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Executive Summary 

¢ƘŜ ¸ǳƪƻƴ 5ŜǾŜƭƻǇƳŜƴǘ /ƻǊǇƻǊŀǘƛƻƴ όάYDCέύ Ƙŀǎ ƘƛǊŜŘ aƛŘƎŀǊŘ /ƻƴǎǳƭǘƛƴƎ LƴŎƻǊǇƻǊŀǘŜŘ όάMidgardέύ ǘƻ 

complete the report tǳǘǘƛƴƎ bŜȄǘ DŜƴŜǊŀǘƛƻƴ IȅŘǊƻ ƛƴ /ƻƴǘŜȄǘΥ hǘƘŜǊ {ƻƭǳǘƛƻƴǎ ǘƻ aŜŜǘ ¸ǳƪƻƴΩǎ [ƻƴƎ ¢ŜǊƳ 

Energy Future.  The report is intended to help inform the public regarding the types of decisions and 

ǘǊŀŘŜƻŦŦǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŦǳƭŦƛƭƭ ǘƘŜ ¸ǳƪƻƴΩǎ ƴŜŜŘ ŦƻǊ ƴŜǿ ŜƭŜŎǘǊƛŎƛǘȅ ǎƻǳǊŎŜǎ ŀƴŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ¸ǳƪƻƴΩǎ 

continued economic growth and development based on meeting the following objectives: 

1) Provide a context for bŜȄǘ DŜƴŜǊŀǘƛƻƴ IȅŘǊƻ όάNGHέύ projects, by presenting impacts and tradeoffs 

of a variety of alternative supply options 

2) Promote a fact-based conversation around the potential solutions and alternatives 

3) Provide a consistent, apples-to-apples comparison between NGH and alternative energy supply 

options. 

To inform the tradeoffs and decisions facing the Yukon as it meets its growing electricity needs, a multi-step 

process was followed to: 

1) Define the electricity need (Figure 2 & Table 1) 

2) Define the factors of interest and evaluation criteria (Figure 3). 

3) Compare the resource options (Table 2). 

4) Create energy development scenarios (Table 4) 

5) Summarize the scenario results (Table 5) 

After evaluating the scenarios on the basis of the evaluation criteria, Table 5 shows that all of the generation 

scenarios have the potential to meet the forecast average energy and capacity needs of the Yukon in a 

socially acceptable manner.  However, all of the generation scenarios also have certain advantages and 

disadvantages that make the decision about which generation types to pursue a selection among tradeoffs.  

Therefore, after evaluating the scenarios Next Generation Hydro remains a viable candidate for further 

consideration because NGH has similar economic cost when compared to other generation options, zero 

DǊŜŜƴƘƻǳǎŜ Dŀǎ όάDIDέύ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ƛǘ ƳŜŜǘǎ ǘƘŜ ¸ǳƪƻƴΩǎ ƴŜŜŘ ŦƻǊ ŜƭŜŎǘǊƛŎŀƭ 

winter energy and capacity from 2035 to 2065. 

It is important to state and emphasize that this review is not a utility resource plan and it does not, in any 

ǿŀȅΣ ǊŜǎǘǊƛŎǘ ǘƘŜ ǳǘƛƭƛǘȅ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎ ƴŜŎŜǎǎŀǊȅ ǘƻ άƪŜŜǇ ǘƘŜ ƭƛƎƘǘǎ ƻƴέ ŀƴŘ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ǊŜƭƛŀōƭŜ 

electrical grid for the Yukon.  Rather, this report is a discussion of the different supply options available in the 

Yukon and their tradeoffs in terms of high level economics, usage, and environmental and social 

acceptability. 

Electric generation assets are often grouped by their attributes with respect to capacity and energy.  Assets 

ǘƘŀǘ ƘŀǾŜ ŘŜǇŜƴŘŀōƭŜ ŎŀǇŀŎƛǘȅ όŀƭǎƻ ŎŀƭƭŜŘ άŦƛǊƳέ ƻǊ άŘƛǎǇŀǘŎƘŀōƭŜέ ŜƴŜǊƎȅύ ŀǊŜ ǘƘƻǎŜ ŀǎǎŜǘǎ ǘƘŀǘ Ŏŀƴ ōŜ 
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called on at any time to generate power (e.g. hydroelectricity with storage, natural gas, and diesel).  Assets 

that generate power only when their fuel supply is available, and not necessarily when the energy is required 

by the load, are called intermittent generators because they typically rely on less predictable natural 

resources to provide fuel for generation (e.g. wind turbines, solar panels and run-of-river hydro assets).  Since 

electrical system operators must constantly match the instantaneous demand for electricity with the supply 

of electricity, intermittent resources are more difficult to work with because they cannot be counted on to 

provide energy as required (and may also provide excess energy when it is not wanted).  Therefore, 

dispatchable generators (e.g. base load & load following) play an important role in helping system operators 

match electricity generation to remain in step with the rise and fall of both intermittent generation and 

electricity demand as shown in Figure 1. 

Figure 1: Typical Base Load, Intermittent and Load Following Generation 

 
 

When viewed on a monthly basis, the energy gap forecast (see Figure 2) shows a larger need for energy 

during the colder weather months of November through April, and a much smaller need for energy during 

the warmer months of May through October.  Therefore, the fundamental energy challenge that new 

generation in the Yukon must address is the demand for winter energy and instantaneous peak winter 

capacity as summarized in Table 1. 
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Figure 2: Yukon Baseline Case Monthly Electrical Energy Gap (2035, 2045, 2055 & 2065) 

 
 

Table 1: Yukon Baseline Case Annual Electrical Energy & Peak Capacity Gaps for 2035 & 2065 

 Annual Energy Gap Peak Capacity Gap 

 2035 2065 2035 2065 

Forecast 
Gap 

103 GWh/Year 265 GWh/Year 21 MW 53MW 

 

In Table 1 the annual energy gap is the forecast total annual energy gap measured in GWh/year1 whereas 

peak capacity is the once a year instantaneous peak electrical demand that typically occurs in the winter and 

is measured in MW (Megawatts). 

¢ƘŜ ŦǳǘǳǊŜ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ƻǇǘƛƻƴǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǎŜ ƛƴ ƳŜŜǘƛƴƎ ǘƘŜ ¸ǳƪƻƴΩǎ ƴŜŜŘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ƛƴ ǘŜǊƳǎ ƻŦ 

four areas of interest: Technical, Economic, Social, and Environmental.  The areas are detailed in Figure 3 

below. 

Figure 3: Factors of Interest 

 

                                                             
1 Energy = Power x Time.  Therefore, 1 MWh  (Megawatt hour) is 1 MW (Megawatt) x 1 hour.  1 GWh (Gigawatt hour) is equal to 1,000MWh. 

Technical 

ωEnergy 

ωCapacity 

Economic 

ωFull Utilization 
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The four areas of interest are explained further below: 

1) Technical: 

a. Energy: A measure of electricity used over time.  For example, 1 MW of load for one hour (h) 

requires 1 MWh of energy. 

b. Installed Capacity: Installed capacity measures the maximum ability of an electrical 

generator to produce electricity in a given moment, typically ƳŜŀǎǳǊŜŘ ƛƴ ǿŀǘǘǎ όά²έύΣ 

ƪƛƭƻǿŀǘǘǎ όάƪ²έύΣ ƻǊ ƳŜƎŀǿŀǘǘǎ όάa²έύΦ   

c. Firm Capacity: Firm capacity measures the dependable (or reliable) ability of a generator to 

produce electricity when called upon in times of greatest need (e.g. to dependably generate 

electricity during peak winter demand). 

2) Economic: 

a. The Full Utilization Levelized Cost of Energy (άFull Utilization LCOEέ) compares the cost of 

different energy supply options, and is calculated by dividing the total lifetime project cost 

by the maximum electrical energy that can be produced by the project.  It is assumed that a 

project is built at its full size and capacity, that the projects generate at their maximum 

potential, and that all of the generated energy is consumed.  LCOE is typically expressed in 

$/MWh (dollars per megawatt-hour). 

b. The Forecast Utilization Levelized Cost of Energy (άForecast Utilization LCOEέ) provides an 

apples-to-apples way to compare the cost of different energy supply options.  Forecast LCOE 

is calculated by dividing the total lifetime cost of the project by the electrical energy it 

provides to Yukon loads.  LCOE is typically expressed in $/MWh (dollars per megawatt-hour). 

3) Social: 

a. For the purposes of this report, the Potential Social Impact has been simplified to assume 

that projects are potentially socially acceptable assuming that stakeholder concerns and 

issues are addressed.  As a result, Social Acceptance is not a criterion that is assessed 

further. 

4) Environmental: 

a. Land-Use Footprint  refers to the area which is directly affected or occupied by the energy 

supply project. 

b. Greenhouse Gas όάGHGέύ Emissions include Carbon Dioxide (CO2) and Methane (CH4).  GHG 

emissions were evaluated on the basis of electricity generation only. A full life-cycle GHG 

emissions estimate, including upstream fuel processing and component manufacturing, 

transportation, construction and decommissioning has not been considered. 

The energy supply options available in the Yukon are summarized, by factor, in Table 2 below: 
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Table 2: Yukon Resource Type Summary 

 

Technical Economic 
Socio-

Economic 
Environmental 

Resource Max. 2065 

Energy 

(GWh) 

Max. 

2065 

Installed 

Capacity 

(MW) 

Max. 

2065 

Firm 

Capacity 

(MW) 

Full 

Utilization 

LCOE 

($/MWh) 

Social 

Impact 

Land-Use 

Footprint 

(ha/MW) 

Production 

GHG 

Emissions2 

(kgCO2e/MWh) 

Wind 65 21 0 157 Potentially 

Acceptable 

36 ± 22 0 

Wind + 

Battery 

Storage 

88 28 0 192 Potentially 

Acceptable 

36 ± 22 0 

Solar 13 14 0 192 Potentially 

Acceptable 

0 - 3.5  0 

Next 

Generation 

Hydro3 

557 57 57 92 Potentially 

Acceptable 

313 

(Range: 

187 ς 

545) 

0 

Run-of-

River 

Hydro 

Unlimited 

(@23.4GWh 

/ project) 

Unlimited 

(@4.7MW 

/ project) 

0.6MW / 

project 

116+ Potentially 

Acceptable 

Ғмм 0 

Small 

Hydro with 

Storage 

Unlimited 

(@43.6GWh 

/ project) 

Unlimited 

(@6.5MW 

/ project) 

4.2MW / 

project 

126+ Potentially 

Acceptable 

390 

(Median) 

0 

Pumped 

Storage 

Hydro 

-10* 

*PS does not 

produce 

energy 

20 20 183 Potentially 

Acceptable 

145 0 

Natural 

Gas 

710 Unlimited 141 229 Potentially 

Acceptable 

0.28-0.42 708 

 

As an electrical island without a connection to its neighbours, the Yukon must at all times match electricity 

self-supply and electricity demand in order to keep the electricity grid from blacking out.  Moreover, 

electrical energy needs must be met over the longer term (e.g.: energy on a monthly basis) and the shorter 

term (e.g.: capacity to meet daily and winter peak demands).  To fulfill these requirements, a series of 

                                                             
2 GHG emissions are based on the energy production phase only and are not full life-cycle emissions. 

3 The reported values (Energy, Installed Capacity, Firm Capacity, Full Utilization LCOE, Land Use Footprint, and GHG Emissions) for Next 
Generation Hydro are the average of the respective values for Granite Canyon, Fraser Falls, Two Mile Canyon and Detour Canyon.  It is assumed 
only one Next Generation Hydro project will be constructed and installed capacity is expandable up to 90-107MW if required. 
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scenarios was evaluated on their ability to meet the forecast 2065 energy and capacity gaps identified in the 

Baseline Scenario of the Yukon Electrical Energy and Capacity Need Forecast.  Table 3 is a summary of the 

ability of different energy supply options to meet the forecast Yukon electricity needs. 

Table 3: Yukon Resource Types ς Ability to Meet Forecast Electricity Needs on a Standalone Basis 

Resource Standalone 

Resource 

Rationale 

Wind4 No The integration limit for wind (plus utility battery support) is 28 MW5 in 2065 

(20% of installed capacity), and this is insufficient to meŜǘ ǘƘŜ ¸ǳƪƻƴΩǎ 

forecast energy and capacity needs.  Must be combined with other 

generation types. 

