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Glossary

Baseline Year: the starting year for energy or emissions inventory and projections.
Biogas (renewable natural gas): methane captured from bacterial decomposition of sewage, manure,
waste, plant crops, or other organic waste products. It can be used as a natural gas replacement.
Building retrofit: changes to the structure or systems of an existing building to achieve energy and
water consumption reductions.
Bus rapid transit: a bus system that aims to combine the capacity and speed of a subway system with
the lower cost and flexibility of a bus system. BRT systems often have dedicated right of ways.
Business-as-usual (BAU): a scenario illustrating energy use and greenhouse gas emissions if no
additional plans, policies, programs, and projects are implemented.
Capacity factor: the ratio of a power plant’s actual output over a period of time to its potential output
if it were possible to operate continuously at peak capacity over the same period of time.
Carbon dioxide equivalent (CO2e): a measure for describing the global warming potential of a
greenhouse gas using the equivalent amount or concentration of carbon dioxide (CO2) as a reference.
CO2e is commonly expressed as million metric tonnes of carbon dioxide equivalent (MtCO2e).
Cogeneration: the simultaneous production of two or more useful forms of energy from a single
device, typically electricity and useful heat. Also known as combined heat and power (CHP).
Cooling degree days (CDD): the number of degrees that a day’s average temperature is above 18oC,
requiring cooling.
Corollary benefits (co-benefits): benefits that are additional to the primary objective (e.g. to energy
efficiency and emissions reductions).
Deep Energy Retrofit: a whole-building analysis and construction process minimizing building energy
use by 50% or more compared to the baseline energy use.
Distributed generation: technologies that generate electricity near the point of consumption through
solar photovoltaic (PV) systems, combined heat and power (CHP), and/or other technologies.
District energy systems: provision of heating and/or cooling to multiple buildings from centralized
energy systems.
Emissions: In this report, the term ‘emissions’ refers exclusively to greenhouse gas emissions, measured
in grams, kilograms, or metric tonnes (CO2e), unless otherwise indicated.
Emissions intensity: the ratio of emissions released per unit of electricity generated, measured in
grams carbon dioxide equivalent per kilowatt hour (gCO2e/kWh).
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Energy efficiency improvement: an improvement in the ratio of energy consumed to the output
produced or service performed. This improvement results in the delivery of more services for the same
energy inputs or the same level of services from less energy input.
Electric vehicles (EVs): an umbrella term describing a variety of vehicle types that use electricity
as their primary fuel source for propulsion or as a means to improve the efficiency of a conventional
internal combustion engine.
Energy storage: technologies that store energy for consumption at a later time. Energy storage
includes electric systems such as batteries as well as thermal systems such as hot and cold water storage
tanks.
Fugitive emissions: emissions from escaping fossil fuel vapors during their transportation and
distribution.
Geoexchange energy: low temperature thermal energy collected from soil and water near the Earth’s
surface by heat pumps for use in building heating.
Geothermal energy: high temperature thermal energy collected from deep in the Earth for use in
building heating, electricity generation, and/or industrial applications.
Green bonds: bonds whose proceeds are issued to climate-related projects, such as public transit
expansions or low carbon infrastructure.
Green revolving funds: pools of money used to finance emissions reductions projects, whereby
resulting savings are paid back and re-loaned for other emissions reductions projects.
Greenhouse gases (GHG): gases that trap heat in the atmosphere by absorbing and emitting solar
radiation, causing a greenhouse effect that unnaturally warms the atmosphere. The main GHGs are water
vapor, carbon dioxide, methane, nitrous oxide, and ozone.
Heat pump: a device that transfers heat energy from a source of heat to a target area using mechanical
energy.
Heating Degrees Days (HDD): number of degrees that a day’s average temperature is below 18oC,
requiring heating.
HVAC: heating, ventilation and air conditioning systems, referred to in the context of a building.
Indicator: an observable or measurable result that shows evidence of whether an impact has occurred
and the nature of that impact. It provides a metric by which one can quantify and define the scale of a
resulting change.
Marginal abatement cost (MAC): an action’s or policy’s economic co-benefits (costs or savings)
compared to its potential GHG reduction (dollar spent/saved per tonne CO2e reduced).
On-bill financing: a type of loan for building efficiency upgrades that is repaid over time via additional
utility bill charges.
PACE (property assessed clean energy) programs: a means of financing efficiency and renewable
vi

energy upgrades in buildings. Municipal governments may issue bonds to investors or lenders for
the financing of retrofits, and loans for retrofits are then repaid through an annual assessment of the
property tax bill. As such, the loans become linked to the property rather than the individual borrower.
Passive House buildings: buildings designed and constructed to stringent standards resulting in up to
90% increased energy efficiency as compared to a typical buildings’ energy use.
Re-commissioning: a process of examining and optimizing a building’s HVAC systems after a building
has been fully operational for a period of time.
Renewable energy: energy that comes from resources that are naturally replenished on a human
timescale, such as sunlight, wind, moving water, geothermal heat, and biomass.
Solar photovoltaic (PV): also known as solar electric systems or solar panels, these are systems that
convert sunlight into electricity. Any excess electricity produced that a building does not use can be sold
to the utility through a process called net-metering.
Vehicle kilometres travelled (VKT): distance traveled by vehicles within a defined region over a
specified time period.

Units

Energy
1 MWh = 1,000 kWh
1 MWh = 3.6 GJ
1 GJ = 278 kWh
1 GJ = 1,000,000 J
1 MJ = 0.001 GJ
1 TJ = 1,000 GJ
1 PJ = 1,000,000 GJ

Greenhouse Gas Emissions
1 ktCO2e = 1,000 tCO2e
1 tCO2e = 1,000 kgCO2e
1 kgCO2e = 1,000 gCO2e
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Banff ’s Energy and Emissions
by the Numbers
% change
over 2016
Population, 20161
Population, 20501
New dwellings, 2016-20501
Estimated new municipal, commercial, and
institutional floor space, 2016-20502

9,511
13,546

+42%

890

+45%

9,820 m2

+1.4%

2016 emissions (baseline year)

425,000 tCO2e

2050 emissions – Business as Usual Scenario
2050 emissions – Roadmap Scenario

292,000 tCO2e
71,900 tCO2e

2016 per capita emissions3
2050 emissions per capita – BAU Scenario
2050 emissions per capita – Roadmap Scenario

45 tCO2e/person
22 tCO2e/person
5 tCO2e/person

2016 total community energy consumption

5,161,772 GJ

2050 total community energy consumption – BAU Scenario
2050 total community energy consumption – Roadmap Scenario

4,055,148 GJ
1,545,076 GJ

2016 total annual energy costs

$152.5M

2050 total annual energy costs – BAU Scenario
2050 total annual energy costs – Roadmap Scenario

$145.8M
$61.5M

Person-years of employment generated by Roadmap, 2020-2050

-31%
-83%

-51%
-89%

-21%
-70%

-4.4%
-60%

2,300

1 Based on 2016 Federal census data, adjusted to accommodate more detailed data from the 2014 and 2017 municipal censuses.
2 Does not exceed existing commercial floor space development cap.
3 The 2016 national average per capita emissions was 19.5 tCO2e. Government of Canada Greenhouse Gases Sources and
Sinks Executive Summary 2019, graph ES-4: https://www.canada.ca/en/environment-climate-change/services/climate-change/
greenhouse-gas-emissions/sources-sinks-executive-summary-2019.html
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Emissions Reductions by
Roadmap Action
#
1
2
3
4
5
6
7, 8
9-12
13a
13b
13c, 14
15
16
17a
17b
18, 19
20
21-23
24
25
26a
26b
27
28
29
30

Action
New home efficiency
New non-residential building efficiency
Residential retrofits
Non-residential building retrofits
Municipal building retrofits
Recommissioning
Biogas and wood waste cogeneration
Gas cogeneration
Residential solar PV
Commercial solar PV
Parking lot and facilities solar PV
Micro wind
WWTP heat recovery
Home heat pumps
Non-residential building heat pumps
Renewable electricity storage and procurement
RNG procurement
Enhanced transit
Electrify transit
Electrify Town fleet
Electrify local vehicles
Electrify visitor vehicles
Electrify commercial vehicles
Create a carshare
Congestion charge/ Car-free zones
Cycling & walking programs
Total

ktCO2e removed ktCO2e removed
in 2050
2020-2050
0.56
8.16
0.25
8.59
8.01
88.72
19.04
213.96
2.59
67.89
2.43
47.11
11.52
340.98
16.43
467.72
0.48
8.67
3.79
68.08
3.19
124.78
0.52
19.16
0.20
6.25
0.75
9.23
11.41
173.20
15.89
362.32
9.99
193.42
27.92
480.10
0.00
1.02
0.00
0.06
4.24
78.36
64.31
1,303.74
7.83
160.51
1.25
22.75
5.33
196.70
2.35
72.00
220.28
4,523.50
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Executive Summary

In January 2019, Banff Council adopted a new Environmental Master Plan (EMP) that includes a target of
community-wide greenhouse gas (GHG) emissions reductions of 80% of 2005 levels by 2050. This is to
be achieved primarily via a sustained transition to renewable energy (100% of energy demand is met by
renewable energy supply by 2050). The Renewable Energy Transition Roadmap is a long-term technical
blueprint that provides pathways to achieving these ambitious goals.
The Roadmap is also a climate action plan – the first developed for the Banff community since 2003. The
cornerstone of the plan is a comprehensive GHG emissions inventory for the community that uses 2016
as a reference year. From this reference year, two scenarios were modelled to the year 2050, based on
assumptions for population, land use, technology uptake, and a variety of external factors. The scenarios
include: 1) business-as-usual (BAU), which describes the community’s emissions trajectory assuming
no new emissions reduction efforts are undertaken, and 2) low-carbon (the ‘Roadmap’ proper) which
documents the emissions impact of an ambitious suite of 30 actions. These actions are grouped into four
broad categories:
A.
B.
C.
D.

Energy efficient buildings
Local low-carbon energy
Importing renewable energy
Low-carbon transportation

Each scenario was modelled using CityInSight, a sophisticated software tool built specifically for
forecasting long-term energy and emissions trends for municipalities, and estimating the cost of
implementation. The Roadmap describes the proposed actions in detail, summarizes the modelling
results, and makes recommendations for implementation/next steps.
The Roadmap achieves deep emissions reductions in line with international objectives.
In the BAU scenario, modelling indicates that Banff’s emissions will fall from 425,000 tCO2e in 2016
to 292,000 tCO2e in 2050 – a 31% decrease. This is due to Banff’s slow growth rate/fixed footprint,
combined with external factors such as Alberta’s anticipated phase-out of coal-fired electricity, a steady
uptake of electric vehicles, and reduced heating demands due to a warming climate. However, only the
Roadmap scenario achieves the deep emissions reductions that are needed to achieve Paris Agreement
and Banff EMP targets. With full implementation of all proposed actions, the Roadmap reduces
community emissions to 71,900 tCO2e by 2050 – an 83% decline (Figure A).
The Roadmap is about more than renewable energy. To achieve the steep emissions reductions
forecast in the Roadmap, a dramatic expansion of the community’s renewable/low-carbon energy
supply is needed (2,500% increase). However, a major reduction in energy demand is also essential (71%
decrease, Figure B), and in fact has a much larger impact on emissions (Figure A). This demand reduction
depends mainly on a full transition to electric vehicles, a significant expansion of public transit services,
and major improvements to the energy efficiency of buildings. Crucially, reducing demand allows for
renewable energy to make up a larger fraction of the total energy supply. In 2016, renewables provided
less than 1% of the community’s energy. The Roadmap sees this increase to 54% by 2050.
The Roadmap reaches far beyond the Banff town site. Renewable energy opportunities in Banff
are limited by the community’s fixed footprint, the geographical limitations of the Bow Valley, and the
development constraints inherent to being a national park community. Banff must find solutions for
xi

importing clean energy from outside Banff National Park, while using that energy as efficiently as possible.
External political and economic forces will also play a role. Provincial and federal policies will drive
building code improvements, which influence the feasibility and cost of low-carbon buildings and retrofits
to existing buildings. International market forces and private sector innovation will influence the pace of
electric vehicle adoption in both private
public transportation
applications.
Totaland
Emissions,
2016 and
2050

2050
72,000 tCO2e

2016
425,000 tCO2e

0% Cogeneration
2% Fugitive
4% Waste
3% Institutional

25% Commercial

Emissions (tCO2e)

-105,000 t
1% Municipal
9% Residential

51% Visitor Transportation

-179,000 t
-35,000 t
-34,000 t

7% Local Transportation
Energy Efficient Transit, EVs, &
Buildings
Fuel Efficiency

Increased
Renewable
Renewable
Electricity and
Energy Supply Renewable
and District
Natural Gas
Energy
Procurement

1% Cogeneration
3% Fugitive
7% Waste
3% Institutional
27% Commercial
1% Municipal
16% Residential
36% Visitor Transportation
6% Local Transportation

Figure A. Emissions reductions from 2016-2050, Roadmap implementation, by category.
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Renewable Energy (GJ)

Total Energy Use, 2016 and 2050

2050
1.47 million GJ

2016
5.16 million GJ

+474,000 GJ

681,000 GJ
9% Biogas & DE

+202,000 GJ
>1% Renewable Electricity
4% Other Fossil Fuels

39% Renewable Electricity

27,000 GJ

4% Other Fossil Fuel
30% Fossil Fuel Electricity

7% Diesel

25% Natural Gas

-583,000 GJ
786,000 GJ
-228,000 GJ

Energy From Fossil Fuels (GJ)

-1,766,000 GJ

59% Gasoline

-1,800,000 GJ

6% Fossil Fuel Electricity

23% Natural Gas

5.16M GJ

Energy Efficient Transit, EVs, &
Buildings
Fuel Efficiency

Increased
Renewable
Renewable
Electricity and
Energy Supply Renewable
and District
Natural Gas
Energy
Procurement

Figure B. Reductions in energy consumption and changes in energy supply from 2016-2050,
Roadmap implementation, by category.
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The Roadmap is a smart investment. High-level financial modelling indicates the cost of
implementing the Roadmap is high – approximately $327 million invested by the community over 30
years. This is more than offset by a projected net cost savings of over $453 million over the same period
(Figure C). These savings are shared among avoided carbon pricing expenses, avoided energy costs, and
avoided operations and maintenance expenditures. The net present value of the Roadmap is projected
to be more than $196 million spread over 30 years, with an internal rate of return of 11.2% (at a 3%
discount rate).
25

Net annual cost

20

Carbon price credit

15

Energy costs

10
5

O&M savings

0

Expenditures

Millions of 2016$

-5
-10
-15
-20
-25
-30
-35
-40
-45
-55

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

-50

Figure C: Summary of annual Roadmap costs (above x-axis) and savings (below x-axis) relative to the
BAU scenario.

Capital investment would be led by the public sector in the first decade, with major investments in public
transit, district energy, and local renewables (primarily solar PV). Investments by the private sector
would increase over time, supported in part by new government policies, upgraded building codes and
building technologies, electric vehicle cost parity, and other financial/economic incentives. The Roadmap
achieves break even around 2030, after which the annual cost savings exceed the annual capital outlay.
The Roadmap is a community effort. The Roadmap was developed with the input of local
stakeholders and subject matter experts. Public consultations on key policies and projects will
occur as implementation progresses. The municipality will play a key role in setting goals, developing
policies, demonstrating the technical and economic viability of green technologies, and celebrating
successes. However, the municipality is responsible for only a small fraction of the community’s energy
consumption. It will be Banff’s residents, visitors, and businesses that truly lead the energy transformation
by choosing low-carbon transportation options, building more efficient buildings, and buying green energy.

xiv

Part 1

Understanding Banff ’s
Energy Challenge
Background, modelling assumptions,
and business-as-usual forecast

1

Why a Roadmap?

The Renewable Energy Transition Roadmap (the ‘Roadmap’) is a rigorous, quantitative exploration of a
future when the Town of Banff could be powered predominantly by renewable and low-carbon energy,
and documents the potential impact of numerous investment and policy actions in support of that goal.
At the heart of the Roadmap is an urgent, global need to reduce greenhouse gas emissions to avoid
the most serious consequences of climate change – and the Town of Banff is a significant greenhouse
gas emitter. In 2016 (the baseline year for this study), the community was responsible for the release
of 425,000 tonnes of greenhouse gas emissions into the atmosphere, of which roughly 96% were byproducts of non-renewable fossil fuel consumption (Figures 1, 2). ‘Banff’s emissions per capita (45 tCO2e/
person) is also more than double the national average (19.5 tCO2e/person), primarily due to the large
quantity of visitor transportation emissions.

100%

0.01%
1.2%
7.2%

2.8%

Percentage of total energy use

90%

Other

80%

Propane

70%
60%

Diesel

59.4%

50%

Gasoline

40%
30%
20%
10%
0%

Local Solar

Grid renewable electricity
0.64%

5.8%
22.9%

Electricity
Natural Gas

2016

Figure 1. Total energy consumption by the Town of Banff community, 2016, by source. Only a tiny
fraction comes from renewable sources (local solar and grid renewable electricity).

2

At the same time, the Rocky Mountain Parks are beginning to experience the effects of a warming
Canadian climate.4,5,6 Climate change knows no borders, and the mitigation of local environmental
pressures alone is no longer sufficient to guarantee preservation of Park ecosystems. To address this
local challenge, a global emissions reduction effort is needed.
The Roadmap is therefore more than an analysis of a hypothetical renewable energy future. It constitutes
the most in-depth climate action plan developed so far for the Banff community. Effective implementation
[and refinement] of this Roadmap is essential as the Banff community continues to lead and inspire as
one of Canada’s environmental leaders.
100%

Percentage of total emissions

90%

2.6%

3.8%
3.7%

80%

Propane
48.5%

60%

20%
10%

Visitor Diesel
Local Diesel

50%

30%

Fugitive
Waste

70%

40%

1.7%
0.9%

0.2%

3.2%
21.7%

Visitor Gasoline
Local Gasoline
Visitor Electricity
Local Electricity

13.8%

0%

Natural Gas

2016
Figure 2. Total greenhouse gas emissions from the Town of Banff community, 2016, by fuel source.
Waste is the only sector whose emissions are not fossil fuel based. Fugitive emissions arise from the
production, processing, and transportation of energy – chiefly natural gas (methane).

