————
-
CRR Bilateral Reliabili
Auction Trﬁslldn';I Unit Co;mlglnnt Boiiome
Real-Time
- 7 Operations |
: Reliability Unit
Bilateral Trades commi:::on t Settlement

= Decentralized forward market » Ensures sufficient capacity * CRR Auction

+ QSE-to-QSE transactions « Studies forecast conditions * Day-Ahead Market

= Transfer settlement responsibility - Commits capacity if needed + Real-Time Operations

Market Information System (N\S)

« System Conditions + Forecasts + Market Awards « Prices «+ ERCOT Applications + Seifierent Daka «

8 ERCOT #{LZ& i E FHEE (4]
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(RTM)

°
©
o

N =

<
-
=
o

i

Reporting
Performance
Monitoring
Settlement

Operating Hour

Day-Ahead

o § Adjustment Period Operating Period Post Real-Time
perations

9 ERCOT mhiiite [4]

Day-Ahead Operating Day

Day-Ahead Hour Operating

Adjustment Period

Market Ahead Hour

13:30 18:00 00:00

10 ERCOT gt Bis [ H 1 (4]

Submit:
+ Bids for PTP Obligations
« Bids & Offers for Energy
+ Self-Arranged AS Quantities

Submit:
+ Availability of
RMR and Black
Start Resources

Update & Submit:
+ COP

| | |

0600 1000 1330

i

Publish system 3
conditions. ) ) Communicate
forecasts A'S Begin Execution | DAM Awarc_is.
Obligations and of DAM at 1000 AsAca‘::c.ty
other items wards

11 ERCOT misZ i el ERCOT/QSE JEENHAIE- H AT [4]
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2 i Update Energy Offers

' Submit HRUC Offers .
@2 Update Output Schedules ERovide SCAS
82 Update COP Clomeky
: e RdNe COE

Hour-Ahead Real-Time Operations

Adjustment Period

u

Execute Network Security
Snapshol Inputs Communicate Analysis, SCED & LFC;
HRUC
Exooun HRUC Commitments Communm lmtrudiom

[E 12 ERCOT ris5 i f2Ed ERCOT/QSE JHEEE-/ NI AT [4]

ERCOT Ji? 6 00 HiL.Z{E R - BE AT ~ KRREEHRF(AE AR
HTHM S SRERENREBRE (S5 T) ~ BEARA 7 KA/ N TN ~ S # BN E(H
TEfLET BUS Uin S #E) ~ SR ETREL 2R S (M) BUS HUBHIRZR(EFIR 1512
AHLRZFh) ~ 5% ~ iy ~ B HIR G - REIURG - Sa/ACEARIER - UYL - QSEs
AR PR BN =G T2 (COP) - & 2% 4H 2 /IRRE ~ PTP Obligations ~ 4348 5 HAH
% - ERCOT Jix 10 = 00 FA%6#{T DAM §EB1EF7 » 4 QSEs ArfefitE i M EH 2
B - 5058 ~ i ~ BREEHIRT BRSOt 2L 2 > IAEE T2
BREWER IR A E H ZRiA > IS EIBEERE T ST e R % - ERCOT 2 13 © 30
i DAM fHZIRYT > QSE TAE 14 © 30 Fi{RIEIHZIE A B IR % B (e s
COP - 18 : 00 Z HEEHFTHY—/NEF AT Ry %4 - ERCOT HJREERE SASM - £
FYErHE AR - [5)

FERIRFHTE5(RT)F » ERCOT Fr 8B MEAT AT SEMEAEHE BRREER - LURE
AR (Al ST S THER A B R SR A ~ BC S AR - FEHER R 2 4R
KA HE(SCED) » AR BB AE B IR Z B RS - TR S E - H
PEAB&ETE QSE S8 HEEHFTHEAL COP Bl EIEERIRREMTT & 5 77
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BT 2T > WATH COP AGHEIAHIRRE K AE ST - 5% SCED Ll ke
HEFRR - FIRRRE TS EEER (LMP) - H A SH B GEE EE /et
B—R ARG ERSEEMES 15 it E K - ERIREER > #iE
5 7r##tE<> SCED BAE(HEISII(LR > DL 15 Sy iHsS T o RN 2t s H A

Fr{fiEt ARATES - QSEs HATREHREHEIEAEEMEZ EZRED LMP &5

i

H RS8R0 LMP A[E » HAjii5&H ERCOT PAHFIEREHHE
s 2 (848 - DLTii54E A 8RS 2 25 & (Market Clearing Price for Capacity, MCPC)
2 B TSAIRRARRE IR EE - S s R M E Rt R e L
LMP -

HERE 7 EBRE AL T BRI E R (Y IT% R G IR ER L) - (HAET
LMP 5 SRAE SRR B ER M A E R - BB/ EEET S S EEH
EEETEEAL > HIRBERE TS SIS i P EF R 2275 » G52 B
FIRTE ST S AR BT IR R R P R A

Stepl : Bids & offers are submitted Step3 : Day-Ahead MCPs(LMPs) are calculated for each node

Total Self Total Self
otal Sel
Genl Scheduled . LSE
Genl oo Scheduged . LSE S50MW Demand
Deman $35/MWh Bids
$35/MWh Bids m LSE
Gen2 100MW [ 150 I Lot - oo * 250MW
5$30/Mwh
$30/MWh 250MW m LSE
Gon3 ] e o
100MW $28/MWh
$28/MWh

w
o
I
-
~

: Expected supply & demand are matched at each node

Total Self

Stepd : The $35/MWh MCP is paid by LSE who bid $35or higher ,and

The $35/MWh MCP is received by all suppliers who offered to sell at $35/MWh or less

Genl Scheduled . S50MW b
Gen2 15O LSE

!

Gen3

100MW

13 DAM E{EREE

N

2

$35/MWh

$35/MWh's LSE



4.4 ERCOT EIhHBEEEIRE
H A ERCOT HIMHBARVEEI RS A 4 1 - B EssfP (Regulation) ~ HR7R

5 1 25 & i %5 (Responsive Reserve Service, RRS) ~ B2 2 £ i I %5 (ERCOT
Contingency Reserve Service, ECRS) K ## 7t f§ ¥ il %5 (Non-Spinning Reserve
Service) » FUAKHILIRE ~ BFfEEE S AIAE 14 M@ 15 Fros - BT FERE -
R AR EE R N R A ETR K RHENS & - ERCOT jit 2023 £ 6 H
et ECRS BHEAARFS - FAMERF ] Ry 10 7058 » 3748 2 /N A DUR 2 4cte
SORAVEREETR I - i SR 4RI L -

" FRAS praviders respond witi 60 oycles o et 1 gt of ERCOT imenscion o a 5661 . 85 MY

EER
RESPONSIVE RESERVE SERVICE (RRS) + Triggered at59.85 Hz and full response in 15 cycles

« Once deployed, sustain for up to 15 mins. Once recalled, restore within 15 mins

* Maxi 450 MW of RRS be ided by FFR R
Fast Frequency Respon (FFR) EEEaxlmum o B o esourees

Load Resources on Under Frequency Relay * PFR capable capacity reserved on generators or Controllable Load Resources (CLR)
(UFR) +  Minimum 1,150 MW must be provided by resources capable of PFR
+ Capacity that is used to provide RRS-PFR must be capable of being sustained for 1 hour

Primary Frequency Response (PFR)

Load Resources with under frequency relay (UFR)

+ Triggered at’59.70 Hz and full response in 30 cycles

~2,900 to ~3,200 MW + Sustain until recalled. Once recalled, restore within 3 hours

