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5.2.7 Renewable Thermal Resources 1 

5.2.7.1 Biomass 2 

Technology description 3 

Wood-based biomass fuels are used in conventional, thermal oil (Organic Rankine Cycle or ORC) or 4 
gasification units to produce electricity, as shown in Figure 5-20.  Conventional and ORC technologies 5 
combust biomass to heat a liquid (such as water) into a gas (steam), which is then used to drive a turbine 6 
and generator. Gasification systems convert the biomass into a synthetic gas or syngas, which is then 7 
combusted in a reciprocating engine to generate power. Conventional boilers, conventional ORC with 8 
thermal oil and gasification units were evaluated for this resource option. 9 

Biomass provides dependable capacity and offers some dispatchability depending on fuel availability.  10 
Energy production could be matched to the energy demand on the grid. 11 

Figure 5-20: Biomass 12 

 
Studies 13 

A Front End Engineering Design (FEED) study was completed in 2013 to assess the technical and financial 14 
feasibility of biomass electricity generation in Haines Junction. This study was updated for the 2016 15 
Resource plan by Stantec, and presents a screening-level assessment of available technologies in the 0.5 16 
MWe to 2.0 MWe range. This range was based on quotes from equipment vendors and information scaled 17 
from the previous FEED study. The updated study looked at three technology types in the categories of 18 
conventional biomass power generation/cogeneration and gasification.  The study can be found in Appendix 19 
5.12. 20 

Fuel description 21 

The study considered feedstock from sawmill residues and forest harvesting residues at the harvest block 22 
landing, including beetle killed wood. The use of beetle kill wood is beneficial because it has a lower 23 
moisture content of ~15%, whereas live trees usually have a moisture content in the range of 40-50%. 24 

At the low end of the study range, the 0.5 MW unit would utilize feedstock with no impact to current 25 
biomass harvesting operations, and no need to supplement with green timber. There is insufficient sawmill 26 
and harvest residue material available to supply the 2.0 MWe unit, and these feedstocks would have to be 27 
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Figure 5-22: Biomass Resource Option Locations  1 
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Table 5-76: Waste-to-Energy Resource Option Environmental Attributes – Aquatic Environment 1 

Fish & Fish Habitat (En1) Water Quantity & Quality (En2) 

Salmon & 
Habitat 
(En1-1) 

Species at 
Risk & 

Habitat 
(En1-2) 

Commercial, 
Recreational & 

Aboriginal 
Fisheries 

 Species & 
Habitat (En1-3) 

Consumptive 
Water Use 

(En2-1) 

Relative Scale 
of New 

Impoundment/ 
Flooding  
(En2-2) 

Flow 
Changes  
(En2-3) 

Waste to Energy 

            

 

Table 5-77: Waste-to-Energy Resource Option Environmental Attributes - Terrestrial Environment 2 

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4) 

Species at 
Risk & 

Habitat  
(En3-1) 

Protected & 
Conservation 

Areas  
(En3-2) 

Wildlife Key 
Areas  

(En3-3) 

Caribou 
Ranges 
(En3-4) 

Footprint 
Terrestrial 

Area 
(En4-1) 

Linear Dev 
for Roads/ 

Transmission 
(En4-2) 

Permafrost  
En4-3) 

Wetlands 
(En4-4) 

Waste to Energy 

                

 

Table 5-78: Waste-to-Energy Resource Option Environmental Attributes – Air 3 

Air Quality (En5) 

GHG Emissions  
(En5-1) 

Other Air 
Pollutants  

(En5-2) 

with Biogenic 
CO2 

without 
Biogenic CO2   

Waste to Energy 
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Figure 5-28: Waste to Energy Resource Option Location 1 
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Table 5-83: Fossil Thermal (LNG) Resource Option Technical and Financial Attributes 1 

Annual 
Energy 

Firm 
Energy 

Installed 
Capacity 

Dependable 
Capacity 

Levelized 
Cost of 
Energy 

Levelized 
Cost of 

Capacity 

Project 
Life 

Lead 
Time 

Dispatch-
able 

GWh/yr GWh/yr MW MW $/kWh $/kW∙yr Years Years Y/N 

Takhini LNG 1 

41.6 41.6 5 5 $0.26 $812 20 4 Y 

Takhini LNG 2 

83.2 83.2 10 10 $0.23 $560 20 4 Y 

Takhini LNG 3 

166.4 166.4 20 20 $0.21 $409 20 4 Y 

Whitehorse Landfill LNG 1 

41.6 41.6 5 5 $0.26 $814 20 4 Y 

Whitehorse Landfill LNG 2 

83.2 83.2 10 10 $0.23 $561 20 4 Y 

Whitehorse Landfill LNG 2 

166.4 166.4 20 20 $0.21 $409 20 4 Y 

Whitehorse Rapids LNG Third Engine 

36.6 36.6 4.4 4.4 $0.18 $120 20 2 Y 
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Figure 5-30: Average Energy Profile for Fossil Thermal-(LNG) Resource Option 1 

 
 

Table 5-84. Fossil Thermal (Diesel) Resource Option Technical and Financial Attributes 2 

Annual 
Energy 

Firm 
Energy 

Installed 
Capacity 

Dependabl
e Capacity 

Levelized 
Cost of 
Energy 

Levelized 
Cost of 

Capacity 

Project 
Life 

Lead 
Time 

Dispatch-
able 

GWh/yr GWh/yr MW MW $/kWh $/kW∙yr Years Years Y/N 

Takhini Diesel 1 

41.6 41.6 5 5 0.31 442 20 4 Y 

Takhini Diesel 2 

83.2 83.2 10 10 0.29 292 20 4 Y 

Takhini Diesel 3 

166.4 166.4 20 20 0.27 217 20 4 Y 

Whitehorse Landfill Diesel 1 

41.6 41.6 5 5 0.32 447 20 4 Y 

Whitehorse Landfill Diesel 2 

83.2 83.2 10 10 0.29 294 20 4 Y 

Whitehorse Landfill Diesel 3 

166.4 166.4 20 20 0.27 218 20 4 Y 
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Figure 5-31: Average Energy Profile for Fossil Thermal-(Diesel) Resource Option 1 

 
Table 5-85: Fossil Thermal (LNG) Resource Option Environmental Attributes – Aquatic Environment 2 

Fish & Fish Habitat (En1) Water Quantity & Quality (En2) 

Salmon & 
Habitat 
(En1-1) 

Species at 
Risk & 

Habitat 
(En1-2) 

Commercial, 
Recreational & 

Aboriginal 
Fisheries 

 Species & 
Habitat (En1-3) 

Consumptive 
Water Use 

(En2-1) 

Relative Scale 
of New 

Impoundment/ 
Flooding  
(En2-2) 

Flow 
Changes  
(En2-3) 

LNG Whitehorse (20MW) 

            

LNG Takhini (20 MW) 

            

Whitehorse Rapids LNG Third Engine 
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Table 5-86: Fossil Thermal (LNG) Resource Option Environmental Attributes - Terrestrial Environment 1 

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4) 

Species at 
Risk & 

Habitat  
(En3-1) 

Protected & 
Conservation 

Areas  
(En3-2) 

Wildlife 
Key Areas  

(En3-3) 

Caribou 
Ranges 
(En3-4) 

Footprint 
Terrestrial 

Area 
(En4-1) 

Linear Dev 
for Roads/ 

Transmission 
(En4-2) 

Permafrost  
En4-3) 

Wetlands 
(En4-4) 

LNG Whitehorse (20MW) 

                

LNG Takhini (20 MW) 

                

Whitehorse Rapids LNG Third Engine 

                

 

Table 5-87: Fossil Thermal (LNG) Resource Option Environmental Attributes – Air 2 

Air Quality (En5) 

GHG Emissions  
(En5-1) 

Other Air 
Pollutants  

(En5-2) 

with Biogenic 
CO2 

without 
Biogenic CO2   

LNG Whitehorse (20MW) 

      

LNG Takhini (20 MW) 

      

Whitehorse Rapids LNG Third Engine 
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Table 5-88: Fossil Thermal (LNG) Resource Option Social Attributes – First Nations Land and Traditional Lifestyle 1 

First Nation 
Lands  
(S1) 

Traditional Lifestyle  
(S2) 

First Nation 
Settlement 

Lands/ Interim 
Protected 

Lands 
(S1-1) 

Footprint 
Land Area 

Impact 
(S2-1) 

Land Area Loss 
Re: Traditional 

Lifestyle 
(S2-2) 

Land Quality 
Effects on 
Traditional 

Lifestyle 
(S2-3) 

Cabins, 
Camps & 

Structures 
(S2-4) 

Country 
Foods 
(S2-4) 

LNG Whitehorse (20MW) 

            

LNG Takhini (20 MW) 

            

Whitehorse Rapids LNG Third Engine 

            

 

Table 5-89: Fossil Thermal (LNG) Resource Option Social Attributes – Heritage Resources and Cultural & Community Well-being 2 

Heritage Resources  
 (S3) 

Cultural & Community Well-being  
(S5) 

Density of 
Heritage 

Resources  
(S3-1) 

Importance/ 
Cultural 
Value of 
Heritage 

Resources 
(S3-2) 

Infrastructure & 
Services 

(S5-1) 

Public Safety, 
Worker 

Interaction, 
Human & 

Community 
Health 
(S5-2) 

Community, 
First Nation 
& Personal 

Development 
(S5-3) 

LNG Whitehorse (20MW) 

          

LNG Takhini (20 MW) 

          

Whitehorse Rapids LNG Third Engine 
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Table 5-90: Fossil Thermal (LNG) Resource Option Social Attributes – Tourism, Recreation, Other Resources and Land Use 1 

Tourism, Recreation & Other Resources and Land Use 
 (S4) 

Recreational 
Values   
(S4-1) 

Tourism 
Values  
(S4-2) 

Aesthetics   
(S4-3) 

Non-
renewable 
Resources    

(S4-4) 

Other 
Renewable 
Resources 

(S4-5) 

Land Use & 
Renewable 
Resources 

Plans 
(S4-6) 

LNG Whitehorse (20MW) 

            

LNG Takhini (20 MW) 

            

Whitehorse Rapids LNG Third Engine 

            

 

Table 5-91: Fossil Thermal (LNG) Resource Option Economic Attributes – Local Economic Impacts and Climate Change Risk 2 

Local Economic Impacts (Ec1) (Positive 
Effects) 

Climate Change Risk affecting Resource Financial Attributes 
(Ec2) 

Yukon 
Opportunities 

During 
Construction 

(Ec1-1) 
Positive 
Effects 

Yukon 
Opportunities 

during 
Operation 

(Ec1-2) 
Positive 
Effects 

Community & 
Other 

Development 
Opportunity 

(Ec1-3) 
Positive Effects 

Susceptible 
to Extreme 

Heat/Drought 
(Ec2-1) 

Susceptible 
to Extreme 

Precipitation 
- flood/snow  

(Ec2-2) 

Susceptible 
to Extreme 

Wind 
Events 
(Ec2-3) 

Susceptible 
to Ice 

Related 
Processes/ 

Events 
(Ec2-4) 

Conditions 
Susceptible 
to Climate 

Change 
(Ec2-5) 

LNG Whitehorse (20MW) 

                

LNG Takhini (20 MW) 

                

Whitehorse Rapids LNG Third Engine 
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Table 5-92: Fossil Thermal (Diesel) Resource Option Environmental Attributes – Aquatic Environment 1 

Fish & Fish Habitat (En1) Water Quantity & Quality (En2) 

Salmon & 
Habitat 
(En1-1) 

Species at 
Risk & 

Habitat 
(En1-2) 

Commercial, 
Recreational & 

Aboriginal 
Fisheries 

 Species & 
Habitat (En1-3) 

Consumptive 
Water Use 

(En2-1) 

Relative Scale 
of New 

Impoundment/ 
Flooding  
(En2-2) 

Flow 
Changes  
(En2-3) 

Diesel Whitehorse (20 MW) 

            

Diesel Takhini (20 MW) 

            

 

Table 5-93: Fossil Thermal (Diesel) Resource Option Environmental Attributes - Terrestrial Environment 2 

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4) 

Species at 
Risk & 

Habitat  
(En3-1) 

