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Basic Building Blocks of a ICT based WAMPAC

DC
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APPS

SMU_n

A A WAMPAC system
typically consists of the
following building blocks

Synchronized
Measurement Units (SMU)
such as Phasor
Measurement Units (PMU)

Data Concentrators (DC)

Application software and
servers (APPS)

A supporting Wide-Area
Network (WAN)
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WAMPAC Example
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Synchronized Measurement Units - SMUs

A Generally, current SMUs are devices located at substations and
power plants that provide high accuracy time-stamped (< 1 ms)
measurements Including

Synchrophasors i positive sequence voltage and current phasors
System frequency f and df/dt

Analog signals

Digital signals

Other derived quantities: P, Q, harmonics, etc.

A May also include many other functions

Event detection
Local data storage
And so on

A In the future, SMUs may not be limited to only provide
synchronized measurement, but also control functions
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Data Concentrators

A A critical building block in a SM-based WAMPAC
system 1 highly application/system dependent

I Locations = el e
: —y — ¢
A Substations, power plants, etc. APPS A /APF%Z
A Control centers \

A Other locations
I Main functions
A Data alignment
A Data aggregation
A Data forwarding
I Communicate with . .
A PMUs only =¥y ¢ caa
A PMUs and other DCs SMU_1 SMU_n
A Other systems such as EMS/SCADA system
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Data Concentrators (cont.)

= é =
A Data Concentrators may include other functions such as = =7,
I SMU/PMU management APPS A APPS 7
i Data storage \ /

|
I Event detection and archiving
.

Some processing functions such as
A Missing data detection
A Data format conversion
A Data rate conversion
A Data repacking and forwarding
A And so on

A Data Concentrators may also include some application
software

I Simple ones for retrieving/displaying stored data
locally/remotely
I More complicated application software tools and programs
A Small PMU system
A Simple applications

(M~
(M-~
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Application software and servers

A SM application software and servers are those that
utilize the SMU data and other measurement data to
accomplish certain tasks

I Offline applications

A E.g., posti disturbance analysis, benchmarking and validation of
system models

I Online real-time applications
A Phase angle monitoring
A Voltage stability assessment
A Line thermal limit monitoring
A And so on

A There are some application software and servers that
are avallable, but more development are needed!
I Define application requirements
I Custom development
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Supporting communication network (1)

A A SM-based WAMPAC system must be supported by a
wide-area network (WAN) with
I Sufficient bandwidth
I Adequate latency
I Desired reliability level
I High cyber security levels

ning Partnership

A The supporting communication network may need to
provide communications for part or all of the followings
I Within substations
I Between substations
I Between substations and control centers
I Between control centers
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Supporting communication network (2)

A A supporting communication network could be
I A dedicated network
I A shared network, e.g. using Internet
A Typically uses a mixture of communication media and protocols

I Comm. Media: Fiber optic, copper wires (twisted, coaxial, phone
lines, etc.), microwave, radio, power line carrier, satellite, and so
on

I Protocols: Ethernet, IP, TCP, UDP, DNP, ICCP, RS-232, RS-
485, IEC 61850, IEEE C37.117, ATM, Frame Relay, MPLS,
VPN, proprietary protocols, etc.

A May use different network architectures

i Star, ring, p2p, mMeshed, ¢é& &
A May interface with other networks

I For example: Corporate IT network
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Communication networks using mixture of communication media

and protocols (1)
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Communication networks using mixture of communication media
and protocols (2)
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Communication Latency

-

.
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PMU
Communication latency is used to define how long a
information is transferred from one point to another 5
T point in communication networks &
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Outline

AFlexNet Project
AGB Transmission Network
AWAMPAC and SMT

AFlexNet WAMS
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AWAProtector System

AMonitoring of Inter-Area Oscillations
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FlexNet Project

A Part of the SUPERGEN consortium, which
IS addressing the challenges of the Great
Britain (GB) power network transitioning to
a low carbon energy system, with a
particular emphasis on network flexibility