Solar No The integration limit for solar is 14MW in 2065 (10% of installed capacity), 

ŀƴŘ ǘƘƛǎ ƛǎ ƛƴǎǳŦŦƛŎƛŜƴǘ ǘƻ ƳŜŜǘ ǘƘŜ ¸ǳƪƻƴΩǎ ŦƻǊŜŎŀǎǘ ŜƴŜǊƎȅ ŀƴŘ capacity 

needs.  Must be combined with other renewable generation types. 

Next 

Generation 

Hydro 

Yes Next Generation Hydro provides sufficient dependable winter energy and 

capacity (57MW expandable up to 90-107MW as required) to meet the 

¸ǳƪƻƴΩǎ ŦƻǊŜŎŀǎǘ Ŝƴergy and capacity needs. 

Run-of-River 

Hydro 

No Practical limits on easily developed Run-of-River projects limit the winter 

energy and capacity economically available from this resource type.  On a 

standalone basis, over 80 Run-of-River projects would be required to meet 

the winter energy and capacity needs in 2065.  Hence, Run-of-River hydro is 

an expensive source of winter energy and capacity. 

Small Hydro 

with Storage 

No Small Hydro Storage energy shape limits the winter energy and capacity 

economically available from this resource type.  On a standalone basis, 

approximately 14 projects would be required to meet winter energy and 

capacity needs in 2065.  To reduce the overall costs Small Hydro Storage will 

likely be combined with other generation types and is preferred over Run-of-

River as a source of small hydro winter energy and capacity. 

Pumped 

Storage 

Hydro 

No This 20MW resource is a net energy consumer; therefore it must be 

combined with other generation types as part of a generation portfolio. 

Natural Gas Yes Natural Gas Generation provides sufficient dependable winter energy and 

capacity. 

 

As shown in Table 3 aboveΣ ƻƴƭȅ bŀǘǳǊŀƭ Dŀǎ DŜƴŜǊŀǘƛƻƴ ŀƴŘ bŜȄǘ DŜƴŜǊŀǘƛƻƴ IȅŘǊƻ Ŏŀƴ ƳŜŜǘ ǘƘŜ ¸ǳƪƻƴΩǎ 

forecast electricity needs on a standalone basis.  The other generation types must be combined together to 

ǇƻǘŜƴǘƛŀƭƭȅ ƳŜŜǘ ǘƘŜ ¸ǳƪƻƴΩǎ ŦƻǊŜŎŀǎǘŜŘ ƴŜŜŘǎΦ  As a result, four energy supply scenarios were considered: 

                                                             
4 Wind integration is supported by a utility scale battery. 

5  Wind resources are added in 7.2 MW (4 X 1.8 MW turbines) steps for the purposes of scenario development. 
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Natural Gas, Next Generation Hydro, Renewables Portfolio (with No Pumped Storage), and Renewables 

Portfolio (with Pumped Storage).  The portfolios are detailed below in Table 4. 

Table 4: Yukon Energy Development Scenarios 

Scenario Description Resources Included 

Scenario 1 ς Natural Gas Build out natural gas generation Natural Gas 

Scenario 2 ς Next-
Generation Hydro 

Build a single Next-Generation Hydro 
project 

Next Generation Hydro 

Scenario 3 ς Renewables 
Portfolio (No Pumped 
Storage) 

Build a combination of renewable 
generation resources (excluding pumped 
storage hydro) to satisfy energy needs.  If 
required to satisfy residual capacity needs, 
add natural gas generation 

Wind (with utility scale 
battery), solar, run-of-river 
hydro, small hydro with storage 
and natural gas (capacity only) 

Scenario 4 ς Renewables 
Portfolio with Pumped 
Storage 

Build a combination of renewable 
generation resources including pumped 
storage hydro to satisfy energy needs.  If 
required to satisfy residual capacity needs, 
add natural gas generation. 

Wind (with utility scale 
battery), solar, run-of-river 
hydro, small hydro with 
storage, pumped storage, and 
natural gas (capacity only) 

 

The four energy development scenarios were compared according to the following parameters: 

1) Technical: Energy ς Annual energy measured in GWh 

2) Technical: Capacity ς Installed capacity measured in MW 

3) Economic: Forecast LCOE measured in $/MWh. 

4) Environmental: Land-use footprint measured in hectares (ha). 

5) Environmental: GHG emissions measured in tonnes of CO2 equivalent (CO2e) per year. 

After evaluating the scenarios on the basis of the evaluation criteria, Table 5 shows that all of the generation 

scenarios have the potential to meet the forecast average energy and capacity needs of the Yukon in a 

socially acceptable manner.  However, all of the generation scenarios also have certain advantages and 

disadvantages that make the decision about which generation types to pursue a selection among tradeoffs. 
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Table 5: Yukon Scenario Summary Matrix 

 
Technical Economic 

Socio-

Economic 
Environmental 

Scenario Meets 

Yukon 

Energy 

Needs? 

Meets 

Yukon 

Capacity 

Needs? 

Forecast 

Utilization 

LCOE 

($/MWh) 

Social Impact 2065 Land-

Use 

Footprint 

(hectares)6 

2065 GHG 

Emissions 

(tonnes 

CO2e) 

Scenario 1 ς 

Natural Gas 

Yes Yes 250 Potentially 

Acceptable 

22 190,000 

Scenario 2 ς 

Next-Generation 

Hydro 

Yes Yes 240 Potentially 

Acceptable 

18,000 0 

Scenario 3 ς 

Renewables 

Yes Yes (with 

Natural Gas 

capacity) 

360 Potentially 

Acceptable 

29,000 Ғ0 

Scenario 4 ς 

Renewables with 

Pumped Storage 

Yes Yes (with 

Natural Gas 

capacity) 

270 Potentially 

Acceptable 

20,000 Ғ0 

 

The results in Table 5 contain findings that deserve additional explanation as follows: 

1) Meeting Yukon Capacity Needs: Both renewables scenarios (#3 & #4) use natural gas generation in 

the years leading up to 2065 to meet winter peak electricity demands because natural gas 

generation is currently the least cost method of providing capacity in the Yukon.  Although the 

¸ǳƪƻƴΩǎ capacity needs could theoretically be met with renewables (e.g. with additional small hydro 

storage projects), the cost would be prohibitive compared to using natural gas generation.  See 

Figure 4 and Figure 5 for a breakdown of energy and capacity for Scenario 3 and Scenario 4 

respectively. 

2) Forecast Utilization LCOE: The Scenario #3 Forecast Utilization LCOE is highest because fully closing 

the winter energy gap with renewables results in low utilization factors for the last few renewable 

assets added to the scenario (thus driving up the cost of this option).  The addition of pumped 

storage in Scenario 4 provides winter energy that reduces the number of small hydro storage 

projects needed to meet winter energy needs, thus reducing the cost for Scenario #4. 

                                                             
6 When comparing the scenario footprints it must be recognized that the impact of the different footprints are different for the different project 
types.  For example, the majority of the Next Generation Hydro footprint is general land use and creating a new lake / water storage reservoir 
where a river previously existed, whereas the renewable portfolios (Scenarios 3 & 4) are a combination of new lakes / water storage reservoirs, 
modifying existing lakes, and general land use.  Therefore, land use impacts cannot be directly compared without evaluating the types of 
impacts as well as the footprint. 
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3) Land Use Footprint: When comparing the scenario footprints it must be recognized that the impact 

of the different footprints are different for the different project types.  For example, the majority of 

the Next Generation Hydro footprint is general land use and creating a new lake / water storage 

reservoir where a river previously existed, whereas the renewable portfolios (Scenarios 3 & 4) are a 

combination of new lakes / water storage reservoirs, modifying existing lakes, and general land use.  

Therefore, land use impacts cannot be directly compared without evaluating the types of impacts as 

well as the footprint.  Additionally, the land use footprints for the renewable scenarios are large 

because the small hydro storage projects in the Yukon typically impact lakes which result in large 

area impacts. 

4) Greenhouse Gas Emissions: Although, Scenario 3 and Scenario 4 fill the forecast capacity gap in 2035 

and the energy gaps up to 2065, they fail in practice to meet the capacity needs in 2065 and as a 

ǊŜǎǳƭǘ ǿƛƭƭ ƴŜŜŘ ǘƘŜǊƳŀƭ ƎŜƴŜǊŀǘƛƻƴ όƴŀǘǳǊŀƭ ƎŀǎΣ ŘƛŜǎŜƭύ ǘƻ ƳŜŜǘ ǘƘŜ ¸ǳƪƻƴΩǎ ŎŀǇŀŎƛǘȅ ƴŜŜŘǎ, and 

therefore the direct generation GHG emissions will be low, but not actually zero in practice. 

The energy and installed capacities required for each scenario ǘƻ ƳŜŜǘ ǘƘŜ ¸ǳƪƻƴΩǎ ŦƻǊŜŎŀǎǘŜŘ ŜƴŜǊƎȅ ŀƴŘ 

firm capacity requirements in 2065 are listed in the Table 6 below. 

Table 6: Yukon Scenario Summary ς Energy and Capacity in 2065 

Scenario Energy (2065) Installed Capacity (2065) 

Scenario 1: 

Natural Gas 

444 GWh Existing Hydro 

265 GWh Natural Gas 

= 710 GWh 

92 MW Existing Hydro 

53 MW Natural Gas 

= 145 MW 

Scenario 2: 

Next-Generation 

Hydro 

444 GWh  Existing Hydro 

265 GWh  NGH 

= 710 GWh 

92 MW Existing Hydro 

57 MW NGH 

= 149 MW 

Scenario 3: 

Renewables 

Portfolio (with No 

Pumped Storage) 

444 GWh  Existing Hydro 

88 GWh Wind 

5 GWh of Solar 

172 GWh Small Hydro Storage 

 

= 710 GWh 

92 MW Existing Hydro 

29 MW Wind with Battery Integration (7.5MW) 

5 MW Solar 

72 MW Small Hydro Storage 

8.8 MW Natural Gas 

= 207 MW 
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Scenario Energy (2065) Installed Capacity (2065) 

Scenario 4: 

Renewables 

Portfolio (with 

Pumped Storage) 

444 GWh  Existing Hydro 

88 GWh Wind 

5 GWh Solar 

180 GWh Small Hydro 

-8 GWh Pumped Storage 

 

= 710 GWh 

92 MW Existing Hydro 

29 MW Wind with Battery Integration (7.5MW) 

5 MW Solar 

39 MW Small Hydro 

20 MW Pumped Storage 

8.8 MW Natural Gas 

= 194 MW 

 

Figure 4 and Figure 5 below graphically show the quantities of energy and installed capacity needed for each 

scenario in 2035 and 2065 (Note: Existing Hydro has been removed from the graphics so that the relative 

generation additions can be seen more easily). 

Figure 4: Scenario Energy Addition Comparison Charts ς 2035 & 2065 
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Figure 5: Scenario Installed Capacity Comparison Charts ς2035 & 2065 

 

Table 7 below summarizes the pros and cons of each scenario. 

Table 7: Pros and Cons of Generation Proposed Generation Scenarios 

Scenario Pros Cons 

Scenario 1: 

Natural Gas 

Á Similar economic cost when 
compared to Scenarios 2 & 4. 

Á Dispatchable (as in, can be turned on 
and off) as required  

Á Can reliably supply power during 
winter months 

Á Meets Yukon electricity needs  
throughout the planning period 

Á Has the smallest land use footprint of 
all the energy supply scenarios 

Á Highest GHG emissions of all the 
energy supply scenarios 

Scenario 2: 

Next-
Generation 
Hydro 

Á Similar economic cost when 
compared to Scenarios 1 & 4. 

Á Zero GHG emissions 

Á Dispatchable (as in, can be turned on 
and off) as required  

Á Meets Yukon electricity needs  
throughout the planning period 

Á Similar land use footprint when 
compared to Scenario 4. 
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Scenario Pros Cons 

Scenario 3: 

Renewables 
Portfolio (with 
No Pumped 
Storage) 

Á Zero GHG emissions  

Note: In practice thermal (natural 
gas) generation is needed to provide 
dependable winter capacity to 
support the intermittency, or 
variability, of the renewables 
generation assets. 

