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Executive Summary

2016 Resource Plan: Key Findings and Recommendations

Yukon Energy Corporation (YEC) prepares an update to its 20-Year Resource Plan every five years. The
following document is an update of the 2006 and 2011 Plans. The purpose of this plan is to provide
recommendations as to how to cost-effectively meet the electricity needs of the Yukon Energy’s
customers over the next 20 years. Consistent with the values of these customers, environmental
protection and low cost were key drivers in shaping the recommendations of this plan.

A key component of the 2016 Resource Plan (the Plan) is a recommended Action Plan for meeting
customer electricity demands. The document does not seek approval for specific future projects. While
the Plan identifies resources of interest, the development of future resources will be managed through
YEC’s stagegate process for project development and approval, and will require engagement with First
Nations and stakeholders, as well as regulatory reviews and permitting.

In the development of the Resource Plan, YEC did not speculate with respect to future government
policies or transformative technological developments. The analysis undertaken for the Plan included
the social cost of carbon, which is consistent with pending national carbon policies. Overall, the Plan was
grounded in a conservative future outlook, based on reasonably foreseeable trends.

Yukon Energy spent approximately 18 months, from September 2015 to February 2017, working with
First Nations, stakeholders, and the Yukon public on the Resource Plan. During the third round of
engagement with Yukoners in early 2017, YEC shared the 2016 Resource Plan key learnings. These are
summarized as follows:

e Inthe development of resource portfolios, YEC analyzed a wide range of potential future
industrial activity scenarios. Informed by the analysis undertaken on these scenarios and the
stakeholder engagement, Yukon Energy is recommending a Short Action Plan and Long Term
Action Plan.

e YEC currently needs new capacity to meet requirements under the single contingency (N-1)
criterion and this need will increase in the near future. Given the lead time in constructing new
resources, the expected peak demand under the N-1 criterion for all the industrial activity
scenarios is expected to exceed YECs generating capacity until the year 2021.

e There may be an energy deficit in the future depending on the level of future economic activity.
If so, more renewable energy will be needed to fill the gap between future needs and current
capabilities;

e Different stakeholders expressed different values with respect to resource and portfolio
attributes, making compromise often challenging. The Electricity Values Survey showed that the
priorities of the Yukoners were ranked in the following order: environmental protection, cost,
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reliability of energy supply and social responsibility. The recommended Action Plan is an attempt
to balance a wide range of stakeholder inputs while maintaining affordability;

Resource planning inevitably requires compromise. Every resource option and every portfolio
reviewed by YEC featured less preferred attributes, whether financial, environmental or social.
The development and selection of the Action Plan was a tradeoff between tangible numbers and
often less tangible values;

In terms of alignment of the portfolios with public values, YEC believes that the resource
portfolios proposed in the Action Plan are environmentally responsible, with portfolios providing
on average between 92 and 99 percent of annual YEC energy generation from renewable
resources over the 20 year planning period. The portfolios are also cost effective, meet reliability
criteria, and socially responsible;

A portfolio consisting of only renewable future resources was reviewed. This portfolio was
determined to be significantly more expensive than the corresponding mixed portfolio including
thermal resources, requiring an additional capital investment of $486 million, or 2.5 times
greater than that of the mixed portfolio. In addition, the renewable portfolio did not meet YEC's
capacity needs until 2024. Finally the renewable portfolio provided only marginally more
renewable energy generation than the mixed portfolio including thermal. YEC’s current portfolio
is already more than 98% renewable, among the highest in the world;

YEC’s Resource Plan incorporates the need for flexibility to deal with risks such as major and
sudden changes in loads, and the inability to develop a preferred resource proposed in the
Action Plan. In light of ongoing uncertainties, the Action Plan needs to be resilient and robust
under various potential load scenarios and regulatory, financial and development outcomes. A
portfolio of relatively small, scalable and modular assets, as proposed in the Action Plan presents
a lower risk than a single large asset, in terms of regulatory approvals, financing, fuel diversity
and resourcing. As an example of scalability, YEC's LNG facility completed in 2015 was built with
the expansion potential for a third unit, which is now recommended in the Action Plan as an
attractive capacity option. YEC will consider the balance between potential lower costs of larger
solutions due to economies of scale, versus the ability of smaller, incremental supply solutions to
more closely match growth.

The recommended Short Term Action plan is common for all the analyzed industrial activity
scenarios until 2022. The common resources recommended for the Short Term Action Plan are
presented in Table 1.

Table 1: Resource Options Recommended in the Short Term Action Plan

Year Resource Option

2018 DSM (conservation)

2019 LNG Third Engine (4.4 MW)
2020 Aishihik Hydro Plan Uprate
2020 Whitehorse Hydro Plant Uprate

2020 Batteries (4 MW)
2020 Southern Lakes Enhanced Storage Project

2021 Diesel (20 MW)
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2022 Mayo A Refurbishment
2022 Mayo Lake Enhanced Storage Project
2022 Standing Offer Program

The recommended Long Term Action Plan consists of two components: 1) continued
implementation of the resource options included in the short term Action Plan, and 2)
development of additional resource options which are dependent on the specific industrial
activity scenario that develops over time.

The Action Plan was developed assuming no constraints to accessing to the required debt and
equity to finance the assets included in the plan. The Action Plan considered only existing
government policies, including for example the application of the social cost of carbon. YEC has
finite resources available to both plan and manage the construction of new resources. The
timing of projects included in the Action Plan may be adjusted in response to potential internal
resource constraints.

To meet the challenges of execution of the recommended Action Plan, collaboration with First Nations

and stakeholders will be critical to the success of these projects. YEC will continue to work on different

aspects of planning and execution of new energy projects with:

First Nations;

Yukon Territorial Government;

ATCO Electric Yukon;

Municipal governments;

Potential IPP proponents; and

Consumer, business, community and environmental advocacy groups.

The Resource Plan is a living process and is updated every five years with the energy and peak demand

forecasts scheduled for updating in 2018.
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1 The Planning Environment

Yukon Energy Corporation is a public electric utility owned by the Yukon Government through the Yukon
Development Corporation, a Crown Corporation. YEC's mandate is to plan, generate, transmit and
distribute a continuing and adequate supply of cost-effective, sustainable, clean and reliable electricity
for customers in Yukon.

YEC owns and operates the Yukon’s integrated transmission system, generates almost 100% of the
power on this isolated predominantly hydro grid, and is the electric utility with the primary responsibility
for planning and development of new generation and transmission resources in Yukon. The Yukon
Utilities Board (YUB) regulates the costs to be recovered through YEC rates, focusing on need,
justification, and the reasonableness of costs incurred.

YEC has prepared 20-year resource plans at least every five years since 2006. The purpose of the
resource plan is to provide recommendations on how to meet the needs of Yukon’s electrical customers
over a 20-year horizon. This plan follows utility best practice of prudent planning to ensure YEC is able to
maintain a reliable and adequate supply of electricity, both energy and capacity. Resource planningin a
living process and the plans are updated on a regular five year basis and as required in response to
significant changes in the elements of the plan. The resource planning process involves the following
steps:

Forecast future electricity load;

Create an inventory of existing energy supplies;

Determine potential shortfalls;

Create an inventory of potential energy supplies and conservation options;
Forecast future fuel cost and social cost of carbon;

Assess risks and uncertainties relevant to the Plan;

Analyze the portfolio of options;

Draft an action plan; and

W N R WM R

Finalize the Plan.

The finalized plan will be included and/or referenced in future Yukon Energy submissions to the YUB to
provide context that supports the justification for specific major new generation and transmission capital
projects under review by the YUB. If and when an energy project is chosen for development, a separate
planning, design, assessment and review process is followed that is specific to that project.

The 2011 Resource Plan was reviewed prior to the completion of the 2016 Resource Plan, with the intent
of preserving its best elements, while making improvements if justified and feasible. The changes in the
2016 Plan relative to the 2011 Resource Plan can be grouped into the following categories: planning
principles and methodologies, key inputs and assumptions, and conclusions and recommendations. The
most significant changes include:
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e Load forecasting methodology. The 2016 Resource Plan load forecast used a more sophisticated
econometric approach that integrated demographic, economic, and technological trends. It also
considered a broader range and scope of scenarios than the previous YEC Plan;

e The resource portfolio analysis. The 2016 Resource Plan portfolio analysis applied sophisticated
optimization modeling to select the lowest cost resource solution, while meeting required
planning criteria;

e Engagement methodology. The 2016 Resource Plan applied a broader, and more comprehensive
public consultation approach, specifically enabled through the Electricity Values Survey;

e Social Cost of Carbon. The 2016 Resource Plan used the social cost of carbon in evaluation of
resource options in the portfolio analysis;

e Existing unit capabilities. Updates to existing unit capabilities and expected retirement dates
were made in the 2016 Resource Plan to reflect current information; and

e Conclustions and recommendations. Both the 2016 and 2011 Resource Plans identified industrial
(specifically mining) electricity demand as a key uncertainty facing YEC, and this was the primary
theme of the load scenarios analysis undertaken. The 2016 Resource Plan provided
recommendations that included Short and Long Term Action Plans that identified preferred
resources and the optimum development timing for these resources under different scenarios.
The need for additional capacity today, and the portfolio of resources necessary to fill this need,
are the primary outcome and recommendation of the 2016 YEC Resource Plan.

There are a number of territorial and federal orders, policies and objectives that YEC is accountable to
follow. Key territorial policies and objectives include: Micro-Generation Policy, Independent Power
Producer Policy, and Yukon Climate Action Plan.

The key federal policy is the Pan-Canadian Framework on Clean Growth and Climate Change, which
Yukon Premier Sandy Silver joined on December 9, 2016. This framework indicates a pending national
carbon tax, a development which was incorporated into this Resource Plan.

2 Electricity in Yukon

YEC is the main generator and transmitter of electrical energy in Yukon. Working with its parent
company, the Yukon Development Corporation, YEC's provides Yukoners with a reliable, affordable and
sustainable (both economically and environmentally) power. YEC’s focus is on renewable sources of
power and energy solutions that complement our legacy hydro assets.

There are almost 15,000 electricity consumers (accounts) in the territory. YEC directly serves about 2,100
of these, most of whom live in and around Dawson City, Mayo and Faro. Indirectly, YEC provides power
to many other Yukon communities including Whitehorse, Carcross, Carmacks, Haines Junction, Ross River
and Teslin, through ATCO Electric Yukon (ATCO). ATCO buys wholesale power from YEC and sells it to
retail customers in the Yukon.

At present, the electrical system in Yukon is comprised of:
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e One large hydro-based grid called the Yukon Integrated System (YIS);

e One medium-sized diesel-based grid serving Watson Lake; and

e Three smaller isolated communities with diesel generation (Old Crow, Beaver Creek and
Destruction Bay/Burwash Landing).

YEC is mandated to provide Yukoners with an adequate supply of electricity every day of the year, every
year. YEC must control assets that are required to cover extreme events that could include an outage at
a hydro plant or a transmission line, or extreme cold or drought conditions. YEC must supply both energy
and capacity to meet customer demands.

YEC has the maximum capacity to generate about 132 MW. In the summer, up to 92 MW can be
produced from hydro and wind combined, with the remainder coming from thermal back-up (diesel and
natural gas). During the winter, when electricity demand peaks, YEC hydro facilities have less water
available, reducing hydro generation capacity to just over 70 MW. On December 15, 2016, a cold winter
day, YEC's reached its highest electricity demand at 88 megawatts (MW). In the late spring and summer
months the demand for power drops to a little more than half of the winter demand. YEC typically has
more water available during the summer than is required to meet customer demands, which refills its
hydro reservoirs and ultimately leads to spilled water.

Non-controllable factors, such as water inflows, demand variability, and demand growth have a
significant influence on YEC and its planning. Another key planning risk is the potential for electricity
demand growth, which is driven by population growth and economic expansion. A single new large
industrial customer, such as a new mine, could cause a significant increase in YEC demand (25% or
more), over a relatively short timeframe.

The seasonal mismatch between potential electricity production from hydro generation and the timing
of maximum customer demands is a key planning constraint for YEC. In addition to the seasonal
mismatch between winter demand and winter supply, electricity demand in the Yukon is highly variable,
and changes considerably over the course of a day and year. Not all sources of electricity generation can
respond to these demands.

Another important way of meeting future electricity demands is through Demand Side Management
(DSM). This involves using incentives, rate structures, building and appliance codes and standards to
encourage customers to reduce the amount of electricity they use. This could have the benefit of
avoiding or delaying the construction of new electricity generation. DSM is often less expensive and has
a lower environmental impact than the construction of new electricity supply infrastructure to meet
growing load.

The YIS is an islanded grid. Most other areas of the North American continent are part of a large
electricity system that connects power producers and consumers through a series of transmission and
distribution wires, supplied by numerous electricity generation facilities. But the Yukon is not a part of

Vi
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that or any other system. It needs to be self-sufficient, which imposes challenges when it comes to
maintaining and planning for the electricity needs of the Territory.

The key challenge is that the Yukon must produce all of its own power. Islanding imposes financial
impacts to its ratepayers. The requirement for total self-reliance creates higher costs, relative to
connected systems, due to the need for additional backup infrastructure. The inability of an islanded
grid to export excess electricity makes it risky to build/generate electricity in anticipation of increased
demand, as this future demand may not materialize in Yukon’s commodity-dependent economy. Lastly,
in the event of unexpected demand growth, the Yukon cannot simply import electricity, making growth
in local generation capacity crucial to future economic and population growth.

3 Stakeholder Engagement

Yukon Energy spent approximately 18 months, from September 2015 to February 2017, working with
First Nations, stakeholder groups, and the Yukon public obtaining feedback to guide the 2016 Resource
Plan. The goals of Yukon Energy’s engagement with First Nations, stakeholders, and the public during
the preparation of the 2016 Resource Plan were:

e To ensure openness and transparency at every stage of the process; and
e To substantively incorporate the ideas, suggestions and values of Yukoners from every part of
the Territory representing many different viewpoints related to resource planning.

A key stakeholder engagement element in the Resource Plan was the Electricity Values Survey. The goal
of the survey was to gain information regarding Yukoners’ preferences with respect to potential future
electricity generation in the territory. The survey also sought to understand Yukoners’ preferences and
values relating to energy use. The survey results helped Yukon Energy in analyzing portfolios and creating
the Action Plan.

A stratified random sample of more than 4,500 Yukon households, approximately one-third of total
households, was selected to complete the survey. Respondents were asked to provide input on four
thematic areas related to the development of new electricity sources:

e Environment protection;
e Cost;

e Reliability; and

e Social responsibility.

These themes aligned with the attributes considered during the portfolio analysis portion of the resource
plan work.

Yukon First Nations were consulted on public meeting dates and received personalized invitations to the
public meetings. Offers were made to have separate meetings with Chiefs and Councils. In cases where

Vi
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Yukon Energy has regular meetings with a First Nation, the 2016 Resource Plan was included in the

agenda. On several occasions, Yukon Energy’s President and Vice-President met with the Chiefs and
Councils of Carcross-Tagish First Nation, Kwanlin Dun First Nation, and Little Salmon/Carmacks First
Nation to brief them on the 2016 Resource Plan.

Engagement with the Yukon public was completed in part through three rounds of public meetings, each
round taking place in six Yukon communities: Whitehorse, Dawson City, Mayo, Teslin, Carcross and
Haines Junction. These communities were chosen based on population, connection to the Yukon grid,
and proximity to potential energy projects. Throughout each phase, the Yukon public was informed and
engaged through the interactive resource planning website, social media, Electricity Values Survey, four
mailers sent to every home in the territory, phone calls, and emails.

Once the draft resource plan was completed in February 2017, Yukon Energy invited the public to review
the draft report, and to provide their comments directly on the interactive website, via email, social
media, by phone, or a face-to-face visit

The available public comments were considered in the draft plan, while the comments received after the
draft plan was publicized will be considered in the final version of the Resource Plan.

In addition to the results of the Electricity Values Survey, the consultation feedback can be summarized
as follows:

e First Nations governments expressed appreciation at having received information at regular
intervals about the resource planning work, and appreciated the sensitivity shown by Yukon
Energy to potential projects within First Nation traditional territories;

e When considering new energy options, environmental protection is most valued by Yukoners,
followed by cost, reliability, and social responsibility;

e There is strong support for energy conservation/efficiency measures;

e While the values survey indicated low support for the use of thermal resources, by the end of
the engagement process most Yukoners understood why Yukon Energy is proposing thermal
resources to meet capacity needs under the N-1 criterion.

e Yukoners are pleased that under the Action Plan proposed by Yukon Energy, between 92 — 99
percent of the average annual power produced would be renewable over the 20 year planning
period;

e Yukoners are supportive of the social cost of carbon being included in the evaluation of resource
projects;

e Several smaller energy projects are preferred over one large energy project;

e There is interest in energy self-sufficiency among a number of rural Yukon communities;

e There is broad interest in a variety of energy technologies; and

e There appears to be strong support for wind and solar resources.

viii
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4 Electricity and Peak Demand Forecast

Energy and peak demand forecasts are a critical input into YECs planning processes. The energy and peak
demand forecast developed for this Resource Plan presents YEC's predicted electricity needs over the 20
year (2016 to 2035) planning period.