+ Beyond the minimum PFR, up to 0% of total RRS can come from Load Resources on UFR or FFR

ERCOT CONTINGENCY RESERVE SERVICE (ECRS)

Generation
= Online or offline capacity that can be converted to energy within 10 minutes
10-minute ramp + Dispatched by SCED
= Capacity that is used to provide ECRS must be capable of being sustained for 2 hours.
Load Resources Load Resources (UFR not required)
may or may not be on UFR « Up to 50% of ECRS capacity can come from Load Resources with or without UFR
* Once deployed, must respond within 10 minutes. Sustain until recalled. Restoration within 3 hours
~1,275 MW to ~2,500 MW
= Online or offline capacity fi sand Load R that can be deployed within 30 minutes
NON-SPINNING RESERVE SERVICE * Online capacity (EOC floor $75/MWh) dispatched by SCED; Offine capacity dispatched by XML instruction
= Minimum 1,430 MW must be provided by SCED dispatchable Resources
~1,689 MW to ~3,511 MW = Non-Controllable Load Resources may provide Non-Spin; UFR if available, must be disarmed in Real Time

+ Capacity that is used to provide Non-Spin must be capable of being sustained for 4 hours

Overall A/S: ~6,000 MW fo ~8,000 MW

14 ERCOT fHEIIRFS /144 (6]

Non-spinning Reserve

ERCOT Contingency Reserve Service “Uncertainties
Regulation
Resource —
Reliability Unit Commitment .
5-min Load and Renewable Forecast - Variability
Short-term Load and Renewable Forecast
»>

5-min 10-min 30-min 60-min 180-min 360-min

15 ERCOT IR EITHEN (6]
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60.05
‘ > PSS l-“\“'\ﬁ -“'e‘."‘?h"i‘\y e
60 ) n 3 v
o N T i Ta ¥ L Ay e J‘k FSER AT SR A
T e 1 G
. .o 2 P Frequency Recovered 10 59.98Hz.
59.95 H o~ : . :
' ’
: Nl
59.9 RRS Capacity Released | H - "
to SCED at 59.91Hz 1 -/
| ﬁvl""‘
59.85 : J
FFR Deployed at 59.85Hz HH
"
59.8 "
Hydro Deployed at 59.8Hz ::
"
59.75 l.'
N
es '
59.7 *.!
Nigt
59.65
59.6
o
TS

Bl 16 ZEEEFFRWIHSHERIERE

45 FAEREIRYE ERCOT HIRZE

#T4E ERCOT AP HYARFSCHE ~ JEIIRIGERE- N BTG 0 - KR
6.5GW - ] LIZE BSR4 ~ ABERVERZME 0 - R AR E R i it
ERAEMI4ERT SRR e 0 e B AR 5 Y B R IE ek b o

2019 2,593 MW 2019 27,215 MW 2019 153 MW
m 6,022 MW m 31,123 MW m 275 MW
2021 10,026 MW 2021 33,925 MW 2021 1,316 MW
: > 6,500 MW
m 14,269 MW m 37,037 MW
Thermal Generation

2023 28612 MW 2023 40,196 MW 2023 7.563 MW Retirements

(2018-2022)

17 ERCOT FHALAAJE ST ~ S - FERESOK I EREEN (7]




#EZX ERCOT A4 SV HERERTENIRES - tWARRESGHISHV AR -
FHERETR PO A AR A B 2 B0 - 48R3 2 B R SR TR IS - w] UGS Al
AR - HAT ERCOT HYESIAIAR GRS B A B E /7 72E0 37GW 1 18GW »
iR 2 24 (5 GW B IEFIYSE - Frnl 2 FEnss(bavi e -

WS-Ah 4R FIRE T H 25 B8R - B B 7% > K5 T DR = AT 2R
H#k LT > ERCOT RVHZPET AU TR T - th rlRE R AR I PR %
BRI - ARIAE RTRERY R Bl 2 AR GE 35 BRRF ] 2o phet ot ~ IRpfi] 32
IReH BRI -

SCED may need fo curtail solar to
allow for startup energy.

Reg, RRS, ECRS, and NSRS used to cover usual
forecast err nit trips, reserve replacement and
nstantaneou riability. Additional quantities of ECRS
an will be needed to cover unit commitment timing
rtup failures which may be increased

compared to historical quantities due to more MW starting
to cover net ramp

18 GiptseH prrE RE (8]

ST AEEEFE BRI R RISEE - RS AER R AHY
SEMEEIRA BEERITRE - A ECEIFEE R - 2023 ££ 10 F 5 57§ - 10 57§ ~ 15 57
$# ~ 30 S gEA 60 Sy IR AF R HZETT 57 5l B 2789MW ~ 3018 MW ~ 4023
MW ~ 7209 MW H1 10797 MW [9] » EAJEE SE{EFYEERANT N EFR » B ERCOT %

/[Pl 60 SN 1IGW HPDEEESEES) - i HAIRE KR 838k

25



BA B BB TS EHINEE - FEtARRE R s RS T oK E 0N
BUFERZE) » MRAKEEMAWILRERHEAERER > ARG EVEHE
TSRS & -

Pr 7 LRI - EEIE - B E RS - F1R (3 (Distributed
Generation, DG) ~ S#ETREREL RATE T 2K FE SRips 83 ~ FREEA RN A
# > ERCOT H #7485 NIEE R - fHEIE 1] 2% Long-Term System

Assessment (LTSA)$y £5 F0E A S 4 -

& 2 ERCOT S g B B B B st (9]

Month and Year 5 min 10 min 15 min 30 min 60 min

October 2014 780 MW 1,796 MW 2,152 MW 2,780 MW 4,579 MW

October 2015 1,141 MW 1,553 MW 1,839 MW 2,779 MW 4,606 MW

October 2016 863 MW 1,543 MW 2,035 MW 3,213 MW 5,335 MW
October 2017 812 MW 1,338 MW 1,820 MW 3,029 MW 5,347 MW
October 2018 860 MW 1,386 MW 1,907 MW 2,824 MW 5,346 MW
October 2019 1,192 MW 1,728 MW 2,465 MW 3,537 MW 6,408 MW

October 2020 1,048 MW 1,600 MW 2,488 MW 3,578 MW 6,269 MW

October 2021 1,371 MW 1,949 MW 2,709 MW 5,037 MW 9,438 MW

October 2022 925 MW 1,645 MW 2,292 MW 4,366 MW 7,413 MW

October 2023 2,789 MW 3,018 MW 4,023 MW 7,209 MW 10,797 MW

All months
in 2014-2023

2,789 MW 3,018 MW 4,023 MW 7,209 MW 10,797 MW

26



{h ~ ERCOT S MEHECE

51 Bt

1. —{EFZEHI R0 E 3 (EPE (crew) (E iR (R T2 03t 6 (EHT) » F3EA 7 12
% B (operator) ~ 1 A EPEEL I (shift supervisor)fl 1 A7 {EHE T AZAT(shift
engineer) - HEIZMFEE S - GE @ HAThS S A EIT TIREIFI4EE)

(ENHER Iz
Shift S’B.l:sinlisor

F
=
g || R | WERE | geeeo || asEar || e
Real time Resource Commignemi Transmission and Reliability Risk DC Tie Desk
Desk Desk Desk Security Desk Desk
_

