ion of Real-Time Simulation in power systems
enoit Marcoux
IPAL-RT Business Development Manager Asia
tober 30t for NEDO, Japan
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OPAL-RT IN BRIEE

* Established in 1997
* Over 450 employees worldwide
* More than 2200 customers
* Universities
* Industrial
* R&D organisations
* 20% of turnover reinvested in R&D

* President, CEO & CTO and founder: Jean Bélanger
(25 years at Hydro-Québec Research Institute (IREQ))

Real-time simulation and Hardware-in-the-loop (HIL) for:

v’ Power systems

v’ Power electronics
v Aerospace

v’ Automotive

OPAL-RT

TECHNOLOGIES
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OPAL-RT IN BRIEF

* Headquarters located in Montréal, Canada
* OPAL-RT offices in Michigan, Paris, Bangalore, Beijing, Chile

* Distributors located in

Y OPAL-R
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OPAL-RT IN BRIEF
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OPAL-RT IN BRIEF | 3| HYPERSIM
G5
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HYPERSIM® Customers

Since 1997, OPAL-RT has earned the trust of over BDD custamers, including Fortune 500

companies,

and latx ies. More than 2000 users currently run

OPAL-RT in 40 countries around the world.

HYPERSIM® pravides engineers with a range of salvers and toolboxes, through an

advanced real-time simulation platform featuring Hardware-inthe-Loop (MIL) testing,
Whether you're developing, integrating or testing, or simply tired of waiting hours for a
few seconds of sirulation, HYPERSIM provides the solution.

PROUD USERS OF HYPERSIM®

North America

USA CANADA

Arganne National Laboratory AlSLOm

California State University, Concordia University

Bakersfield Gertec

Dominion Energy Mydro Québec

Georgia Institute of Technology ISttt de recherche dHydro- e

llknois Wstitute of Technology Québec {IREQ)

Naticaal Grid MCGill University g Energy UF ORI
National Renewable Energy University of Tecante

Lataratory (NREL)

New York Power Authority (NYPA) ILLINOIS
Pacific Nocthwest National Latin America SR A
Lataratory BRAZIL

Rensselaer Poltechnic Institute
{RPY)

CEPEL
COPPE-UFR) @ |
Enel P o—n"

Sandia National Laboratories

Siemens Industry Instituto Militar de Engennaria (IME)

Seuthern Calfornia Edson TAEE i

P %

Seuthern Cormpany Operador Nacional do Sistema aticnalgrid e

Texas Tech University Elétrico (ONS)

Uriversity of Central Aorida Universidade de Brasilia (UnB) Ik

Uriversity of Alorida (UFL) Universidade Federal de Santa raure® UNIVERSITY
: 6 RN ISUAND

Urivessity of Binos a Urbana- Maria

Champaign CHILE

gf:'?::lv of Nerth Cardling Universidad de Concepcitn i“NREL @StThomas

" e o —

Urniversity of Rhode lslang ;?LOM BlA

Urivessity of SL Thomas S Eletrobras

Uriversity of Tennessee, CQSTA RIGA : bicagy ==X Cepsl

Chananooga Universidad de Costa Rica

Urniversity of Wyoming y x

Washington State Uriversity m

MEXICO Middle-East & Africa —

Eoutelsa ALGERIA

Instituta de Energias Rencvables ENPO Wi St

(IER) PAKISTAN A Southemn Compeny LN
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Different Simulation Applications

For off-line simulation
or real-time simulation

For real-time
simulation only

Real control, simulatea plant

Real and simulated plant

Y OPAL-RT
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MAIN APPLICATIONS

HYPERSIM

MODULAR

WIDE AREA '5"5’-1“ MULTILEVEL = = == = &S
MON%TORING CONVERTER& ‘

‘BATTERY“ x

MANAGEMENT SYSTEMS

B OPAL-RT

=ss¥l TECHNOLOGIES



CEPRI uses HYPERSIM to simulate the backbone of AC and DC power grids in
China. The simulated power system consists of 8 HVDC links and 800 buses.

CEPRI has recently expanded their Hardware-in-the-Loop (HIL) capabilities by
acquiring 30 OPAL-RT OP5607 1/0 expansion chassis. Ten are currently
connected to a SCADA system and control replica (ABB).

CEPRI are in the process of adding OPAL-RT’s FPGA-based Modular Multilevel
Converter (MMC) capabilities to their overall setup

CEPRI

FR e o 54

CHINA ELECTRIC POWER RESEAR

* 3000 3-phase buses
® 260 generators
© 4000 transmission lines

* 7 HVDC

Run on 200 cores
@ 50 ps with 1/0!

