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5.2.7 Renewable Thermal Resources
5.2.7.1 Biomass
Technology description

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

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

Figure 5-20: Biomass
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Studies

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

Fuel description

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

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

Fish & Fish Habitat (En1) Water Quantity & Quality (En2)
. Commgrmal, Relative Scale
Species at Recreational & .
Salmon & i - Consumptive of New Flow
. Risk & Aboriginal

Habitat ) LY Water Use | Impoundment/ | Changes
Habitat Fisheries .

(En1-1) : (En2-1) Flooding (En2-3)
(En1-2) Species & (En2-2)

Habitat (En1-3)
Waste to Energy

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

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4)
Speciesat | Protected & N . Footprint Linear Dev
Risk & Conservation Wllglrléstey %er:bgg Terrestrial for Roads/ Permafrost Wetlands
Habitat Areas (En3-3) (En3g- 2) Area Transmission En4-3) (En4-4)
(En3-1) (En3-2) (En4-1) (En4-2)
Waste to Energy

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

Air Quality (En5)

GHG Emissions Other Air
(En5-1) Pollutants
(En5-2)

with Biogenic | without
Cc02 Biogenic CO2

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

Annual Firm Installed | Dependable Levelized | - Levelized Project Lead [Dispatch-
Energy Energy | Capacity Capacity Cost of Cost (.)f Life Time able
Energy Capacity
GWh/yr | GWh/yr MW MW $/kKWh $/KW-yr Years Years Y/N
Takhini LNG 1
41.6 41.6 5 5 $0.26 $812 20 4 Y
Takhini LNG 2
83.2 83.2 10 10 $0.23 $560 20 4 Y
Takhini LNG 3
166.4 166.4 20 20 $0.21 $409 20 4 Y
Whitehorse Landfill LNG 1
41.6 41.6 5 5 $0.26 $814 20 4 Y
Whitehorse Landfill LNG 2
83.2 83.2 10 10 $0.23 $561 20 4 Y
Whitehorse Landfill LNG 2
166.4 166.4 20 20 $0.21 $409 20 4 Y
Whitehorse Rapids LNG Third Engine
36.6 36.6 4.4 4.4 $0.18 $120 20 2 Y
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Figure 5-30: Average Energy Profile for Fossil Thermal-(LNG) Resource Option

Manthly Generation (GWh])
o

lary February

March April

oy o et Sepember Ovtober  Nevember  December
—NG1 —1NG2 ING3 Whitehorse Rapids LNG 3rd Engine
Table 5-84. Fossil Thermal (Diesel) Resource Option Technical and Financial Attributes
ol | frm | ot | et o | Coor | PO | Load | o
Energy Capacity

GWh/yr | GWh/yr MW MW $/kKWh $/KW-yr Years | Years Y/N
Takhini Diesel 1

41.6 41.6 5 5 0.31 442 20 4 Y
Takhini Diesel 2

83.2 83.2 10 10 0.29 292 20 4 Y
Takhini Diesel 3

166.4 166.4 20 20 0.27 217 20 4 Y
Whitehorse Landfill Diesel 1

41.6 41.6 5 5 0.32 447 20 4 Y
Whitehorse Landfill Diesel 2

83.2 83.2 10 10 0.29 294 20 4 Y
Whitehorse Landfill Diesel 3

166.4 166.4 20 20 0.27 218 20 4 Y
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Figure 5-31: Average Energy Profile for Fossil Thermal-(Diesel) Resource Option
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Table 5-85: Fossil Thermal (LNG) Resource Option Environmental Attributes — Aquatic Environment

February March

April May

June July

August September

—Digsel 1 =——Diesel2 =—Diesel3

October November

Fish & Fish Habitat (En1) Water Quantity & Quality (En2)
. Commgrual, Relative Scale
Species at Recreational & .
Salmon & i - Consumptive of New Flow
. Risk & Aboriginal

Habitat ) L Water Use | Impoundment/ Changes
Habitat Fisheries .