19 ERCOT {HIL A JECE

2. —imfEER 6 8 > TAEE R 12 /N =LA -

3. HILH 04:00 %] 16:00 - HHELATE 16:00 £ 04:00 - IR A]AE & HC
BHAE R > SRR 06:00 £ 18:00 » B FE KPS B AT BT i
LRSS - DUBBART BITCIRAVIFES © (ERCOT  Za&ft i iy Ry PRI 21 6
GEFRE - EFFIG - LAFHHZ AR )

4. FE 08:00 F1 17:00 AZHE - BB AR 0T FEFEDIASH K
08:00 A1 17:00 SFHHEAEE » B L EHIEE RGN ~ v REEERAIRE
PPN FESRIS ~ B IEPRAE R % - DURMET & H 8 B0
HEZEESEHE - WER AR 15 776 - EIAHEE T Tt e -
HENBBEE HTRGEHE - EETEEITE - SMETREENE - BR
[EETAE ~ KA~ BBLEETEMGEEE -

5. BrERTFHH LI ITARATZ 10% (FHE S BELAIR REE - fIBt 5
BN » FEFARE TR 2 BIkE -

6. ERCOT & 857 0 B & s R B (S A2 AR TS ERCOT ‘B 48/market

rule/market guide/operating procedures ° %& T/EH /> B2 -
27



7. HE B A GRS R Ml 0 (2 ERCOT SR o s a0 56 m -
WIRZETHBVVHEBF 2 desk FIEDIAE Y] - BUEHHEN E RN FEZE T
(outage coordination)FE4f

8. REREINHER (EAEVLAB T LIRERL - HerPIENC SRR A
AITABIEUA ~ FEEENIER TAF o RS LA an RUER (% > SPLEE & 1E
LG AT - EEHE R BGER T - HEESE 2R B ICHIR
B > SCEHS_EPIARIS R R R TR E AR ] - BEATRE I E e NIk
FRARYIE S A -

9. HEAEESE EMS &l BBt E 2% GridGeo(5 60kV LLEHY
ZAEE P1 AIGEER » SRR OAVERFE AL > 1R R
& L T RIS 7] DAER R R RG AR B T (S A

([EiRER

F—i8 $-iE | $=8 | $m8 $hiE $758

AR B, C. DI EHE FiE

slll&RiE EETE3B 73S HE] BB
BE - [ = B [ E|~]B] - =R [&]~]"
Bii| B | B | @8 |8 |k |#h|&|®&|&|&|®|#®K ]
coi|®m | ®m | |#h[\[a|a|a[][k|&|&|- 088
DHL [ #h | %k | B | B | "R | B |[®%h | th | BB |AB|B| T

20 ERCOT m{H R

52 FHERNERER

FER LR (EER AR > R R A E R EAYSR R - It - &
BRES ~ AR ~ (REER - HA - T2 2 IR &R - A AAIRAVEIR
RUREZAVE NG E BB E S O R SRR ER T R T Wallboard
Display(R[I4pE VPS) 24t » LK B4A 10 &% > 77F EMS » Macomber
Map & ~ GridGeo MIHAM B HAEFAHRBHYEER -

ERCOT #Zi 1 L B R EUR AN R -

1 (FASEEREURAYERE - WIHEE B SRS RE TR R BB S DI REFE 17
28



A RN > EEERET R AR &R EER
2. BV EHRA GRS
3. BN H ZEAR H S AR &R
4. BHREARVERE > L

~1,300 ~11,000 Wind
Transformers Turbines
O O

~46,000 Miles > 117,000
Transmission O Outages Annually
o [Sl O > 93,000 Tele

> 7,500 Modeling

Attributes

i Elillllunilmil|‘|ii|||||m|i|i

22 ERCOT #2%#l]’z= Wallboard Display [10]

23 ERCOT fZEfiHury [11]
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Load 44 RS Additional Details (for wide monitors)

Proj Ld Ramp
A Dt It . Coastal Wind

DC Ties
*llpcs
DcL
DCR
DCN
DCE

Total

Frequency

W30 * | | GEN-LDL
HDL-GEN
HASL-GEN
HASL-LD RMP
Reg Up
Reg Dn
RRS

ww | | NSPIN

25 #FHEETA-EHMEH [10]

5.3 EEEESIEF{F(Transmission and Security Desk)

1. EEEBHFHESE EMS SR EEE G AR U THRE RS EHH
PRHI(SCED) M AR B A BEAEIISH - PR E T E MEBIA N — (&%=
SHAERAIEN ARSI IHE R AAELE - AR EENEEE
o758 BT S 2 FE R H](Generic Transmission Constraints, GTC) » “EIE&E

IROL(Interconnection Reliability Operating Limits)/GTC 48 & FI4HE &N E

30



I - AHEE R e 2 5AE VPS L -

ERCOT IROLs / GTCs
Interface % Loading MW Flow RTMONI Limit
LAREDO 33% 222 680
LISTON 82% 220 270
MOLINA 2% 194 9999

N-H 52% 1619 3105
PNHNDL 3% 300 9999
VALIMP 38% 500 1309
Z0_AJO 56% 502 900

26 Transmission and Security Desk T H-IROL/GTC 42% [10]

LISTON MISMATCH
Expected Limit: 90 MW

MOLINA Normal
Expected Limit: 9999 MW

Valley Import Normal
Expected Limit: VSAT Result

Z0 _AJO Normal
Expected Limit: 900 MW

27 Transmission and Security Desk T.E.-VPS system alarm [10]
G TC Deta i IS Click to Return to Main Dashboard

ABOQUT THIS DISPLAY:

0 Monitored Line Identifier Status Flow Direction
LarEdO Import o 35 /0 SANMIGL - LOB( LO NMGS1 MW Import
Flow:  230.70 Limit:  666.00

o HoLcoM_NLARsW [
po| ‘ NLARSW_PILONC1
|| LAQUINTA-LOB ¢ LAQUIN_LOBO1 Import
JAVALTP - MOLINA 138 K JAVALT_MOLINAT V. Import
| FREER - LOBO 89 kV FREER_LOBO1

Laredo Area Units RST Output BP Deviation S

9:00 W, B, A
Laredo DC Tie Flow: 1MW Direction: NO FLOW
84 % Monitored Line Identifier Status Flow Direction

GARZA - MIGHOWTP 138 kV GARZA_MIGHOW1
BATES - LISTON 138 kV BATES_LISTON1

| | Liston Area Wind Units RST Output  BP Deviation S

Click here for additional LISTON GTC Details

H Monitored Line Identifier Status Flow Direction
Molina T — CERHEL  SEES TeR  Smeen

o AGUILAR - JAVALTAP 138 kV/ AGUILAR-JAVLTP
Flow: Limit: 9999.00
|| Molina Area Wind Units RST Output

28 Transmission and Security Desk T H-IROL/GTC £4IE& R [10]
31




. R RS N-1 RE » R — R A s A EE - SUtFHE A
SLELL AT N-1 $5#0/% ] Real Time Contingency Analysis (RTCA)
TS A T — (S T RE S AR AV R AR RE (2B 2E - R - TREESE) -
ZAC S SRS AR (2 2-hour rating) > g F] LA %8R 8 = (5 F FHIBETY
TRESHES TETIESE » 51 B B (2 emergency)th A AE & THILHHEL R
M [ R T 1%s2 2 - (ERCOT 5% {##HE 7] 77 £y normal rating ~ 2-hour rating ~
15 73 §#HY emergency rating % 3 18 » s A =H2(H)