Energy refers to the amount of electricity that is produced or used over a period of time. Peak demand
refers to the maximum customer electricity demand within a defined timeframe, usually the highest
single hour demand within a year. The ability of YEC to serve peak demand is referred to as capacity. On
a utility-scale, energy demands are expressed in gigawatt-hours (GWh) and peak demand (and capacity)
is expressed in megawatts (MW).

The forecast was developed in a two stages. In the first stage, an economic forecast was developed for
the Yukon, which was a key input for the energy and peak demand forecasts. Economic activity is one of
the main drivers of electricity use. A detailed economic and demographic model was developed to
forecast future economic activity in the Territory such as Gross Domestic Product (GDP), as well as
population and employment trends. In the second stage, the economic indicators from this model were
used as inputs to a statistically adjusted end-use (SAE) model. The SAE model was used to forecast
energy and peak demand in the residential (including street lighting) and commercial customer classes.
In addition to the economic indicators, the SAE model used past electricity sales data, ambient
temperatures, end-use saturations and efficiencies, electricity prices and price elasticity as inputs. An
industrial forecast was generated by a generalized economic model using forecasts for specific proxy
mines. This industrial and residential forecasts were combined to generate the total load forecast.

To cover a range of potential future economic possibilities, fourteen economic scenarios were
developed. Four major scenarios were selected to cover a range of future industrial activity. Ten
additional sensitivity scenarios layer on government spending and economic activity in other sectors,
such as tourism and the development of a domestic forestry sector. Economic indicators such as GDP
were developed for all fourteen scenarios through an econometric model, and energy and peak demand
forecasts were produced using these inputs. The range of results allowed YEC to prudently plan to meet
future customer electricity needs through an improved understanding of future uncertainties and risks.

A key conclusion of the updated load forecast is that YEC load continues to be highly dependent on the
mining sector, with a wide range of potential outcomes, depending on global economic activity and
commodity prices that are out of the control of YEC. Residential and commercial load growth is
relatively steady. In addition, demographic factors and electricity conservation activities tend to flatten
out load growth in the long-term. This has key implications for long-term resource development. From
this forecasting, five main industrial activity scenarios were brought forward as the base scenarios
throughout the rest of the Plan. These five base scenarios are: Very Low Industrial Activity, Low
Industrial Activity, Low with Early Minto Closure, Medium Industrial Activity, and High Industrial Activity.
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The potential effects of climate change on electricity needs was modelled and found to have a relatively
small impact on expected future demands, slightly reducing peak and energy demand. Given the small
impact and the risks involved in planning to meet customer peak demand, the forecast did not assume a
load reduction due to climate change.

The 2016 YEC load forecast indicates an annual growth of 0. 7% per annum over the 20-year in energy
requirements, and 1.7% for peak demand under the Medium Industrial Activity scenario.

YEC's existing resources include YEC's legacy hydroelectric, wind and thermal (diesel- and natural gas-
fired) generators. The thermal generators owned and operated by ATCO in the communities connected
to the YIS also fall within this category, and are included in the list of existing resources for capacity
planning purposes.

Comparing the reserve margin determined using the N-1 criterion to the Effective Load Carrying
Capability (ELCC), the N-1 criterion was adopted as more conservative and consequently was used in the
portfolio analysis.

The capabilities of YEC’s existing reseources in terms of firm energy and dependable capacity were
compared to forecast loads for the five major industrial activity scenarios: Very Low, Low, Low with Early
Minto Closure, Medium and High. The remaining nine industrial scenarios were eliminated as being
redundant/similar to the five major scenarios. The selected scenarios are expected to cover a plausible
range of future energy and capacity requirements. The selected industrial activity scenarios were paired
with an inventory of existing and committed YEC resources to construct the Load Resource Balance (LRB)
for energy and peak demand for the YEC Power System. The peak demand LRB showed that there is a
capacity gap under the N-1 criterion at the current time. The energy LRB showed that there was an
energy deficit for the High Industrial Activity scenario, while there was no energy deficit for the
remaining scenarios as long as YEC relied on existing thermal assets, both natural gas and diesel, to meet
the forecasted energy requirements. Using thermal resources to that extent would lead YEC to incur
material fuel costs and would not be aligned with Yukoner’s values related to electricity.

The energy and peak demand forecasts for the major industrial activity scenarios analyzed in the
portfolio analysis are presented along with the inventory of the existing resources under the N-1
criterion in Figure 1 and Figure 2 respectively.
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Figure 1: Comparison of Energy Forecast for All Major Industrial Activity Scenarios and Existing System Firm Energy
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1 Figure 2: Comparison of Non-Industrial Peak Demand Forecast for All Major Industrial Activity Scenarios and System Dependable Capacity under single contingency (N-1) criterion

NON-INDUSTRIAL PEAK DEMAND (MW)

120

110

100

90

80

70

60

50

40

3

[=]

2

=]

1

=]

0

L
HE B B BB

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

= YEC Dependable Hydro Capacity
YEC Dependable Diesel Capacity
—©- Very Low Industrial Activity Scenario
—0— Low Industrial Activity with Early Minto Closure and VG
—{— High Industrial Activity Scenario

E YEC Dependable NG Capacity

I AEY Dependable Thermal Capacity
=0 Low Industrial Activity Scenario
—©-Medium Industrial Activity Scenario

2032 2033 2034

2035

xii



O 00 N O U»n

10
11
12
13
14
15
16
17
18
19

20
21
22

23

24
25
26
27
28
29
30

31

32
33

34
35

5 Resource Options

For the Resource Plan, fifteen resource options were assessed for their technical, financial,
environmental, social and economic attributes at the prefeasibility level. The resource options assessed
include:

e Hydro storage enhancements;
e Hydro uprating and refurbishments;
e Small hydro;

e Wind;

e Geothermal;

e Solar;

e Biomass;

e Biogas;

e Waste to energy;

e Natural gas;

e Diesel;

e Pumped storage;

e Energy storage;

e Demand side management; and
e Transmission.

Prefeasibility level studies were completed for each resource option and a list of best potential projects
for each resource identified. These studies identified the technical and financial attributes of the
potential projects.

The technical attributes assessed included:

e Monthly average energy;

e Monthly firm energy;

e Installed capacity;

e Dependable capacity;

e Project life (useable lifespan);

e In-service lead time associated with the resource development; and
e Resource dispatchability.

The financial attributes assessed included:

e Levelized cost of energy (LOLE); and
e Levelized cost of capacity (LOLC).

A high level assessment of the environmental, social and economic attributes of each potential energy
projects was also completed. The attributes selected for assessment followed best practice for project

xiii
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assessment and were consistent with those used to develop the Electricity Values Survey. The attributes
were presented to stakeholders for feedback during the first round of public meetings. The assessment
focused on effects of the projects locally in the Yukon, with the exception of the impact of greenhouse
gas (GHG) emissions, which were assessed on a full lifecycle basis for each resource option. The
assessment of resource options against the attributes highlighted the key differences between resource
options. Each attribute was assigned a low, medium or high preference ranking for each resource option.
The attributes assessed are listed below. Each attribute has a number of indicators that were used to
conduct the assessment.

The environmental attributes assessed included:

e Fish and fish habitat;

e Water quantity and quality;

e Terrestrial species and habitat

e Terrestrial footprint and land use; and
e Air quality.

The social attributes assessed included:

e First Nations lands;

e Traditional lifestyle;

e Heritage resources;

e Cultural and community wellbeing; and

e Tourism, Recreation and other resources and land use.

The economic attributes assessed included:

e Local economic impacts (positive effects); and
e Climate change risk affecting resources.

6 Fuel Forecast and Social Cost of Carbon

The cost of hydrocarbon fuels (diesel and LNG) is a major component in the cost of electricity delivered
from thermal-based generation, and therefore this is a key factor in electricity generation resource
decisions. YEC's 2016 Resource Plan implemented a rigorous and detailed approach, in which the key
components of diesel and LNG fuel price were analyzed, and specific escalation factors were applied
separately to each of the cost components. These separate cost forecasts were then summed to
generate a total diesel and LNG price forecast.

The prices of diesel and LNG delivered to YEC’s thermal generation facilities are comprised of a few key
components. For example, the price of delivered diesel includes the following:

e Fuel cost (crude oil);

Xiv
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e Refining costs (crude oil converted to diesel);
e Marketing;

e Shipping; and

e Taxes.

In undertaking the forecast, the above costs were grouped into two categories. The forecasts were
generated for each category separately and then added together to generate the final forecast. Those
categories were as follows:

1. Fuel Costs: The feedstocks for diesel and LNG are crude oil and gas respectively. Therefore price
forecasts for oil and gas are key forecast inputs. Qil prices are largely driven by global forces of
supply and demand, with some degree of producer market power. Natural gas prices are set on
a continental basis, as imports and exports of natural gas as LNG are relatively small. Processing
and shipping costs for both fuels are largely cost-based, and generally track inflation; and

2. Other Non-fuel Costs: this grouping includes all other costs such as shipping, liquefaction for
natural gas, refining for diesel, and taxes. In the forecasts, these are escalated at a rate
consistent with the supplier cost of providing the service.

Long-term fuel price forecasts for oil and natural gas were adopted from a 2016 study by the National
Energy Board of Canada.

The social cost of carbon (SCC) was introduced and applied to the economics of current and potential
future resource options. Recent federal developments with respect to the application of a carbon tax
require that YEC prudently apply the SCC. At the time of the SSC development, the exact magnitude and
timing of a federal carbon tax was not known. Therefore, as a starting point for the SSC to be used in the
2016 Resource Plan, YEC used the most recent forecast from the US Environmental Protection Agency
(EPA). Given the uncertainty in social cost of carbon outlooks, YEC conservatively adopted the low range
of the EPA forecast for its SCC at $60/tonne in 2016 and $91/tonne in 2035 (2016SCA).

7 Risks and Uncertainties

In planning to meet customer demands, it is important to separate consequences, uncertainties, and
risks. To provide clarity, these concepts are defined as:

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

e Uncertainty is the state of not knowing which one of several potential future consequences
could occur;

e Risk is the potential of losing something of value if a consequence occurs. The key risks to
utilities are usually thought of as negative impacts such as: financial losses, damage to
infrastructure, reduced reliability, or loss of reputation.
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YEC adopted a robust risk identification and mitigation process in this Resource Plan. The two key risks
identified and to be addressed by the YEC Resource Plan are:

Inadequate electricity supply, which reduces YEC’s ability to ‘keep the lights on’, and leads to
reduced reliability; and

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

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

Resources;
Regulatory and Policy;
Load Forecast; and
Climate Change.

The major uncertainties and related risks are:

Resource uncertainties such as fuel price volatility, water availability, project feasibility,
equipment reliability, IPP supply, and capital availability can result in higher rates and/or
insufficient energy and/or capacity supply;

Regulatory and policy uncertainties such as proposed electricity supply projects being
disallowed or delayed in legal or regulatory venues, or specific generation types become
disadvantaged can result in an increased portfolio cost and/or insufficient energy and/or
capacity supply;

The load forecast uncertainties such as reduced future federal transfer payments to the
Territory, increased economic growth due to rapidly developing new industrial loads, and fuel
switching from oil and propane to electricity can result in increased rates and/or insufficient
energy and/or capacity supply; and

Climate change uncertainties such as hydrology patterns, temperature increase, or major
economic and demographic changes can result in over/under energy and/or capacity supply,
reduced load or increased load respectively.

The primary risk mitigation approaches adopted to deal with these risks included:

Development and analysis of scenarios: Faced with the uncertainties inherent in the load
forecasts, YEC's forecast approach focused on constructing and assessing a range of
industrial-related load scenarios. The five industrial activity scenarios reviewed in the
portfolio analysis covered a wide but plausible range of industrial sector

outcomes. Additional sensitivity scenarios were constructed and analyzed to address
uncertainties in the diesel and LNG price forecasts, and uncertainties with respect to the
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future social cost of carbon. Resource plans tested and developed for these scenarios
allowed YEC to balance the tradeoff between risk and cost with respect to future possible
outcomes;

o Prudent planning criteria: As an example, YEC adopted the N-1 criterion. When applied by
YEC throughout the planning period, this criteria allows for customer reliability in the case of
major generation and transmission equipment failures;

o Monitoring and Updates: YEC is constantly monitoring developments with respect to new
large potential loads. This includes ongoing communications with potential industrial
development proponents, particularly with respect to potential mining projects, as well as
with the Yukon Government. YEC will update elements of the Resource Plan in the event of
a material change. This could include major changes to government policy, transformative
new technologies, climate change effects, or major new customer demands;

o Plan Flexibility and Replacement Resources. YEC's Resource Plan will incorporate the need
for flexibility to deal with risks such as major and sudden changes in grid loads, and the
inability to develop a preferred resource proposed in the Action Plan. In light of ongoing
uncertainties, the Action Plan needs to be resilient under various potential industrial activity
scenarios and regulatory, financial and development outcomes. For example, a portfolio of
relatively small and modular assets presents a lower risk than a single large asset, in terms of
regulatory approvals, financing, fuel diversity and resourcing; and

o Rate Risk Mitigation. In relation to industrial customers, to protect remaining customers,
the servicing of large new industrial loads will require project-specific negotiations and joint
planning to determine if mutually acceptable arrangements and opportunities can be
concluded, including appropriate risk management and mitigation measures to protect all
other grid-served customers from unacceptable rate risks.

8 Portfolio Analysis

The goal of portfolio analysis is to select an optimum basket of resources that best meets the future
energy and capacity needs of YEC and its customers. A portfolio is a set of resource options, such as
energy conservation, wind power, hydroelectricity and thermal generation, and the associated
transmission lines required to bring generated electricity to customers. Each portfolio may contain a
unique mix of conservation and generation assets, and these assets may have unique optimum
development timelines. That is, each portfolio will contain specific assets developed over a given
timeline, some early, and some near the end of the 20-year planning horizon. Each portfolio is an
attempt to meet the technical, financial, environmental, social and economic objectives of YEC and its
customers.

Energy planning is an exercise in tradeoffs, the tradeoffs being cost, reliability, and environmental, social
and economic considerations. Some of these factors are easier to quantify, such as the strict costs
arising from the procurement and ongoing operations of generation assets. Some environmental
impacts, such as the cost of greenhouse gas (GHG) offsets can also be quantified. However, many
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remaining factors cannot be easily quantified, or an agreement among different stakeholders struck with
respect to these values.

The future is far from certain and responsible planning requires YEC to consider and address future
uncertainties, such as electricity demand, fuel prices, government policies, and/or capital availability.
Therefore, an approach was use in which scenarios were developed, and then portfolios were assembled
and tested.

The portfolio analysis was performed in two sequential steps: the first being a quantitative technical and
financial evaluation, and the second being a primarily qualitative environmental, social and economic
evaluation. The goal was to create portfolios that meet technical, financial, environmental, social and
economic requirements, while minimizing total capital as well as operations and maintenance costs. To
emphasize, for each of the tested scenarios, each portfolio was required to fulfill future customer energy
and capacity needs.

In the first step, the portfolio technical and financial evaluation recommended a set of resource options
that meets the planning criteria at the lowest cost. In the second step, an assessment was undertaken
for each portfolio with respect to social, environmental and economic impacts.

Portfolio optimization is an exercise similar to filling in a series of puzzles (the portfolio) with the puzzle
pieces representing different resource options; the puzzle size grows yearly due to forecast load
changes. Filling the portfolio in every year is mandatory in order to meet expected load growth. There is
nearly an infinite number of possible solutions, due to different resource options, the ability to scale up
or down the size of resources, the timing of the resources, and their locations.

The portfolio modeling exercise was targeted at minimizing the sum of capital investments and operating
& maintenance expenditures. The costs were expressed as the net present dollar value of the entire
portfolio over the 20-year planning horizon. Operating costs and the resource potential assumed
average conditions for each resource. For example, for operational purposes, hydro energy generation
was modelled under average water inflow conditions, while for firm energy planning criterion, hydro
energy generation is modelled under lowest water conditions. In converting future to present costs, a
real discount rate of 3.38% was used, consistent with YEC’s cost of capital.

Given the complexity of the exercise, a sophisticated computer model, the System Optimizer, was used
for the portfolio analysis. This product is the industry-wide accepted capacity expansion optimization
model developed by the vendor Ventyx/ABB. This modeling was a more sophisticated approach than
that used by YEC in previous resource plans. For the first time, a rigorous analytical optimization
approach was used, consistent with large-utility best-practices.

Figure 3 presents the energy requirement for the Medium Industrial Activity scenario as a line, existing

energy capability under average water conditions as bars in the shades of gray and future energy of new
resources selected in the portfolio analysis shown in different colored bars.
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Figure 4 presents the peak demand requirement for the Medium Industrial Activity scenario under the N-
1 criterion as a line, dependable capacity existing resources as bars in shades of gray and future
dependable capacity of new resources shown in colours.
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Figure 3: Medium Industrial Activity Portfolio, Energy
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Figure 4: Medium Industrial Activity Portfolio, Capacity
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The selection of the various environmental, social and economic attributes for each resource option was
based on an understanding of stakeholder interests, including those commonly included in project
impact assessments and permitting processes. Attributes were also selected from an understanding of
industry best practices, knowledge gained from previous resource planning exercises and from the public
interests identified in the Electricity Values Survey. A strong correlation between these sources was
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observed.