Protected & 
Conservation 

Areas  
(En3-2) 

Wildlife 
Key Areas  

(En3-3) 

Caribou 
Ranges 
(En3-4) 

Footprint 
Terrestrial 

Area 
(En4-1) 

Linear Dev 
for Roads/ 

Transmission 
(En4-2) 

Permafrost  
En4-3) 

Wetlands 
(En4-4) 

Diesel Whitehorse (20 MW) 

                

Diesel Takhini (20 MW) 

                

 

Table 5-94: Fossil Thermal (Diesel) Resource Option Environmental Attributes – Air 3 

Air Quality (En5) 

GHG Emissions  
(En5-1) 

Other Air 
Pollutants  

(En5-2) 

with Biogenic 
CO2 

without 
Biogenic CO2   

Diesel Whitehorse (20 MW) 

      

Diesel Takhini (20 MW) 
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Table 5-95: Fossil Thermal (Diesel) Resource Option Social Attributes – First Nations Land and Traditional Lifestyle 1 

First Nation 
Lands  
(S1) 

Traditional Lifestyle  
(S2) 

First Nation 
Settlement 

Lands/ Interim 
Protected 

Lands 
(S1-1) 

Footprint 
Land Area 

Impact 
(S2-1) 

Land Area Loss 
Re: Traditional 

Lifestyle 
(S2-2) 

Land Quality 
Effects on 
Traditional 

Lifestyle 
(S2-3) 

Cabins, 
Camps & 

Structures 
(S2-4) 

Country 
Foods 
(S2-4) 

Diesel Whitehorse (20 MW) 

            

Diesel Takhini (20 MW) 

            

 

Table 5-96: Fossil Thermal (Diesel) Resource Option Social Attributes – Heritage Resources and Cultural & Community Well-being 2 

Heritage Resources  
 (S3) 

Cultural & Community Well-being  
(S5) 

Density of 
Heritage 

Resources  
(S3-1) 

Importance/ 
Cultural 
Value of 
Heritage 

Resources 
(S3-2) 

Infrastructure & 
Services 

(S5-1) 

Public Safety, 
Worker 

Interaction, 
Human & 

Community 
Health 
(S5-2) 

Community, 
First Nation 
& Personal 

Development 
(S5-3) 

Diesel Whitehorse (20 MW) 

          

Diesel Takhini (20 MW) 
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Table 5-97: Fossil Thermal (Diesel) Resource Option Social Attributes – Tourism, Recreation, Other Resources and Land Use 1 

Tourism, Recreation & Other Resources and Land Use 
 (S4) 

Recreational 
Values   
(S4-1) 

Tourism 
Values  
(S4-2) 

Aesthetics   
(S4-3) 

Non-
renewable 
Resources    

(S4-4) 

Other 
Renewable 
Resources 

(S4-5) 

Land Use & 
Renewable 
Resources 

Plans 
(S4-6) 

Diesel Whitehorse (20 MW) 

            

Diesel Takhini (20 MW) 

            

 

Table 5-98: Fossil Thermal (Diesel) Resource Option Economic Attributes – Local Economic Impacts and Climate Change Risk 2 

Local Economic Impacts (Ec1) (Positive 
Effects) 

Climate Change Risk affecting Resource Financial Attributes 
(Ec2) 

Yukon 
Opportunities 

During 
Construction 

(Ec1-1) 
Positive 
Effects 

Yukon 
Opportunities 

during 
Operation 

(Ec1-2) 
Positive 
Effects 

Community & 
Other 

Development 
Opportunity 

(Ec1-3) 
Positive Effects 

Susceptible 
to Extreme 

Heat/Drought 
(Ec2-1) 

Susceptible 
to Extreme 

Precipitation 
- flood/snow  

(Ec2-2) 

Susceptible 
to Extreme 

Wind 
Events 
(Ec2-3) 

Susceptible 
to Ice 

Related 
Processes/ 

Events 
(Ec2-4) 

Conditions 
Susceptible 
to Climate 

Change 
(Ec2-5) 

Diesel Whitehorse (20 MW) 

                

Diesel Takhini (20 MW) 
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Figure 5-32 Fossil Thermal Resource Option Locations  1 
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5.2.9 Pumped Storage 1 

Technology description 2 

Pumped storage is a form of energy storage that uses energy to pump water from a lower reservoir into a 3 
higher reservoir as shown in Figure 5-33.  When required, this water is then released back into the lower 4 
reservoir through hydro turbines that generate electricity.  This allows the operator to shift excess 5 
electricity generation to a period when there is an energy shortage.  Reversible pump-turbines coupled with 6 
a generator is the most common technology used, however some facilities have separated pumps and 7 
turbines. Overall round trip efficiency is around 70% to 80%.   Meaning there are 20-30% energy losses in 8 
pumping the water uphill before running down through the turbines to generate electricity. 9 

Typical pumped storage facilities provide energy storage for durations on the order of hours or days. The 10 
study completed for the 2016 Resource Plan focused on seasonal storage to move excess summer energy 11 
(spilled hydro resources at YEC’s existing hydro facilities) to meet winter loads.  12 

Pumped storage has traditionally been used to shift electricity generation to peak demand hours.  More 13 
recently the technology is being used to maintain grid stability and to manage the integration of 14 
intermittent renewables resources such as wind and solar by firming their energy.  15 

Pumped storage projects provide dispatchable energy and dependable capacity.  These projects are 16 
designed and operated to provide more energy and capacity in the winter when energy requirements and 17 
demand are highest on the grid. 18 

Figure 5-33: Pumped Storage 19 

 

Studies 20 

An assessment of pumped storage potential was completed by Knight Piesold for the 2016 Resource Plan. 21 
The assessment identified viable sites for a pumped storage project within 25 km of existing or potential 22 
transmission infrastructure. Seven sites were chosen for further analysis based on inferred construction 23 
cost, and high level cost estimate was developed for these sites. The assessment report can be found in 24 
Appendix 5.16.  A 2015 report on the Moon Lake Pumped Storage Project completed by Midgard was used 25 
in completing this assessment. Picacho Associates completed a study on the pumped storage potential at 26 
the Faro Mine.  27 
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Fuel description 1 

For this assessment, the energy used to pump the water is assumed to be surplus summer energy. As the 2 
load grows, summer surplus energy could be reduced to the point where other generating assets will 3 
needed to support the pumped storage facility. 4 

Summary of studies to date and key findings  5 

Energy demand in the Yukon is highest during the winter months, driven by increased loads for space 6 
heating and lighting.  Currently, water is spilled at Whitehorse and Mayo hydro plants during the summer 7 
when the need for electricity is lower than the generation capability, which results in spilled water. This 8 
spilled water could generate electricity to support a pumped storage facility. The pumped storage concept 9 
being assessed for the Resource Plan would be used for seasonal storage, pumping water during the 10 
summer and generating during the winter. 11 

The assessment identified sites based on a 15 MW and 25 MW capacity as well as 50 GWh and 100 GWh of 12 
storage for each.  Using these technical constraints, the following seven sites were identified: 13 

• Tutshi Lake – Moon Lake (BC); 14 
• Atlin Lake – Black Mountain (BC); 15 
• Racine Lake – Moon Lake (BC); 16 
• Racine Lake – Mt. Brown (BC); 17 
• Lindeman Lake – Fraser Lake (BC); 18 
• Squanga Lake – Dalayee Lake (YK); 19 
• Canyon Lake – Ittlemit Lake (YK); and 20 
• Vangorda (YK). 21 

The following Table 5-99 describes the technical and financial attributes and Table 5-100 to Table 5-106 22 
describe the environmental, social and economic attributes for pumped storage options. The average 23 
monthly energy profile is shown in Figure 5-34. The location of the pumped storage projects can be found in 24 
Figure 5-35.  25 

 

Table 5-99. Pumped Storage Resource Option Technical and Financial Attributes 26 

Annual 
Energy 

Firm 
Energy 

Installed 
Capacity 

Dependable 
Capacity 

Levelized 
Cost of 
Energy 

Levelized 
Cost of 

Capacity 

Project 
Life 

Lead 
Time 

Dispatch-
able 

GWh/yr GWh/yr MW MW $/kWh $/kW∙yr Years Years Y/N 

Moon-Tutshi 1 

50 50 15 15 0.28 900 65 7 Y 

Moon-Tutshi 2 

50 50 25 25 0.32 650 65 7 Y 
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Annual 
Energy 

Firm 
Energy 

Installed 
Capacity 

Dependable 
Capacity 

Levelized 
Cost of 
Energy 

Levelized 
Cost of 

Capacity 

Project 
Life 

Lead 
Time 

Dispatch-
able 

GWh/yr GWh/yr MW MW $/kWh $/kW∙yr Years Years Y/N 

Moon-Tutshi 3 

100 100 15 15 0.19 1300 65 7 Y 

Moon-Tutshi 4 

100 100 25 25 0.21 840 65 7 Y 

Racine-Moon 1 

50 50 15 15 0.54 1800 65 7 Y 

Racine-Moon 2 

50 50 25 25 0.61 1200 65 7 Y 

Lindeman-Fraser 1 

50 50 15 15 0.56 1900 65 7 Y 

Lindeman-Fraser 2 

50 50 25 25 0.64 1300 65 7 Y 

Atlin-Black Mountain 1 

50 50 15 15 0.30 1000 65 7 Y 

Atlin-Black Mountain 2 

50 50 25 25 0.33 660 65 7 Y 

Atlin-Black Mountain 3 

100 100 25 25 0.27 1100 65 7 Y 

Racine-Mt. Brown 1 

50 50 15 15 0.33 1100 65 7 Y 
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Annual 
Energy 

Firm 
Energy 

Installed 
Capacity 

Dependable 
Capacity 

Levelized 
Cost of 
Energy 

Levelized 
Cost of 

Capacity 

Project 
Life 

Lead 
Time 

Dispatch-
able 

GWh/yr GWh/yr MW MW $/kWh $/kW∙yr Years Years Y/N 

Racine-Mt. Brown 2 

50 50 25 25 0.38 760 65 7 Y 

Racine-Mt. Brown 3 

100 100 15 15 0.27 1800 65 7 Y 

Racine-Mt. Brown 4 

100 100 25 25 0.29 1100 65 7 Y 

Squanga-Dalayee 1 

100 100 15 15 0.34 2200 65 7 Y 

Squanga-Dalayee 2 

100 100 25 25 0.36 1400 65 7 Y 

Canyon-Ittlemit 1 

100 100 15 15 0.42 3300 65 7 Y 

Canyon-Ittlemit 2 

100 100 25 25 0.53 2100 65 7 Y 

Vangorda 

134 134 40 40 0.16 463 65 7 Y 
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Figure 5-34: Average Energy Profile for Selected Pumped Storage Projects 1 
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Table 5-100: Pumped Storage Resource Option Environmental Attributes – Aquatic Environment 1 

Fish & Fish Habitat (En1) Water Quantity & Quality (En2) 

Salmon & 
Habitat 
(En1-1) 

Species at 
Risk & 

Habitat 
(En1-2) 

Commercial, 
Recreational & 

Aboriginal 
Fisheries 

 Species & 
Habitat (En1-3) 

Consumptive 
Water Use 

(En2-1) 

Relative Scale 
of New 

Impoundment/ 
Flooding  
(En2-2) 

Flow Changes  
(En2-3) 

Moon Lake (Tutshi-Moon) 

            

Racine - Moon  

            

Lindeman-Fraser 

            

Racine - Mt. Brown 

            

Atlin - Black Mountain 

            

Squanga - Dalayee 

            

Canyon - Ittlemit 

            

Vangorda Pit 
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Table 5-101: Pumped Storage Resource Option Environmental Attributes - Terrestrial Environment 1 

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4) 

Species at 
Risk & 

Habitat  
(En3-1) 

Protected & 
Conservation 

Areas  
(En3-2) 

Wildlife Key 
Areas  

(En3-3) 

Caribou 
Ranges 
(En3-4) 

Footprint 
Terrestrial 

Area 
(En4-1) 

Linear Dev 
for Roads/ 

Transmission 
(En4-2) 

Permafrost  
En4-3) 

Wetlands 
(En4-4) 

