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Introduction

 Necessary to increase observability between T&D grids,
because of emerging dynamics active distribution networks
due to renewables
» Fast changing conditions in the network
- Fast behavior of components

- Traditional monitoring technology not capable of satisfying
requirements: types of signals, time-synchonization and speed of

data acquisition
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because of emerging dynamics active distribution networks
due to renewables
» Fast changing conditions in the network
- Fast behavior of components

- Traditional monitoring technology not capable of satisfying
requirements: types of signals, time-synchonization and speed of
data acquisition

 There is great potential of utilizing real-time Synchrophasor
data from PMUs (Phasor Measurement Unit) to extract key
Information related to fast changing conditions and
dynamic behavior
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Introduction

 Necessary to increase observability between T&D grids,
because of emerging dynamics active distribution networks
due to renewables
» Fast changing conditions in the network
- Fast behavior of components

- Traditional monitoring technology not capable of satisfying
requirements: types of signals, time-synchonization and speed of
data acquisition

 There is great potential of utilizing real-time Synchrophasor
data from PMUs (Phasor Measurement Unit) to extract key
Information related to fast changing conditions and
dynamic behavior

« Example of applications to extract such key information are
presented in this presentation.
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Previous Work

« Within IDE4L, KTH has developed concepts, methods and tools to
utilize PMUs in ADNs

Steady State Model
Synthesis (SSMS)

Decoupled Transmission
and Distribution Voltage
Stability Assessment

IEC 61850-90-5
Gateway for IEEE

C37.118.2 Dynamic Feeder/Line
Synchrophasor Data Rating
Transfer Adaptive Auto
Centralized and Reclosing

Decentralized Modal
Analysis

- Additional work has been carried out to demonstrate™nd enhance these
applications.

 Results from work on three applications is presented herein.
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Development, Implementation and Testing

using RT-HIL Simulation

 The development of the
applications has been carried out
using real-time hardware-in-the-
loop simulation

ey | voue

A real-time simulation model of active § W rra pih i W
distribution networks has been developed = - o
to test the applications )

* The real-time simulation model is B Ra——
interfaced with PMUs in HIL m“

- PMU data is streamed into a PDC, and the %
concentrated output stream is forwarded eV nerece
to an application development computer & - g =

- The computer makes available software — socenue ™" rocin - g W

development tools within the LabVIEW
environment that allows for the testing of
the applications using real-time
measurements from the HIL simulation

- All data acquisition chain is carried out
using the corresponding PMU standards
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Real-Time Steady State Model
Synthesis of Distribution System

oooooooooo



9 DEAL

ideal grid for all SLIDE 8 ® 18/05/2016 ® WWW.IDE4L.EU — IDE4L Symposium, Brescia

Background

» Currently, TSOs maintain reduced models of
portions of the distribution networks, however:
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» Currently, TSOs maintain reduced models of
portions of the distribution networks, however:

» The models covers limited portions of the
distribution network due to the lack of network
observability (measurement points) and
computational burden associated with simulating
large joint T&D models.
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Background

» Currently, TSOs maintain reduced models of
portions of the distribution networks, however:

» The models covers limited portions of the
distribution network due to the lack of network
observability (measurement points) and
computational burden associated with simulating
large joint T&D models.

» The models are not updated frequently.

 The reduction methods, used by TSOs, often make
assumptions that are no longer valid for active
distribution networks.

oooooooooo
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Methodology and Application

- Model parameters are obtained by writing KVVL equations
across the model branches and equate V,’s and I;’s to PMU
measurements.

configuration with an
arbitrary combination
of load and DG

The reduced steady state \\gﬁl
equivalent model for E <52

phase ‘a’

* X
R
A
S
}a‘lilﬂ nl ﬁi iﬁ'Ilﬁlglﬁ En 1' |i COOPERATION
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Methodology and Application

- Model parameters are obtained by writing KVVL equations
across the model branches and equate V;’s and |;’s to PMU

measurements.

configuration with an
arbitrary combination
of load and DG

Any feeder b m oo S .

The reduced steady state V,;?
equivalent model for E 8<g? i

phase ‘a’ 7 i
}g{iili nl ﬁi iﬁ'I|ﬁ|i|i Bnil |i }g;iili ] ii ii'llil;li Enql |ﬁp£uﬂcu

3 abc abc
i VT3 <o7
17‘ - 3 Vlabc<5labci
,,,,,,,,,,,,,,,,,,,,,,,,, 3 . | 1
N | 1
PMUat ‘i | |1abc<g0 abc ‘
Transmissiony == % Any feeder N2/ il

Level " . .
configuration with an

arbitrary combination
of load and DG

Distribution Level /

l-<p® R @ a\/a a—a_a_a_a_r/__‘
Ve TSI R KO, Kooy Do
_é\ |2:0
S Open-circuited
The reduced steady g
state equivalent <
model for phase ’a’ ®
E %<6®
E%<s?

|Ta<¢-|-a a a
VESST 2R @ 2X
The reduced steady state equivalent
model for phase ’a’
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Methodology and Application

- Model parameters are obtained by writing KVL equations
across the model branches and equate V;’s and I;’s to PMU
measurements.