Each resource portfolio generated by the System Optimizer model was examined with respect to

environmental, social, and economic characteristics. The first test was to examine a portfolio for adverse

effects that could not be mitigated. If this test was passed, each resource option included in the
portfolio would be examined in detail to understand the overall benefits, challenges and potential
effects of the portfolio. In addition, an analysis was conducted to determine whether there were

environmentally, socially, or economically comparable options available that were not strictly output
from the technical and financial modelling. By doing so, those resources options excluded for technical or
financial reasons could be reconsidered for inclusion if the options selected in the technical and financial
evaluation could not be pursued for various reasons, such as geotechnical problems for a small hydro

project discovered in the next, more detailed, project stage.

To facilitate assigning the importance (weight) to attributes, YEC conducted the Electricity Values Survey

focused which on the same environmental, social and economic attributes that each resource was
assessed against.

Once the resource portfolios were generated by the System Optimizer model, each was examined with

respect to environmental, social, and economic characteristics.

The key conclusions of the evaluation of the technical and financial attributes were:

YEC currently needs new capacity to meet requirements under the N-1 criterion. Given the lead
time in constructing new resources, the expected electricity demand under all load cases is
expected to exceed YECs generating capacity until the year 2021.

For the Very Low, Low, Low with Early Minto Closure and Medium industrial activity scenarios,
YEC is expected to have sufficient firm energy without introducing new resources, as long as it is
acceptable to run YECs existing thermal resources. Despite the fact that there is sufficient firm
energy under those scenarios, new renewable resources that are cheaper than thermal
resources are proposed to provide a lower cost energy. The increased load of the high industrial
activity scenario would require incremental new energy resources.

Thermal assets are included in most portfolios to meet capacity requirements. However, these
thermal assets are not expected to be operated frequently for energy production over the 20-
year planning period. Therefore, all of the portfolios contain a high percentage of renewable
energy, most in excess of 95% on the average over the 20-year planning period.

All of the five industrial activity portfolios have common resources for first five years, which
makes developing a consistent and sequential action plan possible, reducing the implementation
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risk of stranded investments if the future unfolds somewhat differently than under the base
assumptions

The LNG third engine is common for all the base scenarios. It is the cheapest source of
incremental capacity as it is an addition to an existing plant. For additional capacity beyond this,
if thermal resources were needed, diesel was preferred over LNG because of its lower levelized
cost of capacity (LCOC).

Grid-scale battery storage is included in each portfolio as a near-term solution to address the
capacity gap under the N-1 criterion. While batteries have a higher LCOC than diesel, they are
included in all portfolios due to a shorter construction lead time than diesel.

Intermittent renewables such as wind provide energy but not capacity. Wind was included in the
portfolio for the high industrial activity scenario, as there is a significant energy deficit under this
scenario.

Small hydro is a part of the Low Industrial Activity Scenario with Early Minto Closure, Medium
Industrial Activity Scenario and High Industrial Activity Scenario portfolios even though its use for
energy generation is low during late last several years of the planning period. This is because it is
a lower cost solution over the 20-year planning period for meeting both energy and capacity
needs than a combination of thermal resources and intermittent renewable resources.

In all of the reviewed portfolios, there is a drop-off in load near the end of the 20-year planning
period as grid-connected mines reach end-of-life, and expected population growth change
reduces non-industrial loads. In portfolio planning, there always exists the risks and associated
cost that capital expenditures required to service customer demand growth may ultimately be
stranded if load disappears. The Yukon economy is cyclical, with the potential for a load growth
resurgence after the end of the 20-year Plan horizon. Thus, the recommended Action Plan needs
to be robust to respond to a surge in future electricity demands. YEC's portfolio analysis
incorporated this reduction in energy demand, which is reflected in the costs implications to YEC
and its customers.

The preferred portfolios were not materially sensitive to the social cost of carbon, the global
warming potential, fuel prices, or low-cost new transmission lines.

The portfolio containing only new renewables was significantly more expensive than the
corresponding portfolio including thermal. In addition, the renewable portfolio did not meet
YECs capacity needs until 2024. Finally the renewable portfolio provided only marginally more
renewable energy generation overall than the portfolio including thermal.

The key conclusions of the evaluation of the environmental, social and economic attributes were:

All resource options, and all portfolios represent trade-offs with respect to the potential for
environmental, social and economic impacts. Consistent with the compromises inherent in
resource planning, there was no portfolio without some less preferred attributes.

The least-cost portfolios selected in the portfolio analysis were relatively balanced and positive
from an environmental, social and economic perspective. This outcome made the
environmental, social and economic attribute trade-off screening less challenging. The least cost
portfolios identified did not contain onerous negative attributes that would cause them to be
disqualified early.
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Most portfolios generated a high percentage of (92% to 98%) energy from renewable sources
over the 20-year planning period. This indicates that the portfolios were aligned with the
findings of the Electricity Values Survey, which showed that Yukoners have a strong preference
for renewable sources of energy.

A portfolio containing only new renewables was reviewed. The resources contained in that
portfolio featured some degree of environmental, social and economic impacts and on balance
the overall attribute scorings of the renewable portfolio were relatively close to those of the
mixed portfolio that contained some thermal resources .The renewable portfolio substitutes any
future potential thermal resources with all renewables, for an overall increase of 1% renewable
energy. Despite a modest change in the environmental, social and economic attributes, the
renewable portfolio requires the capital investment of $785 million, which is 2.5 times greater
than that of the mixed portfolio. This significant cost difference is too great to recommend the
all-renewables option in the Action Plan.

The Action Plan does not preclude the option to substitute additional renewable resources in the
future, but this substitution could incur potentially significant additional costs with potentially
little gain in the overall renewable energy percentage.

9 Action Plan

The development of the Action Plan was based on the resource portfolios generated for the five major

industrial activity scenarios: Very Low, Low, Low with Early Minto Closure, Medium and High. The Low

with Early Minto Closure and Medium industrial activity scenarios are considered more likely to occur

than the remaining three scenarios.

Portfolios were selected to cost-effectively meet expected load growth, and the subsequent analysis

demonstrated that these portfolios were well alighed with Yukoners values as laid out in the Electricity

Values Survey.

The content of the portfolios related to the five major industrial activity scenarios presented in Table 2

indicated that there were commonalities among the portfolios. The common resources for each portfolio

at the beginning of the planning period helped develop the Action Plan in the following two stages:

1)

2)

Short Term Action Plan (present to 2022): The Short Term Action Plan is a recommendation
based on common resources.

Long Term Action Plan (2022 to 2035): The Long Term Action Plan is a recommendation based on
the continuation of the Short Term Action Plan recommendations and are matched with specific
future load scenarios, for which time can reveal the outcome. The Long Term Action Plan
consists of four different paths depending on the future industrial activity scenarios.
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1 Table 2: Portfolios for Five Major Industrial Activity Scenarios

Scenario Very Low Low Early Minto Closure Medium High
2018 DSM DSM DSM DSM DSM
2019 3rd NG Engine 3rd NG Engine 3rd NG Engine 3rd NG Engine 3rd NG Engine
Battery (Takhini) Battery (Takhini) Battery (Takhini) Battery (Takhini) Battery (Takhini)
Whitehorse uprate Aishihik uprate Aishihik uprate Aishihik uprate Aishihik uprate
2020 Whitehorse uprate Whitehorse uprate Whitehorse uprate Whitehorse uprate
SLESP SLESP SLESP
2021 Diesel 20 MW (Takhini) | Diesel 20 MW (Takhini) | Diesel 20 MW (Takhini) | Diesel 20 MW (Takhini) Diesel 20 MW
(Takhini)
Mayo Refurbishment Mayo Refurbishment Mayo Refurbishment Mayo Refurbishment Mayo Refurbishment
Standing Offer Program | Standing Offer Program | Standing Offer Program | Standing Offer Program Standing Offer Program
2022 MLESP MLESP MLESP
Wind 20 MW
(Thulsoo Mt.)
Small Hydro Small Hydro
2023 (Drury Lake) (Drury Lake)
2025 Aishihik re-runnering Small Hydro
(Drury Lake)
2026 Diesel 10 MW (Takhini) Diesel 10 MW (Takhini) Diesel 10 MW (Takhini)

2 9.1 Short Term Action Plan

O 00 N O U1 b W

the load scenarios starting in 2022.

The portfolio analysis presented in Table 2 recommended the following common resources for all the
portfolios until 2022: DSM (conservation), LNG Third Engine, Battery, Diesel Plant, Whitehorse hydro
plant uprate, Mayo refurbishment, and the Standing Offer Program (SOP). Consequently, those
resources are common recommendations in the Short Term Action Plan. The SOP is a part of the Yukon
Territorial Government Independent Power Producer (IPP) Policy that stipulates that 10 GWh/year of the
energy will be supplied by independent power producers. YEC introduced this energy allocation for all

10 In addition to the common resources, three more resources were recommended in the Short Term

11  Action Plan: the Southern Lakes Enhanced Storage Project, Mayo Lake Enhanced Storage Project, and

12
13
14

15
16

Aishihik Hydro plant uprate. The reason for this introduction was that these resources were required in
the portfolios under a majority of the scenarios, particularly under the more probable ones: Medium and
Early Minto Closure Industrial Activity scenarios.

The resources recommended in the Short Term Action Plan and their in service years are presented in
Table 3. Those resources are common for all the load scenarios.
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Table 3: Resource Options recommended in the Short Term Action Plan

Year Resource Option

2018 DSM

2019 LNG Third Engine (4.4 MW)

2020 Aishihik Hydro Plant Uprate

2020 Whitehorse Hydro Plant Uprate
2020 Batteries (4 MW)

2020 Sothern Lakes Enhances Storage Project
2021 Diesel (20 MW)

2022 Mayo A Refurbishment

2022 Mayo Lake Enhances Storage Project
2022 Standing Offer Program

9.2 Long Term Action Plan

The recommended Long Term Action Plan consists of two components:

1) Continued implementation of the resource options included in the Short Term Action Plan, and

2) Development of additional resource options which are dependent on the specific industrial
activity scenario that develops over time.

Therefore, specific additional resource recommended in the Long Term Action Plan were identified for

each scenario. Growth in energy use and peak demand will be closely monitored to help guide the utility

on which long term actions are required. An updated load forecast scheduled for 2018 should provide

better insights into the load scenario unfolding in the future and for sufficient time to develop the

resources to meet the load.

Table 4 presents the resource options recommended in the Long Term Action Plan, and the projected in-

service years.
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Table 4: Resource Options Recommended in the Long Term Action Plan

Scenario | Very Low and Low Early Minto Closure Medium High

2022 Wind 20 MW (Thulsoo Mt)
2023 Small Hydro (Drury Lake) Small Hydro (Drury Lake)
2025 Small Hydro (Drury Lake)

2026 Diesel 10 MW Diesel 10 MW

9.3 Constraints

There are several constraints that could potentially impact the execution of both the recommended

short and long term Action Plans. These constraints could not be addressed formally in the portfolio

analysis or the development of the recommended Action Plans. These constraints are:

Access to Capital: an assumption was made in the development of the recommended short and
long term Action Plans that YEC will have access to the required debt and equity to finance the
assets included in the plan.

New Government Policy: existing government policies over the planning period were considered
in the development of the Action Plan, including for example the application of a social cost of
carbon in the determination of the economics resources. The recommended short and long
term Action Plans did not speculate with respect to future government policies.

Internal Resource Constraints: as a small utility, YEC has finite resources available to both plan
and manage the construction of new resources. Consequently, the timing of projects included in
the Action Plan may be adjusted in response to potential internal resource constraints.

9.4 Next Steps

Following the completion of the 2016 Resource Plan and submission to the YUB, detailed planning will

begin for the studies, design, and permitting required to implement the resource options presented in

the recommended Short Term Action Plan. The development of future resources will be managed

through YEC’s stagegate process for project development and approval. As collaboration with First

Nations and stakeholders will be critical to the success of these projects, YEC will continue to work on

different aspects of planning and execution of new energy projects with:

First Nations;

Yukon Territorial Government;

ATCO Electric Yukon;

Municipal governments;

Potential IPP proponents; and

Consumer, business and environmental advocacy groups.

The Resource Plan is a living process and is updated every five years with the energy and peak demand

forecasts scheduled for updating in 2018.
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1 Planning Environment

1.1 Purpose and Scope of the Submission

Yukon Energy Corporation (YEC) is a public electric utility owned by the Yukon Government through the
Yukon Development Corporation, which is a Crown Corporation. Its mandate is to plan, generate,
transmit and distribute a continuing and adequate supply of cost-effective, sustainable, clean and
reliable electricity for customers in Yukon.

YEC owns and operates the Yukon’s integrated transmission system, generates almost 100% of the
power on this isolated hydro grid, and is the electric utility with primary responsibility for planning and
development of new generation and transmission facilities in Yukon. YEC is incorporated under the
Business Corporations Act and regulated by the Public Utilities Act and the Yukon Waters Act.

The Yukon Utilities Board (YUB) regulates the costs to be recovered through YEC rates, focusing on need,
justification, and the reasonableness of costs incurred — and with a clear objective to minimize the costs
required to serve electricity customers today and in the future.

The 2006 YEC 20-Year Resource Plan (the Plan) addressed major electrical generation and transmission
requirements and options in Yukon over a 20-year planning period, focusing on the two Yukon grids
existing at the time. It was reviewed and recommended by the YUB in its January 2007 Report to the
Minister. The Board recommended that the Resource Plan be updated at least every five years, with the
expectation that stakeholders be consulted in the preparation of the next plan. Pursuant to this, the
2006 Plan was updated in 2011.

The current 2016 Resource Plan follows the 5-year update schedule. The Plan explores and provides
recommendations with respect to the requirements of YEC customers over the period 20-year horizon:
2016 to 2035. As with previous resource plans, this Resource Plan is intended to provide direction and
recommendations with respect to the Yukon Integrated System (YIS).

1.2 Resource Planning Fundamentals
1.2.1 Plan Elements and Process

Fundamentally, this Plan addresses broad questions of how much, where, when and what new resources
should be advanced to meet customer electricity needs. The planning methods used by YEC are good
utility practice. This includes prudent and responsible practices and methods that are used by a
significant portion of the electric utility industry in North America. This Plan has drawn upon planning
practices and processes used by BC Hydro, which in turn has historically drawn upon broader industry
best practices.

An example of prudent planning practice involves the adoption and adherence to planning criteria that
are used to evaluate when additional infrastructure and resources are required to maintain a reliable
and adequate supply of electricity, both energy and capacity, to customers. Planning criteria are critical
in achieving the potentially conflicting objectives of maintaining reliability while minimizing rates.
Absolute reliability is impossible to achieve due to the wide range and somewhat unpredictable nature

YEC 2016 Resource Plan — Chapter 1 1-1
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of failures that may occur in the electricity system. These failures may occur at generation plants, on the

transmission wires connecting the plants to the customers, or on the lower voltage wires close to the

customer meter. Increasing reliability is costly, with costs generally inflating exponentially with

increasingly marginal reliability gains. The balance between cost and reliability has been subject to

intense scrutiny and cost-benefit analysis in the electricity industry.

YEC’s planning criteria are generally consistent with those used in the rest of the industry and considered

good utility practice. Special consideration is given to the harsh winter climate of Yukon, and the

isolation of the Yukon grid from other electricity grids in North America. These criteria, or how YEC plans

to strike the optimum balance between cost and reliability, are covered in detail in Chapter 4.

The Resource Plan involves the following steps:

W N RN R

Forecast future electricity load (demand);

Create an inventory of existing energy supplies;

Determine potential shortfalls;

Create an inventory of potential energy supplies and conservation options;
Forecast future fuel and carbon prices;

Assess risks and uncertainties relevant to the Plan;

Analyze the portfolio of options;

Draft an action plan; and

Finalize the Plan.

These steps are explained in more detail following:

1.

Forecasting Load: This step is completed to obtain as accurate a prediction as possible of the
future electricity needs (load) of Yukon, over a range of plausible scenarios. YEC's electricity
loads are forecast over a 20-year horizon, under a variety of plausible scenarios. The forecast is
undertaken for both energy and capacity (referred to as peak demand). The inputs and process
involved in forecasting load are discussed in details in Chapter 4.

Create an Inventory: An inventory of current electricity supplies is created, including both
physical electricity generation and electricity conservation and efficiency measures. This
inventory indicates the ability of current YEC supplies to provide for energy and capacity. The
details of the inventory are discussed in details in Chapter 4.

Determine shortfalls: A gap, or shortfall, is forecasted if customer load exceeds the existing and
committed resources available to serve such load. Conversely, there is a surplus if available
resources exceed forecasted load. A Load Resource Balance (LRB) is calculated for each load
scenario, which quantifies the difference between YEC’s load forecast and the supply from
existing resources. The LRB is calculated for both energy and capacity, as discussed in detail in
Chapter 4.

