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About the Study 

This report presents an analysis of policies that encourage integrated community energy 
solutions (ICES).  It is novel in that it examines the effects of integrated community energy 
solutions on a scale for all of Canada.  While the ICES concept is well developed on the case by 
case scale, this study represents the first step in linking four unique models of varying scale and 
scope, a land use, transportation, energy-economy (economy-wide energy-systems), and finally 
a general equilibrium macroeconomic model. Researchers will be able to apply these finding to 
refine the linkages between these four models and further improve their analytical capabilities. 

The ICES concept and associated policies address and have impacts on all urban sectors of the 
economy: residential, commercial, urban and intercity personal transportation, freight 
transportation, waste and water.  However, this study focuses on three—the impact of ICES 
policies on the residential, commercial and urban personal transportation sectors.  In the 
report, "urban" greenhouse gas (GHG) emissions and energy use will refer to emissions and 
energy use in only these sectors.  Freight transportation, intercity personal transportation and 
waste are modeled with the energy-economy model, but are not subject to ICES policies.  
Nevertheless, these sectors are subject to economy-wide carbon and energy policies.  Due to 
technical and data constraints, water and wastewater treatment were not modelled and were 
not addressed in the study.  But significant potential exists to reduce energy use and GHG 
emissions in these sectors through the implementation of ICES policies. 

This study uses community archetypes to model the impact of ICES policies on Canada as a 
whole.  The cities selected as archetypes are used to analyze the different impact of the policies 
on small, medium, large, and emerging cities across Canada.  The results should not be 
interpreted as forecasts of how individual cities will develop, or as recommendations.  Because 
this is a national analysis, results in this report refer to Canada-wide impacts.  While we 
acknowledge that policy impacts may differ from region to region, these results are not 
presented in this document.  Regional impacts of the study can be found in the accompanying 
technical report and appendices. 

Disclaimer 

The research findings presented in this report are those of M. K. Jaccard and Associates, Inc., 
Eric Miller of University of Toronto and Duncan Cavens of the University of British Columbia, 
and any errors remain the responsibility of the research team above. 
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Executive Summary 

Canada’s urban greenhouse gas (GHG) emissions1 could be reduced 5-12% by 2050 through the 
application of policies that encourage integrated urban energy solutions (ICES).  The urban form, 
as opposed to buildings and vehicles, is a public policy choice, subject to energy and carbon 
market failure.2  By 2050, full application of the moderate and aggressive (comprehensive) 
policy packages modeled in this analysis would reduce annual urban GHG emissions by 13-35 Mt 
CO2e, reduce annual urban criteria air contaminants 5-12%, increase GDP by 0.3-0.9% , and 
increase jobs 0.2-0.4% as capital from the transport and buildings sectors is liberated for use 
elsewhere in the economy. 

The QUESTion… what would happen to Canada’s greenhouse gas emissions if we... 

 Concentrate new growth in our cities into higher density, mixed use commercial and 
residential corridors served by fast and reliable transit; 

 Drive less, use transit and walk more (i.e., bring all the destinations in our lives closer 
together); 

 Bring our commercial, institutional and residential buildings closer together and link 
them using district energy heating and cooling transmission systems so that waste heat 
energy can be reused at lower levels of “exergy” (i.e., promote “energy cascading”); 

 Better match energy “quality” with end-uses, e.g., use electricity to run computers and 
machine drives, and waste heat for home heating with district energy systems, thereby 
preserving exergy; 

 Use our cities as renewable energy producers as well as consumers, using biomass, solar 
electricity, natural gas from waste and biomass, and local waste heat. 

                                                      
1
 In this study “urban emissions” include emissions produced from the residential, commercial and personal 

transportation sectors, which account for approximately 30% of total Canadian emissions when electricity and 
natural gas related emissions are included. 
2
 In this context, a market failure implies that emissions and energy use associated with the urban form are not 

sensitive to energy or carbon pricing (e.g., a carbon tax). 
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Jaccard et al. (1997) outline a cascade of public and private decision making that determines 
energy use:3 

1. TRANSPORTATION AND ENERGY INFRASTRUCTURE AND LAND USE PATTERNS 
Decision makers: Public – federal, provincial and municipal governments 

Outcome: Density and mix of land uses, energy supply infrastructure, transportation 
network 

 
2. MAJOR PRODUCTION PROCESSES, TRANSPORTATION MODES AND BUILDINGS 

Decision makers: Public and private – government, firms and households. 
Outcome: Choice of industrial processes and transportation modes, building and site 

design 

 
3. ENERGY USING EQUIPMENT 

Decision makers: Private - firms and households 
Outcome: Choice of vehicles, motors, appliances & HVAC systems and time of use 

Within this decision structure, households and firms choose energy using equipment and 
structures, but public policy sets the spatial environment in which this occurs.  The urban form 
is a public policy choice, subject to energy and carbon market failure. 

Using an integrated land use, transportation and energy-economy modelling approach, the 
most sophisticated to date anywhere, we estimated that application of moderate to aggressive 
“integrated community energy solutions (ICES)” policy packages could reduce Canada’s urban 
GHG emissions by 13-35 Mt CO2e per year by 2050.  Business as usual urban emissions will 
grow 5% between 2010 and 2050; with ICES policies emissions would grow 1 to -9%.  These 
reductions would continue to increase through time.  ICES policies include: 

 Constraining the city footprint—i.e., reducing and eventually eliminating the 
development of “greenfield” sites, and concentrating on redevelopment of “brownfield” 
sites. 

 Using zoning reform, specify mixed-use residential and commercial densification 
corridors with fast and reliable transit; let transit planning “lead” land development. 

 Requiring total cost assessment for new developments, including mandatory 
consideration of energy use, GHGs, and auto vs. transit vehicle kilometres travelled, and 
assessing development charges accordingly. 

 Reforming of the property tax system to reflect marginal infrastructure building and 
maintenance costs, and to tax land value versus improvements. 

 Reviewing and revising provincial utility acts to allow and encourage district energy 
systems, with a risk-minimizing utility rate base model, and requiring that new systems 

                                                      
3
 The cascade of public and private decision making presented in this document has been adapted from Jaccard et 

al. (1997). 
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be powered mostly with renewable sources (e.g., base load geothermal exchange, 
biomass, or sewer water heat). 

 Changing site design rules to encourage transit access, walkability, on-site energy 
generation, district energy systems, combined heat and power systems, and general 
energy cascading. 

 Increasing parking costs, eliminating free office and mall parking, and establishing road 
use charges with revenues to transit, walking, and cycling. 

While the list of required policies may appear daunting, and in some cases may represent a 
substantial departure from business as usual, these policies are both feasible and necessary, 
and have been implemented successfully in many cities internationally.  For example, 
Stockholm and Utrecht are both implementing city plans based on ICES principles, Curitiba has 
integrated sustainable transportation and land use planning so closely that 70% of daily 
commuting trips are made by public transit, Denmark has a national law requiring local district 
councils to maximize the use of district heating and cogeneration, and closer to home, 
numerous Canadian communities (such as Dockside Green, British Columbia; Garrison Woods, 
Alberta; and the Town of Okotoks, Alberta) are developing around ICES principles. 

The first priority for policy makers should be the implementation of sustainable land-use 
policies since these create the framework within which all urban form, transportation, and 
energy-use decisions will be made.  Once clear and effective land-use policies have been 
implemented, market-based policies (such as carbon and road-use pricing) can provide 
economic signals to ensure that decisions in these areas are aligned with the community's 
sustainability goals.  More specific policies – such as the establishment of dedicated district 
energy zones – can then be used to correct market failures and achieve specific community ICES 
objectives. 

 

Figure 1: Direct and indirect GHG emissions reductions with the ICES policy package in 
2020 and 2050 (Mt CO2e)highlights the drivers and activities that contribute to the 
emissions reductions to be achieved between 2010 and 2050.  The arrows denote the 
key sectors, and within each arrow, the key drivers of emissions reductions within that 
sector are identified.  The number at the end of each arrow shows the annual emissions 
reductions achieved within that sector in response to the Moderate and Aggressive ICES 
policy packages.  For example, reduced auto ownership, increased transit use rates, and 
decreased demand for personal transportation due to the more compact and integrated 
urban form emerging from aggressive land use policies lead to a 3-8 MtCO2e reduction in 
transportation-related GHG emissions by 2050 (in the Moderate and Aggressive ICES 
scenario respectively), compared with a business as usual scenario.  Total emissions 
reductions achieved with ICES policies (13-35 Mt CO2e) are similar to the estimated 
emissions reductions that would result from the net energy efficiency improvements (22 
Mt CO2e) stimulated by a carbon price of $300/t in 2050. 
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Figure 1: Direct and indirect GHG emissions reductions with the ICES policy package in 2020 
and 2050 (Mt CO2e)4 

 

In addition to GHG emission and energy use reductions, Moderate to Aggressive ICES policies 
produce a long run increase in GDP of 0.3-0.9%, due to reduced capital, labour and energy 
requirements within the transportation, building and domestic energy supply sectors.  The 
liberated capital and labour is mainly invested in the services sector.  Structural unemployment 
falls from 6.2% to 5.7% in the Aggressive case, and the total number of jobs grows by 0.1-0.4%. 
Unlike targeted abatement policies (e.g., a carbon tax or technology regulations) where the 
effects of policy are experienced within a few years of implementation, the effects of ICES are 
longer term (50+ years), and will increase past 2050 as the building stock, transportation 
networks, and overall urban form change under the influence of ICES policies.  Moreover these 
policies come with high costs: $100-300/t CO2e, while ICES policies can be implemented at a 
negative cost, or benefit, of $420-840/t CO2e reduced.  Because they reduce costs and liberate 
capital, ICES policies complement policy packages targeted at near-term emissions reductions.  
In the short term, they liberate capital which could be used by households to lessen the 
economic burden of near-term abatement policy, while in the longer term they provide 
increasing amounts of reductions to replace the effects of the short term policies as the 
population and economy increase in size.  Given these attributes, ICES policies are likely to be 
an integral component of any comprehensive policy effort aimed at achieving Canada's energy 
use and GHG emissions goals. 

Sponsored by the Quality Urban Energy Systems of Tomorrow (QUEST) consortium5, this 
analysis was carried out by members of M. K. Jaccard and Associates, Inc. (MKJA), who are also 

                                                      
4
 The indirect emissions arrow refers to emissions associated with the production of electricity and natural gas.  

With ICES policies indirect emissions drop in response to lower demand. 

2010  2020  2030  2040  2050 

6-17 Mt  

 Reduced commercial and residential floor space and heat loads 
 Increase in development of attached homes and apartments 
 Increase in high and medium density neighbourhoods 
 Increased penetration of district energy 

  
 

 

3-8 Mt 
 Reduced auto ownership and trip length 
 Increased use of transit and non-motorized transportation 
 Reduced travel demand 

 

 

5-10 Mt 

 
 Reduced electricity and natural gas demand  
 Increase in district energy from renewables (fuel switching) 
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part of the Energy and Materials Research Group of Simon Fraser University, Dr. Eric Miller and 
his team at the University of Toronto, and Dr. Duncan Cavens and Nicole Miller of the University 
of British Columbia.  Questions may be directed to Dr. Chris Bataille (Bataille@mkja.ca) of 
MKJA.

                                                                                                                                                                           
5
 Members of QUEST who sponsored this study include the Canadian Gas Association, Natural Resources Canada 

(Office of Energy Efficiency), BC Hydro, the Ontario Power Authority, the Federation of Canadian Municipalities, 
the Pacific Institute for Climate Solutions, the Government of Alberta, and the Government of Ontario. 

mailto:Bataille@mkja.ca
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Introduction – Energy Issues Facing Canada’s Cities 

Due to shifts in Canada's economic, demographic and structural environments our cities face a 
myriad of energy related issues.  These issues include: 

 Population growth.  Canada’s population is growing through immigration, and almost all 
new immigrants are settling in Canada’s largest cities.6  This in turn increases demands on 
all city functions, including transport, building and energy infrastructure. 

 Air quality.  All of Canada’s major urban regions face air quality issues, especially in the 
summer.  Energy consumption in transport and buildings is a primary cause of these 
issues. 

 Infrastructure renewal.  Much of Canada’s building stock, and especially sewage and 
water infrastructure, was built more than 50 years ago during the boom following World 
War II.  As a result, a large portion of Canada's buildings have shell efficiencies well below 
current construction standards. 

 Liveability.  Like cities everywhere, Canada’s cities face ongoing issues associated with 
safety, quality of life, equality of opportunity (access to equal health and educational 
services) and, in the long run, maximization of leisure and work time.  These are all factors 
that define an individual's energy consumption (i.e., safer, more walk-able cities result in 
lower vehicle usage). 

 Waste reduction and management.  While great strides have been made with recycling, 
this is only a first-stage response to the waste stream coming from our urban residences, 
businesses and industry.  The second stage involves reducing the embodied energy and 
emissions and using waste to produce energy (e.g., using wood waste to power a district 
energy system). 

 Climate Change.  A large portion of the energy demand in Canadian cities is met with 
energy sources that produce greenhouse gases.  The combustion of fossil fuels (e.g., 
gasoline in cars or natural gas in furnaces) releases emissions into the atmosphere, 
contributing to municipal, provincial and ultimately national emissions. 

The Government of Canada has set a national goal of reducing greenhouse gas emissions by 
17% from 2005 levels by 2020, and by 60 to 70% by 2050.  In spite of its Kyoto target (6% below 
1990 levels by 2012) Canada’s emissions have increased by 22% since 1990.  While much of this 
increase is due to growth in Canada’s oil production industry, the urban personal transport, 
commercial and residential sectors are responsible for approximately 40% of greenhouse 
emissions.  This figure rises to 60% if light industry and freight transport are included.  
Greenhouse gas emissions in Canada are very much an urban issue and any serious effort to 
achieve Canada's emissions targets will require substantial emissions reductions from these 
urban sectors.  However, the complex interconnections between energy-related urban issues 
have impeded progress in this area to date.  Policies to encourage “integrated community 
energy solutions” (ICES) are specifically designed to address these complexities and as such are 

                                                      
6
 During the ten-year period between 1991 and 2001 an overwhelming majority of new immigrants, 94%, 

immigrated to Census Metropolitan Areas in Canada (Heisz, 2005, p.11). 
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a valuable tool for Canada’s federal, provincial, and municipal governments to directly target 
cross-sectoral urban energy issues. 

Previous research by members of MKJA7 has indicated that even with high carbon charges 
(greater than $200/tonne CO2e), significant emissions reductions were not stimulated in certain 
sectors because of carbon market failures.  These included failures of coverage (e.g., fugitive 
emissions of methane from landfills as well as venting, flaring and leaks in the upstream oil and 
gas industry), function (e.g., the "principle agent problem" in the building sector, where renters 
bear the energy costs associated with inefficient building envelopes and appliances, while 
landlords are responsible for making the key technology decisions and investments), and the 
presence of other negative externalities (e.g., in personal transport, where car drivers do not 
pay the full marginal cost of driving due to factors such as lump sum insurance rates and 
government subsidies for road construction and maintenance).  In these sectors, it was found 
that regulations were more effective than carbon pricing. 

It can be argued that the urban form, including building siting and the transit, road, sewer and 
energy supply networks, is also subject to carbon market failure.  While influenced by market 
forces, the urban form is also very much the product of policy choices by all levels of 
government, particularly municipalities.  Although MKJA’s past research analysed the impact of 
complementary regulatory polices to address other carbon market failures, it did not analyse 
the impact of complementary policies that focus on urban form.  The QUEST consortium 
requested that MKJA lead an exploration of this complementary policy pathway, investigating 
how policies that encourage the integration of urban land-use, transportation, buildings, and 
energy supply and distribution networks could help Canada to meet its greenhouse gas 
emission targets. 

To illustrate the basic potential of integrated community energy solutions, and specifically the 
effects of density on urban greenhouse gas emissions, the greenhouse gas emissions per capita 
and density of several Canadian and international cities are compared (Figure 2).  Total 
greenhouse gas emissions per capita (divided into transportation and non-transportation 
related emissions) are shown on the left hand axis (bars) and density in population per 
kilometres squared is on the right hand axis (squares).8  Vancouver, Montreal and Toronto, the 
largest and densest Canadian cities, all have emission rates lower than 10 tonnes CO2e per 
capita.  Calgary, Halifax and Denver, all mid-sized, moderately to broadly sprawling cities, have 
emissions of just below 20 tonnes per capita.  In general, denser cities produce lower per capita 

                                                      
7
Bataille, C., N. Rivers, J. Peters, J. Axsen and J. Mallory. (2007). Pathways for Long-term Greenhouse Gas and Air 

Pollutant Emissions Reductions. Vancouver, British Columbia: J & C Nyboer. Prepared for: National Round Table on 
the Environment and the Economy. Peters, J., C. Bataille, N. Melton, M. Bennett, and B. Rawson. (2008). A 
Technology Roadmap to Low Greenhouse Gas Emissions in the Canadian Economy: A sectoral and regional analysis. 
Vancouver, British Columbia: J & C Nyboer. Prepared for: National Round Table on the Environment and the 
Economy. Bataille, C., J. Peters, N. Rivers, and J. J. Tu. (2008). Complementary Regulations for Deep Greenhouse 
Gas Reductions in Canada. Vancouver, British Columbia: J & C Nyboer. Prepared for: National Round Table on the 
Environment and the Economy. 
8
 As Ottawa and Halifax have much more expansive city boundaries than the other Canadian and international 

cities, the density values presented substantially underestimate the true density of their urban and suburban 
areas. 
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emissions, although this is not always the case: Winnipeg and Calgary have almost identical 
population densities, but produce very different per capita emissions (7.8 and 19.1 t CO2e 
respectively).  This illustrates the substantial contribution that the GHG intensity of electricity 
production makes to a city's overall GHG emissions; in Manitoba electricity is primarily provided 
by hydropower, while in Alberta electricity is produced by burning fossil fuels.  This is reflected 
in Figure 2 in the substantial variation in non-transportation related GHG emissions between 
provinces dominated by hydroelectricity (British Columbia, Manitoba, and Quebec), and 
provinces where fossil fuels are used to produce a large share of electricity (Alberta and Nova 
Scotia). 

Figure 2: Greenhouse gas emissions per capita and density for selected Canadian and 
international cities 

 

Figure 3 illustrates the raw Canadian national potential for integrated community energy 
solutions to reduce greenhouse gas emissions; the figure is a Sankey diagram describing energy 
flow in the Canadian economy in 2003.  The electricity, buildings, industry, and transportation 
sectors are depicted as boxes, with primary “raw” energy coming in the left side, and usable 
energy and waste heat coming out the right hand side.  The electric sector is about 50% 
efficient at transforming primary energy into usable energy, with substantial differences 
depending on the technology and fuel, and consequent differing effects on the regions.  The 
buildings sector is about 75% efficient, the industrial sector about 60% efficient, and the 
transport sector about 20% efficient. 
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Figure 3: Primary, secondary & end-use employment of energy in Canada (2003, EJ)9 

 

This diagram provides several basic lessons: 

1) Transport uses primary energy very inefficiently.  Grossly put, five units of primary 
energy are required for each unit of useful transport energy.  Since transport primary 
energy is mostly provided by refined petroleum products, which are greenhouse gas 
intense, denser and better planned urban forms with good transit reduce vehicle 

                                                      
9 The Report of the National Advisory Panel on Sustainable Energy Science and Technology, 
http://www.nrcan.gc.ca/eps/oerd-brde/report-rapport/eflow_e.htm 

http://www.nrcan.gc.ca/eps/oerd-brde/report-rapport/eflow_e.htm
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kilometres required and therefore reduce emissions.  Bento et al. (2005) found that 
replacing Boston’s urban from with Atlanta’s, all other things being equal, reduces 
vehicle kilometres travelled by 25%. 

2) More than half the heating value of the primary energy we use is lost as waste heat, 
some of which may be recoverable for reuse (e.g., for heating buildings).  Roughly one–
third of the primary energy that enters the electricity, buildings and industry sectors 
leaves as waste and may be available for reuse if some way can be found to 
economically transmit and utilize it.  Either the electricity or industrial sectors could 
provide enough waste energy to heat the buildings sector if they were located within 
10km or so.  Going further, if all electricity was made in conjunction with industrial heat 
needs, and industry was within 10km of our commercial and residential buildings, 
virtually all net industrial and buildings heating energy requirements could be 
eliminated. 

3) The effects of integrated community energy solutions will deliver the biggest benefit in 
regions where electricity is made from coal and natural gas.  In regions where electricity 
is made with fossil fuels (i.e., Alberta and Saskatchewan where electricity is produced 
almost entirely with coal and gas), every unit of end-use electricity conserved saves 2-3 
units of primary energy.  While not a direct proxy for greenhouse gases – a GJ of coal, 
crude oil, natural gas, nuclear, hydroelectricity and wind all have very different amounts 
of associated greenhouse gases – the diagram indicates that efforts to reduce energy in 
electricity, especially in provinces with fossil fuel thermal generation, will have 
important consequences for emissions. 

Clearly these lessons are illustrative; there are many conditions that prevent cities from putting 
all their electricity production, industry and buildings within 10km of each other, but how can 
the picture be improved, within economic reason?  What levers do we have on the system? 

Jaccard et al. (1997) outline a general cascade of decision making associated with energy use, as 
presented below.  It shows that energy use is at the core of our climate change and air quality 
issues and the decisions associated with its management are related and very similar to those 
associated with water and waste. 

1. TRANSPORTATION AND ENERGY INFRASTRUCTURE AND LAND USE PATTERNS 
Decision makers: Public – federal, provincial and municipal governments 

Outcome: Density and mix of land uses, energy supply infrastructure, transportation network 

 
2. MAJOR PRODUCTION PROCESSES, TRANSPORTATION MODES AND BUILDINGS 

Decision makers: Public and private – government, firms and households. 
Outcome: Choice of industrial processes and transportation modes, building and site design 

 
3. ENERGY USING EQUIPMENT 

Decision makers: Private - firms and households 
Outcome: Choice of vehicles, motors, appliances & HVAC systems and time of use 
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This decision structure highlights the fact that while households and firms choose energy-using 
equipment and structures, public policy sets the spatial environment in which this occurs.  The 
urban form is a public policy choice (or non-choice as occurs in jurisdictions with little 
governance), and densification and integrated community energy use can only occur if long-
term municipal, provincial and federal public policy are aligned with these goals. 

Given that the urban form is a public policy choice, how can Canadian cities transition from 
their current urban form to one that is denser, cleaner, and more liveable?  This transition 
requires a vision or plan, with emphasis on the shift from where things are now to where want 
to be.  The Quality Urban Energy System of Tomorrow (QUEST) consortium requested that 
MKJA lead an exploration of how policies that encourage integrated community energy 
solutions, encompassing land-use, transportation, buildings, and waste systems, may help meet 
Canada’s emissions reduction targets.  The project was separated into two Phases: Phase I 
included a scoping analysis (Part I)10 and a work-plan design for a detailed quantitative analysis 
(Part II), while Phase II was the implementation of the proposed work-plan.  This report 
provides an outline of the methodology and discussion of the results for Phase II. 

The literature review conducted for Phase I indicated a fairly clear and homogenous path to a 
denser urban form that would enable quality public transit, integration of industry and building 
energy systems, and, if managed properly, encourage urban liveability.  Put briefly, to 
encourage integrated community energy solutions, starting with a denser urban form that 
makes energy integration possible, Canada’s governing bodies need to: 

 constrain the geographic expansion of our cities; 

 specify densification corridors with fast and reliable transit; 

 change land-use zoning and construction permitting to reflect new priorities; 

 change site design rules to encourage on-site generation, district heating systems, 
combined heat and power systems, and general energy cascading; 

 reform of the property tax system to reflect marginal infrastructure building and 
maintenance costs; 

 implement some level of heat management policy for buildings (e.g., the Danish Heat 
Supply Act, which requires all buildings to be heated using combined heat and power 
systems unless there is a site specific reason not to, and shares the capital costs amongst 
all consumers), and 

 supplement the above with technology specific greenhouse gas and criteria air 
contaminant regulations to prevent unintended results (e.g., particulate matter 
restrictions to prevent the use of unrestricted biomass with high particulate matter 
emissions in the city core). 