Á Highest cost option 

Á Fails to meet the forecasted capacity 
gap in 2065 and will require 
additional capacity resources (e.g. 
natural gas or diesel generation).   

Á Larger footprint and transmission 
line infrastructure requirements 
compared to the other renewables 
scenario (Scenario 4). 

Scenario 4: 

Renewables 
Portfolio (with 
Pumped 
Storage) 

Á Similar economic cost when 
compared to Scenarios 1 & 2. 

Á Zero GHG emissions  

Note: In practice thermal (natural 
gas) generation is needed to provide 
dependable winter capacity to 
support the intermittency, or 
variability, of the renewables 
generation assets. 

Á Fails to meet the forecasted capacity 
gap in 2065 and will require 
additional capacity resources (e.g. 
natural gas or diesel generation).   

Á Similar land use footprint when 
compared to Scenario 2. 

 

In summary, after evaluating the scenarios on the basis of the evaluation criteria, Table 5 shows that all of 

the generation scenarios have the potential to meet the forecast average energy and capacity needs of the 

Yukon in a potentially socially acceptable manner.  However, all of the generation scenarios also have certain 

advantages and disadvantages that make the decision about which generation types to pursue a selection 

among tradeoffs (see Table 7).  Therefore, after evaluating the scenarios Next Generation Hydro remains a 

viable candidate for further consideration because NGH has similar economic cost when compared to other 

ƎŜƴŜǊŀǘƛƻƴ ƻǇǘƛƻƴǎΣ ȊŜǊƻ DǊŜŜƴƘƻǳǎŜ Dŀǎ όάDIDέύ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ƛǘ ƳŜŜǘǎ ǘƘŜ 

¸ǳƪƻƴΩǎ ƴŜŜŘ ŦƻǊ ŜƭŜŎǘǊƛŎŀƭ ǿƛƴǘŜǊ ŜƴŜǊƎȅ ŀƴŘ ŎŀǇŀŎƛǘȅ from 2035 to 2065. 
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1 Overview 

¢ƘŜ ¸ǳƪƻƴ 5ŜǾŜƭƻǇƳŜƴǘ /ƻǊǇƻǊŀǘƛƻƴ όάYDCέύ Ƙŀǎ ŎƻƳƳƛǎǎƛƻƴŜŘ aƛŘƎŀǊŘ /ƻƴǎǳƭǘƛƴƎ LƴŎƻǊǇƻǊŀǘŜŘ 

όάMidgardέύ ǘƻ ŎƻƳǇƭŜǘŜ the Alternatives to Next Generation Hydro Report. This overview discussion is 

ƛƴǘŜƴŘŜŘ ǘƻ ƘŜƭǇ ƛƴŦƻǊƳ ǘƘŜ ǇǳōƭƛŎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǘȅǇŜǎ ƻŦ ŘŜŎƛǎƛƻƴǎ ŀƴŘ ǘǊŀŘŜƻŦŦǎ ƴŜŎŜǎǎŀǊȅ ǘƻ Ŧƛƭƭ ǘƘŜ ¸ǳƪƻƴΩǎ 

ƴŜŜŘ ŦƻǊ ƴŜǿ ŜƭŜŎǘǊƛŎƛǘȅ ǎƻǳǊŎŜǎ ŀƴŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ¸ǳƪƻƴΩǎ ŎƻƴǘƛƴǳŜŘ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΦ 

The Yukon is facing challenging decisions about how it will meet a growing forecast energy and capacity gap, 

ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ƴŜǿ ƎŜƴŜǊŀǘƛƻƴ ǇǊƻƧŜŎǘǎ ǿƛǘƘƛƴ ǘƘŜ ǘŜǊǊƛǘƻǊȅ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ¸ǳƪƻƴΩǎ ŎƻƴǘƛƴǳŜŘ 

growth and development.  Generation investments will help address the YukonΩǎ ǳƴƛǉǳŜ challenges including, 

but not limited to: being an islanded grid, the uncertainty of increased industrial (e.g. mining) loads, and the 

need for winter energy and peaking capacity, while simultaneously minimizing environmental, cultural and 

socio-economic impacts.   

Midgard has prepared this review of energy development scenarios for the Yukon ōŀǎŜŘ ƻƴ ¸5/Ωǎ ƛŘŜƴǘƛŦƛŜŘ 

need to meet the following objectives: 

1) Provide a context for Next Generation Hydro όάNGHέύprojects, by presenting impacts and tradeoffs of 

a variety of energy development scenarios 

2) Promote a fact-based conversation around these potential solutions and alternatives 

3) Provide a consistent framework with which to compare NGH and other potential energy 

developments. 

It is important to state and emphasize that this review is not a utility resource plan and does not in any way 

ǊŜǎǘǊƛŎǘ ǘƘŜ ǳǘƛƭƛǘȅ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎ ƴŜŎŜǎǎŀǊȅ ǘƻ άƪŜŜǇ ǘƘŜ ƭƛƎƘǘǎ ƻƴέ ŀƴŘ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ǊŜƭƛŀōƭŜ 

electrical grid for the Yukon.  Rather, this report is a discussion of the different generic generation 

technologies available in the Yukon and the tradeoffs that are inherent in each of these generic technologies 

in the Yukon context. 
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1.1 The Yukon Electrical Grid 

The Yukon interconnected grid currently has 132MW of installed capacity as follows: 

¶ 92MW Hydroelectric: Whitehorse (40MW), Aishihik (37MW), and Mayo (15MW).7 

¶ 39MW Thermal Generation: Diesel and Natural Gas 

¶ 0.8MW Wind: Two wind turbines on Haeckel Hill8 

Figure 6: Map of Yukon and its Electrical Infrastructure9 

 
                                                             
7 The 1.3 MW Fish Lake hydro scheme is not a YEC facility and is not included in this report. 

8 The existing turbines on Haeckel Hill will have reached the end of their service life by 2035 and are not included as resources in the 2035-2065 
energy development scenarios.  

9 Map courtesy of Yukon Energy Corporation. 
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2 Methodology 

2.1 Midgard Approach 

Midgard undertook the work assignment with a multi-step approach as shown in Figure 7: 

Figure 7: Methodology 

 
 

The steps are described as follows: 

1. Establish Baseline Assumptions: Review of initial assumptions and analytic approaches to establish a 

set of assumptions that are consistent with long term planning objectives. ! ǎǳƳƳŀǊȅ ƻŦ aƛŘƎŀǊŘΩǎ 

assumptions can be found in Appendix A:. 

2. Summarize Energy and Capacity Needs: From the Yukon Electrical Energy and Capacity Need 

Forecast, extract the forecast energy and capacity gaps based on the Baseline 2065 scenario. 

3. Resource Options: Identify generation resource options available in the Yukon and where available 

use Yukon based data to develop generic resource options for Wind, Solar, Small Hydro (with and 

without water storage), Natural Gas, Pumped Storage and a representative Next Generation Hydro 

project. 

4. Energy Development Scenarios: Identify different energy and capacity gap closure approaches that 

could be followed such as developing thermal (natural gas) generation only, Next Generation Hydro, 
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or mixed generation portfolios that include wind, solar, and smaller hydro, plus additional resources 

needed to address the remaining gap after these renewable resources have reached natural, 

technical or economic limits. 

5. Summarize Impacts & Tradeoffs: A matrix summarizing the results of the work. 

¢ƘŜ ŦǳǘǳǊŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǎŜ ƛƴ ƳŜŜǘƛƴƎ ǘƘŜ ¸ǳƪƻƴΩǎ ƴŜŜŘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ŦƻǳǊ 

primary factors: 

Figure 8: Factors of Interest 

 

2.2 Technical Factors 

2.2.1 Energy and Capacity 

Electricity generation is measured via two related but different measures: energy and capacity.  Capacity is a 

measure of the instantaneous ability of a given generator to produce power, typically measured in watts 

όά²έύΣ ƪƛƭƻǿŀǘǘǎ όάƪ²έύΣ ƻǊ ƳŜƎŀǿŀǘǘǎ όάa²έύΦ  9ƴŜǊƎȅ ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ǇƻǿŜǊ ǳǎŜd over time and represents 

the work that is done by the electricity.  A 1 MW plant that operates for 1 hour is said to have produced 1 

megawatt-ƘƻǳǊ όάa²Ƙέύ ƻŦ ŜƴŜǊƎȅΦ  The difference between energy and capacity is important to understand 

and key to thinking about the requirements of a utility. 

Electric generation assets are often grouped by their attributes with respect to capacity and energy.  Assets 

ǘƘŀǘ ƘŀǾŜ ŘŜǇŜƴŘŀōƭŜ ŎŀǇŀŎƛǘȅ όŀƭǎƻ ŎŀƭƭŜŘ άŦƛǊƳέ ƻǊ άŘƛǎǇŀǘŎƘŀōƭŜέ ŜƴŜǊƎȅύ ŀǊŜ ǘƘƻǎŜ ŀǎǎŜǘǎ ǘƘŀǘ Ŏŀƴ ōŜ 

called on at any time to generate power.  Assets that generate power only when their fuel supply is available 

and not necessarily when the energy is required by the load are called intermittent generators.  Therefore, 

the critical difference between a generation resource being firm and dispatchable versus being intermittent is 

ǘƘŜ ƎŜƴŜǊŀǘƻǊΩǎ ŀōƛƭƛǘȅ ǘƻ Ŏŀƭƭ ƻƴ ƛǘǎ ŦǳŜƭ ǎǳǇǇƭȅ ŀǎΣ ŀƴŘ ǿƘŜƴΣ ƴŜŜŘŜŘΦ 

Intermittent resources typically rely on less predictable natural resources to provide fuel for generation.  

Examples of intermittent resources include wind turbines, solar panels and run-of-river hydro assets.  

Although the amount of energy that intermittent resources will generate in the long term (e.g. annually) is 

often predictable, instantaneous capacity or short-term energy generation can be unpredictable. In general, 

ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ƛƴǘŜǊƳƛǘǘŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊΣ Ƴǳǎǘ ōŜ άŦƛǊƳŜŘέ ōȅ ŀƴƻǘƘŜǊ 
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generation source which is able to quickly respond to changing levels of generation. This capacity firming is 

ǇǊƻǾƛŘŜŘ ōȅ ƎŜƴŜǊŀǘƛƻƴ ǿƘƛŎƘ ƛǎ ƻƴƭƛƴŜ ŀƴŘ ǊŜŀŘȅ ǘƻ ōŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƎǊƛŘ ŀǘ ŀ ƳƻƳŜƴǘΩǎ ƴƻǘƛŎŜΦ !ǘ 

present, the only practical technologies which can meet this need are hydro with storage (including pumped 

storage) and thermal (natural gas or diesel) generation. 

Another important characteristic to consider when comparing different generation options is the speed at 

which various generators are able to turn on and off, and to change generation levels (e.g. ramp up and ramp 

down).  Generation assets that run at a constant output (or slowly varying output levels) are run to meet 

άōŀǎŜ ƭƻŀŘǎέΣ ǿƘƛŎƘ ƛǎ ǘƻ ǎŀȅ ǘƘŜȅ ŀǊŜ ƻǇŜǊŀǘŜŘ ŀǘ Ŏƻƴǎǘŀƴǘ ƻǳǘǇǳǘ ƭŜǾŜƭǎΦ  hǘƘŜǊ ƎŜneration options, such as 

storage hydro, diesel generators, or natural gas reciprocating engines, can be dispatched quickly as required 

ǘƻ ƳŜŜǘ ǎƘƻǊǘ ǘŜǊƳ ŎƘŀƴƎŜǎ ƛƴ ŘŜƳŀƴŘ ŦƻǊ ǇƻǿŜǊΦ  ¢ƘŜǎŜ ǾŀǊƛŀōƭŜ ǘȅǇŜǎ ƻŦ ƎŜƴŜǊŀǘƻǊǎ ƘŀǾŜ άload followingέ 

capability and change their output levels in response to short term (e.g. second by second, minute by minute, 

or hourly) changes in demand. 

As previously mentioned, intermittent resources will generate as, and when, their fuel supplies are available.  