BT AR B AEOR &R 100% » SCED &4 A(kick in)
T4 B S 4440 2888 2 (redispatch) s LMP 4347 [ B (2 & 5 M S FE Ay g »
T S FEHEIZE LMP B RS TUAEEE (A EENR - (EHE
44 LMP #H[A]) - ~—{E SE th &5 Hle S AEEE A -

. YOSRZEFENELEE » shadow price SEZAEFR(EES T - (LB R IF R LAYl
BN AR A e - IR S EIMEE -

- FESHSARYIE LB EE F] SCED 2 i A R 457 5 IS S B A aH HY ) 2k 3
ISF (B[ redispatch 1% {75/ 55 (FiE kB BB BRI ) - (EDE BAERL AR 8%
RIFE ¥ 5K (identify mitigation plan) » FI[F] EMS fHAUE 240 E NRUHETT
5 EE 717 (real-time snapshot study) » #Hf /2 & A K/ A FH%E DU IREETRAF
B (mitigation plan) - SEUIT5E A BCRIER SRS/ B R 28 T s (i~ ETP& 25 (CB) ~
53 BUS ~ SB35 eEiRIm R IR ~ BN RS/ FEHIERE o LSRN B BRI Ry iy
REJTH B RN - & —EAVEDAMIIRSE - S RSB A TR
SLHRE R T T2/ B AH R (load shedding) - Ei{sEl 7y &#L I E -

- JRA B 2 AEDE B2 FERFEEE & R 4FHVINRE AR E [T R H A5
KPR LB TG - MDA TR E R B B Ao R &
B o

. ERCOT Z4rEE R H At A w1735 - % B {E1E EMS IR

BB ENWE AT TRE - A gERRITEREE - 55
32



10.

11.

ug

1=

FATA TSR R R E S AVEE - 2R ] UL A IRFIE
B —fRills > WEAFEEEEHZ A ER - S#EMEEE (GO
TR TR EEEA RS (voltage profile) H SRR FERE 2 7 G BEZH0 e
NEFES R G EEE R 0.95 FEIN) - th R A #
HEEHE -

AR A S I R AR TRV B SR [F B HERY > DA B R (A i [
(forced outage) i HF {5 B AR N1 3 e H BERHRF DA MEE SR » ISIER IS 2R R (R 2
BB EL R e 4eE T0F -

BHFEEFERESHEBIINIIE - EEROREEETRE > HH
ERCOT 73ifrisift seditx - 5 B R ETR - #E TIF = > HAl
ERCOT HYRHRE © Z 8% R8s > SORMERZ - MR PAIEH R AT
/R redispatch jig/e N-1 ]I > gEEEZZEF LIEFK © QR N-1 Hig
&R Bg B H X redispatch QIS sl TIEDHME > th & ErHER
BEIRE L -

HAT ERCOT Z&EHVEREAEHEmE AT H{TR%E - AN EHE AR
i R E A E BT R R RS R A e S A F RS
MR GER AT HETT AT - H AR ST SR S B ER R M O B w4
—aa[E > §HIE B BRI R (LR B Sk ey T RS8R - B &R B
SE FREFMUITE 8830 SR TR - (LA IR AE B BR A S S S T AT -
Blant—o 8 iR A SIS Ha T R E g N A E R A RUIES/
B2 e MIREE/ BB A EAE - B EEN
#H > ERCOT Efeft H 2 EaRI &R ItimE A w25 -

ERCOT A M EHi . 5% S PP DR N ORI E 0.97 DAE
7 AT EORZ SEE I DI R R a (R G h RE PR B B UE M &
GBS TR > HARIRTA RSO RRAERS P E R

G - N 0.97 HURERIRER » B NS EEILa LR B A A
33
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VB R HEHERL - SRR R B AR AR TR inverter FYELARIAAE » 485 AR
5 RAF - BB & B G IR EOR AR ARE ] - ERCOT A ZK A
RETRZE 5 MR IR TE BN ARTHRE SR « TENN AR SAT - FEAEREIRL)

% ERCOT B4R T% M4 HEHI 54 (commission test Y Hi—F8)> ERCOT &
A A F R ES TS S ER RS E RS
By > BB RERGEE o SPEF ERCOT A A PI A AR % 8 B P

» SRS RAATE X A T D 0 - Q B P LAIERERIE »
BHE A VIR B mAHEE -

5.4 BIHFHLEEIEE] EfE(Real-time Desk)
1. BEA AR - WECRIERAE NERC 1A E|4E ]l (Protocols) A FFauEN °

2. Eifil SCED ~ AGC ~ RLC FEAFITIRAG - WibasefesUE S RV S
M o IEE LT SCED JEZE S /ey HEET— 20 1A LFC HE)
{5/ ECRS 1&2HY 60 b BUEAFA/ NG 59.95Hz i 2 71 gt & 5 #hEL
B o EOTEN TG RBE LA EAETEIRE) SCED » & 5 s
fR72+/-0.05 Hz ~ 2B PR HAER AR 59.91Hz ~ 8748 50%HY regulation
HAEHSE -

3. Bt EElTHMIMERRE - IR SR R TR A -

4. BERERS T ZERERRE A& R S A IRIHE B LT
PUREAS ARG SCED Hf5 <% - NHEEBS - ARNESFRE
HTFrAateHEs 8 - BB LR AMHERIRAE - Z29rg 2 alarm {2
BESHIE S -

5. ARSI SGRIAMRAHB ~ Sakoetd FNR TR - R EREIR
P53 A AT RE R AR - HECRTT & NERC DCS #HI(15 73 N RIS
#) o FEALAE resource desk 553 » Wi EH L A GBI &AF -
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6. [N SCED S {KId &k FFUMFREE = G Tk > EMS & 4 Fht G 12 (i
BRI EIE O (CHE S M ERMNT T R) - BUEEE N E
JHAAE B N Rt CTHIENREH - J 23RS S A AR R aEyE(E - 1R
E R B PHMIER 22 AR PR by PR R LR AT

7. B BV F R A RIE TR

(1) A 10 RZ NS 7] LIV 2 AR PR B 2 /1 SCED
HOHYRRE » WARERZ 3R/ 88 s (B35 >t a] DA EAREEC AT
RERC BRIV - DT (HFHIE B33 A AT -

Top 10 Negative Unit Expected Gen Deviations
Plant Unit Deviation

Top 10 Positive Unit Expected Gen Deviations
Plant Unit Deviation

29 Real-time Desk T E-fx Ke¥E fmA=4ET [10]

(2) ZHAEE R A E s R E R - mT DAY B A B A B T (E Y
Z=H o DU LR DN EEESTH - 28 SCED &R RN -
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Load

24-hr Ld Delta
Proj Ld Ramp

Gen

Expected Gen
Gen Deviation

GEN-LDL 8917
GEN-LASL 19232

29290
18307
18563

F Fuel 8658 22%
Gas 217
Cogen 15623 4
Wind 9417 24%

39119 MW
2018 MW
22 MW/min

39348 MW
39130 MW
218 MW

HDL-GEN 3859
HASL-GEN 6329

41661
46080
44130

HSL
HASL

Nuclear 5100 13%

Hydro
Steam
Solar

146 0°
185 0%

[B] 30 Real-time Desk T H-3%% K & &&=/ [10]

5.5 HHBIARRSE ¥ {F(Resource Desk)

1.