4 Climate Atlas of Canada: https://climateatlas.ca/map/canada/plus30_2030_85#grid=856&z=6&lat=50.26&lng=-112.39
5 Batllori, Enric & Parisien, Marc-André & Parks, Sean & Moritz, Max & Miller, Carol. (2017). Potential relocation of climatic
environments suggests high rates of climate displacement within the North American protection network. Global Change
Biology. 23. 10.1111/gcb.13663.
6 Mountain Pine Beetle Management Plan, Jasper National Park. 2016. Parks Canada.

3

We Are Ready

Town of Banff Council’s 2019-2022 Strategic Plan includes ambitious energy and
emissions goals for the community, supported by public feedback received during
development of the Environmental Master Plan in 2018. These goals include an 80%
reduction in greenhouse gas emissions and a transition to 100% renewable energy, both
by 2050. The Roadmap is the first plan to outline an approach to achieving these targets.
The 100% renewable energy movement is expanding rapidly, led mainly by local
governments committed to serious climate action. Much of the current optimism
surrounding climate action is also fueled by the many technological and economic
advancements that have occurred in the clean energy space since the turn of the
century, including:
• Low carbon energy is increasingly sophisticated and affordable - The
cost of solar photovoltaics and wind turbines keeps dropping, making it easier for
households and businesses to generate their own energy. Modern biomass boilers
and gas-fired combined heat and power (CHP) units are robust, efficient, and have
lower life-cycle costs than conventional alternatives.
• Electric vehicle options are expanding rapidly - Consumer confidence in
electric vehicles is growing as ranges increase and better charging options become
commonplace. EV prices continue to decline and more models are becoming
available.
• Energy storage technologies are changing the grid – The cost and energy
density of lithium-ion batteries continues to improve, and new battery technologies
are on the horizon. Electricity storage is now available at scales ranging from
household systems all the way up to giant utility scale projects.
• New heating technologies and infrastructure are evolving rapidly –
Residential heat pumps continue to improve in efficiency and cold-climate models
are now available. District energy is gaining traction as an efficient system for
providing heating and cooling to communities, with the flexibility to integrate a
variety of different energy sources.
• Governments increasingly support low-carbon energy options - Alberta’s
Microgeneration and Small Scale Generation regulations, combined with the
deregulated Alberta electricity market, make it relatively easy to develop and
operate small-scale renewable energy projects.
• Carbon pricing creates new opportunities: As carbon pricing policies
evolve and grow, the impetus and market advantage for investment in low-carbon
solutions is expanding.
• Access to capital is improving: Municipalities and financial institutions are
offering mechanisms that reduce financial barriers to energy retrofits such as
Property Assessed Clean Energy (PACE) programs, on-bill financing, and green
revolving funds/bonds.
This Roadmap leverages many of these opportunities for reducing emissions in Banff,
while embracing their many co-benefits including more comfortable buildings, cleaner air
and water, reduced noise and traffic congestion, and a more livable community overall.
4

A Collaborative Plan

Development of the Roadmap involved engagement with specific stakeholders to help
identify key actions and develop a plan for implementation. Representatives from the
following groups provided valuable input during two (2) workshops and participated in a
variety of informal conversations as the project progressed:
• The Town of Banff

• Bow Valley Developers Association (BOWDA)

• Parks Canada

• Banff & Lake Louise Hospitality Association

• Banff Centre for Arts and Creativity

• Banff & Lake Louise Tourism

• Global Call for Climate Action

• Oxford Properties Inc.

• Energy Futures Lab

• Caribou Properties Inc.

• Biosphere Institute of the Bow Valley

• Borealis GeoPower Inc.

• Bow Valley Hospitality Association

• ATCO

Engagement and consultation with many of these stakeholders will be essential when
implementing the Roadmap to ensure that new projects and policies are fair, effective,
affordable/economic, and generate a net benefit to the community.
A variety of prior municipal planning efforts – many of which have an environmental
focus – have also relied heavily on stakeholder contributions during their development
and implementation (Table 1). These documents have established many of the
community’s long-standing environmental and sustainability goals, and inform the
Roadmap’s overall vision.
Table 1: Related municipal planning & policy efforts, by focus area.

Strategic Documents

•
•
•
•

Transportation Focus

• Transportation Master Plan (2012)
• Trails Master Plan (2015)
• Long-Term Transportation Study (2016)

Waste Focus

• Options for Waste Diversion Targets & Tactics (2018)

Water Focus

• Water Master Plan (2006)
• Water Reduction Strategy

Energy Focus

• Environmental Rebate Program
• Solar Uptake Report for Banff

Buildings Focus

• Environmental Design Standards (Land Use Bylaw Section 8.3.0)
• Municipal Sustainable Building Policy (C106)

Banff National Park Management Plan (Parks Canada, 2010)
Banff Community Plan (2008)
Environmental Master Plan (2018)
2019-2022 Strategic Plan (2019)
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Building the Roadmap
Roadmap Development Phases
The Renewable Energy Transition Roadmap was created in four phases.

Phase 1: 2016 Greenhouse Gas Inventory and Business-As-Usual Scenario

The Roadmap begins in the baseline year of 2016 – a federal census year for which there is complete
demographic, energy, and emissions data. The baseline inventory provides Banff’s current energy
and emissions context, providing a benchmark against which to create emissions reduction targets.
Quantitative forecasting from this baseline year describes Banff’s energy and emissions trends if no
additional policies are introduced between now and the target year of 2050. This is the business-as-usual
scenario (BAU).
Modelling for the 2016 baseline year and the BAU scenario was completed using CityInSight, a
comprehensive energy, emissions, land-use, and finances model developed by SSG and WhatIf?
Technologies Inc. that adheres to the GPC emissions tracking protocol (see sidebar on emissions
tracking, pages 21-22).
The following parties contributed energy/fuel data to help ensure an accurate energy and emissions
baseline for 2016:
Data Type
Municipal Fleet and Buildings Energy Consumption
Detailed Community Natural Gas Consumption
Detailed Community Electricity Consumption
Retail Gasoline & Diesel Sales
Parks Canada Card Lock Gasoline & Diesel Sales
Parks Canada Building Energy Consumption
Banff Springs Hotel Energy Consumption
Banff Springs Hotel Fuel Consumption
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Source
Town of Banff
ATCO Gas Ltd.
Fortis Alberta Inc.
Kent Group Ltd.
Parks Canada
Parks Canada
Fairmont/Oxford Properties
Fairmont/Oxford Properties

Phase 2: Evaluation of Emissions Reduction Actions

Dozens of actions in the energy efficiency, energy generation, and transportation spaces were
considered for the Roadmap, and were reviewed during an Actions Identification Workshop held with
local stakeholders. Study, assessment, and vetting by Town staff, workshop participants, and clean energy
specialists helped narrow down a final slate of actions to model in the low-carbon scenario.
The actions analysis incorporated many new ideas, but also built on the outcomes and recommendations
of previous studies, including:
• Working to the Goal of 100% Renewable Energy (Urban Systems, 2015)
• 100% Renewable Energy – Background, Strategies, Recommendations (internship report, 2017)

Phase 3: Modelling the Low Carbon Scenario (the ‘Roadmap’)

The energy and emissions impacts of each action were modelled from the baseline year (2016) to
the target year (2050) using CityInSight. The Roadmap explores what is needed to achieve emissions
reductions consistent with federal commitments under the Paris Agreement, including a 30% emissions
reduction by 2030 compared to 2005 levels, and an 80% reduction by 2050.
The data available for 2005 were inadequate for building a complete greenhouse gas inventory (the
town’s last community greenhouse gas inventory was completed in 2003 using baseline data from 1998).
For this reason, the Roadmap uses 2016 as the baseline year instead of 2005. In practice, aside from
increased visitor transportation emissions, the community’s emissions do not appear to have increased
noticeably since 2005, so 2016 was deemed appropriate as a reference year.

Phase 4: Developing an Implementation Framework

Supported by the modelling of the Low Carbon Scenario, approaches to actions implementation were
refined by Banff staff, stakeholders, and the consulting team in an Implementation Workshop. The
Implementation Framework provides initial guidance on how the challenges, resources, and next steps
can be managed for each action.
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Choosing a Study Boundary

An accurate GHG inventory requires the selection of a suitable physical boundary that defines what
sources of energy and emissions will be included. This study’s project boundary does not coincide exactly
with Town’s municipal boundary (Figure 3). The numerous Parks Canada sites and hotel/resort properties
located immediately outside the official town boundary are inseparable from the town proper in terms
of employment, tourism activities, transportation systems, water services, waste management, and other
factors. Additionally, these sites all lie ‘behind’ the Town’s permanent traffic counters located on Norquay
Rd and Banff Ave, so including these sites greatly simplifies the transportation modelling aspect of the
study. Although originating outside the study boundary, intercity/visitor transportation emissions are
included in the emissions inventory and modelling.
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Figure 3. Project and emissions scope boundary.
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1
2
3
4
5
6
7

Town Boundary
Project Boundary
Traﬃc counters
Key sites
Cave & Basin National Historic Site
Juniper Hotel
Rocky Mountain Resort
Tunnel Mountain Campgrounds
Rimrock/ Hot Springs/ Gondola
Golf Course
Wastewater Treatment Plant

Tracking Community Emissions
Emissions inventories typically track the three most significant greenhouse gases: carbon
dioxide (CO2), nitrous oxide (N2O), and methane (CH4).These are measured in tonnes
released into the atmosphere and are converted into tonnes of carbon dioxide equivalents
(tCO2e).7

This conversion allows comparison of each gas’ global warming potential (GWP). Some
greenhouse gases trap more heat over longer periods of time than others. GWP compares
the amount of heat trapped by a certain mass of a gas to the amount of heat trapped by
the same mass of carbon dioxide. GWP is expressed as a factor of carbon dioxide, whose
GWP is standardized to 1 (Table 2).The total quantity of emissions (tCO2e) from all gases
in an inventory is calculated by multiplying the emissions masses of each gas by its 20-year
or 100-year global warming potential, and then summing them.
Table 2: Global Warming Potential (GWP) values for key municipal greenhouse gases.

Greenhouse Gas
Carbon Dioxide (CO2)

Lifetime in
Atmosphere
(years)
30-95

GWP value
Over 20 Years

Over 100 Years

1

1

Methane (CH4)

12.4

86

34

Nitrous Oxide (N2O)

121.0

268

298

The Roadmap follows the Global Protocol for Community-Scale Greenhouse Gas Emission
Inventories (GPC Protocol), a consistent global framework describing how municipalities
should estimate and report local greenhouse gas emissions, enabling them to benchmark
emissions trends and reduction progress against their peers. Consistently applied, the
framework also allows the aggregation of municipal emissions inventories for provincial
emissions totals, and provincial aggregations for national-level emissions totals (which the
Federal Government uses to report to the UNFCCC).The GPC defines three ‘scopes’ of
emissions, as illustrated in Figure 4.

7 For more information on GHGs and FCM’s Partners for Climate Protection GHG inventories, refer to
9
www.fcm.ca/Documents/reports/PCP/Developing_Inventories_for_Greenhouse_Gas_Emissions_and_Energy_
Consumption_EN.pdf

Figure 4. GPC emissions scopes as they relate to geographic and inventory boundaries.8

Depending on the availability of data and the scale of investigation, a GPC BASIC or
BASIC+ greenhouse gas inventory may be completed.The Roadmap is based on a GPC
BASIC inventory, which requires modelling of these emissions sources:
• Residential buildings (scope 1, 2)
• Commercial, municipal, and institutional buildings and infrastructure (scope 1, 2)
• Fugitive emissions from upstream oil and natural gas systems (scope 3)
• On-road resident and visitor transportation (scope 1, 2)
• Municipal solid waste collection, processing, and disposal (scope 1, 2, 3)
• All municipal water services including freshwater supply, storm water management,
and wastewater treatment (scope 1, 2, 3)
Notable BASIC inventory exclusions include:
• Regional, national, and international air, rail, and sea transportation (scope 3)
• Emissions from agriculture and fisheries outside the town (scope 3)
• Emissions from manufacturing and industrial activity outside of the town (scope 3)
BASIC+ inventories are suitable for large cities that are more economically diverse, or for
provincial/national emissions reporting efforts.

8 Image source: Consumption-Based Inventories of C40 Cities.
https://www.c40.org/researches/consumption-based-emissions
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Modelling Assumptions
Overview/Summary

The Business-as-usual and Roadmap scenarios in this study are supported by a variety of assumptions
about long-term population and tourism growth, technology adoption rates, evolving provincial and
federal policies, and other factors that are difficult to forecast with confidence. Many of these are not
under the Town’s control, and yet strongly influence the Town’s ability to adopt new energy sources
and reduce emissions. The basic assumptions built into the Roadmap are summarized in Table 3 and are
discussed further below and later in the report.
Table 3: Key modelling assumptions.
2016
Population (1% growth/year)
Residential building area per person
Building area (BAU and Roadmap)
Residential
Municipal
Non-Residential
Commercial/Hospitality
Institutional

2050

Units

9,511
60.8
578,229
25,690
249,972
333,456
81,330
New construction is 10% more efficient
every 5 years beginning in 2020.

BAU average building efficiency
Transportation mode share (BAU only)
v

13,546
54.6

people
m2/person

739,232
25,690
249,972
343,276
81,330

m2
m2
m2
m2
m2
%/year

t

w

b

v

t

w

b

Internal trips

45

6

42

7

45

6

42

7

External outbound trips

100

-

-

-

100

-

-

-

External inbound trips

100

-

-

-

100

-

-

-

Electric vehicle uptake rate

%
v = vehicle
t = transit
w = walking
b = bicycling

Gradual increase of plug in hybrid & plain EV
cars & trucks to 10% by 2040.

Waste (BAU and Roadmap)
Diversion rate
70% by 2028
Landfilled
4,093
Recycled
1,696
Biologically treated
2,279
Grid electricity emissions factor** (BAU and Roadmap)
CO2: 942
CH4: 0.06
N2O: 0.02

%/year

7,428
2,733
3,979
CO2: 327
CH4: 0.021
N2O: 0.007

%/year
tonnes
tonnes
tonnes

g/kWh

*Since Banff cannot expand its boundaries, residential building floor area increases are mainly due to building renewal/replacement with an
increase in FAR/GFA. Commercial/hospitality building floor space in 2050 is the maximum allowable. There is no projected increase for
municipal and institutional buildings.
**With the legislated phase out of coal-fired electricity generation, the grid electricity emissions factor will decrease by 2050.
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Demographic Forecasts

Annual Population
2026
2031
Banff is a small town with restrictions on commercial 2016
floor space and2021
overall footprint.
However, current
Residents
9,521
10,049
10,562
11,103
trends indicate a likely increase in population, employment, and housing over the next 30 years by 4,035
people,Day
2,115
jobs, and
890 residential units (Figure
5). These projections
on historical2,679,100
Federal
Visitors
(annual)
1,990,733
2,198,030are based
2,426,520
census Day
data,Visitors
adjusted to reflect the more accurate/complete
municipal
census
data
collected
by
the
Town.
5,454
6,022
6,648
7,340
Multiday Visitors (annual)

3,264,770

3,264,772

3,264,772

3,264,772

As visitor
activities
are responsible for much of the community’s
energy
use and emissions,
Multiday
Visitors
8,945
8,945
8,9459 a visitor-8,945
adjusted
population
was
calculated
for
use
in
modelling.
The
average
visit
length
(2.5
days ) was multiplied
Visitor-adjusted total population
by the number
of
visitors
per
year
and
divided
by
365
(days
per
year).
This
was
then
added to the
(annual)
5,265,024
5,472,850
5,701,853
5,954,975
residential population (Figure 6). The number of hotel beds in town limits the number of overnight
Visitor-adjusted Total Population
23,920
25,015
26,154
27,388
visitors (this is indirectly limited by the commercial floor space cap), thus multi-day visitors are not
Total Visitors (annual)
5,255,503
5,462,802
5,691,292
5,943,872
projected to increase substantially by 2050. Single day visits are projected to double between 2016 and
Total
Visitors
14,399
14,967
15,593
16,285
2050.
16

40
13.5

14

Population
Employment
Households

Figure 5. Forecasted population, employment
and dwelling units, 2016-2050.

8.9

8.9

Visitor-adjusted Total Population
Multiday Visitors
Day Visitors
Residents

Figure 6. Forecasted daily residents, day
visitors, multiday visitors, and visitoradjusted populations, 2016-2050.

9 Alberta Tourism Based Economies: Definition and Revenue Sources. Brunnen Policy and Research, 2011.
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33.4

35

Transportation Forecasts and Modelling

Transportation emissions were calculated using the Global Protocol’s preferred ‘induced activity’ method,
which includes all trips ‘caused’ by the Town, and thus the trips that it can most likely influence. These
are trips that begin, end, or are fully contained within the Town and Banff National Park. The calculation
method captures the entirety of trips to or from, Calgary and Banff, for example, and assumes 50% of
the emissions from these trips fall under the jurisdiction of the town. This method contrasts from the
geographic method (all emissions from trips within the Town’s boundary, including pass-through), or the
resident activity method (only includes emissions from trips made by residents).
Visitor movements are a primary driver for Banff’s energy demand and emissions. Overnight visitor
adjusted population can greatly exceed the town’s residential population during summer and winter peak
seasons. Figure 7 details the transportation modes used by resident and visitor populations in 2016 and
in 2050 for the BAU scenario.
Air travel emissions involved in travelling to and from Banff through other cities fall under Scope 3
emissions and are outside the scope of this analysis.