Since electrical system operators must constantly match the instantaneous demand for electricity with the 

supply of electricity, intermittent resources are more difficult to work with because they cannot be counted 

on to provide energy as required (and may also provide excess energy when it is not wanted).  Therefore, 

load following generators play an important role in helping system operators match electricity generation to 

remain in step with the rise and fall of both intermittent generation and electricity demand.  
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Figure 9: Typical Base Load, Intermittent and Load Following Generation 

 
 

2.3 Economic Factors 

/ŀƭŎǳƭŀǘƛƴƎ ŀ ǳƴƛǘ Ŏƻǎǘ ƻŦ ŜƴŜǊƎȅΣ ƻǊ ŀ ά[ŜǾŜƭƛȊŜŘ /ƻǎǘ ƻŦ 9ƴŜǊƎȅέ ό[/h9ύΣ ǇǊƻǾƛŘŜǎ ŀ ŎƻƴǎƛǎǘŜƴǘ ƳŜŀƴǎ ƻŦ 

economically comparing generation projects.  The LCOE calculation accounts for both the energy generated, 

and the total capital and operating costs, for a generation facility over its expected lifetime.   

Several inputs are required to calculate Levelized Cost of Energy, including annual energy production, costs 

(in the form of capital costs, fuel costs, and operating costs), and economic assumptions (discount rate and 

project lifetime). These inputs are applied in the following LCOE equation: 

ὒὅὕὉ
Ὕέὸὥὰ ὖὶὩίὩὲὸ ὠὥὰόὩ έὪ ὅέίὸί

Ὕέὸὥὰ ὖὶὩίὩὲὸ ὠὥὰόὩ έὪ ὉὲὩὶὫώ ὕόὸὴόὸ
 

2.3.1 Full Utilization LCOE 

The full utilization LCOE, expressed in $/MWh, is calculated assuming that a project is built at its full size and 

capacity, that the projects generate at their maximum potential, and that all of the generated energy is 

consumed.  

The full utilization LCOE is therefore calculated as follows: 
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Ὂόὰὰ ὟὸὭὰὭᾀὥὸὭέὲ ὒὅὕὉ
Ὕέὸὥὰ ὖὶὩίὩὲὸ ὠὥὰόὩ έὪ ὅέίὸί

Ὕέὸὥὰ ὖὶὩίὩὲὸ ὠὥὰόὩ έὪ ἐἽἴἴ ἣἼἱἴἱὂἩἼἱἷἶ ἏἶἭἺἯὁ
 

Because the Yukon is an islanded grid with no ability to export surplus energy, it is not practical that all 

generation assets on the Yukon grid will be able to fully utilize their generation output.  Therefore, although 

the full utilization LCOE is an indicator of economic cost, it is more suited for comparing resource options on a 

generic basis, rather than as part of a full resource mix. 

Full utilization LCOE is used when summarizing generic generation resources (as in Section 4); the purpose of 

full utilization LCOE is to discuss resources individually without the context provided by a complete 

generation scenario.  Full utilization LCOE therefore describes the cost of energy assuming ideal resource 

usage without taking into account the role a generation resource plays when working in combination with 

other generation resources. 

2.3.2 Forecast LCOE 

The forecast LCOE does not assume that the entire energy output from any generation source is fully 

consumed, but rather that the generation asset fulfills a role as part of a larger Yukon generation supply 

scenario.  For example, some Yukon generation must be kept in reserve to meet peaks in electricity demand 

and therefore does not always produce at its full output.  Similarly, at certain times of year the Yukon has 

more generation potential than is consumed in the Yukon (e.g. in the summer), and generation assets are 

under-utilized. As a result, the forecast LCOE will typically be higher than the full utilization LCOE, as it 

accounts for the actual cost of operating the entire generation mix. 

The forecast utilization LCOE is calculated as shown below: 

ὊέὶὩὧὥίὸ ὟὸὭὰὭᾀὥὸὭέὲ ὒὅὕὉ
Ὕέὸὥὰ ὖὶὩίὩὲὸ ὠὥὰόὩ έὪ ὅέίὸί

Ὕέὸὥὰ ὖὶὩίὩὲὸ ὠὥὰόὩ έὪ ἐἷἺἭἫἩἻἼ ἣἼἱἴἱὂἩἼἱἷἶ ἏἶἭἺἯὁ
 

In this report the emphasis will be on the Full Utilization LCOE, but it should be understood that for an 

islanded grid such as the Yukon without the opportunity to trade surplus energy to its neighbours, the actual 

cost of generation in the Yukon is higher than the Full Utilization LCOE and is represented by the Forecast 

Utilization LCOE. 

2.4 Socio-Economic Factors 

For the purposes of this report, the socio-economic factors have been simplified to simply indicate whether 

or not a project might potentially be socially acceptable, assuming that stakeholder concerns and issues could 

be addressed satisfactorilyΦ  .ŜŎŀǳǎŜ ǘƘƛǎ ǊŜǇƻǊǘ ƛǎ ŘƛǎŎǳǎǎƛƴƎ άƎŜƴŜǊƛŎέ ƎŜƴŜǊŀǘƛƻƴ ǇǊƻƧŜŎǘǎ ǊŀǘƘŜǊ ǘƘŀƴ 

specific projects, it does not attempt to assess social acceptance, but rather indicate whether or not it might 

be possible that a project could be socially acceptable. 
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For example, coal fired generation and nuclear generation were considered to be socially unacceptable due 

to the typically high social barriers to adoption of these resources. However, a wind farm, solar farm or 

hydroelectric generation could possibly be acceptable given an appropriate project and accommodations. 

Therefore, the following projects types were considered to be potentially acceptable assuming concerns and 

negative impacts are adequately mitigated or offset by positive benefits: 

 

1) Wind 

2) Solar 

3) Hydroelectric (Run Of River, Storage and Pumped Storage) 

4) Natural Gas 

5) Diesel 
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2.5 Environmental Factors 

2.5.1 Land-Use Footprint 

Land-use footprint refers to the area of land which is directly affected or occupied by the generation 

resource. For the purposes of this report, land-use impacts were estimated on the basis of the direct 

footprint associated with generation activities only. Indirect land-use impacts for items such as construction 

(e.g. transportation, laydown areas, component manufacturing etc.), offsite management (e.g. head office), 

and public facilities (e.g. road improvements, other public infrastructure, etc.) were not considered.  

Additionally, secondary impacts such as the cumulative impact of land fragmentation were not considered. 

2.5.2 GHG Emissions 

Greenhouse gases (GHGs) include Carbon Dioxide (CO2) and Methane (CH4), which are commonly produced 

by the extraction and burning of fossil fuels. Project GHG emissions were evaluated on the basis of electricity 

generation only. A full life-cycle GHG emissions estimate, including upstream fuel processing and component 

manufacturing, transportation, construction and decommissioning has not been considered. For this reason, 

generation resources such as wind, solar and hydro are considered to have zero GHG emissions for 

generation purposes, although it is recognized there are GHG emissions associated with these generation 

resources over their full life cycle.  Fossil fuel resources such as natural gas generation and diesel generation 

are similarly evaluated on the basis of GHG production resulting from fuel combustion only, and not the GHG 

impacts of fuel production and delivery. 

¢ƘŜ ¸ǳƪƻƴΩǎ ŎǳǊǊŜƴǘ DID ŜƳƛǎǎƛƻƴǎ ŦǊom all sources, including heating, transportation and industrial 

emissions (including electricity generation) are approximately 400,000 tons of CO2e per year10. 

 

                                                             
10 Carbon Dioxide Equivalent (CO2e) based on 2013 emissions. Source: National Inventory Report 1990-2013: Greenhouse gas Sources and Sinks 
in Canada, Environment Canada, 2015. 
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3 Yukon Energy and Capacity Needs 

3.1 Energy Need Forecast ς Baseline Scenario 

Yukon is an islanded grid that must self-supply all its own electrical energy and capacity.  The need for 

electrical energy and capacity is growing, and is expected to continue growing through to the end of 2065 

and beyond. 

As part of the Next Generation Hydro study, Midgard has forecast the supply and demand of electricity in the 

Yukon for the period 2035-2065 as part of its Yukon Electrical Energy and Capacity Need Forecast. For the 

purposes of this report, the Baseline scenario energy and capacity gap was selected as the scenario to 

evaluate for the 2035 to 2065 window. The forecast gap between currently available generation 

(hydroelectric) supply and future energy demand grows continuously over the period 2035-2065 and is 

summarized in Figure 10. The total forecast energy demands in the Baseline scenario are tabulated in Table 8. 

Figure 10: Baseline Case Electrical Energy Demand and Supply Forecast (2035-B, 2045-B, 2055-B & 2065-B) 

 

Table 8: Table of Baseline Case Monthly Electrical Energy Demand Forecast for 2035, 2045, 2055 & 2065 

Month 
2035 

(MWh/Month)  
2045 

(MWh/Month)  
2055 

(MWh/Month)  
2065 

(MWh/Month)  

Jan 57,200 62,900 68,600 74,300 

Feb 48,500 53,300 58,100 62,900 

Mar 49,300 54,200 59,100 64,000 

Apr 41,900 46,000 50,200 54,300 

May 39,800 43,700 47,600 51,600 
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Month 
2035 

(MWh/Month)  
2045 

(MWh/Month)  
2055 

(MWh/Month)  
2065 

(MWh/Month)  

Jun 37,500 41,200 45,000 48,700 

Jul 37,700 41,400 45,200 48,900 

Aug 38,900 42,800 46,600 50,500 

Sep 40,300 44,300 48,300 52,300 

Oct 45,300 49,800 54,300 58,800 

Nov 52,100 57,200 62,400 67,500 

Dec 58,100 63,800 69,600 75,300 

Total 546,600 600,600 655,000 709,100 

 

When viewed on a monthly basis, the energy gap forecast (see Figure 11 and Table 9) shows a larger need for 

energy during the colder weather months of November through April, and a much smaller need for energy 

during the warmer months of May through October.  Therefore, the fundamental energy challenge that new 

generation in the Yukon must address is the demand for winter energy and capacity. 

Figure 11: Baseline Case Monthly Electrical Energy Gap (2035-B, 2045-B, 2055-B & 2065-B) 
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Table 9: Table of Baseline Case Monthly Electrical Energy Gaps for 2035, 2045, 2055 & 2065 

Month 
2035 

(MWh/Month)  
2045 

(MWh/Month)  
2055 

(MWh/Month)  
2065 

(MWh/Month)  

Jan 17,635 23,312 28,978 34,655 

Feb 13,362 18,168 22,965 27,771 

Mar 23,524 28,416 33,299 38,192 

Apr 14,801 18,954 23,100 27,254 

May 6,892 10,834 14,769 18,711 

Jun 4,110 7,831 11,545 15,265 

Jul - 2,991 6,721 10,458 

Aug 498 4,358 8,210 12,070 

Sep 878 4,876 8,866 12,863 

Oct 2,221 6,715 11,202 15,697 

Nov 7,934 13,095 18,248 23,409 

Dec 11,639 17,397 23,144 28,902 

Total 103,494 156,947 211,047 265,247 

 

3.2 Capacity Need Forecast ς Baseline Scenario 

Along with a need for energy there is a need for sufficient capacity on the Yukon grid to meet peak electricity 

demand (e.g. cold winter days).  Sufficient generation capacity is required on the Yukon grid so that when 

electricity demand peaks occur, there is sufficient generation to meet that need (otherwise the Yukon grid 

will black out).  Figure 12 and Table 10 show the growing forecast Baseline capacity gap from 2035 to 2065. 

Figure 12: Yukon Baseline Winter Capacity Gap 
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Table 10: Baseline Winter Capacity Gap, 2035-2065 

Year Capacity Gap (MW) 

2035 21 

2040 26 

2045 31 

2050 37 

2055 42 

2060 47 

2065 53 

 

Capacity needs change as consumer demands increase and decrease in response to changing activities over 

the day. Energy demand is typically lowest during the night (when people are asleep), and begins to ramp up 

as people wake up and use energy for heating, cooking and lighting. The peak demand period is typically 

early evening when people return from work and increase their energy usage for heating, cooking, lighting, 

chores, and entertainment. A sample demand curve for the Yukon, scaled to the 2035-2065 capacity forecast 

gaps is shown in Figure 13. 

