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Nikola Tesla (1956-1943)

ELECTRO MAONETIC MOTOR.
No. 361,968

o

Tesla wearing the Serbian & AC |nduct|0n Motor

bl Sl e (drawing and the original Induction Motor exposed at
Imperial College London)
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National Grid - UK Challenges

Onshore investment, Off Shore Wind Farms
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The European SUPERGRID
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“\ 2030: EWEA offshore grid vision

€13bn+
of investment

MANCHESTER Shandong University

Jinan, China, 18/05/2015
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Conclusion:

In such a complex environment there
IS a very strong case to develop a
Smart Grid based on ICT, novel
sensors and new solutions.
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Wide Area Monitoring, Protection and Control

V.Terzija, G.Valverde, D.Cai, P.Regulski, V.Madani, J.Fitch, S.Skok, M.Begovic,
A.Phadke, “Wide Area Monitoring, Protection and Control of Future Electric Power
Networks”, Proceedings of IEEE, Volume: 99, Issue: 1, pp 80-93, 2011

INVITED
PAPER

Wide-Area Monitoring,
Protection, and Control of
Future Electric Power Networks

The authors of this paper point out that data concentrators are now being designed
and deployed and they explain why ﬁ.lELH“E' networks should make use

of synchronized measurement technology.

By ViapiMIR TERZIJA, Senior Member IEEE, GusTavo VALVERDE, Student Member [EEE,

Devyu Car, PaweL ReguLskr, VAHID Mapani, Fellow IEEE, JouN FitcH, Member 1EEE,

SrDJAN Sxok, Member IEEE, Mirosrav M. Begovic, Fellow IEEE, AND

ArUN PHADKE, Life Fellow IEEE
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—— Jinan, China, 18/05/2015
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Flex-Net WAMS

(EPSRC Project)
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Supergen/FlexNet Research Project
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How it Works Integrated Into the FlexNet WAM System

(28/4/2010)
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Wide Area Monitoring — Oscillation Monitoring Example

A Matlab Simulation Example

Active Power (p.u)

« WAMS applications are key to exploiting this new data

S A A A S A A A R B
S o
15 ............................ ...... ﬁ
14-LJL ............................ ______ _
L o o e
i I I | i 1 I I i I

Vladimir Terzija, UoM

Oscillation Monitoring

Frequency 0.35 Hz
Amplitude 0®% p.u.
Damping 8%

0O0Ue
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Shandong University
Jinan, China, 18/05/2015
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Monitoring of Inter-Area Oscillations

Event captured on the 2nd November 2010

54

52

a1
o

IS
(o0]

IN
(o]

Phase [deqg]

N
N

J

60
time [s]

Phase angle difference between
London and Glasgow

I
N

[
\

N
o

w
(oe)
o

20 40 80 1

=
N
o

Phase [deq]

N
S

N
'_\

N
o

39

Loss of generation causing a
rapid change in phase
angle followed by an
inter-area oscillation

AV

\

10
time [s]

Phase angle difference between
London and Glasgow (zoomed)

15 20

MANCHES)TER

Vladimir Terzija, UoM

Shandong University
Jinan, China, 18/05/2015

15



Monitoring of Inter-Area Oscillations
Event captured on the 2nd November 2010

Improved Recursive Newton Type Algorithm (IRNTA) application
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Monitoring of Load Dynamics

(E.oN Project)

Shandong University
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Generic Loads Model

Exponential Recovery Load Model

a; o Bs b
TPZP =£Mj —Zp£l] TQZQ :[Mj —ZQ[M]
VO VO VO VO

V e V By
P =2,-P| — Q =27,-Q| —
P o Vo d Q "o Vo
Active Reactive
Power Power
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Estimation Methodology

Vladimir Terzija, UoM

Estimation process

! Measurements
: performed by a
PMU

P.Q

i Voltage i

Y

LOAD MODEL

Qutput to !pplications
{voltage stability
assessmnt etc.)

Parameters estimation

1
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Example of Load Model Parameters Estimation (System

Measurements)
295
Real-life example obtained ZQW
from distribution network in
. . 28.5
Serbia (step change achieved
: S
by four quick transformer tap = 28
changes) 27.5
2x /5/5/5A F A
. T 2 |oooﬁﬁ\5 A : :P: W
network :
t 110410%1 5%/10 5k\fCT »Fi 26'50 200 400 . 600 800 1000
31.5 MVA, Y,d5 time [s]
u=14.29% \s"I‘& %Lﬁ'%w
T blue — measurement
ecording ]
equipment red — estimated (GA)
é MANCHESTER Shandong University 20
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VISOR Project

Network Innovation Competition, Ofgem UK funded project

Vladimir Terzija, UoM

* Project name: Visualisation of real time system
dynamics using enhanced monitoring

 A£7.44m Network Innovation Competition (NIC)
project that is led by Scottish Power Energy Networks

* A collaborative project that includes all three GB
Transmission Owners, the System Operator,
researchers and suppliers.