B H T A A B R % B o RN 0 T IRF B B A e e B IR % T

(Supplementary Ancillary Services Market, SASM) -
WEHS BEE 2R &AL R T B REEE) IR (RRS ~ non-spin) °

BN & R B R R 58 4 &5 SCED A &R B IS A E & -
ESRREY - DRSS > gRE T B IRES - R R g e

AR A PR ~ R RRTTH -

EHHEE > WastEHE - 4 TIERBHRED -

B SIS AT IR HITRAE - BEIRs PRIFE S e SRE T TR BEAR S HIRAE -
B R s e SRR RIS (e
PigE (% - SCED MIE B EHY R R BB IR B st & e s B - 11
H#or#t& SCED wig BB e 8KV EEE © SE N EER AT ~

{EZEH > A G FEALRIBEEIRE - SRt AE MERS -
36
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6. #£ ERCOT o - (i EEremBikBHE - SBhIRBEE K AT h H Al
& o SRR N EE BB RS A e o R E S AR -

ON NS - OFF NS
Deployed I Deployed

3 0

ON NS
Remaining

OFF NS 379

Remaining
432

Total NS Deploye

Deployed

Quick Start ]

Offline
Capacity

Available 1092

within 10
mins
997

31 Resource Desk T.E.-Non-spin FlIRZREMEIA = K #{T= [10]

5.6 fR4HHFERE F{F(Reliability Unit Commitment Desk)

1. &EEEIERTH4AHE (Weekly Reliability Unit Commitment, WRUC) ~ H
R0 HEFE (Day-Ahead Reliability Commitment, DRUC)A1/ NI Fij#44H HE
#2(Hourly Reliability Unit Commitment, HRUC) » £/ N T — 2 (3
)  WECREE IS A EHE(4S real-time desk ifJ€ 54 - TREIRERT REHG £
RELEERES) 24 -

2. EEMMHARIE - BHETRRIRTDNR A - SRESEEERZE - ST EHAT
UC k0w e & # - AIERE B 7% F8) RUC(reliability unit commitment)

t¥eH - IEFA QSE ik RUC FH - AR AGHI AL » FEURER
37



TelEE A -

RUC 1T R & E A SUEE R B E L EIRHEE S HERRS ALK
A RESSIFEINVESE - NIE ERCOT g i/ TR SHII4EE -
(BT E LS 224 & RUC  SPIFAIE BN TS IR AN

PRAHFIE _ B4R - ] DUR DR B osia A ELRATIRS -

- - - ) 10 '|¥|' \ \J -

32 Reliability Unit Commitment Desk T H.-RUC fE{ARFEEE S [10]

4132 MW

GEN-LDL 6331 MW

HASL-LD RMP 4830 MW

33 Reliability Unit Commitment Desk T E.-Z4F LB HAE N B2 [10]

5.7 BH4RERESIEF{E(Reliability Risk Desk)

1.

2.

EEEGIARAREIEESE - FUIRIMEAS -

SR/ NI 4 NIV RIE R 2 0 FiplE H B H &R EL -

R [E B G A EMS - gRERIENGEHE - AR Sk TR Y
fT -

ERCOT A #EF LR BN - BE LG A RIENRHE > HE
B DA S FUANE BT - R LARE TR Ry ir B s -
MRS E T HARRERSENTHNZRS - AT RIEEREZ —IEHE
ARAERCKHIZES BN - MEREE AT & H S NS ENFEA > 2R

38



ug

S HFEHE ERCOT HYZEEEAEE] o (IR SE A NS A RIS e HiE iy %%

EHHE S E > EHAF(LH ERCOT $HIAFEK - A5 BRI E(COP) -

B AR LN E 2 2 GHHE -

B/ NRFERIT— 2 STNET 3 4 /NRFZ EREE TS5 (40 01:00 § 05:00) - 411

SRR AR R 8 - i SR AR

e E R -
SRR 17 A AT A P A e TR PR S R TR 0

B s11-1a4s [T ::'::: [ openeus [l BADDATA

[ REACTIVE DEVICE OUT OF SERVICE
M REACTIVE DEVICE IN SERVICE

R R coo co cono ca co ca can
i 1 L = . S
BN 36225 1449

=30
o

Panhandle Wind (63%)

ERCOT Wind (56%)

35 Reliability Risk T E.-FJEFY¢EMH [10]

39



ERCOT Solar (80%, )

16:00 8 20 22:00 27.0a 0z:00 04:00 06:00

@ Solar Generation (8622 MW) Curtailed Generation (423 MW)

RST MW  BPDev HSLDev  Temperature  Wind Speed

W stale? B stale? W stale?

8

99

0

95

12

2

35

79

36 Reliability Risk T E-ZEJEIELEEE R [10]

5.8 EM/THEIZET(EDC tie Desk)

F AR Ry E B BLEA 248 ER(DC) B EAY4RES - SRk ERCOT & HHIRZK
AMEETER R - ARGRESER AT S TR - RIFRZERA A MISO - S5758f
FOFEE R o BB - 03 E 8 EUR 4G AR B 5B i AL ERCOT #%
il -

DSI DC Tie Schedule

DC Tie Mame 01:00:00 €07 | 02:00:00 ¢oT | 03:00:00 €07 | 04:00:00 coT | 05:00:00 ¢OT | 08:00:00 COT | O7.00:00 CDT
DC_R 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DC S -6.00 -5.00 -6.00 600 5,00 -5.00 5.00
DC L 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DC_E 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 14 Exp DC_N -220.00 -220.00 -220.00 -220.00 -22000 -220.00 -22000

Scheduled

37 DCtie Desk T E-EIi ACHARIHEFZE [10]
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5.9 {EILTF2AH(Shift Engineer)

1. EEHIBIEHE S (operator) » AR EE—4RFENHERRAERE ~ AT HARIESR -
PRIHIE SOP AR » B2 HIET AT e RS PR 12 ks R s Bl P IRk 2

2. VA FERPHTHREZEAR LEZEEHN - BRI AR - 1R
— RHVZEZEE BB KRN 1 # % (Congestion Management Plans) ~ K
RIRAH BTN 2R event report SEAR/FHBNIR B EENFEIE N - W EH
TUpR B ERIHAEN I SERS - ((ER AT#5UE NERC HHEARV#HR & - A operator
ATLL)

3. WABHHEBHTSERS - (4] ERCOT EMS A A RN 88 B AS 2 15 77 A (real-
time VSAT) » #THAA GE Eil Powertech /3 5] & HE HH BIHFE REAS E FE 43 07
(real-time TSAT)ZfE » BEHHH(E DL TAZEHEC SOHlEERE 45 -

4. BEAHEENERES R THENRGHBER - WERAE T LAY
{EF > HERRG DAEERIEFRL operator /b - (BIBHY THHER | BEMA

ERCOT shift engineer HYEE J7)

P

5. JHiHHE NERC certificate K525 AIHSHNIGR - ¥ N SLUs/I%R 3~5 {8 H =] £

GmE - BRI BPT - AP SRR e A -

State Estimator / RTNET

== e m— 1
Last SE: 10:32:32 Last RTCA: 10:34:00 Last SCED: 10:35:12
Time since last run: 00:05:28 Time since last run: 00:04:00 Time since last run: 00:02:48

RLC
15

30

Last VSAT: 10:36:33 Last VSS: 10:34:04 Last RLC: 10:37:54
Time since last run: 00:01:27 Time since last run: 00:03:56 Time since last run: 00:00:06

38 Shift Engineer T E.-B[IiFFELIRHE(Real Time Sequence Monitor) [10]
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5.10 {EHT &K (Shift Supervisor)