A Main goal of one of the Work Packages of
the FlexNet project was a practical
demonstration of a WAMPAC system.
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GB Transmission Network

A mature highly interconnected
system comprising urban rings
of 275 kV overlaid with the
400 kV Supergrid

A need to construct new HVDC
circuits and upgrade the AC
network with FACTS devices

A challenges:
I carbon reduction

I Incorporating large scale
renewable energy

I improving demand side
management capability
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WAMPAC and SMT Technology
Main Building Blocks

hS

GPS

( )
PMU PMU PMU
Primary Plant m. .
Sync:hrc-pha\sors\7 ﬂ /

~ A Phasor Measurement Units

(PMU)
d

— A Phasor Data Concentrators
$ =] (PDC)

Visualisation Tools

A Application Software (AS)

Pratection & Control Signalling

Energy Protection & Control

Electric Energy Systems - University Enterprise Training Partnership

Management Contextual —  Performance
System Evaluation Verification
: A Comm N ks (CN)
Setting/Parameter Constraints O u n I Catl 0 n etWO r S
Protection & Control a8
Substation Locall ParameFerf > Performance =
Setting Selection Verificat w
erification D.
1 (2}
Selected Parameters/Settings w
L
Secondary Plant Plant Cantrollers IEDs




FlexNet WAMS

Phasor Measurement Units

°. GPS Antenna &

Clock P
&

Current
Transformer

( Q > Synchronise:(>j
Phasor @y

Potential Measurement
Transformer @

A Three SEL-451 PMUS
equipped with GPS receivers
have been deployed at three
universities along the UK to
monitor local voltages
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WAProtector System

Location

A WAProtector i a Data
Concentrator (DC)
system located in
Ljubljana, Slovenia

> 4 A The data from the UK is
collected over the
Internet (TCP/IP
protocol)
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WAProtector

Features and Characteristics

= A Web-based

| interface allowing
access to the
application from
any place in real-
time

ning Partnership

rsity Enterprise Trai

A Main features:

- Real-time monitoring (polar plots, 2D and 3D plots)

- Data archiving (access to historical data, option to
export data for further analysis outside the system)
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Monitoring of Inter-Area Oscillations
Event captured on the 2" November 2010

54

A Loss of generation
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Monitoring of Inter-Area Oscillations

Event captured on the 2" November 2010

A Using Improved Recursive Newton Type Algorithm (IRNTA)
the frequency and damping ratio have been estimated
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Wide Area State Estimation using SMT

Outline

Almportance of State Estimation
ABenefits of SMT in State Estimation
Alnclusion of SMT in existing estimators

AState Estimation in Super Grids
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Wide Area State Estimation using SMT

Importance

AProvides information of not directly monitored areas

ADetects and eliminates bad measurements/data
APossibility to update data base with estimated parameters

STATE

ESTIMATION

—————————————————

! - Contingency

! Analysis

' - Security

1 Enhancement

! - Dynamic Security
| Analysis

| - Optimal Power Flow
| - Simultaneous

! Feasibility Test

1 - Other Applications
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Wide Area State Estimation using SMT
Benefits of PMUs

A More Accurate Estimations

A Better Observability and Topology Estimation
A Higher Measurement Redundancy

A Improved Bad Data Detection

A Real-Time Updated Network Parameters
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Wide Area State Estimation using SMT

Inclusion of SMT in Existing Estimators

real time

Conventional Measurement

Units

Conventional Measurement
Units

e
— — —» [ntemet

Conventional Measurement
Units

measurement of
network parameters

Microwave

S

2
L
@
4 PMU £
c
SCADA 2
3
i
8
&
s
(-
w
State Network g

Estimation Model

!