* Began January 2014, Reporting March 2017

 Website: http://visor-project.org.uk/

MANCHESTER Shandong University
- Jinan, China, 18/05/2015
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The Inertia Constant, H

A Matlab Simulation Example

* The Inertia Constant (H) is defined as the stored energy in the rotating mass
normalised to the Power base (S,), so it has units of seconds:

Linear Rotational
2
E, :%mvz :‘|> b %S./a)n

« Substituting H into the swing equation gives:
df
P —P =2H>-
dt

MANCHESTER Shandong University 23
- Jinan, China, 18/05/2015
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System Frequency Response Model

Impact of the System Inertia to Frequency Response

System Frequency Response Model: Reduced Inertia

501 T T T T T T T
50 — H=10s .
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— H=2.5s

4991 Smaller inertia allows the system to recover more i
~ quickly from the first swing maximum deviation
I 498 .
9
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O 49.7 4
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g
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Smaller inertia causes the system to experience a
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Generalised view of Smart Frequency Control

National Grid, UK, £9.6m Research Project

Vladimir Terzija, UoM

Need for faster and higher volume of primary response (governor) to

compensate for reduced inertial response

This can be delivered using more traditional

this can be delivered using smart frequency control:

Fast: SFC must support inertial response

Adaptive: Variable inertia will require a
variable response or the control action could
jeopardise frequency security

Optimal: The cost of service provision must
be limited where possible

Robust: Many elements of the system

governor

response, or

Fast

controlled in a short time (<1s), Robust - Adaptive
so consequences of failures will be high \
- ‘ ~~
L : . : 8 Optimal
Website:http://www.nationalgridconnecting.co pt
m/The_balance_of power/ _‘
MANCHESTER Shandong University 25
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Our Ambition

Enhanced Frequency Control Capabilities

Vladimir Terzija, UoM

Storage +
PV
I— PE «——
Virtual
Inertia RES |
— PE ——|» H
| SG
| I | Demand
PE Other
Load Load
MANCHESTER Shandong University

Jinan, China, 18/05/2015
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Monitoring and Control Scheme

Enhanced Frequency Control Capabilities
Adaptive scheme?
Robust?

Monitoring and | Optimal?
Control Scheme

Monitoring Control
Action?
Data? Storage +
PV
Latency? r PE «——
= L{::rnd L:ad
g MANCHESTER Shandong University 27

Jinan, China, 18/05/2015



Hardware in the Loop Validation
The Manchester RTDS (6 racks with 30 PB5 Processor Cards)

Actual transmission and/or
distribution network

Energy storage
technology

4 A
.'ﬁé%l},
. =0 4
Real-time =
inputs/outputs < S
— -
Control device of RTDS simulates
network elements simplified network
Closed-loop simulation
2
>
ISR MANCHESTER Shandong University 28
g Jinan, China, 18/05/2015
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* Intentional System Islanding
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Wide Area Monitoring, Protection and Control

L.Ding, F.Gonzalez-Longatt, P.Wall, and V. Terzija, “Two-Step Spectral Clustering
Controlled Islanding Algorithm”, IEEE Trans. on Power Systems, VOL. 28, NO. 1, Feb
2013, pp. 75-84

IEEE TRANSACTIONS ON POWEER SYSTEMS. VOL. 28 NO. 1, FEBRUARY 2013

Two-Step Spectral Clustering
Controlled Islanding Algorithm

Lei Ding, Member; IEEE. Francisco M. Gonzalez-Longatt, Senior Member, IEEE. Peter Wall, and
Vladimir Terzija, Senior Member, IEEE

62

MANCHESTER Shandong University 30
Jinan, China, 18/05/2015
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Intentional Islanding Mechanism

Discussion of Different Mechanisms

MANCHESTER
1824
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Event Islanding Solution
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Actions » Corrective Islanded | Svstem
Actions Operation y
| I\ l
| | :
a Determine Plan Im_plement _ Resynchronise
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Cascading gutages waample
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Cascading gutages waample
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Cascading Outages Example
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Cascading Outages Example
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Cascading Outages Example
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Cascading Outages Example
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Cascading Outages Example
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Cascading Outage Example
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Controlled Islanding Example

/Wind Speed >= Cut Out Speed\

¥

Disconnection of Wind Farms

~N
~

_— = =

Initiating Event

-

-~

/

Time(s)
01 2

345678910

MANCHESTER
1824

G10 32 31
Load 11
33 15 16T I 1 | 8 1 19
V="l L
> — Load 13 Load 19
load 3
2 Load 4
5 G6
Line 1 10
23
11
Load 10 w Load 18‘
i3 Y 14 2
i v Load 16
Gl Load 1 12 [ ]
l 20 22
v
3 p— 24 T J Load 15 Load 14
35 v Load 2 21
LO'd(l b Load 12 Load 5
36 T 6 Load I?T
Load 7 T
38 S AN :
G4 29
Line 9 4
39 v
- Load 8 l 8
Load 9 Gs G7
G2 34
G3

Shandong University
Jinan, China, 18/05/2015

46



(
\

Vladimir Terzija, UoM

Controlled Islanding Example
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Controlled Islanding Example
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Controlled Islandmg Example
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Controlled Islanding Example
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Controlled Islanding Example
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Controlled Islanding Example
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Comparison
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Conclusion

* Real-time application must rely on a secure,
reliable and robust communication infrastructure
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Communication in WAMPAC System

Communication Media options
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Conclusion

* Challenges related to time synchronisation are still
open; solution: a PMU technology not requiring
time-synchronization

e WAMS well established world-wide
e WAC and WAP under development

* A need for serious Hardware in the Loop testing
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Questions?
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