Figure 13: Sample Yukon Winter Capacity Demand Gap 2035-2065 
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4 Generation Resources 

¢ƘŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǎŜ ƛƴ ƳŜŜǘƛƴƎ ǘƘŜ ¸ǳƪƻƴΩǎ ƴŜŜŘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ in terms of four factors: 

Figure 14: Factors of Interest 

 

4.1 Wind Generation 

Wind-driven electric generation converts the kinetic energy of wind into electrical energy, and this 

conversion is most commonly done using a wind turbine.  The blades of a turbine are forced to spin by the 

wind, the drivetrain transfers the rotational energy to an electric generator, and the electric generator 

generates electricity.  Wind energy resources are characterized as non-firm (intermittent) resources because 

electrical energy is only generated when the wind blows within a suitable range of speeds (not too fast and 

not too slow). 

Figure 15: Wind Turbines on Haeckel Hill11 

 

                                                             
11 Image Source: Yukon Development Corporation/Yukon Energy Corporation. 
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4.1.1 Wind - Technical Factors 

Figure 16 compares the typical trend of wind power availability in the Yukon as compared to the forecast 

future energy needs on a month-by-month basis. The trend ƻǊ άǎƘŀǇŜέ ƻŦ ǿƛƴŘ ŜƴŜǊƎȅ availability in the 

Yukon is a reasonably good match for the shape of the forecast future energy gap, with more energy 

generated in the winter and less energy generated in the summer. 

Figure 16: Wind Energy Generation Shape vs. Forecast Demand Gap 

 

Unfortunately, the maximum contribution of wind energy to the Yukon grid is limited by the ability of the 

Yukon grid to integrate (or accommodate) wind generation.  Beyond a certain point, installing more wind 

generation onto the Yukon grid is not technically practical because the system will not be able to handle 

short term fluctuations in wind generation output without causing stability problems.  An example of the 

variation in wind speed at the Whitehorse Airport is shown in Figure 1712. 

                                                             
12 It is acknowledged that the wind speed at the Whitehorse airport may not accurately reflect, and potentially overstate, wind speed variability 
for actual wind farm locations in the Yukon, but sub-hourly data for sites under active consideration by YEC is not publicly available at this time. 
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Figure 17: Whitehorse Airport Wind Speed Sample13 

 

Wind generation from one or two project sites (as would be the case in the Yukon) is variable and depends 

on localized changes in wind speeds and conditions.  Although fluctuations in wind output on a minute-by-

minute or hour-by-hour basis may be mitigated by technologies such as grid scale battery storage, longer 

periods without wind would cause the output of a wind farm to drop to zero. As a result of this variability and 

lack of geographic diversityΣ ǿƛƴŘ ǇƻǿŜǊ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƳŜŜǘ ǘƘŜ ¸ǳƪƻƴΩǎ ŦƛǊƳ ŎŀǇŀŎƛǘȅ ƴŜŜŘǎΦ 

An example of a daily wind energy pattern, assuming maximum wind integration in 2065, is shown in Figure 

18. The available capacity varies throughout the day as the wind picks up and dies down. 

                                                             
13 For July 15, 2015. Source: Environment Canada, 2015 
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Figure 18: Wind Daily Capacity - Example14 

 

Extending the limits on wind integration is an area of active research and development, particularly in the 

area of utility scale battery installations.  As a result, although current wind integration limits are estimated at 

10%-15% of installed capacity for an islanded grid, for the purposes of this report the integration limit for 

wind has been increased to 20% through the addition of emerging grid scale battery storage technologies 

that make wind easier to integrate into the grid (see Table 11 for a summary, and Appendix B: and Appendix 

H: for additional details). 

Table 11: Assumed Maximum Wind Integration with Battery Support 

Year Forecast Peak 

Demand (MW) 

Maximum Wind 

Penetration (% 

of Peak Demand) 

Maximum Wind 

Installed 

Capacity (MW) 

Capacity 

Factor (%) 

Maximum 

Annual Wind 

Energy (GWh) 

2035 109 20% 22 35% 66 

2065 141 20% 28 35% 88 

 

Therefore, although the wind generation shape is a reasonable match to the shape of the forecast future 

energy gap on an average monthly basis, wind integration limits cap the maximum energy available from 

                                                             
14 Based on Environment Canada hourly measurements for Whitehorse Airport on July 15, 2015 and power curve data for 21x1MW WWD 
turbines.  Actual wind generation variability for Yukon wind sites will be different than at the Whitehorse Airport. 
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wind as shown in Figure 19.  Moreover, as a consequence of wind integration limits, wind is not able to close 

the forecast energy and capacity gaps without the support of other generation resources and, therefore must 

be considered in combination with other generation resources when meeting future energy and capacity 

needs. 

Figure 19: Wind Energy ς Monthly Average Generation & Gap 

 

In summary, accounting for the limits on installed capacity, the firm (dependable) capacity and energy that 

can be provided by wind power to the Yukon grid are shown in Table 12. 

Table 12: Wind Technical Factors -  

Year Maximum 

Wind Installed 

Capacity (MW) 

Maximum 

Wind Firm 

Capacity (MW) 

Capacity Factor 

(%) 

Maximum 

Annual Wind 

Energy (GWh) 

2035 22 0 35% 66 

2065 28 0 35% 88 

4.1.2 Wind - Economic Factors 

Using assumptions for capital cost, operating cost, transmission and project lifetimes detailed in Appendix B: 

and based upon previous studies of wind power in the Yukon, the current full utilization LCOE of wind power 

without battery storage in Yukon in this report is estimated at $157/MWh and the full utilization LCOE of 
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wind power with battery storage is $192/MWh .  It is noted that the cost of wind turbines has been 

decreasing over time, however, the equipment and labour costs required to erect, operate and maintain 

wind turbines that make up the majority of the cost of wind generation are based on Yukon pricing. 

Table 13: Wind Economic Factors 

 Levelized Capital Cost 

($/MWh) 

Fixed O&M 

($/MWh) 

Fuel Cost 

($/MWh) 

Total Full Utilization 

LCOE ($/MWh) 

Without Battery 

Storage 

119 38 0 157 

With Battery 

Storage 

151 41 0 192 

4.1.3 Wind - Socio-Economic Factors 

For the purposes of this study it is assumed that a suitable wind generation project site could be developed. 

Therefore, wind generation is considered potentially socially acceptable. 

Table 14: Wind Socio-Economic Factors 

Acceptability 

Potentially Acceptable 

4.1.4 Wind - Environmental Factors 

The land-use impact of wind generation can be thought of as either the direct land requirements of wind 

turbine foundations, access roads and electrical works, or as the total area of the wind farm, including the 

area between turbines. Although the space between turbines often remains usable for other purposes, in this 

report the total land-use requirement is considered for the purpose of consistency. This treatment is similar 

to that used for transmission lines where the entire right of way is considered as the footprint (rather than 

just the tower/pole locations). 

There are no GHG emissions associated with wind power during direct energy generation. 

Table 15: Wind Environmental Factors 

Impact Intensity 

Land-Use 36 ± 22 hectares/MW 

GHG Emissions 0 gCO2e/kWh 

4.1.5 Wind ς Summary 

As a consequence of wind integration limits, wind is not able to close the forecast energy and capacity gaps 

without the support of other generation resources, and therefore must be considered in combination with 
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other generation resources when meeting future energy and capacity needs.  The contribution wind makes to 

closing (at least partially), energy and capacity gaps as a resource option are listed in Table 16. 

Table 16: Wind Resource Summary15 

 
Technical Economic 

Socio-

Economic 
Environmental 

Max. 2065 

Energy 

(GWh/year) 

Max. 

2065 

Installed 

Capacity 

(MW) 

Max. 

2065 

Firm 

Capacity 

(MW) 

Full 

Utilization 

LCOE 

($/MWh) 

Social 

Impact 

Land-Use 

Footprint 

(hectares/MW) 

Production 

GHG 

Emissions 

(gCO2e/kWh) 

Without 

Battery 

Storage 

65 21 0 157 Potentially 

Acceptable 

36 ± 22 0 

With 

Battery 

Storage 

88 28 0 192 Potentially 

Acceptable 

36 ± 22 0 

 

4.2 Solar PV Energy 

Solar-electric technologies use the energy of the sun to generate electricity, and the most common 

technology is ǇƘƻǘƻǾƻƭǘŀƛŎ όάt±έύ ǇŀƴŜƭǎ, which are placed in locations that get good exposure to the sun (in 

the northern hemisphere this means south-facing areas).  When sunlight hits solar panel arrays, electricity is 

produced inside individual photovoltaic cells and the electricity is then collected and aggregated for 

conveyance onto electrical wires for use by a load. In the majority of installations, solar panels are installed in 

fixed orientations, but in some installations motors and actuators are added to the system so that the panels 

άŦƻƭƭƻǿέ ǘƘŜ ǎǳƴ ƻǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ ŘŀȅΦ  PV panels can be installed in small distributed areas (e.g. home 

or commercial building rooftops) or in large arrays, known as solar farms or PV power stations. 

                                                             
15 See Appendix B: for more detail. 
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Figure 20: Yukon Solar Energy Pilot16 

 

4.2.1 Solar - Technical Factors 

Figure 21 compares the typical trend of solar power availability in the Yukon to the forecast future energy 

needs on a month-by-month basis.  The shape of solar energy availability in the Yukon is not an ideal match 

for the shape of the forecast future energy gap because more solar energy is produced during the summer 

when demand is lowest, and less energy is produced in the winter when the demand is highest.  There is a 

potential overlap between increased generation levels and higher energy demand in the time around the 

months of April and May. 

                                                             
16 Image Source: Yukon Energy Solutions Centre, 2014. http://www.energy.gov.yk.ca/pdf/report_solar_pilot_monitoring_feb2014.pdf  

http://www.energy.gov.yk.ca/pdf/report_solar_pilot_monitoring_feb2014.pdf
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Figure 21: Solar Energy Generation Shape vs. Forecast Demand Gap 

 

Similar to wind, the maximum contribution of solar energy to the Yukon grid is limited by the ability of the 

system to accommodate the variability of solar generation. Solar energy production can vary throughout the 

day with changing sunlight and cloud cover conditions, depending on the number and geographic diversity of 

solar panel locations. An example of this variation is shown for a rooftop solar installation in Whitehorse for 

July 15, 2015 in Figure 22.  
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Figure 22: Whitehorse Daily PV Energy17 

 

The limits on solar integration are estimated in Table 17, based on assumptions detailed in Appendix C:. 

These assumptions may change when pairing solar with an energy storage option such as a battery bank (for 

more detail, see Appendix H:), but for the purposes of resource option planning a 10% integration limit has 

been assumed. 

Table 17: Assumed Maximum Solar Integration 

Year Assumed Peak 

Demand (MW) 

Maximum Solar 

Penetration (% of 

Peak Demand) 

Maximum Solar 

Installed 

Capacity (MW) 

Capacity 

Factor (%) 

Maximum 

Annual Solar 

Energy (GWh) 

2035 109 10% 11 11% 11 

2065 141 10% 14 11% 13 

 

TƘŜ ƳŀȄƛƳǳƳ ǘƻǘŀƭ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǎƻƭŀǊ ǘƻ ǘƘŜ ¸ǳƪƻƴΩǎ energy needs is low due to technical integration 

limits and a relative lack of direct sunlight in the Yukon during many months of the year. As shown in Figure 

23, the average monthly energy for solar generation is not an ideal match to the shape of the forecast future 

                                                             
17 For July 15, 2015. 
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energy gap because solar generation is highest in the summer months when demand in the lowest, and 

lowest in the winter months when demand is the highest. 

 

Figure 23: Solar Energy ς Monthly Average Generation & Gap 

 

As one might expect, the greatest amount of solar energy is available during the middle of the day, with 

energy production falling off with the setting of the sun. Solar energy is not always available to be called on 

when required to meet peak demand; therefore solar energy has a firm capacity of zero for the purposes of 

this report. As shown in Figure 24, after accounting for integration limits, the maximum capacity available 

from solar is small compared to the overall need, and is significantly reduced during the winter months. 
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Figure 24: Solar Daily Capacity - Example18 

 

In summary, the limits on installed capacity, firm (dependable) capacity and energy that can be provided by 

solar to the Yukon grid are shown in Table 18. 

