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High Penetration of Inverter-based Resources

+ Weaker Grids due to reduced inertia & short-circuit ratio

« Additional sources of oscillations: control-induced oscillations
between IBRs and the Grid, and between IBRs themselves

kY

« Less synchronous generation, insufficient stabilizing capability to
damp and mitigate oscillations

« Conventional Grids: Sub-synchronous oscillations (SSO) at lower frequency i
Grids with High Penetration of IBR: SSO at up to ~25Hz (more challenging WL DHSLIS  OASIAD  OMSIMS  OASLSD  OASISS 045200

Aug 24, 2021

to detect and locate) -
: : : 8-Hz oscillations in RMS voltage observed in
IBR-related SSO events have been observed in many grids (USA, China, Scotland in 2021 [2], some users tripped off

Great Britain, Australia, etc.) [1].

Grids become more vulnerable to disturbances, one of which is high-amplitude sustained SSO.

[1] Yunzhi Cheng et al., Real-world Sub-synchronous Oscillation Events in Power Grids with High Penetrations of IBRs, IEEE.
[2] Julian Leslie, G-PST/ESIG Webinar Series: Managing Grid Stability in a High IBR Network - ESIG, 2022. 3
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Real-world Oscillations led to tripping of generators and load areas
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Real-time Oscillation Source Location with Alarm, Control, and Trip Levels enhances Power System Reliability!
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Transgrid is updating the Protection System for Unstable Operation $5.2.5.10, specifying requirements for SSO detection and location.

Features

Detected quantities
Oscillation detection range

Magnitude

Pick up time

CB trip signal

SCADA signals (output)
Operation cut-out frequency
Raw data storage

Cycle for algorithm repetition

Cycle of window data

Option to turn on/off remotely

Requirement Alarm

Active power, reactive power, voltage
(single phase not 3 phase average)

0.1 to 25 Hz

3 different magnitudes for different Project specific
frequency bands: 0.1-1Hz, 1-10Hz, 10-25Hz values

2 pickup times for each frequency band for  Project specific
alarm & disconnection values

Required
Required
Mormal operation band

10s before the event and 30s after the event
1 second

10 seconds

Required

Disconnection

Project specific
values

Project specific
values

B85.2.5.10 - Asynchronous Generator
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Real-time Oscillation Source Location to timely detect and isolate the oscillation source
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Various methods but we need for real-time applications in high IBR-penetration grids

Category [3] Main idea Drawbacks

The generator which has negative damping torque

coefficient is the oscillation source Rotor:spead data may be unavailable

Damping torque

: : An offline trained decision from model-based simulations to  The accurate model of the entire system may be
Machine learning

locate the source using online measurements unavailable
- Requires additional equipment to be installed at some
Traveling wave-based  Utilizing the principle of the electromechanical wave designed locations
methods propagation - May be ineffective when wave speeds vary significantly
throughout the grid
Mode shape estimation- Using relative magnitude and phasing of the oscillation The accurate model of the entire system may be
based methods throughout the system unavailable

Base on the consistent of the energy dissipation and the
Energy-based methods damping torque so the source can be identified as the
component producing energy

Require the steady state values of PMU measurements
during the transient stage

Dissipating Energy Flow (DEF) method is energy-based and can overcome the above disadvantages [4]

[3] B. Wang and K. Sun, Location methods of oscillation sources in power systems: a survey.
(4] S. Maslennikov et al, Locating the source of sustained oscillations by using PMU measurements. 6
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Dissipating Energy Flow (DEF) for Real-time Oscillation Source Location

—_—

R
« Inputs required for calculation: P, Q, V, 8 which are Bus DE, Bus i
available from PMU us | us J

« No need any more parameters or complex models of grid

DE,;J.-' = f(Pij: Qt'.j! Vi, 91'-)

o | e

DE;; =0 System is under steady state
DE;; # 0 System is experiencing transients/oscillations
DE;j > 0 Oscillation source is behind bus i

DE; <0 Oscillation source is bus j
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Identify Oscillation

Calculate DEF Analysis Results Report

Line Data Data Cleaning

Time & Frequency

i _ ®

: ; ® « Locate the oscillation source
i . « Consider plausible DEF values

! & » Determine the DEF signs

é « Calculate the Dissipating Energy Flow

: » Get MW, MVAR, and positive sequence voltage
magnitude of all lines
: * Determine oscillation frequency & magnitude
®
» Unwarp phase angles and replace
missing data
* Process for selection of oscillation

® time and spike analysis

« Voltage magnitude, angle
* Current magnitude, angle
* Type: Time-domain, Phasor-domain
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« PMU locations and directions

« Scenario: Frequency & voltage
oscillation generated by G1

A case study: IEEE 39-bus network

PMU4 (G10-B30)
30

PMU2 (B39-B1) ! T'

