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| ERCOT Grid Network Model
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Significant increase in ERCOT network model size in last 5 years, it is getting
complex!!!.

2020 June — number of buses around 7,000, 2025 June — close to 10,000
buses.

Number of Generating Units (1500+) almost doubled from 2020 due to
significant increase in IRRs and Batteries.

Peak Demand until 2020 ~ 74000 MW, Peak Demand now ~ 85500 MW
(occurred on 08/10/2023)

ercot>



ERCOT Grid Reliability and Security
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Procure sufficient generation capacity (day ahead & hour ahead).

Balance Generation and Load in real-time to maintain frequency around 60 Hz,

ensure sufficient reserves are available.

Monitor, Identify and Resolve/Mitigate network violations — look ahead (with
studies) and in real-time:
— Voltage Violations at all Buses.

— Thermal Limit Violations of Transmission Lines, Transformers and other transmission

equipment.

— Stability Limit Violations of Interfaces (group of transmission lines between different regions)

Requires situational awareness tools built on latest technologies that can provide
wide area monitoring of ERCOT Grid with enhanced user experience for Control

Room Operators, Grid Operations, Market Operations and Grid Planning teams.
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I History/Evolution of Grid Geo

Control Room Situational Awareness Tools

 Grid Geo - ERCOT developed, geospatial browser-
based platform built on HTMLS5 canvas for ERCOT-wide

area overview of reliability data

— Usage - 450 ERCOT Users and close to 100 External Users
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GridGeo — Data Source and Subcomponents

Grid Geo Framework
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» MS1L- Multi Station one lines, key feature of Grid Geo used by control room operators and shift

engineers for thermal congestion, GTCs, voltage violations analysis in real-time and look-ahead.
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I GridGeo — Data Flow
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| Grid Geo - Data Input

« Maps and layer files — Mapbox
* Network Model — Weekly Model Load

« Telemetry data, outages, State Estimator/CA/AGC/OTS — from
EMS/OTS, every 2-4 seconds

« \Weather Data — External Weather Connector
Pl Historian
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IGrid Geo - Business Use Cases
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Situational Awareness — System level overview of the Grid
o Filters: generator, load, transmission
Thermal/Stability/Voltage Violations
Outages: scheduled, forced
Contour Map: voltage
Weather Layers
o Wind, Solar, ESR’s
Substation one lines — also support multiple substation one-lines
Control Room, Support Engineers and Outage Coordination Studies — Connect to
EMS STNET in the backend.

o Study Pro — Can trigger EMS STNET studies, retrieves and shows the results on TGM and one-
lines.

o Study View — share your EMS STNET studies with other operators/engineers
Hurricanes/Storms/Cyclones Trajectory — Control Room performs studies based
on Hurricane/storms trajectory and impacted substations on trajectory
Operator Training Simulation Tool — Connect to OTS in the backend.

o Operator Training

o Winter Storm Drill and Black Start Training with Market Participants

External Grid Geo for TDSPs and NERC - To provide situational awareness to
TDSPs and NERC with different access levels.

o O O O
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Grid Geo — Texas Grid Map (TGM)
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TGM - Substation Filters
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TGM - Transmission Line Filters
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TGM - Substation One-Lines
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TGM — Multi Station One-Lines (MS1L)
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TGM - EMS Real-Time Contingency/SCADA Violations

=M 08 [GAdGeo  MODEL v OCT_ANLY 210072028 ..gn 1071572028 - 124244 SUBSTATIONS v

FREQHZ

59.984

ACE MW

-106

PRC MW

8,634

LOAD MW

70,723

TE MW

400 exp

GEN MW

71123

SOUROL WICA »

Show nMrstes (@) Show Viclstora () New Viskion Flasheg (@) A 531 rew Viclations |/ Acknowledge
~ Branch (104)
_—
R w0
PRE- POST: SCADA NORM NORM NORM EMER EMER % LOSHIDSH % I
TMEN CONTINGENCY OPSRATOR STATION KV MONITORED ELEMENT TYPE CTG CTO (MVA) RTO DOV \RTG RTG OFV RTG RTG D&V WTG
/0828 165211 BASECASE  TBREC TRU TRANSF XFMR1_ 1,136,609 DR &1 & 4 1 1522 40 N 12 0
T/ON/25 18:3211 BASECASE  TRREC TRU TRANSF TRF2 LB 9 M M3 0 M

