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• 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:

✓Power systems
✓Power electronics
✓Aerospace
✓Automotive
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• Headquarters located in Montréal, Canada

• OPAL-RT offices in Michigan, Paris, Bangalore, Beijing, Chile 

• Distributors located in Brazil, China, Colombia, Japan, Korea, Mexico, Pakistan, Russia, Singapore, 
Malaysia, Taiwan, Australia, Vietnam 
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Real control, simulated plant

HIL

MIL or
SIL

100% simulation

PHIL

Real and simulated plant

Different Simulation Applications

For off-line simulation  
or real-time simulation

For real-time 
simulation only



MAIN APPLICATIONS



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 I/O 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

HIL Test in CEPRI and examples for MMC links



Xiamen (State grid): Bi-

pole MMC ±320 kV, 1000MVA 
HVDC for city power supply  

NanAo (China Southern  grid):
Three-terminal ±200 kV

200 MVA HVDC for renewable 
energies collection

HIL Test in CEPRI and examples for MMC links



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

• ±160kV/200MW MMC-HVDC 
Transmission System

• The control and protection system is 
quite complicated: 
✓ Hierarchical structure (multi-layers)
✓ Multiple time scale
✓ More than 10 suppliers
✓ More than 25 cabinets 

interconnected 

HIL Test in CEPRI and examples for MMC links



Implementation
Production Code

Physical Components

EPRI of CSG led the R&D, integration test and commissioning
Design (06/2012)

Define the strategies 
and specification 

Validate (12/2012) 
Validate basic C&P 
scheme and model

Maintenance (2014)
Reproduce faults and 

validate the 
modification

Accelerated 
SIL

Prototyping (05/2013)
Unitary test for each 

subsystem 
(manufacture's lab)

RCP and HIL

Integration (09/2013)
System test and 

coordination 
(CSG’s LAB)

HIL

Commissioning 
(12/2013)

HIL

HIL Test in CEPRI and examples for MMC links



• An OPAL-RT real-time HIL 
simulator was built to test the 
static and dynamic performance of 
the control system

• Detailed MMC Model (3×1200 
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 25μs for wind plant and 
power grid

• 561 scenarios have been tested 
repetitively on the HIL system
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Impressive Short Circuit Test!!

HIL Test in CEPRI and examples for MMC links

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



• 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

HIL Test in CEPRI and examples for MMC links



Test results of deblocking the sending end MMC valve

Combined HIL and SIL Tests Field Tests

HIL Test in CEPRI and examples for MMC links



HVDC Link France-Spain validation
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Positive pole voltage at cable terminal during starting 
sequence 

HVDC Link France-Spain validation

Zoom on positive pole voltage at cable terminals during 
starting sequence



HVDC Link France-Spain validation

DC voltage at cable terminals 
(healthy pole) during 
pole-to-ground fault

Current in the surge arrester connected 
to the healthy pole

Pole-to-ground fault position



HVDC Link France-UK validation

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



HVDC Link France-UK validation

Comparison of DC line current at pole 1 for 
AC single phase short duration fault test

Comparison of DC line voltage
at pole 1 for AC single phase 
short duration fault test



HVDC Link France-UK validation

Comparison of alpha angle at 
pole 4 during the cable fault

Pole-to-ground fault position



Difficulties and Complexity 

• Very Long Transmission Lines 

• Low Short Circuit Ratio 

• Big temperature variations 

Wind Power Plant Integration

Gaspésie

Québec



Main characteristics of the 

Gaspésie system

• Full transmission system 

315, 230, 161, 120, and 69 kV

• 4 series-compensated 315-kV

lines (60% compensated)

• 68 substations (18 are WPPs)

• 300+ busbars

• 130 power transformers 

with surge arresters

• 2 HVDC interconnections with

New Brunswick (2 350 MW) 

• 4 synchronous condensers

• load range 300 ->1200 MW 

         (summer) -> (winter)

Wind Power Plant Integration

Total 1750 MW from wind generation



Wind Power Plant Integration



Wind Power Plant Integration

The validation procedure performed on the Gaspésie 

transmission system consists in simulating more than 15 

faults at various buses with multiple timings and conditions. 

The conformity of the Hypersim results with those of 

EMTP-RV for each simulation confirms the validity of the 

Hypersim implementation

An example that illustrates this good conformity is the system 

response to a six-cycle three phase-to-ground fault applied at 

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 transformers 

and surge arresters. These devices exhibit severe nonlinear 

characteristics



Real control, simulated plant

HIL

MIL or
SIL

100% simulation

PHIL

Real and simulated plant

Different Simulation Applications

For off-line simulation  
or real-time simulation

For real-time 
simulation only



PHIL Testing for Island Frequency Improvement
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PHIL Testing for Island Frequency Improvement



PHIL Testing for Island Frequency Improvement



PHIL Testing for PV Inverter Reactive Power control

The aim of this experiment was to test capability to 

manage the voltage in a distribution grid.



PHIL Testing for PV Inverter Reactive Power control

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

the voltage which induces a slight decrease on the voltage.



PHIL Testing for DC grid fault management

And many other groups



And many other groups

• 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

• 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.

PHIL Testing for DC grid fault management



PHIL Testing for DC grid fault management

The control strategy with 

coordination between different 

substations greatly reduces the 

voltage variations of the grid



• 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) 

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

Dynamic Voltage Restorer (DVR)



Work Scope

• Make Model includes
• AC Grid

• Industrial Plant

• DVR

• Perform 2-phase 
fault with-without 
DVR

• Submit specifications 
to manufacturer

• Test HIL before 
on-site installation 

Dynamic Voltage Restorer (DVR)

600V Bus

25kV Bus



Results

• 30s simulation in 90s wall clock time 
(3X Performance) 

• 50us time step used for the main grid

• 6-10us time step used for the DLL controllers

Dynamic Voltage Restorer (DVR)
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Dynamic Voltage Restorer (DVR)



What must be studies about SMART Grid?

Electrical Flows
Secure Communication Flows

• Too Many 
Topics!!!



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

• 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.



Questions…?



RT24 in Tokyo

・開催期間 ： 2024年11月29日（金） 午前10:00～午後5:00（日本時間）
・費用 ： 無料（複数名様でのお申し込みも歓迎いたします）
・会場 ： TKP品川ガーディンシティPREMIUM品川高輪口 ホール A3
・講演① ： 電力中央研究所 上田紀行様 「IEC 61850適用保護・監視制御・計測システムのHILテスト」
・講演② ： 川崎重工業 桑代慎吾様 「大規模電源システム開発の効率化に向けたP-HILS活用事例」
・講演③ ： 日立製作所/日立産機システム 石丸哲也様/松永俊祐様 「系統連系インバータHILS試験の自動化と実機比較」
・講演④ ： eVooster/大阪大学 太田豊様 「電気自動車と電力グリッドのHIL」

https://www.opal-rt.com/rt24-japan/

RT24  Japanhttps://www.neat21.co.jp/EV_RT_NEAT日本語紹介ページ ：
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