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• 526 employees including: 267 scientists (40% PhD, 40%MsC) and 125 

technicians in 2013

• 60 main innovation projects in 2013

• CAD$135M annual budget in 2015

Two main research sites: Varennes and Shawinigan

Varennes site

Shawinigan site
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Network Simulation Centre



Hydro-Quebec Network is limited by fast stability phenomena 

requiring fast controls and detailed simulation



http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=7412828

Transient and 

dynamic stability

Voltage stability

Two major concerns 

Control system 
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4 http://canrev.ieee.ca/archive/cr19.pdf



1996

Analog simulator 

(TNA)

2014

HYPERSIM

Digital simulator

« HYPERSIM gathers more

than 30 years of experience in
Real-time Power System simulation »

www.sgi.com
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http://www.sgi.com/






• Determination of line and transformer breaker pre-insertion 

resistances for the James Bay 735-kV network (1980,1985)
• Controlled reactive-power compensation for the James Bay 

network. Study of various SVC topologies with leading 

manufacturers 
• Control of overvoltages at load rejection on the 735-kV network 

Typical studies performed with the analog simulator included:
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Gain of 4 lines  in the 1972-1973 
development stage
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http://canrev.ieee.ca/canrev34/FDRealtime.pdf

30 nodes digital real time simulator

(2000) Photographof HVDC controllers in the mid-nineties

http://canrev.ieee.ca/archive/cr19.pdf
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http://www.hydroquebec.com/en/
http://www.hydroquebec.com/en/


•
•

•

Simuli

VIZIMAX /IREQ PMU is IEEE CERTIFIED (March 2016) 

http://standards.ieee.org/about/icap/registry.html

https://www.vizimax.com/products-

services/phasor-measurement-unit
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Concept 
proved

Design database

Acceptance tests

Model versus
Device (100 tests) 

Fast 
prototyping

Automatic real time 
code generation
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Firmware 
version 1

Replay mode

Simulink model 
improvement



Homologation tests cases

New database

Real time 
mode
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Implementation
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







> ALP4000 Gentec

> td average = 10 cycles

> Efficiency of remedial action 
= 100%

> Security 



Hydro-Quebec’s Network Simulation Centre

Integration of 61850 in Real-Time ElectroMagnetic
Transients (EMT) Simulation at Hydro-Quebec

For  info: kamwa@ireq.ca

mailto:kamwa@ireq.ca


 Monitoring control with original legacy non-internet protocol.

 A server in each department’s control center.

 Standardization of network communications protocol

 Be independent from particular organizations or locations by 
integrating servers into a server base.

Current monitoring control system “Next Generation SCADA/EMS”

• Consistency of supervisory control operation from the bulk transmission to the distribution 

system by developing interoperable SCADA function for each operational purpose

• Flexibility and sustainability uner changing organizations through server consolidation

• Scalability by adopting international standards

Legacy com-

munications 
protocol
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GOOSE (8-1) Parameters formSV (9-2) Parameters form

Éléments GUI

Carte Ethernet D.SignT
Carte PCI Alphi MFIO
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Hypersim Network with IEC 61850 elements

Configuration of GOOSE input signals

Configuration of SV 9-2 output signals
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Real-Time Simulator

Hypersim Model

Analog IO
Digital IO

IEC 61850

OP5600

HYPERSIM

IEC 61850 GOOSE Message
Ethernet Switch

Low level voltage and 
current signals

SEL-421

C37.118

Slave

C37.118

Master

IRIG-B

IRIG-B

OPAL-RT 

Simulator

PMU/C

Master Clk

Ethernet Switch

Sampled Values

Voltage & Currents 

Merging Unit(s) & Brk IED(s)
(Ethernet Adapter of Simulator)

GOOSE Messages
Breaker Status & Trip Signal

Ethernet Switch

MU

Station Bus

Process Bus

GOOSE Messages

Sampled Values
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Hydro-Quebec’s Network Simulation Centre

Real-time simulator using 

digital link communications for 

HVDC control system

GROUPE – DÉVELOPPEMENT DES AFFAIRES ET PLANIFICATION STRATÉGIQUE20
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Introduction

• Control

• Protection

• Measurement

• Analog-to-digital
converters

• Logical signals



Challenges and Objectives

> Interface MACH (Modular
Advanced Control HVDC) 
control system to real-time
simulator using digital link

• HVDC Classic

• VSC-HVDC (not developed yet)

> Remove the MACH IO’s
needed by control system for 
simulator interface

• UAC, Id, Udl, current
transformers, etc.

• Breaker status/operation, tap
changer position, etc.

