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Source: NRCan/AANDC

Canadian context
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Technical issues/considerations

Safety

Safety

• Voltage and frequency regulation, power quality

• Protection system analysis

– nuisance tripping

– non detection zones

– protection coordination

Utilities’ prime mandate is to provide safe, reliable power to their customers
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Technical issues/considerations

Adequacy

Utilities’ prime mandate is to provide safe, reliable power to their customers

Adequacy

• Ability to supply the required power and energy without exceeding system 

ratings or operating limits, and with voltages and frequency within 

tolerances

– Energy balance

– Load flow analysis
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Technical issues/considerations

Security

Utilities’ prime mandate is to provide safe, reliable power to their customers

Security

• Security is the ability to tolerate a credible event without loss of load, over-

stress of equipment, or deviation from voltage and frequency tolerances 

– Large disturbance stability

– Small signal stability
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Remote challenges

• Lower system inertia

• High phase imbalance

• Low X/R ratio

• Legacy equipment

• High reliability requirement
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CORPORATE PROFILE 

Following Nunavut’s division from the Northwest Territories, the Nunavut Power Corporation took up the mandate 

to supply electricity to communities in the territory of Nunavut on April 1, 2001.  Renamed Qulliq Energy 

Corporation (QEC) in 2003, this territorial corporation is 100 per cent owned by the Government of Nunavut, and 

operates at arm’s length from the government, reporting to the territorial Minister responsible for QEC.    

The corporation is the only generator and distributor of electrical energy in Nunavut. 

QEC is incorporated and operates under the Qulliq Energy Corporation Act and its energy pricing is regulated 

pursuant to the Utility Rates Review Council Act. The corporation is committed to supplying safe, reliable and 

efficient energy through responsive and respectful interaction with all stakeholders. 

QEC delivers electricity to approximately 14,400 electrical customers across Nunavut. QEC generates and 

distributes power to Nunavummiut through the operation of 25 stand-alone diesel power plants in 25 

communities, with a total installed capacity of 76,848 kW. The corporation also provides mechanical, electrical and 

line maintenance from three regional centres: Iqaluit, Rankin Inlet and Cambridge Bay. The corporation’s business 

activities are maintained at the Head Office located in Baker Lake and corporate offices in Iqaluit. QEC has 185 

employees across the territory. 

All electricity needs in Nunavut are met by imported fossil fuel supplies. Each community in Nunavut has its own 

independent electricity generation and distribution system. There is no back-up grid. QEC is the only energy 

corporation in Canada without developed local energy resources or regional electricity transmission capability, 

creating a situation of high dependency on fossil fuel. 

  

View of power lines in Iqaluit during winter season 
Iqaluit, Nunavut, Canada

System
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Remote challenges

Technology

Yukon Energy wind workshop March 18, 2013

John F. Maissan P.Eng.
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Black blades help deicing after shutdown
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Once you’ve seen one remote 

community…

You’ve seen one remote community



11/16© M. Ross, Yukon College & F. Katiraei, Quanta Technology

1. Considerations with integrating renewable generation in 

remote communities

2. Opportunities through microgrid control and EMS 

design

Presentation overview



Confidential & Proprietary  |  Copyright  © 2018 Slide  12

F a r i d  K a t i r a e i  &  S h a d i  C h u a n g p i s h i t

B u c h a r e s t  2 0 1 8  M i c r o g r i d  S y m p o s i u m

MICROGRID ENERGY MANAGEMENT SYSTEMS
MARKET PERSPECTIVE AND VENDOR 

OFFERING
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Outline

 Introduction

 Microgrid Energy Management Systems

• Technical aspects & Standards

• Structure and functional considerations

• Market perspective - based on vendor surveys

 Summary and Conclusions

Acknowledgement: Work supported by NRCAN -
CanmentEnergy team:

- Yves Poisson
- David Turcotte 
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Introduction – NRCAN Project Overview

Canadian remote communities 

Challenge:
High diesel fuel costs
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Generation Resource Combination

Diesel Hydro Natural Gas

Report Objective:
Assess the availability of commercial microgrid controllers and communication 

interfaces for managing integration and utilization of renewable and sustainable 

energy resources in Canadian remote communities.

Solution:
Renewable energy resources 

integration forming Mini-Grid / 

Microgrid
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Energy Management Systems (EMS)

 Primary control (asset/device level controllers):

• Performing the role of voltage and frequency regulation and power balancing

 Microgrid / Mini-Grid EMS (Supervisory controls or Master controller):

• Performing the role of coordinating resource utilization and operation of various 
elements of the system. Different EMS types include varying levels of resource 
Optimization to achieve certain operational goals  

Primary 
Control

Primary 
Control

Primary 
Control

Secondary 
Control

Microgrid

G1

G2

GN

Tertiary 
Control

Feedback from the network

MGCEMS
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EMS Key Requirements

 Managing connection/disconnection/dispatch of DERs

• Coordinate operation of various assets in different modes of operation

 Reducing diesel (fossil) fuel consumption

 Increasing renewable energy penetration

 Managing voltage (power quality) across the microgrid

 Performing load management for enhancing efficiency 

All of the above has to be achieved with better performance & 
reliability with respect to the existing grid !!!
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Microgrid Controller Standards

IEEE 2030.7- Standard for the Specification of Microgrid Controllers

• To address the functions above the device-level control that are associated with the 
proper operation of a Microgrid and common to all microgrids, regardless of topology, 
configuration or jurisdiction  

Purpose: 

 Achieve modularity and interoperability of interfaces to enable wide 

adaptation of the functions and controllers

 Focus on a modular approach that enables potential future expansion and 

new features.

