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The northern context
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Northern energy challenges: Yukon

Source: CBC News, Nov 1, 2018
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Northern energy challenges: Northwest Territories

Source: CBC News, Oct 12, 2018
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Northern energy challenges: Nunavut

S S

CANADA

Standing Senate Committee  on Energy, the Environment and Natural Resources

38

Communities are considerably dispersed throughout 

a massive area. T ere is no territorial electricity 

grid nor is there inter-community road access. 

Electricity systems in Nunavut are isolated and 

must be planned and operated independently. As 

of 2014, there were approximately 17 generating 

plants that had reached the end of their designed 

service life. Many of the diesel plants were once 

owned by the federal government via the Northern 

Canada Power Corporation. T e territory anticipates 

that plant decommissioning will result in sizable 

environmental remediation costs.

In most communities, diesel generation is the only 

viable option for reliable base load power and will 

likely continue to be so for some time. T at being 

said, having such a large f eet of diesel facilities  

operating past their life expectancy requires QEC 

to commit large portions of capital spending to 

replacing components and making upgrades to 

extend operating parameters.80 Acquiring parts for 

these plants is a constant challenge. An aging facility 

increases the risk of power outages and, if a winter 

outage occurs, extensive damage can result due  

to freezing.

Table	3:	Nunavut	Electricity	Plant	Life	

Expectancies

Plant Name Constructed
Remaining 

Life

Grise Fiord 1963 0

Qikiqtarjuaq 1936 0

Cape Dorset 1964 0

Cambridge Bay 1967 0

Kugluktuk 1968 0

Arviat 1971 0

Pangnirtung* 1971 0

Resolute Bay 1971 0

Taloyoak 1972 0

Rankin Inlet 1973 0

Arctic Bay 1974 0

Hall Beach 1974 0

Igloolik 1974 0

Kugaaruk 1974 0

Chesterfie

l

d Inl et 1975 1

Gjoa Haven 1977 3

Coral Harbour 1988 14

Whale Cove 1991 17

Kimmirut 1992 18

Pond Inlet 1992 18

Clyde River 1999 25

Naujaat 2000 26

Sanikiluaq 2001 27

Baker Lake 2003 29

Iqaluit 2014 40

* There was a fir

e

 at  thi s faci lity in April 2015. 

While facilities may have reached the end of their operations 

design, this does not mean diesel generators in each facility 

have reached the end of their operating life.

Source:  QEC’s Energy Development in Nunavut, Information 

Pamphlet submitted to the Committee May 2014; table prepared 

by Library of Parliament.

Source: Canada. Parliament. Senate. Standing Committee on 
Energy, the Environment and Natural Resources. Powering 
Canada’s territories. June 2015

“In a unique geographical location such as Nunavut, where 25 
isolated communities are spread out across 1,932,255 square 
kilometers and experience temperatures below -50 degrees 
Celsius and wind gusts above 150 kilometers per hour, 
generating and distributing electricity to our customers often 
poses significant challenges.”
Source: Qulliq Energy Corporation Annual Report 2015-2016
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• Equipment operation and logistics
– Equipment must be rated to -60°C

– Blade icing, economy of scale

– No cranes for fly-in only communities, 
restricted to sealift season

Remote system challenges

Yukon Energy wind workshop March 18, 2013

John F. Maissan P.Eng.

7

Black blades help deicing after shutdown
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• Lower system inertia
– Higher volatility in load and 

renewable energy dynamics

– Exacerbated with power electronic 
controlled systems

Remote system challenges

Yukon Energy wind workshop March 18, 2013

John F. Maissan P.Eng.

7

Black blades help deicing after shutdown
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• High phase imbalance
– Voltage can exceed thresholds

– Balanced protection relays may 
not operate as expected

– Oscillating torque on machines or 
oscillating voltage on dc link

– Higher system I2R losses

Remote system challenges

Yukon Energy wind workshop March 18, 2013

John F. Maissan P.Eng.

7

Black blades help deicing after shutdown
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• Low X/R ratio
– Closer to 10 instead of infinite

– Different fault characteristics –
generators slow down

– Cannot decouple 
power/frequency and reactive 
power/voltage

Remote system challenges

Yukon Energy wind workshop March 18, 2013

John F. Maissan P.Eng.