(Enl1-1) : (En2-1) Flooding (En2-3)
(En1-2) Species & (En2-2)

Habitat (En1-3)

LNG Whitehorse (20MW)

LNG Takhini (20 MW)

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

Terrestrial Species & Habitat (En3)

Terrestrial Footprint & Land Use (En4)

Speciesat | Protected & wildlife Caribou Footprint Linear Dev
Risk & Conservation Key Areas Ranges Terrestrial for Roads/ | Permafrost Wetlands
Habitat Areas (En3-3) (En3-4) Area Transmission En4-3) (En4-4)
(En3-1) (En3-2) (En4-1) (En4-2)

LNG Takhini

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

LNG Whitehorse (20MW)

(20 MW)

Whitehorse Rapids LNG Third Engine

Air Quality (En5)

LNG Takhini

GHG Emissions Other Air
Pollutants
(En5-1) (En5-2)
with Biogenic | without
Cc02 Biogenic CO2
LNG Whitehorse (20MW)

(20 MW)

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

First Nation Traditional Lifestyle
Lands (52)
(S1)
First Nation .
Settlement Footprint Land Area Loss Land Quality Cabins,
) ) - Effects on Country
Lands/ Interim Land Area Re: Traditional -, Camps &
. Traditional Foods
Protected Impact Lifestyle Lifestvle Structures (S2-4)
Lands (S2-1) (52-2) (sz-g) (52-4)
(S1-1)
LNG Whitehorse (20MW)
LNG Takhini (20 MW)
Whitehorse Rapids LNG Third Engine

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

Heritage Resources

Cultural & Community Well-being

LNG Takhini (20 MW)

Whitehorse Rapids LNG Third Engine

YEC 2016 Resource Plan — Chapter 5

(S3) (S5)
Public Safety,
Importance/ .
. Worker Community,
Density of Cultural ; . :
. Infrastructure & | Interaction, First Nation
Heritage Value of .
: Services Human & & Personal
Resources Heritage -
(S5-1) Community | Development
(S3-1) Resources
(53-2) Health (S5-3)
(S5-2)
LNG Whitehorse (20MW)
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Table 5-90: Fossil Thermal (LNG) Resource Option Social Attributes — Tourism, Recreation, Other Resources and Land Use

Tourism, Recreation & Other Resources and Land Use

(S4)
. . Non- Other Land Use &
Recreational Tourism . Renewable
Aesthetics renewable Renewable
Values Values Resources
(54-3) Resources Resources
(S4-1) (S4-2) (54-4) (54-5) Plans
(54-6)
LNG Whitehorse (20MW)

LNG Takhini (20 MW)

Whitehorse Rapids LNG Third Engine

2 Table 5-91: Fossil Thermal (LNG) Resource Option Economic Attributes — Local Economic Impacts and Climate Change Risk
Local Economic Impacts (Ecl) (Positive Climate Change Risk affecting Resource Financial Attributes
Effects) (Ec2)
Yukon Yukon : .
Opportunities | Opportunities Community & . Susceptible | Susceptible Susceptible Conditions
. : Other Susceptible to Ice .
During during to Extreme | to Extreme Susceptible
. ; Development to Extreme S . Related .
Construction Operation ; Precipitation Wind to Climate
Opportunity Heat/Drought Processes/
(Ec1-1) (Ec1-2) - flood/snow Events Change
o o (Ec1-3) (Ec2-1) Events
Positive Positive Positive Effects (Ec2-2) (Ec2-3) (Ec2-4) (Ec2-5)
Effects Effects
LNG Whitehorse (20MW)
LNG Takhini (20 MW)
Whitehorse Rapids LNG Third Engine
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Table 5-92: Fossil Thermal (Diesel) Resource Option Environmental Attributes — Aquatic Environment

Fish & Fish Habitat (En1)

Water Quantity & Quality (En2)

Salmon &
Habitat
(En1-1)

Species at
Risk &
Habitat
(En1-2)

Commercial,
Recreational &
Aboriginal
Fisheries
Species &
Habitat (En1-3)

Consumptive
Water Use
(En2-1)

Relative Scale
of New
Impoundment/
Flooding
(En2-2)

Flow
Changes
(En2-3)

Diesel Whitehorse (20 MW)

Diesel Takhini (20 MW)

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

Terrestrial Species & Habitat (En3)

Terrestrial Footprint & Land Use (En4)

Species at
Risk &
Habitat
(En3-1)

Protected & | it | caribou
Conservation
Areas Key Areas Ranges
(En3-2) (En3-3) (En3-4)

Footprint
Terrestrial
Area
(En4-1)