Moon Lake (Tutshi-Moon) 

                

Racine - Moon  

                

Lindeman-Fraser 

                

Racine - Mt. Brown 

                

Atlin - Black Mountain 

                

Squanga - Dalayee 

                

Canyon - Ittlemit 

                

Vangorda Pit 
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Table 5-102: Pumped Storage Resource Option Environmental Attributes – Air 1 

Air Quality (En5) 

GHG Emissions  
(En5-1) 

Other Air 
Pollutants  

(En5-2) 

with Biogenic 
CO2 

without 
Biogenic CO2   

Moon Lake (Tutshi-Moon) 

      

Racine - Moon  

      

Lindeman-Fraser 

      

Racine - Mt. Brown 

      

Atlin - Black Mountain 

      

Squanga - Dalayee 

      

Canyon - Ittlemit 

      

Vangorda Pit 
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Table 5-103: Pumped Storage Resource Option Social Attributes – First Nations Land and Traditional Lifestyle 1 

First Nation 
Lands  
(S1) 

Traditional Lifestyle  
(S2) 

First Nation 
Settlement 

Lands/ Interim 
Protected 

Lands 
(S1-1) 

Footprint 
Land Area 

Impact 
(S2-1) 

Land Area Loss 
Re: Traditional 

Lifestyle 
(S2-2) 

Land Quality 
Effects on 
Traditional 

Lifestyle 
(S2-3) 

Cabins, Camps 
& Structures 

(S2-4) 

Country Foods 
(S2-4) 

Moon Lake (Tutshi-Moon) 

            

Racine - Moon  

            

Lindeman-Fraser 

            

Racine - Mt. Brown 

            

Atlin - Black Mountain 

            

Squanga - Dalayee 

            

Canyon - Ittlemit 

            

Vangorda Pit 
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 Table 5-104: Pumped Storage Resource Option Social Attributes – Heritage Resources and Cultural & Community Well-being 1 

Heritage Resources  
 (S3) 

Cultural & Community Well-being  
(S5) 

Density of 
Heritage 

Resources  
(S3-1) 

Importance/ 
Cultural Value 

of Heritage 
Resources 

(S3-2) 

Infrastructure & 
Services 

(S5-1) 

Public Safety, 
Worker 

Interaction, 
Human & 

Community 
Health 
(S5-2) 

Community, 
First Nation & 

Personal 
Development 

(S5-3) 

Moon Lake (Tutshi-Moon) 

          

Racine - Moon  

          

Lindeman-Fraser 

          

Racine - Mt. Brown 

          

Atlin - Black Mountain 

          

Squanga - Dalayee 

          

Canyon - Ittlemit 

          

Vangorda Pit 
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Table 5-105: Pumped Storage Resource Option Social Attributes – Tourism, Recreation, Other Resources and Land Use 1 

Tourism, Recreation & Other Resources and Land Use 
 (S4) 

Recreational 
Values   
(S4-1) 

Tourism 
Values  
(S4-2) 

Aesthetics   
(S4-3) 

Non-
renewable 
Resources    

(S4-4) 

Other 
Renewable 
Resources 

(S4-5) 

Land Use & 
Renewable 
Resources 

Plans 
(S4-6) 

Moon Lake (Tutshi-Moon) 

            

Racine - Moon  

            

Lindeman-Fraser 

            

Racine - Mt. Brown 

            

Atlin - Black Mountain 

            

Squanga - Dalayee 

            

Canyon - Ittlemit 

            

Vangorda Pit 
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Table 5-106: Pumped Storage Resource Option Economic Attributes – Local Economic Impacts and Climate Change Risk 1 

Local Economic Impacts (Ec1) (Positive 
Effects) 

Climate Change Risk affecting Resource Financial Attributes 
(Ec2) 

Yukon 
Opportunities 

During 
Construction 

(Ec1-1) 
Positive 
Effects 

Yukon 
Opportunities 

during 
Operation 

(Ec1-2) 
Positive 
Effects 

Community 
& Other 

Development 
Opportunity 

(Ec1-3) 
Positive 
Effects 

Susceptible 
to Extreme 

Heat/Drought 
(Ec2-1) 

Susceptible 
to Extreme 

Precipitation 
- flood/snow  

(Ec2-2) 

Susceptible 
to Extreme 

Wind 
Events 
(Ec2-3) 

Susceptible 
to Ice 

Related 
Processes/ 

Events 
(Ec2-4) 

Conditions 
Susceptible 
to Climate 

Change 
(Ec2-5) 

Moon Lake (Tutshi-Moon) 

                

Racine - Moon  

                

Lindeman-Fraser 

                

Racine - Mt. Brown 

                

Atlin - Black Mountain 

                

Squanga - Dalayee 

                

Canyon - Ittlemit 

                

Vangorda Pit 
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Figure 5-35: Pumped Storage Resource Option Locations  1 
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5.2.10 Energy Storage 1 

Technology description 2 

Electricity cannot be stored, which means that electricity supply must be continuously and instantaneously 3 
balanced with demand.  Storage allows for electricity generated at one time to be converted to another 4 
form of energy suitable for storage (such as chemical energy), which is then converted back to electricity at 5 
a later time as shown in Figure 5-36.  Due to the necessary energy conversions, storage is a net consumer of 6 
energy. Storage provided by batteries can be valuable in smoothing out the variation between the demand 7 
and supply for electricity, as well as to maintain grid stability and to manage the integration of intermittent 8 
renewables resources such as wind and solar, by firming their energy.  9 

The most common electrical energy storage systems are batteries, but other energy storage technologies 10 
include: pumped water storage, compressed air, flywheels, hydrogen cells, capacitors, superconducting 11 
magnetic coils and molten salt. Different energy storage technologies work on different timescales. Some 12 
can store energy for seconds, while others can store for years.  13 

Energy storage is a net energy user that can provide dispatchable energy and dependable capacity over a 14 
limited amount of time.  The operation of the energy storage system is matched to the demands on the 15 
system. 16 

Figure 5-36: Energy Storage 17 

 

Studies 18 

TransGrid Solutions Inc. completed a review of existing energy storage technologies for the 2016 Resource 19 
Plan.  This evaluation reviewed the various technologies in terms of their ability to reduce YEC’s thermal 20 
generation to meet peak load requirements, and other benefits including improved power quality, grid 21 
support, load shifting and the integration of renewables.  Other factors considered included safety, 22 
environmental attributes and cost.  The report can be found in Appendix 5.17.  The energy storage 23 
technologies considered are summarized in Figure 5-37 below. 24 
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Figure 5-37: Energy Storage Systems and Classifications (from TransGrid Solutions Report) 1 

 
Fuel description 2 

Energy storage does not produce energy, but stores energy produced by a different generating resources. 3 

Summary of studies to date and key findings  4 

The inventory of energy storage technologies identified four technologies to displace thermal generation, all 5 
of which featured electrochemical batteries. Only two, lead acid and lithium ion batteries, were selected 6 
based on safety, overall cost and the maturity of the technology. One advantage of batteries is that the 7 
systems are modular.  This means that the system can be installed in a reasonable timeframe, and power 8 
capacity can be added in increments as the demand grows. By adding the batteries incrementally, the utility 9 
can also take advantage of future technology improvements.  10 

The study completed a configuration design and cost estimate for lead acid batteries at 4, 6 and 8 MW, and 11 
for lithium-ion batteries at 8 MW. These storage systems were assumed to be close to the Takhini 12 
substation. 13 

The following Table 5-107 describes the technical and financial attributes and Table 5-108 to Table 5-114 14 
describe the environmental, social and economic attributes for the four battery configurations. The location 15 
of the energy storage systems can be found in Figure 5-38 below.  16 
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Table 5-107. Storage Resource Option Technical and Financial Attributes 1 

Annual 
Energy 

Firm 
Energy 

Installed 
Capacity 

Dependable 
Capacity 

Levelized 
Cost of 
Energy 

Levelized 
Cost of 

Capacity 

Project 
Life 

Lead 
Time 

Dispatch-
able 

GWh/yr GWh/yr MW MW $/kWh $/kW∙yr Years Years Y/N 

Lead Acid (4 MW) 

2.4 2.4 4 3.6 $0.79 $539 30 2 Y 

Lead Acid (6 MW) 

2.7 2.7 6 3.6 $1.09 $811 30 2 Y 

Lead Acid (8 MW) 

2.8 2.8 8 3.6 $1.31 $1,055 30 2 Y 

Lithium-ion (8 MW) 

2.8 2.8 8 3.6 $0.96 $650 30 2 Y 

 

Table 5-108: Storage Resource Option Environmental Attributes – Aquatic Environment 2 

Fish & Fish Habitat (En1) Water Quantity & Quality (En2) 

Salmon & 
Habitat 
(En1-1) 

Species at Risk 
& Habitat 

(En1-2) 

Commercial, 
Recreational & 

Aboriginal 
Fisheries 

 Species & Habitat 
(En1-3) 

Consumptive 
Water Use 

(En2-1) 

Relative Scale 
of New 

Impoundment/ 
Flooding  
(En2-2) 

Flow Changes  
(En2-3) 

Lithium Ion Battery (8 MW/40MWh, 5 hrs) 
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Table 5-109: Storage Resource Option Environmental Attributes - Terrestrial Environment 1 

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4) 

Species at 
Risk & 

Habitat  
(En3-1) 

Protected & Conservation 
Areas  

(En3-2) 

Wildlife Key 
Areas  

(En3-3) 

Caribou 
Ranges 
(En3-4) 

Footprint 
Terrestrial 

Area 
(En4-1) 

Linear Dev 
for Roads/ 

Transmission 
(En4-2) 

Permafrost  
En4-3) 

Wetlands 
(En4-4) 

Lithium Ion Battery (8 MW/40MWh, 5 hrs) 

                

  

Table 5-110: Storage Resource Option Environmental Attributes – Air 2 

Air Quality (En5) 

GHG Emissions  
(En5-1) 

Other Air 
Pollutants  

(En5-2) 

with Biogenic 
CO2 

without 
Biogenic CO2   

Lithium Ion Battery (8 MW/40MWh, 5 hrs) 

    

 

Table 5-111: Storage Resource Option Social Attributes – First Nations Land and Traditional Lifestyle 3 

First Nation 
Lands (S1) 

Traditional Lifestyle  
(S2) 

First Nation 
Settlement 

Lands/ Interim 
Protected 

Lands 
(S1-1) 

Footprint 
Land Area 

Impact 
(S2-1) 

Land Area Loss 
Re: Traditional 

Lifestyle 
(S2-2) 

Land Quality 
Effects on 
Traditional 

Lifestyle 
(S2-3) 

Cabins, 
Camps & 

Structures 
(S2-4) 

Country 
Foods 
(S2-4) 

Lithium Ion Battery (8 MW/40MWh, 5 hrs) 
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Table 5-112: Storage Resource Option Social Attributes – Heritage Resources and Cultural & Community Well-being 1 

Heritage Resources  
 (S3) 

Cultural & Community Well-being  
(S5) 

Density of 
Heritage 

Resources  
(S3-1) 

Importance/ 
Cultural 
Value of 
Heritage 

Resources 
(S3-2) 

Infrastructure & 
Services 

(S5-1) 

Public Safety, 
Worker 

Interaction, 
Human & 

Community 
Health 
(S5-2) 

Community, 
First Nation 
& Personal 

Development 
(S5-3) 

Lithium Ion Battery (8 MW/40MWh, 5 hrs) 

          

 

Table 5-113: Storage Resource Option Social Attributes – Tourism, Recreation, Other Resources and Land Use 2 

Tourism, Recreation & Other Resources and Land Use 
 (S4) 

Recreational 
Values   
(S4-1) 

Tourism 
Values  
(S4-2) 

Aesthetics   
(S4-3) 

Non-
renewable 
Resources    

(S4-4) 

Other 
Renewable 
Resources 

(S4-5) 

Land Use & 
Renewable 
Resources 

Plans 
(S4-6) 

Lithium Ion Battery (8 MW/40MWh, 5 hrs) 

            

 

Table 5-114: Storage Resource Option Economic Attributes – Local Economic Impacts and Climate Change Risk 3 

Local Economic Impacts (Ec1) (Positive 
Effects) 