Eventl
Event2

Eventl
Event2

g Eventl
Event2

=1.d4=
0 80 160 0 80 160
Estimated parameters of equivalent model

LabVIEW Application
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[llustration Example

- Steady state model of a portion of the reference grid is
estimated during wind curtailment at different dispatch

levels.
Legend
EPS Capacitor bank —H— @
Static load —= || Circuit breaker =4 :,_._| }_
- 848
Dynamic load [ || FOP 846
Voltage regulator d Recloser
Wind farm :,sﬁ._| }_
220kV
---------------- 864 ¢ 842 I
858 860 836? 840?
834 -
862
838

.....

’ : ' SIi 55 sie 10 step decrease

E 105 }_ﬁ%‘{ 510 ‘ 828 4—— 55% 836 _ _p

——_ S P 1 E in wind power
“~—— generation
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[llustration Example

- Steady state model of a portion of the reference grid is
estimated during wind curtailment at different dispatch

levels.
Legend
EPS Capacitor bank —H— @
Static load —= || Circuit breaker =4 :,_._| }_
- 848
Dynamic load [ || FOP 846
Voltage regulator d Recloser
Wind farm &M, _H_
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[llustration Example

- Steady state model of a portion of the reference grid is
estimated during wind curtailment at different dispatch
levels.

0,028
0,027
0,026
Legend
- 0,025
0,024
0,0355

EPS Capacitor bank —{ I— @ e
Static load = | Circuit breaker | —— — 4 0023 r—’J
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[llustration Example

- True and reproduced current and voltage phasors are
compared using TVE.

O - \/(V,(n)- V)Y + 0, )= V()

V.(n)y +V (n)

Variables with hat are reproduced ones.
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[llustration Example

- True and reproduced current and voltage phasors are
compared using TVE.

TVE for Current Phasor at PMU1

4 T T T
empirical
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V V 2 + V V 2 generalized extreme value
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2 2 g 28
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- - 2 15 —
Variables with hat are reproduced ones. S
o
1 M |
-
05 i e e
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" 0 . . | \_‘
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empirical empirical empirical
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COOPERATION
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Dynamic Line Rating for
Distribution Feeders




9 DEAL

ideal grid for all  SLIDE 21@ 18/05/2016 ® WWW.IDE4L.EU — IDE4L Symposium, Brescia

Background

» Dynamic line rating (DLR) Is a way to
optimize the ampacity of transmission and
distribution lines by measuring the effects of
weather and actual line current.
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Background

» Dynamic line rating (DLR) Is a way to
optimize the ampacity of transmission and
distribution lines by measuring the effects of
weather and actual line current.

* The inputs needed for the method:
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Background

» Dynamic line rating (DLR) Is a way to
optimize the ampacity of transmission and
distribution lines by measuring the effects of
weather and actual line current.

* The inputs needed for the method:

« Ambient data => provided by a close-by weather
station.

» Line loading => provided by PMU
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Background

» Dynamic line rating (DLR) Is a way to
optimize the ampacity of transmission and
distribution lines by measuring the effects of
weather and actual line current.

* The inputs needed for the method:

« Ambient data => provided by a close-by weather
station.

» Line loading => provided by PMU

» Real-time sag => provided by a GPS-based
measurement device.
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Methodology and Application

Conductor
data from datasheet

Real-time data

Kalman Filter Real-time ampacity calculation

Real-time measurement
——of Sag from GPS receiver
(~1 sample/min)

Temperature  (~1sample/min)
(Kalman prediction) Ambient data
from weather station
(~1 sample/10 min)

(~1 sample/5 sec)
Conductor temperature

N Conductor temperature
for initialization

_Conductor data -
from datasheet

Real-time line loading
——(current phasors from PMU)

(~50 sample/sec) Real-time ampacity

Temperature (~1 sample/ 5 sec)
{Kalman prediction)
(~1 sample/5 sec)

Ambient data from
weather station
(1 sample/10 min)

—Conductor data from datasheet

Kalman correction

COOPERATION
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Real-time data
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—of Sag from GPS receiver—»
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Conductor
data from datasheet

|

Kalman Filter

State Change

logy and Appl
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. Temperature
(~1 sample/min) Equation (Kalman prediction)
¥
Conductor temperature Kalman filtering
for initialization -
Real-time line loading L
{current phasors from PMU}—>
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Ambient data from Temperature
weather station ——» IEEE 738
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—~Conductor data from datasheet—