                                                      
10

 The Phase I scoping analysis was completed by MKJA in late January 2009.  It found that stringent land-use, 
transport and energy integration policy to encourage densification and urban energy integration have the capacity 
to reduce direct and indirect urban emissions by approximately 40 to 50% in the long run, while reducing overall 
national GHG emissions by about 17-20% 
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ICES is not unknown or unproven; a report commissioned for BC Hydro, Community Energy 
Planning Best Practices, describes numerous successful examples and methods of communities 
that are working toward transforming themselves using ICES principals, including: Guelph, 
Ontario; Heidelburg, Germany; Stockholm, Sweden; Portland, Oregon; Copenhagen, Denmark 
(under the auspices of the Danish Heat Supply Act, which requires all new buildings to connect 
to CHP systems unless they have a reason not to); California Title 24; Mannheim, Germany; 
Markam, Ontario; Helsinki, Finland; Sacramento, California; Aalborg, Denmark; Berlin, 
Germany; and Davis, California.  From these examples, the BC Hydro best practices report 
outlines the importance of: 

 champions, and cross-party civic and political coalitions to provide long term, consistent 
vision, leadership and process; 

 a formal community energy planning process; 

 community engagement, simple clear communication, and a few easily understood 
strategies, metrics and results; 

 foresight that long term execution will be difficult, and that consistent involvement of 
long-term institutions and networks owned by the municipality, but operated according 
to private market principles (e.g., through public–private partnerships), will be necessary; 

 willingness to seize opportunities to the built form, e.g., when major urban 
redevelopments are carried out; 

 social sharing of risk for early adopters; 

 high quality user/customer information and convenience; and 

 clear goals with ongoing performance monitoring. 

All the above will requires some scale of education and communications strategy that would:11 

 clearly define the rationale and goals behind the initiative and articulate them in terms of 
important and widely-shared principles and public values;  

 identify how any potential changes would relate to and support existing environmental 
goals and initiatives; 

 identify proposed changes and where those changes will be felt (sectors, households, 
etc.); 

 provide clear, accessible information about ICES to the public; 

 explain to media representatives (e.g., editorial boards and relevant journalists) what the 
initiative is about; 

 invite stakeholders and interested parties to be part of the discussion around the 
proposed initiative if they aren’t already involved; 

 if necessary, identify any forms of compensation offered; and  

 prepare for conflict to increase as the media frame the initiative to generate controversy. 

                                                      
11

 Paraphrased from page 30 of David Thompson and Andrew Bevan, “The Smart Budget Tool-kit: Environmental 
Pricing Reform for Municipalities”.  Published by Sustainable Prosperity.  May 2010 
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If regulated carefully, there would be significant local air pollutant co-benefits associated with 
less local burning of fossil fuels.  The literature indicates these reductions come with significant 
capital and energy cost savings, but these claims must be investigated further as they likely 
come with significant changes in the total financial and welfare costs and benefits associated 
with densification.12  The effects on both local air pollutants and financial costs will be explored 
in this analysis. 

The literature review and Phase I analysis made clear that implementing policy to encourage 
denser cities and energy integration is a complex multi-jurisdictional issue.  Municipal 
governments have a key role in urban planning, rezoning, revision of the property taxation 
system, and site design rules, but provincial governments set building codes while the federal 
government has the most access to infrastructure funding.  In addition, provinces set the legal 
context within which municipalities operate (i.e., the provincial municipalities acts).  For 
example, provincial governments set the statutes regulating land-use planning, with the actual 
land-use planning carried out municipal governments. 

In conjunction with municipal measures, policies like the ones listed below can be implemented 
by senior levels of government to facilitate maximum participation by municipalities:13 

 require mandatory consideration of greenhouse gas emissions in land-use planning and 
development processes; 

 develop and disseminate a standardized tool for evaluating the greenhouse gas 
consequences of development decisions at the scale of buildings, sites, neighbourhoods, 
communities and regions; 

 establish a national framework for municipal monitoring, reporting and performance 
targets for greenhouse gas emissions reductions; 

 establish federal/provincial greenhouse gas performance criteria for infrastructure 
financing/grants; 

 institute social marketing programs to promote alternative housing, transportation and 
lifestyles. 

Specific powers that need to be established for municipalities across Canada, via provincial 
statutes, include the ability to impose:14 

                                                      
12

 Economists typically refer to two types of policy costs, “financial” and “welfare”.  In the context of energy and 
climate change policy, financial costs are the direct up front and ongoing changes in capital, labour, energy, 
materials and emissions costs associated with a policy.  Welfare costs include financial as well as all non-financial 
costs that drive firm and consumer behaviour.  These non-financial costs include perceived risk, changes in 
opportunities (i.e., “option value”), changes in consumer surplus in the case of market goods (i.e., the excess in 
value of a good to a consumer over the market price), and consumer surplus changes in those things that are 
priced imperfectly or not at all, including lifestyle, safety, noise levels, clean air, the social atmosphere and 
aesthetic appreciation of the surrounding environment. 
13

 EMRG/MKJA “Community measures in the buildings and transportation sectors: GHG Reduction in the short and 
long term”. Final report, September 1999 submitted to the Municipalities Table, National Climate Change Process. 
14

 Ibid, page 29, Thompson and Bevan. 
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 Development cost charges.  Provincial statutes need to provide all local governments with 
the ability to establish DCCs that recover 100% of direct and indirect financial costs of 
new developments.  DCCs must also be able to incorporate environmental costs. 

 Transportation Pricing.  All local governments need the ability to implement the full range 
of transportation pricing options, including local fuel taxes, road and parking pricing, and 
distance based vehicle use charges. 

 Property Tax Adjustments.  All local governments need the ability to: 

o Tax differentially across property classes and to set property classes based on 
factors that affect the environment, e.g., sprawl vs. density, demand for 
transportation, etc. 

o Shift property taxation toward land value, rather than improvements. 

 Improvement financing.  All local governments need the ability to finance community 
liveability improvements through tax increment financing. 

 “Basket clause:” targeted charges, taxes and subsidies.  To address unforeseeable 
challenges, all local government need a broadly-defined, general ability to levy charges 
and taxes on specific products or activities that could harm the environment and to 
subsidize products or activities that provide and environmental benefit.  Some provincial 
legislation (e.g., Saskatchewan, Alberta and Ontario) gives municipalities ‘natural person’ 
powers and broadly enables municipalities to exercise, in their discretion, a wide range of 
permissive powers (as opposed to a limited number of express powers, as found in the 
legislation of other provinces).  Nova Scotia’s municipal legislation gives a broad authority 
to councils with respect to bylaw-making in order to enhance their ability to respond to 
present and future issues.  It provides for omnibus powers to make bylaws for ‘health, 
well being, safety and protection of persons.’(Lidstone, 2004) 

As a final note, the stated ICES policy activities must be effective and held in place through 
decades to achieve their objective.  In this study, there is strong emphasis on politically feasible 
policy to generate physically and economically reasonable actions to achieve the desired 
outcomes.  A common set of questions and criteria for any policy includes: 

 Is it physically possible from an engineering perspective? 

 Is it least-cost from an economic welfare perspective? 

 Is it politically actionable from a legal and logistical perspective? 

 Is it politically survivable for the politicians who try to implement it? 

This report presents our method and results from a quantitative analysis of the national and 
regional potential for integrated community energy solutions to reduce greenhouse gas 
emissions in Canada, driven by an ambitious but technically, economically and politically 
realistic policy package.  The structure of this report is as follows: 

 Literature review 

 Methodology 

 Results (land-use, transportation, technology simulation and general equilibrium) 
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 Policy implications 

The literature review provides valuable inputs to the modelling project proposed for Phase II, 
and substantial support for the urban energy systems approach to greenhouse gas reduction, 
but is not a substitute for a thorough modelling effort  To address the methodological gaps in 
the existing literature and estimate the realistic potential for ICES to reduce greenhouse gas 
emissions in Canada, our methodology used the CIMS hybrid technology simulation model as 
an integrating template, informed by analysis from bottom up modelling groups and experts in 
the fields of land-use, transportation, waste, and exergy (energy cascading).  The project has 
pioneered a modelling system that can conduct future analyses of policies to encourage 
integrated community energy solutions.  The intent is to maintain the linkages between the 
land-use, transport, waste, and integrating CIMS modules, and ideally to build simplified 
“response surface” versions of the former models into CIMS for future use.15  Resources for 
doing the latter have not been included in this project, but will instead be a future internal 
research project for the Simon Fraser University counterpart of MKJA, the Energy and Materials 
Research Group, with possible participation by the University of British Columbia (UBC) and 
University of Toronto (UofT) teams. 

Literature Review 

A thorough review of the academic literature and credible research reports by government and 
non-governmental organizations revealed a large amount of research into individual 
components of integrated community energy solutions management, but very few studies 
modelling the energy and greenhouse gas savings resulting from aggressive integrated 
community energy solutions scenarios.  The Canadian Urban Institute defines an integrated 
urban energy system as an “integrated system approach to land-use, energy, transport, water 
and water management [that] places [the emphasis] on achieving efficiency for systems as a 
whole, and encouraging the development of resources that are efficient, adaptable, resilient 
and sustainable” (Canadian Urban Institute, 2008).  Thus, integrated community energy 
solutions address a much broader spectrum of urban issues than ‘community energy systems’, 
which can be defined as integrated approaches to supplying local communities with their 
energy requirements from renewable energy or high-efficiency co-generation energy sources.  
Many studies are available that document the planning processes undergone by cities across 
North America, but the scenarios modelled are generally incremental improvements, rather 
than fundamental re-imaginings of urban form and its integration with buildings, vehicles, 
waste and energy flows, and water use.  This suggests that Phase II serves a valuable purpose in 
the Canadian context. 

There is considerably older Canadian literature on greenhouse gas reduction, buildings and the 
urban form, dating from the Kyoto accession era and the National Climate Change Process 

                                                      
15

 Response surface models are commonly used across the physical and social sciences.  They are simple 
representations of complex dynamics mapped out using multiple runs of the complex models/systems, which are 
then used to represent the actions of the complex system in future analyses. 
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(1997-early 2000s).16  This literature, formulated via a national stakeholder process that 
documented and put forward actions and policies suggested and supported by stakeholders, 
indicated that a package of ICES policies starting in late 1999-early 2000s could deliver 25-35 Mt 
of reductions by 2010, 1/6 of the Kyoto target at the time.  Canada is also home to the 
CitiesPlus initiative wherein a 100 year sustainability plan was developed for Great Vancouver 
in 2002-2003 – a plan which won the International Urban System Design Competition in June 
2003.  The Cities Plus initiative can be summarized in the following quote: “The current 
paradigm for energy in the Greater Vancouver and most of the western world is based on a 
one-way, supply orientated, largely fossil fuel based, single use, and non-integrated energy 
system that mismatches energy quality with end use requirements.  To become sustainable, the 
energy system must possess the characteristics of being two-way, service orientated, cascading, 
renewable energy base, and integrated, with the appropriate matching of energy quality with 
end-use needs” (Sheltair Group, 2003). 

Examples of more recent studies that provide estimates of the energy, greenhouse gas and cost 
savings associated with two or more aspects of integrated community energy solutions include 
the following five case studies from Canada, the USA, and Japan, and one global general 
equilibrium study of the effects of urban form on greenhouse gas emissions.  However, none of 
these studies include all of the components of integrated community energy solutions. 

1. Canada - “Demonstrating the economic benefits of integrated green infrastructure”.  
Centre for Sustainable Community Development (CSCD). Report prepared for Federation 
of Canadian Municipalities.  March 2004. 

2. Canada – “Energy Mapping Study: Calgary”.  Canadian Urban Institute (CUI).  2008. 

3. USA – “How smart growth can unlock trillion dollar consumer cost savings”, Mary Jean 
Bürer and David B. Goldstein, Natural Resources Defense Council and John Holtzclaw, 
Sierra Club. 2004.  

4. Japan – “Transition to a sustainable urban energy system from a long-term perspective: 
Case study in a Japanese business district”, Y. Yamaguchi, Y. Shimoda, M. Mizuno, 
Energy and Buildings 39, p. 1–12. 2007. 

5. Global – “Climate change and Urban Economic Development: Urban Agglomeration 
Effects in Climate Policy”.  Fabio Grazi and Henri Waisman, Fifth Urban Research 
Symposium, Marseilles, June 28-30, 2009; 

These studies each investigated different components of integrated community energy 
solutions.  The Canadian CSCD study’s scenario was closest to an integrated urban energy 
system, and estimated the savings resulting from urban planning that capitalized on 

                                                      
16

 M. Jaccard, L. Failing and T. Berry. 1997.  “From equipment to infrastructure” Energy Policy, Vol. 25, No.13, pp: 
1065-1074; EMRG, September 1999. “Final Report: Community Measures in the Buildings and Transportation 
Sectors: GHG Reductions in the Short and Long Term”. Submitted to the Municipalities Table of the National 
Climate Change Process; F. Trimnell, B. Bach, M. Singleton, and R. Robinson. January 1999. “Foundation paper on 
the commercial/institutional sector in Canada”, submitted to the Buildings Table of the National Climate Change 
Process; Municipalities Table, National Climate Change Process.  December 1999. “Summary: Municipalities Table 
options paper”; C. Edwards. M. Adelaar, and K. Cooper.  May 1999.  “Residential Sector Climate Changes 
Foundation Paper”.  Submitted to the Buildings Table of the National Climate Change Secretariat.   
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transportation, energy, and water service synergies in a hypothetical Canadian city.  This 
synergistic city vision included urban design that reduced the need for all types of vehicles; 
improved pedestrian facilities; increased surface greening; maximized storm-water infiltration, 
water recycling and cascading, and water efficiency measures; and included a cascaded energy 
system, energy efficient buildings, efficient energy use within buildings, and local generation.  
The Canadian CUI study modelled the changes in new and retrofitted building efficiency and the 
investments in renewable energy needed for Calgary to achieve a 50% reduction from 2005 
greenhouse gas emissions at the community level. 

The Japanese (Yamaguchi, 2007) study looked at a small commercial urban area in Osaka, and 
modelled the impact of evolving to an efficient urban energy system, with district-level energy 
generation and distribution planning, district heating and cooling systems, energy efficient 
building design and retrofits, and efficient use of energy within buildings.  In the American 
study (Bürer, 2004) the focus was on estimating the impact of location efficiency (the average 
amount of car ownership and distance driven for a household located in a particular 
neighbourhood).  Indicators of density, public transit service, and pedestrian friendliness from 
current ‘smart growth’ developments were applied to future infill and greenfield growth to 
estimate the cost savings and emission reductions associated with applying ‘smart growth’ to 
all new development in the United States.  Yamaguchi et al. modelled the process of aggressive 
urban energy system change over the period 2000 to 2050, and CUI looked at emission 
reductions from 2005 to 2050, while CSCD and Bürer approached the time period issue 
differently, with both looking at a business-as-usual (BAU) scenario and an integrated scenario, 
and measuring the cost savings and emission reductions associated with the integrated 
scenario over a 10 year period. 

The modelling approaches also varied between the sample studies.  Yamaguchi et al. built a 
bottom-up simulation model, which calculated the heat and electricity demand profiles for 
each building in the district on an hourly basis, and used this to determine the end-use energy 
consumption in the district.  CSCD developed a sample community profile, identified clusters of 
strong service relationships that could be developed in an integrated manner, and then 
calculated 10 year costs based on infrastructure, operating and replacement costs for the 
conventional versus the ‘green’ development.  The sample community to which the scenarios 
were applied represented an urban redevelopment project in a large North American 
metropolis, and included 28 hectares of existing fully serviced residential land, within 
reasonable proximity to the central business district.  CUI modelled a scenario where Calgary’s 
buildings were retrofitted to reduce energy consumption by 25 percent and all new buildings 
were built to apply the Model National Energy Code of Canada for Buildings (MNECB) plus 50 
percent.  To achieve the remaining greenhouse gas reductions necessary to reach a 50% 
reduction from 2005 levels, a least-cost portfolio of alternative energy technologies, including 
solar hot water, energy sharing, solar air, a district energy system with a combined heat and 
power and wind generation and the substitution of biomass for fossil fuel electricity generation 
at source was created to displace gas and electricity use.  Bürer et al. used previously derived 
equations for the relationships between density, transit service, personal income, household 
occupancy, and pedestrian friendliness in American ‘smart growth’ developments to estimate 
the vehicle miles traveled (VMT) under a scenario where all future US growth matches ‘smart 
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growth’ principles, and is split between infill and greenfield growth, versus a BAU scenario 
where growth continues in the current sprawl development pattern. 

The results ranged from an estimated 10% reduction in total American greenhouse gas 
emissions over 10 years (Bürer), to a 47% reduction in community greenhouse gas emissions 
over a 10 year period (CSCD), to a 50% reduction in community greenhouse gas emissions (CUI), 
to an estimate that 60-90% greenhouse gas emission reductions are possible by 2050 through 
community energy management (Yamaguchi).  Other benefits predicted by CSCD include the 
ability to supply heating and cooling to the site in the case of a power outage, curbed peak 
energy demand, and a 60% reduction in potable water consumption.  Over the 10-year pay 
period considered in CSCD’s cost analysis, the capital costs of the district energy system are 
offset more than threefold by the savings on energy costs.  CUI calculated the cost of 
undertaking the building efficiency and alternative energy scenario for Calgary at nearly $17.7 
billion (Cdn), but the combined simple payback period was just 12 years.  Yamaguchi predicts a 
reduction of more than 60% in CO2 emissions in the Japanese commercial sector by 2050, and 
Bürer calculates U.S. energy cost savings of $2.18 trillion over 10 years, in addition to 49.5 
billion gallons of gasoline, 1.18 billion barrels of oil, and 595 million metric tons of CO2 
emissions. 

Grazi et al., 2009, using a global dynamic recursive general equilibrium that considers land 
value, time costs, and city agglomeration effects while accounting for all inputs, outputs and 
their prices in the economy (IMACLIM-R), found that a 25% densification in urban form leads to 
a 2.8% in reduction in transport emissions, and a 1.8% reduction in global CO2 emission by 
2100, passing through a 2.7 % reduction in 2060. 

Far more numerous in the literature are studies that examine just one of the components of 
integrated community energy solutions – the benefits associated with densification and urban 
form.  The vast majority of these studies examine the relationship between vehicle miles 
travelled and urban form, but some studies examine the air pollution benefits, the reductions in 
spending on infrastructure and government services, and the health improvements.  Other 
studies examine the opportunities to reduce waste output and water use through advanced 
technologies and urban planning, and investigate the gains possible with technologies not 
currently available – such as urban electric vehicle networks.  Some key results of this research 
include the following: 

 Despite a significant amount of debate about, and research into whether neighbourhood 
design influences travel behaviour, or travel preferences influence the choice of 
neighbourhood, the preponderance of evidence concludes that more compact urban 
form is associated with a 17 – 40% reduction in driving (up to 60% when combining an 
infill location with higher density and good urban design) (Ewing et al., 2007; Handy, 
2005; Bartholomew and Ewing, 2008; Bento et al, 2005; Grazi et al., 2008).  Every 10% 
increase in population density is estimated to be associated with a 3.5% reduction in VMT 
(Stone et al. 2007).  Key studies that support the connection between neighbourhood 
design and travel behaviour include Ewing et al., 2007 and Handy et al., 2005, while Crane 
and Crepeau, 1998 provide the counter-view. 
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 Under a business-as-usual scenario, urban United States VMT are predicted to rise by 48% 
by 2030 and 102% by 2050 (Ewing et al, 2007).  In the United States, VMT have grown 3 
times faster than population and 2 times faster than vehicle registrations.  Of this growth, 
36% is estimated by be explained by longer trip lengths and 17% by a shift from more 
efficient modes of transportation to automobiles – both of which are consequences 
associated with sprawl (Bartholomew and Ewing, 2007). 

 CO2 emissions per capita in suburban-density neighbourhoods are estimated to be 25% 
higher than in urban neighbourhoods (Brown et al., 2008).  Case studies from Toronto 
estimate that low density suburban development is 2 to 2.5 times more energy and 
greenhouse gas intensive per capita than high-density urban core development (Norman 
et al., 2006).  Of the greenhouse gas reductions associated with locational efficiency, 45-
50% are due to efficiencies brought about by district heating, 45-50% from reduced 
passenger travel, and 3-5% from the reduced need for supporting municipal 
infrastructures (Brown et al., 2008). 

 Several cities provide good examples of integrated community energy solutions.  Masdar 
City is an integrated development being built in the United Arab Emirates, and when 
complete, will feature a 75% reduction in installed power capacity, less than half the 
water use, and a nearly 100% reduction in landfill area, compared to a conventionally 
designed city of the same size (www.masdaruae.com).  The feasibility study for the 
Riverbend Heights Community Energy System in London, Ontario showed that a 
community-based integrated energy system would lead to a 58% reduction in grid energy 
use and an 86% reduction in energy use for hot water, space heating and cooling (QUEST, 
2008). 

 Scenario planning exercises in several American cities have shown significant emission 
reductions from scenarios that are much less aggressive than integrated urban energy 
planning scenarios: a planning scenario adopted in Sacramento will use 46% less new land 
and reduce CO2 and particulate matter by 15% versus BAU, a proposed smart growth San 
Francisco scenario would reduce per capita water consumption by 17% (California Energy 
Commission, 2007), and the Atlantic Station redevelopment in Atlanta will have 30-35% 
lower VMT and emissions than the alternative greenfield sites that were identified for the 
development (Ewing et al., 2007). 

 Greener developments are associated with lower air pollution emissions, including 
reductions in NOX of 30-45% (Jaccard et al., 1997). 

 Within research on the built environment and obesity, 17 of 20 studies have established 
statistically significant links between the two (Ewing et al, 2007).  Greening of buildings 
leads to health improvements as well, with estimated annual benefits of improving indoor 
environment quality in the US of $6-14 billion from reduced respiratory disease, $1-4 
billion from reduced allergies and asthma, $10-30 billion from reduced sick building 
syndrome symptoms, and $20-160 billion from direct improvements in worker 
performance that are unrelated to health (Kats, 2006). 

 Canadian studies on water use have shown that integrated efforts to reduce urban water 
use can result in savings of almost 44% (Brandes and Maas, 2007). 

http://www.masdaruae.com/
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 There is a significant opportunity to realize the savings and benefits discussed above, 
since United States estimates are that most of the built capital stock in 2050 will be built 
after 2007, that houses in mixed-use neighbourhoods enjoy price premiums of 40-100% 
over suburban developments, and that projected demand in 2025 for attached and small-
lot housing will exceed current supply, while demand for large-lot housing will fall short of 
current supply (Ewing et al., 2007). 

The flip side to the studies showing reduced emissions from compact urban development is the 
large number of studies investigating the costs associated with urban sprawl.  These studies are 
generally restricted to investigating the costs associated with the provision of infrastructure 
and government services.  However, they provide information that supports the case for 
making integrated community energy solutions a key component of Canada’s climate change 
strategy.  Some key results from these studies include: 

 Planned, compact growth consumes 45% less land area, and costs 12-60% less for 
roads, 6-40% less for utilities, and 5-8% less for schools than conventional growth 
(Brown et al., 2008, Muro and Puentes, 2004).  In townhouse developments versus 
single-family conventional houses, road building costs are 33% lower, road 
maintenance costs are 51% lower, utilities building costs are 58% lower, and utilities 
maintenance costs are 30% lower (Slack, 2002). 

