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1. Synchrophasor-Based Wide Area Oscillations Damping Controller
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In collaboration with University
Tennessee Knoxville (UTK)

 Improved Damping of Target Inter-area/lntra-area Oscillations Mode
* Application of Synchrophasor Technologyin Closed Loop Wide Area Control
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Measurement Based Wide Area Damping Controller

Offline Stage — WADC Design

G/Iodal Analysis \

2. Selection of optimal observation signals

 PMUs at selected locations for
oscillation mode observability

3. Selection of optimal actuation signal

o Actuators: Generator
stabilizer/FACTS/HVDC

4. Model Identification and Validation
5. Control Design
6. Simulation-Based Testing

Real-time Stage

@aptive Controller \
 Model: Measurement-derived transfer

function

Transfer Function
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» 2019 NYISO planning models (light
load, summer and winter)

= Modal analysis: Identified coherent
groups and dominant modes

= Selection of optimal observation signals
& actuator - Marcy STATCOM

(A ey = Demonstrating adaptive performance of
WADC
= Online model identification with
sssamw (1T NGIEIE ringdown data

Candidate actuator & Damping DEUTRIE = Online model identification with
ST Case Improvement Improvement .
Mode 1 Mode 2 probing data

Mode #2

G tor (AreaA Winter +2.57% +0.2% i . .
o ooy " Summer  +10.04% 0.54% = WADC design with backup signals and
Spri 359 -2.249
Frequency—AE 9 e actuators
Winter +7.85% +4.47% _ :
STATCOM(Marcy)  Summer +5.38% +6.82% = Next: Hardware-in-the-Loop
Frequency---E Spring +5.65% +1.63% Implementatlon & Demo

Avg. +7.21% +5.73%
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NYPA Advanced Grid Innovation Laboratory for Energy (AGILe)

= AGILe: electric power research laboratory with real-time
simulation & modeling tools.

= Target: conduct collaborative research with utilities and

grid tech companies focused on facilitating stakeholders
In solving grid related challenges

= | ab established at NYPA's White Plains, NY office
» RTDS & OPAL-RT simulators installed
= NY state grid models under development

IJRTDS Il SeaLRT
—=assmW TECHNOLODOGIES
Technologies

«1 8048B-TR4F Super Server - 40-core

*4 NovaCore chassis - 40- processing power

core processing power

: « Simulation capability: ~600 Simulation capability: ~600 3-phase
\ buses (transient simulation), ~10,000
5 3-phase buses single-phase buses (stabilit
\ * RSCAD simulation ingie-p y
I simulation)

software

* HYPERSIM and ePhasorSim

simulation software e
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« Modal analysis: North-South Mode in TERNA model
» Observation signal selection: PMU1 South Italy — PMU2 North Italy (France area is optimal)

 Actuators: Two synchronous condensersin South Italy
‘ =P
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Frequency (p.u.)

WADC Design for an Actual 2017 Event

* PMU measurements provided by TERNA
= Two generator trips

* Event simulated and WADC designed 50.02 |
= Oscillations were damped by WADC N
. 5 50
= Next: Hardware-in-the-Loop <
Implementation & Demo S 40,98
-
4><‘ID'3 %
a5 Freq (Zone 11 North al) | 499 no controller
g —with WADC #1
T Trip 1 - 1= | with WADC #2
| rip Gen Trlp%f - 49.94 1 | \iith WADC #1 & WADC #2
e 0 100 200 300 400
T Time(Seconds)

08:00 10:00 12:00 14:00 16:00

Time
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Saudi Electricity Company (SEC) Case Study

= Qassim — Medina: Double line,
series compensated, separating
West with Central/North/East SEC
system

= 3 incidents since 2015 that resulted
In tripping of the line

= Actuators:
— STATCOMs in West

— Additional STATCOM to be
installed in Central area

= Study interaction of WADC with
transmission line power swing
protection

8 ELECTRIC POWER
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WADC HIL - OpalRT

* OPAL-RT real-time simulator: Emulates grid
* PMUs: Collect real-time measurements
* National Instruments CompactRIO: WADC

Amplifier +/- 120V
(Analog)