Future supplies: An inventory of possible future electricity supplies is created, including physical
electricity generation and electricity conservation and efficiency measures. A wide range of
electricity generation options (including wind, solar, thermal-based) are reviewed and
documented, as discussed in detail in Chapter 5.

YEC 2016 Resource Plan — Chapter 1 1-2



O 00 N OO U1 B WIN -

NN R R R R R R B B B R
R O VW 0 N O U D WN L O

N NN
A W N

W NN NDNDN
O O 00 N O WU;m

w w w
w N -

w w
(2 I Y

w w w w
O 00 N O

5. Forecast of fuel prices and social cost of carbon: This refers to an outlook for future natural gas
and diesel prices for both YEC’s current thermal generation, and future thermal options. An
outlook for the future social cost of carbon (taxes or offsets) also needs to be created, as this
cost would affect the cost of future generation. The details on the fuel price forecast and social
cost of carbon are discussed in detail in Chapter 6.

6. Assess risks and uncertainties. This refers to an assessment of current and future risks to the
Plan, including but not limited to: hydrology, climate change, asset outages and failures, and
regulatory risks. YEC has developed a process to assess and appropriately deal with risk in the
Plan, as discussed in detail in Chapter 7.

7. Analyzing the portfolio: All the possible energy options identified in the inventory are reviewed
and analyzed based on a consistent set of criteria including risk. Combinations, or portfolios of
energy options that make the most sense financially, technically, economically, environmentally
and socially are identified, as discussed in details in Chapter 8.

8. Draft the Plan: Arecommended Action Plan is prepared for review and comment. This review
includes input from the public, and formal approval by the YEC Board of Directors. The details of
the recommended Action Plan are discussed in Chapter 9.

9. Finalize the Plan: The 2016 Resource Plan is finalized, released to the public and included and/or
referenced in future YEC submission to its rate regulator, the Yukon Utilities Board (YUB). The
YUB regulates the costs to be recovered through rates, focusing on need, justification, and the
reasonableness of costs incurred, and with a clear objective to minimize the costs required to
serve customers today and in the future.

It should be noted that YEC has implemented a number of channels for First Nations and stakeholders to
comment on the key findings of the Plan, through a series of public and First Nations engagement
sessions completed over the duration of the planning process, as discussed in detail in Chapter 3.

In executing the recommended Action Plan, the development of future resources will require
subsequent detailed technical, financial, environmental and socio-economic analysis as well as
engagement with First Nations and stakeholders. In addition, certain projects and programs may require
a review by the YUB. As YEC is required to meet customer electricity demands over all future timeframes,
lead-time requirements is a critical input, and plays a major role in the processes and timelines of the
recommended Action Plan.

As electricity planning recommendations often involve the construction of expensive, complex and
contentious physical assets, such as generation plants and transmission wires, the time between
planning and execution in the electricity industry is among the most lengthy in any industry.

The following outlines the steps in the planning and construction of a relatively small generation or
transmission assets:

1. Planning: The general steps in the planning process were highlighted previously. These steps
included the determination of electricity needs and how best to meet those needs. This also
includes a consideration of affordability, reliability, and other factors such as environmental,
economic and social impacts.
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2. Baseline review: This step involves a determination of the current environmental and socio-
economic conditions, and how they might be affected by the project. Depending on the
number and type of studies required, this work could take up to five years.

3. Engineering: This step involves a determination of technical solution and methods needed to
design and construct the project and it consists of the following phases: prefeasibility,
feasibility, preliminary design, and detailed design. Each phase further refines previously
selected engineering solutions to provide details for all the project components. The detailed
engineering phase provides deliverables required for project construction and
implementation.

4. Consultation: This involves communicating out the attributes of the project to affected First
Nations and stakeholders, and listening to their concerns, in an attempt to find an
acceptable solution to the electricity supply challenge. This phase also involves working with
Yukon First Nations to reach protocol and/or project agreements. This phase could take 2
years.

5. Permitting: Federal and territorial statutes could require that numerous reviews, approvals,
and/or permits that have to be obtained before construction can commence. These could
include the Yukon Environmental and Socio-economic Assessment Board, the Yukon Utilities
Board and the Yukon Water Board among others. Permitting could take in excess of 2 years.

6. Procurement: Electricity generation and transmission hardware is typically not an ‘on the
shelf’ inventory item. Generators and turbine components are usually custom made, and
then have to be shipped long distances. From ordering to delivery could exceed 2 years.

7. Construction: the construction and commissioning of a utility generation or transmission
project could take in excess of 2 years.

YEC follows the stagegate project development framework to define and develop new assets. The
framework covers the full set of activities from project conception to construction and

commissioning. The framework is a consistent standard industry approach in which large projects are
divided into stages, with appropriate authorization gates between the stages. Decision gates, positioned
at the end of project stages, ensure the appropriate oversight and control by YEC management and YEC
Board.

Regardless of the fact that some of these steps could be run in parallel, a small-scale generation or
transmission asset could take 5 years from planning to commissioning.

Larger generation assets (such as storage hydro) could take significantly longer to realize, an example
being BC Hydro's Site C hydroelectric facility. Consultation, planning and regulatory work on the project
took 7 years. Legal challenges to the project progressed from the lower courts ultimately to the BC and
Federal Supreme Courts. Construction on the project has started, with the in-service date being 2024.
Due to the long lead times for the commissioning of electricity infrastructure, YEC is prudent to consider
a 20 year planning horizon, and under a range of plausible future scenarios.
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1.3 Regulatory Context: Yukon Utilities Board Processes and Proceedings

1.3.1 Yukon Energy Mandate & Regulatory Context

YEC is incorporated under the Business Corporations Act and regulated by the YUB under the Public
Utilities Act and the Yukon Water Board (YWB) under the Yukon Waters Act. The YUB is primarily an
economic regulator that reviews and approves all utility rates to ensure rates charged are just and
reasonable and that utility decisions are made prudently, with only assets considered “used and useful”
are included in rates. The YWB issues water use licenses for all of YEC's hydroelectric generation

facilities.

Major new generation and transmission capital projects developed by YEC normally require the prior
approval of the Yukon Government, and are subject to regulatory review under the Yukon Environmental
and Socioeconomic Assessment Act and, where relevant, the Yukon Waters Act.

The YUB does not directly approve YEC's capital projects — but does review and approve the costs for
these projects that may be included in YEC's rates. In setting rates, the YUB proceeds in accordance with
the Public Utilities Act (PUA) and Order in Council (OIC) directives under the PUA, including OIC 1995/90
which provides directives regarding equalized rates throughout Yukon (including the same rates for both
utilities) for non-government retail and industrial rate classes, the requirement that major industrial
customer rates at least recover cost of service to these customers (such costs to be determined on a
Yukon wide basis), and directives to set rates for retail customers to encourage economy and efficiency
in the use of electricity. As a result of these rate setting directives, new YEC generation and transmission
projects on the isolated Yukon grid ultimately affect rates for all non-government customers of both
electric utilities throughout Yukon.

1.3.2 Yukon Energy Resource Plans

YEC's Resource Plans have been prepared once every five years since 2006 to address generation and
transmission priorities in Yukon for a 20-year planning horizon.

Each Plan update focuses on (a) resource options for implementation over the first five years of each
Plan and (b) planning activities during the first five years to define longer-term resource development
options for potential construction later in the 20-year planning period. These plans focus on the YIS.

1.3.3 YUB Review of Resource Plans and Capital Projects

There is currently no regulatory requirement for YEC to prepare a resource plan, or to update its plan
every five years. There is also no regulatory requirement or mandate for the YUB to review or approve
YEC's capital projects or its resource plans. YEC's resource plans can be used in YUB proceedings to
support the justification for major new generation and transmission capital projects. The 2006 Resource
Plan was filed with the YUB as a standalone proceeding. The Board’s recommendations arising from the
2006 Resource Plan review indicated that resource plans be updated every five years (at the latest), and
the expectation that stakeholders be consulted in the preparation of the next plan. YEC has subsequently
completed updates of its resource plan every five years. An Overview of the 2011 Resource Plan update
was filed with the YUB during YEC's 2012-13 General Rate Application proceeding.
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Although the YUB does not specifically approve YEC's capital projects or Resource Plans, it has
historically reviewed YEC capital projects via two separate mechanisms:

1. Directions provided from Government under Section 17 or 18 of the Public Utilities Act (PUA)*:
This process directs the YUB to provide a report to the Minister of Justice on a specific topic. In
prior reviews, terms of reference have been provided by the Minister in order to guide the
review process.? For resource planning reviews, the terms of reference have focused on system
requirements (capacity and energy); the quantum, need and justification for spending
commitments, and risks and potential effects on rates (and means to mitigate rate effects).

2. Part 3 of the PUA (Energy Project Certificate & Energy Operation Certificate): This process
requires issuance of a specific OIC “designating” a specific new generation or transmission
project as an “energy project” under the PUA. Once a project is designated, the Minister must
provide terms of reference for a YUB review and report with recommendations to the Minister.
In this instance, the YUB only reviews the specific designated project. It is generally focused on
the need and justification for the project, including consideration of risks and rate impacts, how
they are mitigated, and alternatives considered. The Minister then refers to the YUB review and
report when considering whether to issue the required Energy Project Certificate and Energy
Operation Certificate, and any terms and conditions for such Certificates. This YUB review
process has been used by the Yukon Government for the Carmacks to Stewart Transmission
Project (2007); the Mayo Hydro Enhancement Project (2010); and the Whitehorse Diesel-LNG
Conversion Project (2014).

While these YUB review processes do not result in orders approving specific projects or plans, they do
provide an opportunity for a public review of the project or plan, and a report to the Minister regarding
the plan or project (addressing issues of need, justification, risks and rate impacts, and adequacy of
related mitigation measures).

1.4 Yukon Government Orders, Policies, and Objectives

In the Territorial context, YEC is accountable for meeting policy directives as outlined by the Yukon
government and its agencies. Key recent policy developments include:

1.4.1 Micro-Generation Policy

This Policy, issued by the Yukon Government in October, 2013, aims to encourage the small-scale
generation of electricity by individuals, small businesses and communities to meet their own needs, as
alternatives or supplements to traditional centralized grid-connected power. The policy is applicable to
micro-generation projects up to 50 kW. The stated objectives of the Policy are to:
e Provide opportunities for Yukoners to produce electricity from renewable technologies for their
own consumption;

! This approach was used for the 1991/92 YEC/YECL Cost of Service & Rate Design Review by the YUB; the 1992 YEC/YECL Capital
Plan review by the YUB; and the 2005 YEC Resource Plan (as released in 2006) review by the YUB.

2 Terms of Reference are provided either through correspondence to the YUB or via an OIC.
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e Encourage the development and adoption of new individual renewable energy sources to reduce
greenhouse gas emissions;

e Support ongoing research and technology to diversify renewable energy sources; and,

e Promote energy conservation and greater energy efficiency.

1.4.2 Independent Power Producer (IPP) Policy

This policy, issued by the Yukon Government in October 2015, aims to provide opportunities for non-
utility entities to generate new power that can assist the utilities in meeting the demand for affordable,
reliable, flexible and clean electrical energy. The stated objectives of the Policy are to:
e Increase electrical supply to meet future energy needs;
e Strengthen energy security and affordability of Yukon’s electrical system;
e Develop local electricity resources, which are renewable and/or cleaner than diesel;
e Encourage new, local economic opportunities;
e Provide Yukon First Nations with opportunities to participate in the Yukon economy, obtain
economic benefits, and develop economic self-reliance; and
e Facilitate collaboration between public utilities and independent power producers, in the
development of new clean energy supply projects, which best serve the long-term interests of
Yukon consumers.

In order to meet these objectives, this policy will establish the following aspirational targets for IPP
contribution to Yukon’s electrical grids.

e 10% of new electrical demand to be met by Independent Power Production; and

e Atleast 50% of IPP projects to have a Yukon First Nation ownership component.

YEC and ATCO are actively working with the Government to structure the Standing Offer Program (SOP),
which is a key element of the IPP Policy. The SOP is intended to provide a standardized technical and
commercial framework for grid connections in small capacity range (30-1,000kW). In order to deliver on
the IPP Policy target of 10 percent of new electrical demand being met by the IPP sector, YEC has made
an allowance for IPP-sourced energy in its assumptions for future supply options in the 2016 Resource
Plan at the minimum of 10 GWh/year starting in 2022.

1.4.3 Yukon Energy Strategy?

This strategy, released by the Yukon Government in 2009, sets out Territorial energy priorities, strategies
and actions and includes the following priority actions to: “update and develop a policy framework for
electricity that emphasizes efficiency, conservation and renewable energy” that are relevant to YEC's
ongoing planning processes. The Energy Strategy for Yukon focuses on four priorities:

e Conserving energy and using it more efficiently;

e Increasing the supply of energy and using it more efficiently;
e Meeting Yukon’s current and future electricity needs; and

e Managing responsible oil and gas development in Yukon.

3 Government of Yukon (2009) Energy Strategy for Yukon.
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Within these priorities, a number of strategies and related actions for energy conservation and the
development of renewable energy resources were identified. There was a specific focus on electricity,
and YEC's role in the implementation of electricity-related initiatives.

Energy efficiency and conservation is recognized as the starting point for the Energy Strategy both
broadly and as it relates to electricity. The Government of Yukon committed to increasing energy
efficiency in Yukon and increasing the renewable energy supply to reduce fossil fuel use and related
greenhouse gas emissions.

1.4.4 Yukon Climate Action Plan4

The 2009 Yukon Government Climate Change Action Plan builds on the four goals outlined in the Climate
Change Strategy and reflects the Yukon government’s belief that “climate change is happening, that
human behavior is a major contributor, and that a coordinated response is needed”, while recognizing
that Yukon is a small jurisdiction and the importance on focusing on priority actions that provide the
most benefit to Yukon. The priorities of the Climate Action Plan include:

e Enhance knowledge and understanding of climate change;

e Adapt to climate change;

e Reduce greenhouse gas (GHG) emissions; and

e Lead Yukon action in response to climate change.
In December 2015, the Yukon Government issued a progress report® on the Climate Action Plan. The
report presented a range of new actions to support the climate change goals documented in the original

Plan, including specific support for the use of Secondary Sales to reduce the GHG footprint of specific
Yukon government buildings.

1.4.5 Biomass Strategy

The Biomass Energy Strategy was issued in February 2016, and identifies the potential for biomass
energy as a viable alternative to fossil fuels for space heating, reducing greenhouse gas emissions from
the residential and institutional sectors.

1.4.6 Mineral Development Strategy

The Department of Energy, Mines and Resources is currently drafting a Mineral Development Strategy
which may influence electrical infrastructure development in the future.

Recent policy decisions by the Yukon government such as the Independent Power Producer policy have
necessitated interconnection agreements and tariff structures that will require review and approval by
the YUB.

1.5 Joint Federal and Yukon Government Orders, Policies, and Objectives

On December 9, 2016, Yukon Premier Sandy Silver joined Canada’s first ministers to finalize the Pan-
Canadian Framework on Clean Growth and Climate Change.

4 Government of Yukon (2009). Climate Change Action Plan.
5 http://www.gov.yk.ca/news/15-377.html#.WFDOEYWcGDs
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While not all provinces signed onto the framework, this development indicates clear national
momentum on climate change. The framework is both a concrete plan with key commitments, and also
a launching point for further collaboration across Canada in addressing and adapting to the impacts of
climate change and shifting to a clean, renewable economy. It introduces carbon pricing across Canada
and includes annexes addressing each jurisdiction’s particular needs.

The Pan-Canadian Framework on Clean Growth and Climate Change was based on reports from four
working groups in the areas of: mitigation opportunities; adaptation and climate resilience; carbon-
pricing mechanisms; and clean technology, innovation and jobs.

Examples of new actions that have been committed to in the Pan-Canadian Framework include:

e Reducing reliance on diesel in Indigenous, remote, and northern communities. Governments are
committed to accelerating and intensifying efforts to improve the energy efficiency of diesel
generating units, demonstrate and install hybrid or renewable energy systems, and connect
communities to electricity grids.

e Building climate resilience in the north - Federal, provincial and territorial governments and
Indigenous Peoples will continue working together to develop and implement a Northern
Adaptation Strategy to strengthen northern capacity for climate change adaptation.

Yukon’s annex commits the Governments of Yukon and Canada to partnering on investments in
renewable energy projects, research and pilot projects, and energy efficiency improvements to buildings
for the benefit of all Yukon communities.

It also commits that Yukon will retain 100 per cent of the revenues from carbon pricing. The Yukon
Government has indicated that it will distribute these revenues back to individual Yukoners and
businesses through a rebate. The Yukon Government indicated the need to work with all Yukon First
Nations in implementing the Pan-Canadian framework.

The 2016 Federal budget included S5 billion Canada-wide funding for green infrastructure over five
years. Of this funding, $518 million over five years is allocated for ‘climate change mitigation and
adaptation infrastructure projects’. This level of funding, and its intention, predates recent
developments with the Pan Canadian Framework summarized previously.