100%
90%

7%

4%

7%

14%

4%

9%

9%

9%

9%

14%

80%
70%

42%

42%

Car Share

60%
50%

Bike
6%
82%

40%

100%

6%
82%

91%

100%

91%

100%

91%

100%

91%

Transit
Personal Vehicle

30%
20%

Walk

45%

45%

10%

2016

2050

Internal Trips

2016

2050

2016

Visitor

Resident

Visitor

Resident

Visitor

Resident

Visitor

Resident

Visitor

Resident

Visitor

Resident

0%

2050

External Outbound Trips External Inbound Trips

Figure 7. Resident and multi-day visitor mode share, 2016 and 2050 BAU. Multiday visitor
transportation has multiple modes, however, single day visitor mode share is assumed to be 100%
vehicle trips.
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Modelling the Built Environment

All existing buildings were considered in the energy and emissions modelling analysis. New buildings over
the next 30 years will be primarily residential, with over 161,000 m2 of new and replacement residential
buildings expected (Figure 8). New residences will increasingly be in the form of multi-family housing.
The commercial floor space cap is expected to be reached in the next 2 years, after which it is
assumed that no net new commercial property will be built. There is no expected increase to municipal,
institutional, or other non-residential building type floor areas in the next 30 years. Population and
employment figures were attributed to buildings using data collected in the 2017 municipal census for
each census zone. Figure 9 shows the distribution of Banff’s buildings.
800,000
700,000

Floor area (m2)

600,000
500,000
400,000
300,000
200,000
100,000
0
2016

2050

Residential

2016

2050

Commercial/
Hospitality

2016

2050

Institutional

Figure 8. Floor area by building sector, 2016 and 2050.
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2016

2050

Municipal

Commercial
Municipal
Institutional
Residential

Figure 9. Properties by building type. Commercial designation includes institutional, hospitality, and
other non-residential. Municipal designation includes Parks Canada properties.
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Climate Change Impacts on
Building Energy Consumption
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Banff has been subject to record breaking temperatures (>30oC) from 2015 to 2018 as the effects of
climate change become more acute. Between 2000 and 2009, the average yearly cooling degree days
(CDD) was 1-9 days, while the average heating degree days (HDD) was approximately 6000.
According to its Future Climate (2040-2049) Report,10 the Climate Atlas of Canada anticipates that
these averages will increase to 21 CDD and decrease to 5500 HDD by 2050 due to a warming climate
(Figure 10). Lower HDD reduces building heating needs and therefore natural gas consumption.
Increasing CDD increases the demand for air conditioning, resulting in higher summertime electricity
loads. Overall, the annual energy requirements for indoor temperature control will decrease, given the
greater change in HDDs over CDDs.

Figure 10. Historical and forecasted heating and cooling degree days in Banff, 1950-2050.

10 Climate Atlas of Canada: heating and cooling degree day projections. https://climateatlas.ca/data/city/358/hdd_2060_85
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Alberta’s Electricity Grid

Approximately 8% of Alberta’s electricity is generated using renewable sources including wind, hydro,
biomass, and small contributions from solar photovoltaics. The remaining 92% is produced using coal,
natural gas, and petroleum products (Figure 11), each of which emit large quantities of greenhouse gases.
For this reason, Alberta’s electricity grid has a very high greenhouse gas emissions intensity, measured
in grams of carbon dioxide equivalent per kilowatt hour (gCO2e/kWh). Provinces that rely primarily
on hydroelectric power (i.e. BC,Yukon, Manitoba, Quebec, and Newfoundland and Labrador) have low
emissions intensities. For example, in 2015 Quebec had an emissions intensity of only 1.2 gCO2e/kWh.11
In contrast, Alberta’s current emissions intensity is 942 gCO2e/kWh.12
This presents a significant challenge for reducing emissions from heating and transportation in Banff.
In most jurisdictions, the electrification of heating and transportation loads is a pivotal emissions
reduction strategy. However, in Alberta the grid’s high emissions intensity means that electrification
has little emissions reduction benefit at present. Similarly, existing electrical loads will continue to have
high emissions unless the grid emissions intensity decreases or grid alternatives are found (see options
discussed in Part 2).
Petroleum
3%

Hydro
3% Wind
5%

Coal and Coke
45%

82.4 TWh

Natural Gas
44%

Figure 11. Alberta electricity generation by source.13

11 National Energy Board: Canada’s Renewable Power Landscape 2017 – Energy Market Analysis.
https://www.neb-one.gc.ca/nrg/sttstc/lctrct/rprt/2017cndrnwblpwr/ghgmssn-eng.html
12 City of Edmonton 2019-2030 Civic Operations. City of Edmonton Greenhouse Gas Management Plan. https://www.
edmonton.ca/city_government/documents/PDF/GHGManagementPlan-CityOperations.PDF
13 National Energy Board Provincial and Territorial Profiles – Alberta.
https://www.neb-one.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/ab-eng.html
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Recently, there has been meaningful progress towards decarbonizing Alberta’s electricity grid (Figure 12).
In 2016 the provincial government announced the elimination of coal power generation by 2030. In 2017
and 2018, the Alberta Electric System Operator (AESO) ran three rounds of its Renewable Electricity
Program (REP) through which renewable energy projects competed for approval. Through these
developments, wind and solar are becoming a growing part of the Alberta electricity grid. Renewable
electricity rates are currently between 1.6 cents/kWh and 6.5 cents/kWh, making renewables cost
competitive with any other electricity generation type in the province.
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Figure 12. Alberta electricity grid emissions factor assumed in this study.14 The emissions factor is
held constant after 2031 due to lack of forecasted data.

14 City of Edmonton 2019-2030 Civic Operations. City of Edmonton Greenhouse Gas Management Plan.
https://www.edmonton.ca/city_government/documents/PDF/GHGManagementPlan-CityOperations.PDF
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Business-as-Usual
Energy & Emissions Outcomes

The business-as-usual (BAU) forecast uses the assumptions described above to forecast the energy
and emissions profile of the town through 2050, beginning with the 2016 baseline. The BAU scenario
assumes no new energy and emissions interventions are made, and that energy use increases in step with
population, minus some efficiencies gained through anticipated energy efficiency advances, conservative
assumptions for electric vehicle adoption, and reduced heating needs due to a warming climate.

Total Energy Demand, by Source
Banff’s total community energy use includes all energy used by buildings, transportation, and
infrastructure. It is forecasted to decline by 21% by 2050 (Figure 13) compared to 2016. This is an
unusual trend for Canadian municipalities, and is primarily a result of the town’s fixed footprint and
commercial growth limits, combined with a slow migration to electric vehicles and gradual improvements
in building energy efficiency.
6

5.2

5

4.1

Petajoules

4
3
2
1

2050

2048

2046

2044

2042

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

2018

2016

0

Figure 13. BAU forecasted total community energy use, 2016-2050.

Gasoline (for vehicles) and natural gas (for space and water heating) provide almost 80% of Banff’s
energy (Figure 14). Gasoline use is expected to decline by 2050 as vehicles electrify and/or become
more fuel efficient. Although it is a small portion of total energy use, visitor electricity use increases
substantially due to an increase in visitor electric vehicles. Natural gas consumption is projected to
decrease slightly as declining heating loads (climate warming) outpace the energy demands of a growing
population. Total energy use declines from 5.2 PJ in 2016 to 4.1 PJ by 2050 – a 21.4% decrease primarily
due to a decline in gasoline use.
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Figure 14. BAU forecasted community energy use by energy source, 2016-2050.

Where Energy is Used
Through 2050, the majority of energy is consumed in the visitor transportation and commercial sectors
(Figure 15). While the transportation sectors are expected to see some decline in energy use, the
buildings sectors remain relatively consistent. Energy used in the commercial sector is expected to
decline slightly 5% by 2050. Energy in the visitor transportation sector is expected to decrease by 31%.
Although there is the potential for energy efficiency improvements in all sectors, visitor transportation
and commercial buildings are the greatest opportunities for energy savings.
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Figure 15. BAU forecasted community energy use by sector, 2016-2050.
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How Energy is Used
Figure 16 shows Banff’s energy consumption by end use.Visitor transportation and space heating account
for the majority of energy use in 2016 through 2050. Space heating demands decrease by 7.6%. Growing
resident and visitor populations increase water heating, major appliance, and plug loads energy demands.
Transportation energy consumption decreases due to improved automotive fuel efficiency standards and
an incremental uptake of electric vehicles (which contributes to increased electricity consumption).
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Figure 16. BAU forecasted community energy use by end use, 2016-2050.

Total Emissions, by Source
In 2016, Banff’s energy use in buildings, transportation, and infrastructure resulted in 425 kilotonnes
of (ktCO2e) of emissions. In the BAU scenario, emissions are projected to decrease by 31% from 425
to 292 ktCO2e by 2050 (Figure 17). This is consistent with energy consumption trends, with reduced
consumption of natural gas and gasoline driving the majority of emissions reductions.
In 2016, the highest emitting energy source was visitor gasoline, contributing 49% of total emissions
(Figure 18). Local electricity and natural gas consumption were responsible for 22% and 14% of total
emissions. By 2050, visitor gasoline emissions are forecasted to decrease by 34% due to improved
fuel emissions standards, vehicle fuel efficiency, and EV uptake. Emissions from local electricity use are
forecasted to decline by 60% (mostly due to coal phase out) and those from natural gas use by 6%
(improvements to building energy efficiency).
After 2030, emissions from most energy sources remain relatively constant. The exceptions are gasoline,
whose use in transportation is expected to decline, and visitor electricity use, which increases by 490%
due to EVs drawing power from the grid, which is expected to still depend on fossil fuels.

21

425

450
400

Kilotonnes CO2e

350
300
292

250
200
150
100
50

2050

2048

2046

2044

2042

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

2018

2016

0

Figure 17. BAU forecasted total community emissions, 2016-2050.

Fugitive

450

Waste

400

Propane

350

Fuel Oil

Kiltonees CO2e

300

Visitor Diesel

250

Local Diesel

200

Visitor Gasoline

150

Local Gasoline

100

Visitor Electricity

50

Local Electricity
2050

2048

2046

2044

2042

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

2018

2016

0

Natural Gas

Figure 18. BAU forecasted emissions by energy source, 2016-2050. Fugitive emissions are those
attributable to losses in energy transmission (e.g. natural gas escape).
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Where Emissions are Produced
Commercial buildings and visitor transportation are responsible for most of Banff’s emissions, with 24%
and 58% of total 2016 emissions, respectively (Figure 19). By 2050, emissions are forecast to decrease
in commercial, residential and institutional buildings by 42%, 26%, and 42%, respectively. This is primarily
due to Alberta’s coal-fired electricity phase out which will greatly reduce the emissions intensity of the
grid. Commercial building emissions remain relatively constant after 2030 due to the Town reaching
its commercial development cap in the early 2020s, and the grid emissions intensity remaining largely
unchanged following the coal phase out.
Visitor and local transportation emissions are projected to decrease by 31% and 22%, respectively, due
to increased fuel efficiency, decreased carbon content in fuels, and vehicle electrification. Waste emissions
are projected to scale with population, increasing by 1% by 2050.
450
400
Fugitive

kilotonnes CO2e

350

Waste

300

Municipal Buildings

250

Institutional Buildings

200

Commercial Buildings

150

Residential Buildings

100

Visitor Transportation

50

Local Transportation
2050

2048

2046

2044

2042

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

2018

2016

0

Figure 19. BAU forecasted emissions by sector, 2016-2050.
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Transportation Fuel Emissions
Although diesel buses and heavy trucks are often heavy polluters, they account for a relatively small
fraction of Banff’s greenhouse gas emissions. Cars and light trucks driven by visitors (including SUVs/
crossovers) account for 27% and 61% of total transportation emissions in 2016, respectively. Car
emissions decrease by 47% through BAU as fuel efficiency increases and EVs gain market share.
Emissions from light trucks decrease by 22% by 2050 as a result of similar, but slower trends.Visitor light
trucks account for 67% of total transportation emissions in 2050.
Overall, visitor vehicles (i.e. gasoline and diesel use) are responsible for over 88% of Banff’s
transportation emissions in 2016 and 84% in 2050 in the BAU scenario (Figure 20), making this sector a
top priority for emissions reductions.
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Figure 20. BAU forecasted transportation sector emissions by fuel type, 2016-2050.
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Buildings Emissions Sources
Space and water heating are responsible for the majority of Banff’s building emissions in 2016, at 39%
and 13%, respectively. Space heating emissions are expected to decline by 19% as fewer heating degree
days reduce heating demand. Water heating emissions are expected to decrease by 14%. Large emissions
reductions will also occur for all electrical loads as a result of the provincial coal phase out. In 2050,
space and water heating remain the main business-as-usual emissions challenges for buildings.
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Figure 21. BAU forecasted building sector emissions by end use, 2016-2050.
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BAU Energy and Emissions Summary

Banff’s greenhouse gas emissions are expected to decline by 2050 in the business-as-usual forecast,
mostly as a result of external factors. Electricity emissions should decrease as Alberta’s coal plants are
decommissioned and new utility-scale renewable electricity comes online. Gasoline use is expected to
decrease as vehicle fuel efficiency improves and more electric vehicles enter the market as they approach
price parity with internal combustion engine vehicles. Building emissions should also decrease as buildings
become more energy efficient in response to market forces and evolving building codes.
Total emissions in 2050 are forecast to be 292 ktCO2e, a 31% decrease compared to 2016. Although
this is heading in the right direction, it falls 220 ktCO2e per year short of the 80% emissions reduction
needed to match Canada’s international commitments (Figure 22).
In Part 2 of this report a variety of actions are introduced that will help the community close this gap.
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Figure 22. Total emissions in the BAU scenario (red) versus in an 83% reduction of 2016 emissions
by 2050 scenario (green), 2016-2050.
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Part 2

The Roadmap

Actions, emissions forecasting, and financial analysis
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Actions Discussion

At the heart of the Roadmap is a series of high-impact energy actions that have been carefully reviewed
and analyzed by the consulting team, Town staff, and stakeholders. The objective was to identify all
possible options first and then eliminate options with unacceptable environmental impacts, significant
economic or technical challenges, and/or little energy/emissions benefit. Ultimately, 30 actions grouped
into four categories were modelled for the final Roadmap in CityInsight:
A.
B.
C.
D.

Energy efficient buildings
Local low-carbon energy
Importing renewable energy
Low-carbon transportation

The CityInsight workflow models the actions according to the ‘Reduce, Improve, Switch’ philosophy,
where avoiding energy consumption in the first place is the top priority, followed by energy efficiency
improvements, and finally switching to low carbon energy sources for the remaining demand. The
workflow also prioritizes improvements to long-lasting infrastructure that can ‘lock in’ energy
consumption patterns for many decades, and takes advantage of opportunities to align proposed
investments with the natural turnover of infrastructure and buildings.
Each Roadmap action is discussed in detail below. The exact modelling assumptions for each action
are summarized in a table at the end of each subsection. This is followed by a detailed summary of the
energy and emissions reductions that result from implementing these actions.

A. Energy Efficient Buildings
Actions 1-2: New Buildings

The Roadmap recommends the adoption of the Passive House energy performance standard for all new
and replacement buildings starting in 2030. Passive House buildings are super-insulated, have extremely
efficient HVAC systems, and take advantage of passive solar heating, ambient heat sources (e.g. air source
heat pumps), or thermal mass optimizations. These characteristics make Passive House buildings 80-90%
more energy efficient than current building code requirements.
The migration to Passive House should occur gradually over the next decade to allow the building
market to adapt, and to reduce the risk of sudden building cost increases. One option is to adopt
progressively more stringent building standards over time as specified by a fully mapped energy step
code, similar to the B.C. Energy Step Code. This would provide a predictable roadmap for developers,
builders, and tradespeople over the next decade, avoiding the shock of an overnight building code change.
Although a Passive House target may seem ambitious, it is consistent with the National Research
Council’s work toward establishing a national net-zero energy code (comparable to Passive House
in terms of energy performance) for buildings by 2030. The 2020 National Building Code update is
expected to include provisions for a national energy step code that leads to this goal, potentially
providing a high quality reference standard that could be adopted by the Town.
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Actions 3-6: Existing Buildings
Improving energy performance in existing buildings is a greater challenge than for new buildings, given
that the building design is already ‘locked in’. and the buildings are fully occupied Complete energy
retrofit capital costs can be high but they can be recovered over time through energy cost savings.
Reliable project financing enables large energy efficiency investments in homes, commercial properties,
and municipal/institutional buildings.
A common approach for large properties is to employ an Energy Service Company (ESCO) to design,
install, and finance a portfolio of energy efficiency upgrades. The ESCO often guarantees the energy
savings of the project under an Energy Savings Performance Contract (ESPC), in exchange for loan
payments equivalent to the value of the energy savings. This addresses the project’s upfront capital costs,
potentially reducing them to zero.
In January 2019, the Alberta government introduced a new Property-Assessed Clean Energy (PACE)
program, which allows homeowners and small businesses to take out energy efficiency loans and repay
them as part of a long-term property tax increase. The Town of Banff is participating on the Municipal
Advisory Committee for the PACE program, and is currently evaluating whether PACE is a suitable
approach for the town (a PACE pilot project is currently underway in Edmonton).
The Roadmap recommends building retrofits in all sectors, achieving an average of 50% electrical
and thermal energy savings by 2050, but does not prescribe specific strategies for achieving this. The
Roadmap also assumes regular recommissioning of large commercial buildings to ensure they are
operating efficiently.
Heritage buildings present a unique challenge in Banff, given their value to the character and aesthetic of
the community, but typically poor energy efficiency. Energy efficiency improvement guidelines for heritage
properties should be included in the scope of the Town’s upcoming Heritage Master Plan work.
The Roadmap also recommends that the municipality lead the way by retrofitting most of its existing
buildings by 2030, reducing their energy consumption by half. In this way, the municipality will ‘walk-thetalk’ on energy efficiency and also provide local energy retrofit case studies for use by others.
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Table 4: Proposed actions for energy efficiency improvements in buildings.

#
1

2

3

Action
New Buildings
New and renewed residential
building energy performance
requirements

Application

New and renewed
commercial building energy
performance requirements

Increased energy efficiency in
commercial buildings as part of
an enhanced building code.

Assumptions and Timing

Increased energy efficiency in
All new buildings are Passive
residential buildings as part of an House compliant starting in 2030.
enhanced building code.

Existing Buildings
Energy efficiency retrofits of Make existing housing stock
homes
more energy efficient.

All new buildings are Passive
House compliant starting in 2030.

90% of all dwellings achieve
thermal savings of 50% and
electrical savings of 50% by 2050.
(17,350 m2 retrofit/year)

4

Energy efficiency retrofits
of commercial/hospitality
buildings

Make existing commercial
building stock more energy
efficient.