Report to system
operator

Electric Energy Systems - Univel

EES-UETP

N
(o]
E




Wide Area State Estimation using SMT

Inclusion of SMT in Existing Estimators

LINEAR
STATE ESTIMATOR

Conventional

- NON-LINEAR
Measurements STATE ESTIMATOR

Synchronized
Measurements

Conventional - NON-LINEAR
Measurements STATE ESTIMATOR

Synchronized
Measurements
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Wide Area State Estimation using SMT

Improved Accuracy
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Wide Area State Estimation using SMT

Improved Accuracy

Actual Values Estimation

FromLoad Flow Results No PMUs 3 PMUs (at 1,6,9)
State NI R8V[p.ul] ©NJ R 8V [p.u.] “  WNJ R8VI[p.u]
Bus 1 0.0000 1.0600 0.0000 1.0602 0.0000 1.0603
Bus 2 -0.0870 1.0450 -0.0859 1.0454 -0.0869 1.0452
Bus 3 -0.2221 1.0100 -0.2211 1.0105 -0.2217 1.0104
Bus 4 -0.1800 1.0177 -0.1798 1.0180 -0.1800 1.0180
Bus 5 -0.1531 1.0195 -0.1535 1.0195 -0.1531 1.0198
Bus 6 -0.2482 1.0700 -0.2472 1.0696 -0.2482 1.0703
Bus 7 -0.2332 1.0615 -0.2325 1.0625 -0.2331 1.0618
Bus 8 -0.2332 1.0900 -0.2326 1.0905 -0.2332 1.0899
Bus 9 -0.2607 1.0559 -0.2594 1.0560 -0.2607 1.0562
Bus 10 -0.2635 1.0510 -0.2611 1.0505 -0.2635 1.0513
Bus 11 -0.2581 1.0569 -0.2565 1.0565 -0.2581 1.0572
Bus 12 -0.2631 1.0552 -0.2622 1.0548 -0.2631 1.0555
Bus 13 -0.2645 1.0504 -0.2636 1.0499 -0.2645 1.0507
Bus 14 -0.2798 1.0355 -0.2787 1.0353 -0.2798 1.0358
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Wide Area State Estimation using SMT

Improved Accuracy

Index Performance;:
2 -'\{I 1 N-- d 2
s;=a (= al¥x -x))
= M E:

A M =100 Monte Carlo Simulations
A N =27A Number of Unknown States

o 2

Case Up
No PMUs 4.45 x 10
3 PMUs (at 1, 6, 9) 7.42 x 10/
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Wide Area State Estimation using SMT
Super Grids
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Wide Area State Estimation using SMT

Super Grids
AThe |l ocal estimator in fAare
Internal buses, boundary buses and external buses
connecting nNnarea 1 0 by tie

A A coordination level is needed to eliminate the mismatch
of estimated tie line power flows and estimated states in
boundary buses

ning Partnership
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A The coordination level is used to correct the states in
boundary buses, transferred powers in tie lines and to
estimate the angle difference between slack buses.
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ICT Implementation Aspects for Smart Grid Protection

Intelligent Controlled islanding

Alntroduction
ATasks and Problems

AOur methodd spectral clustering

ning Partnership

ASimulation
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AConclusions
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ICT Implementation Aspects for Smart Grid Protection
Introduction of Intelligent Controlled Islanding

A What is intelligent controlled islanding?

I Split the whole power network into smaller
Islands when a large disturbance happens
and the system integrity cannot be
maintained any more

I A way to prevent and limit the occurrence of
blackouts

I Based on WAMS information (PMU)
I On-line corrective action

EES-UETP
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ICT Implementation Aspects for Smart Grid Protection

Introduction of Intelligent Controlled Islanding

A Why to split?