 The Greater Toronto Area Task Force estimates that more compact and efficient 
development patterns could save $12.2 billion in capital costs over the next 25 years, 
with annual savings of $500 million in capital and maintenance expenses, and a further 
$200 million in costs related to air pollution, health care, and the policing related to 
automobile accidents.  If lower congestion, parking, and land acquisition costs are 
factored in, the cost savings from containing urban sprawl are estimated at $1 billion 
annually over 25 years (GTA Task Force, 1996 quoted in Slack, 2002).  Grow Smart 
Rhode Island estimated that compact development could reduce 20-year infrastructure 
costs by about 40%, and reduce infrastructure operating costs by 37% (Grow Smart 
Rhode Island, 1999 quoted in Muro and Puentes, 2004) 

 In a comparison of two California communities, sprawling developments were 
associated with 35 times as much natural habitat and farmland loss, five times as much 
copper pipe and wiring use, twice the total building materials, 15 times as much asphalt 
or concrete (for streets and driveways), and 35-70 times as much water use (much of it 
for watering lawns) as in dense developments.  The dense mixed use neighbourhoods 
cut auto ownership by approximately 66%, driving by 75%, and emissions by 75% 
compared to the suburban developments (Phillips, 1980 quoted in Ewing et al., 2007). 

Achieving the benefits of integrated community energy solutions requires the implementation 
of a large number of coordinated policies covering all aspects of urban energy use.  A number 
of studies provide complete sets of policy recommendations, including Tomalty, 2008, Ewing et 
al., 2007, Jaccard et al., 1997, Slack, 2002, EMRG, 1999, and Brown et al., 2008.  The key 
components of these recommendations are presented in Table 1 below: 
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Table 1: Policies to promote integrated community energy solutions 
Sector Goal Sample Policies 

Land-use 
Planning 

 Increase density of 
development 

 Reduce transport 
demand 

 Protect green 
space 

 Support waste 
heat utilization 

 Establish strict urban boundaries and greenbelts 

 Identify areas for compact and nodal development in community 
plans, and channel growth into these areas 

 Update local development rules and zoning objectives 

 Reduce lot size and street setbacks 

 Impose full cost up front and maintenance infrastructure pricing (e.g., 
through maintenance trusts) on new developments 

 Shift from property taxes to site-value taxes 

 Establish a market-based regional transfer of development rights 
program  

 Provide information and fiscal incentives to developers 

 Locate heat sources near heat sinks and locate waste producers near 
businesses that can use that waste as an input 

Transportation 
Management 

 Shift the mode of 
travel 

 Shift to alternative 
fuels 

 Increase energy 
efficiency 

 Create high occupancy and toll lanes; implement parking, fuel, 
commuter and vehicle registration charges 

 Promote employer trip reduction programs, and discounted transit 
passes 

 Require pedestrian and bicycle facilities to be provided on all new 
and reconstructed streets and highways 

 Equalize funding and procedures between highway and transit 
projects 

 Support intra and inter city rail transport development 

 Promote fleet fuel switching and hybridization 

 Strengthen vehicle fuel efficiency standards 

Site and 
Building Design 

 Increase efficiency 

 Capture natural 
heating and 
cooling potential 

 Reduce water use  

 Promote the use of vegetation and building orientation for lighting, 
heating, and cooling, as well as waterless landscaping and tree 
planting 

 Strengthen building and appliance efficiency standards 

 Provide financing and technical assistance for efficiency 
improvements  

 Promote cascaded water systems within buildings and communities 

Energy Supply  Reduce 
greenhouse gas 
intensity of energy 

 Increase end use 
energy efficiency 

 Proactively involve utilities in planning 

 Promote distributed generation, district heating and cooling, and the 
use of heat pumps and renewable energy 

 Provide financing and technical assistance for micro-generation 

All Sectors  Reduce 
greenhouse gas 
emissions 

 Reduce energy 
supply needs 

 Price carbon through a carbon tax or cap and trade system 

 Make energy planning an explicit function of municipal and regional 
governments, and a component of development processes. 

 Develop and disseminate standardized tools for evaluating the 
greenhouse gas impacts of land-use, transportation, building, and 
energy supply decisions 

 Develop social marketing programs to promote more energy and 
greenhouse gas efficient housing, transportation, and lifestyles 

* A development rights transfer program is a market-based mechanism that encourages the voluntary transfer of 
growth from places where a community would like less development, referred to as “sending areas”, to preferred 
development “receiving areas”. 
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While this list of policies may seem overwhelming, certain policies will be prerequisites for 
establishing integrated community energy solutions, while others will play more of a supportive 
role.  The Phase II study identifies these policies and outlines roles for each level of 
government.  The policy recommendations of Phase II should not be considered a package that 
needs to be implemented in its entirety, but rather a summary of the types of policy 
instruments that can move Canada’s communities toward ICES.  There are multiple paths to this 
outcome, and the specific mix of policies implemented in each community will depend upon its 
local circumstances. 

It is clear that there is a large body of research applicable to the estimation of benefits 
associated with individual components of integrated community energy solutions.  The 
research reveals a fairly consistent view that these benefits − a combination of ICES policies and 
aggressive technology regulations − produce emission reductions of up to 40% from business as 
usual levels.  However, these studies (and the associated emission reduction estimates) were 
rarely economy-wide, with the majority investigating the impact of individual components of 
ICES (such as land use planning or district energy) on a specific development area or 
hypothetical city, usually in a qualitative manner or based on scenario comparisons.  Few 
studies involved a comprehensive and complete integrated modelling study of the GHG, 
energy, water, waste, and cost savings achievable from urban energy systems management, 
particularly in the Canadian context. 

The Phase II modelling results estimate urban emission reductions of ~5-12% from BAU levels 
by 2050 from land use, transportation and energy system integration policies, not including 
building shell or transportation efficiency regulations.  While the Phase II modelling results do 
not confirm the optimism of the literature, they do highlight the distinction between 
theoretical, site specific potential and realistic national level potential.  As such the quantitative 
analysis of Phase II provides valuable insight into the gaps in the literature and the limitations of 
its analysis, which include:  

 A lack of comparable fully integrated studies.  The majority of studies to date only address 
individual aspects of ICES in isolation. 

 Studies of individual urban redevelopments cannot be extrapolated to a national scale.  
Most studies focus on individual, sometimes theoretical urban redevelopment case 
studies and even fully hypothetical communities. The reported emissions reductions in 
the literature indicate that this potential may be technically achievable in specific urban 
areas, but generally do not address the savings potential in suburban communities, 
industrial areas, smaller cities, and rural areas (the mix of communities that define 
Canada's landscape). 

 Inertia due to capital stock turnover is often overlooked.  It takes decades and even 
centuries  for the urban form to transition from one structure to another; existing land 
use, transportation networks, building stock and overall infrastructure will take a long 
time to rebuild under the influence of fully integrated ICES policies. Therefore, greater 
emissions reductions can be expected over longer timeframes (50+ years).  In the 
literature many studies compare communities before and after redevelopment, or look at 
newly built areas designed for optimal integrated energy use.  The QUEST Phase II study 
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takes the inertia of the existing urban form into account, only replacing capital stock 
when it has reached the end of its useful life, and taking advantage of strategic 
opportunities to redevelop key areas within communities when feasible. 

 The effects of “sector-specific” technology policies are not explicit in the literature. Many 
studies in the literature base their emission reduction estimates on scenarios that 
incorporate integrated land use and energy system integration policies with aggressive 
efficiency standards for buildings, appliances, vehicles, water use, advanced waste 
reduction and energy capture measures - the impact of land use and energy system 
integration alone cannot be isolated.  The ICES Phase II Moderate and Aggressive 
scenarios focus solely on land use, transportation, and energy system integration policies, 
and do not include sector-specific technology regulations. 

Metrics 

In order to better understand the scope of improvement that is desirable and achievable for 
Canadian communities, we need to understand their current energy use and GHG emissions 
situation, as well as how they compare on other criteria that directly or indirectly affect energy 
use and quality of life in the city.  In this chapter, ten Canadian communities are profiled based 
on their GHG emissions, energy consumption, transportation patterns, air quality, waste 
production, available green space, and water use.  They are then compared against four 
international communities that score highly on quality of life and sustainability criteria.  The 
performance of Canadian cities against each other and their international counterparts is 
analysed, in order to help understand the potential scope for improvement in Canadian urban 
energy use and GHG emissions.  Many of these factors are very heavily dependent upon local 
situations, and so the goal of the metrics comparison is not to imply that all Canadian cities can 
or should try to achieve the results of the leading cities in each category.  However, the analysis 
does shine a light on what many Canadian and international cities have achieved in the pursuit 
of sustainability, and what can be achieved in comparable cities, based on existing technology 
and planning tools. 

The Canadian communities selected for analysis include all of the major urban centres, as well 
as several medium sized communities, and two small communities: 

 Toronto 

 Montreal 

 Vancouver 

 Ottawa 

 Calgary 

 Quebec City 

 Winnipeg 

 Halifax 

 Stony Plain (Alberta) 

 Dawson Creek (British Columbia) 
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The international communities that were selected include two large cities (New York City and 
London) and two medium cities (Geneva and Denver).  These cities were selected for 
comparison based on their high rankings in the Economist Intelligence Unit Liveability study, 
the Mercer Consulting Quality of Living Survey, the Natural Resources Defense Council's 
Smarter Cities rankings, and availability of emissions and energy use data calculated based on a 
consistent methodology.  As Canadian communities are not currently required to report or 
disclose data on many of the metrics investigated, there is often no standardized measurement 
or reporting methodologies.  As a result, when data sets were available for several 
communities, they have been included in preference to more recent data that is only available 
for a single community, in order to ensure a certain level of comparability across cities.  Much 
of the Canadian data comes from voluntary community reports to the FCM-ICLEI Partners for 
Climate Protection (PCP) program, and the international GHG and energy use data were taken 
from a recent study by Kennedy et al. (2009) that established a common methodology for 
inventorying global city-level GHG emissions.  When all data within a table came from the same 
source, the source is referenced below the table.  However, most tables combine data gathered 
from a wide variety of sources, in which case the sources are listed by metric in the References 
section. 

Communities Profiled 

Table 2 presents the cities that were compared, and their key population and geographic 
characteristics.  There are a multitude of ways to define a city's boundaries, including the 
municipal level (e.g. the City of Vancouver), the greater regional area (e.g. the Greater 
Vancouver Regional District), the Census Metropolitan Area (CMA) or Census Agglomeration 
(Statistics Canada designations that include a large urban area of at least 100,000 people, and 
the surrounding areas with which it is closely integrated), and administrative divisions (e.g., the 
Communauté métropolitaine de Quebec (CMQ)).  City-level classifications are smaller and 
denser than CMA classifications, and more comparable with the international cities; thus, City-
level statistics have been collected where possible.  However, some data are only available for 
CMAs, and in order to facilitate the use of both boundary definitions for other metrics, the 
characteristics of Canadian cities at both the City and the CMA level are presented in Table 2. 

In terms of density, Canada’s three largest cities (Vancouver, Montreal, and Toronto) 
unsurprisingly have the highest population densities, although their densities are well below 
those of London, New York, and Geneva – cities that face geographical restrictions to urban 
sprawl (such as New York’s island geography) or that developed very long ago, when 
development patterns were more compact.  This same effect is seen within the oldest areas of 
Canadian cities such as Montreal, where densities are much higher than for the city as a whole.  
Within Canada, medium and small cities feature low densities – an effect that is also seen in the 
United States (Denver was the least dense of all cities compared).  While Halifax and Ottawa 
may appear to have unexpectedly low density, it is important to note that Halifax's official city 
boundaries include the entire CMA, giving it a substantial rural land area, and Ottawa also has 
very expansive city boundaries. 
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Table 2: Community profiles 

Community Land area (km
2
) Population 

Measurement 
year 

Population 
Density  

(pop/km
2
) 

Private 
Dwellings 

Canada      

Toronto (CMA) 5,904 5,113,149 2006 866 1,894,436 
City of Toronto 630 2,503,281 2006 3,973 1,040,597 
Montreal (CMA) 4,259 3,635,571 2006 854 1,593,502 
City of Montreal 365 1,620,693 2006 4,440 787,060 
Vancouver (CMA) 2,877 2,116,581 2006 736 870,992 
City of Vancouver 115 578,041 2006 5,039 253,212 
Ottawa (CMA) 5,716 1,130,761 2006 198 478,242 
City of Ottawa  2,778 812,129 2006 292 320,888 
Calgary (CMA) 5,107 1,079,310 2006 211 433,616 
City of Calgary 727 988,193 2006 1,360 401,389 
Quebec City (CMA) 5,904 715,515 2006 218 332,306 
Ville de Quebec 454 491,142 2006 1,081 238,037 
Winnipeg (CMA) 4,259 694,668 2006 131 291,903 
City of Winnipeg 464 633,451 2006 1,365 261,109 
Halifax (Regional 
municipality) 

5,490 372,679 2006 68 155,060 

Stony Plain, AB 36 12,363 2006 347 4,808 
Dawson Creek, BC 22 11,093 2006 493 4,833 
International      

New York 789 8,170,000 2005 10,355 3,328,648 
London (Greater 
London Area) 

1,579 7,364,100 2003 10,505 3,220,000 

Geneva 282 432,058 2005 10,829 117,666 
Denver 397 579,744 2005 1,558 251,435 
* CMA = Census Metropolitan Area; HRM=Halifax Regional Municipality, GLA=Greater London Area 
* Geneva (city) has the highest density of all the cities compared: 11,835 people/km

2
  

Greenhouse Gas Emissions 

The GHG emission data (and much of the energy use data) for Canadian cities was extracted 
from the voluntary emission inventories and emission reduction plans submitted by many 
Canadian municipalities to the Partners for Climate Protection (PCP) program.  PCP was 
developed by the Federation of Canadian Municipalities (FCM) and ICLEI-Local Governments for 
Sustainability, with the goal of reducing municipal-level greenhouse gas emissions and 
improving the quality of life in Canadian cities. Participating communities complete five 
milestones: 

1. Create a GHG emissions inventory and forecast (for both municipal operations and the 
community) 

2. Set a reduction target (20% from corporate operations and 6% from the community is 
recommended) 

3. Develop a local action plan (to reduce emissions and energy use) 
4. Implement the local action plan 
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5. Measure progress and report results 

The PCP methodology means that participating Canadian cities calculate the emissions 
attributable to municipal operations (Municipal Corporation), and report them separately from 
the emissions attributable to the rest of the Community.  The reason for this is that the 
Corporation’s emissions are under the direct control of the municipal government, and so are 
usually the easiest place to achieve emission reductions.  As a result, these are presented as 
two separate categories in Table 3 and Table 4, and when summed together, they provide the 
total emissions for the municipality.  The international cities did not follow this approach.  
Additionally, several Canadian cities used different categories other than the standard PCP 
framework to attribute their emissions to specific sectors; any sectors that were not included in 
a municipality's sectoral emission breakdown are greyed out in Table 4. 
 
Under the PCP approach, emissions that are included in municipal inventories include: 

 Emissions that take place within the boundaries of the city 

 Emissions associated with generation of the electricity used within the city, even if the 
generation stations are outside of the city. 

 Landfill methane (net of any landfill gas recovery) attributable to waste generated by a 
city, even if that waste is disposed of at a landfill outside of the city. 

However, the full lifecycle emissions of fuel and products consumed within the city are not 
included.  Additionally, biomass combustion and air, train, and marine travel-related emissions 
are excluded. 

Data for New York, London, Geneva, and Denver were obtained from the Kennedy et al. (2009) 
study.  Air and marine travel related emissions were included in the original inventories, but 
were removed in order to make the data more comparable to the Canadian inventories.  As 
with the PCP program, emissions attributable to power generation and landfill waste are 
included in the inventories even when the power was generated or waste disposed outside of 
the city boundaries, and upstream emissions due to the extraction, processing, and 
transportation of fossil fuels are not included.  It is estimated that accounting for upstream 
emissions for fuels adds 7-24% to city GHG inventory totals. 

The use of two main methodologies for calculating GHG emissions by all of the cities studied 
should increase the comparability of the results.  However, even cities that create their 
emission inventories using consistent reporting methodologies can have quite different local 
measurement and monitoring processes.  Some communities (particularly larger ones with 
more resources to devote to creating their inventories) calculate their emissions using a 
bottom-up approach, based on energy sales, emission coefficients, and actual emission 
measurements, while others (particularly small communities) may rely more upon provincial 
per capita energy use and emissions intensity figures to estimate their municipal emissions.  
Most cities use a combination of the two approaches, depending upon data availability.  As a 
result, the reported emission levels are subject to calculation and measurement differences and 
errors, which should be considered when making comparisons between cities. 
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Table 3: Greenhouse gas emission summary 

Community 
Total CO2e 
(tonnes) 

Community CO2e 
Emissions (tonnes)  

Municipal 
Corporation CO2e 

Emissions 
(tonnes) 

Measure -
ment Year 

Per Capita CO2e 
Emissions 
(tonnes) 

Emission Reduction Target 

Canada   

City of Toronto 24,450,207 22,853,254 1,596,953 2004 9.8 
6% below 1990 by 2012, 

30% below 1990 by 2020, 
80% below 1990 by 2050 

City of Montreal 13,700,000   189,000* 2003 7.2 20% below 2002 by 2012 

City of Vancouver 2,924,072     2007 4.9 
33% below 2007 by 2020, 
80% below 2007 by 2050 

City of Ottawa 9,113,757 9,026,606 87,151 1998 12.6 20% below 1990 by 2012 

City of Calgary 16,797,500 16,370,000 427,500 2003 19.1 
20% below 2005 by 2020, 
50% below 2005 by 2050 

Ville de Quebec^ 4,241,600 4,015,000 226,600 2006 7.9 
Municipal corporation: 

22.5% below 2002 by 2010 
Winnipeg (CMA) 5,325,776 5,257,324 68,452 1998 7.8 20% below 1998 by 2018 
Halifax (HRM) 6,876,782 6,775,289 101,493 2002 19.1 20% below 2002 by 2012 

Stony Plain, AB 129,520 125,522 3,998 2006 10.5 
Community: 6% below 2000 

by 2016; Corporate: 20% 
below 2000 by 2016 

Dawson Creek, BC 118,315 115,969 2,346 2007 10.7 14% below 2006 by 2012 
International  
New York 65,360,000   2005 8.0 30% below 2007 by 2030 
London (GLA) 47,719,368   2003 6.5 60% below 1990 by 2025 
Geneva 2,626,913   2005 6.1 20% below 2008 by 2020~ 
Denver 11,641,260   2005 20.1 10% below 1990 by 2011 
Notes: If a city's GHG inventory did not specify the per capita emissions or population, the closest Canadian census (1996, 2001, or 2006) population figures 
were used to calculate per capita emissions 
* Montreal municipal corporation emissions are from a separate inventory process in 2004 
^ The Ville de Quebec's emission inventory is for L'agglomeration de Quebec, which also includes Saint-Augustin-de-Desmaures and l'Ancien ne-Lorette.  The 
2006 population was 534,750 
~ This GHG reduction target is for Switzerland as a whole 
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Table 4: GHG emissions by sector 

Community Residential  
Commercial 

and 
Industrial   

Transportation  Buildings  Waste  
Municipal 

corporation  

Canada   

City of Toronto 5,997,042 8,886,939 8,558,966   977,992 29,203* 

City of Montreal   3,836,000 6,713,000 2,740,000 411,000   

City of Vancouver     1,220,947 1,556,603 146,521   

City of Ottawa     2,476,000 4,582,257 1,968,149 87,151 

City of Calgary     4,941,000   443,000 427,500 

Quebec City (CMA) 714,000 1,294,000 1,988,000   20,000 226,600 

Winnipeg 1,176,928 2,290,719 1,650,494   139,183 68,452 

Halifax (HRM) 1,694,518 3,838,400 885,826   356,545 101,493 

Stony Plain, AB 64,816 30,179 29,331   1,200 3,998 

Dawson Creek, BC     64,934 46,767 6,614   

International             

New York 50,000,400 12,500,100   2,859,500   

London (GLA) 37,188,705 8,984,202   1,546,461   

Geneva 1,663,423 799,307   164,182   

Denver 7,641,026 3,658,185   342,049   
Note: Please refer to Table 3 for measurement year.  
* Toronto municipal corporation emissions are allocated to the other sectors; emissions listed in the Municipal 
Corporation column are for street lights and traffic signals – total municipal corporation emissions in do not equal 
total municipal corporation emissions in Table 4.
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Figure 4: Per Capita CO2e emissions compared with city density 

 

Figure 5: Per Capita GHG emissions for selected additional Canadian cities 

 

Note: Canadian data are at the City level, with the exception of Clare (Municipal District) 
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An analysis of the GHG emissions data reported in Table 3 and Table 4 and displayed in Figure 4 
and Figure 5 reveals that several Canadian cities are already world leaders in GHG emissions per 
capita.   Geneva and London have achieved very low emissions per capita, and also have high 
population density.  However, Vancouver reports even lower GHG emissions per capita, despite 
substantially lower density.  Montreal, Winnipeg, and Quebec City also report low GHG 
emissions per capita combined with moderate or low population density.  A broad correlation 
can be seen however between a city’s density and its emissions per capita (Figure 4).  The 
highest density cities in particular are able to support much higher use of sustainable 
transportation (public transit, cycling, and walking) than the low density cities (as shown in 
Figure 7), leading to substantially lower transportation-related emissions per capita.  

Besides density, one of the key determinants of the emission differences between cities is the 
GHG-intensity of their electricity production.  This is the main reason why several Canadian 
cities achieved such low GHG emissions per capita with population density below that of the 
international leaders.  In Geneva, as well as in the provinces of B.C., Quebec, and Manitoba, 
hydropower figures prominently, and the GHG-intensity of electricity production is near zero.  
In the city of Denver, and the provinces of Alberta, Saskatchewan, and Nova Scotia, the reliance 
on coal leads to extremely high electricity-related GHG emissions, as shown by the substantially 
higher non-transportation related emissions in these cities (Figure 4).  Other significant 
influences on a city’s GHG emissions include the presence of high-emitting local industry (e.g. 
Brandon, MB), or serving a large net influx of workers or visitors, requiring a city to account for 
services for a much larger population than live there (e.g., New York, Montreal, and Toronto17). 

Local climate is another significant influence, with high heating or air conditioning requirements 
boosting GHG emissions, but is not a significant factor in our analysis as the comparison cities 
generally fall within the same climactic zone. 

A city’s commitment to reducing its emissions is also essential.  In its 2007 Climate Protection 
Progress Report18, Vancouver attributes its low per capita emissions to: 

 Integrated land use and transportation planning: the 1991 Central Area Plan and 1995 
City Plan encouraged compact, mixed use development, and directed higher densities to 
specific mixed-use neighbourhoods. 

 The 1997 Vancouver Transportation Plan, which prioritized walking, cycling, and transit, 
leading to an increase in walking trips of 44%, an increase in cycling trips of 180%, an 
increase in transit ridership of 20% (the fastest Canadian growth rate), and a decrease in 
vehicle trips into and out of the city of 10% by 2006.  The net result is that automobile-
related GHG emissions have recently started decreasing. 

 Natural gas conservation efforts stemming from price increases and instability between 
2001 and 2004. 

                                                      
17

 Statistics Canada. 2008.  Commuting Patterns and Places of Work of Canadians, 2006 Census. Ministry of 
Industry: Ottawa, ON. 
18

 City of Vancouver.  2007.  Climate Protection Progress Report.  City of Vancouver: Vancouver, BC.  
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 Landfill gas capture at the Vancouver Landfill, which has reduced city-wide emissions by 
nearly 10% since it was implemented in 2003, and produces power equivalent to 6,000 
homes. 

 Requiring the highest energy performance standard for new, large buildings in Canada 
(Building By-Law 2003). 

 Requiring all new civic facilities to be built to a LEED Gold standard. 

 Community involvement in GHG reductions: the 2003 Cool Vancouver Task Force (which 
produced the city's 2003 Corporate and 2005 Community Climate Change Action Plans) 
included representatives from the community, academia, utilities, and government. 