(Analog)

IEEE C37.118

OPAL-RT 5600
10,000-Bus




WADC HIL - Hybrid TSAT-RTDS Real-Time Simulation

RTDS Amplifier @ s
e N\ +/- 120V

(Analog)

Wide-area
+/- 10y Damping Controller

(Analog)

IEEE C37.118

RSCAD

Optical

\ PB5 processor, Fiber
card
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2. Data Quality Monitoring and Mitigation of Streaming Synchrophasor

Measurements

/-Target: Improve synchrophasor data quality by estimating missing\
data and replacing bad data in synchrophasor streams

» Model free technigue, no need for topology information or system
model/parameters

« Computationally efficient for real-time implementation
» Performs well for simultaneous & consecutive missing & bad data

\conditions /

Approach

» Process spatial-temporal blocks of synchrophasor data
collected from PMUs in electrically close regions

= Key feature: low-rankness of synchrophasor data
blocks and their Hankel matrix.

= Differentiation between event data and bad data

In collaboration with RPI

11
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Numerical Experiments with Missing & Bad Data
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Bad Data
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SSDQ - Entergy Case Study

» Entergy provided 1 hour of recorded synchrophasor data during a 2017 oscillations

event

» Event data were not misinterpreted as bad data

Observed frequencies
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SSDQ - Matlab Based Software for Offline Testing

' S{learnmq Synchrophasor ml! —ﬁj
Help
= RO
Data Type I — : ? S <
Load Data with Missing/Bad Entries Load Data without Missing/Bad Entries
” & Voltage/Current Phasor
Bad Data Ge! ti S i
o Vokage/Current Magniide ad Da neration Select the had data mode and specify the percent of bad data
Bad Data Mode B2 simulataneous bad data at random instants -
2 Voltage/Current Angle
 Erequency Bad Data Percent (%) 10 Generate Corrupted Measurements
Select the missing clata mode and
— Missing Data Generation specify the percent of missing data —
’ Parameter Setting
Missing Data Made M1: random erasure =
Missing Data Percent (%) 10 | Generate Partially Observed Data I l Start

Observed magnitude data of Full_voltage phasor
with 10% bad data in B2 and 10% missing entries in M1
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| TIMEe
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Observed angle data of Full_voltage phasor
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Estimated angle data of Full_voltage_phasor
with 10% bad data in B2 and 10% missing entrics in M1
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performance and show  Estimation error: 0.142%; Running time: 447.6 ms| .
[ the running time ¥
Save Estimated Data Estimation Error Analysis
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= Streaming Synchrophasor
Data Quality Tool (SSDQ) —
Offline version

= Detecting missing and invalid
bad data, and replacing it with
accurate estimated data

*VValue: improve results of off-
line synchrophasor applications

l ELECTRIC POWER
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SSDQ - OpenPDC Implementation

= Streaming Synchrophasor Data Quality Tool (SSDQ) — Online version
= Algorithm implementation on Open PDC

Open PDC Server to .

simulate ISO PDC SSDQ Algorithms

CSV PMU
Data

......
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|IEEE C37.118 stream or
Open PDC subscription
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Dynamics Simulation Software
3. PMU Emulator Synchrophasor
(PSS/E, PSLF, TSA etc) Application

' Simulated
Phasors C37.118

Li PMU |
g TE | Emulator ‘

Proof-of-concept software ™

* Phasor values obtained from
dynamic simulation tools may
differ from synchrophasors
measured by PMUs in the field

= How a PMU works:

— Analog signal sampling - A/D
Conversion
— Digital filtering - magnitude

attenuation & phase offset = TR Y In collaboration
— Phasor estimation with WSU

= algorithm e.g. DFT . \
= window length - P & M class PMUs \ ~_
» PMU Emulator: interfaced with |

power system dynamics
simulators, and produces
“simulated synchrophasors” = Hardware-In-the-Loop benchmarking (RTDS & hardware PMUs)
taking into account PMUs = Use cases: Model validation, synchrophasor applications offline testing
Internal signal processing (especially control applications), operator training, etc