I Frequency collapse, voltage collapse,
cascading trips (flow transfer) , inter-area
oscillations

A Where to split?
I A set of transmission lines to be removed

A When to split?
I The instant to implement the splitting action

N
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ICT Implementation Aspects for Smart Grid Protection

Tasks and Problems of Intelligent Controlled Islanding

A Tasks

I To achieve stable islands
A Static stability: e.g. power balance

ADynamic stability: generator synchronism, minimal
power flow disruption

A Other constraints (e.g. thermal limits)

A Problems
I The objective function is not obvious
I Combinatorial explosion of solution space
I Not fast and efficient enough
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ICT Implementation Aspects for Smart Grid Protection
Our methodd spectral clustering

A Spectral Clustering based Controlled
Islanding (SCCI)

I Construct a graph by objective function of
intelligent controlled islanding

I Modify the graph by constraints of intelligent

controlled iIs
I Run spectra
I Find the nod

anding
analysis of the graph

e clusters with minimal

connection between them

N
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ICT Implementation Aspects for Smart Grid Protection

Simulation-9 bus

1. Generator synchronism

Min (dynamic coupling)

H,=47.28s
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ICT Implementation Aspects for Smart Grid Protection

Simulation-39 bus
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ICT Implementation Aspects for Smart Grid Protection

Simulation-39 bus

Cutsetl x P;i|(MW) Method
(1) 8-9, 34, 318, 1727 175.3 SCCI
(1) 8-9, 34, 318, 1727 175.3
(2) 9-39, 34, 318, 1727 179.0
(3)8-9, 34, 1718, 1727 331.2
(4) 89, 34, 1617 334.3
(5) 939, 34, 1718, 1727 335.0
OBDD
(6) 939, 34, 1617 338.1
(7) 89, 23, 1727 395.1
(8) 939, 23, 1727 398.8
(9) 89,34, 318, 2627 412.8
(10) 939, 34, 318, 2627 416.5
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ICT Implementation Aspects for Smart Grid Protection

Simulation-118 bus
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ICT Implementation Aspects for Smart Grid Protection

Simulation-118 bus

Cutsetl (FM"DV\'/J)l Cutset2 (FMl\IID\;)l Method
(1) 1533, 1934, 3038, 2324 71.6 (1) 77-82, 9697, 8696, 98100, 8099 52.7 SCCI
(1) 1533, 1934, 3038, 2324 71.6 (1) 7782, 9697, 8096, 98100, 8099 52.7
(2) 1533, 1934,30638, 2470, 2472 73.5 (2) 7782, 9697, 8096, 98100,99100 57.3
(3) 3337, 1934, 3038, 2324 76.3 | (3) 77-82, 8296, 9496,9596, 98100, 8099 65.1 b
(4) 3337, 1934, 3038, 2470, 2472 78.1 | (4) 77-82, 8097, 8696, 98100, 8099 65.9 ‘L
(5) 1533, 1934,3038, 2470, 7172 83.2 | (5) 77-82, 8296, 9496,9596, 98100, 99100 69.6 :
(6) 3337, 1934, 3038, 2470, 7172 87.8 | (6) 77-82, 8097, 8696, 98100, 99100 70.5 N
(7) 1533, 1934,3038, 2470, 7071 91.9 | (7) 77-82, 9697, 8096, 8098, 8099 72.2
(8) 3337, 1934, 3038, 2470, 7071 96.6 (8) 7782, 9697, 8096, 8698, 99100 76.7
(9) 1533, 1519, 1819, 30638, 2324 102.7 | (9) 77-82, 8296, 9496,9596, 8098, 8699 84.5 o
(10) 1533,1519,1819,3038,2470,7172 104.5 | (10) 7782, 8097, 8096, 8698, 8699 85.4 :%J

w

Electrt

N
\l
E




ICT Implementation Aspects for Smart Grid Protection

Simulation

Case Method Timée\(s)
SCCI a0. 004
39-bus -
OBDD all
SCCI ao0. 11
a10 = 8.0 |+ 4:

% Pentium2.4GHz; 4G RAM PC; OBDD VC6.0++ code,
buddy package; SCG&IMatlab 7.0 code,

> P f-lws graphl s for simplified graph (6.0s for
cutsetl and 4.0s for cutsé)
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ICT Implementation Aspects for Smart Grid Protection
Conclusion