Climate Change Risk affecting Resource Financial Attributes 
(Ec2) 

Yukon 
Opportunities 

During 
Construction 

(Ec1-1) 
Positive 
Effects 

Yukon 
Opportunities 

during 
Operation 

(Ec1-2) 
Positive 
Effects 

Community 
& Other 

Development 
Opportunity 

(Ec1-3) 
Positive 
Effects 

Susceptible 
to Extreme 

Heat/Drought 
(Ec2-1) 

Susceptible 
to Extreme 

Precipitation 
- flood/snow  

(Ec2-2) 

Susceptible 
to Extreme 

Wind 
Events 
(Ec2-3) 

Susceptible 
to Ice 

Related 
Processes/ 

Events 
(Ec2-4) 

Conditions 
Susceptible 
to Climate 

Change 
(Ec2-5) 

Lithium Ion Battery (8 MW/40MWh, 5 hrs) 
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Figure 5-38: Energy Storage Resource Option Location  1 
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5.2.11 Demand Side Management 1 

Technology description 2 

Demand side management (DSM) uses a combination of energy efficient technologies and customer 3 
behavioral changes to reduce the amount of electricity that customers demand, or shift the timing of when 4 
customers need power. This can be done by providing:  5 

• Financial incentives to customers too help offset the cost of purchasing energy saving products; 6 
• Financial disincentives or penalties such as taxes on high energy use products or behavior; 7 
• Electricity rates that encourage conservation; 8 
• Education on the benefits of conservation, both from an energy perspective as well as other factors 9 

such as comfort and safety; and 10 
• Codes and standards such as insulation requirements for new buildings or minimum efficiency levels 11 

for appliances. 12 

Currently YEC has used financial incentives and education in the inCharge DSM program, which is delivered 13 
to Yukon residential customers in partnership with ATCO Electric Yukon. The timing of energy-focused DSM 14 
savings cannot be controlled by the utility, but can be reasonably estimated.  Demand focused DSM 15 
programs can include utility control and can be dispatched by the utility. 16 

Studies 17 

In 2011, a Conservation Potential Review (CPR) was completed for the Yukon by ICF International (ICFI). This 18 
study considered the level of energy savings achievable through the adoption of a range of DSM programs 19 
by Yukon homes and businesses.  An update to the key exhibits in this review was completed by ICFI for the 20 
2016 Resource Plan.  This update took into consideration the change in YEC’s load and population forecasts.  21 
The update also considered changes in technology and some learnings from the first few years of YEC 22 
delivering the inCharge DSM program. The updated CPR can be found in Appendix 5.18. 23 

Fuel description 24 

Instead of delivering electricity supply, DSM focuses on changing the demand for electricity as a way of 25 
ensuring that the utility is able to meet future load requirements.  26 

Summary of studies to date and key findings  27 

The 2016 CPR update indicates that there is a considerable amount of electricity conservation potential in 28 
the Yukon.  The study focused on energy savings as well as the coincident peak demand savings that would 29 
result from the energy savings measures. The same rigor was applied in determining both the energy and 30 
peak demand savings. A preliminary estimate of demand reduction technologies was completed and will be 31 
investigated in more detail at a later date.   32 

Due to the large number of energy efficiency measures considered, these were grouped from lowest to 33 
highest cost of conserved energy (CCE), which is equivalent to the LCOE of supply measures. The CCE 34 
presented is considered as the cost to both the utility and the participants for saving each kilowatt-hour of 35 
electricity. DSM has an inclining cost curve; as the cheaper DSM options are implemented, the next DSM 36 
option is more expensive. This results in the overall portfolio cost of DSM increasing as increasingly 37 
expensive measures are implemented. 38 

The following Table 5-115 to Table 5-118 describes the technical and financial parameters of the various 39 
DSM options. An environmental, social and economic assessment was not undertaken. DSM is considered 40 
the most environmentally friendly option as it does not require the construction of generation and 41 
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transmission assets. Measures greater than $0.38/kWh for commercial customers and $0.45/kWh for 1 
residential customers were not included as costs greater than this were not considered cost effective in the 2 
2011 CPR. 3 

Table 5-115. Energy DSM Technical and Financial Attributes – Commercial Customer Class 4 

Annual and Firm Energy Conserved 

(GWh/yr) 
Cost of Conserved 

Energy 
Project 

Life 
In-service 
Lead Time 

2015 2020 2025 2030 2035 ($/kWh) years years 

Cost of Conserved Energy up to 10 ¢/kWh 

2.4 6.7 10.2 14.5 14.5 0.07 20 2 

Cost of Conserved Energy between 10 -20 ¢/kWh  

1.2 3.3 5.5 7.9 7.9 0.13 20 2 

Cost of Conserved Energy between 20 -30 ¢/kWh  

0.2 0.8 2.4 4.7 4.3 0.27 20 2 

Cost of Conserved Energy greater than 30 ¢/kWh 

0.1 0.3 0.50 0.7 0.7 0.38 20 2 
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Table 5-116: Capacity DSM Technical Attributes – Commercial Customer Class 1 

Coincident Peak Reduction (*) 

(MW) 

2015 2020 2025 2030 2035 

Cost of Conserved Energy up to 10 ¢/kWh 

 0.3   1.0   1.5   2.2   2.1  

Cost of Conserved Energy between 10 -20 ¢/kWh 

 0.2   0.6   0.9   1.3   1.3  

Cost of Conserved Energy between 20 -30 ¢/kWh  

 0.0   0.2   0.5   1.0   0.9  

Cost of Conserved Energy greater than 30 ¢/kWh 

 0.0   0.0   0.1   0.1   0.1  

(*) The Coincident Peak Reductions are by-products of DSM Energy Efficiency measures presented in Table 4-115. Table 4-116 is 2 
presented separately from Table 4-115 because there was not enough space on the page to present a combined table. 3 
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Table 5-117. Energy DSM Technical and Financial Attributes – Residential Customer Class 1 

Annual and Firm Energy Conserved 

(GWh/yr) 
Cost of Conserved 

Energy 
Project 

Life 
In-service 
Lead Time 

2015 2020 2025 2030 2035 ($/kWh) years Years 

Cost of Conserved Energy up to 10 ¢/kWh 

 1.0   2.1   2.8   3.3   2.8  0.04 20 2 

Cost of Conserved Energy between 10-20 ¢/kWh 

 0.4   1.9   5.3   10.1   10.0  0.17 20 2 

Cost of Conserved Energy between 20-30 ¢/kWh 

 0.2   0.9   2.3   4.2   4.4  0.26 20 2 

Cost of Conserved Energy between 30-40 ¢/kWh 

 0.2   1.4   2.8   3.4   3.3  0.32 20 2 

Cost of Conserved Energy greater than 40 ¢/kWh 

 0.0   0.1   0.4   0.5   0.5  0.45 20 2 
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Table 5-118: Capacity DSM Technical Attributes – Residential Customer Class 1 

Coincident Peak Reduction (**) 

(MW) 

2015 2020 2025 2030 2035 

Cost of Conserved Energy up to 10 ¢/kWh 

 0.0   0.1   0.1   0.2   0.2  

Cost of Conserved Energy between 10-20 ¢/kWh 

 0.1   0.2   0.1   0.1   0.1  

Cost of Conserved Energy between 20-30 ¢/kWh 

 0.1   0.2   0.1   0.1   0.1  

Cost of Conserved Energy between 30-40 ¢/kWh 

 0.0   0.0   0.1   0.1   0.1  

Cost of Conserved Energy greater than 40 ¢/kWh 

 0.0   0.0   0.1   0.1   0.1  

(**) The Coincident Peak Reductions are by-products of DSM Energy Efficiency measures presented in Table 4-117. Table 4-118 is 2 
presented separately from Table 4-117 because there was not enough space on the page to present a combined table. 3 
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5.2.12 Transmission 1 

Technology description 2 

Power transmission allows the bulk movement of electricity through high voltage systems. The YIS consists 3 
of high voltage alternating current infrastructure conveying electricity at a voltage of 69 kV (Mayo-Dawson 4 
line and Stewart-Keno lines) or 138 kV (Whitehorse-Aishihik-Faro and Carmacks-Stewart lines).  5 

Transmission infrastructure includes the conductors and the supporting poles and the transmission lines 6 
that allow the flow of electricity from the generating stations to the load centers as shown in Figure 5-39. 7 
Closer to the customer meters, lower voltage (25 kV or 34.5 kV) distribution wiring transmits electricity from 8 
the substations to individual customers. Although transmission can also be underground, all transmission 9 
infrastructure in Yukon is overhead. 10 

Figure 5-39: Transmission 11 

Studies 

An evaluation of the options for eleven transmission routes of interest was conducted by Midgard 12 
Consulting for the 2016 Resource Plan. The routes were identified through an iterative process that 13 
evaluated the connection between major load centers and current or potential future generation resources. 14 
This evaluation considered transmission corridor optimization (adjacent to roadways, avoiding challenging 15 
terrain, avoiding private land and avoiding sharp bends in the line), capital and operating expenditures, 16 
power transfer capacities, development schedules and risks. The results of this technical evaluation are 17 
intended to be combined with the resource options requiring new transmission infrastructure. The routes 18 
evaluated were: 19 

• Faro to Finlayson; 20 
• Faro to Watson Lake; 21 
• Aishihik to Destruction Bay; 22 
• Whitehorse to Skagway; 23 
• Whitehorse to Atlin; 24 
• Whitehorse to Teslin; 25 
• Whitehorse to Squanga - Dalayee Pumped Storage Site; 26 
• Whitehorse to Atlin – Mount Black Pumped Storage Site; 27 
• Whitehorse to Tutshi Windy Arm; and 28 
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Table 5-121: Transmission Lines Resource Option Environmental Attributes - Terrestrial Environment 1 

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4) 

Species at 
Risk & 

Habitat  
(En3-1) 

Protected & 
Conservation 

Areas  
(En3-2) 

Wildlife Key 
Areas  

(En3-3) 

Caribou 
Ranges 
(En3-4) 

Footprint 
Terrestrial 

Area 
(En4-1) 

Linear Dev 
for Roads/ 

Transmission 
(En4-2) 

Permafrost  
En4-3) 

Wetlands 
(En4-4) 

Whitehorse - Atlin (138 kV) 

                

Whitehorse - Skagway (230 kV) 

                

Whitehorse - Teslin (138 kV) 

                

Faro - Watson Lake (230 kV) 

                

Aishihik - Destruction Bay (230 kV) 

                

Stewart-Keno City (138 kV & substations) 
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Table 5-122: Transmission Lines Resource Option Environmental Attributes – Air 1 

Air Quality (En5) 

GHG Emissions  
(En5-1) 

Other Air 
Pollutants  

(En5-2) 

with Biogenic 
CO2 

without 
Biogenic CO2   

Whitehorse - Atlin (138 kV) 

    

Whitehorse - Skagway (230 kV) 

    

Whitehorse - Teslin (138 kV) 

    

Faro - Watson Lake (230 kV) 

    

Aishihik - Destruction Bay (230 kV) 

    

Stewart-Keno City (138 kV & substations) 
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Table 5-123: Transmission Lines Resource Option Social Attributes – First Nations Land and Traditional Lifestyle 1 

First Nation 
Lands  
(S1) 

Traditional Lifestyle  
(S2) 

First Nation 
Settlement 

Lands/ Interim 
Protected 

Lands 
(S1-1) 

Footprint 
Land Area 

Impact 
(S2-1) 

Land Area Loss 
Re: Traditional 

Lifestyle 
(S2-2) 

Land Quality 
Effects on 
Traditional 

Lifestyle 
(S2-3) 

Cabins, Camps 
& Structures 

(S2-4) 

Country Foods 
(S2-4) 

Whitehorse - Atlin (138 kV) 

            

Whitehorse - Skagway (230 kV) 

            

Whitehorse - Teslin (138 kV) 

            

Faro - Watson Lake (230 kV) 

            

Aishihik - Destruction Bay (230 kV) 

            

Stewart-Keno City (138 kV & substations) 
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Table 5-124: Transmission Lines Resource Option Social Attributes – Heritage Resources and Cultural & Community Well-being 1 