7

Black blades help deicing after shutdown
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• High reliability requirement
– A power outage in a connected 

system is an inconvenience. 

– A power outage in an isolated system 
can be critical.

Remote system challenges

Yukon Energy wind workshop March 18, 2013

John F. Maissan P.Eng.

7

Black blades help deicing after shutdown
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Northern Energy Challenges & Partners: Research

Source: CBC News, Nov 20, 2018

Source: Inuit Tapiriit Kanatami, National Inuit Strategy on Research. March 2018

Inuit Tapiriit Kanatami National Inuit  St rategy on Research 

www.itk.ca 17

Figure 5: Increase in volume of Inuit Nunangat research.

INCREASE IN VOLUME OF
INUIT NUNANGAT RESEARCH

For every 7 Inuit, 

there was one Inuit 

Nunangat-related 

publication.
1996

For every 5 Inuit, 

there was one Inuit 

Nunangat-related 

publication.
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For every 5 Inuit, 

there was one Inuit 

Nunangat-related 

publication.
2006

For every 3 Inuit, 

there was one Inuit 

Nunangat-related 

publication.
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The number of peer-reviewed publications and dissertations that focus on Inuit and Inuit Nunangat 

has increased at a rate higher than the increasing population of Inuit. Between 1996 and 2011, 

the population of Inuit in Canada increased 48% from 41,080 to 59,440. For the same period, 
the number of Inuit Nunangat-related publications increased by approximately 200%. In other 
words, in 1996, for every 7 Inuit, there was one publication or dissertation. Research on Inuit 
increased with time so that in 2011, for every 3 Inuit, there was one publication or dissertation.

The number of Inuit Nunangat-related publications and dissertations is an estimate derived by extracting  records from a number of databases 
accessible to Carleton University. Some irrelevant records may have inadvertently been included while s ome of relevance may not have been 
captured or may have been removed in error.
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Once you’ve seen one northern community… 



© M. Ross, Yukon College 19/55

Once you’ve seen one northern community… 

You’ve seen one northern community
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In the north, by the north, for the north

Research framework
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Multi-disciplinary approach to successful projects

Social

Technical

Environmental

Economic

Political
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Northern Energy Innovation research areas

How can we integrate a high level of renewables into isolated communities to 
reduce our reliance on diesel? 

Integrating renewables in remote communities
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Northern Energy Innovation research areas
Diesel efficiencies

How can we operate existing diesel systems more efficiently or what technologies 
can reduce both consumption and emissions? 
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Northern Energy Innovation research areas
Demand-side management

How can demand-side technologies be best used to reduce winter peaks or to 
better match renewable generation? 
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Northern Energy Innovation research areas
Residential and utility partnership

What technologies 
could support the 
public to be 
off-grid? 
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Northern Energy Innovation research projects
Technical and economic viability of small scale distributed energy resources

Hay River NWT

Electricity 
Rate Fuel Price

Net Present 
Cost

Initial 
Capital LCOE

Generato
r Size

Solar PV 
Panel

Wind 
Turbine

LA 
Battery

Li-ion 
Battery

Converte
r

Avg. 
Renewab

le 

Fraction

Grid Only

0.3242

$69,000 $ - $0.36 - - - - - - -

Grid + Re 
DER $72,000 $1,500 $0.38 - 0.3kW - - - 0.2 kW 2%

Diesel Only

1.12

$270,000 $10,000 $1.40 9.2 kW - - - - - -

Diesel +Re 
DER $160,000 $55,000 $0.82 9.2 kW 6.4 kW - 40 kWh - 3.3 kW 30%

Inuvik NWT

Grid Only

0.4523

$97,000 $ - $0.51 - - - - - - -

Grid + Re 
DER $99,000 $5,600 $0.52 - 1.1 kW - - - 0.7 kW 6%

Diesel Only

1.12

$270,000 $10,000 $1.40 9.2 kW - - - - - -

Diesel + Re 
DER $170,000 $49,000 $0.89 9.2 kW 5.3 kW - 30 kWh - 4.8 kW 12%

Yellowknife NWT

Grid Only

0.237

$53,000 $ - $0.28 - - - - - - -

Grid + Re 
DER $55,000 $1,500 $0.29 - 0.3 kW - - - 0.2 kW 2%

Diesel Only

1.12

$270,000 $10,000 $1.40 9.2 kW - - - - - -

Diesel + Re 
DER $150,000 $56,000 $0.81 9.2 kW 7.0 kW - 41 kWh - 3.3 kW 32%
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Northern Energy Innovation research projects
Broadcasted demand-side management
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Northern Energy Innovation research projects
Electric Thermal Storage project

http://www.steffes.com/offpeak/company/2100_cutaway_large.aspx
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Northern Energy Innovation research projects
Łutsël Kʼé microgrid project
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Colville Lake solar-battery-diesel hybrid plant