Table 18: Solar Technical Factors 

Year Maximum 

Solar Installed 

Capacity (MW) 

Maximum 

Solar Firm 

Capacity (MW) 

Capacity Factor 

(%) 

Maximum 

Annual Solar 

Energy (GWh) 

2035 11 0 11% 11 

2065 14 0 11% 13 

 

4.2.2 Solar - Economic Factors 

Using assumptions for capital cost, operating cost, transmission and project lifetimes detailed in Appendix C:, 

Midgard estimates the current full utilization LCOE of solar power in Yukon at $192/MWh , mainly due to the 

reduced energy yield of solar panels at higher latitudes. The cost of solar panels has decreased dramatically in 

recent years and continues to fall. However, the costs associated with construction labour, mounting 

hardware, foundations and electrical works is not decreasing and is subject to northern price premiums 

compared to other jurisdictions in southern Canada and the USA. 

                                                             
18 Solar PV data courtesy of John Maissan and Environment Canada. Summer data from 15/07/2015; Winter data from 15/01/2011. 
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Table 19: Solar Economic Factors 

Levelized Capital 

Cost ($/MWh) 

Fixed O&M 

($/MWh) 

Fuel Cost 

($/MWh) 

Total Full Utilization 

LCOE ($/MWh) 

181 11 0 192 

 

4.2.3 Solar - Socio-Economic Factors 

For the purposes of this study it is assumed that a suitable solar generation project site could be developed. 

Therefore, solar generation is considered potentially socially acceptable. 

Table 20: Solar Socio-Economic Factors 

Acceptability 

Potentially Acceptable 

4.2.4 Solar - Environmental Factors 

The land-use impact associated with the solar PV resource is the area covered by the solar farm, including the 

panels themselves as well as associated mounting hardware, access roads and electrical infrastructure. In the 

case of rooftop solar installations, solar PV can take advantage of otherwise unutilized roof area, eliminating 

the need for incremental land-use change.  Solar panels do not emit any GHGs during direct energy 

generation. 

Table 21: Solar Environmental Factors 

Impact Intensity 

Land-Use 0-3.5 hectares/MW 

GHG Emissions 0 gCO2e/kWh 

4.2.5 Solar ς Summary 

Similar to wind generation, solar integration limits mean that solar generation is not able to close the 

forecast energy and capacity gaps without the support of other generation resources, and therefore must be 

considered in combination with other generation resources when meeting future energy and capacity needs.  

The contribution solar makes to closing (at least partially) energy and capacity gaps as a resource option are 

listed in Table 22. 
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Table 22: Solar Resource Summary19 

Technical Economic 
Socio-

Economic 
Environmental 

Max. 2065 

Energy 

(GWh/year) 

Max. 2065 

Installed 

Capacity 

(MW) 

Max. 2065 

Firm 

Capacity 

(MW) 

Full 

Utilization 

LCOE 

($/MWh) 

Social 

Impact 

Land-Use 

Footprint 

(hectares/MW) 

Production 

GHG Emissions 

(gCO2e/kWh) 

13 14 0 192 Potentially 

Acceptable 

0-3.5  0 

 

4.3 Hydroelectric - Storage 

Hydroelectricity is generated from the gravitational force of falling or flowing water.  Hydroelectric facilities 

with energy storage have water storage reservoirs, which require dams that modify lakes or river valleys.  

Larger hydroelectric storage facilities often store water from one season for use in another season.  

Operators manage reservoir storage levels so that they store water when it is plentiful, and use the stored 

water when it is needed and/or water is scarce.   

Figure 25: Whitehorse Hydroelectric Plant20 

 

                                                             
19 See Appendix C: for more detail. 

20 Image Source: Yukon Water, 2013. http://yukonwater.ca/understanding-yukon-water/water-use-and-conservation/industry-and-natural-
resource-sectors  

http://yukonwater.ca/understanding-yukon-water/water-use-and-conservation/industry-and-natural-resource-sectors
http://yukonwater.ca/understanding-yukon-water/water-use-and-conservation/industry-and-natural-resource-sectors
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4.3.1 Storage Hydro - Technical Factors 

Figure 26 compares the trend of hydro power availability in the Yukon as compared to the forecast future 

energy needs on a month-by-month basis based on the hydroelectric facilities being evaluated for the Next 

Generation Hydro project. As can be seen in Figure 26, the shape of storage hydro generation can match the 

shape of the forecast future energy gap because these hydro projects are capable of storing water in the 

summer for the times of need in the winter. There is typically excess energy (not shown) compared to 

demand during the summer months when stream flows are higher and demand is lower. 

Figure 26: Storage Hydro Energy Generation Shape vs. Forecast Demand Gap 

 

The Yukon grid is able to fully integrate storage hydro generation because hydro with storage is a 

dispatchable generation source whose output can be managed to exactly meet demand on both a 

monthly/seasonal basis and throughout the day as daily demands change.  Therefore, there are no technical 

limits on the integration of storage hydro generation on the Yukon grid (see Appendix D: for detail). 
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Table 23: Assumed Maximum Storage Hydro Integration 

Year Assumed Peak 

Demand (MW) 

Maximum Storage 

Hydro Penetration 

(% of Peak Demand) 

Maximum Storage 

Hydro 

Installed Capacity 

(MW) 

Maximum 

Annual Large 

Hydro Energy 

(GWh) 

2035 109 Unlimited 38 393 

2065 141 Unlimited 57 557 

 

As shown in Figure 27, the annual energy output of a storage hydro plant can be matched to meet seasonal 

requirements in demand. Such a project would be able to fully meet the winter energy gap without 

additional resources such as natural gas or diesel generation. Storage hydro is therefore able to meet 100% 

of the Yukon forecast Baseline energy needs up to the end of 2065. 

Figure 27: Storage Hydro Energy ς Monthly Average Generation & Gap 

 

Since storage ƘȅŘǊƻ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ άƭƻŀŘ ŦƻƭƭƻǿƛƴƎέ ǊŜǎƻǳǊŎŜΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜ ƻǳǘǇǳǘ ƻŦ ŀ storage hydro 

plant can be continually adjusted to meet variations in demand, storage hydro generation is a dependable 

source of capacity and is able to meet the forecast capacity needs of the Yukon until and beyond 2065 (see 

Figure 28). 
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Figure 28: Storage Hydro Daily Capacity 

 

In summary, the storage hydro projects being considered for Next Generation Hydro have the ability to meet 

the forecast energy and capacity gaps up to and beyond 2065.  The maximum limits on installed capacity, 

firm (dependable) capacity and energy that can be provided by storage hydro for the purposes of this report 

are shown in Table 24. 

Table 24: Storage Hydro Technical Factors 

Year Maximum Storage 

Hydro Installed Capacity 

(MW) 

Maximum Storage 

Hydro Firm Capacity 

(MW) 

Maximum Annual 

Storage Hydro Energy 

(GWh) 

2035 38 38 393 

2065 57 57 557 

 

4.3.2 Storage Hydro - Economic Factors 

Using assumptions for capital cost, operating cost, transmission and project lifetimes detailed in Appendix D:, 

and based on an average of the Next Generation Hydro projects with the four lowest estimated costs21, 

Midgard estimates the average full utilization LCOE of Next Generation Hydro at $92/MWh .  

                                                             
21 Fraser Falls, Granite Canyon, Detour Canyon and Two Mile Canyon. 
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Table 25: Large Hydro Economic Factors 

Levelized Capital 

Cost ($/MWh) 

Fixed O&M 

($/MWh) 

Fuel Cost 

($/MWh) 

Total Full Utilization 

LCOE ($/MWh) 

77 15 0 92 

 

4.3.3 Storage Hydro - Socio-Economic Factors 

For the purposes of this study it is assumed that a suitable Next Generation Hydro project site could 

potentially be developed. Therefore, storage hydro generation is considered potentially socially acceptable. 

Table 26: Storage Hydro Socio-Economic Factors 

Acceptability 

Potentially Acceptable 

4.3.4 Storage Hydro - Environmental Factors 

The land-use footprint of a storage hydro development is typically dominated by the water reservoir required 

for the purpose of storing water.  The land area flooded as a result of a hydroelectric development is 

dependent on the characteristics of the project site, including the local topography, water flows (hydrology), 

water storage requirements, project head and ability to draw down the reservoir (e.g. permissible water level 

fluctuations). Flooding has social, cultural and environmental impacts that include, but are not limited to, 

sites of cultural, recreational or historic significance, aquatic ecosystems, terrestrial ecosystems and riparian 

ecosystems. 

There are no GHG emissions associated with direct generation from storage hydro.  Emissions due to the 

decomposition of organic matter in reservoirs are considered to be part of the construction phase in this 

report, and are not included in the analysis. 

Table 27: Storage Hydro Environmental Factors 

Impact Intensity 

Land-Use 313 hectares/MW (Range: 187 - 545 hectares/MW) 

GHG Emissions 0 gCO2e/kWh 

 

4.3.5 Storage Hydro ς Summary 

As a generation resource, storage hydro provides the dependable energy and capacity required to meet the 

forecast energy and capacity gaps needs of the Yukon as shown in Table 28. 
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Table 28: Storage Hydro Resource Summary22 

Technical Economic 
Socio-

Economic 
Environmental 

Max. 2065 

Energy 

(GWh/year) 

Max. 2065 

Installed 

Capacity 

(MW) 

Max. 2065 

Firm 

Capacity 

(MW) 

Full 

Utilization 

LCOE 

($/MWh) 

Social 

Impact 

Land-Use 

Footprint 

(hectares/MW) 

Production 

GHG Emissions 

(gCO2e/kWh) 

557 5723 5724 92 Potentially 

Acceptable 

313 (Range:187 

ς 545) 

0 

 

  

                                                             
22 See Appendix D: for more detail. 

23 Expandable up to 90-107 MW if required. 

24 Expandable up to 90-107 MW if required. 
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4.4 Hydroelectric ς Run-of-River Hydro 

Hydroelectric facilities without water ǎǘƻǊŀƎŜ ŀǊŜ ƪƴƻǿƴ ŀǎ άǊǳƴ-of-ǊƛǾŜǊέ projects, and these projects 

produce electricity only when water is naturally available and water flows are above minimum ecological 

threshold levels because some water is always reserved for environmental (e.g. fish) flows.  The primary 

advantage of a run-of-river hydro scheme is that it floods less area than a storage hydroelectric project 

because a run-of-river hydro project does not need to create an active (i.e. regularly rising & falling) water 

storage reservoir.  However, it is important to note that a fixed level headpond is necessary to create 

hydrostatic head and cover the intake with water (see Figure 29 below of a 10MW project headpond in 

British Columbia), and headponds can be significant depending on the local topography.  For example, 

Schwatka Lake is the head pond for the Whitehorse generation facility where a natural river course once 

flowed. 

 

Since run-of-river hydro projects do not have water storage, they are at a disadvantage when it comes to 

dispatchable (firm) generation.  Similar to wind and solar generation, run-of-river hydro has intermittent 

resource characteristics because generation output depends on natural river flows, and is not dispatched to 

match changes in electricity demand.  This issue of non-dispatchability is particularly important in the Yukon 

context because there are significant seasonal variations in stream flow that result in low water flows (i.e. 

low fuel supply) occurring in the winter when electricity demand is high.  

 

Figure 29: Run-of-River Hydro ς Intake Headpond for 10MW Facility25 

 

                                                             
25 Image Source: Midgard Consulting Inc. 
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4.4.1 Run-of-River Hydro - Technical Factors 

For the purposes of this report, run-of-river hydro will be modeled as generating (<15MW) the maximum 

possible based on a typical Yukon hydrology for smaller river, typical ecological flows and typical installed 

generation capacity (see Appendix E: for a description of these typical values).  Figure 30 shows the 

generation for a representative run-of-river hydro project on a monthly basis and illustrates that expected 

generation is not a great match to the forecast future energy gap26.  The mis-match occurs because Yukon 

run-of-river hydro is characterized by an increased generation during the spring/summer freshet (i.e. snow 

melt period) when demand is lower, and lower generation during the colder/winter months when demand is 

the highest. 

Figure 30: Run-of-River Hydro Energy Generation Shape vs. Forecast Demand Gap 

 

The maximum contribution of run-of-river hydro to dependable capacity on the Yukon grid is also constrained 

by natural fluctuations in daily generation output. These fluctuations must be accommodated by other 

generation resources on the Yukon grid because run-of-river electricity output follows changes in available 

water, rather than following changes in electricity demand. 