90% of all commercial buildings
achieve thermal savings of 50%
and electrical savings of 50% by
2050.
(10,000 m2 retrofit/year)

5

Municipal building retrofits

Make municipal buildings more
energy efficient.

100% of all municipal buildings
achieve thermal savings of 50%
and electrical savings of 50% by
2030.

6

Recommissioning

Periodically reset and optimize
buildings’ HVAC and energy
systems for peak energy
performance.

Recommission all major
buildings every 5 years to reset
performance to baseline or better.
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B. Local Low-Carbon Energy

Actions 7-8: Heat & Power from Biomass/Biogas
A wood waste (biomass) district heating facility is planned for the Town Operations Compound to
supply heat to several municipal buildings. Over time, its service could be expanded to include nearby
commercial buildings. Wood waste would be sourced from the community’s municipal waste stream,
though other sources may be identified. This project will reduce emissions from energy consumption,
help achieve the Town’s waste diversion goals, and reduce emissions from waste decomposition in landfill.
The Wastewater Treatment Plant (WWTP) is a potential location for an anaerobic digester that could
convert a portion of the community’s sanitary waste stream biosolids into biogas. The digester might also
accommodate organic waste from commercial and residential waste streams. Biogas from the digester
could be used to power the WWTP using a cogeneration unit (combined heat and power).
Locally available quantities of biosolids and other organics may be too small to support a viable anaerobic
digestion project. Improved organic waste diversion by businesses and residents would improve this
situation substantially. Alternatively, Banff could combine its organic waste streams with neighbouring
municipalities and jointly own and/or operate an anaerobic digestion facility outside of the Park. In this
scenario, the produced biogas could be treated/scrubbed for sale to market (biogas can command a
significant price premium over conventional natural gas).

Figure 23. Two biomass boilers installed in a district heating plant. Photo credit:The Viessmann
Group.
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Actions 9-12: District Energy with Natural Gas,
Cogeneration, and Geoexchange
Natural gas-fired cogeneration systems are employed heavily in the Roadmap to generate heat and
electricity, while releasing roughly 50% fewer greenhouse gases than traditional alternatives (e.g. grid
electricity, natural gas boiler/furnace). They also having lower energy input costs. In the projects described
below, renewable natural gas (RNG) is purchased to provide partially renewable fuel to the cogeneration
units. Geoexchange heating systems are also included in each district heating project to supply additional
renewable heat. One of the main advantages of district energy systems is the ability to integrate a variety
of renewable energy sources at a large scale (e.g. solar PV, solar thermal, geothermal, biomass), thus
achieving economies of scale that are not possible on smaller projects.

Figure 24. Diagram of district energy distribution network for heating and cooling buildings.
The system produces steam, hot water or chilled water at central plants, and pipe that energy to
bulding within a geographic district for space heating and air conditioning.

Recognizing these advantages, the Roadmap proposes district energy systems anchored by cogeneration
units at the Banff Centre, and at the Fairmont Banff Springs Hotel. These sites have numerous large
buildings in close proximity all operated by a single owner – ideal circumstances for campus-style district
heating (comparable to the heating systems at many university campuses). A third district heating/
cogeneration project is envisioned for the downtown core, where municipal buildings and adjacent
commercial/residential buildings could be connected to a common district energy network.
Lastly, a standalone cogeneration unit is currently being considered to reduce emissions and energy costs
at the Fenlands Recreation Centre – one of the largest energy consuming buildings in the community.
The buildings/areas included in these district heating and/or cogeneration projects are highlighted in red
in Figure 25.
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Operations compound

Fenlands recreation centre

Banﬀ Centre

Fairmont Banﬀ Springs

TownBoundary
Downtown Banff

N

Buildings
Buildings connected to district energy

Figure 25. Locations of proposed buildings to be served by cogeneration and/or district energy
systems (shown in red). Existing buildings are shown in grey.
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Actions 13-18: Distributed Renewable Energy Generation
and Storage
The quantity of installed solar PV in Banff has increased dramatically in the past five years, mainly thanks
to the success of municipal and provincial solar PV rebate programs (Figure 26). As of summer 2019, the
community now hosts approximately 844 kW of solar PV on 46 separate buildings, including:
• 328 kW installed on 6 municipal buildings
• 222 kW installed on 2 local schools
• 92 kW installed on 4 commercial rooftops
• 207 kW installed on 34 residential rooftops

Figure 26. Cumulative solar PV installations in Banff over the past decade.

These projects now generate approximately 833 MWh of electricity every year – approximately 1%
of the community’s annual electricity consumption. This is an impressive achievement for such a short
period, but a great deal of solar potential remains. For the Roadmap, an additional 22,670 kW of solar
photovoltaic capacity is envisioned (see Table 5). This estimate assumes that 65% of flat roofs and 35% of
pitched roofs in the town are good candidates for solar PV, and that solar will only be installed on those
buildings with reasonable solar exposure. It is assumed that the Commercial Services District will host
a large fraction of this solar PV, given the area’s excellent solar exposure and the utilitarian nature of the
buildings/land parcels. Additional installations are recommended for the Wastewater Treatment Plant, and
in parking lots in the form of solar carports/canopies. Commercial rooftops and solar carports make up
the majority (90%) of the proposed additional solar PV capacity.
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Figure 27. The 46 kW solar PV array on the Elk and Avenue Hotel, installed in 2017.

Air and ground source heat pumps are proposed for the majority of residential and commercial buildings
as part of a long-term, community-wide transition away from natural gas heating. Heat pumps extract
heat from the air and ground using electricity (which ideally would be provided by local cogeneration
and solar PV projects). Heat pumps are typically 2.5-3.0 times more efficient than natural gas furnaces
or electric baseboard heaters. Buildings that would receive their heating service from a district heating
connection are excluded from this action.

Figure 28. Residential air source heat pump. Photo credit: BuildIt UK.
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The natural temperature of the town’s freshwater supply is approximately 4°C, but by the time
this water reaches the Wastewater Treatment Plant, human uses (showers, washing machines, food
preparation, etc.) have increased the temperature to as much as 17°C. Using heat pumps located at the
end of the water treatment process, much of this heat could be reclaimed and used for space heating
in the occupied areas of the plant, or as process heat. This could be combined with the cogeneration
system described above to reduce or eliminate the need for natural gas boilers. One or more small wind
turbines could also provide electricity for the plant.

Battery electricity storage has been modelled alongside some of the renewable energy actions in the
Roadmap. These storage projects could be physically located anywhere in the electricity system, and
could be built by homeowners, businesses, the municipality, or utility companies, depending on the design
objectives and size of the project.

Figure 29. Double installation of Tesla’s Powerwall home electricity storage.
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Table 5: Proposed actions for emissions reductions from energy generation.

#

Action

Application

Assumptions and Timing

Heat & Power from Biomass/Biogas
7

Wood waste
district heating

8

Biogas (RNG)
Cogeneration

Capacity: 150 kW by 2020
- 2,300 GJ by 2020
- 6,300 GJ by 2025
Capacity: 220 kW by 2026
Anaerobic digestion of biosolids and/or
- 5,844 GJ heat
food waste at the WWTP
- 1,948 MWh electricity
Wood chip boiler to heat Town
buildings (possible future expansion)

District Energy with Natural Gas Cogeneration & Geoexchange
Natural gas, RNG at Fenlands Rec
Centre

9

10
Cogeneration
11

Capacity: 294 kW by 2023
- 4,730 GJ heat
- 876 MWh electricity

Capacity: 3.34 MW by 2023-2028
Natural gas, RNG, and geo-exchange in
- 149,000 GJ heat
downtown core
- 23,700 MWh electricity
Capacity: 1 MW by 2023
Natural gas, RNG, and geo-exchange at
- 45,000 GJ heat
Banff Centre
- 9,500 MWh electricity
Capacity: 1.83 MW by 2023
Natural gas, RNG, and geo-exchange at
- 89,000 GJ heat
Banff Springs Hotel
- 18,600 MWh electricity

12

Distributed Renewable Energy Generation and Storage
13a

Residential rooftop

1.45 MW by 2050

Community-wide
Solar PV

Commercial and hospitality rooftop

11.5 MW by 2050

14

Facilities Solar

WWTP site

120 kW by 2023

15

Small scale wind

Small wind turbine at the WWTP

5 kW by 2023

16

Heat recovery at
WWTP

Heat pumps to recovery heat from
treated effluent

Capacity: 90 kW by 2023
- 3500 GJ heating energy

Residential air source and ground
source heat pumps

55% of homes have heat pumps
installed by 2050
75% of commercial buildings
(unless connected to district
heat)

13b
13c

17a
17b
18

Heat pumps
(ambient heat)
Electricity storage

Parking lot solar canopies (80% of lots
9.6 MW by 2050
and 60% ground coverage)

Commercial air source and ground
source heat pumps

Local or utility-scale storage for
1.7 MW total
electricity generated from renewables
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C. Importing Renewable Energy
Action 19: Renewable Electricity

Locally available renewable energy resources are naturally limited and/or practically restricted by the
town’s location in a mountain valley and National Park. As such, the community will continue to depend
heavily on external sources of energy – primarily the provincial electricity grid – for the foreseeable
future.
As discussed in Part 1, the provincial grid has a high emissions intensity due to the dominance of coal and
natural gas in the generation mix. In order to access renewable electricity at a large scale the community
could develop strategies to circumvent the provincial grid’s nominal generation mix, thus lowering the
emissions intensity of imported electricity. At present, the options with the most potential appear to be:
• Establishing a community/municipally-owned electricity retailer that would sign long-term Power
Purchase Agreements with renewable power producers elsewhere in Alberta/Canada, thus
providing its customers with 100% renewable electricity. This would only be successful if businesses,
institutions, and residents voluntarily choose to purchase their electricity from the municipal
retailer.
• Off-site non-utility procurement of renewable electricity by the municipality, major commercial
property owners, local institutions, and [potentially] residential electricity purchasing cooperatives.
Purchasing partnerships between these groups could enable large, long-term electricity purchases
directly from renewable power producers at a competitive cost using Virtual Power Purchase
Agreements or other instruments.
There are likely a variety of alternatives and/or variations on the above. The next step would be for the
municipality to conduct a preliminary feasibility study to identify the best options, and then compare
their strengths and weaknesses. Potential hurdles include what is permissible by the provincial legal/
regulatory framework, the resources required for establishing such projects, and achieving a high
participation rate across the community.
Private businesses and homeowners can also choose to purchase ‘green’ power (i.e. Renewable Energy
Certificates - RECs) through their own retail electricity service agreements. The Town of Banff, for
example, is currently purchasing RECs that offset 20% of the electricity consumption of all municipal
buildings, reducing emissions by roughly 1200 tonnes per year. The municipality could develop incentives
and/or reward programs that would encourage the purchase of green energy in this way.
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Action 20: Renewable Natural Gas
It is also possible to purchase renewable natural gas (RNG) over the grid/pipeline. RNG is typically
generated through anaerobic digestion or landfill gas capture, is carbon neutral, and is slowly becoming
an important part of the province’s natural gas mix. The Town could also generate its own RNG through
anaerobic digestion of biosolids and other organics (see Action #8, above).
For modelling purposes, the Roadmap assumes the partial, community-wide purchase of renewable
electricity and renewable natural gas using a variety of means, as summarized in Table 6. This assumption
hinges on the implementation/adoption of suitable procurement schemes, programs, partnerships, and
incentives, such as those described above.
Table 6: Proposed actions for emissions reductions from imported energy.

#
Action
Application
Importing Renewable Energy
19

Renewable
electricity
procurement

20

Renewable
natural gas
procurement

Assumptions and Timing

Increase renewable electricity purchases, as a
Purchase renewable energy percentage of all electricity consumption to:
from outside of town
- 35% by 2035
- 50% by 2050
Increase RNG purchases, as a percentage of all
natural gas consumption to:
Purchase of RNG from
- 5% by 2030*
outside of town
- 10% by 2040
- 20% by 2050

* ATCO (Banff’s natural gas distribution company) supports the Canadian Gas Association’s 2030 target of 10% RNG
blended into natural gas streams. The Roadmap goes beyond this target post-2040.
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D. Low-Carbon Transportation

Twelve transportation actions and sub-actions are recommended in the Roadmap. Individually, most
achieve only a modest improvement in energy efficiency and emissions reductions. However, their
combined impact over the long-term is very large.

Actions 21-24: Improved Transit
Transit enhancements are already being planned for Banff and between neighbouring communities.
Increasing service frequency, offering new service routes, expanding regional transit, and creating an
expansive mass transit link between Calgary and Banff are the core of the Roadmap transit actions.
Revitalization of rail travel and increased bus service between Calgary and Banff and neighbouring towns
has been studied recently in the Bow Valley Mass Transit Feasibility Study (2018), with rail ridership
estimates of 220,000-600,000 people/year and bus ridership estimates of 200,000-490,000 people per
year. According to the study the capital costs, operating costs, and greenhouse gas emissions of rail
service are higher than for bus service. A low-carbon bus service could also be implemented rapidly
using existing vehicle technologies operating on existing roads (electric buses and on-road electric
‘trains’), whereas a dedicated rail link is likely to take many years to implement. For these reasons the
Roadmap assumes the implementation of an expansive electric bus service to and from Calgary.
Toronto,Vancouver, and numerous other cities have recently added fully electric buses to their transit
fleets. Roam Transit has recently purchased its first two electric buses – part of a long-term transition
towards a fully electric fleet. The Roadmap assumes that this transition is completed by 2030.

Actions 25-29: Vehicle and Fleet Actions
Emissions from private and commercial vehicles are a challenging and important focus area for the
Roadmap, and electric vehicle options are a key part of the solution. With EV prices dropping and more
models becoming available every year, commercial fleet and personal vehicle electrification is becoming
more realistic. The growing EV market will shift some new car purchases to electric versions, but several
coordinated actions are required to accelerate the EV transition in Banff:
• A mature, regional DC fast charging network (‘Level 3’ charging) is needed to alleviate EV range
anxiety. Several privately-owned charging networks are already emerging in western Canada,
including those owned by Tesla, Electrify Canada (Volkswagen), FLO, and Petro-Canada. The
municipality can support the build-out of EV charging infrastructure by participating directly in
projects, assisting in site selection and design, and addressing infrastructure hurdles.
• EV education and awareness programs should be implemented. A branded marketing campaign
partnering with employers, dealerships, automobile associations, etc. would bring attention to the
viability of EVs. Motorists should be made aware of, and helped to navigate grants, subsidies, and
incentive programs for EV purchases.
• Awareness campaigns should also extend to neighbouring municipalities, so that visitors know that
Banff has the infrastructure needed for straightforward EV visits.
40

• The Town can accommodate and promote EV ownership by updating transportation, street use,
and land use bylaws and policies to include provisions for charging infrastructure and assignment of
priority EV parking.
• Incentives could be offered to EV purchasers in the form of property tax rebates, vehicle
registration fee rebates, or free parking (if applicable).
• Promotional and rebate partnerships with car dealerships can help accelerate EV ownership.
Partnerships with taxi companies can help transition their fleets to EVs.
• Leading an EV bulk buying program would reduce EV costs further and grant access to EVs for
more of Banff’s residents.15
• The Town’s municipal operations fleet is already showing leadership in the EV transition, with the
purchase of seven electric vehicles since 2018. These efforts should be continued and accelerated.
The Roadmap also includes a car share program and a downtown congestion charge/car-free zone. Car
share programs have been successful in many North American cities, including Pogo in Edmonton and
Calgary Car Share. Although congestion charges and car-free zones are present only in large cities like
London and New York to date, their application to high-visitor destinations like Banff could be effective if
carefully designed.
It is important to note that congestion charges (and road tolls) are not currently permissible under
Alberta law; a regulatory change would be required before implementing this action. Paid parking in the
downtown core may be a more feasible disincentive to personal automobile use in the short term.

15 For example, Boulder, Colorado pioneered an extremely successful EV bulk purchase program starting in 2016: https://www.
bouldercounty.org/environment/sustainability/transportation/electric-vehicles/
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Action 30: Active Transportation
Banff residents already excel at active transportation, with 49% of current trips made by walking or
cycling according to baseline year information. The Roadmap assumes a continued increase in cycling and
walking mode shares following a variety of initiatives, although these were not modelled individually. The
following projects are expected to contribute to these mode share increases through the addition of
new trail connections, better cycling infrastructure, and prioritization of active modes over vehicle use:
• The Legacy Trail Extension along Banff Avenue
• The Bear St redevelopment and woonerf
• A new pedestrian bridge across the Bow River linking the Rec Grounds directly to downtown
• A pedestrian crossing over/under the CP line between Marmot Cr. & the Industrial Compound
• Conversion of Bow Ave into a multi-use linear park or woonerf
These and many other trail improvements are identified in the Trails Master Plan and Council Strategic
Plan 2019-2022, and underpin the Roadmap’s assumptions about a growing active transportation mode
share among residents and visitors.
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Figure 30. Resident and multi-day visitor mode share, 2016 and 2050 under Roadmap
implementation. Single day visitor mode share is assumed to be 100% vehicle trips. Note that trips
are categorized by origin, thus there are resident outbound (originating in Banff, leaving Banff, and
returning) trips made on transit but no resident external inbound trips on transit (as resident trips
do not originate externally).
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Table 7: Proposed actions for emissions reductions from transportation.

#

Action
Transit

Application

Assumptions and Timing

21

Increase transit
frequency

Increase frequency on Route 1 to
every 5 minutes; Route 2 every 10
minutes; all other routes to every
15 minutes.

22

Expand regional
transit

Expand rapid transit routes and
frequencies between Banff, Lake
Louise, Canmore.

23

Expand intercity
transit (Calgary to
Bow Valley)

Increase in-town transit mode share to
20% by 2030.
Increase in-town visitor transit mode
share to 30% by 2030.
Increase regional transit mode share to:
- 10% residents by 2030
- 20% residents by 2050
- 30% multi-day visitors by 2050
Increase external transit mode share to
- 10% single day visitors by 2030
- 20% single day visitors by 2050
- 30% multi-day visitors by 2050

24

Electrify local/
regional transit

Introduce an on-road electric
train/coach bus service between
Banff and Calgary.