A Spectral Clustering based Controlled
Islanding
I Adaptive and flexible: different objective

functions and different constraints - different
graphs

i Efficient: O(n34)
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Wide Area Damping Control with FACTS Devices

Outline

Alntroduction i Necessity to have a wide area monitoring and
control system for future power networks

A(a) Wide area damping control with TCSC

ning Partnership

A(b) Wide area damping control with HVDC
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AConclusions

EES-UETP
tric Energy Systems - Univers

Elec

(o)
N
E




Wide Area Damping Control with FACTS Devices
Future Networks 2020-2030

HVDC circuit

Re-conductor or re-insulate existing double circuit
overhead line route

Full re-build or new build double circuit overhead
line route

Series compensation (equipment located at
terminal substations)

PMU
Planning:

1. To facilitate inter-area oscillation
monitoring system

2. To develop wide are damping controller
using TCSC or HVDC
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Wide Area Damping Control with FACTS Devices
Wide area damping control with TCSC
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Wide Area Damping Control with FACTS Devices

Eigen value analysis under steady state (without damping controller with TCSC)

4 Imaginary Part [rad/s]

Inter-area
dxD oscillatory
mode
= 2.00
X
L | | | & I |
-G.00 -4.00 -2.00 o.oo Feal Part [145] z.00

-2.00
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Wide Area Damping Control with FACTS Devices

Damping controller design
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physical concept of damping controller design with TCSC.

washout phase compensation
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Wide Area Damping Control with FACTS Devices

Eigen value analysis under steady state (with damping controller with TCSC)
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Wide Area Damping Control with FACTS Devices

Simulation results

In order to provoke a poor damped inter-area oscillations, a three-phase short
circuit was simulated at one of two inter-tie lines, lasting from 10-10.1 s.

Power oscillation on tie line after disturbance Power oscillation on tie line after disturbance
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Wide Area Damping Control with FACTS Devices
Wide area damping control with HYDC
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Wide Area Damping Control with FACTS Devices

Eigen value analysis under steady state (without damping controller with HVDC)
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Wide Area Damping Control with FACTS Devices

Damping controller design

DC r

physical concept of damping controller design with HVDC.
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Wide Area Damping Control with FACTS Devices

Eigen value analysis under steady state (with damping controller with HVDC)
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Wide Area Damping Control with FACTS Devices

Simulation results

In order to provoke a poor damped inter-area oscillations, a three-phase short
circuit was simulated at one of two inter-tie lines, lasting from 10-10.1 s.

Power oscillation on tie line after disturbance Power oscillation on tie line after disturbance
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Wide Area Damping Control with FACTS Devices

Conclusion

1. The TCSC and HVDC damping controllers can
significantly improve the damping of the inter-area
oscillation mode.

2. Modal analysis and real time simulations are
complementary methodologies for damping controller
design.
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ICT Implementation Aspects for Smart Grid Protection

Outline

Alntroduction
ACorrective Control Scheme (CCS)
ADisturbance Monitoring Scheme

Alntelligent Control Islanding
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ICT Implementation Aspects for Smart Grid Protection

Introduction

A Blackouts are disastrous phenomena (economic
conseguences) ;

NE North America (14-Aug-03), European Blackout (4-Nov-06 ) London
(28-Aug-03), Denmark/Sweden (23-Sep-03), Italy (28-Sep-03), Greece
(12-Jul-04) , Australia (14-Mar-05) ,Moscow (25-May-05.