S

39

PMU1 (G1-B39) t

PMU3 (B39-B9) g
g. -

& pmu

PMU7(B21-B22)
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A case study: IEEE 39-bus network
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Transgrid’s requirement in Protection System for Unstable Operation S5.2.5.10

Features Requirement Compliance
Detected quantities Active power, reactive power, voltage (single phase not 3 phase average) v
Oscillation detection range 0.1to 25 Hz v
Magnitude 3 different magnitudes for different frequency bands: 0.1-1Hz, 1-10Hz, 10-25Hz v
Pick up time 2 pickup times for each frequency band for alarm & disconnection v
CB trip signal Required v
SCADA signals (output) Required v
Operation cut-out frequency Normal operation band v
Raw data storage 10s before the event and 30s after the event v
Cycle for algorithm repetition 1 second v
Cycle of window data 10 seconds v
Option to turn on/off remotely Required v

11
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Functionality tests using practical and simulated oscillation data within the 0.1 ~ 25Hz frequency
range, tested with SMIB model, IEEE 39-bus model:

* Oscillation data from ISO-NE

» Oscillation data from a Wind Farm

« Simulated oscillation data

0.1Hz Oscillation from 1SO-NE 1.57Hz Oscillation from ISO-NE 12.4Hz Oscillation in a Wind Farm
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Functionality tests with Transgrid test data (SE1-SE5)

Oscillation Results Frequency
Type 1 2 3 4 of Oscillation (Hz)

001 v v v v 1
002 v v v v 1
003 v v v v 5
004 v v v v 5
005 v v v v 20
006 All voltage v v v v 20
007 oscillation = - < - = fof27
008 - - - - = fopuf2™™*
009 v v v v 1
010 v v v v 1
011 v v v v 5
012 v v v v 5

1: Correct alarm and trip activation | 2: Correct oscillation start time | 3: DE direction | 4: Oscillation source detection

(***In this test data, the PMU sampling rate is 50Hz. DEF OSL can detect & locate 25Hz oscillations when using higher PMU sampling rate) 13
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Functionality tests with Transgrid test data
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Functionality tests with Transgrid test data
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Functionality tests with Transgrid test data
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OSL can be integrated in Control Centers and at sites (Power Plants, Substations, Transmission Lines).

OSL Integration at Sites

________________
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» Severe SSO events have been increasingly observed in grids with high penetration of IBRs.

» As the stabilizing capability of grids to damp and mitigate oscillations has been reduced, active
oscillation mitigation solutions need to be integrated.

» Oscillation detection levels can be divided into Alarm, Control, and Trip thresholds to enhance system
reliability.

» For high-reliability power system operation, OSL should be integrated:
« Control centers of Network Service Provider
« Points of interconnection of inverter-based power plants (PV, Wind, BESS)

« Inter-regional transmission lines

18
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For Solar/Wind-BESS-SVG/STATCOM Projects:

o Fully Integrated Solutions:
o BoP SCADA
o Energy Management System EMS
o Power Plant Controller PPC [ Master PPC
O

Advanced Applications for Forecast, Optimization, Preventive & Predictive Analytics

For Substations:
o I|IEC61850-based Substation Integrated Control Protection System ICPS

For Transmission & Distribution Systems:

Fully Integrated SCADA/EMS/DMS Monitoring & Control System

Wide-Area Monitoring, Protection, and Control (WAMPAC) System

Dynamic Security Assessment (DSA) System

Distribution Management System (DMS), Distribution Automation System (DAS)

i
o
L
L]

For Operation Control Centers OCC:

o Fully Integrated OCC for Power Plants, Substations, Transmission & Distribution Grids

For Distributed Energy Resources:

o Distributed Energy Resources Management System (DERMS)
o Microgrid Controller (MGC)
o Advanced EMS for C&l Projects (SmartDCG, SmartDER)

Empower Your System with Our Smart Solutions | www.ausresolutions.com.au | www.ats.com.vn 19




Our Extensive Track Record
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D Substation Automation

200"" |IEC61850-based Substations protected and automated
by @Station®

> 35“/{! Market Share in Vietnam Transmission Grid

_ e R le E
P ellitions T @l 1D

4GW+ Solar PV and Wind Power Plants protected,
monitored & controlled by our SCADA/EMS/PPC

. TS i " " W Hybrid Power Plants with BESS

ot Hybrid Power Plants protected, monitored, and controlled
by our SCADA/EMS/Master PPC

- @ Operation Control Center

10+ OCCs remotely monitor, control, and optimize the
operation of power plants

o SCADA/EMS/DMS/DAS

10+ SCADA/EMS/DMS/DAS centers remotely monitor, control

: transmission & distribution facilities
www.ausresolutions.com.au | www.ats.com.vn 20

Grid Cmﬂpliam:n Matters

Leading Integration




AusRE Solutions [ I S
Grid Compliance Matters { / /]

Leading Integration
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