Northern Energy Innovation research projects
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Northern Energy Innovation research projects
Variable Speed Generator analysis
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Northern Energy Innovation research projects
Kinngait Power System Impact Study

FEATURES  6 DECEMBER, 2018 – 10:30 AM EST

Study sizes up Cape Dorset ’ s power

gr id for  renewables
Outcom e should show how m uch w ind, solar  could be suppor ted, whi le keeping

the l ights on

Here’ s a view of  Cape Dorset , seen looking downhi l l  f rom  the road leading to the new power

plant  bui l t  by Qul l iq Energy Corp. Researchers are studying how m uch renewable energy the

com m uni t y ’ s power  gr id could suppor t  whi le st i l l  ensur ing that  the l ights stay on. (PHOTO

COURTESY OF M ICHAEL ROSS)

By  John Thom pson

That ’ s a quest ion on the m ind of  M ichael  Ross. He’ s the Natural  Sciences and

Engineer ing Research Counci l ’ s research chai r  in  nor thern energy innovat ion,

based out  of  Yukon Col lege in  Whi tehorse.

The quest ion recent ly led him  to Cape Dorset , where, accom panied by research

assistant  Jason Zrum , he inspected the di  erent  par ts of  the com m uni t y’ s

elect r ical  generat ion and t ransm ission system s.

I t  turns out  that  i t ’ s not  so sim ple to plug a w ind turbine or  solar  ar ray in to t he

elect r ical  gr id of  a rem ote nor thern com m uni ty t hat ’ s present ly ent i rely

dependent  on burn ing di r t y, expensive diesel  fuel .

Do i t  wrong, and the com m uni t y could su er  f rom  brownouts or  power  surges.

NEWS  FEATURES  EDITORIAL  LETTERS  OPINION  TAISSUMANI  ARCHIVES  

IQALUIT

-18°
light snow

KUUJJUAQ

-36°
fair

FRIDAY, 25 JANUARY, 2019

ABOUT US  CONTACT    JOBS  TENDERS  NOTICES  ADVERTISE
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Northern Energy Innovation research projects
Arviat Clean Energy Project
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Northern Energy Innovation research projects
Beaver Creek Power System Impact Study
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Old Crow and Vuntut Gwitch’in First Nation
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Considerations of integrating renewables

Primary objective: 

To provide safe and reliable power to their customers

 

6 

 

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 

Utility objectives and considerations
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Power System Impact Studies
Developing strong indigenous & community partnerships
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Opportunities through research
Integration of renewable generation in a responsible manner
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• Real equipment parameters, supplemented 
with industry standard models

• Discrete time studies
– Large disturbance stability
– Contingency analysis

• Phasor quasi-static time series
– Energy balance
– Voltage profiles
– Line loading limits
– Equipment acceptable operation

• System protection
– Protection coordination
– Fault analysis

Power System Impact Studies
Modelling and Study Approach
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Considerations of integrating renewables
Adequacy

Adequacy
The ability to supply the required power and
energy without exceeding system ratings or
operating limits.
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Power system impact studies
Adequacy

Adequacy→ Energy balance studies

• Phasor quasi-static time series
– Energy balance

– Load flow analyses

– Voltage profiles

– Line loading limits

– Equipment acceptable operation

YUKON RESEARCH CENTRE 
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A simplified version of the WECC generic renewable resource models was used to represent solar 

photovoltaic plants and wind turbine generators for the purposes of simulating disconnection or loss 

of resource, wherein a specific current injection transient is being simulated. 

3 RESULTS 

The study results are described in the following energy system and large-disturbance study sections. 

