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L3 rgest transmission system [ AEP is one of the largest electric utilities in the US ]

consisting of over 40, 000 mile

network ™ """“J
8000+ miles of EHV network rating =
345kV and above " gy
Serving 11 states and majorly »‘2" 4
participates in three RTOs: PJM, SPP, :‘r . e
and ERCOT & b Fm

Currently runs three EMS systems
with approximately 530 PMUs
deployed.

-\ . AEP Service Territory
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Introduction — LSE Project

[ AEP is one of the largest electric utilities in the US

Motivation: To improve grid resilience

Goals

e To provide more observability and situational

awareness using the existing PMU data to

support advanced real-time analysis

e To provide a backup solution when traditional

State Estimator fails.
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Challenges

State Estimator Not Solving

Iterative and Slow (every few
minutes)

Data Quality
Costly PMU Deployment

Backup for real-time PMU data
viewing and data archiving

Grid Resiliency / Independent from
EMS

Always Solves

Linear Solution, Solves at sampling
rate (30 or 60 frames/sec)

Real-time data conditioning

Expands Real-Time Observability
beyond current PMU coverage

Document events up to 30 days

Provides backup to EMS resulting
from equipment failure, wide area
measurement faults, physical and
cyber attacks

Benefits — Enhanced Resilience

Backup to AEP’s EMS and Real-time Data Archive

LSE Solution

Always
Solves

Independent

ata source

Improved Grid Resiliency
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Increased Observability in all three footprints
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evewscnes - Benefits — Enhanced Reliability

4 )

* Accurate Estimations

Raw Value

* Filters out data problems
* High resolution for

oscillation monitoring

- _/

Estimation

Fig. 2. Example of comparison trend between raw and estimated voltages Addresses Data Quality issues in Real-Time

renca-L
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Architecture — Infrastructure

Power System

530+ AEP owned PMUs streaming a

30 samples/s

PMU data sent to control rooms anc

RTOs

Voltage levels: from 12 kV to 765 kV

Data Centers

4”
-

GPS

Two Data Centers (East and West)

Highly Available
Send data to RTOs

“\

Send data to LSE Servers
* Testing environment
* Staging environment
* Training environment
* Production A and Production B

Backup
ePDC

#H

PMU East

PMU West

=

Backup
ePDC

Oscillation | — F -U z]
4{ Monitoring ‘ Historical H ePDE }—- | Users
. East | Data_base - -
Historical Data Access for Er Englneers
Primary Standby . .
ePDC ePDC Real-time data display for opera-_tors
4 User |
ePDC Server
.......... "\\_
LSE LSE Users ‘ .
Y ePDC Server = |
Primary Standby Real-time data display for operators
ePDC ePDC
o ~ Historical Data Access for Engineers
Oscillation - = -
o ,‘ Historical ._.| ePDE }_. Users
Monitoring |
Database S B
West y - - Smammmees
S :

Fig. 3. AEP’s PMU Infrastructure
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Architecture — Deployment

Design to addressed data quality problems and normal power system changes

Outbound (topology and measurement availability)

ICCP/PMU

(¢ ‘J) l
g
A Network elLSE Service elSE Visualization
% ______

GPS

- .
. . Y
Digitals Model I N Client
| I Topology
\ i |
rocessin
b v l l . | - p € ] ‘
Digitals 1 -~ I Lol
Observabilit
L Anatysis || ! : e =
Model nalysis 1 Alarm
ePDC eLSE Host .
1 - Engine | ™% | elSE DB
(Modeless bad data | Estimation 1 \
identification) ‘ 1 Engine I
Filtered | ‘- I Filtered Data, ‘ )
Raw PMU data with = 1 | (e Advanced 3..._
naming convention 1 data I Dat Calculati
\ \__identification J, ata alculations

For AEP’s operators in Control
Room and Engineers

Fig. 4. LSE Architecture Diagram
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EPG One-Line Diagram

Layers / Search
EP A final (1}

WAl 161711200 &18/18 B2

Geospatial
map

* Layered
Overview
diagram

(106/353)

(0/84)

e ) Signal: AMOS_WV_01.T7 — ° P
h r AW stort: 10/6/2022 10:50 (o] p' u pS

:59:02 AM
W Current: 10/6/2022 4:56:05 PM

LabelShap: ,: s : \ % Y nOtificationS

* Customized
Display
* High-speed

ne Name  SignalType Name Start TimeStamp v Current TimeStamp Current Value Threshold Displ ‘ Peak TimeStamp Peak Val
01 Frequency H_01 Frequency_Display_Narme_Test Frequency 10/06/2022 04:57:13 PM H1 Frequency. 10/06/2022 04:57:33 PM 600198 6002 N 10/06/2022 04:57 d .
L01 Frequency 1H_01 Frequency Display Name Test Frequency 10/06/2022 04:56:48 PM H1 Frequency. 10/06/2022 04:56:54 PM 600190 6002 N 10/06/2022 04:56:48 PM t re nain g