Linear Dev
for Roads/
Transmission
(En4-2)

Permafrost
En4-3)

Wetlands
(En4-4)

Diesel Whitehorse (20 MW)

Diesel Takhini (20 MW)

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

Air Quality (En5)

GHG Emissions Other Air
(En5-1) Pollutants
(En5-2)
with Biogenic | without
Co2 Biogenic CO2

Diesel Whitehorse (20 MW)

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

First Nation Traditional Lifestyle
Lands (52)
(S1)
First Nation .
Settlement Footprint Land Area Loss Land Quality Cabins,
) ) - Effects on Country
Lands/ Interim Land Area Re: Traditional -, Camps &
. Traditional Foods
Protected Impact Lifestyle Lifestvle Structures (52-4)
Lands (S2-1) (52-2) (32_%’) (52-4)
(S1-1)
Diesel Whitehorse (20 MW)
Diesel Takhini (20 MW)

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

Heritage Resources Cultural & Community Well-being
(S3) (S5)
Importance/ Public Safety,
. P Worker Community,
Density of Cultural : . .
. Infrastructure & | Interaction, First Nation
Heritage Value of .
: Services Human & & Personal
Resources Heritage -
(S5-1) Community | Development
(S3-1) Resources
(53-2) Health (S5-3)
(S5-2)
Diesel Whitehorse (20 MW)
Diesel Takhini (20 MW)
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Table 5-97: Fossil Thermal (Diesel) Resource Option Social Attributes — Tourism, Recreation, Other Resources and Land Use

Tourism, Recreation & Other Resources and Land Use

(S4)
. . Non- Other Land Use &
Recreational Tourism . Renewable
Aesthetics renewable Renewable
Values Values Resources
(54-3) Resources Resources
(S4-1) (S4-2) (54-4) (54-5) Plans
(54-6)

Diesel Whitehorse (20 MW)

Diesel Takhini (20 MW)

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

Local Economic Impacts (Ecl) (Positive

Climate Change Risk affecting Resource Financial Attributes

Effects) (Ec2)
Yukon Yukon : .
Opportunities | Opportunities Community & . Susceptible | Susceptible Susceptible Conditions
. : Other Susceptible to Ice :
During during to Extreme | to Extreme Susceptible
. ] Development to Extreme L . Related .
Construction Operation ; Precipitation Wind to Climate
Opportunity Heat/Drought Processes/
(Ec1-1) (Ec1-2) - flood/snow Events Change
- - (Ec1-3) (Ec2-1) Events
Positive Positive S (Ec2-2) (Ec2-3) (Ec2-5)
Positive Effects (Ec2-4)
Effects Effects

Diesel Whitehorse (20 MW)

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

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

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

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

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

Figure 5-33: Pumped Storage

> > > Turbine connected 3
Q O O o O

Water pumped from Water stored in higher reservoir Water passes through Electricity
lower to higher reservoir until energy is needed turbines as it falls from higher
to lower reservoir

Studies

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

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

Summary of studies to date and key findings

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

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

e Tutshi Lake — Moon Lake (BC);

e Atlin Lake — Black Mountain (BC);

e Racine Lake — Moon Lake (BC);

e Racine Lake — Mt. Brown (BC);

e Lindeman Lake — Fraser Lake (BC);

e Squanga Lake — Dalayee Lake (YK);

e Canyon Lake — Ittlemit Lake (YK); and
e Vangorda (YK).

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

Figure 5-35.
Table 5-99. Pumped Storage Resource Option Technical and Financial Attributes
Annual Firm Installed | Dependable Levelized | Levelized Project Lead | Dispatch-
Ener Ener Capaci Capaci Cost of Cost of Life Time able
9y gy pacity pacity Energy Capacity
GWh/yr | GWh/yr MW MW $/kWh $/KW-yr Years Years Y/N
Moon-Tutshi 1
50 50 15 15 0.28 900 65 7 Y
Moon-Tutshi 2
50 50 25 25 0.32 650 65 7 Y
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Annual Firm Installed | Dependable Levelized | Levelized Project Lead | Dispatch-
Energy | Energy | Capacity Capacity Cost of Cost (.)f Life Time able
Energy Capacity