 Continuing efforts to be a leader in emission and energy use reductions.  For example, the 
2010 Olympic Village is a former industrial brownfield that is being developed into a 
'sustainable' high-density residential neighbourhood where all buildings will meet LEED 
Silver or Gold standards; over 50% of buildings will have green roofs; and rainwater will 
be captured and used for irrigation and flushing toilets.  There is walking-distance access 
to sufficient transportation options (including urban light rail, inter-urban rail, buses, 
three pedestrian-bicycle networks, and a car-sharing program) that  car ownership will be 
unnecessary for many residents.  The neighbourhood includes a district heating system 
that collects heat from sewers, and the half of units that have sold so far have earned a 
price premium as high as 50% over other downtown condo units. 

 B.C.'s introduction of a consumer-based carbon tax in mid-2008. 

These measures helped Vancouver to reduce its emissions to 5% below 1990 levels in 2006, and 
achieve the lowest per capita GHG emissions of all the cities compared. 

Energy Use 

For many of the comparison cities, the energy use figures reported came from the same source 
as the GHG inventory.  However, Toronto, Montreal, Ottawa, Winnipeg, and Halifax did not 
provide the energy use data underlying their GHG emission calculations, or provided 
incomplete data, so additional sources were used when available.  As a result energy use data 
may not correspond directly with the GHG emission data reported in Table 3 and Table 4. 
Energy use was often reported in different volume and energy content units across cities, so all 
data were standardized to TJ (or GJ for per capita consumption) using standard energy 
conversion factors such as those found in the National Energy Board's Energy Conversion 
Tables19. 

Since the energy use data are derived from a number of different sources, they may not employ 
completely consistent methodologies and coverage.  Data sets that are most comparable are 
Toronto, New York, London, Geneva, and Denver (derived from the Kennedy et al. study), 
Calgary, Quebec City, Stony Plain, and Halifax (which all used the PCP methodology), and 
Vancouver and Dawson Creek (from the B.C. Community Energy and Emissions Inventory).  
However, even among data sets that are based on consistent reporting methodologies, local 

                                                      
19

 http://www.neb.gc.ca/clf-nsi/rnrgynfmtn/sttstc/nrgycnvrsntbl/nrgycnvrsntbl-eng.html 
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measurement and monitoring systems will vary; thus, comparisons between cities should not 
be viewed as definitive. 

Table 5: Energy consumption 

Community Year 
Total 

Energy 
Use (TJ) 

Energy 
Use/ 

Capita 
(GJ) 

Electri -
city (TJ) 

Natural 
Gas (TJ) 

Gasoline 
(TJ) 

Oil  (TJ) 
Diesel 

(TJ) 
Propane 

(TJ) 
Other 

(TJ) 

Canada   

Greater Toronto 
Area 

2005 838,536 151 200,801 327,000 232,896   77,839     

City of Vancouver 2007 63,580 104 18,377 28,237 15,062   1,805 99   

City of Ottawa 1996 42,664 132               

City of Calgary 2003 175,707 178 29,874 77,000 47,788   16,068 4,977   

Quebec City (CMA) 2006 76,860 107 27,584 8,152 14,450 11,450 6,732 562 7,930 

Winnipeg* 2010e   192               

Halifax (HRM) 2002 56,130 151 19,003 600 9,573 17,183 8,355 1,415   

Stony Plain, AB 2006 1,528 124 206 887 393   42     

Dawson Creek, BC 2007 2,173 193 400 867 627   250 29   

International   

New York 2005 761,057 93 178,441 252,707 142,924 111,786 24,835   50,365 

London (GLA) 2003 581,233 79 141,253 299,908 62,536 12,093 46,796   18,647 

Geneva 2005 43,194 100 10,055 8,891 9,048 12,746 1,928   526 

Denver 2005 116,984 202 23,972 42,622 42,943   7,447     

Notes: Montreal energy use was not available.  However, for the province of Quebec, energy use per capita is 
224.5 GJ, and it has been estimated that consumption per capita in Montreal is approximately 25% lower than for 
the province as a whole, particularly due to Montreal's lower electricity consumption. 
* Manitoba level energy use per capita figure.  Winnipeg city staff confirmed that community level energy use 
figures have not yet been calculated. 
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Figure 6: Per capita GHG emissions and energy use by city 
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Notes: All data are at the City level except Toronto energy use (GTA), and Quebec energy use (CMA).  Energy use 
per capita was unavailable for Montreal and Winnipeg.  

Table 5 and Figure 7 show each city’s total and per capita energy use, and how it compares to 
GHG emissions.  Canadian energy use per capita has traditionally been much higher than all 
other OECD countries, with the exception of the United States20.  The data in Table 5 are 
consistent with this trend, with London, New York, and Geneva all demonstrating lower energy 
use per capita than the best performing Canadian cities - although some Canadian cities with 
low-GHG intensity electricity generation come close.  As expected, a strong correlation is seen 
between GHG emissions and energy use per capita.  Where energy use per capita is 
substantially higher than GHG emissions per capita, as seen in Vancouver and Dawson Creek, 
this is predominantly due to the use of low-emission electricity sources.  City size and density 
are also key factors, with the largest and densest cities (which support higher shares of 
sustainable transportation and multi-unit housing), generally displaying lower energy use per 
capita than medium and small cities with lower densities. 

                                                      
20

 International Energy Agency (IEA).  2008.  Worldwide Trends in Energy Use and Efficiency.  Paris, France: IEA. 
http://www.iea.org/Papers/2008/cd_energy_efficiency_policy/1-Croos-sectoral/1-Indicators_2008.pdf  
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Air Quality 

Air pollution levels in Canadian cities are generally reported as Air Quality Index values, with 
actual air pollutant concentrations available as raw hourly measurements from the national 
network of air pollution monitoring stations.  However, Canadian Air Quality Index values are 
not readily comparable with those used by the international comparison cities.  The best source 
that was found for air pollutant concentrations was the Ontario Ministry of the Environment's 
2007 Air Quality in Ontario report, in which the air pollutant concentration data for many 
Canadian cities, as well as a selection of international cities, were calculated.  The data in Table 
6 are estimated from this report.  Table 7 presents average annual ozone concentrations for the 
Canadian cities covered by the Federation of Canadian Municipalities' Quality of Life Reporting 
System, as well as Dawson Creek, in order to provide a more complete profile of the 
comparison cities.  The relative performance of the comparison cities differs across the two 
tables due to the use of different metrics and units; Table 6 presents the one-hour maximum 
concentration (for 2007) in parts per billion, while Table 7 presents the annual average ozone 
concentration (for 2001) in µg/m3. 

Table 6: Air pollutant concentrations (2007) 

Community 

O3 One-Hour 
Maximum 

Concentration  
(ppb) 

PM2.5 Annual 
Mean 

Concentration 
(µg/m3) 

NO2 Annual 
Mean 

Concentration 
(ppb) 

CO One-Hour 
Maximum 

Concentration 
(ppm) 

SO2 Annual 
Mean 

Concentration 
(ppb) 

Canada   

Toronto 103.2 7.7 18.6 1.8 1.7 

Montreal  97.6 7.0 14.0 3.6 2.0 

Vancouver   83.2 4.3 13.3 4.3 1.1 

Ottawa   90.4 5.8 8.3 1.6 1.0 

Calgary   72.0 5.7 19.2 3.8 1.2 

Winnipeg   64.0 4.7 10.2 3.7   
International   

New York 136.8 12.6 24.8 3.4 7.0 

Geneva 68.8   21.0 3.1 2.0 

Denver 108.0 8.9 23.9 6.0 2.5 
Air Quality 
Guidelines   
NAAQO 82.0 20-25 53.0 31.0 23.0 

Canada Wide 
Standard 

65 (8 hr avg) 
by 2010 

30 (24 hr avg) 
by 2010 

      

Ontario AAQC 80 30 (CWS) 100 (24 hr avg) 30.0 20.0 

WHO 51 (8 hr avg) 
10                    

(24 hr avg: 25) 
21 (8 hr avg) 10 (8 hr avg) 8 (24 hr) 

Source: Ontario Ministry of the Environment Air Quality in Ontario - 2007 Report 
Notes: Canada's National Ambient Air Quality Objectives (NAAQO) and Canada-Wide Standards (CWS) and WHO 
Air Quality Guidelines are not legally binding.  Ontario Ambient Air Quality Criteria (AAQC) are used to set Point of 
Impingement standards for non-mobile sources.  Stony Plain ozone concentration data was unavailable.   
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Table 7: Annual average ozone concentration (2001) 

  

Maximum 
Acceptable 

Annual Average 
(Env't Canada) 

Dawson 
Creek 

Vancouver Winnipeg Calgary Halifax Ottawa 
Quebec 

City 
(CMA) 

Annual Average O3 
Concentration  

(µg/m3) 

15 4.3* 9.5 17.5 19.3 23* 25 25 

Notes: * Halifax measurement is for 1998; Stony Plain measurements were unavailable. 

Canadian cities perform very well against the international cities on air quality measures, while 
New York and Denver consistently display the worst air quality, and exceed health standards for 
ozone, fine particulate matter, and nitrogen dioxide.  Of all the cities compared, Winnipeg in 
particular demonstrates consistently good air quality levels, and has the lowest or second-
lowest pollutant concentrations for these three pollutants.  Winnipeg's low pollution levels are 
aided by lower emissions from industry, electricity generation, and trans-boundary sources 
than the other Canadian cities, with the city's emissions coming predominantly from 
transportation.  No Canadian cities exceed the WHO guidelines for PM2.5 or NO2, but Calgary 
and Toronto come quite close to the NO2 standard, while Ottawa has the lowest NO2 
concentration.  All cities are well below the limits for CO and SO2 concentrations, but ground-
level ozone levels remain a large concern for Canada's largest cities, with Toronto, Montreal, 
Ottawa, and Vancouver exceeding the one-hour concentration NAAQO and Ontario AAQC in 
2007. 

Transportation 

The transportation sector is one of the largest contributors to municipal GHG emissions, within 
which the commute to work is the single largest activity.  Statistics Canada compiles census 
information on the commuting mode split for each city, and these data are summarized in 
Table 8, along with equivalent data for the international comparison cities.  Each trip is only 
classified within one category; therefore, some analysts have indicated that the importance of 
walking and public transit in major Canadian cities are undercounted, and that the share of trips 
that involve some walking or public transit use in combination with other modes is three times 
as high as the share that rely on them exclusively21. 

Public transit, cycling, and walking together are considered to be 'Sustainable Transportation'. 
Figure 7 compares each city's density with primary mode of transportation (automobile vs. 
sustainable transport), expressed as a percentage of employed labour force.  Both City level and 
CMA level commuting mode splits are provided for Canadian cities in Table 8; however, Figure 7 
only includes City level Canadian data, in order to be consistent with the international cities.  In 
Table 10, average commuting distance for each city is also presented in combination with other 
quality of life and sustainability metrics. 

                                                      
21

 Litman, Todd Alexander.  September 2009.  Economic Value of Walkability.  Victoria Transport Policy Institute: 
Victoria, British Columbia 
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Table 8: Primary mode of transportation (commute to work) 2006, % of employed labour 
force 

Community 
Automobile (Car, Truck, Van) Public 

Transit 
Cycling Walking Other 

Total Driver Passenger 

Canada   

Toronto (CMA) 72 64 8 22 1 5 1 

City of Toronto 56 49 6 34 7 2 1 

Montreal (CMA) 70 65 5 21 2 6 1 

City of Montreal 53 49 4 35 9 2 1 

Vancouver (CMA) 74 67 7 16 2 6 1 

City of Vancouver 58 52 6 25 12 4 1 

Ottawa (CMA) 71 63 8 19 2 7 1 

City of Ottawa  67 60 8 22 8 2 1 

Calgary (CMA) 77 69 8 16 1 5 1 

City of Calgary 75 68 8 17 6 1 1 

Quebec City (CMA) 80 75 5 10 1 7 1 

Ville de Quebec 75 70 5 13 9 2 1 

Winnipeg (CMA) 79 70 9 13 2 6 1 

City of Winnipeg   77 68 9 14 6 2 1 

Halifax (HRM) 76 65 11 12 1 10 1 

Stony Plain, AB 94 87 8 1 1 4 1 

Dawson Creek, BC 89 78 10 0 1 8 1 

International   

New York 31 25 6 54 0 8 6 

London^  37     50 4 9   

Geneva 41 37 4 17 8 23 10 

Denver 88 77 11 6 1 5   

Notes: Data may not sum to 100 due to rounding 
^ London's transportation split is for all transportation, not just commuting 
New York data are for 2004, Geneva and Denver data are for 2005 
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Figure 7: Sustainable transportation use and city density 

 

Note: Canadian data are at the City level (not CMA level).  Geneva data is at the City level (not Canton).  London 
data is for the Greater London Area; density figures at the City level would be higher. 

The transportation mode split between automobile and sustainable transportation displays an 
extremely strong correlation with city density, with a well-defined trend showing the positive 
correlation between population density and the share of sustainable transportation.  In the two 
smallest communities, Dawson Creek and Stony Plain, where population and density are 
insufficient to support comprehensive public transportation systems, only 10% and 5% of 
commuters respectively rely on sustainable transportation modes to get to work.  As discussed 
in the Greenhouse Gas Emissions section, these transportation mode share differences are one 
of the main reasons why higher population density is correlated with lower GHG emissions - 
although that relationship is not as striking as the one seen here, because of the mediating 
effect of other emission sources, particularly the emission intensity of electricity generation and 
the presence of local industry. 

Table 8 and Figure 7 also show that New York has the highest sustainable transportation share - 
far more than other U.S. cities, due to its extremely high density of workers and unique 
geography.  This enables it to support such an extensive public transit system that more than 
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half of all households in the city do not own a car22.  In Geneva, 23% of commuters walk to 
work - a rate more than twice that of the next nearest city.  Some of the reasons for the high 
walking share include the population density, relatively mild climate, and the city's strong 
promotion of walking through the Pedestrian Master Plan23, which was implemented in 1995, 
and includes policies, actions, and education, including: 

 A master plan for pedestrian routes, which identifies priority connected pedestrian routes 
throughout the city and connecting the city and suburbs, protects them by law, and 
undertakes efforts to reduce obstacles for pedestrians, ensure security, and enhance the 
attractiveness of those routes.  These activities include redefining crosswalk signals to 
prioritize pedestrians, creation of wide and uncluttered sidewalks, reinforcement of 
safety mechanisms on high traffic roads, and removal of obstacles such as dead-ends and 
fences, with priority put on areas around schools or that serve the elderly, on shopping 
routes, and near parks.   

 Creation and maintenance of pedestrian-accessible public living places such as 
playgrounds and public squares. 

 Creation and distribution of pedestrian map guides, showing the walking distances in 
minutes between landmarks throughout the city, and promotion of pedestrian-centred 
events such as Sundays on Foot (www.dimancheapied.ch). 

 Experimenting with traffic moderating measures, including low-speed zones, one-way 
streets, and designation of residential streets.  However, these actions are currently too 
localized and discontinuous to create a permanent change in driver behaviour. 

While climate may make walking more attractive, and Vancouver and Victoria enjoy some of 
the highest rates of combined walking and cycling in Canada (15.6% and 33% of commuters 
respectively), the density and walkability of the city is most important.  Based on these factors, 
Ottawa considers itself to be "the pedestrian capital of Canada", despite its harsh winters.  In 
Ottawa's downtown neighbourhoods more than 25% of workers walk to work, with this falling 
to a 10-25% share in other neighbourhoods within the city's Greenbelt, and less than 5% in the 
suburban and rural areas outside the Greenbelt24. 

Across Canadian CMA's, a consistent and expected statistical relationship is observed between 
higher density and mixed use developments and higher use of sustainable transportation 
modes: in 2006, 56.5% of workers living within one kilometre of their place of work commuted 
using a sustainable mode of transportation, versus 15.8% of those living 15 kilometres or 
further away.  Further, Statistics Canada found that after controlling for all other factors 
associated with automobile use, residents of low-density neighbourhoods were 2.5 times more 
likely to drive for at least one of their daily trips, and 2.8 times more likely to drive for all of 
their daily trips than residents of high-density neighbourhoods.  However, the relationship 
between neighbourhood density and automobile use decreases significantly for 

                                                      
22

 Wikipedia.  2009.  Transportation in New York City.  
http://en.wikipedia.org/wiki/Transportation_in_New_York_City. 
23

 Ville de Genève.  Plan Pietons.  http://www.ville-ge.ch/geneve/plan-pietons/index.html 
24

 City of Ottawa.  April 2004.  Ottawa Counts.  
http://www.ottawa.ca/city_services/statistics/counts/counts_apr_04/index_en.shtml 
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neighbourhoods more than 10km from the city centre, where even higher density suburban 
neighbourhoods are unlikely to be zoned for mixed use, and many locations are not readily 
accessible by public transportation or on foot.25,26 

Since the 2001 census, public transportation use has risen among young Canadians overall, and 
its commuting mode share has increased in Calgary, Ottawa, Halifax, and Montreal (in Calgary's 
case this has been attributed to the addition of 9.4km to the C-Train Line between 2001 and 
2004).  However, many development trends in Canadian CMAs are moving in directions that 
discourage the use of sustainable transportation.  Average commuting distances are rising, 
dwellings are being built further from places of work, the share of the population working at 
home is decreasing (predominantly due to a decline in the farming sector), and employment is 
growing much faster in the peripheral municipalities of CMAs, which are more difficult to access 
by public transportation, than in the well-served central neighbourhoods.  These trends 
emphasize that integrated land use and transportation planning is essential if Canadian 
municipalities want to improve their sustainable transportation shares and decrease 
automobile use. 

Waste 

The way in which waste is produced, diverted, and ultimately disposed of in a community is a 
powerful indicator of local sustainability, as well as energy potential, in several ways: 

 Waste that ends up in landfill requires that additional raw materials be used to produce 
replacement products.  Recycling diverted materials, on the other hand, reduces energy 
use and corresponding GHG emissions by an average of 64% (for paper) to 95% (for 
aluminium) compared with producing those materials from virgin resources.27The U.S. 
Environmental Protection Agency estimates that 42% of U.S. GHG emissions are due to 
the way people "procure, produce, deliver and dispose of goods and services",28 
highlighting the enormous potential that waste reduction and diversion programs can 
have on GHG emissions. 

 Methane emissions resulting from anaerobic degradation of organic waste in landfills are 
a significant contributor to local GHG inventories.  However, the waste landfilled reveals 
the potential for landfill methane to be captured and used for energy generation. 

 Waste flows that cannot be diverted from landfill can be used for Waste-to-Energy (WtE) 
processes such as low-emission incineration with materials recovery and district heating.  
Edmonton, for example, plans to start construction of a Municipal Waste-to-Ethanol 
gasification plant by the end of 2009.29 

                                                      
25

 Turcotte, Martin.  2008.  Dependence on Cars in Urban Neighbourhoods: Life in Metropolitan Areas.  Statistics 
Canada: Ottawa, ON.   http://www.statcan.gc.ca/pub/11-008-x/2008001/article/10503-eng.htm 
26

 Statistics Canada. 2008. Commuting Patterns and Places of Work of Canadians, 2006 Census. Ministry of 
Industry: Ottawa, ON.   http://www12.statcan.ca/english/census06/analysis/pow/pdf/97-561-XIE2006001.pdf 
27

 Bureau of International Recycling (BIR).  2002.  About Recycling. http://www.bir.org/aboutrecycling/index.asp 
28

 United States Environmental Protection Agency (EPA).  2009.  Opportunities to Reduce Greenhouse Gas 
Emissions through Materials and Land Management Practices.  EPA: Washington, D.C. 
29

 Enerkem.  2009.  Edmonton Municipal Waste-to-Ethanol Plant.  
http://www.enerkem.com/index.php?module=CMS&id=22&newlang=eng  
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Municipal waste inventories face several serious methodological issues however.  First, many 
landfills do not have weigh scales (51% in British Columbia30 for example), and so waste can be 
measured in very different ways by different municipalities.  Second, most municipalities are 
not responsible for collection of all waste and diverted materials within their boundaries; 
private companies collect most recyclables and much of the industrial, commercial, institutional 
(IC&I), and multi-unit housing waste.  These companies often do not track or weigh the 
materials that they collect, and so municipal governments can find it impossible to compile 
complete or accurate data.  Despite substantial efforts to locate and report comparable waste 
data across the municipalities studied, the variations in waste generation and diversion rates 
reported in Table 9 and displayed in Figure 8 may have as much to do with differences in the 
share of waste and diverted materials collected and reported by municipalities as with actual 
waste produced and diverted per capita.  Where possible, reported data includes residential 
and IC&I waste, but excludes construction and demolition (C&D) waste).  Diversion rates may 
differ from the overall rates reported by municipalities as the excluded C&D waste generally is 
recycled at a much higher rate than residential or IC&I waste.  Diverted waste includes material 
processed by recycling, composting, and product stewardship programs. 

                                                      
30

 British Columbia Ministry of Environment.  2006.  B.C. Municipal Solid Waste Tracking Report. 



14 

Table 9: Waste generated, landfilled, and diverted (tonnes) 

Community Year 
Waste 

Generated 

Waste 
Generated 
per Capita 

Waste 
Landfilled 

Waste 
Incinerated 

Waste 
Landfilled per 

Capita 
Waste Diverted 

Diversion 
Rate 

Canada                 

Greater Toronto Area 2005 4,148,182 0.75 2,945,880 65,700 0.53 1,136,602 27% 

Montreal (CMA) 2006 1,880,000 0.52 1,316,000   0.36 564,000 30% 

Vancouver (GVRD) 2004 1,877,725 0.88 841,398 265,704 0.39 770,623 41% 

City of Ottawa 
2005/6

~ 
844,820 1.04 668,078   0.82 176,742 21% 

City of Calgary 2006 667,775 0.68 615,000   0.62 52,775 8% 

Quebec City (CMQ) 2008 277,098 0.48/0.81^ 152,394 0.26/0.0.45 124,704 45% 

City of Winnipeg 2008 275,405 0.43 229,845   0.36 45,560 17% 

Halifax (HRM) 2006 165,350 0.44 74,408   0.20 90,943 55% 

Stony Plain, AB 2006 3,946 0.32 2,491   0.20 1,455 37% 

Dawson Creek, BC 2008 13,468 1.21 9,206   0.83 4,262 32% 

International                 

New York 2005 4,945,055 0.61 3,965,934   0.49 979,121 20% 

London (GLA) 
2002/3

~ 
4,400,000 0.60/1.47^ 3,212,000 836,000 0.44 352,000 8% 

Geneva 2005 581,513 1.35 10,462 321,000 0.02 250,050 43% 

Denver 
2005/9

~ 
628,916 1.08 522,000   0.90 106,916 17% 

Notes: Pink shading indicates that data only include household waste (Montreal, Quebec City, and Winnipeg data do not include IC&I waste, and Toronto's 
diversion rate is for residential waste only).  Blue shading (Halifax and London data) indicates that only municipal waste is included -predominantly residential, 
with some IC&I. 
~ Ottawa residential waste data are from 2006, while IC&I data are from 2005.  London municipal waste data are from 2002 while IC&I data are from 2003.   
Denver waste data are from 2005, while the diversion rate is from 2009. 
^ Quebec City (CMQ) and London waste data are for the municipal (predominantly residential) sector only.  However, the second Waste Generated/Capita 
figure includes IC&I waste (from 2004 for Quebec City), and waste landfilled/capita is estimated using this figure and the municipal diversion rate.  
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Figure 8: Waste generation and management 
 

 
Figure 8 shows each city’s waste diversion rate (yellow box), the total waste produced per 
capita (sum of the green and blue bars), and the portion of that waste that is landfilled (blue 
bars).  The waste that is currently landfilled in each community may be available for waste to 
energy conversion plants.  
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Table 9 and Figure 8 show that Halifax, Vancouver, Quebec City, and Stony Plain are among the 
Canadian leaders in waste diversion, while Stony Plain, Winnipeg, Halifax, and Montreal 
generate impressively low quantities of waste.  Geneva's very low waste landfilled per capita is 
a result of high use of incineration, while London acknowledges that waste management is a 
weak area for the city, and substantial improvements are required. 