ELECTRIC POWER
RESEARCH INSTITUTE

10 =2l

© 2018 Electric Power Research Institute, Inc. All rights reserved




Vendor Engagement & Case Studies

* Vendor Engagement: Collaboration with vendors for implementation of PMU
Emulator in commercial platforms

 Coordinating with Powertech Labs and Opal-RT for implementation of PMU
Emulator in ePMU and ePHASORSImM respectively

Powertech Labs - ePMU OPAL-RT - ePHASORSIm
e e R\

20,000 Buses

Power System ' ePHASORsIim
\ / | e iy 3 Solver

Microsoft Excel Form ——

S e Y
g & s g il
e -k L — )

Tools —

— 9 |
S |

/ 3 1 Fouo- 0 A I+ EF 5 - N '..
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» Tt 45 B4 hq L !
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ePMU abp-oN \_ /
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4. Synchrophasor Applications Database

18

File Help
Q type to search

Filter by:
= Agencies

[ aep
[ AESO (Canada)
[ APG (Austria)
[ aTc
O epa
[ Ceming Utility (Brazil)
[ ComEd
[ ovp
[] Duke Energy
[ epri
Elercor
O Entergy
[ FINGRID (Finland)
O reL

150-NE
[ 1soME

[ LBNL
[ miso

[] Maui Electric
NYISO
NYPA

OG&E
71 pGRF

8" Synchrophasor Applications Database

[ Hydro-Québec (Canada)

O Jiangsu Electric Power Grid (Chi

[J Manitoba Hydro (Canada)

O MNorwegian Transmission Metwc

I Apply Filter

=2l
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Search Results:

ERCOT
ERCOT
ERCOT
ERCOT

ERCOT
150-NE
150-NE
150-NE

150-NE
150-NE
MNYISO
NYISO
MNYISO
MNYIS0
NYISO
MNYPA
OG&E
OG&E
OGEE

Agency Name

Application Type

Situational Awareness
Oscillation Detection
Event Analysis

Meodel Validation

Operator Training
Voltage Stability
Event Detection
Oscillation Detection

Model Validation
Data Quality Management
Situational Awareness
Voltage Stability
State Estimation
Oscillation Detection
Event Analysis

Meodel Validation
Situational Awareness
Event Detection
Oscillation Detection

Search

Vendor Name

EPG
EPG
EPG

Mathworks
Powertech Labs, Inc.

EPG

V&R Energy
GE

GE

In-house
Powertech Labs, Inc,
In-house
EPG

ABB

ABB

EPG

EPG

EPRI
In-house
In-house

In-house

Clear

Vendor List PMU Installations

Tool Name

RTDMS
RTDMS
PGDA

MATLAB
TSAT

PSOT
ROSE
PhasorPoint

PhasorPoint
0osL

TSAT

Doms

RTDMS

Phasor Enhanced Voltage Stability I
Phasor Enhanced State Estimator
RTDMS

PGDA

SVSMY

PhasorView

Phasorliew

PhasorView

Details

 Entries based on
publicly available
documents

* For each entry,
summary description
of application and
related references

Value: Inform utility/ISO engineers and executive management about

uses cases and derived value of synchrophasor technology

© 2018 Electric Power Research Institute, Inc. All rights reserved
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Synchrophasor Applications Database - Filter