GWh/yr | GWh/yr MW MW $/kWh $/KW-yr Years Years Y/N
Moon-Tutshi 3

100 100 15 15 0.19 1300 65 7 Y
Moon-Tutshi 4

100 100 25 25 0.21 840 65 7 Y
Racine-Moon 1

50 50 15 15 0.54 1800 65 7 Y
Racine-Moon 2

50 50 25 25 0.61 1200 65 7 Y
Lindeman-Fraser 1

50 50 15 15 0.56 1900 65 7 Y
Lindeman-Fraser 2

50 50 25 25 0.64 1300 65 7 Y
Atlin-Black Mountain 1

50 50 15 15 0.30 1000 65 7 Y
Atlin-Black Mountain 2

50 50 25 25 0.33 660 65 7 Y
Atlin-Black Mountain 3

100 100 25 25 0.27 1100 65 7 Y
Racine-Mt. Brown 1

50 50 15 15 0.33 1100 65 7 Y
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Annual Firm Installed | Dependable Levelized | Levelized Project Lead | Dispatch-
Energy | Energy | Capacity Capacity Cost of Cost (.)f Life Time able
Energy Capacity

GWh/yr | GWh/yr MW MW $/kWh $/KW-yr Years Years Y/N
Racine-Mt. Brown 2

50 50 25 25 0.38 760 65 7 Y
Racine-Mt. Brown 3

100 100 15 15 0.27 1800 65 7 Y
Racine-Mt. Brown 4

100 100 25 25 0.29 1100 65 7 Y
Squanga-Dalayee 1

100 100 15 15 0.34 2200 65 7 Y
Squanga-Dalayee 2

100 100 25 25 0.36 1400 65 7 Y
Canyon-Ittlemit 1

100 100 15 15 0.42 3300 65 7 Y
Canyon-Ittlemit 2

100 100 25 25 0.53 2100 65 7 Y
Vangorda

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

Flow Changes
(En2-3)

Fish & Fish Habitat (En1) Water Quantity & Quality (En2)
. Commgrmal, Relative Scale
Species at Recreational & .
Salmon & i - Consumptive of New
. Risk & Aboriginal
Habitat ) LY Water Use Impoundment/
Habitat Fisheries .
(En1-1) : (En2-1) Flooding
(En1-2) Species & (En2-2)
Habitat (En1-3)

Moon Lake (Tutshi-Moon)

Racine - Moon

Lindeman-Fraser

Racine - Mt. Brown

Atlin - Black Mountain

Squanga - Dalayee

Canyon - Ittlemit

Vangorda Pit

YEC 2016 Resource Plan — Chapter 5
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Table 5-101: Pumped Storage Resource Option Environmental Attributes - Terrestrial Environment

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4)
Speciesat | Protected & - . Footprint Linear Dev
Risk & Conservation Wllzlrléstey C;zrr:bglsj Terrestrial for Roads/ Permafrost | Wetlands
Habitat Areas (En3-3) (En??— 2) Area Transmission En4-3) (En4-4)
(En3-1) (En3-2) (En4-1) (En4-2)

Moon Lake (Tutshi-Moon)

|

Racine - Moon

|

Lindeman-Fraser

|

Racine - Mt. Brown

|

Atlin - Black Mountain

|

Squanga - Dalayee

Canyon - Ittlemit

Vangorda Pit

m |0
B Bl B 2
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Table 5-102: Pumped Storage Resource Option Environmental Attributes — Air

Air Quality (En5)

GHG Emissions Other Air
(En5-1) Pollutants
(En5-2)

with Biogenic | without
Cc02 Biogenic CO2

Moon Lake (Tutshi-Moon)

Racine - Moon

Lindeman-Fraser

Racine - Mt. Brown

Atlin - Black Mountain

Squanga - Dalayee

Canyon - Ittlemit

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

First Nation Traditional Lifestyle
Lands (S2)
(81)
First Nation

Land Quality
Effectson |Cabins, Camps
Traditional | & Structures

Settlement Footprint | Land Area Loss

Lands/ Interim| Land Area | Re: Traditional Country Foods

Protected Impact Lifestyle i _ (52-4)
Lands (s2-1) (s2-2) L'(fgzsg)'e (52-4)
(S1-1)

Moon Lake (Tutshi-Moon)