Halifax has achieved extremely low per capita waste generation figures.  In this case, 
incomplete municipal collection of waste from the industrial, commercial, and institutional 
(IC&I) sectors leads to an underestimation of waste generated city-wide per capita.  However, 
Halifax has also undertaken substantial efforts to reduce waste generation and increase 
recovery, including limiting the number of garbage bags that will be collected, and banning all 
organic waste and recyclable materials from landfill.  Halifax investigated several alternative 
waste diversion approaches in small-scale community tests before implementing a green cart 
and kitchen mini-bin program in 1999, and visiting each household to explain how to use it.  A 
comprehensive outreach effort helped to achieve participation rates over 90% after the first 
year.31 

The Greater Vancouver Regional District's substantial waste diversion rate can be partly 
attributed to the City's pay-per-use waste disposal model; subsidization of residential 
composting equipment; landfill gas-to-energy project with heat recovery; extensive product 
stewardship programs; and adoption of a "Zero Waste" goal after meeting its 50% diversion 
goal two years ahead of schedule.32 

The waste inventory for Quebec City (CMQ) is only presented for the Residential sector, but this 
sector has achieved a dramatic reduction in the proportion of waste landfilled over the period 
2002 to 2007, when the residential diversion rate increased from 22% to 43%.  This is likely 
attributable to the adoption of the 2004 Waste Management Plan, and implementation of its 
recommendations, including making recyclable material collection available door to door in 
municipalities where it was not previously offered.  Switching from a 65 L bag for recyclables to 
a 365 L bag is also estimated to have allowed 40% more recyclable materials to be collected.  
Organics collection started in 2007, primarily at detached houses, but full 3-bin (waste, 
recyclable materials, and organics) collection is planned to be in place for all residential units by 
2011.33 

Stony Plain also has an impressively low waste per capita generation rate, and a high diversion 
rate.  The low waste/capita is partly based on the absence of heavy industry and small size of 
the commercial sector, while the high diversion rate has been achieved through the successful 
introduction of curb-side blue bag recycling and organic collection programs and the 
construction of a Rotary Recycling Centre for the community in 2006.  Stony Plain's experience 
is consistent with the international observation that rural areas with small populations and low 
population densities are often able to achieve the highest recycling and composting rates, 

                                                      
31

 Tools of Change.  Halifax Waste Resource Management Strategy.  
http://www.toolsofchange.com/English/CaseStudies/default.asp?ID=133  
32

 Kosmak. Monica.  April/May 2008.  Metro Vancouver's New Waste Plan.  Solid Waste and Recycling Magazine.   
33

 Communaute Metropolitaine de Quebec (CMQ). 2009.  Gestion des Matieres Residuelles sur le Territoire de la 
CMQ Rive-Nord - Bilan 2008.  CMQ: Ville de Quebec, PQ. 
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followed by medium-sized cities, while large metropolitan areas face more of a challenge to 
achieve high recycling and composting rates.  The higher diversion rates in the best-performing 
rural areas appear to derive predominantly from very high recovery levels for organic waste.  
Counter-intuitively, waste production and diversion are some of the few sustainability 
measures that do not improve with increases in density.34 

Other Measures of Sustainability and Quality of Life 

Several additional metrics help to complete the sustainability and quality of life picture for each 
city.  Average commuting distance provides a picture of the relative proximity of the places 
where people live and work, directly impacting the GHG emissions from transportation.  Higher 
commuting distances decrease the attractiveness of sustainable transportation options 
(although other factors including local density and the quality of public transportation systems 
and bike routes are also key factors in this evaluation).  Finally, commuting distance impacts the 
time that citizens must devote to getting to and from work each day, rather than to other 
activities. 

Urban green space contributes to the attractiveness and quality of life in a city, but also 
provides many benefits that go beyond that, often with indirect impacts on a city`s GHG 
emissions.  In cities with the largest amount of green space, walking and bicycling are much 
more popular modes of transportation than in other cities.  Additionally, a Chicago study found 
that a 10% increase in the number of trees planted would lead to almost an equivalent 
percentage reduction in energy use for heating and cooling.35  Green space supports 
biodiversity; greatly reduces surface water run-off (reducing the demands on storm water 
infrastructure); improves local air quality by filtering sulphur dioxide and nitrogen oxide from 
the air, reducing the rate of ozone production, and capturing dust and volatile organic 
compounds; lowers surrounding air temperatures; and directly sequesters carbon dioxide.36  
Since urban parks and green areas can increase property values and encourage development in 
surrounding areas, they are powerful additions to plans to reclaim and revitalize degraded 
areas within a city`s urban core. 

The water use per capita figures included in Table 10 measure municipally provided water used 
for domestic purposes, but excludes water provided to other municipalities and water not for 
residential uses.  Water consumption rates are key indicators of urban sustainability, but also 
important contributors to GHG emissions – a linkage that is often overlooked.  Wastewater 
methane and nitrous oxide are powerful greenhouse gases, although their release can be 
avoided by capturing them and using them for energy production.  High water consumption 
leads to increased municipal energy expenditures and infrastructure requirements for the 
collection, distribution, and treatment of drinking water and wastewater, while wasteful 
residential energy use also wastes the energy needed to heat water used for showers, baths, 
laundry, and dishwashing.  The City of Toronto, Region of Peel and City of Guelph report that 
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 Seymour, Ellee.  July 2004.  High Diversion - is it achievable? Waste Management World.  http://www.waste-
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water and wastewater facilities consume 25-60% of their municipal electricity budgets.  As a 
result, improvements in the efficiency of water use also provide substantial GHG reductions, 
with researchers observing that each 10% saving in water use is associated with approximately 
a 6% savings in municipal energy use.37  Water management is clearly an integral part of 
sustainable and integrated community planning; however, it could not be included in the 
modelling phase of this study, due to scope limitations. 

Table 10: Water use, commute distance, and parkland metrics 

Community 
Median Commuting 

Distance     (km, 
2006) 

Parkland as % of 
City Area 

Parkland 
(ha/1000 
people) 

Domestic Water 
Use (daily L/capita) 

Canada         

Toronto 9.4 18.0% 3.2 219 
Montreal 8.1 3.3% 1.2 504 
Vancouver 7.4 11.0% 2.2 358 
Ottawa 8.1 20.0% 8.0 235 
Calgary 8.2 10.3% 8.9 257 
Quebec City 6.9 6.8% 5.5 300 
Winnipeg 6.1 7.0% 5.1 187 
Halifax 6.5 38.8% 5.7 296 
Stony Plain, AB n/a 4.5% 13.1 199 

Dawson Creek, BC 1.7 2.8% 5.6 246 
International         

New York 10.0~ 19.6% 1.9 505* 

London 10.2~ 11.8% 2.5 160 

Geneva 6.7~ 1.1% 0.7 162 

Denver 7.8 8.9% 6.1 651 

Sources: Canadian commuting distance (by CMA): Statistics Canada.  2006 Census: Analysis Series.  Table 10: 
Proportion of the median commuting distance and commuting distance of workers, census metropolitan areas, 
2001 and 2006. Canadian water use: Environment Canada.  2004.  Municipal Water and Wastewater Survey.   
Notes: * New York City water use figure includes both residential and commercial use 
~Commuting distance estimates are from 1998 (NYC), 2001 (London), and 2005 (Geneva) 
Parkland data generally is provided at the City level (rather than CMA).  Water use data is generally provided at the 
City or Town level, but Montreal and Quebec City data refer to the amalgamated city, and Halifax data refer to the 
Regional Municipality. 

The average commuting distances presented in Table 10 are generally proportional to city size, 
although the figures for Calgary and Halifax are higher than would be expected, given their 
population levels.  On green space measures, the smaller communities are able to provide 
much larger amounts of park land per capita, with Stony Plain, Calgary, and Ottawa leading the 
other cities, but as a proportion of city area, Halifax, Ottawa, New York, and Toronto are 
leaders.  Ottawa`s urban parkland proportion is actually understated by the expansive 
boundaries of the City of Ottawa (which includes nearly four and a half times as much land area 
as the City of Toronto), while Halifax`s vast city boundaries mean that 2,100 hectare Long Lake 
Provincial Park actually falls within the city limits, explaining its high parkland share.  Cities with 
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tight limits on urban boundaries face significant challenges in increasing green space, as 
property values are so high that the government often cannot afford to purchase the required 
land.  Innovative policy options can still be used to overcome these limitations however; for 
example, when Vancouver could not afford the waterfront land required for new parks that it 
had planned, the municipality negotiated with developers to receive the required land in 
exchange for allowing higher density in new housing developments.38

 

On water consumption, London and Geneva outperform all of the Canadian cities, although 
Winnipeg and Stony Plain are not far behind.  In general, however, Table 10 reveals that there is 
substantial room there for improvement in water consumption rates for most Canadian cities 
(as well as the American cities).  Canadian water consumption rates are the fourth highest in 
the OECD, with American consumption rates the highest.39  Montreal in particular stands out 
for its particularly high consumption, which is partly the result of an old and leaky water 
distribution system, which wastes 40% of the city's water.40  The primary policy levers that 
affect water consumption are household metering and sufficiently high water prices: these are 
key contributors to Geneva's low water consumption rates. Switzerland has among the highest 
water prices in the OECD, and its per capita consumption is within the ten lowest in the OECD 
as a result.41 

Conclusions 

It is not enough to look at the best international performers in each of the metrics measured, 
and set their achievement as a Canadian goal; many factors impact the achievability of lower 
GHG emissions and energy use, and improvements in other metrics.  Some of these factors 
including climate, geography, local energy resources, and the need to work within the limits 
imposed by previous city development and urban planning decisions.  This was considered 
when selecting the international comparison cities, which are within similar climactic zones and 
subject to broadly similar influences. 

An analysis of the metrics shows that Canadian cities are international leaders in several areas, 
including GHG emissions, air quality levels, and waste management.  Even though several 
Canadian cities are leaders however, there is often a significant difference in performance 
between the leading cities and those trailing on each metric, which was particularly evident for 
GHG emissions.  The major areas where Canadian cities have substantial room for improvement 
compared with international leaders are energy consumption, sustainable transportation 
usage, and water consumption. 

This study also highlighted the critical need for cities to collect more and better data, and for 
measurement approaches to be standardized.  The lack of consistently measured and reported 
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GHG emissions and energy use data makes it difficult for cities to know how they are 
performing in different areas, to track their progress, and to evaluate the effectiveness of 
policies and actions targeted at reducing emissions, energy use, air pollution, waste production, 
and water use.  Programs such as FCM’s Partners for Climate Protection program, and the 
larger ICLEI Cities for Climate Protection program that it is a part of, play a valuable role in 
starting to standardize methodologies and reporting frameworks.  However, participation in 
these programs is voluntary, leading to significant data gaps.  Waste data suffers from 
numerous limitations, with many cities lacking the infrastructure to measure the amount of 
waste produced.  Comparable international air quality measurements are also notoriously 
difficult to find.  Improving data gathering and performance monitoring procedures should be a 
priority both for cities looking to increase their focus on ICES, and for national and international 
governments. 

Overall, this metrics analysis revealed that better performance on GHG emissions, energy and 
water consumption, sustainable transportation use, and waste production measures are 
possible with technologies and planning tools available today.  In many cases the leading 
performers are right here in Canada, and are readily available for other cities to learn from.  
Integrated community energy solutions offers tremendous potential in this context, by 
providing communities with a method to improve their performance on all of these metrics 
simultaneously, while enhancing the quality of life for their citizens, and contributing to the 
development of a truly sustainable Canadian urban environment.  

Methodology and Policies 

In order to address the methodological gaps in the existing literature and estimate the realistic 
potential for ICES to reduce greenhouse gas emissions in Canada, the project team developed 
an innovative model integrating formerly separate land-use, transportation, technology 
simulation and macroeconomic models.  This integrated modelling system is now available to 
conduct future analyses of policies to encourage ICES, and facilitate the inclusion of ICES in 
Canadian greenhouse gas reduction modelling efforts.  Developing this model was a 
collaborative effort between land-use modellers at UBC, transportation modellers at UofT, and 
energy-economy modellers at MKJA. 

Consistent with the energy use decision-making cascade presented earlier, the land-use model 
was the starting point for the analysis, reflecting both the impact that land use and 
infrastructure choices have on all other urban energy use decisions, and the reality that a 
community’s density and mix of land uses are a public policy choice.  For each policy package 
investigated, the land use model mapped the resulting spatial distribution of employment and 
population and overall urban form.  This information flowed into the transportation model 
(GTA Model), which then analysed the effects of the urban form, the distribution of 
employment and population, and the policy packages (recognizing that transportation 
infrastructure and networks are also the result of public policy choices), on transportation 
patterns, including transport mode choices and kilometres travelled.  The transportation and 
land use results were then input into the integrating energy-economy model (CIMS), which 
simulated the impact of the land use pattern and transportation network changes, as well as 
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the policy packages, on private (business and household) energy use and economic decisions.  
For each policy scenario, the energy-economy model estimated the residential and commercial 
building mix effects, GHG emissions, and sectoral technology, capital investment, energy use, 
efficiency, and fuel switching implications (as discussed earlier, the interplay with the water and 
waste sectors was not included due to data availability and modelling limitations).  Based on 
this information, a general equilibrium macroeconomic model (GEEM) was then used to explore 
the regional and national macroeconomic impacts, such as changes in GDP, consumption, 
employment, and trade. 

Three broad scenarios were investigated (Business-as-usual, Moderate, and Aggressive), each 
of which were based on a different set of land-use, transportation, district energy, economic 
and technology policies.  The effects of these policy scenarios on large, medium, small, and 
emerging city archetypes were modelled, and the results were then aggregated to the regional 
and national levels based on the relative shares of each archetype.  The integrating and 
macroeconomic models were run a number of times to estimate the greenhouse gas and 
energy use impacts of combining each of these scenarios with other policies (such as a carbon 
price or building standards).  All model runs were performed twice; the Analytical scenario runs 
compared the results of each policy package against a business-as-usual development scenario, 
while the Announced Policy scenario runs added announced policies to the business-as-usual 
scenario.  The overall modelling methodology is illustrated in Figure 9. 



56 

Figure 9: Modelling flow 
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Archetypes and Aggregation Methodology 

To capture the unique dynamics of the Canadian urban form, four city archetypes were chosen 
to represent all Canadian cities.  Through consultations with the bottom-up modellers, Toronto 
(GTA), Winnipeg, Dawson Creek and Fort McMurray were chosen to be the archetypes for 
large, medium, small and emerging resource cities in Canada, respectively.  It is important to 
note that these cities were chosen as templates to facilitate the analysis of different sized 
communities in Canada, and the project is not recommending urban planning measures 
specifically for these cities.  Each archetype represents a distinct combination of characteristics 
relating to demographic, settlement and transportation patterns, which help define the 
parameters of each model and facilitate the flow of information from model to model. Once 
the archetypes were defined, census data from Statistics Canada was used to assign each 
Canadian city to the appropriate archetype.  The modelling results for each archetype could 
then be aggregated to obtain provincial and national level results. 

Large Cities 
Canada’s three largest cities - Toronto (GTA), Montréal (GMA) and Vancouver (MV) – were 
classified as part of the Large Cities archetype.  The census metropolitan area (CMA) 
classification was used as the starting point for defining this archetype.  Statistics Canada 
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defines a CMA as "the area formed by one or more adjacent municipalities centred on a large 
urban area (known as the urban core)", with a population of at least 100,000 (Heisz, 2005, p.6).  
Additional criteria for distinguishing CMAs from other census subdivision types include the 
population's level of education, the composition and location of local industry, immigration 
trends and transportation patterns. 

According to the 2006 Census, 33 geographical areas were defined as CMAs, but they were not 
all categorised as part of the large archetypes.  Toronto, Montréal, and Vancouver are distinct 
from the other CMAs in three ways.  First, their average population is approximately 10 times 
larger than the average population of the remaining 30 CMAs (3.6 million compared to .35 
million in 2006).  Second, the three largest cities have sophisticated transportation networks 
with buses, rapid transit and commuter rail; Go Transit in Toronto, Agence métropolitaine de 
transport in Montréal, and West Coat Express in Vancouver are the only major inter-city 
commuter rail systems in Canada, connecting commuting passengers from urban cores to 
surrounding suburbs.  Third, these cities are also hubs for international investment and home 
to the head offices of many international companies.  Another key difference is that the 
proportion of the population living in apartments is much higher in the three largest cities than 
in most other Canadian cities.  For example, in 2006, 59.3% of the Montréal population was 
reported to be living in apartments compared to 31% in Ottawa and 22% in Woodstock, Ontario 
(Statistics Canada, 2007). 

Medium Cities 

The medium city archetype represents the cities that form the urban cores of the 30 CMAs not 
included in the large city archetype.  These cities all have populations over 100,000 and 
established public transportation systems, such as the rapid transit systems in Ottawa and 
Calgary.  They also have higher proportions of employment in the business and public service 
sectors, have highly educated populations, are provincial economic centres and are home to 
the head offices of major national companies. 

In these cities, industry has been migrating from the urban cores to the suburbs.  By separating 
the urban cores (medium cities) from their surrounding suburbs (small cities), we are able to 
capture the dynamic affects of industry migration.  The relocation of industries from the urban 
core to suburbs has altered the distance and mode of transportation for residents in both small 
and medium cities. 

Small Cities 

The small city archetype is defined as any city having a population of less than 100,000 or a 
population slightly above 100,000 that is not considered a city centre of a CMA.  In general, 
small cities have less public transportation, have a large proportion of the population working 
in the census area they reside in, and have a smaller percentage of residents living in 
apartments than medium and large cities.  Additionally, employment within these regions can 
be centred on a few major industries, such as manufacturing (i.e., the aluminum industry in 
Kitimat, British Columbia).  The relocation of a central industry has the potential to significantly 
impact the economy and infrastructure of these cities.  Because of land-use, transportation, 
and economic differences between small and medium cities, they will respond differently to 
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policies.  Thus, it is important that we make a clear distinction between small and medium cities 
in the aggregation process. 

Emerging Resource Cities 
The emerging resource city archetype was modelled after Fort McMurray.  Since the 
characteristics of this city are unlike any other in Canada, Alberta is the only province that 
includes this archetype. 

Fort McMurray experienced a sustained population growth rate of approximately 9% annually 
between 1996 and 2006, a trend not experienced by many other Canadian cities − over the 
same period annual growth rates for Metro Vancouver were ~3%.  As a result, new building 
construction has grown at a rapid pace, drastically increasing housing prices; according to the 
CMHC, the price of the average single-family detached home doubled between 2001 and 2006.  
The population in Fort McMurray is highly dependent on employment in the oil sands, requiring 
employees to travel long distances for work, significantly impacting the travel demands of the 
city.  Modelling this archetype separately allows the analysis to capture the dynamics of growth 
and policy responsiveness of this unique city. 

Figure 10 shows the proportion of population in each archetype by CIMS region in 2006.  Given 
the wide range of dynamics influencing the population growth of cities in each region, and the 
uncertainty surrounding the evolution of these dynamics over time, the relative share of each 
archetype in each region was held constant throughout the simulation period.  The integration 
model, CIMS, does not distinguish between rural and urban households.  However, differing 
growth patterns in urban and rural areas have been incorporated into the four archetypes.42  
Therefore, the distinction between rural and urban households will be considered in CIMS 
insofar as it is reflected in the archetypes. 

                                                      
42

 The same population growth rate, 0.97% annually, is applied to the GTA, Winnipeg and Dawson Creek 
archetypes.  The growth rate applied to the Fort McMurray archetype is 9.0% annually from 2006-2030 and 0.97% 
from 2030-2050.  The distribution of population growth in each archetype is not even, and reflects current and 
policy induced trends of urbanisation. 
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Figure 10: Proportion of total population in each archetype 
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Policy Scenarios 

The policy scenarios have been developed to address density, diversity, and to a lesser extent 
design - the three D’s.  The land-use model is able to capture the impacts of densification 
policies that encourage greater penetration of high-density houses, compact commercial-
residential development and greater transit usage.  The transportation model explores the 
design aspect, investigating how changes in the diversity and structure of neighbourhoods 
(settlement patterns) and roads support transit development and non-motorised 
transportation, and how these combined effects impact transit decisions (mode choice). 

There were three primary ICES scenarios: Business-as-usual, Moderate and Aggressive.  Results 
for 2050 are the best indicator of the impact of ICES policies because changes in land-use, 
urban development and transportation infrastructure occur over a longer time frame. 

The scenarios that were analysed were generally defined as follows: 

Business as Usual (BAU) 

Land Use 

 80% of new residential development occurs in greenfield sites at the urban periphery 
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 Residential development is generally single-family, although there are also new 
townhouses and four-storey apartments43 

 Densities remain consistent with recently observed development 

 Commercial development (including retail and office space) is in low-density, auto-
oriented developments 

Transportation 

 Base year network unchanged in the future 

 No new parking charges relative to the base year 

 No change in real dollar auto operating costs relative to the base year 

 No change in household auto ownership levels relative to the base year 

District Energy 

 Market driven: rate base reflects the full upfront capital cost of the network (i.e. 
consumers pay full transmission “hook-up” costs) 

Moderate ICES 

Land Use 

 Around 60% of population and job growth occurs in new development at the urban 
periphery 

 Reduced sprawl and increased density compared with the BAU scenario, with more 
redevelopment of land within the current urban boundary.  Infill areas are prioritized 
according to their proximity to transit networks 

 Full implementation of all existing municipal and regional plans and policies  

Transportation 

 "Future year networks"44 (moderate transit improvements if available, otherwise 
aggressive transit improvements; projected road improvements) 

 Moderate increase in parking charges in high density commercial centres 

 No change in real dollar auto operating costs relative to the base year 

 Change in household auto ownership levels reflecting increased residential densities 

District Energy 

 Rate base assumes utility financing for network costs (i.e. consumers pay for transmission 
hook-up costs amortized through the life of the network) 

 Subsidies such as funding for infrastructure/network development and tax benefits on 
renewable supply technologies (e.g., biomass, biogas, and waste and sewer heat) 

                                                      
43

 "Apartments" refers to all multiple unit residential dwellings.   
44

 Future year networks are transportation plans set out by the transportation planning authorities in each archetype. 
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Aggressive ICES (Moderate ICES plus the following policies and targets) 

Land Use 

 All population and job growth is accommodated within existing developed area 

 Higher density infill and additional dense mixed-use areas than in the Moderate scenario.  
Existing low-density residential areas are redeveloped to accommodate more attached 
and mid-rise housing. 