!__ UOrAL-RI
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HYPERSIM

HIL Test in CEPRI and examples for MMCadlinks

. TECHNOLOGIES



HIL Test in CEPRI and examples for MM

 The first multi-terminal MMC-HVDC
system in the world

e +160kV/200MW MMC-HVDC
Transmission System

* The control and protection system is
qguite complicated:

v’ Hierarchical structure (multi-layers)
v" Multiple time scale
v" More than 10 suppliers

v' More than 25 cabinets
interconnected

Y OPAL-RT
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HIL Test In CEPIil and examples for MM

EPRI of CSG led the R&D, integration test and commissioning Maintenance (2014)

Design (06/2012)
Define the strategies
and specification

Accelerated Validate (12/2012) %
SIL ‘ Validate basic C&P

scheme and model Tuﬁnﬁﬁﬂ
Prototyping (05/2013)
RCP and HIL ‘ Unitary test for each
subsystem
(manufacture's lab)

Implementation
Production Code
Physical Components

Reproduce faults and
validate the
modification

Commissioning

(12/2013)
Integration (09/2013)
System test and HIL
coordination -
(CSG’s LAB)

Y OPAL-RT
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* An OPAL-RT real-time HIL
simulator was built to test the
static and dynamic performance of

the control system

B

—

e Detailed MMC Model (3°X1200
sub—modules? was used, and the
valve controller is connected to
the simulator by fast serial
(Aurora) protocol

* Time step: 250ns for MMC valves
and 25us for wind plant and
power grid

e 561 scenarios have been tested

repetitively on the HIL system

OPAL-RT

TECHNOLOGIES

MT-VSC-HVDC
+Wind plant+Power grid

RT-LAB Simulator




HIL Test in CEPRI and examples for MMCJl

Impressive Short Circuit Test!!

The HIL test bench demonstrated very
high fidelity and also helps the utility for
accident analysis

P OPAL-RT
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The first bi-pole MMC-
HVDC system in the world

- 320kV/1000MW MMC-
HVDC Transmission System
to supply power to Xiamen
(a large city in an island)

The control and protection
system consisting of more
than 50 cabinets supplied
by two different
manufacturers

OPAL-RT

sl TECHNOLOGIES
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Combined HIL and SIL Tests

Y OPAL-RT
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HVDC Link France-Spain validation

[: ‘r‘ \

e Toulouse Montpellier
The underground electricity interconnection /\_ﬂv
between Baixas (France) and Santa Llogaia

Tl . : . Pamplona Perpignan
(Spain) is a globally pioneering project. . o Bt o3
L_.A-" "N x\
\\/ﬁ‘\_-/_/'
This project allowed the interchange capacity to be doubled from 1,400 SANTA LLOGAIA
to 2,800 megawatts (MW), while also increasing the security, stability and
Saragossa Lleida
quality of electricity supply in the two countries as well as in the rest of ° >
Europe.
A
/

Y OPAL-RT
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HVDC Link France-Spain validation

SANTA
BAIXAS HVDC link 1 LLOGAIA

B CB_SPRB1

SPRB1
HVDC link 2
ﬁ
M2A 2 . 2 M28B
cB_sprA2[ | | | CB_SPRB2

SPRA2

Y OPAL-RT
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HVDC Link France-Spain validation

260 —~ 260 ’ ; 7 : ' ; ' :
240 : v : 255 ---EMTP
220 250 :
200 245 s bR
180 R h: I\ \
! : '
$ 160 e AT N AWA YA\
= =235 A Lot 1 9 1\l WAl A
o 140 g t K i ' A L I Y (R T |
2120 £230 ' PO \ - : g T v
= S (- H
2100 ---EMTP Sas{ b BAAL W W (PR A » {j l|
80 g ' v W\l ; \
a5 = Hypersim 2201 4, H ‘J /!
215( ¥ "
40 ' — Hypersim
20 210 yp
. A i ] | . . i . 205
81T 02 03 04 05 06 07 08 09 1 1.1 8%25 0526 0527 0528 0529 053 0531 0532 0533 0534
Time (s)

Time (s)

Zoom on positive pole voltage at cable terminals during

Positive pole voltage at cable terminal during starting
starting sequence

sequence

Y OPAL-RT
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HVDC Link France-Spain validation