Racine - Moon

Lindeman-Fraser

Racine - Mt. Brown

Atlin - Black Mountain

Squanga - Dalayee

Canyon - Ittlemit

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

Heritage Resources Cultural & Community Well-being
(S3) (S5)
Public Safety,
. Importance/ Worker Community,
Density of . . .
. Cultural Value|Infrastructure &| Interaction, | First Nation &
Heritage . .
of Heritage Services Human & Personal
Resources .
(53-1) Resources (S5-1) Community | Development
(S3-2) Health (S5-3)
(S5-2)

Moon Lake (Tutshi-Moon)

Racine - Moon

Lindeman-Fraser

Racine - Mt. Brown

Atlin - Black Mountain

Squanga - Dalayee

Canyon - Ittlemit

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

Tourism, Recreation & Other Resources and Land Use

(S4)
. . Non- Other Land Use &
Recreational Tourism . Renewable
Aesthetics renewable Renewable
Values Values Resources
(54-3) Resources Resources
(54-1) (S4-2) (s4-) (54-5) Plans
(S4-6)
Moon Lake (Tutshi-Moon)

Racine - Moon

Lindeman-Fraser

Racine - Mt. Brown

Atlin - Black Mountain

Squanga - Dalayee

Canyon - Ittlemit

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

Local Economic Impacts (Ec1) (Positive Climate Change Risk affecting Resource Financial Attributes
Effects) (Ec2)

Yukon Yukon Community Suscentible
Opportunities | Opportunities & Other Susceptible Susceptible | Susceptible io Fce Conditions

During during Development to Ext?eme to Extreme | to Extreme Related Susceptible
Construction Operation Opportunity Heat/Drouaht Precipitation Wind Processes/ to Climate

(Ec1-1) (Ec1-2) (Ec1-3) (Ec2-1) g - flood/snow Events Events Change

Positive Positive Positive (Ec2-2) (Ec2-3) (Ec2-5)

(Ec2-4)
Effects Effects Effects

Moon Lake (Tutshi-Moon)

Racine - Moon

Lindeman-Fraser

Racine - Mt. Brown

Atlin - Black Mountain

Squanga - Dalayee

Canyon - Ittlemit

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

Pelly:Crossing T L
Alaska | } -
Yukon ){ Northwest
A / 7 Teritories

Dawson
° Mayo
(]

H .Carm acks

Whiteh
., British Columbia

River Resource Options
{ O Pumped Storage Hydro
Existing Resources

& Hydroelectric Generating Station

Pumped Storage - Vangorda 1

Aishihik
A Diesel Generating Station
& LNG Generating Station

A Wind Generating Station

- ‘Canyon-- Ittlemit 1 and 2 Power Lines
Distribution Line, 14.4 kV

Distribution Line, 25 kV

Transmission Line 34 kV

w— Transmission Line, 69 kV
= Transmission Line, 138 kV
Roads

— Primary Highway

Haifmes-Junction
Whitehorse

Pumped Storage - Squanga - Delayee 1 and 2

Pumped Storage -
Moon - Tutshi 1, 2, 3and 4

Teslin
umped Storage|-
Racine - Moon 1 and 2

Swift River

Pumped Storage.- Atlin - Black Min 1, 2, 3and 4

Pumped Storage - Racine'-‘Mt. Brown 1, 2, 3 and4

1:2,000,000 Haines Pumped, Storage - Lindeman - Fraser 1 and 2

Kilometers

YEC 2016 Resource Plan — Chapter 5 5-109



© 00O NO O bW N

el ol
W N RO

= e
o o1 b

=
~

18

19
20
21
22
23
24

5.2.10 Energy Storage
Technology description

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

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

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

Figure 5-36: Energy Storage

3 3 Storage electricity can be used 3
Q O any time when needed O

Electricity is produced

icity i Sent out for use
e.g. Hydro Some electricity is stored

to battery system

Studies

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

Electrical Energy Storage Systems
l Mechfanical : Electrochemical | [ Electric Field
Pumped Hydro Conventi.onal Capacitors
Compressed Air Batteries
Flywheel
Lead Acid T s
Nickel Cadmium Magnetic
Chemical Lithium lon Superconducting
Magnetic Coil
Hydrogen High
Temperature Thermal
Batteries
Molten Salt
Sodium Sulphur
Zebra