 Infill areas are prioritized according to their proximity to transit networks 

Transportation 

 "Future year network" (aggressive transit improvements; projected road improvements) 

 Aggressive increase in parking charges in high density commercial centres  

 No change in real dollar auto operating costs relative to the base year 

 Change in household auto ownership levels reflecting increased residential densities 

District Energy 

 Rate base assumes utility financing for network costs 

 Subsidies such as funding for infrastructure/network development and tax benefits on 
renewable supply technologies (e.g. biomass, biogas, and waste and sewer heat) 

 Renewable portfolio standard (RPS) that requires approximately 50% of district energy 
supply to be renewable by 2025, rising to 75% by 2050 

The integrating and macroeconomic models were run a number of times to estimate the GHG 
and energy use impacts of ICES policies, and the impact of combining these policies with other 
GHG emission and energy policies (such as a carbon price or building standards).  The primary 
runs were called the Analytical Runs.  For comparison, the models were also run with the 
Business as Usual Scenario revised to include the impact of energy and greenhouse gas policies 
that have already been announced.  These runs were called the Announced Policies Runs, and 
included the following policies, in addition to all of the policies listed above: 

 National vehicle emission standard: model year 2012 to 2016 passenger vehicles must 
meet an average GHG target of 250 grams CO2/mile (equivalent to 35.5 miles per gallon) 
by 2016 

 British Columbia Carbon Tax: $10/tonne in 2008, rising $5 per year to $30/tonne in 2012  

 Alberta’s Specified Gas Emitters Regulation: fixed emissions intensity cap equivalent to a 
$15/tonne carbon tax on large final emitters 

 Residential building codes: all new buildings must meet R2000 standards by 2015 in 
Ontario, British Columbia and Quebec, and by 2020 in all other provinces 

 Commercial building codes: all new buildings must be 25% more efficient than the 
Model National Energy Code by 2015 in Ontario, British Columbia and Quebec, and by 
2020 in all other provinces 

Due to modelling limitations, not all urban sectors were included in this integrated modelling 
effort.  As a first step, ICES policies are only implemented in the residential, commercial and 
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personal transportation sectors.  In the residential sector, ICES policies affect the housing stock 
composition (single detached vs. attached vs. apartments), as well as floor space demand in 
each region.  In the commercial sector ICES policies affect floor space demand.  In the personal 
transportation sector ICES policies affect demand for distance travelled and mode choice.  ICES 
policies specifically targeting freight transport, light manufacturing and waste (other urban 
sectors) were not included, but these sectors make technology specific efficiency and fuel mix 
emission improvements under the effect of broader policies such as carbon pricing.  For 
example, carbon pricing drives a reduction in fugitive methane emissions from the waste 
sector, but this is not counted as an ICES policy. 
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Table 11: Policies included in each of the scenarios and modelling runs 
Primary Scenarios Combination Modelling Runs 

Business 
as Usual 

Moderate 
ICES 

Aggressive 
ICES 

GHG 
Price 

GHG Price + 
Building 

codes 

MOD + GHG 
Price + 

Building Codes 

AGG + GHG 
Price + Building 

Codes 

AGG + 
Baseboard 

Ban 

GHG 
Target 

GHG 
Target 
+ AGG 

Analytical Runs  Each scenario is modelled based on business-as-usual development plus the shaded policies 
Land-use           

City Plans           
Density Targets           
Transit Corridors           

Transportation           
Parking Charges           
Transit 
Improvements           

District Energy           
Market Driven            
Utility Structure           
Subsidies           
RPS           

Other Policies           
$200 GHG Price            
Aggressive 
Building Codes           

Baseboard 
Heating Ban            

GHG Target  
Specific Policies           

Announced Policy 
Runs 

Each scenario is modelled as above, but with the addition of announced policies: a national vehicle emission standard, BC’s Carbon Tax, 
Alberta’s Specified Gas Emitters Regulation, and announced building codes 

Table 11 presents the specific policies that were included in each of the scenarios and modelling runs, followed by a description of each of 
these policies.  Due to modelling complexity and data constraints, the interplay with waste and water, and the resulting emissions and energy 
impacts were not addressed in this study.  Future research with this model is likely to address such issues. 
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Additional detail about these policies as follows: 

Land-use 

 City Plans: Full implementation of all existing municipal and regional plans and policies. 

 Density Targets: In the Moderate scenario, new residential development in greenfield 

sites accommodates 60% of the new residential population, and these new developments 

meet a density of 50 residents and/or jobs per hectare.  The Aggressive scenario exceeds 

this density as all new residents are accommodated in the existing developed area. 

 Transit Corridors: Infill areas are prioritised according to their proximity to transit 

networks. 

Transportation 

 Parking Charges: Increased parking charges in high density centres. 

 Transit Improvements: Full implementation of transportation plans set out by 

transportation planning authorities in the archetype cities. 

District Energy 

 Market Driven: Rate base reflects the full upfront capital cost of the network (i.e. 

consumers pay transmission “hook-up” costs up front)  

 Utility Structure: Utility financing for network costs (i.e., consumers pay for transmission 

hook-up costs incrementally, amortised through the life of the district energy network). 

 Subsidies: Would apply to district energy generated from renewable sources (biomass, 

biogas, and waste and sewer heat), and would encompass a suite of mechanisms that 

reduce the financial burdens of developing a district energy system (i.e., subsidies for 

infrastructure/network development, and tax benefits such as accelerated capital 

depreciation). 

 Renewable Portfolio Standard (RPS): Would require approximately 50% of district energy 

supply to be renewable by 2025, rising to 75% by 2050. 

Other Policies 

 $200 GHG Price: Carbon tax that begins in 2015 at $20 per tonne CO2e, rising to $200 per 

tonne CO2e in 2030 and remaining at $200 per tonne CO2e. 

 Aggressive Building Codes: Would Require all new buildings to be constructed to an 

energy efficiency standard that is 45% (commercial) to 50% (residential) higher than 

today’s average for new buildings. 

 Baseboard Heating Ban: Would apply to apartments only, and take effect in 2015 

 GHG Target Specific Policies: A suite of policies including: 

o Aggressive building codes as defined above 
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o Announced vehicle emission standards 

o A requirement for all landfills to be covered and the landfill gas to be flared or used 
to produce electricity and heat as the economics warrant 

o Restriction of venting and flaring in the upstream oil and gas sector to safety 
purposes only, with a carbon charge imposed for all registered safety emissions  

o A carbon tax set at the level required to meet Canada’s greenhouse gas reduction 
target in conjunction with these other regulations.  This carbon tax was determined 
to be $15/tCO2e in 2015, $115/tCO2e in 2020, $215/tCO2e in 2025, $300/tCO2e in 
2030 and onwards. 

Land-Use Model 

The UBC team's role was to develop the three land-use scenarios for each of the archetype 
cities.  The scenarios were based on each archetype city’s long-range plans, but since these 
plans lacked sufficient detail to be used directly by transportation and carbon models, the 
Development Pattern method was used to spatialize the trends and the policies discussed in a 
consistent manner across all archetypes, in order to generate more specific predictions of 
future urban development. 

The method uses a large palette of "development patterns" to represent current and future 
urban development in a consistent manner.  Each pattern represents a particular form of urban 
development (e.g., low density residential, medium density mixed use, or low density 
industrial) that the given area will develop into by the scenario target date (2030 or 2050).  
Individual patterns are developed manually, based on measured observations from cities across 
North America.  They reflect how different areas develop under different policies.  These 
policies include variations on parameters typical to urban regulation, such as land-use, building 
type, density, building heights, and road type.  The patterns are assembled from a set of 
representative parcel level “cases” that represent individual buildings and street networks, as 
shown in Figure 11. 

Figure 11: Development pattern land-use modelling method 

 

To create the scenarios, patterns are assigned to a GIS map in order to initially reflect the 
current conditions (in this case, based on the 2006 census.)  This is done using a semi-
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automated approach (based on a simulated annealing process) that matches patterns to 
available data such as population or land-use zoning.  The results of the annealing process are 
examined manually using air photo analysis to ensure that the selected patterns reflect actual 
conditions.  In order to simulate future scenarios, a matrix of possible pattern transformations 
is generated based on current conditions, future policies, and spatial location.  For each 
scenario, current patterns are switched to future patterns using this matrix until population and 
job targets are met.  Each archetype city was modelled given business-as-usual, moderate, and 
aggressive policy scenarios.  Based on the final results, population and job numbers by 
transportation zone, summaries of unit types and commercial floor space for each scenario and 
archetype, and information on the amount of area suitable for community energy systems in 
each scenario were provided to the transportation and energy-economy models. 

Assumptions and Limitations 

A limitation encountered in applying this model to the QUEST project was the lack of spatially 
explicit employment data for the two smaller community archetypes – Dawson Creek and Fort 
McMurray.  This lack of data is typical of smaller communities without detailed transportation 
models.  As a result, calibrated results from the Winnipeg and GTA scenarios were applied, in 
conjunction with air photo analysis, in order to assign commercial and industrial patterns to 
these archetypes.  As the primary industries in Dawson Creek and Fort McMurray are quite 
different from those in Winnipeg and the GTA, it is probable that some of the job densities are 
less than accurate. 

In addition, the GTA has a much more diverse set of building types than other cities where the 
Development Pattern approach was previously applied.  As a result, the software that 
automatically assigns patterns to reflect current conditions had to be adjusted.  The size of the 
GTA also meant that it was impossible to do as much manual adjustment of the results as was 
done on previous projects.  The paucity of GTA-wide consistent data also made the process 
much more difficult.  As a result, the modelling process had to be adjusted to reflect the 
available data for the GTA.  Additionally, commercial floor space forecasts were not the focus of 
previous work, and so in order to model the commercial sector, considerable calibration was 
needed.  Overall however, the modelling team is quite confident in the scenarios that were 
developed, and the employment and population location outputs that fed into the 
transportation model. 

Transportation Model (GTAModel) 

The UofT team’s role was to determine the effect of the urban form and spatial distribution of 
employment and population in each scenario on transportation demand and mode choices.  
The transportation model used in this project was a modified version of the GTAModel travel 
demand forecasting model system, which is used in operational regional planning practice by 
the City of Toronto, the Cities of Mississauga and Brampton, and the Regional Municipality of 
Durham.  The model generates detailed travel demand estimates (trips by purpose, by time of 
day, by mode, by person type, by origin-destination; vehicle-kilometres-travelled; travel speeds, 
times, costs by mode by link and by origin-destination; road vehicle emissions; etc.) in an urban 
region by generating complete activity schedules and travel patterns for a typical twenty-four 
hour weekday for all persons in all households within the study region.  The interaction 
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between household members incorporated in GTAModel allows for the explicit representation 
of constraints and opportunities in household travel behaviour due to such interactive 
phenomena as the sharing of household vehicles, delegation of household tasks (e.g., grocery 
shopping or the care of children) and joint participation in activities/travel (e.g., going to a 
movie together).  This “high fidelity” representation of daily personal activity/travel decision-
making within an explicit household context permits a much more “behavioural” 
representation of urban travel behaviour than is possible to achieve within conventional urban 
travel demand models.  For this project, an endogenous daily parking price model was added, 
allowing the impact of alternative parking prices to be modelled.  An endogenous household 
auto ownership model was also added, allowing household auto ownership levels to vary in 
response to changes in urban form and density. 

The primary inputs into GTAModel were the population and employment forecasts for each 
traffic zone in each archetype cities (from the land-use model), combined with projected road 
and transit networks for that region for the forecast year.  Model runs were conducted for each 
archetype city for each of the policy scenarios.  In all scenarios, auto fuel prices and tolls and 
transit fares were held fixed in constant 2006 dollar terms.  The key drivers of the predicted 
travel behaviour in each scenario are thus the assumed population and employment 
distributions and the assumed transportation networks (especially the assumed transit 
networks).  The personal kilometres traveled (pkt) by each mode of transportation in each of 
the archetype cities and scenarios were then provided to the energy-economy integration 
model (CIMS).  Additional detail about the transportation modelling process is available in 
Appendix B. 

Assumptions and Limitations 
The analysis is likely to underestimate the impact of aggressive land-use and transit network 
design on household auto ownership and the use of non-motorised travel, since it only adjusted 
vehicle ownership rates as a simple function of neighbourhood residential densities, and does 
not account for neighbourhood design details (such as the presence of bike lanes or the 
walkability of mixed-use neighbourhoods).  A more complete analysis would involve explicitly 
modelling household vehicle ownership levels as a function of household attributes, travel 
patterns, modal service levels, etc.  While such models exist outside of Canada (e.g., Berkowitz, 
et al., 1987, 1990; Mohammadian and Miller, 2002; Roorda, et al., 2009), they are not currently 
operational within the GTAModel system and so could not be used within this study. 

Another key limitation is that the transportation model did not include urban freight 
transportation, since a defensible way to quantitatively estimate the effects of a denser urban 
form on freight transport mode mix and kilometres-travelled does not yet exist, as far as we 
know. 

The transportation modellers were also unable to take full advantage of the detail about the 
urban form in each archetype community and scenario produced by the UBC land-use model. 
For example, if a bus line existed along a given corridor that experienced density increases and 
a greater mix of uses, the model could increase bus frequency but not change the mode to a 
subway or light rail, which would have had further natural densification effects.  This limitation 
is partly due to time and resource constraints, but also due to the political and financial nature 
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of transit development; with no quantitative “model” of internal development decision 
dynamics, priorities for transit system expansion must be assumed from city plans. 

Energy-Economy Model (CIMS) 

The CIMS model is the aggregator model for this project, taking the outputs from the land-use 
and transportation models for each policy scenario, and modelling the impacts on building and 
vehicle stocks, technology choices, energy production and use, and greenhouse gas emissions.  
CIMS is a hybrid energy-economy model that simulates the technological evolution of the 
energy-using capital stock in the Canadian economy (such as buildings, vehicles, and 
equipment).  CIMS has a detailed representation of technologies that produce goods and 
services throughout the economy and tracks the evolution of capital stocks over time through 
retirements, retrofits, and new purchases, in which consumers and businesses make sequential 
acquisitions with limited foresight about the future.  CIMS simulates the competition of 
different technologies based on a comparison of their life cycle cost (LCC) and some 
technology-specific controls, such as a maximum market share limit in the cases where a 
technology is constrained by physical, technical or regulatory means from capturing all of a 
market.  Instead of basing its simulation of technology choices only on financial costs and social 
discount rates, CIMS applies a definition of LCC that differs from that of bottom-up analysis by 
including intangible costs that reflect consumer and business preferences and the implicit 
discount rates revealed by real-world technology acquisition behaviour.  It also includes a 
representation of equilibrium feedbacks, such that the supply and demand for energy intensive 
goods and services adjusts to reflect policy. 

Because of district energy’s importance to ICES, a district heating and cooling model was built 
within CIMS for this project.  The model is based on the classification of urban areas into three 
archetypes, based on their potential for the use of district energy:  a high cost/loss (per unit 
energy sold) network that includes scattered settlements and detached homes, a medium 
cost/loss network that includes attached homes and low rise apartment buildings, and a low 
cost/loss network that includes high-density multi-storey buildings in and around city centres.  
One of the outputs from the land-use model was the fraction of buildings in each province that 
fall into each archetype under each policy scenario.  Network costs and system losses are 
further adjusted by accounting for differences in climate and building heating and cooling loads 
by province.  Based on this opportunity and cost information, CIMS determines the rate base 
for each archetypical district energy network across Canada.  The cost of district energy is 
modelled as a combination of the rate base and the additional equipment that consumers 
much install, such as energy controls.  District energy then competes with other heating and 
cooling technologies as normal in the CIMS technology competition simulations. 

Assumptions and Limitations 

Like all models, CIMS is a representation of the real world, not a perfect copy.  Even though 
CIMS is very detailed compared to other models used for similar purposes, its broad scope (it 
represents almost all greenhouse gas emissions and energy consumption throughout the 
economy) requires many simplifying assumptions.  The model relies on detailed information 
about each technology it models, including its operating parameters, costs, and an estimation 
of how those costs will change in the future.  While care has been taken in obtaining accurate 
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data, uncertainty exists around all of this data, particularly for new technologies.  In addition, 
CIMS only contains technological options that are known today (including those that are not yet 
commercialized), and as a result, CIMS could miss technological substitution options in later 
years of the forecast.  CIMS also differs from other models in its incorporation of behavioural 
realism.  While significant research is devoted to identifying the implicit discount rates revealed 
by real-world technology acquisition behaviour, the non-financial preferences of consumers 
and firms are difficult to estimate, and can change over time, leading to a high degree of 
uncertainty around these parameters.  CIMS relies on external forecasts of population growth, 
macroeconomic activity in each sub-sector, and starting fuel prices, all of which are also 
uncertain. 

Similar limitations affect the district energy model.  Additionally, district energy project costs 
are particularly heterogeneous, and vary based on project-specific factors such as urban density 
and design, heat loads, energy costs, investment structure, climate, seasonal variation in energy 
demand, opportunities for retrofitting buildings to district energy, challenges for pipe-laying, 
and niche market opportunities.  However, the use of average project cost estimates in each 
region prevents the model from capturing all of the specific opportunities for district energy 
systems.  For this reason, the model is best suited for estimating the potential penetration of 
district energy and its impact on energy consumption and emissions, as well as for exploring the 
factors that affect district energy uptake. 

Macroeconomic Model 

The CIMS model simulates the direct responses of firms and consumers to increased input and 
final goods prices, but does not equilibrate government budgets or the markets for 
employment and investment.  It is also heavily focused on energy supply, energy intensive 
industries, and key energy end-uses in the residential, commercial/institutional, and 
transportation sectors.  As a result, it is likely to underestimate the full structural response of 
the economy to energy and climate change policies.  For this reason, the direct financial costs 
calculated using the CIMS model are transferred to the GEEM – a static multi-sector, open-
economy computable general equilibrium (CGE) model.  GEEM models the labour, capital, 
production, and trade markets in order to estimate the indirect financial costs and overall GDP, 
economic structure and employment impacts of each policy scenario, including final adjusted 
prices and quantities for all goods and services in the economy. 

Assumptions and Limitations 
Like CIMS, GEEM is a representation of the real world, not a perfect copy.  GEEM is designed to 
capture the Canadian regional economies as a whole, and especially to integrate consumer 
demand, labour and capital supply, and the markets for all key inputs and outputs.  This comes 
at the cost of simplifying assumptions, particularly the use of production functions that assume 
a smooth substitution production inputs (capital, labour, energy, and materials).  While the 
production functions for sectors where this is not the case have been adjusted, these are still 
estimations.  GEEM is also sensitive to the representativeness of the selected calibration year, 
and the accuracy of population, labour-force participation and labour productivity forecasts. 
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Assumptions and Limitations of the Overall Modelling Methodology 

As this project was a first attempt to integrate separate land-use, transportation, technology, 
and economic models, the process was complex, and challenges could not always be foreseen.  
Limits also had to be set on the bounds of the analysis due to time and budget constraints, and 
assumptions and simplifications were required when sufficient data was unavailable.  The key 
assumptions and limitations of the overall modelling methodology included the following: 

The entire urban energy system was not included. 

Other than the use of sewage water heat to drive district energy systems, we did not explore 
policies to reduce emissions within the water sector, or overall water use.  The demand for 
inter-city transportation and urban freight transportation could not be modelled, although they 
are impacted by CIMS policies and moved toward more efficient technologies and alternative 
fuels when a carbon price was imposed. 

The land-use modelling did not include endogenously adjusting land pricing. 

Land prices are sensitive to many factors, including urban density, zoning, the transport 
network, and any scarcity value that may occur because of land-use restrictions.  However, the 
modelling did not include land pricing effects.  Urban densification policies will, to some degree, 
drive down suburban land prices and drive up urban land prices, moving pricing in the opposite 
direction as intended by the ICES policies (which, however, are framed as regulations, not 
subsidies).  This could be an important piece of future research, and at least one very basic high 
level general equilibrium model has been used to estimate these affects, as discussed in the 
future research section. 

There was limited iteration between land-use, transportation and CIMS/GEEM 
modelling, and the overall system was not general equilibrium. 

The changes that occur in the transport, CIMS, and especially GEEM models will affect each 
other, but in the flow of information between the models, these effects operated only one way.  
The land-use modelling, because it is based on public policy and not balancing of good and 
services markets, can defensibly argue to be stand-alone, but there will be interrelated effects 
between the other models (e.g., reduced gasoline and electricity demand will reduce their 
prices, re-inducing some demand).  Because of time and cost limitations, we were only able to 
iterate between the models to solve for problems and errors.  Ideally, the modelling linkages 
would be general equilibrium in some fashion, which means that all the models get to respond 
to changes induced by the other models in a fully balanced way. 

The study underestimates the energy cascading opportunities of the district heating 
hot water transmission network 

Once a heat distribution network is in place, there will be greatly increased but unforeseen 
opportunities for energy cascading (e.g., laundromats, light industry, industrial kitchens etc. 
could sell their excess heat for use elsewhere).  Heat could potentially have a market driven 
price, and its net supply and demand would be set by the cost of supply and value of demand.  
While total heat demand is potentially predictable (e.g., from total gas and electricity demand 
for heating and cooling), there is no way to estimate in advance how many suppliers 
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(laundromats, light industry, industrial kitchens, etc.) may have heat available at a transmittable 
cost, and what the heat may be worth. 

Archetype Modelling Results 

The project methodology section comprises a set of sequential tasks carried out by three 
distinct models: a land-use model, a transportation model, and an integrated hybrid energy-
economy model.  Combined, the products of these models produce an estimate of the capacity 
of integrated community energy solutions to reduce energy use and emissions.  Figure 12 
reviews the overall project flow and shows how application of three scenarios (Business as 
Usual, Moderate and Aggressive) leads to a stream of data transfer from the land-use and 
transportation models on a city scale, based on four size archetypes (large, medium, small and 
emerging), to the CIMS model on a provincial and national scale.  This section presents the key 
findings from this study and illustrates the impact ICES policies have on the urban form, 
transportation behaviour, as well as urban energy consumption and emissions.  The section 
begins with a summary of modelling results from the land-use and transportation models.  
Results from these two models estimate the impact of ICES policies of the four city archetypes.  
Following this section, results from the CIMS are presented, which estimate national and 
regional potential for ICES to reduce energy use and greenhouse gas emissions in Canada.  The 
synergies between ICES and other regulatory mechanisms are then illustrated.  Next the 
macroeconomic impact of ICES policies and the cost associated with emissions reductions is 
reviewed. 
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Figure 12: Modelling flow 
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Archetype Modelling Results 

In order to better establish the scope of improvement that is achievable in Canadian city 
archetypes with ICES policies, we look at the current situation in Canadian and international 
cities.  The goal of this comparison is not to imply that all Canadian cities can or should try to 
achieve the results of the leading cities in each category, it is to show what can be achieved in 
comparable cities based on existing technology and planning tools. 

Table 12 compares the housing stock and density compositions of different Canadian and 
international cities.  Canada’s three largest cities (Vancouver, Montréal and Toronto) have the 
greatest proportion of high-density dwellings (attached unit and apartments) and the highest 
population densities (defined as population per km2).  Similarly, international cities with high 
densities like London and New York are oriented towards more compact residential 
development.  Cities with lower population densities – small and medium cities – have higher 
portions of low-density dwellings units (single-family detached units). 
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Table 12: Community profiles- percentage of total occupied private dwellings and population 
density 
% of Total Occupied 

Private Dwellings 
Detached Attached Apartments Other 

Density 
(pop/km2) 

Census Year 

Canada       

Large City       

Toronto (CMA) 42 16 42 0 866 2006 

Montréal (CMA) 32 8 59 1 854 2006 

Vancouver (CMA) 36 11 53 1 736 2006 

Toronto (City) 27 13 60 0 3,973 2006 

Montreal (City) 8 6 86 1 4,440 2006 

Vancouver (city) 19 5 76 0 5,039 2006 

Medium City       

City of Ottawa  43 25 32 1 292 2006 

City of Calgary  58 15 27 1 1,360 2006 

City of Winnipeg 59 7 33 0 1,365 2006 

Small City       

Dawson Creek BC 66 10 19 5 497 2006 

International       

New York (NY PMSA) 29 8 62 0 10,355 2003 

London  4 47 37
+
 11 4,664 2001 

Denver 60 10 28 2 1,460 2004 

Note: Density data refers to New York City only, not the New York-Nassau-Suffolk-Orange, NY PMSA.  Density data 
for London are for the Greater London Area. 
CMA=Census Metropolitan Area 
+Built flats and maisonette 

Some correlation exists between city size, density and housing stock, but a fair amount of 
variation is present within each classification of city size and density.  For example, larger cities 
are usually associated with high population density and compact residential development, yet 
Ottawa has a lower population density than Dawson Creek, but a greater penetration of high 
density dwellings (similar to the CMA of Toronto).  This variation is due in part to the city’s 
layout – its design and diversity.  In Table 1, density is defined as population per kilometre 
squared; however, density is a multidimensional concept and population density is only one 
component.  While there are several competing definitions of density, one definition commonly 
referenced in transportation and urban development literature is the 3Ds: density (population 
density), diversity (land-use mix) and design (neighbourhood design/layout) (Cervero and 
Kockelman, 1997). 