—(Kalman prediction)
(~1 sample/5 sec)
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122300
20160503 2016-05-13

1248 127240
WI6-05-03 2026-0°

600 P 230 100
210503 2016-05-03

20160503 2160503

2509 e UG 134

o
503 2016-05-03 2016-15.-03 2016.05-03 2016-05-03

Conductor temperature

Ication

Real-time ampacity calculation

(~1 sample/5 sec)

—

Conductor data

Ambient data
from weather station
(~1 sample/10 min)

~ from datasheet

IEEE 738

A \

Real-time ampacity
(~1 sample/ 5 sec)

v

Diameter Heat Capacity Epsilon  Alpha  Rdc(20) R Ti

Joowo 11 o5 o LT foies-generatin miont

Day of Year Hour angle Report eters

Juo | e s

o Tlapshimimitisi e

B . 12:39:41.080
s 602.254 [ 2zeey 0|00 /
2016-05-03.
608 -}

o 06
£ 604+

i

2]

a00-8
127054

127158
160593

127554
20160503

1735
W-05-03 2016-05-13

|29.5215

7.5
2016-05-03

0-8 0
12:1948 D148
2016050

122349 122149
2016-05-03 2A016-05-03

12250
201 2016-05-03

ey

14y
WG W0 016050

1218
160503

123035
2016-15-03

W16-05-01

12:28
2016-05-13

Y

122080
2160503

Time

Al

54 13154
2016-05-03

/

12aTse 123035
WI6-05-03  2016-05-13

B e

35
0160503

13555
160513

123148

L34
2016-05-03

1253549
2016 3

e Rk
2016-05-03

W5-05-03 2016-05-01

13149 12:3% 9 Zine 103
AI50) WIGN50I WENS0I NMD503 060503



9 DEAL

ideal grid for all  SLIDE 28® 18/05/2016 ® WWW.IDE4L.EU — IDE4L Symposium, Brescia

Sample Results

« Results are obtained by
applying the method on data
from a real feeder.

» Qutput shows accurate
correlation with different
Inputs.

Minutes

2500 ————————— —————————

2100
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T
2 1800
00

600

500




-

IDEAL

ideal grid for all ~ SLIDE 290@ 18/05/2016 ® WWW.IDEAL.EU - IDEAL Symposium, Brescia

Small Signal Dynamic Analysis
of Distribution System

oooooooooo
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Background

» For reliable operation of the power system,
oscillations are required to decay.
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Background

» For reliable operation of the power system,
oscillations are required to decay.

« Accurate and real-time estimates of active

distribution networks oscillatory modes has
become ever so important.
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Background

» For reliable operation of the power system,
oscillations are required to decay.

« Accurate and real-time estimates of active

distribution networks oscillatory modes has
become ever so important.

» Timely extraction of these modes and related
parameters from network measurements has
considerable potential for near real-time
dynamic security assessment.
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Methodology and Application

PMU data collection

and transmission

Dynamic component extraction by
Kalman filter

1

Data pre-processing (detrending

and downsampling)

Ringdown
detected?
Ambient analysis

(ARMA)

Ringdown

Modal parameters analysis (ERA)

Modal parameters

COOPERATION
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Methodology and Application

PMU data collection

and transmission

; e || =
Dynamic component extraction by = (o
0 [osnem 1] fowoi |

Kalman filter

g
E

[ = :
o] Y -
b) (d d = F = b
ata pre-processin etrendin = v &
pre-p g . g )| W o s u
and downsampling) e |5
“l;:‘mlﬂﬂl n:lum o O mc-m;\ mom:m Moe: [ |
Ringdown G (e o 5 "
et ) p i
detected? e - I -
] ] = “fw ) .. -
Ambient analysis o ;;
(ARMA) —

Sl LabVIEW Application

Modal parameters analysis (ERA)

Modal parameters

COOPERATION




B DEAL

ideal grid for all ~ SLIDE 35@ 18/05/2016 ® WWW.IDE4L.EU — IDE4L Symposium, Brescia

Implementation Architectures
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Implementation Architectures
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[llustration Example

» 4 PMUs were deployed in the reference =
grid to be used for mode estimation

under two
different
architectures
of centralized
and
decentralized

Legend

EPS HH]
Static load =
Dynamic load
Voltage regulator @’
Wind farm ﬁ
PV farm
Residential PV system
CES
Capacitor bank —] —
Circuit breaker E3
FOP

Recloser
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[llustration Example
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[llustration Example
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[llustration Example

Forced local oscillatory mode detectable in

decentralized architecture
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