Flow Batteries

Vanadium Redox
Zinc Bromine
Zinc Air

Fuel description
Energy storage does not produce energy, but stores energy produced by a different generating resources.
Summary of studies to date and key findings

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

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

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

Annual Firm Installed | Dependable Levelized | Levelized Project | Lead [Dispatch-
Energy | Energy | Capacity Capacity Cost of Cost (.)f Life Time able
Energy Capacity

GWh/yr | GWh/yr MW MW $/kWh $/KW-yr Years Years Y/N
Lead Acid (4 MW)

2.4 2.4 4 3.6 $0.79 $539 30 2 Y
Lead Acid (6 MW)

2.7 2.7 6 3.6 $1.09 $811 30 2 Y
Lead Acid (8 MW)

2.8 2.8 8 3.6 $1.31 $1,055 30 2 Y
Lithium-ion (8 MW)

2.8 2.8 8 3.6 $0.96 $650 30 2 Y

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

Fish & Fish Habitat (En1) Water Quantity & Quality (En2)
Rig:g;gﬁ:'& Relative Scale
Salmon & Species at Risk Aboriinal Consumptive of New Flow Chanaes
Habitat & Habitat . g. Water Use  Impoundment/ g
Fisheries . (En2-3)
(En1-1) (En1-2) . . (En2-1) Flooding
Species & Habitat (En2-2)
(En1-3)

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

I R R N R
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Table 5-109: Storage Resource Option Environmental Attributes - Terrestrial Environment

Terrestrial Species & Habitat (En3) Terrestrial Footprint & Land Use (En4)
Species at . _— . Footprint | Linear Dev
Risk & Protected iarg;nservatlon Wllzer;Key (;Z:bgg Terrestrial | for Roads/ | Permafrost | Wetlands
Habitat (En3-2) (En3-3) (En3g- 2 Area |Transmission| En4-3) (En4-4)
(En3-1) (En4-1) (En4-2)

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

Table 5-110: Storage Resource Option Environmental Attributes — Air

Air Quality (En5)

GHG Emissions Other Air
(En5-1) Pollutants
(En5-2)

with Biogenic | without
C02 Biogenic CO2

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

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

First Nation Traditional Lifestyle
Lands (S1) (S2)
First Nation .
Settlement Footprint Land Area Loss Land Quality Cabins,
) ) - Effects on Country
Lands/ Interim Land Area Re: Traditional -, Camps &
. Traditional Foods
Protected Impact Lifestyle Lifestvle Structures (52-4)
Lands (S52-1) (52-2) (32_5’) (52-4)
(S1-1)
Lithium lon Battery (8 MW/40MWh, 5 hrs)
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Table 5-112: Storage Resource Option Social Attributes — Heritage Resources and Cultural & Community Well-being

Heritage Resources

Cultural & Community Well-being

(S3) (S5)
Public Safety,
Importance/ .
. Worker Community,
Density of Cultural ; ) .
. Infrastructure & | Interaction, First Nation
Heritage Value of .
. Services Human & & Personal
Resources Heritage .
(S5-1) Community | Development
(S3-1) Resources
(53-2) Health (S5-3)
(S5-2)

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

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

Tourism, Recreation & Other Resources and Land Use

(S4)
. . Non- Other Land Use &
Recreational Tourism . Renewable
Aesthetics renewable Renewable
Values Values Resources
(54-3) Resources Resources
(S4-1) (S4-2) (54-4) (54-5) Plans
(54-6)

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

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

Local Economic Impacts (Ecl) (Positive Climate Change Risk affecting Resource Financial Attributes
Effects) (Ec2)
Yukon Yukon Community Susceptible
Opportunities | Opportunities & Other Susceptible Susceptible | Susceptible to Ice Conditions
During during Development t0 Extreme to Extreme | to Extreme Related Susceptible
Construction Operation Opportunity Heat/Drought Precipitation Wind Processes/ to Climate
(Ec1-1) (Ec1-2) (Ec1-3) (Ec2-1) - flood/snow Events Events Change
Positive Positive Positive (Ec2-2) (Ec2-3) (Ec2-4) (Ec2-5)
Effects Effects Effects

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

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

e Financial incentives to customers too help offset the cost of purchasing energy saving products;

< Financial disincentives or penalties such as taxes on high energy use products or behavior;

e Electricity rates that encourage conservation;

e Education on the benefits of conservation, both from an energy perspective as well as other factors
such as comfort and safety; and

e Codes and standards such as insulation requirements for new buildings or minimum efficiency levels
for appliances.