Heritage Resources  
 (S3) 

Cultural & Community Well-being  
(S5) 

Density of 
Heritage 

Resources  
(S3-1) 

Importance/ 
Cultural 
Value of 
Heritage 

Resources 
(S3-2) 

Infrastructure & 
Services 

(S5-1) 

Public Safety, 
Worker 

Interaction, 
Human & 

Community 
Health 
(S5-2) 

Community, 
First Nation & 

Personal 
Development 

(S5-3) 

Whitehorse - Atlin (138 kV) 

          

Whitehorse - Skagway (230 kV) 

          

Whitehorse - Teslin (138 kV) 

          

Faro - Watson Lake (230 kV) 

          

Aishihik - Destruction Bay (230 kV) 

          

Stewart-Keno City (138 kV & substations) 
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Table 5-125: Transmission Lines Resource Option Social Attributes – Tourism, Recreation, Other Resources and Land Use 1 

Tourism, Recreation & Other Resources and Land Use 
 (S4) 

Recreational 
Values   
(S4-1) 

Tourism 
Values  
(S4-2) 

Aesthetics   
(S4-3) 

Non-
renewable 
Resources    

(S4-4) 

Other 
Renewable 
Resources 

(S4-5) 

Land Use & 
Renewable 
Resources 

Plans 
(S4-6) 

Whitehorse - Atlin (138 kV) 

            

Whitehorse - Skagway (230 kV) 

            

Whitehorse - Teslin (138 kV) 

            

Faro - Watson Lake (230 kV) 

            

Aishihik - Destruction Bay (230 kV) 

            

Stewart-Keno City (138 kV & substations) 
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Table 5-126: Transmission Lines Resource Option Economic Attributes – Local Economic Impacts and Climate Change Risk 1 

Local Economic Impacts (Ec1) (Positive 
Effects) 

Climate Change Risk affecting Resource Financial Attributes 
(Ec2) 

Yukon 
Opportunities 

During 
Construction 

(Ec1-1) 
Positive 
Effects 

Yukon 
Opportunities 

during 
Operation 

(Ec1-2) 
Positive 
Effects 

Community 
& Other 

Development 
Opportunity 

(Ec1-3) 
Positive 
Effects 

Susceptible 
to Extreme 

Heat/Drought 
(Ec2-1) 

Susceptible 
to Extreme 

Precipitation 
- flood/snow  

(Ec2-2) 

Susceptible 
to Extreme 

Wind 
Events 
(Ec2-3) 

Susceptible 
to Ice 

Related 
Processes/ 

Events 
(Ec2-4) 

Conditions 
Susceptible 
to Climate 

Change 
(Ec2-5) 

Whitehorse - Atlin (138 kV) 

                

Whitehorse - Skagway (230 kV) 

                

Whitehorse - Teslin (138 kV) 

                

Faro - Watson Lake (230 kV) 

                

Aishihik - Destruction Bay (230 kV) 

                

Stewart-Keno City (138 kV & substations) 
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Figure 5-40: Transmission Line Options Locations (Map 1) 1 
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Figure 5-41: Transmission Line Options Locations (Map 2) 1 
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6 Market	Assessment	1 

6.1 Fuel	Price	Forecasts	2 

6.1.1 Background	3 

The cost of hydrocarbon fuels, diesel and liquefied natural gas (LNG), is a major component in the cost of 4 

electricity delivered from thermal‐based generation and therefore, this is a key factor in electricity 5 

generation resource decisions. This chapter summarizes the diesel and LNG price forecasts undertaken 6 

by Yukon Energy (YEC) for the purposes of long‐term resource planning. 7 

6.1.2 Forecast	Approach	8 

There are several ways to create forecasts.  The simplest approach involves a trend analysis, in which 9 

recent historical prices are escalated using an inflation‐based index.  This was the approach used in YEC’s 10 

2011 Resource Plan. A forecast of future diesel prices was constructed by anchoring current diesel prices, 11 

and applying escalation at inflation. 12 

YEC’s 2016 Resource Plan takes a more detailed approach, in that the key components of diesel and LNG 13 

fuel price were analyzed, and specific escalation factors were applied separately to each of the cost 14 

components.  These separate cost forecasts were then aggregated to generate a total diesel and LNG 15 

price forecast. 16 

The prices of diesel and LNG delivered to YEC’s thermal generation facilities are comprised of a few key 17 

components.  For example, the price of delivered diesel includes the following: 18 

 Fuel cost (crude oil) 19 

 Refining costs (crude oil converted to diesel) 20 

 Marketing 21 

 Shipping 22 

 Taxes 23 

All the price forecasts presented in this Chapter exclude effects associated with carbon pricing.  An 24 

assessment of a social cost of carbon, which has been applied to thermal generation resources in the 25 

YEC’s portfolio analysis, is presented in Section 6.2. The results of the portfolio analysis are presented in 26 

Chapter 8.  27 

In undertaking the forecast, the above costs have been grouped into two categories.  The forecast costs 28 

in each category are separately created and then added together, as follows: 29 

1. Fuel costs: The feedstocks for diesel and LNG are crude oil and gas, respectively. Therefore price 30 

forecasts for oil and gas are key forecast inputs.  As oil and gas prices are denominated in US 31 

dollars (US$), a Canadian dollar (C$)‐US$ exchange rate forecast was created and applied.  Oil 32 

prices are largely driven by global forces of supply and demand, with some degree of producer 33 

market power.  Natural gas prices are set on a continental basis, as imports and exports of 34 

natural gas (as LNG) are relatively small.  Processing and shipping costs for both fuels are largely 35 

cost‐based, and generally track inflation; and 36 
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2. Other non‐fuel costs: this grouping includes all other costs such as shipping, liquefaction for 1 

natural gas, refining for diesel, and taxes.  In the forecasts, these are escalated at a rate 2 

consistent with the supplier cost of providing the service (i.e., equivalent to the inflation rate).  3 

These costs are largely local and therefore, are denominated in C$. 4 

The key inputs to the diesel and LNG price forecast are: 5 

 Recent diesel and LNG prices paid by YEC:  These are the actual delivered prices of the fuel, and 6 

include all other charges such as shipping and liquefaction; 7 

 Recent market prices for oil (Brent and West Texas Intermediate) and natural gas (Sumas Hub 8 

and Henry Hub); 9 

 Historical Exchange rates (C$/US$); 10 

 A base C$/US$ exchange rate of 0.82, which was the exchange rate at the time this forecast was 11 

completed in June 2016, and high and low sensitivities around the base; and 12 

 Long‐term market price forecasts and scenarios for oil and natural gas, from a recent study by 13 

the National Energy Board of Canada (NEB)1. 14 

6.1.3 Scenarios	15 

Energy prices are among the most uncertain and volatile of all commodities, and are subject to the 16 

future events such as technology developments, changes in taxation and energy policies, customer 17 

demand, and substitution by other fuels.  A scenario‐based forecasting approach was used to account for 18 

these uncertainties. 19 

The key uncertainty in the diesel and LNG forecasts relates to the fuel costs and the exchange rates. 20 

Consequently, three exchange rate scenarios (High, Base and Low) and three long‐term oil and gas price 21 

scenarios (High, Base and Low), and were considered. 22 

6.1.3.1 Exchange Rate Scenarios 23 

The Base Exchange rate forecast of 0.82 US$/CA$ was used, with low and high scenarios of 0.70 and 0.90 24 

US$/C$ respectively.  These scenarios fall reasonably within the historical range from the past 30 years.  25 

Exchange rates of as low as 0.60 and over 1.00 US$/C$ have occurred over this period, but these were 26 

unusual short‐term events. 27 

YEC undertook a regression analysis of the historical relationship between the Canadian dollar (relative 28 

to the US$) and the market price of oil.   The results of this regression analysis is clear and consistent 29 

with previous studies. When oil prices are low, the Canadian dollar has historically been low, which 30 

supports the price of oil denominated in C$.  Therefore, only certain combinations of oil prices and 31 

foreign exchange rates are sensibly aligned.  This reduces the number of scenarios to be analyzed.  32 

                                                            

1 Canada’s Energy Future 2016: Energy Supply and Demand Projections to 2040 – An Energy Market Assessment – 

January 2016: https://www.neb‐one.gc.ca/nrg/ntgrtd/ftr/index‐eng.html 
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6.1.3.2 Fuel Cost Scenarios 1 

Two consistent fuel price forecasts were developed based on the NEB high and low scenarios.  The low 2 

oil price case was matched with the low US$/C$ exchange rate (0.70 US$/C$), and the high oil price case 3 

was matched with the high exchange rate (0.90 US$/C$). 4 

A correlation between Henry Hub natural gas prices and the Canadian dollar was also tested, and it did 5 

not show a strong relationship.  However, for consistency, the NEB high and low gas price scenarios were 6 

matched with the same exchange‐rate cases as were used with oil prices.  The high natural gas price case 7 

was matched with the high exchange rate (0.90 US$/C$) and the low natural gas case was matched with 8 

the low exchange rate (0.70 US$/C$). 9 

The forecast prices of the fuel feedstock were escalated at rates consistent with the NEB’s long‐term 10 

forecasts, relative to a 2016 base year.  The escalation rates were applied to actual diesel and LNG prices 11 

paid by YEC in late 2015 and early 2016 to generate the fuel feedstock price forecasts2. High and Low fuel 12 

cost forecasts were created by escalating the fuel feedstock components by the High and Low escalators, 13 

respectively, from the NEB cases. 14 

The potential for future local sources of natural gas supply from either local resources (e.g., through 15 

development of Eagle Plains resources), or delivered from outside the Yukon Territory by pipeline, was 16 

not considered.  This forecast for diesel and LNG considers existing sourcing and modes of 17 

transportation. 18 

6.1.3.3 Non‐Fuel Costs 19 

For the Base and Low cases, the actual non‐fuel cost components of the diesel and LNG fuel costs paid by 20 

YEC were analyzed and consequently escalated at inflation, or zero escalation when expressed in Real 21 

dollars.  Non‐fuel costs under the High case were inflated at 1% over inflation when expressed in Real 22 

dollars.  The summary of the inputs and assumptions in the scenarios is shown in Table 6.1. 23 

                                                            

2 The absolute values in the NEB oil and natural gas price forecasts are not used directly. They were used to 
construct future oil and gas price escalators that were applied to current diesel and LNG prices paid by YEC. 
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Table 6‐1: Summary of the inputs and assumptions in the scenarios 1 

Price Scenario  Fuel Price Assumptions  Non‐Fuel Price 
Assumptions 

Exchange Rate Assumption 

Base 
(Reference) 

Oil and natural gas prices 
escalated as per NEB mid‐
price forecast. 

Starting price is based on 
recent diesel and LNG 
prices paid by YEC delivered 
to Whitehorse.  Escalation 
at 0% Real. 

Mid‐ C$/US$ exchange rate 
assumption. 

High  Oil and natural gas prices 
escalated as per NEB high 
price forecast. 

Starting price is based on 
recent diesel and LNG 
prices paid by YEC delivered 
to Whitehorse.  Escalation 
at 1% Real. 

High C$/US$ exchange rate 
assumption. 

Low  Oil and natural gas prices 
escalated as per NEB low 
price forecast. 

Starting price is based on 
recent diesel and LNG 
prices paid by YEC delivered 
to Whitehorse.  Escalation 
at 0% Real. 

Low C$/US$ exchange rate 
assumption. 