Transition Roam fleet to EV buses. 100% electric by 2030

Vehicle and Fleet
25

Electrify Town fleet

Coordinate EV
26a incentives for local
vehicles
Coordinate EV
26b incentives for visitor
vehicles
Electrify commercial
27
vehicles
28

Create a carshare
service

29

Congestion charge/
car-free zones

Install charging stations at most
public buildings.

Municipal vehicles are 100% electric by
2030. All civic facilities have charging
equipment by 2022.

- Improve awareness incentive
programs
- Assign priority parking stalls for
EVs, with chargers.

- 100% of local new vehicle sales are
EVs by 2030.
- 100% of vehicle sales to visitors are
EVs by 2040.

Freight and delivery vehicles are
electrified.
A carshare service is
implemented, based on successful
examples in other cities.
Designate Banff’s downtown area
as an active transportation and
transit only area (restricted use
or congestion charge).

100% of new commercial vehicles are
electric by 2030.
Car ownership and vehicle mode share
decline 5% by 2025.
Shift 30% of day visitors to active and
transit transportation modes.

Active Transportation

30

Cycling
infrastructure and
programs

Create cycling lanes, storage
options, bike lanes, and bike and
e-bike sharing programs.

Increase cycling mode share to 15% by
2030.

Walking
infrastructure and
programs

Improve walking infrastructure
(sidewalks, crosswalks) and
wayfinding.

Increase resident and visitor walking
mode shares to 50% by 2030.
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Excluded Actions

Several actions were ultimately excluded from the final Roadmap but were discussed/evaluated as work
progressed. Table 8 summarizes the environmental, economic, and technical reasons for these exclusions,
some of which may change in the future.
Table 8: Actions excluded from the final Roadmap.

#

Action

Reason for Exclusion

i

Geothermal
heat and/or
power

Technical – The temperatures in the geothermal system underlying the existing hot
springs are not high enough to support electricity production, and the existing water
flow rates are insufficient to support substantial heat extraction during the heating
season. The Town is currently researching the possibility of other geothermal systems in
the vicinity of the town site, but the technical uncertainty is high.
Environmental – Tapping into the existing geothermal system for energy would likely
disrupt the existing hot springs, their ecosystems (which host several endemic species),
and the economic viability of important tourist sites, all unacceptable risks.

ii

Solar thermal

Economic – Solar thermal modules are more effective than solar photovoltaic modules
at converting sunlight into usable energy. However, they are more expensive to install
and maintain, and the GHG emissions and energy cost reductions are lower. For these
reasons, solar PV is favoured at present, though the balance may shift towards solar
thermal in the future as the Alberta electricity market evolves.

iii

GroundEnvironmental – Ground-mounted solar PV farms might be possible in/around the
mounted solar town site, but the environmental costs would likely be high, as would be the pressure to
use any such vacant land for other purposes.

iv

Large scale
wind power

Environmental – This report assumes that large wind turbines (e.g. 25m or higher)
would be environmentally and aesthetically unacceptable in the vicinity of the Banff town
site. However, imported electricity from wind projects developed elsewhere are an
important part of the Roadmap.

v

Run-of-river
hydro on Bow
River

Environmental – A small run-of-river hydro project at Bow Falls was briefly discussed,
but was not explored further given the importance of preserving the Bow River’s natural
state within the Park.

vi

In-line micro
hydro

Technical – In-line hydroelectric generation in the town’s water and/or sanitary lines
was considered, but rejected due to the high cost, operational challenges, and limited/
unreliable power supply.

vii

WWTP
outfall hydro

Technical – Preliminary analysis indicates that there is insufficient hydraulic head and
flow rates to support a micro hydro project at the Wastewater Treatment Plant outfall at
this time.

viii Passenger rail/ Technical/Economic – Passenger rail and aerial transit (gondola) have been excluded
aerial transit
because a) their costs are very high (though quite uncertain), b) they would compete
with buses for transit ridership, which is challenging to model, and c) economic/
stakeholder support is highly sensitive to route alignment and the technical solutions
employed. The Town continues to explore these concepts with potential partners.
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Roadmap Energy and
Emissions Outcomes
Total Energy Demand, by Source

Assuming full implementation of all the actions described above, Banff’s total energy consumption in
2050 would be 1.5 petajoules (416,557 MWh) – 3.7 petajoules less than Banff’s 2016 energy use and 2.6
petajoules less than the BAU scenario by 2050 (Figure 31). In the year 2050, Banff would use 71% less
energy than in 2016 and 62% less energy in 2050 compared to the BAU scenario.
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Figure 31. Roadmap (green) versus BAU scenario (red) total community energy use, 2016-2050.

The Roadmap drives dramatic reductions in natural gas, gasoline, and diesel consumption (Figure 32).
As electric vehicles gain market share through 2030, electricity demand increases. Energy and emissions
from the district energy and cogeneration systems decline slightly as energy demands decline due to
further building energy efficiency improvements.
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Figure 32. Roadmap community energy use by source, 2016-2050.

In the year 2050, Banff would use 100% less gasoline than in the BAU scenario, while electricity use
would be 121% greater. Natural gas consumption would decline by 73% compared to 2016 and 71%
compared to the BAU in 2050.

Where Energy is Used
Municipal, commercial, and institutional buildings would use 45% less energy in 2050 than in 2016, while
residential buildings use 35% less (Figure 33). Decreases in transportation energy use are even more
dramatic, with a 78% and 83% difference in local and visitor transportation energy needs, respectively,
due in part to trips being made by active transportation and transit, but mostly to the impressive energy
efficiency of EVs. With Roadmap implementation, commercial buildings and visitor transportation still use
more energy than other sectors, but far less than in 2016.
6

Petajoules

5

Municipal Buildings
Institutional Buildings

4

Commercial Buildings

3

Residential Buildings

2

Visitor Transportation
Local Transportation

1

Figure 33. Roadmap community energy use by sector, 2016-2050.
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How Energy is Used
Despite forecasted population increases, efficiency improvements in buildings and vehicles drive major
reductions in energy use by 2050 (Figure 34). Space heating and visitor transportation experience large
reductions, but water heating remains fairly constant as efficiency gains are offset by population growth.
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Figure 34. Roadmap community energy use by end use, 2016-2050.

Total Emissions, by Source
As energy demand decreases under the Roadmap, so too do emissions (Figure 35). The Roadmap
achieves an 83% reduction from 2016 emissions levels and a 75% reduction in 2050 compared to BAU
levels. This is an impressive outcome over a 30-year time period in an energy supply market currently
dominated by fossil fuels. These reductions are enough to meet Canada’s international commitments of
80% emissions reductions by 2050.
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Figure 35. Projected total community emissions, 2016-2050.
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The Roadmap’s focus on vehicle electrification is apparent in Figure 36 as gasoline and diesel taper out
entirely, with a corresponding increase in electricity consumption. From 2016 to the end of the 2030s,
emissions from gasoline are reduced to nearly zero.
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Figure 36. Roadmap emissions by energy source, 2016-2050. Fugitive emissions are those
attributable to losses in energy transmission (e.g. natural gas escape).

As vehicles use more electricity throughout the 2030s and onward, emissions from electricity use
increase, as the provincial grid is still expected to depend heavily on natural gas-fired power plants and
Banff’s local energy generation will not meet all electricity needs. Emissions from local electricity use
decrease 77%, but visitor electricity emissions increase over 2,800%. Thus, the community’s emissions
would benefit greatly from additional local electricity generation, or expanded procurement of renewable
electricity from outside the town. Roadmap implementation has 340% more emissions from visitor
electricity use compared to the BAU scenario in 2050. Waste emissions decrease by 70% as diversion
rates improve, and organic material emissions are captured through renewable natural gas production in
the anaerobic digestion plant.
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Where Emissions are Produced
The Roadmap reduces emissions in all sectors. The visitor transportation sector sees the greatest
reductions, followed by commercial building emissions, then residential building emissions.
Local gas-fired cogeneration units (Actions 9-12) would generate lower emissions heat and electricity
than grid electricity and individual building boilers/furnaces. However, unless the natural gas fuel
is completely replaced by renewable natural gas, cogeneration will continue to generate emissions.
Cogeneration is responsible for 1.3% of Banff’s emissions in 2050.
Visitor transportation is responsible for 36% of total emissions in 2050 while commercial buildings make
up 27% of total. These are the main sectors of focus for further emissions reduction efforts, followed by
residential buildings which are still responsible for 16% of total emissions in 2050 under the Roadmap.
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Figure 37. Roadmap emissions by sector, 2016-2050.
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Transportation Fuel Emissions
The transportation emissions transformation is dramatic over the 2016-2050 time period, especially
during the 2020s when vehicle electrification accelerates. Transportation emissions are reduced by
88% from 2016 and 82% compared to the BAU scenario in 2050 (Figure 38). Gasoline and diesel
emissions drop to zero by 2040 following full electrification of all vehicles. Electricity emissions increase
dramatically from 2025 to 2040 as EVs draw energy from the grid which is still partially supplied by
natural gas generation. Electricity emissions decrease slightly from 2040 to 2050 as trips shift to transit
and active transportation modes. By 2050, electricity use in vehicles accounts for almost 100% of vehicle
energy use, as well as transportation emissions. Additional decarbonization of the provincial electricity
grid would be needed to reduce transportation emissions further.
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Figure 38. Roadmap transportation sector emissions by fuel type, 2016-2050.

50

Buildings Emissions
Implementation of new building energy performance requirements and deep energy retrofits of existing
buildings reduce emissions from buildings by 78% between 2016 and 2050. The largest gains are made in
the space heating sector, although in 2050 space and water heating still account for the majority of total
building emissions. Natural gas use has not been eliminated and continues to account for 48% of total
building emissions in 2050.
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Figure 39. Roadmap building sector emissions by end use, 2016-2050.
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Roadmap Energy and Emissions Summary

Implementation of the Roadmap dramatically alters Banff’s energy consumption and emissions compared
to 2016, as illustrated in Figures 40 and 41 summary charts. By 2050, the Roadmap reduces energy use
by 70% and greenhouse gas emissions
by 83%
compared to
2016and
levels.
At the same time, the amount of
Total
Emissions,
2016
2050
renewable/low-carbon energy used by the community increases by a factor of 25.

2050
72,000 tCO2e

2016
425,000 tCO2e

0% Cogeneration
2% Fugitive
4% Waste
3% Institutional

25% Commercial

Emissions (tCO2e)

-105,000 t
1% Municipal
9% Residential

51% Visitor Transportation

-179,000 t
-35,000 t
-34,000 t

7% Local Transportation
Energy Efficient Transit, EVs, &
Buildings
Fuel Efficiency

Increased
Renewable
Renewable
Electricity and
Energy Supply Renewable
and District
Natural Gas
Energy
Procurement
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3% Fugitive
7% Waste
3% Institutional
27% Commercial
1% Municipal
16% Residential
36% Visitor Transportation
6% Local Transportation

Figure 40. Emissions reductions from 2016-2050, Roadmap implementation, by category.
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Renewable Energy (GJ)

Major improvements in the energy efficiency of buildings (including heat pump installations) and the
adoption of low-carbon transportation solutions contribute the majority of emissions reductions. These
measures directly eliminate widespread
fuel consumption
primarily
natural gas (in buildings) and
Totalfossil
Energy
Use, 2016– and
2050
gasoline (in vehicles). The dramatic expansion of renewable/low-carbon energy use in the community
ensures that the remaining energy consumption generates as few emissions as possible.
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Figure 41. Reductions in energy consumption and changes in energy supply from 2016-2050,
Roadmap implementation, by category.
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Banff’s emissions are reduced as each action in the Roadmap is implemented and ramped up over time.
Figure 42 summarizes the emissions reduction effects of each action.
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Figure 42. Wedge diagram illustrating the emissions reductions associated with each Roadmap
action.The emissions reduction of each action is interdependent with the other actions.The
wedges diagram shows the emissions reduction effect of implementing all actions considered. Only
implementing some will affect the emissions reduction effectiveness of the others.
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The local energy demand should be far more diverse in 2050 than today (compare Figure 43, below, with
Figure 1 on page 2), met with major contributions from ambient heat (heat pumps), biomass, biogas, and
solar PV. This is in addition to the increasingly diverse generation mix of the Alberta electricity grid, and
the growing quantity of renewable natural gas flowing through regional pipelines. Note that Figure 43
differs from Figure 41. Figure 43 shows the demand side of energy use whereas Figure 41 depicts the
supply side. The demand side energy total is higher than the supply side, made possible by efficiencies
gained through new renewable energy systems (e.g. using heat from the cogeneration facilities, heat
pump electricity efficiency) .
The renewable energy fraction of the community’s energy supply would be approximately 48% in
2050 — well short of the 100% renewable energy target. This is mainly a consequence of continued
dependence on the Alberta electricity grid (which may see more renewables by 2050 than forecasted
here). Banff cannot achieve 100% renewable energy on its own, and the Roadmap is based on realistic
expectations/assumptions about how the overall provincial energy supply will evolve through 2050.
Crucially, despite not achieving the 100% renewable energy target, the primary goal – to reduce
emissions by 80% by 2050 – is achieved under the Roadmap.
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Figure 43. Banff ’s 2050 energy consumption by source under Roadmap implementation.
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Figure 44. Percentage of 2050 emissions produced by fuel source under Roadmap implementation.
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The most dramatic energy shift modelled in the Roadmap is the near-complete elimination of gasoline
and diesel fuel from the community’s transportation fuel mix. This assumes that electric vehicles are
ubiquitous and that internal combustion engines are effectively eliminated by 2040. Although this
timeline may appear to be aggressive, it is actually consistent with the adoption rates seen for numerous
other technologies during the past century, including the automobile itself (Figure 45). Technology
adoption rates have also accelerated in recent decades due to the globalization of markets, and a more
interconnected society in general.

Figure 45. The pace of adoption for various technologies throughout the 20th century.16

16 The Pace of Technology Adoption is Speeding Up. September 25, 2019. Harvard Business Review. https://hbr.org/2013/11/thepace-of-technology-adoption-is-speeding-up
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An Investment in Our Community
High-level financial analysis was undertaken to identify the costs, savings, net present value, marginal
abatement costs, and employment impacts of all Roadmap actions. Financial information presented here
includes the Roadmap’s incremental costs and savings as compared to the BAU scenario.

Costs and Savings Summary

Roadmap costs and savings modelling considers upfront capital expenditures, operating and maintenance
costs (including fuel and electricity), and carbon pricing. Table 9 summarizes the expenditure types that
were evaluated. Figure 46 displays the Roadmap’s modelled costs and savings.
Table 9: Categories of expenditures evaluated.

Category

Description

Residential buildings

Cost of dwelling construction and retrofitting; operating and maintenance costs
(non-fuel).

Residential equipment

Cost of appliances and lighting, heating and cooling equipment.

Residential fuel

Energy costs for dwellings and residential transportation.

Residential emissions

Carbon price costs on dwellings and transportation emissions.

Commercial buildings

Cost of building construction and retrofitting; operating and maintenance costs
(non-fuel).

Commercial equipment

Cost of lighting, heating, and cooling equipment.

Commercial vehicles

Cost of vehicle purchase; operating, and maintenance costs (non-fuel).

Non-residential fuel

Energy costs for commercial buildings, industry, and transport.

Non-residential emissions

Costs resulting from a carbon price on emissions from commercial buildings,
production, and transportation.

Cogeneration emissions

Costs resulting from a carbon price on emissions for fuel used in the generation of
electricity and heating.

Cogeneration fuel

Cost of purchasing fuel for generating local electricity, heating or cooling.

Cogeneration equipment

Cost of the equipment for generating local electricity, heating or cooling.

Municipal capital
Municipal fuel
Municipal emissions
Personal use vehicles

Cost of the transit system additions (no other forms of municipal capital assessed).
Cost of fuel associated with the transit system.
Costs resulting from a carbon price on emissions from the transit system.
Cost of vehicle purchase; operating and maintenance costs (non-fuel).

Transit fleet

Costs of transit vehicle purchase.

Energy generation revenue

Revenue derived from the sale of locally generated electricity or heat.

Active transportation
infrastructure.

Costs of bike lane and sidewalk construction.
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Figure 46. Summary of annual Roadmap costs (above x-axis) and savings (below x-axis) relative to
the BAU scenario.

By 2050 cumulative Roadmap costs total over $327M with a present value of $221M (at a discount
rate of 3%). Total net savings reach over $453M with a net present value of over $196M (Table 10,
Figure 47). Savings in each category increase over time as energy efficiency and energy generation actions
increasingly result in avoided operations and maintenance costs, carbon pricing, and energy costs, as well
as increasing energy generation revenues. The break even point when net annual costs switch to net
annual revenues occurs in 2030.
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Table 10: Summary Roadmap financial metrics (2016 $).

Cumulative costs
and savings to 2050
(undiscounted)
Incremental capital costs

Net Present Value
(discount rate of 3%)

$ (327,760,000)

$ (221,100,000)

Net operations and maintenance savings (O&M)

241,633,000

139,258,000

Net energy cost savings

113,535,000

50,305,000

Carbon price credits*

425,874,000

228,109,000

$ 453,282,000

$ 196,572,000

TOTAL
Internal Rate of Return (IRR)

11.2%

*$30/tonne in 2020, $50/tonne in 2022, increasing annually to $115/tonne in 2050.

Millions of 2016$ (discounted at 3%)
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Figure 47. Roadmap present value of costs (negative) and savings (positive) relative to the BAU
scenario.
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Capital Costs Details

Capital costs for Roadmap actions are summarized in Figure 48. Most major energy generation systems,
transit, and fleet expenditures occur in the first decade of Roadmap implementation. The average annual
total expenditure over the 2020-2050 time period is ~$8M, although there are some years where it is
notably higher:
• 2021-2023: Solar PV systems are installed in every year of the Roadmap, but the near-term
installations are substantial.
• 2021-2023: Fenlands, Banff Centre, and Fairmont Banff Springs cogeneration systems are installed.
• 2025-2034: The downtown district energy system is installed.
• 2022-2036: Transit electric bus purchases mostly occur during this period.
Residential and commercial retrofit costs increase over the time period, as more and more buildings are
retrofit for energy efficiency. After peaking in the late 2020s, personal vehicle costs steadily decrease as
EV ownership grows, until a crossover point in 2048 when net savings begin. The analysis assumes that
the cost of electric vehicles will be lower than internal combustion engines by the middle of 2040, a
conservative projection.
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Figure 48. Annual incremental Roadmap capital costs over BAU capital costs.
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Incremental Costs and Savings Details

Figure 49 provides a detailed (i.e. not summed, as in Figure 46) year-by-year breakdown of Roadmap
costs, fuel and electricity savings, and carbon price credits. The majority of costs (above the x-axis) are in
fuel purchases for cogeneration systems, transit, and building retrofits and equipment (e.g. heat pumps).
The majority of savings (below the x-axis) are from avoided carbon pricing expenses, energy cost savings,
and reduced vehicle O&M costs. Residential fuel costs include those spent on fuel for vehicles. In 2031
they switch from being a net cost to a net savings as EV ownership reaches a tipping point and vehicle
fuel costs decrease as electricity is cheaper than gasoline and diesel. The hospitality industry increasingly
saves on O&M and fuel costs as building energy efficiency increases.
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Figure 49. Roadmap annual incremental costs and savings over BAU scenario for major sectors.