The 3Ds definition of density is significant because it suggests that it is not only the number of 
people living within an area that is important for supporting integrated community energy 
solutions and transit development, but how they are living in it (e.g., the portion of high density 
dwellings, mix of commercial and residential, street network designs, sidewalk and bike lanes, 
transit corridors).  Ottawa's compact residential development may be a result of the city's 
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Greenbelt policy or the design of its neighbourhoods (Ottawa considers itself to be "the 
pedestrian capital of Canada”).45 

Land-Use Modelling Results 

This study engages the 3Ds definition – density, diversity, and to a lesser extent design – in  the 
development of the ICES policy scenarios.  With the land-use model we are able to capture the 
impacts of densification policies that encourage greater penetration of high density houses, 
compact commercial-residential development and greater transit usage.  With the 
transportation model, we address the design aspect of density, investigating how changes in 
the diversity and structure of neighbourhoods (settlement patterns) and roads support transit 
development and non-motorized transportation, and how these combined effects impact 
transit decisions (mode choice).  This section presents the results and key findings of the land-
use modelling.  Results for 2050 are the best indicator of the impact of ICES policies because 
changes in land-use, urban development and transportation infrastructure occur over a longer 
time frame. 

The results of the modeled ICES policies can be defined as reducing sprawl and building more 
compact, mixed use orientated cities that encourage transit use and walking.   While the 
specifics of the policy scenarios varied by archetype, results were consistent in their overall 
direction across all archetypes.  The intensity maps presented in Figure 13 illustrate the impact 
of ICES polices in the large city archetype.  The maps show how sprawl (denoted by the map 
area outside the red outline) and density (denoted by the colour gradient, where darker shades 
represent higher density) change in response to policies.  If we compare the business as usual 
scenario with the two policy scenarios, the impact of ICES policies on both sprawl and density is 
clearly visible.  In both policy scenarios larger portions of projected development are 
accommodated with compact development within existing city boundaries (relative to Business 
as Usual), increasing density and significantly reducing and even eliminating sprawl.  The 
sprawled low density urban form that defines the Business as Usual scenario is associated with 
high rates of per capita energy and emissions (as noted in the Introduction).  Transitioning to a 
more concentrated compact urban form lowers per capita energy and emissions because it 
encourages improved building energy efficiency, reduced auto ownership, and greater adoption 
of district energy.   

 

                                                      
45

 City of Ottawa.  April 2004.  Ottawa Counts.  
http://www.ottawa.ca/city_services/statistics/counts/counts_apr_04/index_en.shtml 
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Figure 13: 2050 intensity maps of the large city archetype for each scenario 

 

Business as Usual Scenario 2050 

 

Moderate ICES Policy Scenario 2050 

  

Aggressive ICES Policy Scenario 2050 
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Table 13: Composition of housing stock in base year (2006) and 2050 when ICES policies are 
implemented in each archetype (% of total dwelling units) shows the impact of ICES on the 
composition of housing stock in each archetype.  The Aggressive scenario produces more 
compact cities, ones with higher density residential and more compact mixed commercial-
residential development.  By 2050, the share of high density dwellings (attached homes and 
apartments) increases an average of 73% relative to Business-as-usual across all archetypes in 
the Aggressive scenario.  The Aggressive scenario is most effective in the large city archetype, 
increasing the share of high density dwellings from 38% under the Business-as-usual scenario in 
2050 to 78%.  If the Vancouver CMA were to apply policies in line with those of the Aggressive 
ICES policies modelled, the region would have a housing stock composition similar to today’s 
London, United Kingdom.  The moderate scenario is not as effective as the Aggressive scenario, 
with the share of high density dwellings increasing an average of 30% for all archetypes in 2050. 

In response to Aggressive and Moderate ICES policies the amount of high density, mixed-use 
commercial units increase.  In CIMS these changes are captured by the neighbourhood network 
archetypes in the district energy model.  ICES policies produces spatial efficiencies in building 
stocks and improve the ratio of total floor space dedicated to a commercial/institutional 
building over the land area of the commercial building – the floor space to area ratio (FAR).  
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Table 14 shows how the FAR for each archetype changes in the policy scenarios.  In both policy 
scenarios the floor space-to-area ratio increases significantly, with greater impacts experienced 
in the small and emerging city archetypes where low business-as-usual FARs create substantial 
opportunities for improvement.  In the small and emerging city archetypes the share of 
commercial floor space in medium and high rise buildings rises from 0% in 2006 to 28% and 
45%, respectively, in the Aggressive scenario in 2050. 

As a result of improved spatial efficiency, demand for commercial floor space declines.  Table 
15 illustrates the impact of ICES policies on the demand for floor space in each archetype.  
Changes in commercial floor space range from <1%-7% and 3%-9%, respectively for the 
Moderate and Aggressive scenarios in 2050.  ICES policy scenarios are most effective in the 
small and emerging city archetypes, where the majority of commercial development is initially 
dispersed and not mixed with residential or other commercial developments.  Conversely, 
larger archetypes have an already existing network of compact commercial and mixed-use 
development, leaving less room for improvement.  The modelling results show that the 
emerging city archetype experiences more rapid changes in density − especially in the 
commercial sector − because of the volume of new and existing sprawled development.  In the 
other archetype cities, new development and thus densification is more incremental.  For 
example, in the emerging city archetype the share of high- and medium-rise commercial 
buildings increase from 2% in Business as Usual to 31% with Moderate ICES policies; in the large 
city archetype the policy impact is much smaller (from 21% to 24%). 

Table 13: Composition of housing stock in base year (2006) and 2050 when ICES policies are 
implemented in each archetype (% of total dwelling units) 

 Lower Density Higher Density 
 Detached Attached Apartments 

Base Year (2006) 

Large City  59 10 31 

Medium 57 9 33 

Small 80 - 20 

Emerging 84 4 12 

2050 BAU 

Large City  62 9 29 

Medium 60 12 29 

Small 76 5 18 

Emerging 58 9 33 

2050 Moderate 

Large City  47 10 42 

Medium 51 12 37 

Small 70 7 23 

Emerging 44 8 48 

2050 Aggressive 

Large City  22 12 65 

Medium 37 11 52 

Small 57 9 34 

Emerging 37 5 58 

Note: "Apartments" includes all multiple unit dwelings, apatrments and condominums. 
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Table 14: Commercial floor space to land area ratio in 2050 (as % of total floor space)  

Archetype 
ICES 

Scenario 
Low Rise Commercial 

(<1 FAR) 
Medium Rise 

Commercial (<3 FAR) 
High Rise Commercial 

(>3 FAR) 

 

  

 

 

Large City BAU 79 14 7 

 Moderate 77 20 4 

 Aggressive 63 24 13 

Medium City BAU 90 6 4 

 Moderate 72 23 5 

 Aggressive 68 19 13 

Small City BAU 100 - - 

 Moderate 88 1 12 

 Aggressive 72 20 9 

Emerging City BAU 98 1 1 

 Moderate 69 30 1 

 Aggressive 55 34 11 

Table 15: Demand for commercial floor space 

% change relative to BAU 2050 
Moderate 

Large City  <1  

Medium 7  

Small 3  

Emerging 1  

Aggressive 

Large City  6  

Medium 9  

Small 7  

Emerging 3  

Transportation Modelling Results 

In the land-use model, ICES policies encourage mixed-use compact development resulting in 
higher residential and employment densities.  Outputs from the land-use model define 
employment and residential densities within each archetype; a key input to the transportation 
model.  These inputs, along with transportation specific policies define the ICES scenarios in the 
transportation model (see methodology section).  This section presents the results from the 
transportation modelling. 

The transportation sector is one of the largest contributors to municipal greenhouse gas 
emissions, within which the commute to work is a major activity.  Statistics Canada compiles 
census information on the commuting mode split for each city; these data are summarized in 



 

45 

Table 16 along with equivalent data for the international comparison cities. 

Table 16: Primary mode of transportation (commute to work) 2006, % of employed labour 
force 
 Automobile (Car, Truck, Van) Sustainable Transportation 

Community Total Driver Passenger 
Public 
Transit 

Cycling Walking Other 

Canada  

Toronto (CMA) 72 64 8 22 1 5 1 

City of Toronto 56 49 6 34 7 2 1 

Montreal (CMA) 70 65 5 21 2 6 1 

City of Montreal 53 49 4 35 9 2 1 

Vancouver (CMA) 74 67 7 16 2 6 1 

City of Vancouver 58 52 6 25 12 4 1 

Ottawa (CMA) 71 63 8 19 2 7 1 

City of Ottawa  67 60 8 22 8 2 1 

Calgary (CMA) 77 69 8 16 1 5 1 

City of Calgary 75 68 8 17 6 1 1 

Quebec City (CMA) 80 75 5 10 1 7 1 

Ville de Quebec 75 70 5 13 9 2 1 

Winnipeg (CMA) 79 70 9 13 2 6 1 

City of Winnipeg   77 68 9 14 6 2 1 

Halifax (HRM) 76 65 11 12 1 10 1 

Stony Plain, AB 94 87 8 1 1 4 1 

Dawson Creek, BC 89 78 10 0 1 8 1 

International  

New York 31 25 6 54 0 8 6 

London^  37   50 4 9  

Geneva 41 37 4 17 8 23 10 

Denver 88 77 11 6 1 5  

Notes: Data may not sum to 100 due to rounding 
^ London's transportation split is for all transportation, not just commuting 
New York data are for 2004, Geneva and Denver data are for 2005 

The transportation mode split between automobile and sustainable transportation is positively 
correlated to population density with three well-defined groupings: New York, London, and 
Geneva have the highest population density and the highest share of sustainable 
transportation; Montreal, Toronto, and Vancouver are the densest Canadian cities, with the 
next best share of sustainable transportation; and the Canadian medium and small cities, with 
low density and high automobile use.  However, in all Canadian cities, the automobile 
represents the primary mode of transportation for the commute to work.  In the two smallest 
communities – Dawson Creek and Stony Plain – density (population density, diversity and 
design) is insufficient to support comprehensive public transportation systems since only 10% 
and 5% of commuters, respectively, rely on sustainable transportation modes to get to work. 

As described above, ICES policies have a positive impact on the density of archetype cities 
creating more compact and mixed-use development and supporting this development with 
transit corridors.  Table 17 shows how mode shares (commute to work) change in the 
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Aggressive ICES scenario relative to Business-as-usual.  Across all archetypes, shares of 
sustainable transit increase significantly, ranging from 23% to 84% for the small city and large 
city archetype respectively.  For example, if the city of Ottawa was to implement policies in line 
with the Aggressive ICES scenario, shares of sustainable transit would increase from 32% in 
2006 to 35% in 2050 (2050 BAU is projected to be 22%).  While the automobile remains a major 
mode of travel, its role is substantially diminished in the Aggressive scenario (an average 
decrease of 13% for all archetypes). 

Table 17: Comparison of primary mode of transportation (commute to work) % in the 
business-as-usual (BAU) and Aggressive policy scenarios, by archetype 
 Automobile (Car, Truck, Van) Sustainable Transportation 

Archetype  Total Driver Passenger 
Public 
Transit 

Cycling Walking Other 

2006 

Large City  79 72 6 17 1 3 N/A 

Medium City 83 64 20 8 0 8 N/A 

Small City 80 61 19 1 1 18 N/A 

Emerging City 96 74 21 1 1 2 N/A 

2050 BAU 

Large City  79 73 6 17 1 3 N/A 

Medium City 88 68 21 10 0 1 N/A 

Small City 82 62 20 1 1 17 N/A 

Emerging City 84 65 19 1 11 4 N/A 

2050 Aggressive 

Large City  62 56 6 35 1 3 N/A 

Medium City 82 56 26 15 0 2 N/A 

Small City 76 55 21 1 1 22 N/A 

Emerging City 72 52 20 4 19 6 N/A 

Notes: Due to rounding data may not sum to 100 and some modes that have a share less than one appear as zeros 

Key Findings 
The following section outlines the key findings of the transportation modelling.  Table 18, Table 
19and Figure 14 highlight some of the key results from each scenario in 2050; the complete 
data set is presented in Appendix G.  While the specifics of archetype results differ from one 
another, similar patterns in scenario results were obtained: 

 Automobile usage increases in the business-as-usual scenario.  In the absence of ICES 
policies, auto usage increases significantly over the policy period (2006-2050).  
Consequently, transit usage decreases as higher auto mode shares offset transit mode 
shares. 

 Transit usage, walking and biking rise with ICES policies.  In the business-as-usual 
scenario, auto-usage vehicle kilometres travelled (vkt) increases significantly at the 
expense of other mode shares.  Under the ICES scenarios, combined with improvements 
in transit network coverage and service levels, auto usage is reduced and transit, walking 
and biking shares increase. 

 The impact of ICES policies is greatest in larger high-density urban areas.  In these areas 
the ability to concentrate trips (home, work, and other trips) is greatest, there are well 
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developed transit corridors, and road congestion levels are highest.  Transit ridership 
impacts tend to be greatest in larger urban regions where the economies of scale exist to 
support comprehensive, high-quality transit services. 

 While reductions in auto usage are greatest in absolute terms in larger cities, on a 
percentage change basis the greatest reductions tend to occur in smaller areas.  In larger 
cities where there are more opportunities to shift to transit, biking and walking, vkt 
reductions are more likely to be due to a reduction in the number of auto trips than in 
smaller communities.  In smaller cities on the other hand, vkt reductions are more likely 
to come from a shortening of auto trip lengths than from shifts to other modes of 
transportation (Figure 14). 

 Under all scenarios, automobile travel remains a major mode of travel.  Given the 
complex and dispersed nature of urban activity and travel patterns, even under the most 
aggressive scenarios the car will remain a primary mode of travel, especially for off-peak 
trips for non-work/school purposes. 

Table 18: Mode shares in 2006 and 2050 for all scenarios 
 Car-driver Car-passenger Transit Walk/ Bike 

2006 

Large City 74 9 11 5 

Medium City 69 15 8 8 

Small City 67 13 1 19 

Emerging City 73 15 4 8 

2050 BAU 

Large City 75 9 11 5 

Medium City 70 16 10 5 

Small City 67 14 1 18 

Emerging City 66 14 2 18 

2050 Moderate 

Large City 72 9 14 6 

Medium City 63 16 14 7 

Small City 64 14 1 20 

Emerging City 61 14 4 21 

2050 Aggressive 

Large City 66 8 19 6 

Medium City 62 16 14 7 

Small City 62 14 2 23 

Emerging City 56 13 5 25 
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Figure 14: Comparison of kilometres travelled and number of trips by auto and transit in the 
Business as usual and Aggressive scenarios (2050) 
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The impacts of ICES policies are greater in 2050 than in 2030, as changes in the urban form 
occur over longer time scales (Table 19: Key auto and transit findings, by archetype (2030 and 
2050).  This is most obvious when we look at changes in transit trips.  In the Aggressive scenario 
total transit trips increase an average of 200% (across all archetypes) relative to Business as 
Usual in 2030, rising to over 300% by 2050.  Auto vehicle kilometres travelled drops modestly 
by 2050 in the Moderate and Aggressive scenarios – dropping 1-14% and 7-17% relative to 
Business as Usual – despite significant increases in transit ridership.  In the absence of very 
large increases in the real cost of auto travel, the auto remains the most attractive mode of 
travel for many trips. 46  This is a reality of the current transit-oriented urban form of Canadian 
cities. 

Table 19: Key auto and transit findings, by archetype (2030 and 2050) 
 Change from Base Change from Trend 

 BAU Moderate Aggressive Moderate Aggressive 

Auto Vkt 

2030  

Large City 48% 47% 38% -1% -7% 

Medium City -7% -13% -24% -7% -18% 

Small City 56% 47% 27% -6% -19% 

Emerging City 367% 303% 286% -14% -17% 

2050  

Large City 71% 70% 50% -1% -13% 

Medium City 22% 6% -2% -13% -19% 

Small City 125% 92% 39% -15% -38% 

Emerging City 533% 442% 335% -14% -31% 

Transit Trips     

2030  

Large City 19% 42% 92% 19% 61% 

Medium City 13% 70% 70% 51% 51% 

Small City 29% 54% 67% 19% 29% 

Emerging City 87% 145% 232% 31% 78% 

2050  

Large City 31% 75% 160% 34% 99% 

Medium City 41% 106% 101% 46% 42% 

Small City 60% 90% 132% 19% 45% 

Emerging City 116% 219% 380% 48% 122% 

National Modelling Results 

As discussed in the methodology section, a unique combination of the four archetype cities – 
small, medium, large and emerging – define each province.  Results from the land use and 
transportation model − housing stock (dwelling type and total floor space), commercial floor 
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 In the model runs undertaken in this study, auto fuel prices (and, in the case of Toronto, road tolls) were kept 
fixed in real dollar terms, reflecting the assumption that changing vehicle technology  (a result from the CIMS 
model) would offset increasing fuel prices.  It should be noted, however, that auto usage (and travel in general) 
historically has been quite cost inelastic; very significant increases in the real cost of auto travel would be required 
to significantly change the results presented here (cf. among others, Soberman and Miller, 1999). 
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space, transportation mode choice and urban travel demand − described above are integrated 
into the energy-economy model, CIMS, based on this composition. 

Covered and Uncovered Sectors 

As previously noted, not all urban sectors were included in this integrated modelling effort: only 
the residential, commercial and personal transportation sectors are affected by ICES policies.  
Figure 15 shows that urban emissions represent roughly 40% of total emissions in 2006,47 of 
which approximately 80% of emissions are captured in this analysis.  Therefore, in this report, 
"urban" greenhouse gas (GHG) emissions and energy use will refer to emissions and energy use 
in only these sectors.   

Figure 15: Total national and covered urban GHG emissions in 2006 (electricity and natural 
gas production related emissions allocated to end-use)  
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ICES policies produce changes to the key drivers in each sector.  Table 20 outlines the key 
variables impacted by policies in each urban sector. In the personal transportation sector ICES 
policies affect demand for distance travelled and mode choice.  In the urban personal 
transportation sector ICES policies affect demand for distance travelled and mode choice.  In 
the residential sector ICES policies affect the housing stock composition (single detached vs. 
attached vs. apartments), and floor space demand in each region.  In the commercial sector 
ICES policies affect floor space demand.  Additionally, ICES policies affect density, as well as 
district energy supply and cost in the residential and commercial sectors.  ICES policies do not 
impact freight transport, light manufacturing and waste.  However these sectors, along with the 
covered urban sectors (which will herein be referred to as urban sectors), make technology-
specific efficiency and fuel mix choices under the effect of broader policies such as carbon 
pricing and regulations.  For example, carbon pricing drives a reduction in diesel consumption 
from the freight sector or an increase in the adoption of zero emission vehicles in the personal 
transportation sector, but this is not counted as an ICES policy impact.   Due to modelling 
complexity and data constraints, the interplay with waste and water, and the resulting 
emissions and energy impacts were not addressed in this study.  Future research with this 
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 Total emissions include both energy and non-energy emission (i.e., fugitive emissions and industrial process 

emissions). 
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model is likely to address such issues.  See Appendix E for additional detail on the sectors 
modeled in this study. 

Table 20: Impact of policies by sector 

 ICES policies 
Carbon pricing and technology 

regulation 
Urban sector    

Residential Housing stock, floor space, density, and 
district energy supply and cost 

Shells, technologies and fuels 

Commercial Floor space , density, and district energy 
supply and cost 

Shells, technologies and fuels 

Personal transportation Mode and kilometres traveled 
(urban only) 

Technologies and fuels  
(urban and intercity) 

Freight transportation  Technologies and fuels 

Waste  Technologies and fuels 

Light Manufacturing  Technologies and fuels 

Waste (not included in this analysis) 

Reference Case (Business as Usual) 

The reference scenario developed for this study reflects how the economy is likely to evolve 
over the next 40 years in the absence of targeted emissions reduction policies.  Many key 
inputs underlying the reference scenario are highly uncertain, and if the economy evolves 
differently than as shown here, energy consumption and emissions will also differ.  We have 
used credible sources to guide key inputs wherever possible, but no amount of research allows 
perfect foresight into the future of the economy.  As a result, the scenario described here 
should be considered just one possible reference scenario.  We consider it a good “business as 
usual” forecast, based on historic trends and research into likely future technological and 
economic evolution, but the uncertainty remains large. 

The reference case does not incorporate announced policies to reduce greenhouse gas 
emissions (such as the provincial carbon tax in British Columbia) so that the pure impact of the 
ICES policies can be assessed.  In subsequent analyses, we assess the marginal impact of the 
ICES policies relative to a reference forecast that includes announced greenhouse gas policies, 
regulations and building codes, in order to quantify the marginal impact of the ICES policies and 
identify synergies among different types of policies. 