1 R 2 RGREE - RGIREELRIZUIS T iR 25 -
2. BEE&SHEETIER -

3. ERCOT &G TS Bl % immn T e 1 -

4. EFEEE NERC HUETHEACAVEHS QAT B - ZAEHE) -

3
I-‘l[]UU —-5500
<-$1000

50 | 50 | BB

50 | 50

Additional Details
Load Zone LMPs

Rayburn

39 Shift Supervisor T E-EiBLEEH[E [10]

5.11 SRAE BFIlR

&[5 5 (operator) {8 /] BEE By FUNIEZ EZOR (R A S R E) - (HHE
FEARIEAR E B T75 - L 4RAT0M/E 38 NERC Y5255 (system operator certification
program* {IFEAEA% FEREHIGR) - R 1 7 22y R & R AR S A B TR I A

S ERCOT (5 B HS M e T L T 4 -
42



a% B HUS NERC 588d1% - BJHES] 3 48 200 /NI 4RHF 2 (continuing
education hours, CEH) A BE{A %] » L& NERC PER-003 f#i7E » ERCOT i
T ee— 2 B3 ISk 4efr sl & CEH -

SlI| R P S 5 SRR S ATAR R - S 3 AR R SR A ERAE - DL
FOETL EMS ~ (B3R E0 ~ BIEUE S © EG 0 iU E=R 18R - 2 £
KRE > FERETEE S P& #5£E operation ~ planning ~ market 25 #FET 5mZ0bt
NI Bhaal - FECRIEE BREIR ERFIAKIEIEST - 1R ERUE B2 e s ~ i
THRESENER -

2 3 NERC & B30I AR [12]
e | HE | s
B | B |

il At i

Reliability Coordinator Operator RC 140 | 120 |92

Balancing, Interchange, and Transmission Operator | BT 140 | 120 |92

Transmission Operator TO 120 [ 100 |76
Balancing and Interchange Operator BI 120 [ 100 |76
Em(EIEHA
£—iE | B8 | =8 | FME | FhHiE 75iB
alll4FiE EETESIE *28

Operation, Planning. MarketS&aPIa483R8 58
+3|SRERPIEREOTS R E iR EE R 5

EEEGURE | BIFREEM

ApEEHIE | EHIRRE

40 FHEEIISERE
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[ - ERCOT HA & AR

24 ERCOT HfH] > s B Lt B Mavker] - fRHET 2 H RIS

K 8By 5 o MR S A RN A E - #057 PGS Sl & B ORI -

6.1 FMEREEE

AZAETS 535 ERCOT (Y Taylor Campus firf Austin SILHIZIE » 2 —(EH

ORI ELA e AR BRI > DAEORTE D BRI BB S 20 2 - WD AR 2 S s

@

- BRI KERZER - RAS R IORE - NEEEE -
. e EIIEE ] UE SR 2 TR E SR AT &R - B AR -

. Taylor Campus Ei53—({E#2H] 0 Austin Campus BAEELY 40 434% - B

— R S E R e

SR L AP — AR B R SR S A

g e - BB ENT Fik > FEhUIEZzEmEr
[FEEVIE RIS - REMRE - WREMRREFR K > 2EFL AR

ERCOT “Eilll& A -

o PERIL RS A AR RIINR - AT DURKZEORHIHNRE ~ R S R

SRAEREE - 20 SEHIRIEE S » 1k T 2Eft 7 2 AR ESRbT -

- BRTIA=ELSN > FrAEMEARIIFTES B EEIFT - nDUR DR A -
. AESZEFEREBEE N EZERR T AT AR -

44



41 Taylor Campus Google map 5

42 &S5 ERCOT Efill@ sl s s B L &%

45



6.2 HRNEREER

1 KRR R A B E R AR S
COVID-19 {51 » ERCOT & FHRrH4RES i & sRE R - [ A
{2 E[FIR RS A (work from home)JEET] - bR T IR AIF A EE
24 AR — G B LERE IAER iB5R(EAY VPN NS,
Bt RE 2L -

2. e EEIS AT OTS Za] Uik 8 =45l » G 1FE R COVID-19 #%15%
IF R oo EBEA o

3. ELHIEFIE
ERCOT 5T 5[5 B 5 B R b ST s 22 B LS A SR e s =2
IT BRFIRRAS IR - 2 B e IS - BT BN L A TR A RERR » 6
e R S TERT I o - BY/ MG S ERCOT 48k » S8t A o Lt
U/ M N BRI

NIST
Cybersecurity Framework

|dentify
Establish a risk management strategy and
governance and identify at-risk assets

Protect

Implement protections for systems and
data identified as at risk

Recover

Review and discuss the recovery
plan to identify improvements to
policies and processes

Detect
Determine how cyber threats are
monitored and managed

Respond
Execute incident response plan, which
includes investigating the incident and
containing the threat

43 ERIER R ST TS 2 S HEZR
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6.3 GridGeo
ERCOTIT #F4E 3 FEEThEHEE 2 T B - 5HE B{EIE/E)I4R ~ FEEF
#EfEA > nTE N E - SRR TR ARE - BIRFRIRE SR A ARG o [EIN B 4E

iezi)= 2
1.

A E AR EIRKE N RS TGt 2 2% - DIRERF sk

SETEFTELARIE 1T DL P SRR o m] DAGE AR Bl EE T (E RV T R4 0
FIFHIE BRI TIRAE -

R LI ERRG SRS - & HIREFA AR ~ BE ~ WA & ~ RO
F)LLE SCADA Rl SE(RTNET)HYELE -

PR PR Z TR SO EER RS R GIHRE R  EEAR

A [FI B BR AR (R (7 345KV ~ BE(D 138KV ~ R th 69kV)HIZEIRREG A
[FEIBAE -

B RAEEGTIRE - ] LA R DARTRIRACHY B 22 [BlR7 ~ BV R JE( =] ~ g
JeE|BE—/ AR A TE MBS AR ~ K F R R E e -

44  GridGeo BEHEIAC & EH 2R ENEE [13]
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45  GridGeo SEEEFTELLR[E [13]

47  GridGeo EE4E[EIC & HE S 1K E g [13]
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6.4 HREEHZERVEEFESCED)

1.

SCED(Security Constrained Economic Dispatch) 5 88 BEA#% 0 i 5 T.EL
Z— > AREGBERNIZH TSR REE A [0S e e St s (R
fth 2 E AR 22528 Generic Transmission Constraint(GTC) 2K &
%) °

BEHE 5 oEEHET - WHUE T 24155 (snapshot) # 17 H 0 73 Ar
(contingency analysis) » & H—4H4R [ SARAHSEEHIE - (2 408 HET
B ATV » [ R R S e W rpa i (overload) 3 4 -
SCED ¥y g A P MR EH S - FEHREETH I AREM
R BT BB A G E T UE R L2 ARG G B E e E R EE)
SCED & DU %A+ (shift factor » B[I'E £ 48 S EET BN E AR E G A1
IMW 7 65 R B ER 4R P Y DR A S L) it T DA T 4R B il i A S 38 8B
T > PR % Lo BT T A S i R R R -

EH BN RET 4 EIERC AT - IR & R e Rl 7 sk
AT 257 -

BN & AR B A MBS - IEE B T SCED &Ik
BWAEE -

WIER SCED failed » JHA & et S HRAHAER F—TH5S1E » IEEHRPERE
b fEEEAE T RIBEh S [ -