Carbon pricing in the Roadmap increases the value of fuel and electricity savings, modestly in the first
half of the forecast period but more significantly in later years as the carbon price increases. Federal
carbon pricing is currently valued at $20 per tonne of emissions and is scheduled to increase to $50/
tonne by 2022. Commitments beyond 2022 have not yet been made, but it is estimated that carbon
pricing will be over $100/tonne by 2050. In 2050, the carbon pricing savings of the Roadmap exceed
$27M annually. Cumulative carbon pricing savings over the 2020–2050 period totals $426M, with a
present value of $228M.
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Energy Costs

Figure 50 Depicts the expected total resident and visitor energy (fuel + electricity) costs for the
Roadmap versus the BAU scenario.
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Figure 50. Estimated total annual energy costs for the BAU scenario (blue) and Roadmap (orange).
Roadmap energy costs decrease as solar PV and cogeneration come online in the 2020s, and
building energy efficiency retrofits occur. Costs level off in the 2040s when most energy efficiency
work has been completed.

In 2016, total energy costs paid by residents, visitors, businesses and other organizations totalled
approximately $152M. Electricity accounted for 4% of costs, natural gas use for 2%, and gasoline sales for
83%. It should be noted that gasoline sales represent a disproportionate amount of energy expenditures
in Banff due to visitor transportation. Energy prices are projected to increase in the BAU scenario,
although ongoing improvements in vehicle and buildings efficiency offset some of the increase, resulting in
a 4.4% annual energy cost decrease by 2050. Under Roadmap implementation, energy costs are reduced
by 60%.
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Marginal Abatement Costs

The marginal abatement cost (MAC) is a measure of the cost or savings of reducing greenhouse
gas emissions for a particular action. The MAC divides the total costs or savings of the action — as
represented by the net present value (NPV) — by the total emissions reductions associated with that
action over its lifetime (in tonnes). An action with a high positive cost/tonne is an expensive emissions
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summarized in Figure
51.
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Figure 51. Roadmap marginal abatement cost curve, showing the cost/savings per tonne of
emissions reduced. Horizontal axis: tonnes CO2e reduced by the action (wider bars = greater
reductions).Vertical axis: net financial return or cost of the action (taller bars = greater return/
cost).
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Heat pumps and investments in active transportation drive significant emissions reductions, but have a
positive marginal abatement cost, as does the procurement (importation) of renewable electricity and
renewable natural gas. These measures therefore impose a net financial cost on the community, even
over the long term, although this could change in the future as technologies develop and markets expand.
It is important to note that marginal abatement cost is only one metric for evaluating the merits of
Roadmap actions. It does not consider other co-benefits that may also be important to the community
such as employment, air and water quality, and environmental leadership.

Roadmap Employment

Roadmap capital expenditures result in increased employment in the Bow Valley region. Employment
factors specific to each sector were used to calculate full-time equivalent jobs based on dollars spent
within each sector. The Roadmap is estimated to generate almost 2,300 person years of employment
between 2020 and 2050, or an average of over 81 person years annually compared to the BAU scenario.
Many jobs are in the energy sector, with solar PV, DE systems, and heat pumps to install and maintain.
Many are also related to home retrofits and new construction. Some automotive repair jobs are lost
(2048-2050) as vehicle maintenance requirements are expected to decline.
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Figure 52. Employment generated by Roadmap implementation.
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Financial Analysis Summary

This analysis reveals that implementation of the Renewable Energy Transition Roadmap will require major
upfront investments by the Town, public and non-profit institutions, residents, and the private sector,
especially in the coming decade. However, long-term savings far outweigh these investment costs, and will
therefore create significant economic value for the community.
This discussion has focused on the benefits of implementing the Roadmap. Conversely, the risk of doing
nothing is also significant. In the context of this analysis, risks include the following:
• A slower response to mitigation and therefore more severe impacts of climate change;
• A missed opportunity for leadership in the public and private sector; and
• A missed opportunity to acquire co-benefits in improved health outcomes, economic development,
a more resilient energy system, and improved quality of living that are synergistic with the Roadmap
energy and emissions outcomes.

Review and Next Steps
Short-Term Priorities

The Renewable Energy Transition Roadmap demonstrates that Banff is capable of achieving emissions
reductions in line with Paris Agreement targets over the next three decades. This depends on achieving
major energy efficiency improvements in buildings (retrofits and better building codes) and vehicles
(electrification), and shifting further away from personal automobiles towards transit and active modes.
Combined, these measures achieve a 71% reduction in energy consumption over the next thirty years.
Reducing energy consumption is not enough. A major energy supply shift is also needed, including the
creative adoption of a variety of low-carbon energy technologies in the town site including solar PV,
biomass/biogas, ambient heat (air and ground source heat pumps), co-generation, and small scale wind.
Even with these measures, in 2050 the community will still depend on the provincial electricity grid,
which in turn will still rely heavily on natural gas. Some natural gas will also still be imported to the
community via pipeline. To deal with this persistent reliance on imported fossil fuel energy, the Roadmap
employs several schemes to import 100% renewable energy via existing infrastructure.
These major shifts in energy supply and demand will not occur quickly, or automatically, but there is a
great deal that can be done in the short term to ‘jump-start’ the community’s 100% renewable energy
journey. Table 11 lists several steps recommended build critical momentum in the next two years.
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Table 11: Short term steps to build Roadmap implementation momentum.
SHORT-TERM PRIORITIES/PROJECTS
A. Energy Efficient Buildings
Develop an energy performance standards roadmap that leads to a Passive
House requirement (or equivalent) by 2030 for all new buildings. Begin
consultations with developers, builders, and the general public.
Adopt provincial PACE legislation at the earliest opportunity to enable easy
access to energy efficiency financing for businesses and homeowners.
Develop an incentive/rewards program for deep energy retrofits in homes and
commercial buildings.
Complete a deep energy retrofit on at least one municipal building and
communicate the environmental & economic outcomes to the community.
B. Local Low-Carbon Energy
Explore concepts for a regional anaerobic digestion project through
conversations with other Bow Valley municipalities, stakeholders, and experts.
Develop initial design concepts for a downtown district energy network.
Adjust the solar PV rebate program to better support participation by
commercial property owners, and to maintain momentum in the residential
sector.
Consider a new policy for the Commercial Services District that would make
solar PV or solar PV-ready construction mandatory for all new buildings
Plan and install a solar PV carport demonstration project in a suitable
municipally owned/operated parking lot, and communicate the environmental &
economic outcomes to the community.
Install a cold-climate, air source heat pump on at least one municipal building,
and communicate the environmental & economic outcomes to the community.
C. Importing Renewable Energy
Begin exploring the feasibility of establishing a municipally-owned utility, and
work closely with local institutions and businesses to explore opportunities for
renewable electricity purchasing partnerships.
When switching to electric transit/fleet vehicles, purchase renewable energy
credits (RECs) to ensure that low-carbon electricity is used for charging.
Investigate costs and allocate funds to the purchase of a small quantity of
Renewable Natural Gas (RNG) as part of the Town’s natural gas contract.
D. Low-Carbon Transportation
Continue migrating Roam Transit buses and the municipal operations fleet to EV
drivetrains, and look for opportunities to accelerate this transition.
Simplify EV use for visitors and residents by working with existing networks
(Electrify Canada, Tesla, FLO, Petro-Canada, etc.) to install DC fast chargers in
the town site.
Support the expanded use of transit and active modes by accelerating
implementation of the alternative transportation actions identified in the
Council Strategic Plan 2019-2022.
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SUPPORTS
ACTION #

1, 2
3, 4
3, 4
5

8
10
13a, 13b
13b
13c
17a, 17b

19
19
20

25
26a, 26b

30

Long-Term Results
The short-term priorities described above also imply a large, short-term capital investment. The
Roadmap is a climate action plan, but it is also an economic plan that will strengthen the community
by investing in the public and private sector, reducing dependence on provincial resources and
infrastructure, and defining a shared community goal to power Banff with clean energy.
The average annual cost of implementing the Roadmap over thirty years is projected to be $11 million
per year – a cost that is spread amongst the municipality, institutions, businesses, visitors, and residents.
However, the cost savings are ultimately far greater. The Roadmap achieves break-even by 2030 and
contributes tens of millions of dollars to the local economy in all subsequent years. The earlier the
community can begin implementing the Roadmap, the greater the potential economic and environmental
benefits, and the sooner they will arrive.
Based on current assumptions, and implementation of the actions analyzed in this study, the Roadmap
gets Banff to 54% renewable energy by 2050 – short of the 100% renewable energy goal. However, this
would still be an enormous accomplishment, and would achieve emissions reductions of 83% compared
to 2016. The Roadmap therefore achieves its chief environmental goal, which is for the community to do
its part in mitigating global climate change, while showing other municipalities across the globe how it
can be done.
The Roadmap is intended to be a realistic 30-year plan that relies on commercially available technologies
and is based on forecasts/assumptions that may change in time. Numerous unknown factors are not
considered such as the impacts of new/unforeseen technologies, evolving energy markets, growing
urgency around the social and economic costs of climate change, and the potential impact of aggressive
carbon pricing (i.e. >$100/tonne). It is important to begin the 100% renewable energy journey now, so
that the community is ready to take advantage of new opportunities as they arise in the coming decades.
Part 3 of the Roadmap is the actions Implementation Blueprint. It is a foundation for what challenges
to expect, what investments to make, who to involve, and how to track and report on each action. The
Blueprint is the starting point for Banff’s renewable energy transition. As circumstances evolve, it can be
updated, ensuring the Roadmap stays on track to meet its energy and emissions targets on its ambitious
timeline.
As the first municipality to incorporate in a Canadian national park – in Canada’s first national park –
Banff is no stranger to innovation. The Town’s focus on ecological conservation sets an excellent
precedent for a focus on a renewable energy transition. The Roadmap is an inspired plan continuing in
these traditions, helping to lead Banff to a prosperous clean energy future.
In tackling our planet’s greatest environmental problem, the Renewable Energy Transition Roadmap
leaves no stone unturned, and some of the proposed actions may seem risky and daunting. This is the
nature of the climate change challenge. However, the solutions are also likely to improve quality of life
for all, strengthen the local economy, and build a more independent and resilient community. The Town
of Banff has always been an environmental leader, and now joins thousands of other municipalities around
the world in their determined pursuit of a low-carbon future.
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Appendix 1

Implementation Blueprint
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Summary and Overview

The Implementation Blueprint is an initiation point for the Roadmap’s 30 actions. It is designed
to generate momentum on each action, providing fundamental reference checklists for starting
implementation processes. As circumstances evolve (e.g. community champions are identified, funding
becomes available, technologies change) the Implementation Blueprint can be updated to reflect new
direction and opportunity.
The Blueprint is presented in summary table form. It follows the template below.

Implementation Blueprint Template
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting Medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals
Resources required (besides
funding)
Budget
Challenges

The circumstances and assumptions forming the basis of the
action.
The timing of action implementation.
Notes
The direct and indirect audiences the action affects or engages.
The means by which progress and evaluation of the action are
reported.
The Town policies and administrative practices and processes to
which the action is related and/or governed.
The entities with which to partner in this process and the
approvals required prior to implementing and reporting.
The technical and staff resources required to support the action.

The estimated funding required to undertake the action.
The key challenges that need to be overcome for the action to be
successful.
Next steps
The practical steps needed to implement the action.
Key Performance Indicators (KPIs) The metrics to be tracked and reported in order to determine
the success of the action. The reporting frequency is annual unless
otherwise stated.
Reporting frequency:
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Energy Efficient Buildings

1. Enhanced Residential Building Codes
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?

Partners/Approvals

Resources required (besides
funding)
Est. Investment Required
Challenges

Next steps

- That the Town can supplement provincial building codes through
municipal policy
- Starting in 2030, all new homes and major renovations are Passive
House compliant.
Notes
-

Key Performance Indicators
(KPIs)

-

Developers
Commercial property owners
Bow Valley Builders & Developers Association
Council & Parks Canada
Standard reporting mechanisms to Council as for all proposed
policies and bylaws (e.g. workshops, Council briefings, annual
reports)
Future Banff National Park Management Plan
Future Banff Community Plan
Land Use Bylaw
Banff Design Guidelines
Council Strategic Plan
Parks Canada
Council, Municipal Planning Commission
Builders & developers
Industry associations
Staff time for policy research and development, public/stakeholder
consultations
Funds for expert technical/legal input
Unknown
Housing affordability
Legal/regulatory hurdles
Ensuring codes do not outstrip local industry capacity
Developing requirements that are ambitious but fair
Building broad support for tighter codes
Identify milestone standards/codes/requirements that should be
implemented on the way to the 2030 Passive House target
Monitor development of National Building Code, which may include
an energy step code
Begin policy research and have initial consultations with builders/
developers
Construction cost ($/ft2)
Residential natural gas and electricity consumption
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2. Enhanced Commercial Building Codes
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?

Partners/Approvals

Resources required (besides
funding)
Est. Investment Required
Challenges

Next steps

- That the Town can supplement provincial building codes
through municipal policy
- Starting in 2030, all new commercial buildings and major
commercial retrofits are Passive House compliant.
Notes
-

Key Performance Indicators (KPIs)
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-

Business community
Commercial property owners and developers
Bow Valley Builders & Developers Association
Council & Parks Canada
Standard reporting mechanisms to Council as for all proposed
policies and bylaws (e.g. workshops, Council briefings, annual
reports)
Future Banff National Park Management Plan
Future Banff Community Plan
Land Use Bylaw
Banff Design Guidelines
Council Strategic Plan
Parks Canada
Council, Municipal Planning Commission
Commercial property owners
Developers and industry associations
Staff time for policy research and development, public/
stakeholder consultations
Funds for expert technical/legal input
N/A
Legal/regulatory hurdles
Ensuring codes do not outstrip local industry capacity
(product availability, training, safety, inspections)
Developing requirements that are ambitious but fair
Building broad support for tighter codes
Identify milestone standards/codes/requirements that should
be implemented on the way to the 2030 Passive House target
Monitor development of National Building Code, which may
include an energy step code
Begin policy research and have initial consultations with
builders/developers
Construction cost ($/ft2)
Commercial natural gas and electricity consumption

3. Residential Deep Energy Retrofits
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Est. Investment Required
Challenges

- 90% of all homes undergo energy efficiency retrofits, achieving
50% thermal energy savings and 50% electrical energy savings
- The Town develops financing and incentive programs to
support retrofits
- Homes are retrofit by 2050
Notes
-

Next steps

-

Key Performance Indicators (KPIs)

-

Homeowners
Developers/builders
Council
Standard reporting mechanisms to Council as for all proposed
policies and bylaws (e.g. workshops, Council briefings, annual
reports)
Future Council Strategic Plans
Land Use Bylaw/Environmental Design Guidelines
Banff Design Guidelines
Homeowners, builders
Developers & industry associations
Small contractors and tradespeople
Staff time for policy research and development, public/
stakeholder consultations
Expert input/knowledge
Estimated ~$60M over 30 years
Vacancy and/or lost revenue during construction
Developing financing programs, incentives, and other
mechanisms to support retrofits
Overcoming upfront costs and encouraging a life cycle cost
approach to building renewal
Research property-assessed clean energy (PACE) programs in
other municipalities for best practices transfer to Banff
Develop education program to promote home retrofits
Partner with relevant home improvement organizations and
retailers to help develop green retrofit programs
Identify priority neighbourhoods and homes for retrofitting
and reach out to homeowners to help remove retrofit
obstacles
Greenhouse gas emissions (tonnes/a)
Total residential buildings energy consumption (MWh/a)
Green retrofit program participation rate
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4. Commercial Deep Energy Retrofits
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Est. Investment Required
Challenges

- 90% of all commercial buildings undergo energy efficiency
retrofits, achieving 50% thermal energy savings and 50%
electrical energy savings
- The Town develops financing and incentive programs to
support retrofits
- Buildings are retrofit by 2050
Notes
-

Next steps

-

Key Performance Indicators (KPIs)
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-

Commercial property owners/operators
Developers/builders
Council
Standard reporting mechanisms to Council as for all proposed
policies and bylaws (e.g. workshops, Council briefings, annual
reports)
Future Council Strategic Plans
Land Use Bylaw/Environmental Design Guidelines
Banff Design Guidelines
Commercial property owners/operators
Developers & industry associations
Small contractors and tradespeople
Staff time for policy research and development, public/
stakeholder consultations
Funds for expert technical input
Estimated ~$60M over 30 years
Vacancy and/or lost revenue during construction
Developing financing programs, incentives, and other
mechanisms to support retrofits
Overcoming upfront costs and encouraging a life cycle cost
approach to building renewal
Research property-assessed clean energy (PACE) programs in
other municipalities for best practices transfer to Banff
Develop sector-specific programs that support retrofits
Explore options for connecting property owners with private
energy efficiency investment capital
Partner with developers & industry associations to develop
green retrofit programs
Identify priority sectors/buildings for retrofitting and reach out
to businesses to help remove obstacles
Greenhouse gas emissions (tonnes/a)
Total commercial buildings energy consumption (MWh/a)
Green retrofit program participation rate

5. Municipal Building Retrofits
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals
Resources required (besides
funding)
Budget
Challenges

Next steps

Key Performance Indicators (KPIs)