 

6.1.4 Results	2 

Based on the analysis of actual prices of diesel and LNG fuel delivered to YEC, it was determined that the 3 

majority of the delivered costs were comprised of shipping, liquefaction and taxes. The fuel (oil) 4 

feedstock made up approximately 50% of delivered diesel price, while the natural gas feedstock made up 5 

less than 20% of the delivered price of LNG. 6 

Figure 6‐1 and Figure 6‐2 show the forecast delivered diesel and LNG costs to Whitehorse for the Base, 7 

High and Low scenarios. Since the majority of delivered LNG and diesel prices are made up of non‐fuel 8 

components (shipping and liquefaction), and since these non‐fuel cost factors are assumed to escalate at 9 

inflation in the Base and Low scenarios, the observed increase in total delivered LNG and diesel price 10 

forecasts is relatively suppressed. Table 6‐2 shows the diesel and LNG price forecasts as numerical 11 

values. The forecast increase in diesel prices between 2015 and 2016 is based on the NEB’s assumption 12 

(in late 2015) of increases in near‐term global crude oil prices, particularly in the High scenario.  Oil prices 13 

have subsequently increased, but not to the extent predicted by the NEB. 14 
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Figure 6‐1: Delivered LNG costs to Whitehorse (2016 C$) 1 

 

Figure 6‐2: Delivered Diesel costs to Whitehorse (2016 C$) 2 
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Table 6‐2: Delivered Diesel and LNG costs to Whitehorse (2016 Real C$) – Base (Reference) Forecast 1 

Year 

LNG Delivered to Whitehorse 
C$/GJ 

Diesel Delivered to Whitehorse 
C$/litre 

Fuel Cost 
Non Fuel 

Cost 
Total  Fuel Cost 

Non Fuel 
Cost 

Total 

2016  3.00  19.00  22.00  0.32  0.50  0.82 

2017  3.33  19.00  22.33  0.39  0.50  0.89 

2018  3.44  19.00  22.44  0.41  0.50  0.91 

2019  3.53  19.00  22.53  0.41  0.50  0.91 

2020  3.61  19.00  22.61  0.43  0.50  0.93 

2021  3.68  19.00  22.68  0.44  0.50  0.94 

2022  3.74  19.00  22.74  0.45  0.50  0.95 

2023  3.79  19.00  22.79  0.46  0.50  0.96 

2024  3.82  19.00  22.82  0.46  0.50  0.96 

2025  3.84  19.00  22.84  0.47  0.50  0.97 

2026  3.87  19.00  22.87  0.48  0.50  0.98 

2027  3.90  19.00  22.90  0.49  0.50  0.99 

2028  3.93  19.00  22.93  0.50  0.50  1.00 

2029  3.96  19.00  22.96  0.50  0.50  1.00 

2030  3.98  19.00  22.98  0.51  0.50  1.01 

2031  4.01  19.00  23.01  0.52  0.50  1.02 

2032  4.04  19.00  23.04  0.52  0.50  1.02 

2033  4.07  19.00  23.07  0.53  0.50  1.03 

2034  4.10  19.00  23.10  0.53  0.50  1.03 

2035  4.13  19.00  23.13  0.54  0.50  1.04 

2036  4.15  19.00  23.15  0.5  0.50  1.04 
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Year 

LNG Delivered to Whitehorse 
C$/GJ 

Diesel Delivered to Whitehorse 
C$/litre 

Fuel Cost 
Non Fuel 

Cost 
Total  Fuel Cost 

Non Fuel 
Cost 

Total 

20‐year compounded 
growth  

1.6%  0.0%  0.3%  2.6%  0.0%  1.2% 

6.1.5 Potential	LNG	Supply	Options	1 

To augment the LNG forecast analysis, YEC recently reviewed other potential LNG delivery options, 2 

which may achieve cost savings relative to current supply. A summary of these findings is presented in 3 

this section, while details on this investigation are presented in Appendix 6.1. 4 

YEC’s current sources of LNG are from Delta (Tilbury Island), in the Lower Mainland of British Columbia 5 

(BC), approximately a 2,390 km one way trip to Whitehorse, and Elmworth, Alberta (AB), approximately 6 

a 1,524 km trip. Other potential sources of LNG supply include Dawson Creek, BC (approximately a 1,460 7 

km trip) and Fort Nelson, BC (approximately a 988 km trip).  As the largest cost component of LNG 8 

delivered to YEC is associated with transportation and because these transportation costs are highly 9 

correlated with distance, a closer LNG supply source should result in significant savings in the delivered 10 

LNG price. 11 

Figure 6‐3 shows a breakdown of forecast LNG cost components, assuming the source of LNG is Tilbury 12 

Island. 13 

Figure 6‐3: Breakdown of forecast LNG cost components – Delta, BC (Tilbury Island) Supply 14 
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Further reductions in the delivered price of LNG price could be driven by an increase in the volume of 1 

LNG per shipment, above the current volume of 60 m3 per delivery.  Design work has been completed on 2 

an optimized B‐train configuration with a shipping volume in the range of 80 to 90 m3 per load. This 3 

would represent an increase of up to 50% over current shipping volumes. The trailer design is currently 4 

under review by Provincial and Federal authorities for commercial use on the road network in Yukon, 5 

British Columbia and Alberta. 6 

Overall, The LNG transportation charge represents the greatest opportunity for future cost savings, due 7 

to the economies of scale in larger delivery volumes, and shorter delivery distances.  YEC is conservative 8 

with respect to estimating cost savings due to the availability of the optimized B‐train trailer, as the 9 

trailer design has not yet received regulatory approval and has not yet been manufactured for 10 

commercial service.  Therefore, availability of the optimized B‐train trailer is not assumed in the Base 11 

(Reference) case LNG price forecasts. 12 

Based on information available at the time the forecast was generated, YEC estimates an initial cost 13 

reduction of approximately $8/GJ by sourcing LNG from Dawson Creek with larger shipping volumes 14 

realized with the new B‐train configuration.  This saving assumption is largely based on reduced trucking 15 

distances, but it also the benefits of larger (i.e., 80 m3) LNG loads.  This savings assumption is current as 16 

of November, 2016. 17 

Table 6‐3 presents the four LNG price scenarios analyzed: medium, high, low and optimized. 18 

Table 6‐3: Delivered LNG costs with optimized supply to Whitehorse (2016 C$) 19 

Year 

LNG Base 
(Reference) 

LNG High  LNG Low 
Optimized 

LNG 

C$/GJ  C$/GJ  C$/GJ  C$/GJ 

2016  22.00  22.00  22.00  22.00 

2017  22.33  22.56  22.18  22.33 

2018  22.44  23.01  22.24  22.44 

2019  22.53  23.32  22.29  14.64 

2020  22.61  23.64  22.35  14.71 

2021  22.68  23.92  22.40  14.79 

2022  22.74  24.21  22.45  14.84 

2023  22.79  24.49  22.48  14.89 

2024  22.82  24.77  22.51  14.92 

2025  22.84  25.04  22.55  14.95 
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Year 

LNG Base 
(Reference) 

LNG High  LNG Low 
Optimized 

LNG 

C$/GJ  C$/GJ  C$/GJ  C$/GJ 

2026  22.87  25.31  22.58  14.98 

2027  22.90  25.57  22.61  15.00 

2028  22.93  25.83  22.65  15.03 

2029  22.96  26.10  22.68  15.06 

2030  22.98  26.36  22.71  15.09 

2031  23.01  26.61  22.74  15.12 

2032  23.04  26.87  22.78  15.14 

2033  23.07  27.12  22.80  15.17 

2034  23.10  27.39  22.82  15.20 

2035  23.13  27.66  22.83  15.23 

2036  23.15  27.93  22.84  15.26 

	

6.1.6 Diesel	and	LNG	price	forecasts	selected	for	portfolio	analysis	1 

The YEC portfolio analysis used three of the four LNG price scenarios, specifically:  2 

 Base;  3 

 High; and 4 

 Optimized.   5 

The Low LNG scenario presented in Figure 6‐1 and Table 6‐3 was not selected for the portfolio analysis, 6 

as it is very close to the Base scenario. 7 

The Base scenario assumes current LNG shipment volumes and the current LNG source as Tilbury Island.  8 

The High scenario assumes same assumptions as the Base scenario, but with the high gas fuel price 9 

forecast. The Optimized Supply scenario assumes the Base case fuel price forecast, but with 80 m3 10 

shipping volumes and LNG sourced from Dawson Creek. The B‐train configuration with larger shipping 11 

volumes is assumed to be commercially available to serve the Dawson Creek to Whitehorse route 12 

starting in 2019.  13 

Figure 6‐4 shows the three scenarios selected as input for the portfolio analysis. The case with the 14 

potential cost reduction is labeled “Optimized Supply”.  The numerical values for those three scenarios 15 
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are presented in Table 6‐3. Note the significant price drop in 2019; this is due to reduced transportation 1 

costs, and lower natural gas prices possible due to the alternative supply arrangements discussed above. 2 

Figure 6‐4: Delivered LNG costs to Whitehorse for selected scenarios (Real 2016 C$) 3 

 

6.2 Social	Cost	of	Carbon	4 

On December 9, 2016, Yukon signed onto the Pan‐Canadian Framework on Clean Growth and Climate 5 

Change (the Framework).  The Framework is both a concrete plan with key commitments and also a 6 

launching point for further collaboration across Canada in addressing and adapting to the impacts of 7 

climate change and shifting to a clean, renewable economy. The Framework introduces carbon pricing 8 

across Canada.  Application of a cost of carbon is one of the key policy instruments used by many 9 

governments to reduce greenhouse gas (GHG) emissions. 10 

Given the eventual application of carbon pricing across Canada, YEC chose to assess the impact of a 11 

social cost of carbon (SCC) within the 2016 Resource Plan, specifically on the economics of the resource 12 

options studied and in the portfolio analysis.  The SCC represents an assigned monetary value of the net 13 

harm of human caused by GHG emissions from burning coal, oil and natural gas (fossil fuels).  The SCC is 14 

expressed in dollars per tonne of CO2 equivalent ($/tCO2e). 15 

The SCC considers possible effects to the Earth’s managed and unmanaged systems such as reduced 16 

output from agriculture, forestry, fisheries, the extinction of non‐commercial species, and the 17 

destruction of major ecosystems.  18 

The effects of human‐caused GHG emissions are difficult to quantify, due to uncertainties such as:  19 

• Accurate estimating of the global harm of GHG emissions. Climate change is a global problem and 20 

needs to be observed at global level, which introduces highly complex causes and effects. 21 
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• Accurate estimating of harms of low probability high impact events. Some SCC estimates place little 1 

value on low probability catastrophic outcomes, such as the possibility of runaway methane release 2 

in the Arctic, the collapse of the West Antarctic Ice Sheet, or the reversal of the Gulf Stream. Recent 3 

SCC estimates attempt to quantify and then incorporate these potential costs, but there is 4 

considerable uncertainty about what values to use. 5 

• Selection of the discount rate used in the economic analysis on the SCC. A higher discount rate 6 

favours near‐term actions, placing less emphasis on future harm. The SCC generally considers long‐7 

term impacts on the economy and the environment, so that relatively low discount rates are applied 8 

to the SCC. 9 

Due to these uncertainties, the range of SCC estimates is necessarily broad. A review of current 10 

estimates deemed credible, and a benchmarking of policy‐driven GHG reduction measures by Canadian 11 

jurisdiction is presented in Appendix 6.2. 12 

A key consideration in the adoption of a SCC for YEC’s Resource Plan is ratepayer, regulatory and political 13 

acceptability.  The Yukon Utilities Board is primarily an economic regulator, with the mandate of 14 

approving low‐cost solutions for ratepayers.  The Framework adoption now makes it clear that the cost 15 

of carbon must be considered in subsequent regulatory proceedings.  In addition, the Framework 16 

considerably narrows the potential range of carbon prices applicable to thermal resources in the Yukon.  17 

However, Yukon‐specific legislation regarding a carbon price is still forthcoming.  Therefore, YEC has 18 

adopted a conservative approach in its SCC forecast, by adopting a reputable third‐party forecast. 19 

YEC used the most recent forecast from the US Environmental Protection Agency3 (EPA) to investigate 20 

the impact of the SCC on the selection of future generation and transmission resources. The range of SCC 21 

as provided by the EPA is shown in Table 6‐4. 22 

Table 6‐4: Social Cost of Carbon ranges by EPA (2016 Canadian Dollars) 23 

US EPA (2016 C$)  2015  2035 

Lowest estimate  $60  $90 

Highest estimate  $174  $279 

 

The EPA has assessed a wide range of outlooks for the SCC by assessing proposed regulations, such as 24 

vehicle or generation plant emissions standards.  However, the EPA outlook does not include the effects 25 

of low probability catastrophic outcomes listed above. 26 

Given this consideration, together with the wide uncertainty in SCC outlooks, for its SCC, YEC has 27 

accepted the low range of the EPA outlook.  That is, a SCC of $60/tCO2e in 2016 and $90/tCO2e in 2035 28 