                                                             
26 aƛŘƎŀǊŘ Ƙŀǎ ǎƛȊŜŘ ǘƘŜ άǘȅǇƛŎŀƭέ ¸ǳƪƻƴ Ǌǳƴ-of-river hydro project so that it emphasizes the production of winter energy rather than 
maximizing annual energy because the Yukon has a need for winter generation and little/no need for additional summer generation.  As a 
result, it is assumed that a typical project has an installed capacity of approximately 0.9 x MAD (Mean Annual Discharge), rather than the 1.5-
1.7 x MAD that is more typical for projects that value summer energy more highly than in the Yukon context. 
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The limits on run-of-river hydro integration are less than for wind or solar generation because water flow 

variability tends to be moderate and more predictable.  For example, the noon day sun melts snow more 

rapidly than at other times of day, and this snowmelt increase moves through the watershed and arrives at 

the run-of-river facility some hours later.  This pattern often repeats on a daily basis and is predictably 

modified by events such as cloud cover, air temperature and rainfall events.  As a result of this forecast 

generation predictability, for the purposes of this report no technical limits will be placed upon run-of-river 

hydro integration.  However, in practice, limits on run-small hydro generation would be due to economic 

constraints because run-of-river hydro produces most of its energy during the freshet (snowmelt period) 

when demand is lower, and the electricity produced has little economic value (see Appendix E: for more 

detail). 

Therefore, despite not having technical limits on run-of-river hydro integration, the relative absence of 

dependable winter energy render this resource poorly suited for meeǘƛƴƎ ǘƘŜ ¸ǳƪƻƴΩǎ ŦƻǊŜŎŀǎǘ ŜƴŜǊƎȅ ƴŜŜŘǎΦ  

For example, as shown in Figure 31, as the number of run-of-river hydro projects increases, the quantity of 

spilled (and therefore wasted) energy increases dramatically with relatively little of the winter energy gap 

being satisfied.  Therefore, run-of-river hydro is another generation resource that is not able to satisfy (at 

least in a practical and economic sense27ύ ǘƘŜ ¸ǳƪƻƴΩǎ forecast energy and capacity gaps. 

Figure 31: Run-of-River Hydro Energy ς Monthly Average Generation & Gap 

 

                                                             
27 Run-of-River could technically meet the forecast gap, but the quantity of run-of-river projects would be so large (e.g. >90 projects) that the 
economics and practicality of such a solution would not be reasonable.  Therefore, run-of-river hydro must team up with other generation 
resources that provide firm winter energy and capacity. 
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Similarly, when considering the capacity attributes of a run-of-river facility, since the output of a run-of-river 

facility can be forecast with some certainty, run-of-river generation has more dependable capacity than 

either wind or solar generation.  For example, during the summer with the backing of a melting snowpack, 

minimum stream flows can be reasonably predicted; therefore, a reasonable percentage of the installed 

capacity may be considered dependable capacity.  However, stream flows during the winter are very low, and 

in practice many run-of-river hydro plants shut down entirely during the winter due to freezing and the need 

to maintain minimum environmental flows (which take water away from energy generation). As a result, 

during winter/colder periods, there is a comparatively smaller contribution to dependable winter capacity 

because there is less water reliably available for generation. 

In summary, although there are no technical limits on installed capacity, firm (dependable) winter capacity 

and the annual energy that can be provided by a typical run-of-river hydro project to the Yukon grid, the 

technical factors for a typical run-of-river project are as shown in Table 29. 

Table 29: Run-of-River Hydro Technical Factors 

Typical Run-of-River 

Hydro Installed Capacity 

(MW/project ) 

Typical Run-of-River 

Hydro Firm Capacity 

(MW/project ) 

Typical Annual Run-of-

River Hydro Energy 

(GWh/project ) 

4.728 0.6 23.4 

 

4.4.2 Run-of-River Hydro - Economic Factors 

Using assumptions for capital cost, operating cost, transmission and project lifetimes detailed in Appendix E:, 

Midgard estimates the current full utilization LCOE for a representative run-of-river hydro project in the 

Yukon at $116+/MWh . However, it should be noted that this estimate is based on the development of the 

most economically viable potential projects assuming they are located relatively close to the existing 

electrical grid.  This assumption may hold true for the first few projects developed in the Yukon, but is 

unlikely to hold as the quantity of projects increases and project remoteness increases.  A detailed resource 

assessment would be required to determine how many sites exist at this favorable price point and what the 

cost increases are as additional projects are added. Adding more and more run-of-river hydro developments 

in Yukon would incur incrementally higher costs for each project, as the best sites would be developed first, 

and subsequent projects would likely cost considerably more than $116+/MWh. 

                                                             
28 aƛŘƎŀǊŘ Ƙŀǎ ǎƛȊŜŘ ǘƘŜ άǘȅǇƛŎŀƭέ ¸ǳƪƻƴ Ǌǳƴ-of-river hydro project so that it emphasizes the production of winter energy rather than 
maximizing annual energy because the Yukon has a need for winter generation and little/no need for additional summer generation.  As a 
result, it is assumed that a typical project has an installed capacity of approximately 0.9 x MAD (Mean Annual Discharge), rather than the 1.5-
1.7 x MAD that is more typical for projects that value summer energy more highly than in the Yukon context. 
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Table 30: Run-of-River Hydro Economic Factors 

Levelized Capital 

Cost ($/MWh) 

Fixed O&M 

($/MWh) 

Fuel Cost 

($/MWh) 

Total Full Utilization 

LCOE ($/MWh) 

97 19 0 116 

 

4.4.3 Run-of-River Hydro - Socio-Economic Factors 

For the purposes of this study it is assumed that several suitable run-of-river hydro projects could be 

developed. Therefore, run-of-river hydro generation is considered potentially socially acceptable. 

Table 31: Small Hydro Socio-Economic Factors 

Acceptability 

Potentially Acceptable 

4.4.4 Run-of-River Hydro - Environmental Factors 

A run-of-river hydro scheme generally has a very small land-use footprint when compared to storage hydro 

project due to the absence of a reservoir (but a headpond) and potentially shorter transmission and road 

distances to the electrical grid (at least for the first few projects).  Typically the largest land-use impacts 

associated with run-of-river hydro development are not the direct impacts for water impoundment (e.g. 

intake weir and headpond), water conveyance (e.g. penstock), and powerhouse, but rather are the lands 

required for road and transmission rights-of-way. 

As with other forms of hydropower, the GHG emissions for direct generation are zero.  

Table 32: Small Hydro Environmental Factors 

Impact Intensity 

Land-Use Ғ11 hectares/MW 

GHG Emissions 0 gCO2e/kWh 

4.4.5 Run-of-River Hydro ς Summary 

Although this report has imposed no technical limits on the quantity of run-of-river projects that could be 

implemented in the Yukon, in practice the poor match between generation supply (i.e. high summer 

generation) and demand (i.e. high winter demand) means that similar to wind and solar generation, run-of-

river hydro generation must work with other generation types to economically (and practically) meet the 

forecast Yukon demands for energy and capacity. 
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Table 33: Run-of-River Hydro Resource Summary29 

Technical Economic 
Socio-

Economic 
Environmental 

Typical Run-

of-River 

Hydro 

Installed 

Capacity 

(MW/project ) 

Typical Run-

of-River 

Hydro Firm 

Capacity 

(MW/project ) 

Typical Annual 

Run-of-River 

Hydro Energy 

(GWh/project ) 

Full 

Utilization 

LCOE 

($/MWh) 

Social 

Impact 

Land-Use 

Footprint 

(hectares/MW) 

Production 

GHG 

Emissions 

(gCO2e/kWh) 

4.7 0.6 23.4 116+ Potentially 

Acceptable 

Ғ11 0 

 

4.5 Hydroelectric ς Small Hydro Storage 

Similar to run-of-river hydro projects, small (<15MW) hydro storage projects can also be found across the 

Yukon.  Small hydro storage projects are found in areas with suitable topography and are generally divided 

into two types of hydro storage projects; those that dam lakes to make a modified lake reservoir, and those 

that dam rivers to create a new reservoirΦ  CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ƛƴŦƻǊƳƛƴƎ ǿƘŀǘ ŀ άǘȅǇƛŎŀƭέ ¸ǳƪƻƴ ǎƳŀƭƭ 

hydro storage project looks like, Midgard reviewed past studies of small hydro storage projects and 

ŘŜǾŜƭƻǇŜŘ ŀƴ άŀǾŜǊŀƎŜέ ǇǊƻƧŜŎǘ ǘƻ ǳǎŜ ŦƻǊ ƛƭƭǳǎǘǊŀǘƛƻƴ ǇǳǊǇƻǎŜǎ όǎŜŜ Appendix I:). 

A challenge faced by small hydro storage is that there will be a limited quantity of projects that provide 

significant winter energy and winter capacity while being located close enough to the grid that they are 

economic and have small environmental footprints.  Simply put, because a single small hydro storage project 

is smaller than a Next Generation Project, small hydro projects have less ability to absorb the cost of 

ǘǊŀƴǎƳƛǎǎƛƻƴ ƴŜŎŜǎǎŀǊȅ ǘƻ ƛƴǘŜǊŎƻƴƴŜŎǘ ǿƛǘƘ ǘƘŜ ¸ǳƪƻƴΩǎ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘ, and may have comparable 

aggregated environmental impacts. 

4.5.1 Small Hydro Storage - Technical Factors 

For the purposes of this report, small hydro storage was modeled as generating the maximum possible based 

on a typical Yukon hydrology for smaller rivers and typical ecological flows (see Appendix I: for a description 

of these typical values).  Figure 32 shows the generation for a representative small hydro storage project on a 

monthly basis and illustrates that expected generation has winter energy and capacity to meet the forecast 

future energy gap. 

                                                             
29 See Appendix E: for more detail. 
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Figure 32: Small Hydro Storage - Energy Generation Shape vs. Forecast Demand Gap 

 

Since small hydro storage projects have water storage and contribute to dependable winter capacity, for the 

purposes for this report there are no limits on small hydro storage integration.  In practice however, the 

limits on small hydro generation would be due to economic constraints because small hydro storage projects 

will require significant transmission infrastructure (relative to project size) to connect to the grid, especially 

as any easily constructed projects are developed and the remaining projects become more challenging (& 

costly) to develop.  Assessing which projects are suitable for development is outside the scope of this report 

and is part of a utility resource planning exercise.  Nonetheless, as an illustration, if the Yukon forecast 

demand was met only with the typical small hydro storage projects, the Yukon would require approximately 

14 small hydro storage projects during an average water year to meet the forecast energy demand. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

E
n

e
rg

y
 S

h
a
p

e 

Total 2065 gap Small Storage Hydro - Energy Generation Shape



  

Page 62 

Midgard Consulting Inc.  828 ς 1130 West Pender St. 

+1 (604) 298 4997 Vancouver BC, Canada    

midgard-consulting.com  V6E 4A4  

 

Figure 33: Small Hydro Storage Energy ς Monthly Average Generation & Gap30 

 

 

In summary, although there are no technical limits on installed capacity, firm (dependable) capacity, and the 

annual energy that can be provided by a typical small hydro storage project to the Yukon grid, the technical 

factors for a typical small hydro storage project are shown in Table 34. 

Table 34: Small Hydro Storage - Technical Factors 

Typical Small Hydro Storage 

Installed Capacity (MW/project ) 

Typical Small Hydro Storage Firm 

Capacity (MW/project ) 

Typical Annual Small Hydro 

Storage Energy (GWh/project ) 

6.5 4.2 43 

 

4.5.2 Small Hydro Storage - Economic Factors 

Using assumptions for capital cost, operating cost, transmission and project lifetimes detailed in Appendix I:, 

Midgard estimates the current full utilization LCOE for a representative small hydro storage project in the 

Yukon at $126+/ MWh. However, it should be noted that this estimate is based on the development of a 

small number of the most economically viable potential projects, and a detailed resource assessment would 

                                                             
30 Based on the economical limit for 2065 in Scenario 3 (30MW) 
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be required to determine how many sites exist at this type of price point. Adding more small hydro storage 

projects in Yukon would incur incrementally higher costs for each project, as the best sites would be 

developed first, and subsequent projects would likely cost considerably more than $126+/MWh. 