1.6 Comparison of the 2016 Resource Plan to the 2011 Resource Plan

The 2011 Yukon Energy 20-Year Resource Plan: 2011-2030° was reviewed prior to developing the 2016
Resource Plan, with the intention of preserving the best elements of the 2011 Resource Plan, while
implementing improvements, where possible. The following categories of these changes are
documented and discussed:

1. Planning principles and methodologies
e Planning principles;
e Load forecast methodology;
e Fuel price forecast methodology;
e Public consultation methodology; and

6 http://www.yukonenergy.ca/media/site_documents/1204_Resource%20Plan%20-%20full%20document.pdf
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e Portfolio analysis methodology.
2. Key inputs and assumptions
e Existing unit capabilities;
e Existing unit retirement assumptions; and
e New committed resources.
3. Conclusions and recommendations
e Major findings; and
e Execution of the action plan.

1.6.1 Planning principles and methodology
1.6.1.1 Planning Principles

In the 2011 YEC Resource Plan, the following four key planning principles were used to evaluate resource
options and create action plan:

e Reliability
o Affordability
e Flexibility

e Environmental responsibility

Planning principles to evaluate resource options in the 2016 Resource Plan remained similar to those
used in the 2011 Resource Plan. In the 2016 Resource Plan, as presented in Chapter 5, the following four
key principles guided YEC in evaluating resource options:

e Reliability

e Affordability

e Environmental responsibility
e Socio-economic responsibility

Reliability refers to the need for reliable capacity and energy to meet customer demands over the short
and long-term. This includes the need for reliable capacity to meet winter peak loads, and to minimize
the number and duration of power outages.

Affordability refers to the goal of the YEC, as a regulated utility, to minimize costs for power utility
customers today and in the long term. The Yukon Utilities Board regulates the costs to be recovered
through rates, focusing on the need, justification, and reasonableness of costs incurred, with a clear
objective to minimize the costs required to serve customers. YEC also aims to avoid rate shock. Rates
need to be equitable, fair, and socially responsible for Yukoners. Accordingly, new resource supply
options need to be planned in light of any such ongoing load uncertainties and must provide for
resilience given the potential for major customer attrition.

Environmental responsibility refers to the aspirations to minimize local and global impacts on water, air,
land, as well as wildlife in water, air and land as addressed in Chapter 5.

Socio-economic responsibility refers to recognition of the importance of social responsibility with regard
to First Nation lands, traditional lifestyle, heritage resources, tourism & recreations, and cultural and
community wellbeing. Economic responsibility includes the provision for local opportunities for jobs and
community development.
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The Flexibility principle highlighted in the 2011 Resource Plan was also integral to the selection of
resources within the Action Plan of the 2016 Resource Plan, as presented in Chapter 9. The need for
flexibility was identified in the risk analysis chapter (Chapter 7) of the 2016 Resource Plan, in terms of the
need for the Action Plan to be robust in the event of future changes in the planning environment, such
as an adjustment to the load forecast, adverse regulatory outcomes, technological progress resulting in a
change in electricity use, or government policies. The need for flexibility has been manifested in the
selection of smaller, modular resources representing less risk and cost. Smaller, modular resources
require less construction time, a lower financial commitment per asset, and generally less environmental
and social impact — per site. Although YEC recognizes that larger single generation resources may provide
beneficial economies of scale, larger assets inherently involve greater completion risks to the YEC and
ratepayer.

1.6.1.2 Load Forecast Methodology

The energy and peak demand forecast developed for the 2016 Resource Plan used a considerably more
detailed approach than that used for the resource plans produced by YEC in 2011. Both resource plans
developed different scenarios to highlight impacts of different economic developments within the 20-
year planning period.

The residential and commercial customer sector energy forecasts in the 2011 Resource Plan were based
on historical population trends, available Yukon population forecasts, and static projections of recent
electricity use per customer. Brief commentary was provided on recent trends in average electricity use
per customer in different Canadian utilities, including impacts of demand side management (DSM), and
on the potential effects of climate change. The 2011 Resource Plan forecasts did not account in detail for
future demographic trends, impacts of changes to economic activity or the prospect of changing
efficiencies in electricity use.

The 2016 non-industrial load forecast used a multi-sector, macro-economic model of Yukon, developed
specifically for the 2016 Resource Plan, as discussed in Chapter 4. The model included an internal
representation of the linkages and dependencies between different sectors of the Yukon economy. The
outputs of the model included demographic and economic metrics such as population, employment,
housing starts and GDP.

These forecast drivers were subsequently used to develop residential and commercial customer class
statistically adjusted end-use (SAE) models, which incorporated the benefits of both econometric and
end-use approaches. The SAE models considered factors such as appliance efficiencies, new uses of
electricity, and the adoption rates of appliances within homes and businesses.

A key consequence of the 2016 load forecast approach was that economic inputs into the Yukon
economy such as mining developments and federal transfer payments were manifested as spillover
effects into residential and commercial sector electricity demands. That is, increased industrial sector
activity altered the broader load forecast in terms of employment, and ultimately population growth,
and also economic drivers such as GDP. This level of sophistication was not present in the previous
forecasts.

The 2011 Resource Plan’s industrial load forecast, as well as that of the 2016 Resource Plan, was based
on existing and potential future mine development, and informed by the most recently collected
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intelligence on mining prospects. The scenarios studied in the 2016 Load Forecast covered a wider range
of plausible potential mining outcomes.

The 2011 Resource Plan non-industrial peak demand forecast undertook a simple approach by applying
load factors to the energy forecast to create the peak demand forecast. As a consequence, the previous
peak forecast was based on a historical ratio between energy and peak loads and it was assumed that
this ratio would persist into the future. The 2016 non-industrial sector peak demand forecast was
undertaken with the same degree of sophistication as the energy forecast, specifically by using the SAE
model.

An updated load forecast was created in November 2013, based on the same forecasting principles as
those used for the 2011 Resource Plan.

A comparison of the load forecasts for peak demand and energy from the following resource plan
updates is presented in Figure 1-1 and Figure 1-2 respectively:

e 2016 Resource Plan (Medium Industrial Activity scenario);

e 2011 Resource Plan (base case scenario), as presented in the Overview of 20-Year Resource Plan:
2011-2030 (released in July 2012); and

e November 2013 updated load forecast (base case scenario).

The forecasts included both industrial and non-industrial customers before DSM is deducted from the
forecasts. Figure 1-1 and Figure 1-2 also present the actual historical loads. The peak load forecasts
presented in the figures did not consider the single contingency (N-1) criterion.

The increased sophistication of the load forecast methodology in the 2016 Resource Plan identified a
potential outcome not anticipated in the 2011 Resource Plan and the 2013 load forecast update,
specifically that that non-industrial loads were forecast to flat-line and then decline after about 2030,
mainly due to demographic factors. This has significant implications in terms of long-term planning for
capital projects, and has been a key consideration in the development of the (flexible) resource
recommendations in the Action Plan of the 2016 Resource Plan.

The 2011 Resource Plan load forecast presented an average long-term energy growth of 2.1% per annum
and growth in peak demand of 1.9% per annum in the medium growth case over the period from 2013
to 2030.

The November 2013 Load forecast presented an average long-term energy growth of 2.2% per annum
and 2.0% per annum growth in peak demand of in the medium growth case over the period from 2013
to 2030.

The 2016 YEC load forecast indicated an annual growth of 0.7% per annum in energy requirements from
2016 to 2035, and 1.7% for peak under the Medium Industrial Activity scenario. Detailed analysis of the
2016 Resource Plan load forecast is presented in Chapter 4.
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1 Figure 1-1: System Peak Demand Forecast Comparison
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3 1.6.1.3 Fuel Price Forecast Methodology

4  There are several ways to create fuel price forecasts. The simplest approach involves a trend analysis, in
5  which recent historical prices are escalated using an inflation-based index. This was the approach used
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in the 2011 Resource Plan. For example, the forecast of future diesel prices was constructed by
anchoring then-current diesel prices, and applying price escalation at inflation.

The 2016 Resource Plan took a more detailed approach, as presented in Chapter 6. The key driving
components of diesel and LNG fuel prices were analyzed, and specific escalation factors were applied
separately to each of the driving components. For example for diesel, the key components were the fuel
cost (crude oil), refining costs (crude oil converted to diesel), marketing, shipping and taxes. The separate
cost forecasts for each component were then aggregated to generate the total price forecasts.

Energy prices are among the most uncertain and volatile of all commodities, and are subject to the
future events such as technology developments, changes in taxation and energy policies, customer
demand, and substitution by other fuels. An additional enhancement in the 2016 Resource Plan was
that a scenario-based forecasting approach was used to account for these uncertainties.

1.6.1.4  Public Consultation Methodology

The consultation and stakeholder engagement principles undertaken to inform the 2016 Resource Plan
was generally consistent with those undertaken as part of the 2011 Resource Plan.

The 2011 Plan stakeholder engagement approach consisted of the following major components:

e As part of YEC's multi-year public awareness campaign, the corporation completed two public
and stakeholder opinion surveys in June 2010 and in early 2011. These were telephone and
online surveys targeting the general public and the business community. Over 600 people took
part. The surveys were designed to understand what Yukoners and the business community
knew about the Corporation.

e The Charrette: To enhance public understanding of resource planning issues, YEC engaged
Yukoners (along with recognized energy experts) in a three day Charrette planning process in
Whitehorse, where Yukon’s energy demand situation and potential opportunities, both near
term and long-term, were reviewed. A cross-section of Yukoners representing various interests
was invited to participate in the process.

e Public meetings: Prior to the Charrette, community meetings were held in three Yukon
communities (Mayo, Dawson City and Haines Junction) to learn about electrical energy concerns
at the community level. In addition, stakeholder interviews were carried out involving
approximately 50 individuals and representatives from a broad array of organizations, agencies
and government departments.

The results of this consultation were discussed in the Preface of the 2011 Resource Plan document titled:
‘Yukon Energy 20-Year Resource Plan: 2011-2030°. At a high level, the Charrette resulted in the
development and subsequent application of four key planning principles: Reliability, Affordability,
Flexibility and Environmental Responsibility.

The public engagement process in the 2016 Resource Plan was more comprehensive than that in the
2011 Resource Plan. The goals of the 2016 Resource Plan engagement with First Nations (FN),
stakeholders, and the public during the preparation of the 2016 Resource Plan were:

e To ensure openness and transparency at every stage of the process; and
e To substantively incorporate the ideas, suggestions and values of Yukoners from every part of
the territory representing many different viewpoints related to resource planning.
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The overall engagement program was completed in four main phases, each related to a key element of
the 2016 Resource Plan: Load Forecast, Resource Options, Portfolio Analysis and Action Plan and Draft
Plan.

YEC followed three parallel streams throughout each phase: Technical Advisory Committee (TAC), First
Nations, and Public.

Considering the complexity of the resource plan, as well as the diverse interests of First Nations and the
general public, YEC employed multiple methods in each phase of the resource plan to inform and engage
Yukoners. Those methods included:

e Electricity Values Survey;

e Meetings with First Nations, the general public and Technical Advisory Committee;

e Mailers to all Yukon households;

e Information sheets provided at the public meetings as take home material;

e Newspaper infomercials that provided electricity literacy;

e Newspaper and radio ads notifying Yukoners about public meetings;

e Discussion paper used with six classes of F. H. Collins High School students to introduce the idea
of resource planning;

e Posters displayed at various public locations in Dawson, Mayo, Haines Junction, Carcross, Faro,
and Teslin notifying Yukoners about public meetings;

e E-invite notification to Yukoners, including First Nations, about public meetings;

e Social media (YEC blog, Facebook, LinkedIn);

e Resource planning website: regular updates on resource planning work, notification of public
meetings, and two-way conversations with Yukoners sharing information, ideas and opinions;

e Electricity Values Survey to gather Yukoners values related to electricity;

e Maps showing potential energy projects by Yukon First Nations’ traditional territories;

e Briefings to political parties and government representatives; and

e Draft Resource Plan, posted on the Resource Plan website, offering the public an additional
opportunity to provide feedback before the final resource plan document was made public.

A key stakeholder engagement element in the 2016 Plan was the Electricity Values Survey. A stratified,
random sample of more than 4,500 Yukon households was selected to complete the survey. This sample
represented approximately one-third of all Yukon households, and is considered statistically to be a very
robust sample size. The goal of the survey was to gain information regarding Yukoners’ preferences with
respect to potential future electricity generation in the territory. The survey also sought to understand
Yukoners’ preferences and values relating to energy use. The survey results helped YEC in analyzing
portfolios and creating the Action Plan.

The Electricity Values Survey showed that the priorities of the Yukoners were ranked in the following
order: environmental protection, cost, reliability of energy supply and social responsibility. These
planning principles were aligned with the principles adopted in the development of the 2016 Resource
Plan.
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1.6.1.5 Portfolio Analysis Methodology

Energy planning is an exercise in tradeoffsbetween cost, reliability, environmental, social, and economic
considerations. Some of these factors are easier to quantify, such as the strict costs arising from the
procurement and ongoing operation of generation assets. Some environmental impacts, such as the
cost of GHG emissions can also be quantified. However, many remaining factors cannot be easily
quantified.

The portfolio analysis in the 2016 Resource Plan was performed in two sequential steps. In the first step,
a quantitative technical and financial evaluation was completed to identify portfolios which meet future
energy and capacity needs, while minimizing total capital and operating costs.

The financial analysis applied in the 2016 Plan introduced an enhancement over previous YEC resource
plans with the application of optimization modeling. To service future load growth, YEC needed to select
among a suite of possible resource options that meet planning criteria. This introduced a nearly infinite
number of possible resource combinations. This complexity was further multiplied due to the
consideration of multiple load, price and alternative resource scenarios. Given the complexity of the
exercise, an industry-standard capacity expansion optimization model, the System Optimizer, was used
for the portfolio analysis. For the first time, a rigorous analytical optimization approach has been used,
consistent with large-utility best-practices. This analysis enabled evaluation of a large number of
combinations (portfolios) and resulted in selection of the optimal portfolio that would have the minimal
total resource portfolio costs (the present values of all fixed and variable costs) while meeting energy
and capacity planning criteria, as well as taking into account the earliest in-service date for resources.

In the second step, primarily qualitative environmental, social and economic evaluation screening was
completed on each portfolio, with the evaluation criteria being informed by the extensive stakeholder
consultation undertaken.

The goal of the portfolio analysis, as presented in Chapter 8, was to create portfolios that meet technical,
environmental, social and economic requirements, while minimizing total capital and operations &
maintenance costs.

The 2011 Resource Plan portfolio analysis methodology was similar to that used in the 2016 Plan, with
the objective of minimizing the present value of all the expenditures, while meeting energy and capacity
planning criteria. Instead of using an optimization model to financially evaluate a large number of
portfolios that met the planning criteria and select the optimal one among them, the analysis in the 2011
Resource Plan was focused on evaluating only a limited number of portfolios satisfying a plausible range
of resource combinations. The combinations (portfolios) were developed using professional judgement,
with the selection of the generation resources within each portfolio and determination of portfolio costs
undertaken manually. The present value of all fixed and variable costs was calculated for each portfolio
and the portfolio with the minimal present value was selected as the optimal portfolio. The methodology
used in the 2016 Resource Plan provided evaluation of a much larger number of portfolios than that
used in the 2011 Resource Plan.

The 2011 Resource Plan did not use a formal methodology for evaluating portfolios against
environmental, social and economic attributes, as the 2016 Resource Plan did. The environmental
considerations were included into the 2011 Resource Plan portfolio analysis indirectly, through replacing
thermal resources.

YEC 2016 Resource Plan — Chapter 1 1-16



O 00N O U1 b WNBR

=
o

11
12
13
14
15
16
17
18
19
20
21
22

23
24

25
26
27
28

29
30
31
32
33
34
35

36
37
38

A significant change to the evaluation of resources in the 2016 Resource Plan portfolio analysis was the
application of a Social Cost of Carbon (SCC) to the economics of resources. Recent Federal developments
with respect to the application of a carbon tax required that YEC prudently apply the SCC. The SCC was
not used in resource evaluation in the 2011 Resource Plan.

1.6.2 Key Inputs and Assumptions
1.6.2.1 Existing Unit Capabilities

A comparison between the dependable capacity values for the existing resources used in the 2016
Resource Plan and those in the 2011 Resource Plan showed minor differences that resulted in a decrease
in dependable capacity, from 116 MW in 2011 to 115 MW in 2016. The difference is due to the following
updates:

e YEC's internal assessment of the diesel generators has de-rated the dependable capacity of a
diesel unit in Dawson (DD4) from 1.2 MW in 2011 to 1.0 MW.

e After an internal review, dependable capacity of two diesel units in Whitehorse (WD3 and WD4)
have been uprated from 2.25 MW each in the 2011 Resource Plan to 2.5 MW each.

e In 2011, the Mayo Generating Station dependable capacity was estimated at 11 MW, while in
2016, it was assessed at 9 MW due to reassessments of flow restrictions and ice-management
protocols on the lower Mayo River.

e ATCO Electric Yukon (ATCO) reassessed the dependable capacity of their diesel units, reduced
the total dependable capacity of their diesel fleet from 7.2 MW in 2011 to 5.4 MW in 2016.

e ATCO’s Fish Lake Hydro was excluded in the inventory of existing resources, as its contribution
had already been accounted for by YEC in the 2016 load forecast in terms of reduced net load.
This removal is only an accounting change, in order to avoid double-counting in YEC’s analyses.