<101 Frequency s o/ 01 Frequency Display Name Test Frequency 10/06/2022 04:56:12 PM  H1 Frequency 6/ :56: 600198 6002 : e
ADAMS_OH_01 Frequency ADAMS_OH_01 Frequency_Display_Name_Test [—— 10/06/2022 04:55:47 PM H1 Frequency :55:53 PM 600190 6002 N/ 10/06/2022 04:55:47 PM Ca pa b | I |t |1es

ADAMS_OH_01 Frequency ADAMS_OH 01 Frequency_Display Name Test Frequency 10/06/2022 04:55:11 PM H1 Frequency 10/06/2022 04: 60.0198 6002 N/ 10/06/2022 04:55:11 PM

10/06/2022 04:58:06.133 PM PDT 30 samples / Second

Ig.

Xample o Display used In the control room
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Voltage Chart

M — L SEsepstations TX_02.LSE_L 345_ rerminsito aep stations _ 1¥/1_S130.VM
M — LSE_STEC_SOUT _extemaistationcl SE_345_T001_ext.Vi

M —nepstationa_ TX_03.L345_ Terminaito aep ststions _1V1_5139.V

=
“+ 355006

I : ? y I
03:53:00 PM 03:53:10 PM
HH:MM:SS

— 350.00

I
03:53:20 PM

Signal Name
DELSOL_TX_03.Frequency
AJO_TX 01.Frequency
RILEY TX 03.Frequency
RILEY_TX_02.Frequency
TESLA_TX_02.Frequency
OKLA_TX_05.Frequency

Incident chart

MetricName

Functionalities — Visualizations

Display Name
DELSOL_TX_03.Frequency
AJO_TX 01.Frequency
RILEY TX 03.Frequency
RILEY_TX_02.Frequency
TESLA_TX_02.Frequency
OKLA TX 05.Frequency

Frequency

Voltage Angle & Magnitude
Angle Difference

MW

Oscillation

Geospatial
map

Layered
Overview
diagram
Pop-ups
notifications
Alarm Panel
Customized
Display
High-speed
trending
capabilities

VU=l TN @ EY Frequency chart

Fig. 6. Example of Customized Display on Workstation




AMERICAN
ELECTRIC
POWER

BOUNDLESS ENERGY Functionalities _— Visualizations

ﬁ Geospatial \

map

* Layered
Overview
diagram

* Pop-ups
notifications

* Alarm Panel

* Customized
Display

* High-speed
trending

045 ':'_e:lv.-\ X i 04:57 04:57:11 PM 045712 PM D.\E.‘I\? P 04 E.“Iu PM _;—;.."e o L_..'-"l:'- ] D457 I| 7 PM _ﬁ':'-:z: z o \ Ca pa bilities J

Fig. 7. Example of High-speed trend used in the control room
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K Geospatial \

map
* Llayered
BEl— STATION 1 _IMN_O32.1L765_STA J TO STA R ... ‘ 5 ‘:-i,-"" Overview
Bl — STATION R _IN_O1.L765 sTa_J_TO_STA_R-- l 3 diagram
s * Pop-ups

notifications
e Alarm Panel
e Customized

Display
* High-speed
trending
B — STATION K VWV 021345 STA_K_TO_STA_M i pniga = i o
B — STATION_M WA 031345 STA_K_TO_STA_M EH: 0 i \ capabllltles J

2

Fig. 8. Example of Angle Difference Chart
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Functionalities — Visualizations

/ Geospatial \

map

* Layered
Overview
diagram

*  Pop-ups

. notifications

System Frequency e Alarm Panel

* Customized

Display
* High-speed
trending
: . \ capabilities /

Fig. 9. Example of Frequency Chart

SystemFrequency.FR : 60.012 Hz

HH:MM: S5
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Functionalities — Automated Model Promotion

Automated Conversion for Integration with EMS Models and Diagrams

EMS

Overview diagrams (plain text)
OSI .ODS reports l

PMU and signal LSE One-Line
names in - Diagram
C37.118 stream Editor

l

Overview and
Substation diagrams
for LSE visualization

l Network Model (CIM)
GE and OSI model exports

LSE Model
Builder

!

Observable LSE
Model

PMU names: Substation
Names:
(Station_RTO_numbering)
Signal Names: Equipment
details:
(EquipmentTypeVoltagele
vel _EquipmentName_Sign
alType _Node)
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Summary

LSE was deployed at AEP with an architecture to enable high availability and
automatic model/diagram promotion and customizable visualization

e LSE provides high resolution state estimation solution that is granular enough
to track fast system dynamics

e LSE provides redundancy for traditional SE, enhancing grid resilience

e LSE expands the scope of high-resolution monitoring beyond PMU coverage,
benefiting real-time analysis such as oscillation source location
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Questions

16 | TOPS — Advanced Apps
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