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1. Synchrophasor-Based Wide Area Oscillations Damping Controller

S s = WADC via additional
\o input to generator

+/-10V +/- 120V I excitation system or
Anal
(”3_09) (Analog) FACTS/HVDC controller
= Adaptive controller
o NI 9263 l'EEE C3r.118 ~ Measurement-derived
utput Module  Nj 9035 t .
- it N transfer function model

. | LELL = Ongoing case studies
+/- 10V IEEE C37.118

(Analog) Damf;de?c:s:roller Nework Impairment with NYPA, TERNA
p(V\?ADC) Simulator (Italy) & SEC (Saudi
Arabia)

In collaboration with University

Tennessee Knoxville (UTK) = Ongoing: Hardware-In-

the-Loop (RTDS/Opal-RT)
[- Improved Damping of Target Inter-area/Intra-area Oscillations Mode } implementation and

» Application of Synchrophasor Technology in Closed Loop Wide Area Control demos
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2. Data Quality Conditioning of Streaming Synchrophasor Data

ﬁ;oal: Improve synchrophasor data quality by estimatinN Offline SSDQ Tool
missing data and replacing bad data in synchrophasor ——
streams TR e e

» Model free technique, no need for topology information
or system parameters

Parametes Setting

« Computationally efficient for real-time implementation In collaboration
« Algorithms have been tested with recorded with RPI
synchrophasor data provided by EPRI members
 Demos with streaming synchrophasor data hosted by
utilities/ISOs | e e
« Collaboration with vendors for implementation in | e
\Qmmercial platforms /
Online SSDQ Tool (OpenPDC & OpenECA)
Action Adapter | EPE' . 5SDQopenECA Configuration
$SDAQ Algorithm o ———
EML Hata Input Adapter —— T;:”m:""“
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3. PMU Emulator

simulators to produce “simulated

Dynamics Simulation Software
(PSSIE, PSLF, TSAT etc)

" Simulated

- Interfaced with power system dynamics He

synchrophasors” taking into account PMUs
Internal signal processing

= Implementation of PMU Emulator with OPAL-RT
ePHASORSIM

Vendor Engagement

OPAL-RT - ePHASORsIm
s ™
20,000 Buses D ———
Power System ePHASORsim
T s Solver
i .".‘ ,':,_ ) : 2 ; 3 I\‘
1'.- _: p::;}_i:?x"‘:&?} Ul‘j Microsoft Excel Form A
'l Mk
o s
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~ Proof-of-concept sm

C37.118

)

Phasors

Synchrophasor
Application

In collaboration
with WSU

Block Parameters: PMU
EPRI ‘s PMU for ePHASORsim Solver (mask) (link)
This implementation follows the signal processing model

not try to replicate the model of any commercial PMU.
Description of input signals:

Magnitude (pu): the positive sequence value.
Angle (deg): between -180 and 180.

Parameters
PMU Name Number of Channels
'busxYZ' 5] [1

Nominal frequency (Hz) Filter Type

60 - Measurement

PMU Reporting Rate (50Hz) PMU Reporing Rate (60Hz)
10 30

ePHASORsim Time-Step (s)

recommended in the IEEE C37.118.1-2011 (Annex C) and does

[0.004

Number of Samples per Cycle

[100

Window Length (Cycle)
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4. Machine Learning Using Synchrophasor Data

= Event Identification

(time, type &
location) through
supervised &
unsupervised
machine learning
= Update:
Synchrophasor
Based Machine
Learning (SBML)

software
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File Toclbox Help

Parameter Selection
1. Machine Learning Method Selection

Supervized Learning ‘ | Unsupervized Learning

Unsupervised Learning

Unsupervised Visualization

Learning

Event Time

Click to Learn

Event Location

=] | Frincipal Component Analysis | I

e [eventr

Event Identification Results

Supervised Learning
‘ Mearest Neighbors | | Maive Bayes | ‘ Event Time |
‘Event 1 j‘ Confirm |
‘ Decision Tree | | Logistic Regression | ‘ Event Type | .
Ewvent Starting Time
Support Vector Machine | | Hybrid Method ‘ Event Location |
L Detected Truth
Information Time 3/1/2000, 5:6:5.66. 3/1/2000, 5:6:5.66.
2. Event Data Selection and Freprocessing
Line /Generator Trip
Type Detected Truth
| Load | | Preprocess |
Line Trip ® ®
3. Data Visualization
Time Series ‘ | Statistics ‘ | Clear Generator Trip o o
4, Training/Testing Estimation Event Selection
Training Testing Line Faults
Number of Events Event 1
: 2 Type Detected Truth
Random Ordered E_’En: - b
vents Three Phase Fault O @]
Event 4
Event 5 Single Phase Fault O Q
Event6 Phase To Phase Fault @] (@]
Time Range Estimation
[ Event 12 “ Event Location
[ Event 13
[] Event 14 Location Detection
Event 15
From + Event 16 Bus 51 (PMU 51).
To =) [ Event 17 v Detected
| | | Confirm Testing | Truth L=t

3D Visualization

AeED>PQE=~ DB

3D visualization for event points
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In collaboration with ASU
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5. Synchrophasor Applications Database

8" Synchrophasor Applicaticns Database
File Help

Q type to search

Filter by:

El-Agencies
[ aep
[J AESO (Canada)
[ APG (Austria)
[ atc
[Jera
O Ceming Utility (Brazil)
[ ComEd
[ ove
[ Duke Energy
[ erRI
& excor
O Entergy
[ FINGRID {Finland)
[ FrL
O Hydro-Québec (Canada)
150-NE
[ 1sonE
O Jiangsu Electric Power Grid (Chi
[ LBNL
[ miso
[ Manitoba Hydro (Canada)
[ Mui Electric
NYISO
NYPA
[ Morwegian Transmission Netwe
OG&E
"1 praF

Search Results:

ERCOT
ERCOT
ERCOT
ERCOT

ERCOT
150-NE
150-NE
150-NE

150-NE
150-NE
NYISO
NYISO
NYISO
NYISO

ol o Rt A e mes el

NYPA
l oS WEEm WG N .JPETER, RN A e — _\

OG&E
OG&E

| Apply Filter

ELECTRIC POWER
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Agency Name

Application Type
Situational Awareness
Oscillation Detection
Event Analysis
Model Validation

Operator Training
Voltage Stability
Event Detection

Oscillation Detection

Medel Validation

Data Quality Management
Situational Awareness
Voltage Stability

State Estimation

Oscillation Detection

Medel Validation

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

I —_—
EPRI

In-house

In-house

—DX‘
———{

Vendor List PMU Installations

PhasorPoint
PhasorPoint

TSAT
DaMS
RTDMS
Phasor Enhanced Voltage Stability b
Phasor Enhanced State Estimator
RTDMS
POl —w - ‘
SVSMY

PhasorView

PhasorView

Details

- Entries based on publicly available documents

\ (21 AlomdGE. ~“Gnd Softvae Solutions. - Buill

87 Alstom/GE's PharosBaint

Deseription:
sterraphasarpoint is an advanced, fully integrated, smart gid ready suite of praducts for the 21t contury
grid. Transmission operatars must maintain stable eperation of the power system and increase the use of
assets, while aging infrastructure and a changing generation profile introduce new challenges

elermaphasorpoint can bring greal insight. reducing costs through more effective use of power system
capacity, safeguarding its stability.
This flexible, scalable and ph Wide Area System (WAMS) is inlegrated
with the eerra solulions for Enengy Mauauem:ul Systems (EMS). in order to
= Transform phasor data inlo actionable information Lo improve system security and capacity.
= Coordinate WAMS and EMS o produce a unified view of the power system, enhancing operator and
analyst decision-making
- Enable strategic devalopment of the contrel center systems wilh the crtical imvebement of phasor-based
infarrmation sources
Koy banalits includs
« Mitigata risk of majr disturbanca
» Faligvs transrrission constraints
= Impeove dynamic models
« Fulfil ragulatory reparting requiremants
= IMEHOVE SMBIGANCY TREEINES
= Scalable — grow ta the larges! forasesable systams
add new apglications when required
wout the product are described in [1)

Built-In Data Quality Management
GE built-in functionality for data quality managen-em |nc|udes two aspects, which are e-terraphasorpoint

and P detection, state estimation) level data
h.:ndllng Thl.- oterraphasorpaint PDC processing pvoﬂdes users bath five stream statistics and lve PMU
parcentage of lime quallky errars, percentage of
I PMLI t tages

References:
[ etemaphasorpoint™. GE Software Selulicns,
in Cata Cruality”. gresented at NASEL Mac 2016,

Figure 1: Reference Angle Selection of Altem/GE's e-temaphasorpaint ,

Syarrsecm Arva ppLames o pemncy v

B el Valielatien at MYPA

NYPA hars weed EFRI's “Static Var System Model Visidation” tool to vabidate the

Drescription: Figure 1: SV Madel Valdation Uiung SVSMOT Model at NYPA

models of a STATCOM (Marcy substation) and an SVC. The genenc dynamic Static
Var Systems madals (ks devaloped by EPRI) were used to parameterize [1], [7]
Figura 1 [2] shows rapeosentation rosults of the model validation

Humcnpten

References:

wnnecitons | (i)

[1L EPRI g NP “Model Vabdation of SYC and STATCOM Using PAMU Data™ presented ot i
ASPY iR

121 EPR ] WVEA, “Valiclation of Gemeric Wodely for Stability Anghisis of te
atic Yar Systemain Mew York vaing P Data”, presented ot SEEPES GAL 5
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- 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
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160 |Great Britain @ 0.5 Hz/s ERCOT @ 0.5Hz/s H
\
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140 Nordic @ 0.5 Hz/s ~ | |Potential Range
\ | for ( Contmenta]

| | Europe @ 0.5 Hz/s

6. PMU Based Inertia Monitoring

 With increasing levels of Inverter

= 120
Based Resources (IBR), system %mo ‘ — S B R
inertia is decreasing s @WH—— Potential inertia
» Growing interest and need for online £ omue e o |
inertia monitoring — inertia floor , j‘ L 05,10, 15 Hzs)
 EPRI white paper “Online Inertia 0 N S Y A
Estimation &  Monitoring - T ey Y
Industry Practices & Research Great Australia
Activities” (TEe;(zacSOT) (Bl\llr;tt?:)?]al Elgellsrc];drid) sNyc;:grlr? éll\éi?rc:g%l/
1.Present |ndUStI‘y Practices UFLS 59.3 Hz 82 48.85 Hz  48.85 Hz e)
2.Research Activities and Proposed RoCoF ~1Hzs  O5Hzs  LHzs  05HZs 50
Technologies Largest 275GW  1GW 500MW  165GW 350 MW

Contingency

Peak Demand ~73 GW ~60 GW ~6.5 GW ~72 GW ~36 GW
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Together...Shaping the Future of Electricity
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