The details on the existing resources are presented in Chapter 4 of the 2016 Resource Plan.
1.6.2.2 Existing Unit Retirement Assumptions

Over the planning period, YEC anticipates the retirement of the two remaining Mirrlees diesel engines
(FD1 and WD3) in 2021, and potentially some other diesel engines, depending on the extent of future
diesel operations, as presented in Chapter 4. The retirement date of two units (FD1 and WD3) is
consistent with the 2011 Resource Plan.

Given the low average usage of the YEC thermal fleet, which accounts for less than 2% of YEC's annual
energy generation, YEC has been able to extend the life of several thermal-diesel engines, as the life span
of these primarily depends on operating hours. If the use of thermal assets were to increase significantly,
such as for example during potential prolonged drought in the future, the operating hour limitation may
require that these units be retired within the 20-year planning horizon. However, under reasonably
foreseeable operating expectations, these units should be available throughout the planning period and
beyond.

The end of life for the diesel units, apart from FD1 and WD3, was assessed in the portfolio analysis as a
function of their actual use, which depended on the future load and resource mix. This approach is an
improvement compared to that in the 2011 Resource Plan where the diesel retirement dates were fixed.
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1.6.2.3 New Committed Resources

The requirement for YEC energy procurement under the Standing Offer Program (SOP) arose subsequent
to the issuance of the 2011 Resource Plan. YEC and ATCO are actively working with the Government to
structure the SOP, which is a key element of the Independent Power Producer (IPP) Policy. The SOP is
intended to provide a standardized technical and commercial framework for grid connections of IPP
projects in small capacity range (30-1,000kW). YEC has made an allowance for SOP-sourced energy in its
assumptions for future supply options in the 2016 Resource Plan at the 10 GWh/year starting in 2022, as
presented in Chapter 8.

1.6.3 Conclusions and Recommendations
1.6.3.1 Major Findings

The Action Plan in the 2016 Resource Plan contains the following key conclusions and recommendations,
as contrasted with the 2011 Resource Plan:

e YEC currently needs new capacity to meet requirements under the N-1 criterion and without
remedial measures the capacity shortfall is expected to increase each year. Given the lead time
in constructing new resources, the expected electricity demand under all load cases is expected
to exceed YECs generating capacity until the year 2021.

e The 2006 and 2011 Resource Plans each identified a need for new future resources, but neither
of these resource plans faced the capacity shortfall immanency as that identified in the 2016
Resource Plan.

e The 2016 Load Forecast identified an expected long-term flat-line in peak demand and decline in
energy load after about 2030. This trend was not identified in either the 2006 or 2011 Plans;

e Both the 2016 and 2011 Resource Plans identified industrial (specifically mining) electricity
demand as a key uncertainty facing YEC, and that this potentiality was the primary theme of the
load sensitivities/scenarios undertaken. One new mining load could increase YEC electricity
demand by 25% or more; and

e Both the 2016 and 2011 Resource Plans highlighted the need for flexibility within an uncertain
future, particularly due to the continued need to consider potential new mine loads that would
not be sustained to the end of the 20-year planning horizon.

e The 2016 Resource Plan recommended both Short and Long Term Action Plans, while the 2011
Resource Plan recommended Near Term and Longer Term resources planning.

1.6.3.2 Execution of the Action Plan

The primary purpose of resource planning is the development of a strategy-level action plan for meeting
future electricity demands. While the 2016 Resource Plan considered the practicalities of developing
specific resources at a high level, and identified resources of interest, the development of future
resources will require subsequent detailed technical, financial, environmental and socio-economic
analysis as well as engagement with First Nations and stakeholders, as per the stagegate project
development framework. In addition, certain projects and programs will require review by the Yukon
Utilities Board.

Practicalities of the execution (engineering, procurement, construction) for projects are highlighted in
the 2011 Resource Plan in Figure 7-3 (pg. 197). This level of detail, particularly a consideration of the
issues involved in the execution of specific projects, is not within the scope of the 2016 Resource Plan
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2 Introduction: Electricity in the Yukon

2.1 Corporate Background

Yukon Energy Corporation (YEC) is the main generator and transmitter of electrical energy in Yukon.
Working with its parent company, the Yukon Development Corporation, YEC's provides Yukoners with a
reliable, affordable and sustainable (both economically and environmentally) power. YEC’s focus is on
renewable sources of power and energy solutions that complement our legacy hydro assets. YEC is
incorporated under the Business Corporations Act and regulated by the Public Utilities Act and the Yukon
Waters Act. YEC's core business and strategy goal is to minimize the use of nonrenewable sources due to
their higher variable costs and environmental impacts.

There are almost 15,000 electricity consumers (accounts) in the territory. YEC directly serves about 2,100
of these, most of whom live in and around Dawson City, Mayo and Faro. Indirectly, YEC provides power
to many other Yukon communities (including Whitehorse, Carcross, Carmacks, Haines Junction, Ross
River and Teslin) through ATCO Electric Yukon. ATCO Electric Yukon buys wholesale power from YEC and
sells it to retail customers in the Yukon.

At present, the electrical system in Yukon shown in Figure 2-1 is comprised of:

e 1 large hydro-based grid called the Yukon Integrated System (YIS);

e 1 medium-sized diesel-based grid serving Watson Lake; and

e Three smaller isolated communities with diesel generation (Old Crow, Beaver Creek and
Destruction Bay/Burwash Landing).
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Figure 2-1: Yukon Electrical Systems
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2.2 Generation and Electricity Demand Considerations

YEC is mandated to provide Yukoners with an adequate supply of electricity every day of the year, every
year. YEC must build more power generation than is required on average, to cover extreme events that
could include an outage at a hydro plant or a transmission line, or due of extreme cold or drought
conditions.

YEC must supply both energy and capacity to meet customer demands. These critical concepts are
explained as follows:

e Energy: the amount of electricity used over a period of time. It is usually measured in kilowatt-
hours (kWh) for residential usage or gigawatt-hours (GWh) for territorial usage. The average
Yukon home uses about 12,000 kilowatt hours per year (or 0.012 GWh/yr). Yukon-wide energy
consumption is more than 400 gigawatt-hours per year.

e Capacity: the amount of electricity that is available or required at any given instant. Capacity is
measured in watts, kilowatts (one thousand watts), megawatts (one million watts). For
reference, a portable residential space heater requires about 1 kilowatt of demand. An
industrial mining customer can use over 1 megawatt of electricity.

On December 15, 2016, a cold winter day, YEC reached its highest electricity demand at 88 megawatts
(MW). YEC has the maximum capacity to generate about 132 MW. In the summer, up to 92 MW can be
produced from hydro and wind combined, with the remainder coming from thermal back-up (diesel and
natural gas). During the winter, when electricity demand peaks, YEC hydro facilities have less water
available, reducing its hydro generation capability to just over 70 MW.

YEC's generating capacity can be broken down as follows: 92 MW are provided by hydro facilities in
Whitehorse, Mayo and Aishihik Lake (40 MW at Whitehorse, 37 MW at Aishihik and 15 MW at Mayo), 31
MW by diesel generators (which are currently used only as backup), 9 MW by liquefied natural gas (also
backup) and less than 1 MW by a wind turbine located on Haeckel Hill near Whitehorse.

Non-controllable factors, such as water inflows, demand variability, and demand growth have a
significant influence on YEC and its planning. These factors influence YEC's strategies, with a key planning
objective of the corporation being the minimization of potential negative impacts. Additional
uncertainties include market prices for commodities, interest rates and foreign exchange rates.
Variability of water inflows is a key consideration in YEC’s future plans. YEC's electricity generation can
meet current demand almost exclusively with hydro-generated power. However, the short and long-
term uncertainty inherent in hydrology presents a fundamental planning risk to YEC.

Another key planning risk is the potential for electricity demand growth, which is driven by population
gains and economic expansion. A single new large industrial customer (such as a new mine) could cause
a significant increase in YEC demand (10% or more), over a relatively short timeframe. Mineral prices
have a major impact on the Yukon mining sector, with exploration, production and development
activities all positively or negatively impacted. This industry has a major secondary impact on territorial
employment, economic development, government revenues and ultimately population. YEC must
consider this uncertainty in this Plan, by analyzing and developing contingencies for a range of possible
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and plausible scenarios. The area of long-term demand growth uncertainty is covered in extensive detail
in the Load Forecast section of Chapter 4.

YEC faces challenges from both seasonal and daily fluctuations in electricity demand. Yukon’s electricity
demand typically peaks during cold winter days, over suppertime, driven by space heating, lighting and
cooking demands. During the winter peak periods, YEC must often rely on thermal generation to fill the
gap between available hydro-based energy generation and the demand. In the late spring and summer
months, particularly during the freshet (snow melt runoff), the demand for power drops to a little more
than half of the winter demand, partly due to lower space heating and lighting requirements. Figure 2-2
shows typical winter and summer peak day load.

Figure 2-2: Typical Winter and Summer Peak Day profile
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YEC typically has more water available during the summer than is required to meet customer demands.
This extra water refills its hydro reservoirs and ultimately leads to spilled water, mainly at Whitehorse.
The seasonal mismatch between potential electricity production from hydro generation and the timing
of maximum customer demands is a key planning constraint for YEC. Figure 2-3 shows the seasonal load
variations and spilled hydro generation.
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Figure 2-3: Seasonal Load Variations and Spilled Hydro Generation (2016)
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These constraints, and the resulting value of storage to capture spilled unused hydro resources, will be
discussed in detail in the Resource Options and Portfolio Analysis chapters, Chapter 5 and Chapter 8,
respectively.

In addition to the seasonal mismatch between winter demand and winter supply, electricity demand in
the Yukon is highly variable, and changes considerably over the course of a day and the year. Not all
sources of electricity generation can respond these demands. Apart from environmental and cost
attributes, electricity generation has specific performance attributes, which can be summarized as
follows:

e Dispatchability;
e Curtailability; and
e Firmness.

YEC depends on dispatchable generation, or sources of electricity that can be quickly turned on to meet
increasing demands. YEC has dispatchability with its large hydro generation, and also with its thermal
generation (diesel or natural gas). The degree of dispatchability varies with the type of generation, in
general the faster the start-up and ramp-up speed, the more valuable is the generation in terms of
meeting variable demands.
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YEC also requires curtailability, or the ability to stop or ramp-down supplies in response to dropping
demand. This drop could be in response to regular, predictable patterns (such as falling demand in the
spring, or at nighttime), or sudden outages in large commercial or industrial sector loads. Again, the
faster the response and greater the flexibility, the greater the value of the generation in meeting variable
demands.

A critical requirement of electricity generation is firmness. This attribute refers to the ability of the
generation to maintain output with a high degree of reliably. The opposite is intermittency, which refers
to electricity supply that is not continuously available due to an external factor (e.g., not enough wind
velocity or solar radiation). Hydro generation is subject to the variations of water supply. In general the
larger the upstream water storage, the more firm the hydro generation output. Small hydro generation
is particularly vulnerable to winter freeze-up. Thermal generation (diesel and natural gas) is generally
highly firm. No generation is absolutely firm, as all subject to some degree of outages due to planned
and unplanned maintenance.

Creating diversity in intermittent generation adds some degree of firmness. That is, adding small hydro
to solar and wind generation increases the firmness of the overall generation portfolio. This strategy
works best in a large grid with a diverse range of generation types and locations.

2.3 Demand Side Management

Another important way of meeting future electricity demands is through Demand Side Management
(DSM). This involves using incentives, rate structures, building and appliance codes and standards to
encourage customers to reduce the amount of electricity they use. This could have the benefit of
avoiding or delaying the construction of new electricity generation. DSM is often less expensive and has
a lower environmental impact than the construction of new electricity supply infrastructure to meet
growing load. However, DSM is relatively new to YEC, and the size and breadth of current programs are
relatively small. Another limitation of DSM is that capacity savings (to lower the peak) are more
challenging to execute than energy savings. That is because capacity DSM savings would have to be
dependable at the time of YEC's peak demand.

YEC and ATCO Electric Yukon jointly operate a DSM program called inCharge? that provides rebates and
electricity savings kits. More detailed information on YEC's DSM options and efforts is available in
Chapter 5.

2.4 Secondary Sales

As indicated previously, during the summer, YEC has the ability to produce more electricity than is
strictly required by its customers. To take advantage of the economic and environmental potential of
this surplus hydro power, YEC has developed a Secondary Sales Program.

This program gives eligible Yukon businesses the option of using hydro power to heat their facilities
instead of diesel fuel or propane, both of which are more expensive and produce greater GHGs than
YECs hydro-based power. A key stipulation is that the businesses existing heating system must be

1 www.inchargeyukon.ca
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maintained and fully operational so that it can be re-activated if surplus hydro power is no longer
available. The secondary electric heating system thereby becomes a dispatchable source of electricity
demand for YEC. The Secondary Sales Program helps customers save 10 per cent or more on heating
bills.

2.5 Rate Considerations

The adoption of time-of-use (TOU) rates is being studied by YEC and ATCO Electric Yukon. Under typical
TOU schemes, customers would be charged more for the power they use during peak times, and less for
off-peak times. As such, TOU may help shift the pattern of electricity demand with the intention of
shifting electricity demand away from the seasonal and daily peaks. If successful, this would cut down
on the amount of non-renewable power YEC needs to generate.

2.6 Transmission Considerations

The Yukon is an ‘Islanded grid’. Most other areas of the North American continent are part of a large
electricity system that connects power producers and consumers through a series of transmission and
distribution wires, supplied by numerous electricity generation facilities. For example, the Western
Electricity Coordination Council (WECC) region covers Alberta and British Columbia, the Western US
(largely west of the Rockies), and into Baja Mexico. This grid is electrically synchronized, and power
generated in one part of the WECC region can reach another part of the grid at the speed of light. But
the Yukon is not a part of the WECC or any other system. It needs to be self-sufficient, which imposes
challenges when it comes to maintaining and planning for the electricity needs of the Territory.

The key challenge is that the Yukon must produce all of its own power. Unlike the WECC and the other
connected grids on the continent, YEC cannot depend on adjacent jurisdictions to provide backup
electricity. The Yukon cannot generate more electricity than is required as there are no neighboring
markets into which to sell surplus electricity. This constraint holds true over every timeframe and the
supply of electricity in the Yukon must match the demand not just yearly and daily, but on an
instantaneous basis. In addition to self-sufficiency, the integration of significant amount of installed
capacity of intermittent resources poses a challenge to YEC. The nature of the Yukon grid places a cap on
the absolute amount of installed capacity of intermittent resources that can be integrated without
incurring additional backup (storage) costs.

Islanding imposes financial costs to YEC ratepayers. The requirement for total self-reliance creates higher
costs, relative to connected systems, due to the need for additional backup infrastructure. Islanding also
invokes financial risks to Yukon ratepayers. The inability to export excess electricity makes it risky to
build/generate electricity in anticipation of increased demand, as this future demand may not
materialize in Yukon’s commodity-dependent economy. And, in the event of unexpected demand
growth, the Yukon cannot simply import electricity, making growth in local generation capacity crucial to
future economic and population growth.

YEC 2016 Resource Plan — Chapter 2 2-7
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3 Engagement with Yukoners

This chapter provides details on the following aspects of the stakeholder engagement for the 2016
Resource Plan:

e Adescription of the engagement goals;

e Details of the engagement timelines and streams;

e Details about and results of the Electricity Values Survey;

e Information about the engagement methods, and the materials used;

e Key learnings of the 2016 Resource Plan as shared with Yukoners; and

e A summary of consultation input received, YEC's response to the inputs, and how these inputs
were incorporated into the Plan.

3.1 Goals

The goals of YEC's engagement with First Nations (FN), stakeholders, and the public during the
preparation of the 2016 Resource Plan were:

e To ensure openness and transparency at every stage of the process; and
e To substantively incorporate the ideas, suggestions and values of Yukoners from every part of
the territory representing many different viewpoints related to resource planning.

The steps by which these goals were achieved are detailed in the following sections.

3.2 Electricity Values Survey

A key element of the stakeholder engagement in the Resource Plan was the completion of an electricity
values survey. The goal of the survey was to gain information regarding Yukoners’ preferences with
respect to potential future electricity generation in the territory. The survey also sought to understand
Yukoners’ preferences and values relating to energy use. The survey results helped YEC to analyze
portfolios and create the Action Plan.

3.2.1 Methodology

YEC worked with the consulting firm ICF International and the Yukon Bureau of Statistics to design the
survey during the late winter and spring of 2016. The Bureau of Statistics conducted the survey via
telephone during the months of May and June and analyzed the results over the summer of 2016.

A stratified random sample of more than 4,500 Yukon households was selected to complete the survey.
This sample represented approximately one-third of all Yukon households, and is considered statistically
to be a very robust sample size.

The Bureau used standard statistical practices to ensure representative, unbiased, scientifically
measurable data.