Table 35: Small Hydro Storage Economic Factors 

Levelized Capital 

Cost ($/MWh) 

Fixed O&M 

($/MWh) 

Fuel Cost 

($/MWh) 

Total Full Utilization 

LCOE ($/MWh) 

106 20 0 126+ 

 

4.5.3 Small Hydro Storage - Socio-Economic Factors 

For the purposes of this study it is assumed that suitable small hydro storage projects could be developed. 

Therefore, small hydro storage generation is considered potentially socially acceptable. 

Table 36: Small Hydro Storage Socio-Economic Factors 

Acceptability 

Potentially Acceptable 

4.5.4 Small Hydro Storage - Environmental Factors 

In order to deliver winter energy, a small hydro storage project has a considerable land-use footprint when 

compared to run-of-river projects due to the presence of a water storage reservoir.  Typically the largest 

land-use impacts associated with hydro storage projects are the direct impacts for water storage, road 

access, and transmission rights-of-way.  When compared to Next Generation Hydro (i.e. large hydro storage 

projects), the footprint of small hydro storage projects is potentially greater than for Next Generation Hydro 

projects because the median31 small hydro storage footprint is 390 Ha/MW compared to the average Next 

Generation Hydro footprint of 313 Ha/MW.  However, it is important to state that the land use impacts 

cannot be directly compared because the impacts of modifying a lake (typically small storage hydro) and 

creating a new reservoir (Next Generation Hydro and some small hydro projects) are different.  

As with other forms of hydropower, the GHG emissions for direct generation are zero.  

Table 37: Small Hydro Storage Environmental Factors 

Impact Intensity 

Land-Use Median: 390 Ha/MW 

GHG Emissions 0 gCO2e/kWh 

                                                             
31 Median footprint was chosen for small hydro storage projects because the small hydro storage footprint data is potentially skewed by the 
impact of small hydro projects with disproportionately large footprints relative to the installed capacity. 
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4.5.5 Small Hydro Storage ς Summary 

Although there are no technical limits on the quantity of small hydro storage projects that could be 

implemented in the Yukon, project availability and proximity to the transmission grid will limit the number of 

projects suitable for development in practice. 

Table 38: Small Hydro Storage Resource Summary32 

Technical Economic 
Socio-

Economic 
Environmental 

Typical Small 

Hydro 

Storage 

Installed 

Capacity 

(MW) 

Typical 

Small Hydro 

Storage 

Firm 

Capacity 

(MW) 

Typical 

Annual 

Small 

Hydro 

Storage 

Energy 

(GWh) 

Full 

Utilization 

LCOE 

($/MWh) 

Social 

Impact 

Land-Use 

Footprint 

(hectares/MW) 

Production 

GHG 

Emissions 

(gCO2e/kWh) 

6.5 4.2 43 126+ Potentially 

Acceptable 

390 (Median) 0 

 

4.6 Hydroelectric - Pumped Storage 

A pumped storage project has an upper reservoir and a lower reservoir (or other source of water), and can 

either operate in the familiar generation mode (releasing water from the upper reservoir and passing it 

through turbines to produce electricity), or in pumping mode (reversing the turbine direction and consuming 

power in order to pump water into the upper reservoir). 

Pumped storage hydro is related to traditional storage hydro and has many similar characteristics such as 

water storage, but the fundamental difference is that pumped storage hydro is a net consumer of energy (i.e. 

it consumes more energy than it produces).  The reason that pumped storage hydro is a net consumer of 

energy is that it first pumps water uphill from a lower reservoir/water source to an upper reservoir for later 

use, and the action of pumping water uphill consumes more energy (due to efficiency losses) than is 

recovered when the stored water is released for generation purposes. 

                                                             
32 See Appendix I: for more detail. 
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Figure 34: Pumped Storage Hydro33 

 

4.6.1 Pumped Storage - Technical Factors 

A pumped storage asset does not contribute to the overall energy supply and is a net consumer of energy.  

Pumped storage is, however, able to store energy from other resources when there is an excess of supply of 

generation, and to generate energy later when energy is in higher demand. In the Yukon context this means 

that pumped storage can store surplus summer energy for later use in the winter months when generation 

(e.g. solar, run-of-river hydro, small storage hydro) is scarce. The net energy consumption of pumped storage 

results from the inefficiencies associated with the process of pumping water uphill and then releasing it back 

downhill. Figure 35 illustrates how a pumped storage facility could be used on a seasonal basis in the Yukon 

to consume energy during the summer months (i.e. storing water) and produce energy during the winter 

months (i.e. releasing water). 

                                                             
33 Image Source: Vattenfall, 2011; Reproduced under Creative Commons license.  
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Figure 35: Pumped Storage Hydro Generation Shape vs. Forecast Demand Gap 

 

The maximum integration of pumped storage on the Yukon grid is theoretically limited only by the availability 

of suitable sites for development. A pumped storage project requires two reservoirs which are located close 

to each other, but with a significant elevation difference between them and the ability to pump water 

between the reservoirs. For the purposes of this study, it has been assumed that a single pumped storage 

facility with 20 MW of capacity and 50 GWh of seasonal storage could be developed in the Yukon (for more 

detail, refer to Appendix F:). 

Table 39: Assumed Maximum Pumped Storage Integration 

Year Assumed Peak 

Demand (MW) 

Maximum Pumped 

Storage Penetration 

(% of Peak Demand) 

Maximum Pumped 

Storage 

Installed Capacity (MW) 

Maximum Annual 

Pumped Storage 

Energy (GWh)34 

2035 109 N/A 20 -10 

2065 141 N/A 20 -10 

Although a seasonally operated pumped storage project would not provide any additional energy to meet the 

forecast needs of the Yukon, it is able to shift energy demand from one season to another. In this way, 

pumped storage changes the shape of the forecast energy gap by reducing the demand for winter energy 

                                                             
34 Based on an 80% round-trip efficiency, 50GWh of energy for pumping water to the upper storage reservoir, and 40GWh of resulting 
generation potential. Due to losses in the process, pumped storage is an overall consumer of energy on an annual basis. 
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while increasing the demand for summer energy. Figure 36 demonstrates how the shape of the Yukon energy 

gap is changed by the presence of a pumped storage project. 

Figure 36: Pumped Storage ς Monthly Average Generation & Gap 

 

A typical pumped storage resource is able to be dispatched to meet instantaneous changes in demand, and is 

ǘƘŜǊŜŦƻǊŜ ŀ άƭƻŀŘ ŦƻƭƭƻǿƛƴƎέ ǊŜǎƻǳǊŎŜ ǇǊƻǾƛŘƛƴƎ ŘŜǇŜƴŘŀōƭŜ ŎŀǇŀŎƛǘȅ ǘƻ ǘƘŜ ƎǊƛŘΦ Lǘǎ Řŀƛƭȅ ƻǳǘǇǳǘ ƛǎ ƳŀǘŎƘed 

to the load (demand) curve exactly. 
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Figure 37: Pumped Storage Daily Capacity35 

 

In summary, the limits on installed capacity, firm (dependable) capacity and energy that can be provided by 

pumped storage on the Yukon grid are shown in Table 40. 

Table 40: Pumped Storage Hydro Technical Factors 

Year Maximum Pumped 

Storage Hydro Installed 

Capacity (MW) 

Maximum Pumped 

Storage Hydro Firm 

Capacity (MW)36 

Maximum Pumped 

Storage Hydro Hydro 

Energy (GWh) 

2035 20 20 -10 

2065 20 20 -10 

 

4.6.2 Pumped Storage - Economic Factors 

The full utilization LCOE for pumped storage is calculated differently than for other resources because it is 

not a source of energy. Rather, the LCOE is calculated as the cost of storage of surplus energy produced from 

                                                             
35 Demand curve based on data for January 28, 2013. Source: Next Generation Hydro, http://www.nextgenerationhydro.ca  

36 If technically feasible. 
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other resources and provided to the pumped storage facility for free. Based on available literature as detailed 

in Appendix F:, Midgard has estimated the cost of seasonal pumped storage at $183/MWh. 37 

Table 41: Pumped Storage Economic Factors 

Levelized Capital Cost 

($/MWh) 

Fixed O&M 

($/MWh) 

Fuel Cost 

($/MWh) 

Total Full Utilization 

LCOE ($/MWh) 

149 34 0 183 

 

4.6.3 Pumped Storage - Socio-Economic Factors 

For the purposes of this study it is assumed that one suitable pumped storage project could be developed. 

Therefore, pumped storage is considered potentially socially acceptable. 

Table 42: Pumped Storage Socio-Economic Factors 

Acceptability 

Potentially Acceptable 

 

4.6.4 Pumped Storage - Environmental Factors 

The total land-use impact of a pumped storage project may be less than for a traditional hydro project if the 

lower or upper reservoirs are pre-existing (utilizing natural lakes) because this removes the need for creating 

a new reservoir. The size of the reservoir will be determined by the amount of storage required; a pumped 

storage project utilized for load following with only a couple of days of storage may only need a small 

reservoir (because it is cycled regularly), whereas a pumped storage project operated on a seasonal basis (as 

would be the case in the Yukon context) will need a larger reservoir (because it must store water over an 

entire season). For the purposes of this report, land footprint was estimated based on previous pumped 

storage studies38. 

Direct energy production GHG emissions of pumped storage, like other forms of hydropower, are zero. 

Table 43: Pumped Storage Environmental Factors 

Impact Intensity 

Land-Use 145 hectares/MW 

GHG Emissions 0 gCO2e/kWh 

                                                             
37 Note: This full utilization LCOE estimate is based on energy generated by the pumped storage project only. In other words, it is the cost per 
MWh of electricity when in generation mode and includes the cost of previously storing this energy. 

38 aƛŘƎŀǊŘ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜ ǎǘǳŘƛŜǎ ŀƴŘ άSeasonal and Pumped Storage Hydro Opportunity Search in the Carmacks to Faro Road and Power 
Line CorridorέΣ WƻƘƴ CΦ aŀƛǎǎŀƴΣ WǳƴŜ нлмрΦ 
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4.6.5 Pumped Storage ς Summary 

For the purposes of this study, it has been assumed that a single pumped storage facility with 20MW of 

capacity and 40 GWh39 of seasonal storage could be developed in the Yukon at a yet to be determined 

location. 

Table 44: Pumped Storage Resource Summary40 

Technical Economic Socio-Economic Environmental 

Max. 2065 

Energy 

(GWh/year) 

Max. 2065 

Installed 

Capacity (MW) 

Max. 2065 

Firm Capacity 

(MW) 

Full Utilization 

LCOE ($/MWh) 

Social Impact Land-Use 

Footprint 

(hectares/MW) 

Production GHG 

Emissions 

(gCO2e/kWh) 

-10 20 20 183 Potentially 

Acceptable 

145 0 

 

 

  

                                                             
39 50GWh of available energy for pumping and 80% round trip efficiency yield 40GWh of potential generation. 

40 See Appendix F: for more detail. 
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4.7 Natural Gas 

Natural gas is sometimes considered a less expensive alternative to diesel generation for use in providing 

reliable peaking capacity. Several natural gas combustion technologies exist including reciprocating engines, 

simple-cycle gas turbines (SCGT) and combined-cycle gas turbines (CCGT). 

Fuel supply for natural gas generation is provided using either continuous pipeline supply or Liquefied 

Natural Gas (LNG) storage.  Despite its common usage, the acronym LNG does not reflect the underlying 

natural gas generation technology but instead refers to using liquefied natural gas as the fuel storage 

method.  LNG is natural gas that has been compressed and stored in a liquid form at very low temperatures  

(-162°C). Liquefied natural gas is easier to transport and store in remote areas where natural gas pipelines do 

not exist. 

Figure 38: Whitehorse Natural Gas Generation Facility and LNG Storage41 

 

4.7.1 Natural Gas - Technical Factors 

Figure 39 compares the potential natural gas generation with LNG storage availability in the Yukon as 

compared to the forecast future energy needs on a month-by-month basis. The shape of natural gas 

generation is an exact match for the shape of the forecast future energy gap because natural gas generation 

is fully dispatchable and capable of meeting Yukon energy and capacity needs. 

  

                                                             
41 Image Source: Yukon Energy Corporation, 2015.  




















































































































