Pole-to-ground fault position

ZnOp, Zn0Og,
+
Zn0p: Zn0g:
o Fault igniti | 0
-360 ' : e Hypersim - -1 ---EMTP
-380 ] : -1.5 = Hypersim with HIL
=-400 - : 5 = 3 -2 : : s -
o -420 : : AP TCT I I I S S _ )
5'440 i g -3 SUUSET [ OO R O S :. ST SO SYUUTRTUN SOPVOION SORUUU ORI
S_460 - il = . . f
>—480 _ 0-35 . | |
-500 S — -4 F B
_520 : : _4_5 : S— 4 SRS SR U SRR SR
~540 ‘ — Converter blocked _ [‘&C CF ope.n = ' A
8995 6 6.005 6.01 6.015 6.02 6.025 6.03 6.035 6.04 6.045 6.05 6.055 5795 6 6.005 6.01 6.015 6.02 6.025 6.03 6.035 6.04 6.045 6.05 6.055
Time (s . . Time (s)
OPAL-RT DC vo)ltage at cable terminals Current in the surge arrester connected
- healthy pole) durin
___b__ SFE AL y pole) g to the healthy pole

pole-to-ground fault



HVDC Link France-UK validation

. g . M 4
France “ \— N2}

United Kingdom

2000 MW +/ 270kV
45 km Submarine and 26 km Underground HVDC Line

Y OPAL-RT
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HVDC Link France-UK valldatlon

Power +1000MW

200 ms single
phase fault

==\/dc pole1 Hypersim==\/dc pole1 FAT [COM1] == |dc pole1 Hypersim==Idc pole1 FAT [COM1]

kA)

Current

02 05.4 ol_s o?s 1 1. ' ’ ! ’
Time (s) 0.2 04 06 08 1 12
. ] Time (s)
Comparison of DC line voltage _ _
OPAL- RT at pole 1 for AC single phase Comparison of DC line current at pole 1 for
AC single phase short duration fault test

TECHNOLOGIE short duration fault test




HVDC Link France-UK validation

N LA
Pole-to-ground fault position rZ"? P .
ellindge

Les Mandarins

__________________________

Degree

: . , , , Comparison of alpha angle at
016 017 018 0.19 02 021 022 Pole 4 during the cable fault
Time (s)




Wind Power Plant Integration

Gaspésie

Difficulties and Complexity
* Very Long Transmission Lines

e Low Short Circuit Ratio

* Big temperature variations
BNM OPAL-RT
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Wind Power Plant Integration

Main characteristics of the |
Gaspésie system
« Full transmission system e, (BT,
315, 230, 161, 120, and 69 kV|
* 4 series-compensated 315-kV
lines (60% compensated)
* 68 substations (18 are WPPSs)
« 300+ busbars
* 130 power transformers
with surge arresters ekl ,___ """"
« 2 HVDC interconnections with | /-~ "5
New Brunswick (2 350 MW)
4 synchronous condensers
*|load range 300 ->1200 MW

,,,,,
Saint-Ulric - Saint-Léandre

E .‘ \ Bales des Sables
\&

A
—Q.ac AIfred ‘ ,{Vent du Kempt

Kamouraska

100 km

Approximative distance

\_~

Carleton

(summer) -> (winter) To 735 ky'/

!___ OPAL-RT Total 1750 MW from wind generation

sl TECHNOLOGIES
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Wind Power Plant Integration

d o : Baie-des-Sables
GE109.5 MW

Mont-Louis
: GE 100.5 MW
T RIMOUKI 230/69 kV GOEMON - Gros Mome
RIVIERE-DU-LOU ) 230/161/69 kV
315/230/120 kV 52 : GEV211'5 e

it

{ap &)
- > =S m— %
S| 230KV g -
RIMOUSKI 315/230 kV [ 2 -

W S——
o ] e :
KAMOURASKA 315 kV_
315kV A " LESBOULES A
P T ! b
735/315 kV D= %: " StDamase | zonzw ' - ; s
g | Enercon 24 MW o w-G—3 1 Nordais-1 odaR2 3
e C e == & f- \ Neg Micon 43 MW| ANeg Micon S7 WV | ‘Riv iére-Sainte-Anne
. Lac Affred =1 . Capacitive Divider
315 kv SN e hadapl 8l [REpovers25MW | L=
1 Le Plateau D —@@{ I Vwwn  StUlic/St-Léandre ;

] GE127.5 MW

'@: Three-Winding Transformer

161 kV
-0~ Two-Winding Transformer LR Vent du Kempt Vef:l:::st :l;ller e "
=% Zigzag Grounding Transformer Enercon100 MW 5 £ ],@'{:‘““"1@ T Montagne-Séche
4™ ollector System For WPP \ Carleton = @—F@ B GE 58.5 MW
—_ Load GE 109.5 MW  Mont Copper | A & .
Synchronous Condenser éé 315 kv : o E. .