(in 2016 C$), with equal increase for each year from 2016 to 2035.   29 

                                                            

3 US EPA, Social Cost of Carbon, 2016. https://www.epa.gov/climatechange/social‐cost‐carbon  
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The effects of the recommended SCC values on the cost of LNG and diesel at YEC’s generating facilities 1 

are presented in Table 6‐5.  2 

Table 6‐5: Effects of Social Cost of Carbon on the proxy cost of LNG and diesel generation 3 

Proxy Cost of SCC (2016 C$/kWh)  2015  2035 

LNG  0.026  0.040 

Diesel  0.040  0.062 

 

If the portfolio scenarios with applied SCC were accepted, the actual cost to YEC or its ratepayers would 4 

not increase by these amounts, but future decisions made by YEC on the selection of resources would 5 

handicap GHG‐emitting generating assets by these amounts, relative to non‐emitting generating 6 

resources such as hydro, wind and solar power.   7 
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7 Risks	and	Uncertainties	1 

7.1 Introduction	2 

 Reliable electricity is crucial for the safety of Yukon citizens and the success of local communities and 3 
businesses.  Yukon’s electricity system is islanded and therefore must be self‐sufficient.  That is, the 4 
electricity generation in the Yukon must meet local requirements at all times.  Unlike most systems in 5 
North America and around the world, the Yukon system has no interconnections to neighbors, which 6 
most electricity utilities occasionally rely on to share resources and meet peak electricity demand.  The 7 
Yukon system must be totally reliant on internal resources to meet demands during periods of extreme 8 
need, which typically occurs during cold winter days.  Reliability metrics and standards developed in 9 
other parts of North America need to be reviewed and applied very carefully to the Yukon, as the 10 
consequences of sustained electricity outages in the north can be severe.  A long‐duration power outage 11 
in most of the world carries the discomfort of heat and humidity.  In contrast, a sustained power outage 12 
in a Yukon winter can be life‐threatening.  Such an outage could also result in significant costs such as 13 
frozen and burst water pipes leading to the flooding of residences and businesses. YEC must provide a 14 
supply solution that can deliver reliable electricity on cold and dark winter days. 15 

To recap the steps in developing YECs Resource Plan, they are repeated from Chapter 1: 16 

1. Forecast future electricity load (demand); 17 

2. Create an inventory of existing energy supplies; 18 

3. Determine potential shortfalls; 19 

4. Create an inventory of potential energy supplies and conservation options; 20 

5. Forecast future fuel and carbon prices; 21 

6. Assess risks and uncertainties relevant to the Resource Plan; 22 

7. Analyze the portfolio of options; 23 

8. Draft an action plan; and 24 

9. Finalize the Plan. 25 

This Chapter, corresponding to Step 6 above, details the process undertaken for the Resource Plan risk 26 
assessment, and how this assessment informed subsequent steps 7, 8 and 9. 27 

Step 6 is the critical process of assessing uncertainties and risks.  This includes an assessment of current 28 
and future risks to the Plan, including but not limited to resources, regulatory and policy issues, the load 29 
forecast, fuel price forecast, and climate change 30 

To provide clarity, the following definitions are provided: 31 

 Consequence is an outcome or impact of relevance to the planning process.  Consequences are 32 
usually tied to business of planning objectives and can be positive or negative, easily measurable 33 
or difficult to quantify; 34 

 Uncertainty is the state of not knowing which one of several potential future consequences 35 
could occur, i.e. the state where there is the potential for more than one future outcome; 36 

 Risk is the potential of losing something of value if a consequence occurs. The key risks to 37 
utilities are usually thought of as negative impacts such as: financial losses, damage to 38 
infrastructure, reduced reliability, or loss of reputation.  39 

In planning to meet customer demands, it is important to separate risks from uncertainties. Some 40 
consequences may be negative, but could be excluded from in depth consideration if their likelihood is 41 



 YEC 2016 Resource Plan – Chapter 7                                                                                                                                     7‐2  

 

small enough.  Some uncertainties may be large and complex, but can be passed over if they don’t lead 1 
to large consequences.  Ultimately, the focus of analysis needs to be on risk. In the planning context, risk 2 
has to be understood, quantified, and appropriately managed.  3 

The fundamental risks to be addressed by the YEC Resource Plan are: 4 

 Inadequate electricity supply in terms of insufficient generation and transmission capabilities, 5 
which reduces YEC’s ability to ‘keep the lights on’, and leads to reduced reliability; and 6 

 Over‐building or over‐procuring electricity supply, which could lead to higher rates.  Capital 7 
intensive projects pose major risks to ratepayers if the future load projections used to justify 8 
these projects do not materialize. 9 

The major uncertainties identified in the 2016 Resource Plan are related to the following four broad 10 
categories: 11 

 Resources, 12 

 Regulatory and Policy, 13 

 Load Forecast, and 14 

 Climate Change. 15 

The uncertainties and associated risks are discussed in detail in the following section. 16 

7.2 Uncertainties	and	Risks	17 

7.2.1 Resource	Uncertainties	and	Risks	18 

The following uncertainties are related to resources: 19 

 Generation fuel price volatility and escalation uncertainty, both short and long‐term. The 20 
resulting risk is a rate increase caused by increased portfolio cost; 21 

 Hydrology uncertainty. The potential for a multi‐year drought could result in lower hydro 22 
generation than expected. The resulting risk is insufficient supply of energy and/or capacity; 23 

 Project feasibility uncertainty. The potential for technical, financial or regulatory problems 24 
during project planning or construction, which could result in abandoning specific lower cost 25 
resources in favor of more expensive resources and/or delays. The resulting risk is a rate increase 26 
caused by increased portfolio cost and/or insufficient energy and/or capacity supply; 27 

 Equipment reliability uncertainty. The possible failure of generation and transmission assets 28 
which can lead to outages.  The resulting risk is insufficient energy and/or capacity supply; 29 

 Conservation delivery uncertainties. YEC enabled conservation activities may not produce 30 
expected savings. The resulting risk a rate increase caused by increased portfolio cost and/or 31 
insufficient energy and/or capacity supply; 32 

 IPP supply uncertainty. The possibility of bankruptcy or failure of contracted generation assets, 33 
or the failure of contracted IPPs to reach commercial operation (multiple causes) can result is 34 
some projects not being completed or delayed. The resulting risk a rate increase caused by 35 
increased portfolio cost and/or insufficient energy and/or capacity supply; 36 

 Labour and resource uncertainty. Future periods of high economic activity could cause labour 37 
and resource constraints.  The high economic activity could be caused by a coincident boom in 38 
mining, oil & gas and YEC’s own projects. As a consequence the projects could be delayed and 39 
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their costs increased. The resulting risk a rate increase caused by increased portfolio cost and/or 1 
insufficient energy and/or capacity supply; and 2 

 Capital availability uncertainty. The capital required to execute the action plan proposed by the 3 
Resource Plan could be unavailable. This is particularly possible in financing for very large capital 4 
projects which could involve multiple levels of government and/or private sector interests.  The 5 
resulting risk is a rate increase caused by increased portfolio cost and/or insufficient energy 6 
and/or capacity supply. 7 

7.2.2 	Regulatory	and	Policy	Uncertainties	and	Risks	8 

The following are uncertainties related to regulation and policy: 9 

 Regulatory uncertainties.  These uncertainties could lead to proposed electricity supply projects 10 
being disallowed by the regulator or to protracted legal and regulatory processes delaying 11 
project approvals or relicensing. The resulting risk is a rate increase caused by increased portfolio 12 
cost and/or insufficient energy and/or capacity supply due to introducing more expensive 13 
replacement projects and delaying project in‐service date; 14 

 Policy uncertainties related to specific generation types. These uncertainties could cause 15 
specific generation types become significantly disadvantaged, such as a carbon tax 16 
disadvantaging the operations of diesel and LNG, after those assets are operational. The 17 
resulting risk is a rate increase caused by increased portfolio cost. 18 

7.2.3 	Load	Forecast	Uncertainties	and	Risks	19 

Uncertainty is inherent in forecasting. Actual electricity demand will invariably differ from 20 
forecasts.  Nevertheless, electricity providers including YEC must forecast future demand requirements, 21 
and responsibly plan to meet these needs.  To mitigate the uncertainty in forecasting, a plan with 22 
flexibility needs to be prepared to avoid unnecessarily over‐building of supply, or avoid consequences of 23 
not building sufficient supply to meet the demand.  24 

There are several substantial uncertainties in the load forecast: 25 

 Economic development uncertainties. Federal transfer payments and mining are the major 26 
economic drivers in the Territory and a change in either of these can affect the load. Mining load 27 
can develop relatively quickly, potentially in a shorter timeframe than it takes to serve these 28 
customers with electricity generation or transmission grid upgrades.  For example, a single new 29 
connected metal mine could increase YEC’s load by 25% or more. The development and 30 
subsequent operation of mines is a relatively risky venture due to cyclical and volatile global 31 
commodity prices, and due to financing and permitting risks.  Based on the data provided by 32 
mining companies operating in the Yukon, the average expected mine life is 10 years.  Attrition 33 
in a large electricity load, such as a mine, served by YEC can result in stranded assets 34 
(investments). Also, a future reduction in federal transfer payments can reduce economic 35 
activity and consequently reduce forecast load. If the load forecast does not capture the 36 
discussed developments, the resulting risk is insufficient energy and/or capacity supply and/or 37 
increased rates caused by reduced load and, consequently, reduced sales. 38 

 Electrification uncertainties, as driven by policy or technological change.  This includes the 39 
potential for increased numbers of electric vehicles and the changeover of space heating in 40 
buildings. The resulting risk is the resulting risk is insufficient energy and/or capacity supply; 41 

 Technological uncertainties, either due to policy changes (such as the introducing more 42 
stringent local building codes), or as‐yet unanticipated developments in technology such as what 43 
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has already occurred with LED lighting. The resulting risk is increased rates caused by reduced 1 
load and, consequently, reduced sales; and 2 

 Uncertainties over distributed electrical generation technologies such as solar panels, which 3 
could lead to the risk of lower electricity demand to be serviced by YEC, or a significant change in 4 
the annual pattern of demand. The resulting risk is increased rates caused by reduced load and, 5 
consequently, reduced sales. 6 

7.2.4 Climate	Change	Uncertainties	and	Risks	7 

The following are uncertainties related to climate change1: 8 

 Hydrology uncertainty. Climate change could result in seasonal hydrology patterns outside of 9 
historical variability.  Although the early indications of the effects of climate change in the Yukon 10 
are a net increase in precipitation, the impacts would be particularly problematic if overall flows 11 
into YEC’s hydro generation assets were to decrease.   Another consequence is if the seasonal or 12 
yearly precipitation variability was accentuated, leading to floods or extended periods of 13 
drought. The resulting risk is oversupply of energy and/or capacity, or insufficient energy and/or 14 
capacity supply. YEC is in the process of developing the hydrological models that will incorporate 15 
the impact of climate change into the future inflow forecasts for all the existing hydropower 16 
plants. The climate change affected inflow forecasts will be used in the future updates of the 17 
technical attributes of the affected resources; 18 

 Temperature uncertainty. Overall warming could decrease winter demand due to reduced space 19 
heating. The resulting risk is reduced load and consequently increased rates increased rates 20 
caused by reduced loads and, consequently, reduced sales; and 21 

 Climate change uncertainties. Long‐term climate changes could result in changes in net 22 
migration to the Yukon, with the associated impact on Yukon electricity demand.  For example, 23 
an influx of climate change refugees from other parts of the world, or an influx of people from 24 
other parts of Canada due to increasingly temperate Yukon winter conditions. Climate changes 25 
could also introduce economic opportunities to the Yukon economy and industry.  For example, 26 
a longer growing season in the Territory could increase electricity demand in the agricultural 27 
sector.  Decreased sea ice could cause increased Arctic Ocean shipping. The resulting risk is 28 
increased load and consequently insufficient energy or/capacity supply. 29 

7.3 Incorporating	Uncertainty	30 

The previous section laid out key uncertainties and risks that could potentially influence the comparison 31 
of resource options with respect to the Resource Plan’s key questions. Where possible, YEC quantified 32 
these uncertainties in the analysis, results and conclusions of the Resource Plan. This section describes 33 
the approaches to incorporating uncertainty in the Resource Plan analysis. These approaches are 34 
addressed in more detail in the Chapter 8: Portfolio Analysis. 35 

As presented in Table 7‐1, the Resource Plan analysis uses a mix of approaches to explore how 36 
uncertainty impacts the comparison of options and the strategies to manage the residual risks of the 37 

                                                            

1 In compiling this risk summary, the following report was referenced: Streicker, J., 2016. Yukon Climate Change Indicators and 

Key Findings 2015. Northern Climate ExChange, Yukon Research Centre, Yukon College, 84 p.  The report presents indicators of 
temperature, precipitation, fire history, sea ice melt, ocean oscillation patterns, and greenhouse gas emissions. Sources of 
information contained in the report include both scientific and traditional knowledge. 
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Action Plan. Professional judgment informed by quantitative analysis and qualitative information is 1 
required when interpreting data, balancing objectives, and making decisions. 2 

Table 7‐1: Approach to Incorporating Uncertainty 3 

Approach  Brief Description  Example of Application 

Scenario Analysis  Using a few, select 
combinations of uncertain 
variables. 