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

Studies

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

Fuel description

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

Summary of studies to date and key findings

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

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

The following Table 5-115 to Table 5-118 describes the technical and financial parameters of the various
DSM options. An environmental, social and economic assessment was not undertaken. DSM is considered
the most environmentally friendly option as it does not require the construction of generation and
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transmission assets. Measures greater than $0.38/kWh for commercial customers and $0.45/kWh for

residential customers were not included as costs greater than this were not considered cost effective in the

2011 CPR.

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

Annual and Firm Energy Conserved

Cost of Conserved Project In-service
(GWh/yr) Energy Life Lead Time
2015 2020 2025 2030 2035 ($/kwh) years years
Cost of Conserved Energy up to 10 ¢/kWh
24 6.7 10.2 145 145 0.07 20 2
Cost of Conserved Energy between 10 -20 ¢/kWh
12 3.3 5.5 7.9 7.9 0.13 20 2
Cost of Conserved Energy between 20 -30 ¢/kWh
0.2 0.8 24 4.7 4.3 0.27 20 2
Cost of Conserved Energy greater than 30 ¢/kWh
0.1 0.3 0.50 0.7 0.7 0.38 20 2
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Table 5-116: Capacity DSM Technical Attributes — Commercial Customer Class

Coincident Peak Reduction (*)

(MW)
2015 2020 2025 2030 2035
Cost of Conserved Energy up to 10 ¢/kWh
0.3 1.0 1.5 2.2 2.1
Cost of Conserved Energy between 10 -20 ¢/kWh
0.2 0.6 0.9 1.3 1.3
Cost of Conserved Energy between 20 -30 ¢/kWh
0.0 0.2 0.5 1.0 0.9
Cost of Conserved Energy greater than 30 ¢/kWh
0.0 0.0 0.1 0.1 0.1

(*) The Coincident Peak Reductions are by-products of DSM Energy Efficiency measures presented in Table 4-115. Table 4-116 is

presented separately from Table 4-115 because there was not enough space on the page to present a combined table.
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Table 5-117. Energy DSM Technical and Financial Attributes — Residential Customer Class

Annual and Firm Energy Conserved

Cost of Conserved Project In-service
(GWh/yr) Energy Life Lead Time
2015 2020 2025 2030 2035 ($/kwh) years Years
Cost of Conserved Energy up to 10 ¢/kWh
1.0 2.1 2.8 3.3 2.8 0.04 20 2
Cost of Conserved Energy between 10-20 ¢/kWh
0.4 19 5.3 10.1 10.0 0.17 20 2
Cost of Conserved Energy between 20-30 ¢/kWh
0.2 0.9 2.3 4.2 4.4 0.26 20 2
Cost of Conserved Energy between 30-40 ¢/kWh
0.2 14 2.8 3.4 3.3 0.32 20 2
Cost of Conserved Energy greater than 40 ¢/kWh
0.0 0.1 0.4 0.5 0.5 0.45 20 2
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Table 5-118: Capacity DSM Technical Attributes — Residential Customer Class

Coincident Peak Reduction (**)

(MW)
2015 2020 2025 2030 2035
Cost of Conserved Energy up to 10 ¢/kWh
0.0 0.1 0.1 0.2 0.2
Cost of Conserved Energy between 10-20 ¢/kWh
0.1 0.2 0.1 0.1 0.1
Cost of Conserved Energy between 20-30 ¢/kWh
0.1 0.2 0.1 0.1 0.1
Cost of Conserved Energy between 30-40 ¢/kWh
0.0 0.0 0.1 0.1 0.1
Cost of Conserved Energy greater than 40 ¢/kWh
0.0 0.0 0.1 0.1 0.1

(**) The Coincident Peak Reductions are by-products of DSM Energy Efficiency measures presented in Table 4-117. Table 4-118 is

presented separately from Table 4-117 because there was not enough space on the page to present a combined table.
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5.2.12 Transmission

Technology description

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

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

Figure 5-39: Transmission

Studies
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An evaluation of the options for eleven transmis