3.1 ENERGY SYSTEM STUDY 

3.1.1 Solar Photovoltaic Renewable Resource 

The solar renewable resource located at generation plant is varied in capacity from 0 to 500 kW in 

steps of 25 kW, Figure 3. No curtailment is observed to maintain energy balance below for PV plants 

below 225 kW of capacity. While Figure 3 does not show any visible curtailment from 225 kW to 300 

kW curtailment for these penetrations is present ranging from 0.62 kWh to 150. 14 kWh. Larger PV 

capacities are shown to increase the required curtailment exponentially. Curtailment of the 

renewable resource, as calculated by the simulations, are completely dependent on the renewable 

resource generation profile and the system demand profile. 

 

Figure 3: Curtailment with respect to the size of the renewable PV plant. 

While increasing the size of the solar PV resource increases the curtailment, the penetration of 

renewables also increases, Figure 4. The energy penetration increases near linearly a slight deviation 

from the linear can be observed as a slight logarithmic taper at the higher renewable capacities. 

Fraction of total solar energy curtailed for a varying solar plant 
capacity operating with a unity power factor.

Maximum voltage from the diesel plant to the 
solar plant for varying solar plant power factor.
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Considerations of integrating renewables
Resiliency

Resiliency
The ability to recover from perturbations in
the system.



© M. Ross, Yukon College 46/55

Power system impact studies
Resiliency

Resiliency→ Small signal stability

• Linearization
– Linearization domains

– Modal analysis

– Eigenvalue and eigenvector analysis
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Considerations of integrating renewables
Security

Security
The ability to tolerate a credible event
without loss of load, over-stress of
equipment, or deviation from voltage and
frequency tolerances.
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Power system impact studies
Security

Security→ Large disturbance stability

• Discrete time studies
– Large disturbance stability

– Contingency analysis

Voltage and frequency response to a large disturbance, 
when the solar PV at 100% disconnects instantaneous.

BESS Frequency and Voltage after 
Instantaneous Loss of 400kW of Solar PV
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Considerations of integrating renewables
Safety

Safety
The ability to identify and protect from
hazardous operation like faults, while staying
in operation for all credible events.
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Power system impact studies
Safety

Safety→ Protection system studies

• Analytical and discrete time studies
– Protection zones

– Fault current

– Reverse power flow

– Protection coordination 

Protection disconnects Protection stays connected

Protection should disconnect Dependable - certainty of correct operation 
during a fault

Non-detection zones

Protection should stay 
connected

Nuisance tripping Secure - ability to avoid incorrect 
operation
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Case studies
Old Crow Solar Project, Yukon

Project considerations
- Community wanted to operate diesel off

- Battery ownership (utility/community
partnership)

- Reactive Power Support

- 600 kVA transformer size/weight

- East/west configuration

- No fence

0

100

200

300

400

500

600

700

Lo
ad

	o
r	

So
la

r	
		P

ow
er

	G
en

er
at

io
n	

(k
W

)

Time

Load

900	kW	South	Facing

450/450	kW	

East/West



© M. Ross, Yukon College 52/55

Project Outcomes
Old Crow Solar Project

Source: Yukon News, Jun 25, 2018

Solar: 940 kW PV, 480 kVA converter
Battery: 612 kWh, 500 kVA converter
Offset diesel generation (190,000 L)



© M. Ross, Yukon College 53/55

Community Engagement
Old Crow Solar Project
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“Dr. Michael Ross… and his team of technical professionals at Northern Energy Innovation brought technical 
expertise to our project team that contributed directly to establishing a strong and trusting working 
relationship between the Vuntut Gwitchin Government and ATCO Electric Yukon as we advanced the project 
through the feasibility and design stages. 

Furthermore, Northern Energy Innovation showed a strong commitment to the success of our project by 
developing meaningful relationships with our community. Dr. Michael Ross visited Old Crow several times to 
meet with our staff, and with Chief and Council. He and his project team engaged the residents of Old Crow at 
community meetings, and met with our children at the local school. We received regular technical updates on 
the progress of the grid impact study. 

Northern Energy Innovation clearly understands the role of science and technology at the community level .”

- Chief Dana Tizya-Tramm, Vuntut Gwitch’inGovernment, March 26, 2019

Fostering relations and supporting renewable projects
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