49



Constraints and Five-minute
Shift Factors _

Generation to Five-minute
pe Disparhed e

Resource
Limits

48 SECD fiffiafisil (14]

6.5 jRR&fLET

AR > EMEFI TS - —E R AR EEEL > hEZ A
TREAGIREE A5 ATELUHI: (state estimator observability) » HfEPREEHT # A TRAERET 2
GIRREE N - ERCOT &P Ap(ERLAl %A RTU HU[E|{# SCADA » st —({EHk:
BE R > B ] DU AN EE SRR TR NG - By TR IR Y SE #EfENE > ERCOT
GHIFH GE EMS NEIHEE - BERFLEYS SCADA i ARYERHRGIRRE fhEAY&E R
(solution quality check) 5 —{il/[NaHZEFT 24 /NIF B 4% 22 2147 SE HYFE7E (E (residual)
PR o QUSRI 5 72 18 K B i (E G S 2 ase s e ~ A o ~ (M A
HARSER RS AN G _EiEim S AR ARG AN B4R - WHIRA FRERY
Rt Bl - AT R (SRR E 7 Uk M 3 R T R R (R s T IRy 7
HEFGRRE GRS TR - (AR FHEB TR A HEIRE -

50



6.6 HMERFHHEFRZE]E

ERCOT 2% {#§%87E 1] 4% B normal rating ~ 2-hour rating ~ 15 434§#Y emergency
rating 5% 3 1 - F§#iFE /% =] (Transmission Service Provider, TSP)fg{t [N/ ER4EEL
B A TA - WE A A REIUER Y EERE ) - ERCOT EE N gE5E
PRV EUE - ARV T EETELERST - AL A S AT RE R R A RYEt &5 =tk
A FEE RSV E S & - WIS R E B RT3
L 53 AR 2E%E - ERCOT G18PAMER s hiE B bRy E & - At
TR B BE B A2 BTS2 BE R G R VB B - WA E A E] =R
I o

IEAh > ERCOT 4 70%F 4R R BN RE 2L B (dynamic rating) - ETHRERE
1> EMS H1(GE #)) » & ERCOT H175A% » th#f GE $R AR 25— EMS
e

I

Rk

7 ERTE RS

1. ERCOT HEFRaFH K EhtEIRRIREHEEE S (F BRI
202 EmEER ] - ERCOT G AR 5 £ —RIHAT ] ea it
HEHIRE > U HAIERENE - TESERLIHEEE - il
ERR—ZIAHEHIN R PR el S R N R R R S A IR 382 -

2. HATHREE HIERH CF AR AR R 2RI RS - (HhE
SR AN E L > DU PR AR RE TR Y S8 R (i AT H RUIGRU Vi - E
ATERARAR A S B R R HV BB RS BN AR HI IR - el 384
T SF ERIRAT AR EAVAEIERT R [EIHE RA 55 > T ARSTANSE A H e S0y
EEEERYEST - B ERCOT HYE M H(resource adequacy, RA)f1S
At - BAER IR B sk AR B 7R KA FeaTEAVIEL  ZAFFER(E RA B
AR B PR R 2%
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. BRERRR BT (I A B T R 8RR o Ry IR P P R e e P A 4H
e - eI R - 53 REARYELEERE T © AR E AR
HefE - AITREA B s Yy B T e B8 S A A A 5 BE 5 0 (Energy Emergency
Alerts, EEA) «
. HARBRESTASIIEEEESEE - ENEGREALEER - AFER
(AR BV - AR DI E B LA - RSN &
AR o S RPSAEE TT DAL EAEIERLT - dESEHRRAYE MO E A
2H -
. ERCOT 2023 = & Z2RIE S HH i E A 1LY 10GW - B M - 284
JRARRYBLEERE 3% - LT - (HR E Fisi s 2R g e b
RIEAYRE - PR A A GRERY R -
- ARG » ZSagehary R LA TR > fld H B HE
B ~ BKER R BT PR s T - Ry 1l A e R
BRI TS H » ERCOT Arlsg i iEss - sElR bR —%
EHEE K —F N —FHYF /N - ERCOT fI17#Y o] 58 & 57 4l ¥ &
(reliability assessment) Eff—4F 8760 /NI ~ EE B 20~30 fEAVEEH R 2R
e ARORE B ST RERATATSEE
. 2023 4F 4 A{EMNSEbemE T —IH 100 EETRRIFESE T ZE - B
"REVRfR#ETE | (TEXAS Energy Insurance Program, TEIP) » F AR A
B ETTH)10GW YK T8 B > TE AT R A S - R AR A
RAAR LR LA ARG - SRR SE BIFRIZ BIIRE] - & T E
1 336 /NIF > FTFOHIES B VIS S IE N - R E o B Y

AR ER NP A o

52



6.8 FAREHLEERE ITRIGTHBRRE

1. MORA & hAREMEARE L ERE TR 720 nIE AR EI A BHVEEE 2
BEEM -

2. BE—ME G ER IS 0 BEEFERENRIS - diX R
fREEdi B 45l (historical performance) » ERCOT Btai FH#E A 2~3 4
2/ NER R (AR 55 B R BT A (RS B B (W) DA & B (R oK B ) R
FoERERI L EERE J) - (R BATE AR IBIR 17:00 B EEREFS TG HLEERE ST -
RIe] FIFH 2 2~3 FEATAFREREAE 17:00 2 18:00 (Y54 EE & (52 % profile) »
Bl ENEESE - WIS RSEESHIERLERTEMLLG] - G HAl
WS AT LR 2 /NI

3. GAREHLEERE TR EE — {18 b B IR« k5 S8 B A fesd 1 (5 B R SF Y B
B - ERAGLhETS » 55 EEM A2 EENHE# - RS gVEH
R\ YA - S TR R T C S S F R M A e vy g -

4. EEEARTIRERLKEEIF » {HER ERCOT ELfmisids| » o DL E(E Ak TE
AR EEEER - R R g -

5. ERCOT {i{ERFEIEEEFEREN AR RSB T B AT 2 A AT
fB% - AEPEG R ER T RIGEEE - R T ARSHEER
(duration limited) | » FISEHEA T » WUEERVE - MRS (A
TT ARG < AIATREEERE 2247784 26 & (state of charge)4iy A&
RHRZ(UC) (R TR UC A[ASRERYEE - single model i Z
ERCOT IEF74E#¢ ey SRS -

6. FERHEAE(LHE - (e EpEZ T E)A ERCOT B HERTHE
RETT - WEEA S| EREHVERE STRIE A SIRAYRTE -
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6.9 B - AJJ ~ LS

1.

2.

F—ZFgH CEO meeting > {E KBRS - FIPAHSAEE -
EEHBRIREEIRE] - HAT ERCOT A -5 ECEER: - %
TER R AIZER -

ERCOT A EF: B TR » 28U, T RS SR IR ER » 1
DB TAFEE A AR CUERZ VA R TIEREAE) - Bk
B TEE b FEY  RENSHRE - BEF R giaiEamn
BB N B R -

COVID-19 R={F#E » 58 8 LLAMY — i & T8 i &6 70 i B 22 I
(hybrid) » 8 HFRER A ELY 2 RO NERFR 2R B 495 50%
BT EK) » FEFHRAE S S i (50 FH (VR Teams B - [EECEREERG T1F
FELARZZE > EEHr B TR TERERARTEY - (58 TRIFMEEE
MEE &N /DT RIEMZ 7% - IT #FTH EMS #Re/HE A GEE Ry [E1 R
T E N 2R BRI A A AL FEER) o RAHE TR SRR
RO B AR S B R AT R A HYIBCR » (H A B sa Ay & R -
ERCOT A\ JJAT - & ¥z NEfTE 5352 (background check) - 115
T ATER A o