- - Filter by:
- -
, — Agencies
— W
B | Synchrophasor Applications Database S —-— - O X Z--Vendors
-
File Help - [] aBe
_—
Q type to search P~ — Search Clear Vendor List PMU Installations |:| EPG
-
Filtgfe  E——— - ‘\ Search Results: D EPRI
Z--Agencies
QD AEP Agency Name Application Type Vendor Name Tool Name |:| ESRI + OS5lsoft
[ AESO (Canada) I ERCOT Situational Awareness EPG RTDMS D GE
[ APG (Austria) ERCOT Oscillation Detection EPG RTDMS |:|
[ aTc _ In-house
I ERCOT Event Analysis EPG PGDA
L spa ERCOT Model Validation Mathworks MATLAB L] Powertech Labs, Inc.
[ Ceming Utility (Brazil) Powertech Labs, Inc. TSAT |:|
O ComEd I ERCOT Operator Training EPG PsOT Quanta Technology
E g“ri . IS0-NE Voltage Stability V&R Energy ROSE [] var Energy
0 EPURIE nergy I 150-ME Event Detection GE PhasorPoint |:| WSU
I:I 150-ME Oscillation Detection GE PhasorPoint
7 Ent In-house QsL ToolMame
0 F;;QZE?EJ S I IS0-NE Model Validation Powertech Labs, Inc. TSAT o
D FpL (Finland) ISO-ME Data Quality Management In-house DamMs E AFF'“CEJE":'” T}rF'E
0 Hydro-Québec (Canada) I NYI50 Situational Awareness EPG RTDMS =}-Real Time
1S0-NE MNYIS0 Voltage Stability ABB Phasor Enhanced Voltage Stability I D E D .
[ 1soME MNYISO State Estimation ABB Phasor Enhanced State Estimator vent Detection
[ Jiangsu Electric Power Grid (Chi I NYISO Oscillation Detection EPG RTDMS [ ] Oscillation Detection
[ LBuL NYISO Event Analysis EPG PGDA i )
L miso I NYPA Model Validation EPRI SVSMV D Situational Awareness
E manit;ba Hydro (Canadz) OG&E Situational Awareness In-house PhasorView I:‘ State Estimation
aui Electric - -
OG&E Event Detection In-house PhasorView -
]
::LSE I OG&E Oscillation Detection In-house PhasorView D UD'tEgE Stﬁblllt}"
O MNorwegian Transmission Netwc = Plannlng
OG&E ! [] Event Analysis
PGAF
> [] Medel Validation
Apply Filter .
T - - Sy, Maturlt}r Level
CPEI ELECTRIC POWER — L] [ - Details
RESEARCH INSTITUTE _ [
- o Apply Filter
.

ELECTRIC POWER
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Synchrophasor Applications Database — Entries Table

20

B " Synchrophaser Applications Database

File Help

Q type to search

Filter by:

F--Agencies
[ aep

8 / Agency Name

[] AESO (Canada)
[ APG (Austria)

[ atc
1 era

[ Ceming Utility (Brazil)
[ ComEd

[ ove

[ Duke Energy

[1 epri

= o]
O Entergy
[ FINGRID (Finland)

[ rrL

O Hydro-Cuébec (Canada)
150-ME

O 1sonE

O Jiangsu Electric Power Grid (Chi
O LenL

O miso

[] manitoba Hydro (Canada)

[] Maui Electric

NYISO

NYPA

[ Merwegian Transmission Netwe
OG&E

[ peaF v

Apply Filter

= g =4 J AU

I I I I I S S .y,

Search

ERCOT
ERCOT
ERCOT
ERCOT

ERCOT
150-NE
150-NE
150-NE

150-NE
150-NE
MNY150
NY150
MNY150
MNY150
NY150
MNYPA
OG&E
OG&E
OG&E

N

Application Type
Situational Awareness
Oscillation Detection

Event Analysis
Model Validation

Operator Training
Veoltage Stability
Event Detection
Oscillation Detection

Madel Validation
Data Quality Management
Situational Awareness
Voltage Stability
State Estimation
Oscillation Detection
Event Analysis

Model Validation
Situational Awareness
Event Detection
Oscillation Detection

Search

Vendor Name

EPG
EPG
EPG

Mathworks
Powertech Labs, Inc.

EPG
V&R Energy
GE

GE
In-house

Powertech Labs, Inc.
In-house

EPG

ABB

ABB

EPG

EPG

EPRI

In-house

In-house

In-house

Clear

Vendor List PMU Installations

1 — I I I I I I L I I I I I I I \

7/

Tool Name

RTDMS
RTDMS
PGDA

MATLAB
TSAT

PSOT
ROSE
PhazorPoint

PhasorPoint
QsL

TSAT

DOMS

RTDMS

Phasor Enhanced Voltage Stability I
Phasor Enhanced State Estimator
RTDMS

PGDA

SWSMVY

PhasorView

_-— O e e e e e EEm

PhazorView

~

PhasorView

7’

-“n s - - S IS IS IS IS IS ISE IS IEE Em Em s

Details
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Synchrophasor Applications

Database — Detailed Entry Description

B Model Validation at NYP&

Description:

MNYPA has used EPRI's “Static Var System Model Validation® tool to validate the
models of a STATCOM (Marcy substation) and an SWVC. The generic dynamic Static
Var Systems models (also developed by EPRI) were used to parameterize [1], [2].
Figure 1 [2] shows representative results of the model validation.