- All municipal buildings undergo energy efficiency retrofits to
achieve 50% thermal energy and 50% electrical energy savings.
- 100% of municipal buildings are retrofit by 2035.
Notes
-

Council
Administration
Facility tenants
Standard reporting mechanisms to Council as for all municipal
capital projects (e.g. workshops, Council briefings, annual
reports)
New Facilities Energy Management Plan
Council Strategic Plan
Municipal Sustainable Building Policy
Energy Management Plan for Municipal Facilities
Council
Standard development & building permits
A dedicated Municipal Energy Manager
Staff time for project management of energy audits, upgrades/
retrofits, and energy performance monitoring
Estimated ~$5M over 30 years.
Budget/funding
Ensuring long-term commitment to retrofit investments
Managing potential disruptions to municipal operations
Complete energy audits on key facilities
Identify priority buildings for retrofits, and schedule work
Monitor external funding opportunities
Greenhouse gas emissions (tonnes/a)
Natural gas consumption (GJ/a)
Electricity consumption (MWh/a)
Annual energy costs ($/a)
Final abatement cost ($/tonne)
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6. Recommissioning
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)

Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Budget
Challenges
Next steps

Key Performance Indicators (KPIs)
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- Recommission all major buildings every 5 years to reset
performance to baseline or better
- Starting in 2020
Notes
-

Commercial/institutional property owners and operators
Industry associations
Council
Recommissioning schedules and reports
Building inspection related processes

- Multifamily, mixed-use, business, commercial, and hospitality
building owners and operators
- Commissioning agents and authorities
- Staff time to invest in partnerships
- Estimated ~$2.6M over 30 years
- Getting buy-in from building owners
- Create recommissioning information materials for distribution
to building owners and operators
- Host information and engagement meetings with building
owners
- Establish partnerships with commissioning agents and
authorities
- Recommissioning schedule registry
- Buildings’ energy bills

Locally Generated
Low-carbon Energy

7. Wood Waste-to-Energy: Town Compound
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)

Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required at this time

Budget
Challenges

Next steps
Key Performance Indicators
(KPIs)

- 150 kW wood boiler, 2,300 GJ/a heating energy.
- Scaling up to 6,200 GJ/a by 2025 with expansion beyond Town
compound, likely with a cogeneration component
- Initial commissioning in Q4 2020
Notes
-

Town Council & Administration.
Parks Canada
Future expansion depends on buy-in from potential customers.
Standard reporting mechanisms to Council (e.g. workshops,
Council briefings, annual reports)
Council Strategic Plan 2019-2022
Waste diversion workplans and strategies
Land Use Bylaw – re: zoning for CS district
Parks Canada
Alberta Environmental & Parks
Council, local development permits
A staff member for project management
Resource Recovery responsible for producing high quality fuel
Facilities responsible for smooth operation of all equipment
Initial build and connection to 4 buildings - $1.1M
Project may depend on external funding
Stakeholder perceptions about burning waste wood
Staff training
Extensive feasibility/de-risking work already completed.
Environmental review must identify no significant concerns,
Greenhouse gas emissions (tonnes/a)
Flue gas particulate emissions concentration (mg/Nm3)
Flue gas particulate emissions rate (g/hr, g/GJ)
Natural gas consumption (GJ/a)
Electricity consumption (MWh/a)
Wood waste consumption (tonnes/a)
Heat delivered to buildings (GJ/a)
Wood chip production rate from grinder (tonnes/hr)
Annual operating and maintenance costs ($/a)
-Final abatement cost ($/tonne)
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8. Biogas Cogeneration: Wastewater
Treatment Plant
Action Description
Assumptions

Schedule

Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required at this time
Budget
Challenges

Next steps

Key Performance Indicators
(KPIs)
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- 220 kW cogeneration unit
- 5,844 GJ/a heating energy, 1948 MWh electricity.
- Assume biogas is produced by a local anaerobic digester if
supportable by waste volumes/economics.
- Otherwise, assume biogas supplied from a project outside the
Park that receives organic waste from multiple municipalities.
- Installed and running by 2026.
- Cogen could be installed in 2020 but would run on conventional
gas until 2026
Notes
- Town Council & Administration.
- Parks Canada, Town of Canmore, ID#9, Municipal District of
Bighorn, Bow Valley Waste Management Commission.
- Indirect - Southern Alberta Energy from Waste Association.
- Standard reporting mechanisms to Council (e.g. workshops,
Council briefings, annual reports).
- Offsite project would have its own reporting mechanisms if
managed/owned by a consortium or third-party.
- Council Strategic Plan
- Waste diversion workplans and strategies
- Parks Canada, Alberta Ministry of Environment, Town of
Canmore, ID#9, Municipal District of Bighorn, Bow Valley Waste
Management Commission, Southern Alberta Energy from Waste
Association.
- Staff time for project management
- External subject matters experts/consultants
- TBD
- Significant technical/economic feasibility work will be required.
- External funding likely needed.
- A formal partnership (consortium?) between municipalities
might be needed to propel the project.
- Town of Banff (or other) could lead an in-depth feasibility
study to examine the technical and economic potential of an
anaerobic digester project in the area
- Council direction is required.
- Greenhouse gas emissions (tonnes/a)
- Total waste diverted (tonnes/a)
- Annual energy generation (GJ/a)
- Annual operating and maintenance costs ($/a)

9. Cogeneration: Fenlands Recreation Centre
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Budget
Challenges

Next steps
Key Performance Indicators
(KPIs)

-

294 kW cogeneration unit (microgeneration)
4,730 GJ/a heating output.
876 MWh electricity generation.
Installed and operational by 2023.

Notes
- Town Council & Administration.
- Standard reporting mechanisms to Council (e.g. workshops,
Council briefings, annual reports)
- Council Strategic Plan
-

Budget for a feasibility study
Parks Canada approval required if an outdoor unit (noise)
Fortis Alberta for micro-generation interconnection.
Staff time for project management
Support from Facilities/Fenlands staff
-Budget for feasibility study
TBD, but project may be self-funding
Finding a suitable location for the cogen unit onsite
Appropriate sizing to match heat/electricity loads.
Noise (if outdoors) and proximity to wildlife corridor
Complete an investment-grade engineering study
Greenhouse gas emissions (tonnes/a)
Electricity delivered (MWh/a)
Natural gas consumption (GJ/a)
Total efficiency (%, energy in / energy out)
Annual operating cost ($/a)
Annual maintenance cost ($/a)
Final abatement cost ($/tonne)
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10-12. Cogeneration District Heating
Action Description
Assumptions

Schedule

Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals
Resources required (besides
funding)
Budget
Challenges

-

6.17 MW total capacity (three separate systems).
283,000 GJ/a heating output.
51,800 MWh electricity generation.
Initial project centred on Town Hall to power nearby public
buildings installed by 2023
- Expand heating service to nearby buildings by 2030
- Banff Centre and Fairmont Banff Springs by 2030.
Notes
- For downtown project owned and operated by municipality,
reporting is to Council & Administration
- Banff Centre and BSH run independently/privately
- Public engagement/communications, combined with standard
reporting mechanisms to Council (e.g. workshops, Council
briefings, annual reports)
- Council Strategic Plan 2019-2022
-

Next steps

-

Key Performance Indicators
(KPIs)
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-

Parks Canada
Commercial property owners and public institutions
Staff time for project management
Leadership and support from administration, Council
External subject matter experts
TBD
Technical feasibility must be established early on.
Large projects require long-term staff capacity/capability.
Development permits and environmental review required.
Must deliver energy at a cost comparable to, or lower than
standard retail costs for electricity and gas.
Requires a strong economic case/return on investment
Extensive stakeholder consultation, communications, knowledge
sharing required.
Town can take lead by establishing publicly owned district
heating systems in Commercial Services District, and in the
downtown
Town can work with Banff Centre and BSH to identify obstacles/
barriers, provide resources, and develop policies & incentives to
support district energy.
Greenhouse gas emissions (tonnes/a)
Natural gas consumption (GJ/a)
Electricity consumption (MWh/a)
Annual operating and maintenance costs ($/a)
Final abatement cost ($/tonne)

13a. Residential Rooftop Solar
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Budget
Challenges

Next steps

Key Performance Indicators
(KPIs)

- 1,450 kW by 2050 (197 kW as of June 2019).
- Represents ~80% of homes by 2050.
- Ongoing
Notes
- Town Council & Administration.
- Homeowners and residential property owners
- Public engagement/communications, combined with standard
reporting mechanisms to Council (e.g. workshops, Council
briefings, annual reports)
- Regular public progress updates on Town website
- Council Strategic Plan 2019-2022
- Solar PV Incentive Program
- Environmental Rebate Program
- Land Use Bylaw
- Residential property developers should be made aware of solar
PV incentives, requirements, and design guidelines
- Look for participation from Banff Housing Corporation
- Industry associations should be informed of Banff’s goals
- Local development permits required
- A staff member dedicated to sustained management of
incentives, policies, reporting, communications, etc.
- TBD
- Education about benefits of solar PV e.g. simplicity of
participating in the Town’s incentive program, fast installation,
low maintenance, prolonged roof life.
- Homeowner perceptions e.g. value, cost, aesthetics, effectiveness,
effect on property value
- Maintain solar PV incentive program.
- Document historical progress, set milestone targets, and
communicate these to the public
- Customize program for single family homes/townhouses
- Consider a temporary program that targets homes with large
solar-ready rooftops with excellent solar exposure.
- Look into solar roof tile opportunities.
- Greenhouse gas emissions (tonnes/a)
- Total solar installed (kW)
- Total annual output (MWh)
- Program participation over time (kW/a)
- Average install cost ($/W)
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13b. Commercial Rooftop Solar
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?

Partners/Approvals

Resources required (besides
funding)
Budget
Challenges

Next steps

Key Performance Indicators
(KPIs)
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- 11,500 kW by 2050 (90 kW as of June 2019).
- Represents ~80% of commercial buildings by 2050.
- Ongoing
Notes
- Town Council & Administration.
- Commercial property owners & public institutions
- Public engagement/communications, combined with standard
reporting mechanisms to Council (e.g. workshops, Council
briefings, annual reports)
- Regular public progress updates on Town website
- Council Strategic Plan 2019-2022
- Solar PV Incentive Program
- Environmental Rebate Program
- Solar Panel Design Guidelines
- Land Use Bylaw
- Inform commercial property owners of solar PV benefits,
incentives, requirements, and design guidelines.
- Industry associations should be informed of Banff’s goals.
- Local development permits required
- A staff member dedicated to sustained management of
incentives, policies, reporting, communications, etc.
- TBD
- Education about benefits of solar PV e.g. simplicity of
participating in the Town’s incentive program, fast installation,
low maintenance, prolonged roof life.
- Property owner perceptions e.g. value, cost, aesthetics,
effectiveness, effect on property value
- Maintain solar PV incentive program.
- Customize program for commercial properties, institutions, and
multifamily buildings.
- Explore a mandatory solar PV bylaw for new builds in the
Commercial Services District given the excellent solar exposure
and large rooftops.
- Look into solar roof tile opportunities.
- Greenhouse gas emissions (tonnes/a)
- Total solar installed (kW)
- Total annual output (MWh)
- Program participation over time (kW/a)
- Average install cost ($/W)

13c. Solar Carports in Parking Lots
Action Title
Assumptions
Schedule
Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?

Partners/Approvals

Resources required (besides
funding)
Budget
Challenges

- 9,600 kW of solar PV installed over existing parking lots by
2050.
- Ongoing.
Notes
-

Next steps

Key Performance Indicators
(KPIs)

-

Town Council & Administration.
Parks Canada
Commercial property owners & public institutions
General public, visitors, and non-profits/volunteer groups
Standard reporting mechanisms to Council.
Influenced by stakeholders, who need a strong voice in these
projects given their high visibility.
Council Strategic Plan 2019-2022
Banff National Park Management Plan
Solar PV Incentive Program
Environmental Rebate Program
Solar Panel Design Guidelines
Land Use Bylaw
Parks Canada, property owners, Banff Lake Louise Hospitality
Association, Banff Lake Louise Tourism.
Local development permits required
A staff member dedicated to sustained management of
incentives, policies, reporting, communications, etc.
TBD
Upfront capital cost.
Perceptions about costs, maintenance, operations, aesthetics
Education about user/owner co-benefits i.e. vehicle shelter from
snow/hail, shaded parking on hot days, revenue for property
owner, extended life of asphalt/concrete.
Education about environmental co-benefits i.e. EV charging,
reduced emissions, reduced heat island effect.
Municipality should lead by installing a project of its own.
Establish trust by ensuring projects are not ugly or obtrusive.
Communicate benefits to property owners.
Consider provision of incentives.
Greenhouse gas emissions (tonnes/a)
Total solar installed (kW)
Total annual output (kWh)
Average install cost ($/W)
User experience (i.e. electronic survey stations)
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14. Ground/Roof Mount Solar at Wastewater
Treatment Plant
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals
Resources required (besides
funding)
Budget
Challenges
Next steps
Key Performance Indicators
(KPIs)

84

- 120 kW ground/roof mount solar PV system at Wastewater
Treatment Plant
- Operational by 2023
Notes
-

Town Council & Administration.
Standard reporting mechanisms to Council.
Council Strategic Plan
-New Facilities Energy Management Plan

- Parks Canada
- Local development permits required
- A staff member dedicated to execution of the project and
monitoring operational performance.
- ~$250,000
- Shading from Mt Rundle, limited space
- Commission a solar PV assessment for the facility
- Greenhouse gas emissions (tonnes/a)
- Levelized Cost of Energy ($/kWh)
- Net Present Value ($)
- Average install cost ($/W)
- Annual energy output (MWh)
- Capacity Factor

15. Small scale wind electricity generation
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

- Small wind turbine at the WWTP, wind speed ~3.5-4.25 m/s
- 5 kW by 2023
Notes
-

Town Council & Administration
Standard reporting mechanisms to Council
Website report to public
Council Strategic Plan 2019-2022

- Would require Parks Canada environmental assessment
- Dependent on support from general public, visitors, and nonprofits/volunteer groups
Resources required (besides
- Staff time to oversee procurement, installation, and operation
funding)
and maintenance of the turbine(s)
Est. Investment Required
- ~$25,000 capital cost, plus installation costs
Challenges
- Quantifying potential impact on birds and bats
- Optics and aesthetics; turbine would be visible from popular
trails and viewpoints
- Economics
Next steps
- Consider installation of wind speed monitoring equipment at
proposed turbine height
- Conduct site-specific feasibility study
Key Performance Indicators (KPIs) - Greenhouse gas emissions (tonnes/a)
- Electricity generation (MWh/a)
- Levelized Cost of Energy ($/kWh)
- Capacity Factor
- User experience (i.e. electronic survey stations)
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16. Effluent Heat Pumps at WWTP
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals
Resources required (besides
funding)

- Heat capture system from WWTP treated effluent to provide
3,500 GJ heating energy to the WWTP operations.
- 90 kW system installed by 2023.
Notes
-

Town Council & Administration.
Standard reporting mechanisms to Council.
Website report to public.
Council Strategic Plan 2019-2022

- Would require Parks Canada environmental assessment
- Staff time to oversee feasibility study and provide project
management
- External subject matter experts/consultants
Est. Investment Required
- ~$720,000 estimated capital costs.
Challenges
- Minimizing disruption to site operations during installation
- Managing heat extraction to ensure no ice build-up around
diffusers
- Ensuring a low carbon electricity supply for the heat pumps
Next steps
- Review concept with Water Services & WWTP staff
- Complete a feasibility study
Key Performance Indicators (KPIs) - Greenhouse gas emissions (tonnes/a)
- Effluent temperature (oC) and volume (L)
- Heat delivered (GJ/a)
- Coefficient of Performance (COP)
- Overall plant energy costs ($)

86

17. Residential and Commercial Heat Pumps
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)
Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

- 55% of residential heating systems and 75% of commercial
heating systems are replaced by air and/or ground source heat
pumps (excluding buildings connected to district heating)
- System conversions start in 2020 and occur over a 30-year
time period.
Notes
- Homeowners and residential property owners/operators,
commercial property owners/operators
- Standard reporting mechanisms to Council as for all municipal
capital projects (e.g. workshops, Council briefings, annual
reports)
- Council Strategic Plan 2019-2022
- Suggest inclusion in Environmental Rebate program

Resources required (besides
funding)
Est. Investment Required
Challenges

-

Next steps

-

Key Performance Indicators (KPIs)

-

Local HVAC contractors and property developers
Banff Housing Corporation
Commercial property owners
Staff to prepare and oversee municipal programs
External subject matter experts
Estimated ~$40M capital costs.
Emissions reductions depend on reduced electricity emissions
intensity (i.e. grid improvements, solar PV, RECs)
Achieving life cycle cost parity with natural gas heating
Addressing potential noise concerns
Addressing supplementary heat during extreme cold (-25°C)
Work with local HVAC contractors to document available
technologies, market opportunities/challenges, best practices
Complete pilot/demonstration projects, e.g. on a municipally
owned building
Research options for an incentive program, initially focused on
conversions to hybrid systems.
Potentially tie incentives to solar PV incentive program given
the need for green power
Greenhouse gas emissions (tonnes/a)
# of program participants, local installs
User energy and emissions savings (include data sharing
requirement in incentive program)
User experience (surveys, testimonials)
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18. Electricity Storage
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)

Reporting medium

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Est. Investment Required
Challenges

Next steps
Key Performance Indicators (KPIs)
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- 1.7 MW of renewable electricity storage is installed in the
electric system.
- Storage is added with new renewable electricity generation
systems starting in 2020.
Notes
-

Transmission and distribution companies (e.g. Fortis, Altalink)
Electricity generation developers (e.g. TransAlta, ATCO)
Parks Canada
Town Council and Administration
Standard consultations with Parks Canada, Town of Banff, and
key departments/commissions/boards
- These are likely to be large, privately funded projects
supported by the Town
- Future Council Strategic Plans
-

Parks Canada
Alberta Utilities Commission
Alberta Environment & Parks
Alberta Electricity System Operator (AESO)
Staff time for ongoing engagement with the groups listed above
External subject matter experts
~$3.3M
Determining the optimal energy storage solutions to interface
between the installed renewable energy capacity, end
electricity uses, and the electricity grid.
- Inform key stakeholders of Roadmap objectives and discuss
need for, and benefits of electricity storage
- Greenhouse gas emissions (tonnes/a)
- Energy storage capacity installed (MW and MWh)