A Cascading outages and large blackouts in

future networks:

ning Partnership

Remote renewable resources « Different Dynamic behaviour
Insufficient increase of transmission capacity (weak connections)
Exacerbate stability problems

Unexpected events: natural, terrorism, failures in control and protective
devices, etc

Human errors.
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ICT Implementation Aspects for Smart Grid Protection
Corrective Control Scheme (CCM)

Scotland

A Create a Corrective Control
Scheme (CCM) based on
coordinated real-time e
frequency for prevention of @ *H
frequency instabilities and L
catastrophic events using T
Synchronised Measurement
Technology (SMT) conva v

/ (2
Y | 4 .
Disturbance |4 |/
Monitoring Sheme| 5

(f, df/dt, H, V, P, Q)| ,
] h

\ East of England

\/
()

\\\
\\
\\
S - !
E ; E ; PMU

South of England
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ICT Implementation Aspects for Smart Grid Protection

Structure

Korrectives
AGeneration side
ATransmission network
Aemand side

Control Actions

Availability of
real-time
system-wide
measurement

Corrective
Control
Scheme

Wide Area

Monitoring

Disturbance
Disturbance Monitoring
detection Measurements
A ocalization Dynamic Security Arequency
MMagnitude estimatio ssessment ARate of freq change
Real-time ANetwork topology
Wide-area AParameters

ning Partnership
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ICT Implementation Aspects for Smart Grid Protection

Sequence of Operations and Events

Normal
operation

Disturbance
Monitoring
Scheme

Dynamic
Security
Assessment

Normalﬁ Emergency M

Disturbance

Corrective Control Scheme

Emergency
Intelligent control controlon
Islanding Islands

Normal
Islanding
operation

Restorative

>
Emergencyﬁ Normal ﬁ Time £

rt

o

Large Island Success Start F
Disturbance formed Islanding restoration :
detected

Basic Sequential Task Approach

ity Enterprise Trai
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ICT Implementation Aspects for Smart Grid Protection
Disturbance Monitoring Scheme (DMS)

__Measurements Disturbance

'I/' Synchronised Measurement X ) d eteCtion

; T;;:;‘;"jéncy Disturbance o

- L. ocalization

| Rate of freq change \(elplitelgigle | Magnitude estimation |

: SR ; Scheme | 5

i ANetwork topology ———

| ] riangulation Technique

e ﬁ?_"i‘f?}m?ﬂ_e_f?’_ _______ ’ Wavelettransform a

Real time Dynamic [

ONLINE Security Assessment :
OFFLINE

Disturbance Monitoring Scheme (DMS)
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ICT Implementation Aspects for Smart Grid Protection
Disturbance Monitoring Scheme (DMS)

Frequency (Hz)
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@ \ Disturbance detection
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@ Improve?
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ICT Implementation Aspects for Smart Grid Protection
Corrective Control Scheme (CCS)

| Networks L oad/Generation
Disturbance actions actions

detection

I
Corrective Intelligent Emergency §
Control Control control of
Scheme Islanding Islands |
|

I

I

I

I

hip

) (ECol)

{ A ocalization ; Network
{ AMagnitude estimation Correctible actions

___________________________________

Part

------------------------------------

9

Load/Generation
Correctible actions
/

——— — — — — — — — — — — — — — — — — — — —

T
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[}
c
©
£
s
[
e
@
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p

rsity Ent

Islands require
corrective
actions
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ICT Implementation Aspects for Smart Grid Protection
Corrective Control Scheme (CCS)

Scotland AREA 1

Corrective Control Scheme /l
@ ] Grouping generators \ | /
@ Splitting Cutsets e 7,

definition Q r,% % """"""" )
PMU /:r/ B \\\\\ /
@ Identify groups of coherent generators: Y y AREA 2

Slow coherency? i 3 \/

Independent of initial condition and Disturbance | /

Independent of size of disturbance and b cOnngh'cWecwe / /

generator model detail S - b

: /" | Large Disturbance |4 /"

Weak connections? West of Eng,and;y & | Momtorng sreme ™/

\0\/ @, didt, H, v, P, Q)| /v / ~PMU
«!» - /

South of Ef(gland
/

Angles of generator (rad/s)

t(s)
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ICT Implementation Aspects for Smart Grid Protection
Corrective Control Scheme (CCS)