References:

[11. EPRI and MYPA, "Model Validation of SVC and STATCOM Using PRU Data”, presented at [
ASPL Cet, 2013,

[2]. EPRI and MYPA, “Validation of Generic Models for Stability Analysis of two Large 5t-

- a s
Figure 1: 5WC Model Validation Using SVSMOT Model at NYPA.
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Synchrophasor Applications Database — Vendor List

B Synchrophasor Applications Database - O X - W Alstom/GE's PhasorPoint - b x
— , - . . . - P Figure T Reference Angle Selection of Alstomn/GE's e-terraphasorpoint .
e €p \ e-terraphasorpoint is an advanced, fully integrated, smart grid ready suite of products for the 21st century ' =
Q tvpeto s h grid. Transmission operators must maintain stable operation of the power system and increase the use of
yPE Lo SEarc 0 Search Clear Vend Alstom/GE N | assets, while aging infrastructure and a changing generation profile introduce new challenges.
‘ e-terraphasorpoint can bring great insight, reducing costs through more effective use of power system
Filter by: Search Results: - 2 Hatablul ?:.l;a;::;h?:ﬁsiu;;mgﬁz Zt:t‘:::ﬁ]\s phasor-based Wide Area Management System (WAMS) is integrated
Agencies EPRI 3 GPY wth thefoe—terr: so\u{t‘mtns fT Enfrgy :"Ianaf%amapt S{stems (EW’IS}i in order t(t): y )
i cati i + Transform phasor data into actionable information to improve system security and capacity.
Vendors gency Name APPI py Type Vel r Name GPA 13 PGDA I + Coordinate WAMS and EMS to produce a unified view of the power system, enhancing operator and
analyst decision-making.
ToolName GRT ¥ PSOT + Enable strategic development of the contral center systems with the critical involvement of phasor-based
Application Type X X information sources.
Hitachi (Japan) > PhasorMNXT Ke -
'y benefits include:
Maturity Level - Mitigate risk of major disturbance.
I Mathworks 4 RTDMS - Relieve transmission constraints.
- Improve dynamic models.
>
OSlsoft eLSE I - Fuffil regulatory reporting requirements.
PMML 3 - Improve emergency response.
I - Scalable — grow to the largest foreseeable systems.
Powertech Labs -3 - Extensible — add new applications when required. Uehcn o Mo ey
Other details about the product are described in [1]. | S E— |
Powerworld Corp. » I —— m 3 m m ‘,
Built-In Data Quality Management: ——— RN T
Quanta Technology ¥ GE's built-in functionality for data quality management includes two aspects, which are e-terraphasorpoint o
- PDC processing and synchrophasor applications (i.e.: oscillation detection, state estimation) level data
RTDS Technologies * handling. The e-terraphasorpoint PDC processing provides users both live stream statistics and live PMU =
SEL 3 statistics. Live stream statistics include packet latency, percentage of time quality errors, percentage of H 3
missing data frames and last valid data frame. Whereas, live PMU statistics include percentages of GPS H
Siemens 3y lock, valid data, data error and missing data. And the data handling of application level is based on three “se
heuristirs Thesa henristice ara a) itilizatinn nf BMI data analitv stabus infarmatinn finm the fiald of BMII
BILK > I References: e T e
: e
I V&R Energy ¥ [1]. "e-terraphasorpoint”, GE Software Selutions. (i Lo
Wsu 3 ' [2]. Alstem/GE, "Grid Software Selutions - Built —in Data Quality”, presented at NASP|, Mar, 2016. bt e i ol sk
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Synchrophasor Applications Database — PMU Installations

| & spcaepmy Coverage/Map - m| X
B Synchrophasor Applications Database — P =< , SDG&E PMU placement | 4
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