‐ Mining development scenarios 
within the load forecast. 

‐ Fuel price scenarios for 
thermal resources. 

‐ Social cost of carbon to 
accommodate regulatory 
uncertainty related to 
greenhouse gas emissions 
costing 

Conservative Point Estimates  Incorporating uncertainty in a 
key parameter by adopting a 
‘conservative’ value. 

Adopting a conservative 
(historically low) value for firm 
energy and dependable capacity 
from YEC’s existing hydro 
assets. 

Subjective Probability Elicitation  In cases where good historical 
data does not exist, uses 
knowledgeable specialists to 
construct a description of the 
range of uncertainty. 

Savings from demand side 
management (DSM). 

Parameterization of Historical 
Observations 

Uses historical data to derive a 
statistical description of the 
range of uncertainty. 

Water inflows into the YEC 
hydro system. 

Best Estimates  Does not take into account 
uncertainty in any fashion; 
usually reserved for variables 
where uncertainty is assumed 
to have a small or manageable 
impact. 

Energy from wind projects. 

 

Further details of these approaches and the modeling involved can be found in Chapter 4: Load Resource 4 
Balance and Chapter 8: Portfolio Analysis. 5 

7.4 Risk	Mitigation	6 

The goal of the Resource Plan with respect to risk is to recommend measures that will efficiently allocate 7 
capital and other resources to bring risks to appropriate levels.  This wording is selected deliberately, in 8 
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that the risks inherent in providing electricity service cannot be completely eliminated.  That is, there will 1 
always be residual risks, regardless of the systems, practices, and backup infrastructure that is put in 2 
place to manage risk. The measures taken to decrease risks often involve exponentially increasing 3 
expenditures for increasingly marginal gains.  Providing electricity service is a complex tradeoff between 4 
rate impacts, supply reliability, environmental and social requirements.  YEC has attempted to strike the 5 
appropriate balance between these factors, through the use of utility best practices, and through the 6 
solicitation and review of stakeholder and customer feedback. 7 

The following is a high‐level overview of mitigation measures proposed by YEC to manage risks.  Key 8 
specific measures, such as recommended new resources needed to meet future reliability requirements, 9 
are presented in the Action Plan Chapter (Chapter 9). 10 

Some active risk mitigation measures that YEC has undertaken in the preparation of the Resource Plan 11 
include: 12 

 Scenarios. Development and analysis of scenarios. Faced with the uncertainties inherent in 13 
the industrial load forecasts, the forecast approach focuses on assessing a range of 14 
industrial‐related scenarios.  The fourteen scenarios reviewed cover a wide but plausible 15 
range of industrial sector outcomes.  To address uncertainties in the diesel and LNG price 16 
forecast, three scenarios were developed for each of the diesel and LNG price forecasts. 17 
Similarly, two scenarios were analyzed to address uncertainty of the carbon pricing by 18 
comparing portfolios with the social cost of carbon and without it. Resource plans tested and 19 
developed for these scenarios allow YEC to balance the tradeoff between risk and cost with 20 
respect to future possible outcomes; 21 

 Prudent planning criteria, for example, the N‐1 criteria.  When applied by YEC throughout 22 
the planning period, this criteria allows for customer reliability despite major generation and 23 
transmission equipment failures; 24 

 Regulatory participation. Active participation in and support of regulatory and legal 25 
processes. 26 

 Load Monitoring. YEC is constantly monitoring developments with respect to new large 27 
potential loads.  This includes ongoing communications with potential industrial 28 
development proponents and government departments, particularly with respect to 29 
potential mining projects; 30 

 Updates. YEC will update elements of the Resource Plan in the event of a significant and 31 
material change to the external environment.  This could include major changes to 32 
government policy, transformative new technologies, climate change, or major new 33 
customer loads; 34 

 Plan Flexibility and Replacement Resources. YEC’s Resource Plan will incorporate the need 35 
for flexibility to deal with risks such as major and sudden changes in grid loads, and the 36 
inability to develop a preferred resource proposed in the Action Plan. In light of ongoing 37 
uncertainties, the Action Plan needs to be resilient and robust under various potential load 38 
scenarios and regulatory, financial and development outcomes. For example, a portfolio of 39 
relatively small, scalable and modular assets presents a lower risk than a single large asset, in 40 
terms of regulatory approvals, financing, fuel diversity, policy changes and resourcing.  YEC 41 
will continuously consider the scalability of proposed generation and transmission assets 42 
planned to meet electricity demand growth.  As an example of scalability, YEC’s LNG facility 43 
completed in 2015 was built with the expansion potential for a third unit, which is now 44 
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recommended in the Action Plan as an attractive capacity option.  YEC will consider the 1 
balance between potential lower costs due to economies of scale for larger solutions, versus 2 
the ability of smaller, incremental supply solutions to more closely match growth; and 3 

 Rate Risk Mitigation. The servicing of new large industrial electricity demand will require 4 
project‐specific negotiations and joint planning to determine if mutually acceptable 5 
arrangements and opportunities can be found, including appropriate risk management and 6 
mitigation measures to protect all other grid‐served customers from unacceptable rate risks. 7 
In the case of the larger off‐grid mine projects, initial operation could commence using fossil 8 
fuels and on‐site power generation (as was the case with the Minto Mine prior to connecting 9 
to the grid in 2008), with any grid connected generation commitments being linked to the 10 
completion of new infrastructure with appropriate third‐party contributions towards 11 
planning and construction costs. Such an approach was followed with Carmacks Stewart 12 
Transmission Project2 and Mayo B. A sufficiently large and stable load extending over 20 or 13 
more years would also likely be needed to ensure that the energy generated by new bulk 14 
power assets is fully utilized over a reasonable period of years. 15 

Table 7‐2 summarizes uncertainties, risks and mitigation measures. 16 

Table 7‐2: Summary of Uncertainties, Risks and Mitigation Measures 17 

Resources 

Uncertainty 
Category 

Uncertainty  Risk  Proposed Mitigation within the 
Resource Plan 

1  Generation 
fuel price 

Increased rates due to 
Increased portfolio cost 

Scenario Analysis. Test the portfolios 
under different fuel price scenarios. 

2  Hydrology  Insufficient supply of 
energy and/or capacity 

Prudent Planning Criteria. Implement 
prudent planning criteria to provide 
reasonable reserve margins (backup) to 
account for reduced water inflows. 

3  Project 
Feasibility 

Increased rates due to 
Increased portfolio cost 
and/or insufficient energy 
and/or capacity supply 

Plan Flexibility and Replacement 
Resources. Recommend replacement 
resources with similar attributes, in the 
event that one resource becomes 
infeasible and follow stagegate process 
to reduce risk. 

4  Equipment 
reliability 

Insufficient energy and/or 
capacity supply 

Prudent Planning Criteria. Implement 
prudent planning criteria to provide 
reasonable reserve margins, such as 
single contingency (N‐1) criterion. 

                                                            

2 Carmacks Stewart Transmission Project would not have proceeded absent YEC securing a material contribution towards the 
Carmacks Stewart Main Line from Minto mine through a Power Purchase Agreement. 
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Resources 

Uncertainty 
Category 

Uncertainty  Risk  Proposed Mitigation within the 
Resource Plan 

5  Conservation 
delivery 

Increased rates due to 
increased portfolio cost 
and/or insufficient energy 
and/or capacity supply 

Plan Flexibility and Replacement 
Resources. Recommend replacement 
resources with similar attributes, in the 
event that one resource becomes 
infeasible. 

6  IPP Supply  Increased rates due to 
increased portfolio cost 
and/or insufficient energy 
and/or capacity supply 

Plan Flexibility and Replacement 
Resources. Recommend replacement 
resources with similar attributes, in the 
event that one resource becomes 
infeasible. 

7  Labour and 
resources 

Increased rates due to 
increased portfolio cost 
and/or insufficient energy 
and/or capacity supply 

Plan Flexibility. A portfolio of relatively 
small, scalable and modular assets 
presents a lower risk than a single large 
asset in terms of resourcing. 

8  Capital 
availability 

Increased rates due to 
increased portfolio cost 
and/or insufficient energy 
and/or capacity supply 

Plan Flexibility. A portfolio of relatively 
small, scalable and modular assets 
presents a lower risk than a single large 
asset in terms of financing.  

 

Regulatory & Policy 

Uncertainty 
Category 

Uncertainty  Risk  Proposed Mitigation within the 
Resource Plan 

1  Regulatory  Increased rates due to 
increased portfolio cost 
and/or insufficient energy 
and/or capacity supply 

Regulatory Participation. Active 
participation in and support for 
regulatory and legal processes. 

Plan Flexibility and Replacement 
Resources. Recommend replacement 
resources with similar attributes, in the 
event that one resource becomes 
infeasible. 

2  Policy  Increased rates due to 
Increased portfolio cost 

Plan Flexibility. A portfolio of relatively 
small, scalable and modular assets 
presents a lower risk than a single large 
asset, in terms of policy.  
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Regulatory & Policy 

Uncertainty 
Category 

Uncertainty  Risk  Proposed Mitigation within the 
Resource Plan 

Rate Risk Mitigation. Outside funding to 
be provided to offset rate increase. 

 

Load Forecast 

Uncertainty 
Category 

Uncertainty  Risk  Proposed Mitigation within the 
Resource Plan 

1  Economic 
development 

Insufficient energy and/or 
capacity supply and/or 
increased rates due to 
reduced loads and, 
consequently, reduced 
sales 

Load monitoring. Regular monitoring of 
the Yukon economy and industrial 
developments and load forecast updates. 

Plan Flexibility. A portfolio of relatively 
small, scalable and modular assets 
presents a lower risk than a single large 
asset, in terms of policy.  

2  Electrification  Insufficient energy and/or 
capacity supply 

Scenarios. Develop Resource Plan under 
different load scenarios. 

3  Technology  Increased rates due to 
reduced loads and, 
consequently, reduced 
sales 

Scenarios. Develop Resource Plan under 
different load scenarios. 

4  Distributed 
generation 

Increased rates due to 
reduced loads and, 
consequently, reduced 
sales 

Scenarios. Develop Resource Plan under 
different load scenarios. 
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Climate Change 

Uncertainty 
Category 

Uncertainty  Risk  Proposed Mitigation within the 
Resource Plan 

1  Hydrology 
(water 
inflows) 

Insufficient energy and/or 
capacity supply or 
oversupply of energy 
and/or capacity 

Updates. Update technical attributes of 
affected resources to reflect the change. 
Update Resource Plan to incorporate 
climate‐change induced effects. 

2  Temperature  Increased rates due to 
reduced loads and, 
consequently, sales 

Updates. Update load forecast to reflect 
the temperature caused change. Update 
Resource Plan to incorporate climate‐
change induced effects. 

3  Climate 
change 

Insufficient energy and/or 
capacity supply 

Updates. Update load forecast to reflect 
the climate caused change. Update 
Resource Plan to incorporate climate‐
change induced effects. 
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