New Richmond w4 é
Enercon 66 MW ¢+ Y

HVDC Interconnection AC Filters

—t 315 kV Lines

&4
MATAPEDIA | 2
3151230 kV )

——+ 230 kV Lines 3

1161 KV Lines LL 230 kv B < @9 Anse-d-Valleau
F——+ 120 kV Lines { ol GE 100.5 MW
——+69 kV Lines %
——t34,5 kV Lines MICMAC

——+ 25 kV or less Lines

. D I TO NEW-BRUNSWICK
—

g g g J & ] 230/161 kV
v of3 il/
AC Filters

TO NEW-BRUNSWICK




Wind Power Plant Integration I]] HYPERSIM

Blue EMTP RV Hed HYPERSIM

The validation procedure performed on the Gaspésie
transmission system consists in simulating more than 15
faults at various buses with multiple timings and conditions.

Current (kA)

The conformity of the Hypersim results with those of

EMTP-RYV for each simulation confirms the validity of the
Hypersim implementation

An example that illustrates this good conformity is the system Time (s)

response to a six-cycle three phase-to-ground fault appliedaf, ~~~ Blue: EMTP-RV, Red: HYPERSIM

0.16 0.2 0.24 0.28 0.32 0.36

a 230-kV bus. The fault is applied at t=0.2s and eliminated at
t=0.3 s. See Phase A current and voltage waveforms which
are identical between EMTP-RV and HYPERSIM.

As shown in these figures, the comparisons of the results
are excellent despite a high number of saturable transformér§5_
and surge arresters. These devices exhibit severe nonlinear

|
|
. . |
tensiics g S DA A R I
B OPAL-RT 016 02 024 028 032 O
=Wl TECHNOLOGIES Time (s)



Different Simulation Applications

For off-line simulation
or real-time simulation

For real-time
simulation only

Real control, simulatea plant

Real and simulated plant

Y OPAL-RT
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PHIL Testing for sland Freguency Improvemen

AL

OPAL

TECHNOL

Island Grids :

Weak Grid

One grid operator (TSO+DSO)
Fossil fuel power plant

Integration of renewable energy distributed generation

Restriction factor to the integration of renewable energy generation
Reduction of the
‘ power system inertia ‘ Fossil fuel Power
Viore and more o Plant used on a
renewable energy
‘ Primary reserve
allocation problem ‘

== | One solution : Connect DESS to the island grid

non-optimal point
=> Pollution
increase




ML L 2EP
UN oo sgemoeonguee
OPAL

TECHNOLLC

"~

N

48,20

48,00 1

50 475 500 525 6550 575 600 625 650 675

Main Goal

5 900 925 950 975 1000

Frequency response in
Guadeloupe Grid after a power
plant fault

To Test using PHIL application the advantage to connect supercapacitor device to island grid

Application case : Medium voltage network of Guadeloupe island (63kV)



PHIL Testing for Island Frequency Improvement

v

v" Coal Power plant fault producing 22.7MW of a total consumption of 140MW
v’ Supercapacitor storage device virtual insertion in Sainte Anne substation

[E 1DII|'n

Grande-Terre

Basse-Terre Désirade

o St. Frangois

* §te Alm‘e. Li
Tams = Ligne 63kV

== Ligne sous-marine (HTA)
O Poste source
g Poste distribution

QR e Marie-Galante
"-.

o
\‘ -
b
Ay
. L

LL‘EEP Les Sainte@'e:p
f

[\
OPA Storage objectives : Peak frequency and dynamic transient settling time reduction
B O st

—
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EMULATORS (source — load-storage)

Industrial Renewable Classical Production

AC Experimental grid

Process Sources Synchronous machine ® = = Computer network

15 kVA
Power
amplifier

Q 5 |
| 1 1
| | Al |
| I I Supervision

OPAL-RT

Real Time :

. L ——— Super =

:‘\L Lé&p Plant Capacitor Micro turbine
R\ o dbecooecnigutis

18 kWp 14,8 F -390V 30kWe

TECHNOLOGIES
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-.Low voltage real-time
simulated network

DAC _ Y e

o - ——— -

ADC

amplifiers

£ - ————— -

Simulated

Photovoltaic Cells The aim of this experiment was to test capability to

....................... manage the voltage in a distribution grid.
OPAL-RT dortmund " g ontralelille

TECHNOLOGIES university centrae o LLE B
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a) Voltage in point 1,23 4

1
1400

b) Reactive power in point 1,2,3,4 b) Reactive power in point 1,2,3 4

As expected, the 2nd inverter adjusts its reactive power to

Cwe voltage which induces a slight decrease on the voltage.