Respondents were asked to provide input in four thematic areas related to the development of new
sources of electricity:

e Environment protection;
e Cost;

e Reliability; and

e Social responsibility.

YEC 2016 Resource Plan —Chapter 3 3-1
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These themes aligned with the attributes considered during the portfolio analysis portion of the resource
plan work.

The response rate to the survey was 63.2 percent, which, according to the Bureau of Statistics, provides
reliable and reprehensive survey results.

The refusal rate was 10.2 percent, which according to the Bureau of Statistics is not an unexpected
number given that this survey required a fair amount of thoughtful input.

3.2.2 General Findings

The full values survey report is presented in Appendix 3.1. The general findings were:

Respondents ranked four major factors in order of importance to YEC's future projects.
Environmental Protection was ranked first by 44 percent of respondents, followed by Cost (23
percent), Reliability (21 percent), and Social Responsibility (8 percent).
Respondents ranked statements on Environmental Protection in order of importance. ‘Reduce
pollution to land, water, and air, other than greenhouse gas emissions’ was ranked first by 30
percent of households, followed by ‘Reduce impacts on species’ habitats and wildlife populations
atrisk’ (24 percent), and ‘Reduce impacts on Earth’s atmosphere’ (23 percent). ‘Minimize the
amount of land affected by a new energy project’ was ranked last (12 percent).
While Social Responsibility was ranked fourth of the four major factors, a question asking
respondents to rank statements relating to social responsibility revealed that one-third of Yukon
households ranked ‘Enhancing economic growth and creating jobs’ as the most important social
responsibility.
In contrast to the importance allocated to YEC's projects, cost was the most important factor
(chosen first by 45 percent of respondents) influencing the selection of respondents’ own home
heating system. Respondents’ selection of home heating system was more influenced by cost
than by all four of the other factors (safety, environmental concerns, comfort, and ease of
maintenance) combined.
When asked if they would support specific YEC initiatives even if it meant a potential increase in
electricity rates, respondents answered ‘Yes’ to the following:

0 An effort to reduce impact on species’ habitats and wildlife populations at risk (81
percent)
An effort to reduce GHG emissions in energy production (78 percent)
An effort to create local jobs (73 percent)
An effort to maintain access to wilderness recreation (73 percent)
An effort to reduce power outages in your area (71 percent)
An effort to not compromise traditional pursuits as a way of life (69 percent)
An effort to enhance economic growth for Yukon (57 percent)
A decision to supply electricity to mines (46 percent)

O O0OO0OO0OO0OO0O0o

In ranking three energy sources in order of preference for Yukon’s future, 59 percent of the
responding households chose renewable energy as their preferred future energy source, 31
percent preferred energy conservation as a future energy source, while only 5 percent preferred
fossil fuels as a future energy source.

If YEC is required to choose a fossil fuel for future back-up generation, slightly over half of Yukon
households (51 percent) would prefer the use of natural gas. Only 14 percent would prefer diesel
fuel.

YEC 2016 Resource Plan —Chapter 3 3-2
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e Fuel oil is the most prevalent primary home heating source used by 47 percent of responding
households. Electricity (baseboard, furnace or boiler) is the second most prevalent primary home
heating source and is used by 25 percent of responding households. Of those who did not
already use electricity as a primary or secondary home heating source, only 18 percent had
considered switching to electric heat.

e Forty one percent of responding households do not have a secondary home heating source. Of
households that did have secondary home heating sources (59 percent), wood was the most
common (36 percent), followed by electricity (31 percent). While fuel oil was the most
commonly used primary source of heat, it was not commonly used (13 percent) as a secondary
home heating source.

e Alittle over three-quarters of the respondents (76 percent) said their electricity bills are
affordable, while 55 percent thought Yukon’s current electricity rates are reasonable. Almost all
respondents (97 percent) claimed they make efforts to reduce their energy use. However, a little
over three-quarters (77 percent) of respondents said they ‘always’ or ‘frequently’ check the
energy efficiency rating when purchasing a new appliance or electronic device.

e Eighty five percent of all households experienced at least one power outage in 2015. About two-
thirds of the households felt it necessary to have back-up heating and/or a generator in case of
power outages.

e Most (61 percent) respondents were confident that YEC is able to plan and develop sustainable
energy sources to meet future needs. About a fifth (19 percent) of the respondents said that that
they do not have confidence in YEC's abilities in this regard.

3.2.3 Major Survey Conclusions
Based on the survey results, YEC draws the following major conclusions:

e Environmental protection is the most important value to Yukoners, followed by cost, reliability
and social responsibility.

e Pollution of land, water, air is of greatest concern to Yukoners. Wildlife protection is close
second, closely followed by GHG emissions in third place.

e There is low support among Yukoners for fossil fuels as a generation source, but if thermal is
needed for back-up, LNG is preferred to diesel.

e There is high support for and awareness of energy conservation.

e Yukon electricity bills are affordable, although not necessarily reasonable.

e Yukoners would support higher rates to protect the environment; but not necessarily to connect
mines.

3.3 Engagement Phases

As part of the process for finalizing the engagement strategy for the 2016 Resource Plan, YEC met with
the Chair of the Council of Yukon First Nations and several chiefs in September 2015, to seek their input.

The key message from the First Nation leadership was that YEC should engage with First Nations as
governments, and as potential energy partners, and as members of the Yukon public. First Nation
leadership advised that YEC should not single out First Nation citizens for separate engagement, but
include them with all other members of the Yukon public. This is important context in interpreting the
Summary of Engagement results presented in Table 3-4. Most of the comments received from First
Nation Yukoners were included in the ‘Public’ category as opposed to the ‘First Nation’ category. Input

YEC 2016 Resource Plan —Chapter 3 3-3
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was only included in the ‘First Nation’ category if it came specifically from a First Nation government or
development corporation.

The overall engagement program was completed in four main phases, each related to a key element of
the 2016 Resource Plan:

e Load forecast (October 2015 — May 2016);

e Resource options (June — November 2016);

e Portfolio analysis and Action Plan (December 2016 — February 2017); and
e Draft plan (March 2017).

3.4 Engagement Streams

YEC worked in three parallel streams throughout the resource planning phases, as this was felt to be the
most effective way of engaging with all the Corporation’s key audiences. Those streams are:

1) Technical Advisory Committee (TAC);
2) First Nations; and
3) Public.

3.4.1 Technical Advisory Committee

The TAC was made up of representatives from a broad range of Yukon groups, including business,
mining, government, First Nations, non-governmental organisations, and utilities. Specifically, the
following groups were represented on the committee:

e The Council of Yukon First Nations;

e Yukon Conservation Society;

e Yukon Chamber of Commerce;

e Yukon Chamber of Mines;

e Yukon Development Corporation;

e Yukon Government’s Energy Branch;

e Yukon Housing Corporation;

e ATCO Electric Yukon (ATCO);

e Yukon Government’s Water Resources Branch;
e Arenewable energy advocate; and

e Anindependent resource planning expert from BC Hydro.

Engagement with the TAC took the form of five face-to-face meetings held from September 2015 to
January 2017. Information was also shared via email and an interactive website developed specifically
for the resource planning process. The purpose of the meetings was to share progress at regular
intervals, and seek advice and feedback on a technical level.

Table 3-1 provides general topics discussed in the TAC meetings. The details related to questions raised
at TAC meetings and YEC’s responses are presented in Table 3-4.

YEC 2016 Resource Plan —Chapter 3 3-4
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Table 3-1: General Topics Related to TAC Meetings

Dates Focus Notes

Sep 11, 2015 e Introductions e Much of the discussion centered on the
e TAC Terms of Reference forecasting of economic activity that can affect
e Load Forecasting Framework growth of electrical consumption.

Feb 11 2016 e  Economic and load forecast results e Discussion points included electric vehicle

’ e Environmental, social and economic penetration in Yukon and fuel switching for
attributes methodology home heating retrofits from fossil fuels to

e Review of draft values survey electricity.

e There were a number of suggestions for
wording of the Yukon-wide values survey.

e The TAC suggested conducting a life cycle
analysis of greenhouse gases for all the
resource options.

e Environmental, social and economic | ¢ There was a discussion related to the results of

Aug 5, 2016 attributes methodology (continued the electricity values survey and possibility of
from February meeting) assigning weights to the environmental, social
e Life cycle analysis of GHGs and economic attributes to help with resource
e Resource options comparison, as well as the results of the life
cycle analysis of GHG’s.
e Load Resource Balance e Discussion pointed out the gap between the

Sep 28, 2016 .
P future needs for energy and capacity and

current capabilities. The capacity gap was
presented as an urgent need to be addressed.

e Portfolio analysis e The TAC was generally accepting of the Action
e Action Plan Plan, but pointed out that YEC may need to
revisit its plan in light of potential new Yukon
government policies.

Jan 13, 2017

3.4.2 First Nations

As mentioned earlier in this chapter, YEC contacted the Grand Chief of the Council of Yukon First Nations
during the engagement planning to discuss how First Nations would like to be involved in the 2016
Resource Plan process. YEC met with the Grand Chief and several other First Nation Chiefs in September
2015 to seek their input.

The First Nation leadership advised YEC to engage with First Nations as governments, and as potential
energy partners/investors, and as members of the general Yukon public.

Subsequently, engagement by YEC took the form of face-to-face meetings with representatives of Yukon
First Nation governments, and/or the sharing of information via email or telephone.

At the beginning of each round of engagement, YEC contacted First Nation governments in those
communities where the Corporation planned to hold public meetings. First Nations offices were
consulted about public meeting dates that would work for First Nation government schedules, and offers
were made to have separate meetings with Chiefs and Councils ahead of the public sessions.

Customized presentations and information materials were prepared to highlight issues of special interest
to various Yukon First Nations. For example, during the fall of 2015, when YEC was hiring contractors to

YEC 2016 Resource Plan —Chapter 3 3-5
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carry out various studies related to the Resource Plan, it provided the Request for Proposals (RFP)
advertisements to all First Nations on whose traditional territory the research would be conducted. In
the fall of 2016, YEC prepared maps of all the potential energy projects considered, by First Nation
traditional territory. These maps were posted on YEC's website and were provided to individual First
Nations.

First Nation governments received personalized invitations to any public meetings in their traditional
territory. Where possible, First Nations were provided with materials prepared for the public in advance.

As potential energy partners, a First Nations representative selected by the Council of Yukon First
Nations was invited to be a member of the Technical Advisory Committee. While that representative was
not able to attend any of the TAC meetings in person, he was offered a one-on-one briefing on the entire
process after the final TAC meeting.

As with members of the Yukon public, First Nations citizens attended and participated in public
meetings, where they asked questions and expressed options regarding specific interests. For example,
there were questions related to projects on First Nation’s territories, and Independent Power Producer
opportunities. First Nations, as with the Yukon public, were also engaged through the resource planning
interactive website, social media outreach, the Electricity Values Survey, four mailers sent to every
Yukon household, emails, and phone calls.

It should be noted that the 2016 Resource Plan does not seek approval of specific future projects, but
has a strategic focus that addresses YEC’s long-term requirements and lists potential projects to meet
those requirements. YEC will engage directly with those First Nations on whose traditional territory
specific potential projects exist, as part of future planning work undertaken on those potential projects.
Table 3-2 provides details related to FN engagement.

Table 3-2: Details Related to First Nation Engagement

Dates Focus Notes

e  Yukon First Nations are to be consulted as
governments, as potential energy partners/investors,
and as members of the Yukon public.

Sep 2015 Meeting with Grand Chief of the
Council of Yukon First Nations and
several other FN chiefs to discuss
how they wished to be engaged
through the 2016 Resource
Planning work.

e Yukon First Nations were provided copies of all YEC's

Nov 2015 Keeping First Nations informed. .
RFP ads that went out seeking contractors to do
research on potential energy options.

Nov 2015 — Keeping First Nations informed. . Yukon Flrst Na?tlons were provided with all mailers and
information pieces prepared to keep Yukoners

Feb 2017 updated on the resource planning process.

Nov 2015 — Keeping First Nations informed. e Yukon First Nations were consulted on public meeting

dates and received personalized invitations to the

Feb 2017 public meetings.

e  Offers were made to have separate meeting with
Chiefs and Councils.

YEC 2016 Resource Plan —Chapter 3 3-6



O o No b~ wWw NN e

=
o

[~ S
w N R

=
~

N e
N oon

=
o

Dates Focus Notes

e In cases where YEC has regular meetings with a First
Nation, the 2016 Resource Plan was always on the
agenda.

e On several occasions, YEC’s President and Vice-
President met with representatives of the Carcross-
Tagish First Nation, Kwanlin Dun First Nation, and
Little Salmon/Carmacks First Nation to brief them on
the 2016 Resource Plan.

e Yukon First Nations were provided with maps
showing, by traditional territory, all potential projects

Nov 2016 Keeping First Nations informed.

being considered by YEC.

3.4.3 Public

A key element of YEC's engagement with the Yukon public was through public meetings, to present data
and solicit feedback from the public. Three rounds of public meetings were held, with each round taking
place in six Yukon communities: Whitehorse, Dawson City, Mayo, Teslin, Carcross and Haines Junction.
These communities were chosen based on population, connection to the Yukon grid, and proximity to
potential energy projects. A request from the Town of Faro resulted in a public meeting taking place in
that community in February 2017.

In addition to these public sessions, in late February 2016 YEC staff gave classroom presentations to six
F.H. Collins High School classes, and led a visioning exercise aimed at helping the students understand
what is involved in creating a 20-year Resource Plan and how they could be involved in that planning.

Once the draft resource plan was completed in February 2017, YEC invited the public to review the
report that was posted on the resource plan website and to provide their comments directly on the
interactive website, via email, social media, by phone, or a face-to-face visit.

The public comments were considered in the final version of the Plan.

Throughout each phase, the Yukon public was informed and engaged through the interactive resource
planning website, social media, Electricity Values Survey, four mailers sent to every home in the territory,
phone calls, and emails. Table 3-3 provides details related to the public meetings.

Table 3-3: Details Related to Public Meetings

Dates Focus Notes

Round 1 e Load Forecast e  Purpose was to help Yukoners understand what is

- considered when forecasting future electricity

Feb 29 — Mar 17, 2016 demands - under a range of scenarios over a 20-

Meetings with Yukon year period.

public, high school

students

Round 2 e  Energy options e  Purpose was to share results of the research on 14

- e  Results of values supply options and show how YEC evaluated each
survey of them against the other using a consistent set of

criteria.

YEC 2016 Resource Plan —Chapter 3 3-7
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Dates Focus Notes

Nov 22 —Dec 1, 2016 e YEC demonstrated how it would incorporate the

Meetings with Yukon values survey results into its choice of supply

public options.

Round 3 e  Portfolio analysis e  Purpose was to share best combinations of supply
e Action Plan options to meet both energy and capacity needs

Jan. 30 — Feb. 16, 2017 e Key learnings under various scenarios and present the key

Meetings with Yukon learnings of the process.

public

YEC's public presentation for Round 1 was recorded and posted on YouTube for those who could not
attend the sessions. https://www.youtube.com/watch?v=f7j4NZaXVIQ

3.5 Engagement Methods

Considering the complexity of the Plan, as well as the diverse interests of First Nations and the general
public, YEC employed multiple methods in each phase of the resource plan to inform and engage
Yukoners. Those methods included:

Electricity Values Survey;

Meetings with First Nations, the general public and Technical Advisory Committee;

Mailers to all Yukon households;

Information sheets provided at the public meetings as take home material;

Newspaper infomercials that provided electricity literacy;

Newspaper and radio ads notifying Yukoners about public meetings;

Discussion paper used with six classes of F. H. Collins High School students to introduce the idea
of resource planning;

Posters displayed at various public locations in Dawson, Mayo, Haines Junction, Carcross, Faro,
and Teslin notifying Yukoners about public meetings;

E-invite notification to Yukoners, including First Nations, about public meetings;

Social media (YEC blog, Facebook, LinkedIn);

Resource planning website: regular updates on resource planning work, notification of public
meetings, and two-way conversations with Yukoners sharing information, ideas and opinions;
Electricity Values Survey to gather Yukoners values related to electricity;

Maps showing potential energy projects by Yukon First Nations’ traditional territories;

Briefings to political parties and government representatives; and

Draft Resource Plan offering the public an additional opportunity to provide feedback before the
final resource plan document was made public.

The details on the communication methods and engagement goals associated with each phase of the
engagement process are presented in Appendix 3.2.