ISLAND 1

Corrective Control Scheme Online based in SPM -

/ Scotland

@ | Grouping generators

@ Splitting Cutsets / \: )
definition i

@) T
Topological constraints? J :‘;Jf'%\\ /
Minimal Cutset Time consuming, Online? / P“’jfi/:r \\\
Power Balance constraints? | m /
Generatiodoad balance / i /)
Synchronous Separation Constraints? Wales s
Generators in same island @>/ S e ISLAND 2
keep synchronous / VS S N

> // Largg Dlsturbance
Stable Equilibrium Constraint? West of Engill §Y>\<\><< it v, B | /
. oy . @ - #
At least a static equilibrium / @ I \
in each island [ A \ ﬁ

Intelligent methods here? Al? \

Selftuningneuronalnetwork? b a
Self Learning Systems? \ | | | %"

South of Englan

—
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ICT Implementation Aspects for Smart Grid Protection
Intelligent Control Islanding: Concept

Intelllgent Control Islandmg (ICl)

T~ - K

A Intelligent Islanding performs online calculation
and centralized control from a system point of
view.

A The basic theories and algorithms for searching
active splitting strategy are different from
those for traditional splitting.
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ICT Implementation Aspects for Smart Grid Protection
Intelligent Control Islanding: The Problem

A The solution of the Intelligent Islanding Problem (SSP) is
decomposed into two tasks:

A Where to split?
A How to split?

Intelligent Control Islanding

(ICI)

J }
W here Split? ‘ How split? l
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ICT Implementation Aspects for Smart Grid Protection
Islanding Execution

A To determine the proper moment and sequence of switch
operations.

Islanding Execution

(IE)

| W hen Island? “ | How Island first? “

ity Enterprise Training Partnership

A Optimal low frequency demand corrective control.
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ICT Implementation Aspects for Smart Grid Protection
Islanding Execution

A If it necessary this emergency control is used to stabilize
Islands.

A Load/Generation actions to reach a stable operation.

Island Emergence Control

(IEC)
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ICT Implementation Aspects for Smart Grid Protection

Sequence of Operations and Events -PROPOSED-

Island Synchronous

Balance power Loading

Transient stability

___________________________________________________________________________

I/ —————————————————————————
! Ildentlfy Mode of Disturbance \‘, OFFLINE ONUNE
‘1 Training Historical i
b /. — ! Phasel Phase 2
i 1| Learning Simulation Data H
e ————=== ’ Searchlng Searching Islanding
i Topological Grouping Feasibility F|e|aS|3|“ty Execution
reduction generators Islandlng slanding (IE)
L L

Dlsturbance

. . . (5]

Monitoring Corrective Control Scheme >

Normal Scheme Normal ©
operation Dynamic Emergency islanding |~ £
Security Intelligent control controlon . O

Islanding Islands Operatlon '

Assessment

Island
Emergence
Control
(IEC)

Normalﬁ Emergency HEmergency@ Normalﬁ

Disturbance Large Island
Disturbance formed
detected

Parallel Task Approach (proposed)

>
Tim

egaty Enterprise Training Partnership

Success
Islanding

Start
restoration
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Concept of Adaptive Low Frequency Demand Control

Block diagram

Power System

:

Advanced Measurement
Infrastructure

:

Disturbance
Management Module

:

Instability Predictors,
Early warning systems
Predictive preventive control

ning Partnership
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Corrective Control
Module

'

Operator

(human action)
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Malaysia TNB System Example

Loss of a single generating unit

SISTEM PENGHANTARAN ELEKTRIK DI SEMENANJUNG MALAYSIA

39 Party |
; Applications |
----- I— - o

> Applications

-.<
Archiving
Server
C37 Int. Infrastructure
PDC
J
—\

- PMU Network
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Malaysia TNB System Example

Loss of a single generating unit

SISTEM PENGCHANTARAN ELEKTRIK DI SEMENANJUNG MALAYSIA
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