TOVOR/2S 165211 BASICASE  TAEPTN OKLA TRANSF 343 1341 ~208 -263 ™ Y warm - - T8 -

LU
TO/OR/28 163211 BASECASE  TARPTN 110 ALMO TRANSF 138 85T2 N L » 33 12 W7 23 2 W s
1/ON2S 165211 BASICASE  TARPTN S40 OKLA TRAMSF 345 1382 L L ]

342 29 92 1368 250 92 0N 280

PUBLIC




TGM — Scheduled Outages
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TGM — Voltage Contour
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TGM - Weather Layers

= MW OV08l 5 |GridGeo  MODRLY OCTMLT 2. s ..an 10157203 - 123157

. WEATHER

@ WEATHER RADAN
B LUGHENG | TORMADO / STOMVS
@ Tronca crauos e ; X = T " 399 exp
@7 CURRENT ORSERVATIONS
@ FORECASTS
Torgersnrs
[ wed spemd
[ stomm Outlocka

D ow Darmage budes

Lagend v

©F IEAL TIVE METTOWEN

— ercot%

PUBLIC




TGM - Radar Layer
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Past and forecasted radar can be
display@drer ranar A

[] Future
CURRENT

The GridGeo 3.0 release introduced weather layers, including radar, to the TGM.
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TGM — Wind Lay
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Current or future forecaste wind can be displayed on the Texas Grid Map
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ITGM — Solar Irradiance

ercot>

PUBLIC

21



ITGM — Addition of Meteorological Tower
Location and Telemetry

Questionable telemetry can easily be located and corrected

Irradiance at solar sites

Wind speed at wind sites

Temperature at IBR sites
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TGM - Cyclone Layer

TROPICAL CYCLONES

Forecast Observed Track

Current Forecast Track
12 hours one of Influence
24 hours  [] Forecast Models
36 hours

48 hours

72 hours

96 hours

120 hours

Cyclone layer displayed on TGM.
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ITGM — Additional Weather Layers

Top-level weather menu

WEATHER

WEATHER RADAR

» Other weather layers include: TROPICAL CYCLONES

— Icing forecasts WEATHER CONTOURS

— Fire conditions s s Ao
— Severe weather forecasts B
— Storm details (e.g. direction and intensit yEEEEE

— Hail
— Tornado signatures and paths
— Fog
— NWS watches, warnings, and
— Observed and forecasted lightning raverdepieing orecastedicing damage

— Estimated rainfall
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IVisuaIizing Stability Interfaces (Cut Planes)
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TGM: Lasso to Find Generation
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TGM - Distribution Energy Resource (DER) in Lasso

Table

Users can now lasso an area to quickly see loads associated to registered DERs

KV | ] SCADA SCADA RTNET RTNET

OPERATOR MW  MVAR
13.6 1.8

Flow In 519 MW 84 MVAR
Flow Out 59 MW 41 MVAR
Gen 39 MW 154 08
Load 512 MW 133 02
Caps Avail 11/299
React Avail 1/-16
Caps Used 0/0
React Used 2/-59

1.2 1.9

Details A

Substations 55
Units 7
Lines 85
Loads 69
Transformers 21
Stat React 14
Dyn React 10

DER 4

BUSDars 141
Breakers 230
Switches 566

¢ ¢ WK < << << <K

Users can select an area with a lasso and expand the menu to view the DER loads

MW
133

15.2
129
11.3

MVAR
3.1

-1.2
-0.2
1.9

[}

PF
0.99

-0.99
-0.99

Users can also export
the results to an Excel
file by clicking the export
button
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TGM - Energy Storage Resource Information
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I Black Start Training — Generator Control Panel

Main Panel
(" stoe )
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I Black Start Training — Load and Breaker Control Panel

LOAD CONTROL PANEL -Siln

BREAKER CONTROL PANEL - -

Synchroscope Substation -

( ElemType  BREAKER
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I Q&A Session
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