3.6 Engagement Conclusions

YEC recorded all the input from First Nations, the Technical Advisory Committee, and the public
throughout each engagement phase. Table 3-4 summarizes details of the public input, YEC's immediate
response, and how the input has been reflected in the 2016 Resource Plan, with a reference to the
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specific chapter where each issue is addressed. As presented in Table 3-4 while YEC received broad range
of comments throughout the resource planning process, the following viewpoints were commonly
expressed during the engagement process:

Members of the public commented that YEC had completed a thorough job in preparing the
2016 Resource Plan and that they appreciated the fact that most of this work was completed in-
house as opposed by outside consultants;

Yukoners said they learned a lot and now feel they have a better understanding of the challenges
faced by those doing the resource planning;

First Nations governments expressed appreciation at having received information at regular
intervals about the resource planning work, and appreciated the sensitivity shown by YEC to
potential projects within First Nation traditional territories;

When considering new energy options, environmental protection is most valued by Yukoners,
followed by cost, reliability, and social responsibility;

Pollution of land, water, air is of greatest concern to Yukoners. Wildlife projection is close
second, closely followed by GHG emissions in third place;

There is high support for energy conservation/efficiency measures;

While the Electricity Values Survey indicated low support for the use of thermal resources, most
Yukoners understood why YEC is proposing thermal for back-up (capacity);

Yukon electricity bills are affordable, although not necessarily reasonable;

Yukoners would support higher rates to protect the environment; but not necessarily to connect
mines;

Yukoners are pleased that under the Action Plan proposed by YEC, between 92 — 99 percent of
the average annual power produced would be renewable;

Yukoners are supportive of the Social Cost of Carbon being included in the evaluation of resource
projects;

Several smaller energy projects are preferred over one large energy project;

There is interest in energy self-sufficiency among a number of rural Yukon communities;

There is broad interest in a variety of energy technologies;

There appears to be strong support for wind and solar resources;

It is important to diversify the sources of energy and not just rely on hydro and thermal; and
YEC should pursue Time of Use Rates and smart meter/grid technology.

YEC 2016 Resource Plan —Chapter 3 3-9



Table 3-4: Summary of Yukoner’s Input to 2016 Resource Plan: Sep 2015 — Mar 2017

Note: In speaking with Yukon First Nations in the fall of 2015 regarding how they wished to be involved in the resource planning work, YEC was asked to engage with them as governments, potential energy partners, and members of the Yukon
public. There was a desire that YEC not single out First Nation citizens for separate engagement, but include them with all other members of the Yukon public. To this end, most of the First Nation comments recorded in this summary are shown
in the ‘Public’ section. Only if it was clear to YEC that the comment/question was coming from a First Nation government or development corporation representative was the input recorded in the ‘First Nation’ category.

Sept. 2015 - Preliminary Engagement (Discussions with First Nations) Topic: Approach

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

First Nations

YEC approached and met with the Chair of the Council of Yukon First
Nations, along with several chiefs, to seek input about the
engagement process for the 2016 Resource Plan. Key take-away was
that First Nations should be engaged at three levels: as governments,
potential business partners/investors/IPPs, and as members of the
Yukon public.

We will process with our engagement based on this premise.

First Nation governments were kept updated throughout the process
and their options sought on various issues.

A First Nation representative was chosen by the Council of Yukon First
Nations to sit on our Technical Advisory Committee for this project.
First Nation citizens were notified about the public meetings that took
place throughout this process.

Maps were prepared and shared with First Nations and the public that
showed all potential projects, sorted by traditional territory.

Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Climate Change

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

Yukon will need to change as a result of the Paris conference and the
new federal government’s priorities regarding climate change. Will YEC
run scenarios that consider policies that do not current exist but will
likely be created as a result of the Paris conference?

Has YEC considered the cost of carbon when doing the load forecast?

Does the load forecast take into account environmental refugees from
global warming?

We will certainly consider this.

We are looking at this as part of the portfolio analysis.

The model does not consider climate change refugees within the
population forecast. The model uses migration to fill the gap that can’t
be met by the local labour force

YEC considered energy portfolios with and without the social cost of
carbon, as presented in Chapter 8.

YEC considered energy portfolios with and without the social cost of
carbon, as presented in Chapter 8.

At this moment in time, the issue of environmental refugees could not
be forecast with sufficient accuracy. If it becomes more imminent it
will be reflected in the updated load forecast and future resource
plans.

First Nations

Technical
Advisory
Committee

YEC should take into account that people may move here as
environmental refugees.

Did YEC consider a carbon tax in its calculations?

The model does not consider climate change refugees within the
population forecast. The model uses migration to fill the gap that can’t
be met by the local labour force.

YEC is looking at including a social cost of carbon as part of the
portfolio analysis.

At this moment in time, the issue of environmental refugees could not
be forecast with sufficient accuracy. If it becomes more imminent it
will be reflected in the updated load forecast and future resource
plans.

The social cost of carbon was considered in the portfolio analysis, as
presented in Chapter 8.
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Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Government Policy

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

Could you run a scenario where you have been instructed by
government to reduce your fossil fuel use by 20 percent: what would
that look like?

Could YEC create portfolios that assume different policy i.e. COP GHG
reduction commitments?

Who sets direction — YEC or Yukon government?

We can see if this is possible.

YEC will analyze the impact of the social cost of carbon as part of the
portfolio analysis

YEC must follow government’s framework (i.e. Energy Strategy, etc.)
but government does not tell us on a day to day basis what to do.

YEC presented both mixed portfolio that consisted of renewable and
thermal resources, and one with no new thermal resources in the
future, as presented in Chapter 8.

The social cost of carbon was considered in the portfolio analysis, as
presented in Chapter 8.

The 2016 Resource Plan was prepared without specific direction from
the Yukon government, although YEC abided by direction set out in
the Energy Strategy and existing government energy policies, as
presented in Chapter 1.

First Nations

Technical
Advisory
Committee

How much is the load forecast/resource plan trying to predict future
government policy?

It is important for government policy to address bringing forward a
plan that is best for Yukon and not necessarily the cheapest possible
option.

Only those policies that have been announced for the near term, such
as the Independent Power Production (IPP) Policy will be addressed. It
is very difficult to predict future policies. Energy allocation will be
made for the IPP Standing Offer Program. In addition, some of the
future resource options might be developed by IPP.

This plan looks at not just financial, but also technical, environmental,
socio-economic, plus will incorporate what we learn through the
values survey.

The portfolio analysis included the Standing Offer Program as a part of
the Yukon Government’s Independent Power Producer Policy as
presented in Chapter 4.

The resource plan did not consider just the costs. The objective of the
plan was to provide cost effective solutions that are environmentally
friendly and socially acceptable.

Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Mining

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

You should consider planning for a longer period of time (60 years) to
better capture fluctuations in the mining industry.

How are mining rates set? Who sets rates?

Mines suck up all the available power. Could they not be forced to
generate their own power? | don’t want to subsidize the mines

The mandate of our resource plan is to consider the loads over the
next 20 years. The load forecast accuracy is reduced for longer forecast
periods. The resource plan is not a static document. It gets updated
every five years to reflect changing conditions/loads.

Mining rates are set based on the cost of service. Two utilities present
Yukon Utilities Board with a proposal and the YUB sets/approves rates.

It is always a balancing act: we have an obligation to serve, but that
can’t mean substantial increases for other ratepayers.

The 2016 Resource Plan considered a 20-year planning period, which
is a typical planning horizon considered in the industry.

Setting up electricity rates is outside the scope of the resource plan

The 2016 Resource Plan considered connecting some mines to the
grid, as presented in Chapter 4. The objective of this resource plan is
to provide cost effective resources for all our customers, including
industrial ones.

First Nations

It is important to service mining loads with renewably produced
electricity to reduce GHG emissions.

The portfolio analysis will provide answers about how much energy
will be needed at what point in time to meet potential mining loads.
Considering the competitive price of renewable energy, it is expected

The portfolio analysis answered the questions about how much
energy will be needed at what point in time to meet potential mining
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Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Technical
Advisory
Committee

that the mining load will be met in large part at least by renewable
resources.

loads. The portfolios are strongly weighted towards the use of
renewable resources, as presented in Chapter 8.

Consider a boom and bust cycle in mining activity as part of the load
scenarios.

Use the medium mining scenario for base case.

Would YEC proactively build infrastructure to serve a mine?

We will do that.

We will do that.

YEC would not build new generating assets with an expectation that a
mine may or may not come online.

The resource plan considered this industrial activity scenario, and the
associated load was presented in Chapter 4.

The medium mining scenario was used for the base case in the
resource plan, as presented in Chapter 8.

The resource plan does not advocate building any new generating
assets assuming a mine may come online.

Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Fuel Switching (home heating)

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

YEC should include wood heat when looking at home heating. Many
homes might switch from furnace oil or propane to a renewable
source.

You should include a question on your survey about what people are
currently using to heat their homes and if they would be willing to
switch to electric.

If | switch to electric heat to try to get off fossil fuel, | am penalized by
having to pay Tier 2 and 3 rates. Not fair.

There don’t seem to be very many incentives to build SuperGreen or
energy efficient housing.

YEC’s mandate is to provide electricity. Space heating is not part of our
mandate.

We will consider this.

Thank you for your comment. Rate design is not something we can
address in our resource plan.

The Yukon government can provide details about their programs.

The resource plan focused on providing electricity. It did not consider
options for space heating. YEC did analyze the fuel switching for space
heating from oil/propane/biomass to electricity and concluded that

there was not business case for the switch, as presented in Chapter 4.

This question was included in the Electricity Values Survey.

The issue of rate design is out of scope for the resource plan

This resource plan addressed energy conservation and efficiencies
through Demand Side Management, as discussed in Chapter 5.

First Nations

Technical
Advisory
Committee

There seems to be a trend to switch to propane from oil, but not a lot
to electric.

Overall the group can accept a sensitivity scenario of 10 percent of
older homes switching to electric.

YEC conducted a study to estimate fuel switching in space heat.
Electricity was more expensive than the fossil fuels even when the
social cost of carbon was considered. Electricity was more expensive
than the fossil fuels even when the social cost of carbon was
considered. A sensitivity analysis showed that the impact on load
forecast would not be significant even if 10 percent of existing homes
would switch from fossil fuels to electricity for space heating.

Thank you for the feedback

As part of the work on the resource plan, YEC conducted a study to
estimate fuel switching in space heating. Results showed there would
be very little impact on load over the next 20 years, since there was
no business case for switching, as presented in Chapter 4.

The load forecast reflected the fact that there would likely be only a
small percentage of Yukoners in older homes switching to electric
heat as presented in Chapter 4.
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Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Attributes and Values Survey

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

Will the survey ask about technical and financial attributes?

The survey will focus more on environmental and social attributes,
although there will be some questions about affordability of power.

The Electricity Values Survey and its results are included as an
appendix to the resource plan as a part of Chapter 3.

You should consider an attribute that talks about whether a project
would have a direct or indirect impact on settlement lands (later
clarified to say an attribute not necessary but this is something that
should be considered when choosing energy options).

We will do that.

First Nation land was one of the attributes considered in evaluating
energy options as presented in Chapter 5.

First Nations

I am concerned the survey was developed without input from First
Nations and communities.

I am concerned the phone survey will only allow people with phones
to give their views. What about people without phones?

The Bureau of Statistics will use a stratified random sample that
represents one-third of total eligible Yukon household, both in
Whitehorse and the communities, and both First Nation and non-First
Nation.

Bureau of Statistics says there is a very low number of people who
don’t have phones, but we will talk to the Bureau about how they
handle this when they do other surveys

The Electricity Values Survey included as a part of the resource plan
used standard practices to ensure representative and unbiased data.
It targeted one-third of Yukon households, as presented in Chapter 3.

The Bureau of Statistics assured YEC that it was able to contact
enough people who had phones to ensure representative and
unbiased data.

Technical
Advisory
Committee

You should consider upstream GHG emissions from fuel sources in
your attributes.

Consider instream flow requirements of a particular river.

Be aware and cautious of the fact we have more information on some
areas or technologies than others.

How do you measure public perception as compared to reality? The
public may perceive one project to be very unsafe and not perceive

another project to have any safety concerns, while both projects are
assessed to be equally as safe.

| would appreciate reviewing the questions to determine if the
community stewards are recognized and valued. *Note that this
question came after the survey was completed.

We can do that, at least for fossil fuels.

We agree this would be a good idea.

Yes, we are aware of this.

This has been addressed in the environmental, social and economic
attribute evaluation of the resource options.

The Electricity Values Survey was completed earlier this year after
input from Yukon stakeholders.

YEC conducted a full life cycle analysis for GHG emissions for all
resource options, as presented in Chapter 5.

Before any resources suggested in the resource plan are further
developed, more analysis would need to be completed to confirm
resource attributes.

Before any resources suggested in the resource plan are further
developed, more analysis would need to be completed to confirm
resource attributes.

This was addressed in the environmental, social and economic
attribute evaluation of resource options as presented in Chapter 5.

The Electricity Values Survey used standard survey practices to ensure
representative and unbiased data.

Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Specific Energy Options

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

Micro-hydro and small resource options best. They are less expensive,
and might have a better chance of being permitted.

YEC did a broad inventory of all resource options.

For this resource plan, YEC did a broad inventory of all resource
options as presented in Chapter 5.
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Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Specific Energy Options

Question/Comment Response How this is reflected in the 2016 Resource Plan
e  You should consider what each community might be able to generate e A number of the possible resource options are in or near rural Yukon e Many of the considered resource options are located in communities.
(small projects instead of one big project). communities. This resource plan considered economies of scale to provide

affordable and reliable power, while meeting social and
environmental requirements.

e Did you consider connecting to the grid in either Alaska or B.C.? e Yes, part of our research included the cost of connecting to other e The transmission options were considered and evaluated as presented
grids. in Chapter 5.
e Did you consider extending the transmission line to Destruction Bay? e Yes, we looked at that. e This transmission option was considered and evaluated as presented
in Chapter 5.
e | agree with small scale nuclear, and small and medium scale hydro. As e  We looked at small hydro and storage projects. We did not look at e This resource plan considers only commercially available resource that
well, the hydro storage capacity of the Southern Lakes should be nuclear because there are no nuclear options available on the current meet technical requirements in terms of energy and capacity. At this
optimized. market that would meet our needs. point in time there are no small commercially available nuclear

options available to meet YEC's requirements.

e  Priorities should include a large scale hydro project, exploring small e We looked at small hydro and grid connections. We did not look at e This resource plan considered only commercially available resource
scale nuclear options, a connection to the (North American) grid i.e. a nuclear because there are no viable nuclear options available that that meet technical requirements in terms of energy and capacity.
line south where we can both sell electricity and have redundancy would meet our needs. Large hydro was considered at by the Yukon Development
when our systems fail. Possibly a line to Skagway/Juneau to sell Corporation through its Next Generation Hydro project.

electricity as well.

e If people want solar and wind they should have to install it themselves e Thank you for your comment. e Wind and solar were both considered as resource options as
and cover their costs, without government subsidies. Don’t make the presented in Chapter 5.
rest of us pay for it.

First Nations e Wind! We have a lot of wind here in Yukon. e We considered wind in our research. e  Wind was considered for this plan as presented in Chapter 5.

Technical
Advisory
Committee

Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Time of Use/Smart Meters

Question/Comment Response How this is reflected in the 2016 Resource Plan

e How do we get time of use rates and who sets the price? e  Utilities would go to the Yukon Utilities Board (YUB) with proposal, and e The resource plan does not address time of use rates.
YUB would set/approve rates. A time of use rate and smart meter
study is planned with ATCO in 2017.

Public

e  YEC should be planning for smart meters. e  We plan to work with ATCO in 2017 on a time of use rate and smart e The resource plan does not address time of use rates.
meter study.
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Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Time of Use/Smart Meters

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

We don’t want smart meters.
We need a smart grid so we can shave peaks.

Smart meters are a waste of money for residential customers. It would
be far simpler to turn off hot water heaters with simple 'smart-timers'
during peak demand periods like many utilities have been doing for
decades. Those customers who opted into the program could be
exempt from any 'fuel riders' on their bills, or other incentives could be
provided.

Thank you for your comment.
A time of use rate and smart meter study is planned in 2017.

Thank you for your comments.

The resource plan does not address time of use rates.
The resource plan does not address time of use rates.

The resource plan does not address time of use rates or smart meters.

Oct. 2015 to May 2016 - Round 1 Engagement (Load Forecast) Topic: Miscellaneous Comments

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

The informal interview style of presentation at the public meetings
was interesting and informative.

Happy to see the resource plan being completed in-house instead of
by an outside consultant.

YEC doesn’t appear to be aggressively looking for load.

Thank you for the feedback.

Thank you.

YEC would like to grow the business, but it is difficult to encourage
people to do things that don’t have a business case (i.e. switching from
furnace oil to electric).

Chapter 3 of the resource plan outlines engagement methods and
timing.

As much of the resource plan as possible was prepared in-house.

The purpose of the resource plan was to develop a plan to meet
current and future loads, as opposed to looking for load.

First Nations

There is a working group in Teslin (Teslin Tlingit Council, Municipality,
Energy Solutions Centre, etc.) currently working on an Energy Strategy.
We should be working together so we don’t duplicate the work. Would
be nice if YEC were more involved in this initiative.

YEC is happy to share all the studies we have been completed and
provide whatever support we can.

This resource plan has been shared publicly for all to read and use.

Technical
Advisory
Committee

June to Nov. 2016 - Round 2 Engagement (Energy Options) Topic: Climate Change

Question/Comment

Response

How this is reflected in the 2016 Resource Plan

Public

First Nations

Regarding the life cycle analysis for GHG emissions for the energy
options, why did you not consider downstream effects?

The contributions were less than one percent so were not considered
significant enough to be included for further analysis. Operation
emissions were considered however.

As part of