® centralelille

. OPAL-RT dortmund
Wl TECHNOLOGIES university centraLE o LiLE [P




Rte

Réseau de transport d’électricité

AL EP
U oo

trotechnigue et
wuissance de Lille

RSE

Sistema

Energetico

And many other groups

Real-time simulator
Sample time AT:

10-20ps Wind farms

Real-time simulation

. DCPower
Ampilifier /e> Amplifier
\ I
L e
ACPower Real /’Qﬁxam cables
Amplifier VSC DC Power

2 Amplifier

S

AC Power

BN OPAL-RT

sl TECHNOLOGIES

Amplifier

=@= DCExperimental grid
- = Communication Network




« A PHIL setup has been developed within Twenties European
project to test the fault detection and management of the power
In a 5 terminal DC grid

And many other groups

OPAL-RT

TECHNOLOGIES

Several types of coordinated control strategies between the
wind farm side Voltage Source Converters (VSCs) and the grid
side VSCs have been tested on the proposed PHIL system.
The goal is to test the remote control algorithm for its
optimization and safe operation of the whole system in normal
operation with different wind profiles at each stations.

Tests results show that the control strategy with coordination
between different substations greatly reduces the voltage
variations of the grid.



WE GS1 GS2 WF1 WE2
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400

200 &

Z

1 1 H SR 5 :
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200 [0 e oy AP 200 Fo

-400
0

Time [h] ) ) )
b) With coordination

Offshore wind farms profiles

a) Without coordination

—Station 3

etationa The control strategy with

—Station 5/ coordination between different
. | substations greatly reduces the
500" , M voltage variations of the grid

Y OPAL-RT
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Dynamic Voltagﬂé Restorer (DVR)

* New paper factory to be built if utility can guarantee Plant voltage stability
* Factory must operate if 2 phases faults occurs

* Paper mills typically use DC Motor with Direct Drives (no gearbox)

* Normal Operation is slow speed (usually 100-500 rpm

Y OPAL-RT
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Dynamic Voltage Restorer (DVR)

* Any major voltage variations causes motors speed to change abruptly

* Those speed variations ultimately break the paper

» Complete restarting process cost time and money

Forming section  Press section Drying section

T

P —

"-Vw

we

BN OPALRT




Dynamic Voltagé Restorer (DVR)

Work Scope A

Bridge Mot

: " g g =l = B e
* Make Model includes ’ ‘#MT_ Fﬁ;iﬁ"ﬁ e
—bw Mo Lag Op

> - et W Mot
. y otE ERIGS + I ity I Ide. Mot
- ‘Choke = < _ = viabic
i ; \C G rl d =08 }_ ™ E %Ng ;I}i'l\}"k‘yfﬁ\f lrj g e |I—y>—t>|=:a:i§:ys'::uchou
H Precision_Enable

* |ndustrial Plant | é} o | s

« DVR - 600V Bus .

* Perform 2-phase ‘ - Lo %ZSkV Bus
fault with-without o -

; :H;w

N e
DVR SR %“i:—‘ b=
oltage | | e
. e . ) Restorer bz | o Se—

* Submit specifications i § A L ——— - J

to manufacturer ' Gy o

=

* Test HIL before

on-site installation o Do
BN OPAL-RT
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Dynamic Voltage Restorer (DVR)