Importing Renewable Energy
19. Renewable Electricity Procurement
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Est. Investment Required
Challenges

Next steps

- The Town develops legal/commercial mechanisms/schemes
that enable electricity demand aggregation in the community,
allowing bulk purchases of renewable electricity at a
competitive cost (see options below)
- Procurement starts in 2020
Notes
-

Entire community
Standard reporting mechanisms to Council
Council Strategic Plan 2019-2022
Future Banff Community Plan
New policies/plans specific to this action will be needed
Town Council
Local commercial property owners and institutions
Alberta Electricity System Operator
Alberta Utilities Commission
Transmission & distribution companies
Staff resources required to build partnerships and report on
program progress
External subject matter experts
TBD
Legal/regulatory hurdles
Building local stakeholder support for program
Achieving cost parity with status quo (very close already)
Engage a consulting firm to complete a preliminary study
evaluating the available options, including:
- Public-private partnerships (Town, major property
owners, large institutions) that sign long-term power
purchase agreements with renewable energy developers
-

Key Performance Indicators (KPIs)

Establish a local (municipal) electricity retailer, allowing
the Town to purchase renewable electricity for all local
customers that sign on

- Following initial study, establish a stakeholder working group to
identify/evaluate options, opportunities, and obstacles
- Greenhouse gas emissions (tonnes/a)
- Scale of community participation (MWh, as a percentage of
total community electricity demand)
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20. Renewable Natural Gas Procurement
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Est. Investment Required
Challenges

Next steps

Key Performance Indicators (KPIs)
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- The Town develops legal/commercial mechanisms/schemes
that enable natural gas demand aggregation in the community,
allowing bulk purchases of renewable natural gas (see options
below)
- Procurement starts in 2020
Notes
-

Entire community
Standard reporting mechanisms to Council
Council Strategic Plan 2019-2022
Future Banff Community Plan
New policies/plans specific to this action will be needed
Town Council
Local commercial property owners and institutions
Natural gas retailers and distributors (e.g. ATCO)
Alberta Utilities Commission
Staff resources required to build partnerships and report on
program progress
External subject matter experts
TBD
Legal/regulatory hurdles
Building local stakeholder support for program
Achieving cost parity with status quo (unlikely in near future)
Begin discussions with natural gas retailers and distributors
about potential options for procuring RNG at scale
Consider including as part of electricity procurement study
Greenhouse gas emissions (tonnes/a)
Scale of community participation (GJ, as a percentage of total
community electricity demand)

Low Carbon Transportation
21. Increase Transit Frequency
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)

Reporting medium

- Increase frequency on Route 1 to every 5 minutes; Route 2
every 10 minutes; all other routes to every 15 minutes.
- Increase in-town transit mode share to 20% by 2030.
- Increase in-town visitor transit mode share to 30% by 2030.
Notes
-

Resources required (besides
funding)

-

Challenges

-

In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

-

Next steps

Key Performance Indicators (KPIs)

-

Parks Canada
Town of Canmore, Improvement District #9
Bow Valley residents & visitors
Roam Transit internal reporting
Standard progress reporting mechanisms to Council
Communication of service upgrades and progress reports to
general public
Council Strategic Plan 2019-2022
Future Banff Community Plan
Future Banff National Park Management Plan
Transportation Master Plan
Bow Valley Regional Transit Services Commission
Hospitality and tourism industry
Council & Administration
Staff to research and coordinate transit service upgrades
Staff to coordinate communications with residents & visitors,
and develop partnerships with local business & institutions
Promoting a mode shift to transit among general public,
hospitality/tourism industries
Seamless integration of transit with car shares, bike shares,
active transportation, etc. in order to drive mode-shift
Ensuring high ridership in winter months
Continue to implement the recommendations of the Banff
Local Transit Service Review
Incorporate this level of service into fleet growth plans
Continue research into integrated mobility solutions
Continue exploring the case and options for ‘free transit’
Ridership
Transit revenues
Hospitality and tourism transit program participation
Transit mode share
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22. Expand Regional Transit
Action Description
Assumptions
Schedule

Implementation
Consideration
Audience(s)

Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Challenges

- Expand rapid transit routes and frequencies between Banff and
Lake Louise, Canmore, Lake Minnewanka.
- Increase regional transit mode share to:
- 10% residents by 2030
- 20% residents by 2050
- 30% multi-day visitors by 2050
Notes
-

Parks Canada
Town of Canmore, Improvement District #9
Bow Valley residents & visitors
Standard progress reporting mechanisms to Council
Council Strategic Plan 2019-2022
Future Transportation Plans

-

Parks Canada
Town of Canmore, Improvement District #9
Bow Valley Regional Transit Services Commission
Staff to research and coordinate transit service upgrades
Staff to coordinate communications with residents & visitors,
and develop partnerships with local business & institutions
Maintaining consistent ridership to justify transit service
Managing fleet size and seasonal swings in ridership
Integrating the intercity transit service with other local transit
services to ensure continuity of mobility
Coordinating with other towns on transit promotion and
investment/revenue share
Coordinate with Bow Valley Regional Transit Services
Commission and neighbouring communities
Ridership
Transit revenues
Hospitality and tourism transit program participation
Transit mode share

-

Next steps

-

Key Performance Indicators (KPIs)

-

92

23. Expand Intercity Transit
Action Description
Assumptions
Schedule

Implementation
Consideration
Audience(s)

Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)

Challenges

- Introduce an on-road electric train/coach bus service between
Banff and Calgary.
- Increase external transit mode share to
- 10% single day visitors by 2030
- 20% single day visitors by 2050
- 30% multi-day visitors by 2050
Notes
-

Next steps

-

Key Performance Indicators (KPIs)

-

Parks Canada
Visitors from City of Calgary and nearby communities
Bow Valley residents & visitors
Council reports.
Council Strategic Plan 2019-2022
Future Transportation Plans
Future Intercity/Mass Transit studies
City of Calgary and nearby communities
Alberta Ministry of Transportation
Parks Canada
Town of Canmore, Improvement District #9
Bow Valley Regional Transit Services Commission
Staff time to coordinate intercity transit program with partner
entities.
Fleet vehicles.
Storage stations for fleet vehicles.
Promotional resources.
Designing and implementing a ridership promotion and fee
schedule that would support the transit option’s success.
Integrating the intercity transit service with other local transit
services to ensure continuity of mobility.
Coordinating with other towns on transit promotion and
investment/revenue share.
Coordinate with relevant entities on program design options,
regulations, routes, infrastructure required, and fleet options.
Source best practices and detailed implementation information
from other jurisdictions.
Continue to explore/support options for passenger rail
Ridership.
Vehicle traffic counts.
Vehicle kilometres travelled.
Fuel sales.
Transit revenues.
Transit mode share.
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24. Electrify Local and Regional Transit
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Budget
Challenges

Next steps

Key Performance Indicators (KPIs)
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- Replace current buses with electric models
- 100% electric transit fleet by 2030
Notes
- Transit users
- Hospitality and tourism industry
- Standard reporting mechanisms to Council (e.g. workshops,
Council briefings, annual reports)
- Council Strategic Plan 2019-2022
- Future Transportation Plans
-

Bow Valley Regional Transit Services Commission
Town of Canmore, Improvement District #9
Council, Administration
Staff time to support BVRTSC capital decisions and operational
requirements
Estimated ~$10-15M capital costs
Weighing higher capital costs vs. lower operational costs
Managing cold weather operations
Charging requirements
Ensuring adequate vehicle range
Ensuring no reduction in quality of service
Support BVRTSC in researching suitable EV bus models
Establish fleet replacement schedule
Progress proposed new Transit Garage to completion to
support cold weather EV bus operations
Provide support for maintenance/operations staff retraining
Greenhouse gas emissions (tonnes/a)
Average fleet mileage (mpg-equivalent)
Annual operating costs ($/km)

25. Electrify Municipal Vehicle Fleet
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium

- Install Level 2 chargers at most municipal facilities
- Municipal vehicles are 100% electric by 2030.
- All major facilities have Level 2 chargers by 2022
Notes

- Council & administration
- Standard reporting mechanisms to Council for capital projects
(e.g. workshops, Council briefings, annual reports)
In which existing policies/
- New Facilities Energy Management Plan
strategies/workplans can this
- Future Transportation Plans
action be embedded?
- Green Fleet strategy
- Council Strategic Plan 2019-2022
Partners/Approvals
- Council
Resources required (besides
- Fleet Services staff to evaluate EV models and manage capital
funding)
investments
Budget
- Estimated ~$40-60,000 per vehicle capital cost.
- Estimated ~$1,000 per charging station capital cost.
Challenges
- Sourcing EV alternatives with performance that is comparable
to internal combustion engines
- Managing capital and operational costs
- Staff training
- Overcoming potential negative perceptions of EV capabilities
Next steps
- Complete charger network mapping
- Identify suitable EV options for fleet replacement, where
available
- Identify external funding options
Key Performance Indicators (KPIs) - Greenhouse gas emissions (tonnes/a)
- Annual operating costs ($/a)
- Fleet mileage (mpg-equivalent)
- User experience (surveys, interviews)
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26a/b. Coordinate EV incentives
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)

Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Challenges

Next steps

-

Notes
-

Residents and visitors
Business owners
Hospitality and tourism industry
Standard reporting mechanisms to Council
Council Strategic Plan 2019-2022
Future Transportation Master Plan

-

Provincial and Federal Governments
City of Calgary
Business owners
Hospitality and tourism industry
Staff time to manage EV incentive projects and policies, and
coordinate awareness programs
Municipality has little control over private vehicle purchases
Municipality has little influence over EV technology
development and market maturation
Work with existing charging networks to support installation
of DC fast charging stations in the town site
Develop an EV promotional campaign
Explore options for better advertising EV charging
infrastructure
Create local and visitor EV incentive programs (e.g. priority
parking, free charging, free entry to the Park, etc.)
Coordinate EV promotion and charging station installation
efforts with Parks Canada, businesses, hotels, City of Calgary
EV market penetration
Available charging infrastructure
EV vehicle user experiences/recommendations

-

Key Performance Indicators (KPIs)
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Ensure residents are aware of EV incentive programs
Assign priority parking stalls for EVs, with chargers
Coordinate EV promotion campaigns
100% of new local vehicle sales are EVs by 2030.
100% of new vehicle sales to visitors are EVs by 2040.

-

27. Electrify Commercial Vehicles
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Challenges

- Freight, delivery, and tourism vehicles are electrified.
- 100% of new commercial vehicles are electric by 2030.
Notes
-

The entire commercial & institutional transportation sector
Standard reporting mechanisms to Council
Council Strategic Plan 2019-2022
Future Transportation Master Plan

-

Parks Canada
Alberta Ministry of Transportation.
Commercial fleet owners and operators
Businesses and institutions
Hospitality and tourism industry
Staff time to manage EV incentive projects and policies, and
coordinate awareness programs
Municipality has little control over commercial vehicle
purchases
Municipality has little influence over EV technology
development and market maturation
Working with Parks Canada and other public institutions to
electrify fleets
Work with existing charging networks to support installation
of DC fast charging stations in the town site
Develop an EV promotional campaign
Explore options for better advertising EV charging
infrastructure
Create local and visitor EV incentive programs (e.g. priority
parking, free charging, free entry to the Park, etc.)
Coordinate EV promotion and charging station installation
efforts with Parks Canada, businesses, hotels, City of Calgary
EV market penetration
Available charging infrastructure
EV vehicle user experiences/recommendations

-

Next steps

-

Key Performance Indicators (KPIs)

-
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28. Create a Carshare Service
Action Description
Assumptions

Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals
Resources required (besides
funding)
Challenges

- A carshare service is implemented, based on successful
examples in other cities. The nature of the service and
company would be determined based on a best practice
review of neighbouring towns and cities.
- Car ownership and vehicle mode share decline 5% by 2025.
Notes
-

Next steps

-

Key Performance Indicators (KPIs)
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-

Residents
Standard reporting mechanisms to Council
Future Transportation Plans
Future Banff Community Plans
Council Strategic Plan 2019-2022
Commercial car share companies
Council
Staff time to coordinate with car share organization and
perform public engagement
Community participation through car share groups/clubs
Generating sufficient membership to support the car share
organization
Updating transportation, parking, and building bylaws to
accommodate car share vehicle use
Follow up on previous Town research and efforts into initiating
a car share service
Contact car share services in Calgary, Edmonton and BC to
research best practices
Update construction, development, land use bylaws to
accommodate car share vehicle provision incentives
Number of car share vehicles per capita
Car share vehicle annual VKT
Car share organization memberships
Personal car ownership per capita

29. Congestion Charge/Downtown Car-free
Zone
Action Description
Assumptions
Schedule
Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)

Challenges

- Designate Banff’s downtown area as an active transportation
and transit only area, or subject to congestion pricing.
- Shift 30% of day visitors to active and transit transportation
modes by 2030.
Notes
-

Residents and visitors
Hospitality and tourism industry
Standard reporting mechanisms to Council
Future Transportation Plans
Future Banff Community Plans
Land Use Bylaw

-

Parks Canada
Hospitality and tourism organizations
Downtown businesses
Staff time to engage with the public, business community, and
hospitality and tourism organizations
Staff time to create and update transportation related bylaws
and policy
Intercept parking outside the downtown core is a prerequisite
Resources to update street and sidewalk designs
Congestion charge currently not allowed by provincial law
Addressing concerns from residents, businesses, and the
hospitality and tourism industry about actual or perceived
impacts of a car-free zone or congestion pricing
Implementing the program in a manner that does not
negatively impact he visitor experience
Explore car-free/congestion zone concepts and boundaries
Create a fact-finding/consultation program for residents,
businesses, institutions, and industry associations
Identify required updates to relevant bylaws and policies
Traffic counter data (vehicle counts, and vehicle kilometers
traveled) in key areas
Transit ridership
Pedestrian and cycling mode share
User experience (surveys, interviews)

-

Next steps

Key Performance Indicators (KPIs)

-
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30. Cycling and Walking Infrastructure
Programs
Action Description
Assumptions

Schedule

Implementation
Consideration
Audience(s)
Reporting medium
In which existing policies/
strategies/workplans can this
action be embedded?
Partners/Approvals

Resources required (besides
funding)
Challenges

Next steps

- Create cycling lanes, storage options, and bike/e-bike sharing
programs
- Improve walking infrastructure (trails, pathways, sidewalks,
crosswalks) and wayfinding.
- Increase cycling mode share to 15% by 2030.
- Increase resident and visitor walking mode share to 50% by
2030.
Notes
-

Residents and visitors
Local businesses
Standard reporting mechanisms to Council
Council Strategic Plan 2019-2022
Future Transportation Plans

-

Parks Canada
Local businesses
Private bike share providers
Staff time to coordinate and manage infrastructure upgrades
and to update related policies
Selecting and designing bike lane infrastructure
Determining the best mix of various cycling and walking
programs and promotions to achieve the target mode shares
Minimizing any perceived or real impacts on local businesses
Develop plans for contiguous cycling/mixed-use ‘thoroughfares’
across town, with separate rights of way for pedestrians and
cyclists
Assess town streetscapes for potential cycling and walking
infrastructure upgrades
Work to minimize interference between cycling and vehicle/
pedestrian rights-of-way
Prepare stakeholder consultation program
Walk and bike mode shares
Bike share membership
Traffic counter data (vehicle counts, and vehicle kilometers
traveled) in key areas
User experience (surveys, interviews)

-

Key Performance Indicators (KPIs)

-
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Appendix 2

Energy and Emissions Summary
Greenhouse gas emissions inventory - 2016, BAU, and Roadmap
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Energy Use Values (GJ)

2016

Residential

By Sector

471,805

298,588

Commercial

1,007,013

960,636

737,982

Institutional

100,594

95,961

73,719

44,350

42,308

32,502

415,508

320,293

90,177

3,151,004

2,164,146

537,105

5,162,454

4,055,149

1,770,073

Energy Production

77,592

79,037

304,034

Lighting

70,010

76,424

70,179

Major Appliances

20,589

26,095

18,867

Plug Load

96,222

99,788

88,920

Space Cooling

13,518

29,468

21,139

Space Heating

1,017,969

940,229

333,884

Transportation

3,566,512

2,484,439

627,283

Water Heating

300,042

319,669

305,768

5,162,454

4,055,149

1,770,074

681

5,813

154,057

145,620

106,456

34,455

63,006

52,894

7,440

373,261

288,350

2,751

3,064,416

2,051,537

0

26,597

26,597

668,900

305,867

409,865

307,323

Municipal
Visitor Transportation
Total

Total
Solar
Other
Propane
Diesel
Gasoline
By Fuel Type

Grid renewable electricity
Electricity
Natural gas

1,180,925

1,112,089

341,420

Biogas

0

0

127,439

District energy

0

0

126,178

2,079

1,547
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5,162,452

4,055,148

1,770,071

Fuel oil
Total

Discrepancies between totals are due to rounding in the calculations.
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Roadmap 2050

443,985

Local Transportation

By End Use

BAU 2050

Emissions Values (tCO2e)

2016

Fossil Fuel Energy Production
Fugitive

By Sector

-

Roadmap 2050
956

7,070

6,658

2,044

Residential

36,244

26,882

11,324

Waste

16,073

16,821

4,876

Commercial

104,412

60,104

19,408

Institutional

10,430

6,004

1,939

4,598

2,647

855

Local Transportation

28,689

22,381

4,382

Visitor Transportation

217,563

150,664

26,100

425,080

292,160

71,884

153

116

8

Municipal

Total
Fuel_Oil
Fugitive

7,070

6,658

2,044

58,687

55,266

16,966

3,854

3,235

455

Waste

16,073

16,821

4,876

Local Gasoline

13,512

10,618

0

Visitor Gasoline

205,960

136,200

0

Local Electricity

92,126

37,343

21,461

884

5,208

25,863

Local Diesel

15,540

11,493

90

Visitor Diesel

11,222

9,203

120

425,080

292,160

71,884

Natural Gas
Propane

By Fuel Type

BAU 2050

Visitor Electricity

Total
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