IEEE 2030.8- Standard for the Testing of Microgrid Controllers

• The common (core) functions are also defined in a way that they can be tested using a 
pre-defined test procedures and a set of performance metrics 
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IEEE 2030.7 - Functional Framework 

•Operator Interface

•Optimal dispatch

•Grid/Market communications

Higher level 
functions

•Connect / Disconnect

•Dispatch (including simple rules)

Core level 
functions

•Voltage/frequency controls

•Device level controls

Lower level 
functions

Microgrid Controller functional view

Basic features 

Advanced features 

Standard PerspectiveVendor Perspective

Asset level features 
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EMS Control Architecture (Deployment)

Two types: Centralized Vs. Distributed

Distributed ControlCentralized Control

Note: primary controls are distributed by nature (at DER level) 
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Microgrid Control Systems

Market Perspective

■ Who are the market players?

■ What do they offer?

■ At what price?
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North American Market Players – Microgrid EMS

Note: Vendor survey was performed in Q1 2017
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Examples of EMS Deployment in Real World Projects

Vendor Product Customer/Project/Location

IPERC (S&C) GridMasterTM

Department of Energy (DoE), Department of Defense (DoD), and 
Department of Homeland Security (DHS) - SPIDER Projects

Ameren Illinois Microgrid

“TransitGRID” (New Jersey) 

Alstom (GE) DMC490 University of Ontario Institute of Technology (Uoit) Microgrid

Schneider Power Control System (PCS)
Bear Creek Ski Resort Microgrid (Pennsylvania)

ONCOR Microgrid (Texas)

ABB MGC600
Solar/diesel Microgrid at Johannesburg Facility

Ross Island Wind/Diesel (Antractica New Zealand)
Younicos Y.Q Energy Manager Graciosa Battery Park (Portugal)

Encorp Gold Box
Santa Rita jail (California)

Chowchilla and Red Bluff (California)

Princeton Power GTIB
Alcatraz Island Microgrid (San Francisco Bay)

Annobon Island Microgrid (Equatorial Guinea)

Siemens
SICAM Microgrid

Controller Solution
IREN2 project (Wildpoldsried, Germany)

SMA Fuel Save Cotroller
PV-Diesel Hybrid System (Cojiba/Bolivia)

University Hospital (Mirebalais, Haiti)

Spirae Spirae Wave SDG&E - Borrego Microgrid (California)
SPS Universal Microgrid Controller San Nicolas Island Wind/Diesel Microgrid (California)
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Vendor Comparison

• Off the shelf with re-defined library of functions

• Or requires significant engineering by vendor

Product or 
Solution

• User programmable 

• Based on logical blocks and standard schemes

Open source or 
Proprietary

• Standardized functions for remote applications

• Reliability and robustness of solutions 

Basic and 
Advanced features

• Hardware/software cost

• Design/Engineering/Deployment cost
Price
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RFQ – System 1 & System 2

Remote Micro-grid

G1

G2

650 kW

400 kW

Grid

PV

45 kW
Roof-top

PV

60 kW
Roof-top

PV

440 kW

11 kV

CustomersCustomers

0.5 km 0.3 km 0.4 km 0.1 km 0.5 km 0.3 km 0.6 km0.55 km

Control House

PCC

Load
190 kW

Note 1:
CB is equipped with interconnection relay with protection settings 
for detection of grid outage, or power quality issues to disconnect 
and also with sync-check for re-connect. 

Note (1)

Overhead line

11 kV

Load
50 kW

Load
20 kW

G1

G2

G3

BESS

2 x 100 kW

PV

150 kW

MLoad

Pump
Station

LG1
130 kW

100 kW

100 kW

150 kW

480 V

300 kVA

4.1 kV

LG2
60 kW

Control House

Remote Small Mini-grid

Diesel:

PV:

BESS:

Load: 

Diesel:

PV:

BESS:

Load: 
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Price Comparison: Microgrid Controller

 $-

 $50,000.00

 $100,000.00

 $150,000.00

 $200,000.00

 $250,000.00

 $300,000.00

 $350,000.00

 $400,000.00

 $450,000.00

Vendor 1  Vendor 2  Vendor 3  Vendor 4  Vendor 5  Vendor 6  Vendor 7  Vendor 8

Price Comparison

System 1 System 2
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EMS Controller: System 2 Prices

 $-

 $50,000.00

 $100,000.00

 $150,000.00

 $200,000.00

 $250,000.00

 $300,000.00

 $350,000.00

 $400,000.00

 $450,000.00

Vendor 1  Vendor 2  Vendor 3  Vendor 4  Vendor 5  Vendor 6  Vendor 7  Vendor 8

System 2 Price in $k

Total price

Engineering/Design

Software configuration, user manuals and licenses

Control, communications and monitoring hardware
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Summary & Conclusions 

 Great interest on integrating renewables in microgrid has 
created the vendor focus on Controller products and Solutions

 Major differences in vendor offerings (features and approaches) 
and therefore, large variations in pricing

 Not off-the-shelf: For many vendors, solutions require great 
deal of engineering and customization

 The main focus would be to develop some baseline system 
requirements and RFQ template that can help system owners 
and developers narrow down on solutions and prices.  
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