ScopeView
Application of The Dynamic Voltage Restorer (DVR)
Voltage at Bus B25 Voltage at the Industry Plant DC Motor Current
==B25\fa ==B25\h ==B25.\c ==B600.Va ==B600.Vh ==B600.\c == simulink_dcdrive.ldc_Mot
500 6000 T
= -~ 5500
: : 3 !H"H I !I'W\ il
o @ < | i (il (il it
o 2 0 5000 |
: g I \HHH \HH Ll
° ol
2 - > 4500
-500 4000 -
0 0.1 0.2 0.3
Time (s) Time (s) Time (s)
Voltage at the Entrance of Industry Plant DVR Inverter Voltage DC Motor Speed
==B25p_\a==B25p_Vh==B25p_Vc ==Busliny_Va==Businv_Vh ==Buslnv_\c ==simulink_dcdrive.RPM_Motor
40 X X 0.2 1520
oy . ) AlpD s
z 20 S 0.1 fiih |r '1 l E
Q L :
0 > 01 |I | il \ [RJLATA A | = 1500 - USSR L
s = o
Y O
2 201 > 0.1 ‘.l t' 'J AN, 2
40 ’ ’ 0.2 1480 = !
0 0.1 0.2 0.3 0 0.3 0 0.1 0.2 0.3
Time (s) Time (s) Time (s)

DVR Voltages and DC Motor Speed and Currents [




Dynamic Voltage Restorer (DVR)

Application of The Dynamic Voltage Restorer (DVR)

Voltage at Bus B25
==B25.\a==B25.\Yh==B25.\'c

Voltage at the Industry Plant
==B600.Ya ==B600.vh ==B600.Vc

40 1000
gzo S 500

@
0 2 0
8 =
oy o
2 201 > 5001

40+ -1000 ' :
0.1 0.2 0.3
Time (s) Time (s)

Voltage at the Entrance of Industry Plant
==B25p_Va==B25p_Vh==B25p_Vc

DVR Inverter Voltage
== Businv_Va==Businv_Vh ==Buslhv_\c

40 0.4
2 E 0.2 '
0 I

2 ° i ' )
g $
2. >0.2

40 ’ | 04 | :

0 0.1 0.2 0.3 0 0.1 0.2 0
Time (s) Time (s)

DC Motor Current
== simulink_dcdrive.ldc_Mot

1.2

Idc (A) x10E4
o o
» @

0 0.1

0.2
Time (s)

DC Motor Speed
== simulink_dcdrive.RPM_Motor

1600

1500 1

1400

Speed (RPM)

1300
0

0.1 0.2

Time (s)

0.3
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Dynamic Voltage Restorer (DVR)

Voltage at the Industry Plant
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Voltage at the Industry Plant
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What must be'studies about SMART Ggid? EI HYPERSIM

* TOO M d ny Distribution Operation
TOpICSI I I Field Device Operation

Transmission Operation
Market Enablement Visibility and Control

IEEE Smart Grid Domais & Sub-domains

Service Provider Enablement

OPERATIONS SERVICE
PROVIDER

Architecture (Interoperability, Usability, etc.)

Business Process Re-engineering

Communication Systems

Economic Justification, Cost Recovery Models
Education and Training

Environmental Impacts and Efficiency

Information and Data Management

Strategy, Policy, Procedure and Standards

System Resiliency (Cyber Security, Critical Infrastructure
Protection, Reliability Compliance)

Advanced Pratection

Asset Management and Optimization
Micro-Grid and Nano-Grid

Smart City

Substation Automation

Transmission Automation

FOUNDATIONAL

Advanced Protection

Asset Management and Optimization
Customer Enablement

Demand Response

Micro-Grid and Nano-Grid

Plug-in Vehicles

Smart City

Smart Metering Systems

Substation Automation

Transmission and Distribution Planning

SUPPORT SYSTEMS

/i
Zal

GENERATION
BULK NON-BULK

‘
-
-
<

GENERATION GENERATION

Advanced Protection

Asset Management and Optimization
Distribution Automation

Micro-Grid and Nano-Grid

Power Quality Management

Smart City

Substation Automation

Transmission and Distribution Planning

1‘\ Nl IE /l\ & Distributed Energy Resources

Transmission and Distribution Planning | Generation Advancements
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Secure Communication Flows
................... Electrical Flows

Distributed Generation
Energy Storage Systems




CONCLUSION

* Simulation tools capable of MIL/SIL, HIL or PHIL are essential to cover all phases in
project: from original idea, to concept, to prototype, to final system

e EMT Simulation is the only method to accurately reproduce real world results as
shown in the presentation’s examples.

* Automatic Testing tools are key to obtaining results that cover all possibilities by
performing hundreds of thousands of tests

* Only guaranteed method for Grid Owners is to perform HIL testing of all power
system devices before field installation. And having a simulation group.
* Thus greatly reducing on-site work, cost and risk of failures.
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Questions...?
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