• Same software version for field
and simulator testing

> Use standard PCIe interface
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• Control

• Protection

• Measurement

• Analog-to-digital
converters

• Logical signals



Method & approach

Interface between Hypersim and MACH HVDC control

> Direct PCIe digital

link (Peripheral
Component 

Interconnect
Express)

> EDMA (Enhanced Direct 

Memory Access ) used
to optimize PCIe access

and to offload the CPU
in real time

> No scaling factor is 

needed for analog
values

> Voltage and current data 

32-bit floating point
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Benchmark application

> HVDC CIGRÉ benchmark 

model

> MACH system is connected 

and running as rectifier 
control

> Inverter is simulated with an 

internal generic control
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Results

Hypersim signals superimposed with TFR signals

> Loopback delay 
around two time
step and 
compensated inside 
MACH control
system

> Transfer time 

approximately 5 µs 
(1KB / 197,820
KB/s for PCIe x1
Gen2)
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MTDCN refurbishment
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> Refurbishment of the control & protection in 2015-16

>Numbers of I/O for Nicolet replica station

→ Same numbers of I/O is required for Radisson & Sandy Pond replica station

MTDC systemdata

Years commissioned: 1990–1992

Power rating: 2,000 MW (multi-terminal)

Number of poles: 2

AC voltage: 315 kV (Radisson),

230 kV (Nicolet), 

345 kV (Sandy Pond)

DC voltage: ±450 kV

Length of overhead DC 

line:

1,480 km

Main reasons for 

HVDC:

Long distance and asynchronous 

networks

Application: Connect remote generation to load 

centres

Nicolet DC Pole 1:

DI DO

D/A Nicolet AC Pole 1:

DI DO

D/A

Nicolet DC Pole 2:

DI DO

D/A Nicolet AC Pole 2:

DI DO

D/A

175 212 85 94 150 91

175 212 88 80 123 91
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Conclusion

> Advantages of using digital link communication
in a real-time simulator environment:

• Connections between the simulator and the equipment is
greatly simplified

• No amplifiers or calibration needed for current and voltage

• Commissioning time and cost of replica are reduced

• Space area of the equipment is reduced

since no I/O cubicles are needed

• Maybe an attractive approach for VSC-HVDC control system



MTDCN refurbishment

> Old replica (blue) vs New replica (red)
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Hydro-Quebec’s Network Simulation Centre

Applications : Wide-Area Control of 

Hydro-Quebec System & Eastern 

Interconnection

GROUPE – DÉVELOPPEMENT DES AFFAIRES ET PLANIFICATION STRATÉGIQUE11



VMTL

▪ Use of VMTL

▪ Telecommunication

▪ PDC & SPDC

Shunt compensation installation

Synchronous Condenser

Static Compensators

▪ Estimation of VMTL

▪ Local PMU for V, I

▪ PMU & SPDC

14



Standards Based WACS Data Flow – Pilot project
Private IP-VLAN
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Pilot trial to demonstrate wide-area and local 
control at Hydro-Québec (2014)

Hydro-Québec
32



Equipment deployed on grid (cont.)

Hydro-Québec
33

ICT Performance

• The maximum allowed delay for telecommunication 

(medium) and data concentration (IT) is 40 ms

• The distance to be covered from measurement to 

power equipments can be up to 2000 km: less than 
5ms transmission delay is physically impossible 

(one-way)

• The time delay specifications/ expectations are :
• Maximum transmission delay (roundtrip) = 10ms

• Maximum latency of PDC = 10 ms

• Maximum latency of SPDC = 16 ms

• PMU/C latency: negligible (<2ms)
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PMU CHE

PMU BCH

PDC

GPS
SCU

MF-MBPSS

PMU LVD

DLO LVD

Real time monitoring 

of the pilot in the field
PMU LVD

•

Real-Time

Simulator
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Voltage at SVC substation is 
normal: does not observe the 
drop voltage at Load area

Impact of control on voltage at SVC substation

End of test: Back to initial state

Voltage drop at 
Load area

Impact at Load area:
-Increase of voltage
-Voltage collapse avoided

Release of control

Moment of application of control 
signal to substation’s SVC

> In partnership with ABB
> In deployment on HQ network

- 9 Synchronous Condensers (CS)
- 16 Static Compensators (SVC)

Control system 

•
•
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Power System Technologies Higlight at IREQ

Co mmited to smart grids

Thank you

Placer une photo 
ici s’il y a lieu

IREQ

PS&M

http://www.theglobeandmail.com/technology/connected-world-

the-internet-of-things/article24587017/
36 735 kV lines near the 5 616MW Robert-Bourassa generating station