RIS L BEERGRE 2 B W URE SR e E N E SN -
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6.10 THERm&E e &l

TRl st 5(Engineer Development Program, EDP)J&—IH /1] 12-16 {i H
s Ll et &1 SR RIS AT AR TAZARM T - EDP (Y B AL RPE A
RHYE T TR RE AR AR ERCOT I T2 B A B 9% o K38 B - ERCOT
FHEZ R E L TR2AN » AP IRi R S SRR DAY A2 AT - 33 4k T AR Bl P D0 A4
REZKIERH ERCOT HYZERAIRLAY - DUBATRTATE - fEaxsT 88 5% % - EDP Tiz2f
R BT — {8 LA HF T 2 ek AR

EDP KrE TR H E T2 TIFBRIEMHAE G » Ry 2 B iR U TR e 42 - E
13RI AR EIFLAE - EDP TAZ RN R HAE— 4% R RE (T R BE AT
F& ~ SERCGHF AR CEHEHE TR/ NARIFE) - WSe BT S E - A 6E5
Fe#E(lE EDP 1] - R0 B EORAVBIE S - EDP LAZATM 48R B/ NH
(Network Modeling group) » Wi £ 3% BRRAIEL BT HH TAF - BUERE—D
fERRAIY

1. BEJJ(Competencies) :

EDP T2 S &) SRRA2 -GS ERCOT 4 BRLEHs SR
F EFISRET & ~ ERCOT FHBHERAS E F 3118 - #7223 )5 HHER A% (Lunch-
and-Learn short courses)% < [th5h » FHERY EDP TR2ANE o] DUB SR
8 TR BB 5l (B I R R R B 5 1] AR AT AR ey —) Al
NERC Ay 4% « FrA o] FHEIEsH I & 19 £ 0o ke » DU s
SEJEENFy EDP AR Al AR AR A R (BT B e -

2. HPYfE4H (Department Modules) :

HiFIHAH 2 ERCOT S L2/ NARYEPEEE - SHEEAH T
Kaat » DA EDP TAZHN 1 ARERE TAZ/ NH AT THYLAF - DL/ NH
W0faT Ry ERCOT HYfEanfi B - —EIEHFE ALY 2 2 4 [HEW - B
BSHUA/ NEATRIE - EDP TAZRTRF T3/ NER— 2 H RS - 0]
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REM > B ERS MY T AF DA 5% /NS IR S R A -

3. EHARiT# 2 (Long-Term Technical Project) :
PEEsTERYIERE - B EDP TREETE & e — (BRI HE % - I5LH
B TAEE PRV EEHE R - EDP A2 Al 13— (8 & fth st BER ey S5 25 -
ROrSE a1 B0 P I s 8 A R T AFrVEIE - (i EDP TAZRTAH
&% AT SLE 1 RE - [FIHS B ERCOT A5 3KELTE ~ # A HIFI25 -

EE 2020 4 12 H - ZEt#EIE$5E 39 £ EDP > Hrr 31 #1{/57£ ERCOT L.
18 > P 5 EE/ MO A T RaHE IR (IR EE - — LR FAVEELRED
KIS R A\ SHERRAL - [8 49 Ky 2016 ££2 2020 4 EDP o] FIMg{ LUK E
&£ EDP AL -

EDP Annual Demand el
2016 — 2020 el

(] Position filed with EDP Graduate

2016 2017 2018 2019 2020
(18 EDP Eligible Positions) (23 EDP Eligible Positions) (20 EDP Eligible Positions) (19 EDP Eligible Positions) (19 EDP Eligible Positions)

Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt

CRR Ops Ops Ops CRR CRR DAM Ops

Oper Oper Mkt Mkt Mkt Oper Oper Oper Oper Oper Oper Oper

Eng Eng CRR CRR CRR Eng Eng Eng Eng = Eng Eng

Oper Oper I i Oper Oper Oper Oper Oper Oper Oper
Eng Eng Eng Eng Eng Eng Eng Eng Eng

Tra Trans Oper
Ping Ping Eng
EMMS EMMS ?;;
Prod Prod Dev
EMMS Model Model
Prod Admin Admin

EMMS
Prod
Grid

Dev
Res :’“ Model [l Model Trans
Adeq su; Admin Admin Ping S
) Model Model Model Model Model
P b Admin Maint Maint Admin Admin
w
es Res
Integr Integr

Model Model Res
Maint Maint Integr
Grid
Dev

Ap)
R

49 T RERMEEETEIBITER
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6.11 RN EEFHETH TN

1.

BEAFGHEENFETEEME SR - SHPTe L E g THY
SetelEFy » NGB TS A B 25 T (project) < ERCOT 4 A 7
G FIE R G A S BRI - &R a1 M (status update)ffEyh
2% - ERCOT FERF i sE A 20~30 {EERAERIT - M AN ETHEE G
AT RN EIR - RAEE - FIEMGANA R REESERE
4 RITRE eI R R B T E ST

FHEH A H G A B (project manager) EHHAERE > HA& (7 THZATFER
ELEH R R KBRS o G TR TRE g 2 23 (HEE »
ZERIRE RS 1T - BLIERY - R & R 47 LB P IS 30~50 {iE T
TRAf3EEEE -

HZCEE R EERERSE  MERCANEREREUNTASS
TTRAESHETUALIERS T f . - DURERE SOC @A UC HREZEZE Rfl »
market core engine = YMI RS (ABB)E 17 ERCOT AR A ThEE S 8L 2K
GHATRME  ARGERR G THE 2T A4 KRR
BrZ -

ERCOT iy EMS [l 2023 48 11 H 2 H_ B4R » #8354 580 - i
17> EMS SRR E AR - BIFRAE A EAE TRANC 1~2 REREE
(MIFEFEM) - £ GE EARLERE S FEYMNEEEE TSRzl
BHEAMR TR RS n] DLISrRk 2 7 - 55—F# &y Request for change » DI
MRy 7 PR PR AR L NEIR 2 » AR - HEBh R R (AR
RS SRIEIBA ) » (EAT R R A R 28 F R S RE SO & A S e
SBRUCRAE ST 5 AR S BN AR SR TE LIRS » Allgrss
B project » BEIAYIRAZ G LLEZ (AIATAL EMS THEERTE) -

\\Xv

Vi

¢
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6. ERCOT HY EMS IhAER - 4H B0 MBS Se BORT IRE R 2 1% » & 5045 EMS
JTE FHAE CAH 21 T4k 2 Rl » PRI HEEERZ A0 A\ D RE SR BT Al - FH Y GE
L5 EMS F220H54: ERCOT » ERCOT 45417 EMS THAERHS:4H -

EEES vendor BTTEEAFISEHIIAE > HATKIA 10 A -

6.12 AR EEERE
EaEEE R E IR ERA T HFEAEE o EEREELENYEN -
BELIKIT ~ #BE ~ PR ~ RIARECHAM KRB E RS ER A3 £ M3 - HiNE
ARERETHE  TIWE A T BRI EE TR ESRIFE % > TERER
77~ ENIFHERERYFREZE » RN A —E —Z R AR - B EA
REFHEEEER > FERNHEEBEA GiwmsE] - iy FERC Order No.2023
(Improvements to Generator Interconnection Procedures and Agreements, Docket No.
RM22-14-000)75 E ge s (L OFAE RS - SRS HERVROITRES @ TRBHLGSE 8 - T2
A
1. BREE A S OIEE TR T AFeE - BFEEE | (First-Come,
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