Key Economic Drivers and Assumptions 
CIMS uses an external forecast for the economic or physical output of each economic sector to 
develop the Business as Usual forecast.  For example, CIMS requires one external forecast for 
the number of residential households and another for the amount of commercial floor space 
demanded in each province.  Forecast for key inputs are based on the population and economic 
forecast produced by Informetrica.  Changes to drivers that result from policy (i.e., changes in 
housing mix or transportation mode shares from the land use and transportation model) have 
been interpreted as changes relative to this baseline. 
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Energy Prices 
CIMS requires an external forecast for energy prices.  A policy can change fuel prices if it 
changes the cost or amount of fuel production.  Reference case prices through to 2020 are 
based on historical energy prices, and the price assumptions of the 2006 energy outlook 
published by Natural Resources Canada (the price of refined petroleum products has been 
updated to reflect the 2009 Informetrica forecasts and the price of natural gas has been 
adjusted to reflect Business as Usual price of natural gas used in the 2009 Canadian Energy 
Demand and Supply to 2020 - An Energy Market Assessment).  Reference case electricity and 
natural gas price forecasts for each province are presented in Table 21.  Prices differ slightly by 
province depending on taxation and supply cost (i.e., electricity prices are lower in provinces 
with greater hydroelectric potential – specifically British Columbia, Manitoba and Québec – and 
greater in provinces with fossil fuel generation).  Like the other forecasts that are used as inputs 
to CIMS, the fuel price forecast adopted here is uncertain, particularly in the longer term.  In 
addition, the fuel price forecasts that we have adopted are intended to reflect long-term trends 
only, and will not reflect short-term trends caused by temporary supply and demand 
imbalances.48 
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 Demand for energy can vary significantly on a daily, monthly and yearly basis, but new supply can only be 
brought into production on a 1-10 year investment horizon, depending on the energy form.  This leads to normal 
short-term imbalances in supply and demand, and significant short-term energy price changes in markets where 
energy prices are allowed to change in respond to market dynamics.  CIMS is designed to represent a 5-year 
demand and investment horizon, a period representing a normal cycle from “boom to bust and back again.” 
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Table 21: Reference case electricity and natural gas price forecast in each province 
 Units 2010 2020 2030 2040 2050 

Electricity Price 

Residential  

British Columbia 2005¢ / kWh 5.7 5.0 5.0 5.0 5.0 

Alberta 2005¢ / kWh 6.7 7.3 7.3 7.3 7.3 

Saskatchewan 2005¢ / kWh 8.1 8.5 8.5 8.5 8.5 

Manitoba 2005¢ / kWh 4.9 3.8 3.8 3.8 3.8 

Ontario 2005¢ / kWh 6.9 7.6 7.6 7.6 7.6 

Québec 2005¢ / kWh 6.4 6.5 6.5 6.5 6.5 

Atlantic 2005¢ / kWh 8.8 8.4 8.4 8.4 8.4 

Commercial  

British Columbia 2005¢ / kWh 3.5 3.1 3.1 3.1 3.1 

Alberta 2005¢ / kWh 4.9 5.2 5.2 5.2 5.2 

Saskatchewan 2005¢ / kWh 6.8 6.1 6.1 6.1 6.1 

Manitoba 2005¢ / kWh 3.2 2.2 2.2 2.2 2.2 

Ontario 2005¢ / kWh 5.9 7.1 7.1 7.1 7.1 

Québec 2005¢ / kWh 3.5 2.9 2.9 2.9 2.9 

Atlantic 2005¢ / kWh 7.1 6.8 6.8 6.8 6.8 

Natural Gas Price 

Residential  

British Columbia 2005$ / GJ 10.6 12.9 12.9 12.9 12.9 

Alberta 2005$ / GJ 8.6 9.7 9.7 9.7 9.7 

Saskatchewan 2005$ / GJ 9.8 10.8 10.8 10.8 10.8 

Manitoba 2005$ / GJ 11.5 12.3 12.3 12.3 12.3 

Ontario 2005$ / GJ 10.7 11.5 11.5 11.5 11.5 

Québec 2005$ / GJ 13.0 13.4 13.4 13.4 13.4 

Atlantic 2005$ / GJ 11.3 11.7 11.7 11.7 11.7 

Commercial  

British Columbia 2005$ / GJ 9.6 11.7 11.7 11.7 11.7 

Alberta 2005$ / GJ 7.7 8.9 8.9 8.9 8.9 

Saskatchewan 2005$ / GJ 8.5 9.6 9.6 9.6 9.6 

Manitoba 2005$ / GJ 9.1 10.1 10.1 10.1 10.1 

Ontario 2005$ / GJ 9.1 10.1 10.1 10.1 10.1 

Québec 2005$ / GJ 10.9 11.5 11.5 11.5 11.5 

Atlantic 2005$ / GJ 11.3 11.7 11.7 11.7 11.7 

Energy and Emissions Outlook 
Table 22 presents the national emissions forecast disaggregated by sector and category.  In the 
Business as Usual (BAU) scenario total emissions rise over the simulation period, increasing 
from 705 Mt CO2e in 2010 to 1,062 Mt CO2e in 2050.  Uncovered urban emissions increase 
significantly over the forecast period, driven by increased demand for light manufacturing and 
freight transportation.  Emissions from the urban sectors, on the other hand, do not experience 
an equivalent magnitude of growth.  Between 2010 and 2050 direct emissions rise only 5% 
from 167 to 175 Mt CO2e.  When the impact of indirect emissions from electricity and natural 
gas production are considered, total emissions (direct and indirect) grow 19% from 233 to 278 
Mt CO2e between 2010-2050. 
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Table 22: Business as Usual national emissions forecast (2010-2050) 
 2010 2015 2020 2025 2030 2035 2040 2045 2050 

Greenhouse Gas Emissions (Mt CO2e) 

Urban 167 166 169 162 160 162 166 171 175 

Residential 41 39 37 36 35 34 34 34 34 

Commercial 38 41 43 45 48 52 55 57 60 

Transportation Personal 88 87 89 80 76 77 78 80 81 

Uncovered Urban 143 166 187 205 225 242 257 270 286 

Transportation Freight 94 110 126 139 153 166 177 187 198 

Personal Aviation 9 10 11 11 12 13 14 14 14 

Waste 23 24 25 26 26 27 27 28 28 

Light Manufacturing 17 23 26 29 33 36 39 42 46 

Industry 134 138 139 141 143 146 150 156 163 

Chemical Products 14 17 18 20 23 25 26 27 29 

Industrial Minerals 17 18 20 21 23 25 27 30 34 

Iron and Steel 13 15 15 15 13 12 12 13 14 

Metal Smelting 9 9 9 8 7 7 7 8 8 

Mineral Mining 5 6 6 6 6 7 7 8 9 

Paper Manufacturing 6 5 4 3 2 2 2 2 3 

Agriculture 69 67 67 68 68 68 68 67 67 

Supply 261 266 298 319 340 363 387 411 438 

Electricity 104 98 104 112 120 130 140 150 163 

Petroleum Refining 20 21 23 24 25 28 29 31 32 

Crude Extraction 76 87 110 122 134 146 159 172 186 

Natural Gas Extraction 58 57 58 57 57 56 55 54 52 

Coal Mining 2 3 3 3 3 3 3 3 3 

Ethanol 0 0 0 1 1 1 1 1 1 

Biodiesel 0 0 0 0 0 0 0 0 0 

Total 705 736 794 827 867 913 961 1,008 1,062 

Policy Analysis: Analytical Runs 

To examine the pure impact of ICES policies, policy impacts are compared to a Business as Usual 
forecast that does not include announced climate policies − analytical uns.  In subsequent 
analyses, we assess the marginal impact of the ICES policies relative to a forecast that includes 
announced greenhouse gas policies, regulations and building codes.  Results presented in this 
section are based on the analytical ICES policy runs.   

Wedge Diagram 
A wedge diagram is a graphical representation of the relative contribution of different actions 
towards reducing total greenhouse gas emissions from their Business as Usual trend.  The 
wedge diagrams generated with CIMS estimate the response of firms and individuals to each of 
the policy scenarios that are modelled.  Because CIMS is an integrated model in which firm and 
consumer behaviour has an empirical basis, the results account for preferences and behaviour, 
the relative cost of different actions, and the interaction of actions. 

Figure 17 and Figure 16 illustrate wedge diagrams for urban emissions from the residential, 
commercial and transportation sectors, and shows the corresponding abatement achieved with 
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Moderate and Aggressive ICES policies.  The sum of the wedges reflects Business as Usual 
greenhouse gas emissions.  The top wedge corresponds to reductions of greenhouse gas 
emissions that result from ICES policies.  The bottom wedge, or the residual emissions wedge, 
represents the emissions that remain after the policies are implemented.  ICES policies reduce 
urban greenhouse gas emissions by 13 and 35 Mt CO2e in 2050 (relative to Aggressive) for the 
Moderate and Aggressive policies, respectively.  These reductions are achieved through actions 
induced by integrated land use, transportation, and district energy policies, the specifics of 
which are discussed in the next section. 

Figure 16: Wedge diagram for urban emissions under Moderate ICES policies 
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Figure 17: Wedge diagram for urban emissions under Aggressive ICES policies 
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Effects of ICES policies 
In the absence of ICES policies the urban form is characterized by low density, sprawled, mono-
use and auto-oriented development with minimal adoption of exergy maximizing technologies 
(e.g., district energy).  However, when ICES policies are implemented the urban form 
transforms into a denser, more compact mixed-use structure that capitalizes on opportunities 
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to improve transit development and exergy.  The result of this transformation is denser 
neighbourhoods, with greater penetration of high density dwellings and district energy, lower 
floor space demand, greater usage of transit and non-motorized form of transportation, and 
reduced energy consumption and GHGs.  The following section examines the impact of ICES 
policies, describing the specific effects ICES policies have on the urban sector. 

Box 1: Key findings from Moderate and Aggressive ICES policies in 2050  

 Total emission reductions are 13 and 35 Mt CO2e  
 Indirect emissions account for approximately 30% of total abatement − 5 and 10 Mt 

CO2e 
 Primary and secondary energy consumption drop 4-12% and 3-7%, respectively 
 Electricity generation is reduced 2 and 4%  

Emissions Reductions 
ICES policies drive emission reductions in the following ways: by increasing demand for high 
density dwellings (reducing total floor space demand); by increasing the spatial efficiency of 
commercial and institutional buildings (reducing total floor space demand); by reducing 
demand for space conditioning and water heating; and by decreasing travel demand (reducing 
annual kilometres travelled), reducing auto travel and increasing transit ridership.  Subsequent 
sections will examine these impacts in more detail.  This section focuses on the aggregate 
effects of ICES policies on targeted urban sectors. 

Total emissions reduction from the residential, commercial and personal transportations 
sectors range from 5% with Moderate ICES policies to 12% with Aggressive ICES policies.  Table 
23 presents total emissions reduction in 2050 by emissions type (direct and indirect) for all 
sector targeted with ICES policies.  Direct emissions are emitted at the point of consumption – 
emissions associated with the direct combustion of fuels within a sector.  Direct emission 
reductions account for over half of total abatement in each scenario, at 9 and 25 Mt CO2e, 
respectively in the Moderate and Aggressive scenario.  Indirect emissions are not emitted at the 
point of consumption, and in this analysis, refer to the emissions associated with the 
production of natural gas and electricity consumed in the urban sector.  Indirect emissions 
account for a sizeable share of urban reductions, approximately 30%.  Indirect emissions 
reductions range from 4% in the Moderate scenario to 9% in the Aggressive scenario, the 
majority of which come from the electricity sector. 

Table 23: Reduction of emissions in buildings and personal transportation sectors in 2050, 
relative to Business as Usual 
 MOD AGG 

Total Emissions (Mt CO2e) 13 35 

Direct Emissions  5% 14% 

Residential 5% 21% 

Commercial 6% 16% 

Transportation Personal 4% 10% 

Indirect Emissions  4% 9% 

Total Emissions   5% 12% 
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Impact on Energy Consumption (Primary and Secondary) 

Electricity Consumption 

Urban electricity consumption (consumption from the residential, commercial and personal 
transportation sectors) represents over half of total electricity consumption in the economy.  
The buildings sector in particular is quite electricity intensive, consuming about 50% total urban 
energy demand.  In response to ICES policies, urban electricity demand declines 3% and 7% 
relative Business as Usual in 2050 for the Aggressive and Moderate scenario, respectively 
(Figure 18).  In 2020, the impact of ICES policies is smaller (2-3%). 

Figure 18: Transportation, commercial and residential electricity consumption (1990-2050) 
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In response to reduced demand for electricity, total generation drops relative to Business as 
Usual.  Because CIMS allows existing capacity to run for its operational lifetime, this does not 
mean that existing capacity is abandoned (i.e., left as “stranded assets”) – the reduced 
generation is additional capacity that is not built.  In terms of electrical savings, this is 
approximately equivalent to reducing total capacity by 2 to 4 1000 MW power plants in 2050 
relative to Business as Usual (Figure 19).49  This results in avoided capital expenditures on 
generation and transmission equipment, which has macroeconomic consequences that are 
included in the general equilibrium macroeconomic modelling.  Lower generation also produces 
small reductions in electricity prices. On average, prices drop 0.02-0.05¢ (2005¢/ kWh) in 2050 
relative to Business as Usual, with greater reductions in the hydro provinces. 
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 The electricity saving in 1000 MW power plant equivalents calculation assumes an 80% capacity factor and 15% 
reserve margin 
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Figure 19: Total electricity generation by fuel source and scenario in 2050 
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Natural Gas 

Driven by lower demand for space heating in the residential and commercial sectors, ICES 
policies reduce total urban natural gas consumption.  In Business as Usual natural gas 
consumption grows 38% over the simulation period.  When ICES policies are implemented 
growth in natural gas consumption slows to 31 and 15%, falling 6 and 13% relative to Business 
as Usual in 2050.  As with electricity consumption, policy impacts are greater in the later 
simulation periods (2035-2050).  In 2020 consumption falls only 3 and 5% relative to Business as 
Usual − less than half of 2050 values.  Aggressive ICES policies have a greater impact on natural 
gas consumption because of higher density development and the renewable portfolio standard.   

In addition to demand shifts in the residential and commercial sector, lower electricity 
generation further reduces demand.  By 2050 total (urban and non urban sectors) demand for 
natural gas is reduced 2% and 6% − 116 and 373 PJ in 2050− respectively with Moderate and 
Aggressive ICES policies.  2020 consumption remains fairly similar to Business as Usual (<1% 
differnce) In Business as Usual scenario consumption grows 84% between 2010 and 2050, but 
when policies are applied, consumption growth over the same period ranges from 81%-75%.   
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Figure 20: Transportation, residential and commercial natural gas consumption (1990-2050) 
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Refined Petroleum Products 

Refined petroleum products (RPP) account for 20% of total energy consumption in the urban 
sectors.  The majority of this consumption occurs in the personal transportation sector, where 
RPPs make up over 80% of total consumption; consumption in the building sector is quite small 
(<1%).  Under Moderate and Aggressive ICES policies urban RPP consumption decreases 4% and 
10% respectively in 2050 (relative to Aggressive), and by less than half in 2020.  Between 2010 
and 2050 total urban demand for RPPs is anticipated to drop 16% in Business as Usual in 
response to electrification in the buildings sector, high oil prices, and the hybridization of 
vehicle fleets.  When ICES policies are implemented, this drop is slightly more pronounced as 
reduced auto ownership and trip length produce even lower demand for gasoline and other 
RPPs.  Consequently, urban demand falls to 19-24% between 2010 and 2050.  In 2050 between 
1.6 and 4 billion litres less of gasoline are consumed.  ICES policies have minimal impact on 
economy-wide RPP consumption due to growing demand in non-urban sectors, including 
freight transportation, aviation and industry. 

BAU 

Aggressive 

Moderate 

Historic 
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Figure 21: Transportation, residential and commercial RPP consumption (1990-2050) 

 

Renewable Fuels 

In this analysis, renewable fuels50 include ethanol, biodiesel, hydrogen, biomass and biogas.  In 
the reference scenario, urban consumption grows 35% between 2010 and 2050, from 93 to 125 
PJ.  Business as usual consumption of renewable fuels comprises primarily ethanol in the 
personal transportation sector and wood in the residential sector.  With ICES policies, 
consumption of renewable fuels grows.  By 2050 total consumption rises 19 and 61% relative to 
Business as Usual in 2050, primarily from growth in biomass and biogas consumption driven by 
district energy policies in the building sectors.  Growth in renewable energy is greatest with the 
Aggressive ICES policy package as the result of the renewable portfolio standard. 

Residential 

Box 2: Key residential findings from Moderate and Aggressive ICES policies in 2050 

 Demand for high density dwellings (apartments and attached houses) increases 
dramatically and demand for floor space falls 7% (Moderate) and 17% (Aggressive) 

 Shell efficiency of new housing stock increases 9% and 14%  
 Direct emissions reductions are 5% and 21%, and indirect emissions reductions are 

5% and 11% 
 Total energy consumption drops 4% and 11% 
 District energy penetration rises to 12% and 13% 

Building Stock 
ICES policies encourage greater penetration of high density dwellings, such as apartments and 
attached homes, relative to Business as Usual.  As a result, average floor space per household 
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 Renewable fuel consumption does not include sewer and waste heat energy consumption.  For this project only 

the electricity consumption associated with sewer and waste heat district energy technologies has been counted and 

is included in total electricity consumption.   
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(and per capita) falls, reducing overall demand for floor space in the residential sector.  In 2020, 
floor space per household is 3-6% less relative to Business as Usual, dropping to 7-17% in 2050 
(Figure 22). 

Figure 22: Floor space demand by dwelling type in Canada, 2020 and 2050 
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Figure 22 shows the combined effect of ICES policies on dwellings in each archetype when they 
are aggregated to a national scale.  ICES policies have the greatest relative impact on Alberta, 
Saskatchewan, Manitoba and the Atlantic provinces where the ratio of high density dwellings 
increases an average of 90% (relative to Business as Usual) by 2050 with Aggressive ICES 
policies.  In Quebec, Ontario and British Columbia, the share of high density dwellings increases 
an average of 70%.  While the impact of ICES policies in these regions is smaller on a percentage 
basis, it is greater on an absolute scale.  By 2050 high density dwellings (apartments and 
attached homes) represent approximately 0.63 of total floor space in these regions, relative to 
0.36 in Business as Usual (Table 24).  In the other four regions this value is only 0.35 in 2050.  
Moderate ICES policies induce smaller increases in housing density.  By 2050 the average share 
of high density dwellings across all provinces is 0.33, 22% higher than Business as Usual (0.27).  
As with floor space demand, shifts in housing composition are greater in 2050 than 2020 due to 
the inertia of existing building stock.  In CIMS, capital stock (i.e., building stock) is replaced only 
when it has reached the end of its useful life.  Therefore it may take several decades for the 
impact of ICES policies to be fully integrated into the national building stock, as the building 
stock is dominated by older infrastructure in the initial policy periods. 
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Table 24: Regional composition of total floor space by dwelling type (2005 and 2050) 

Shares of total floor space  
Base (2005) 

  BC AB SK MB ON QC AT 

Single Family Detached 0.68 0.74 0.83 0.80 0.68 0.57 0.80 

Single Family Attached 0.11 0.11 0.05 0.05 0.13 0.09 0.06 

Apartments 0.21 0.15 0.13 0.15 0.19 0.34 0.14 

2050 BAU 

  BC AB SK MB ON QC AT 

Single Family Detached 0.63 0.74 0.84 0.85 0.67 0.58 0.81 

Single Family Attached 0.14 0.12 0.05 0.03 0.15 0.12 0.06 

Apartments 0.23 0.14 0.11 0.12 0.17 0.29 0.13 

2050 MOD 

  BC AB SK MB ON QC AT 

Single Family Detached 0.55 0.68 0.78 0.80 0.59 0.50 0.76 

Single Family Attached 0.15 0.13 0.06 0.04 0.17 0.14 0.07 

Apartments 0.30 0.19 0.15 0.16 0.24 0.36 0.17 

2050 AGG 

  BC AB SK MB ON QC AT 

Single Family Detached 0.37 0.57 0.68 0.68 0.42 0.33 0.66 

Single Family Attached 0.18 0.14 0.08 0.05 0.19 0.16 0.09 

Apartments 0.45 0.29 0.25 0.27 0.39 0.51 0.26 

To illustrate the impact of stock turnover, we contrast the energy intensity of space heating − 
annual space heating load per metre squared of floor space − in 2020 and 2050 for new and 
total (new and existing) building stock under Business as Usual, Moderate and Aggressive ICES 
policies (Table 25).  With ICES policies heat loads for new buildings are 9-14% lower than 
Business as Usual in 2050.  However, when existing buildings are included average heat loads 
are only 2-6% lower than Business as Usual, demonstrating the inertia of existing capital stock. 

Table 25: Comparison of residential heat loads in new and total stock (2020 and 2050) 

Residential Heat Load (GJ /m2 floor space) 
 2020 2050 

 New Total Relative to BAU New Total Relative to BAU 

Business as Usual (BAU) 0.30 0.36 - - 0.27 0.31 - - 

Moderate ICES (MOD) 0.30 0.36 -2% 0% 0.24 0.30 -9% -2% 

Aggressive ICES (AGG) 0.29 0.35 -5% -1% 0.23 0.29 -14% -6% 

Energy and Emissions 
In Business as Usual, total emissions (direct and indirect) are projected to grow 15% between 
2010 and 2050 − direct emissions fall 18% and indirect emissions increase 53% due to 
electrification in the sector.  Over the same period energy consumption, primarily electricity 
grows 40%.  By 2050 the residential sector is forecasted to contribute around 10% of Canada’s 
total greenhouse gas emissions (when indirection emissions are included) and 8% of total fuel 
consumption. 



 

63 

Total greenhouse gas emissions and energy consumption in Business as Usual and policy 
scenarios are shown in Figure 23 and Figure 24.  In response to ICES policies, emissions fall 
relative to Business as Usual, with greater reduction being experienced in the later simulation 
periods (2020+) as a larger portion of the building stock has been replaced.  In 2020, direct 
emissions reductions are only 2 and 4% below Business as Usual, but by 2050 emissions 
reductions rise to 5 and 21%, in the Moderate and Aggressive scenario respectively.  Indirect 
emissions follow a similar trend with abatement equal to 2 and 4% in 2020, and 5 and 11% in 
2050.  Between 2010 and 2050 energy consumption grows 35 and 26% (Aggressive 39%) with 
Moderate and Aggressive ICES policies respectively − approximately 11% and 4% below 
Business as Usual in 2050. 

There is considerable difference between the abatement potential of Moderate and Aggressive 
ICES policies in the later simulation periods.  By 2050 abatement with Moderate ICES policies is 
5 MtCO2e (direct and indirect), compared to 13 MtCO2e with Aggressive ICES policies − in 2020 
the difference between the two scenarios is only 2 MtCO2e.  The primary drivers of abatement 
are shifts in housing stock and district energy policy.  Under Aggressive ICES policies housing 
stock is more compact, space heating demand is lower, and renewable district energy 
generation is higher than under Moderate ICES policies. 

Figure 23: Direct and indirect residential emissions forecast (Mt CO2e) 
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Figure 24: Residential energy consumption forecast (PJ) 
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Space Heating and District Energy 
In the residential sector space and water heating are responsible for over 50% of total energy 
consumption and emission in the sector.  While the emissions intensity of water heating is 
relatively similar across Canada, the emissions intensity of space heating is not.  The emissions 
intensity of space heating is a function of the technology used to produce the heat, and the 
amount of space heating demanded (heat load).  Across Canada, technology mix and heat loads 
vary considerably.  For example, in British Columbia, Manitoba and Québec, greenhouse gas 
intensity for space heating is lower because of a greater installation of electric baseboards, 
while in Alberta and Ontario, emissions intensity is higher because of larger heat loads and 
greater adoption of natural gas furnaces. 

Space heating technologies can be classified into two main categories: in-home heating systems 
(e.g., furnace, heat pumps and electric baseboard) and off-site heating systems (e.g., district 
energy systems).  With in-home heating systems, heating services are produced on-site (i.e., 
natural gas is burned to produce heat or electricity is used to energize coils to produce heat).  
With district energy, heat production occurs off-site at a central location and heat is delivered 
to the home via pipes.  When choosing a heat source for a new or renovated building, 
"consumers" in CIMS can choose between using in-building heating systems and purchasing 
heat from district heat producers.51  The competition between in-building systems and district 
energy is determined by the comparison of life-cycle costs.  For in-building systems the lifecycle 
costs include the capital cost of heating or cooling equipment plus the rate base of the fuel for 
that equipment.  For district energy, the lifecycle cost the consumer faces is the rate base of 
district heating or cooling plus some additional equipment, such as energy controls. 

                                                      
51

 Similarly, where central air-conditioning and water heating are demanded, consumers face a similar choice 
between in-building and district systems (heating and cooling). 
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If the upfront capital costs for single building energy equipment are high, there is greater 
incentive for the consumer to use district energy and avoid these initial costs.  Similarly, where 
energy prices are higher, there is greater incentive to take advantage of the high energy 
efficiency and economies of scale that are available from new district energy systems.  In the 
Business as Usual, it is assumed that the upfront costs for district energy include the 
incremental network costs to service the building.  In the ICES policy scenarios it is assumed 
that the rate base for district energy amortizes the incremental costs of the network over the 
lifespan of the technology, similar to the utility model used in the electricity sector.  In Business 
as Usual, space heating is dominated by in-home systems.  Distributed furnaces, heat pumps, 
and baseboard electric heating service 97.5% of all floor space in 2050, while the penetration of 
district energy in Canada remains low at 2.5% (Figure 25). 

Figure 25: Business as Usual penetration of space heating technologies in Canada 
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Figure 26 shows the penetration of space heating technologies in Canada after ICES policies 
have been implemented.  By 2050 the penetration of district energy grows to 12-13%.  The 
majority of market penetration occurs later in the simulation − in 2020 penetration is less than 
4%.  Growth in district energy reduces the market share of furnaces, but has little impact on the 
market share of electric baseboards.  Adoption of district energy in the ICES scenarios is driven 
by an increase in the density and diversity of neighbourhoods (an increase in mixed use 
compact development), and a rate structure in which the incremental costs of the network are 
amortized over the lifespan of the technology (utility model).  Both compact development and 
utility rate structures reduce the cost of district energy services, making it cost competitive with 
in-home heating systems. 
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Figure 26: Penetration of space heating technologies in Canada with Moderate and 
Aggressive ICES policies  
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ICES policies have a significant impact on the fuel mix supply of district energy services.  Figure 
27 shows how the fuel mix of district energy services varies between scenarios in 2020 and 
2050.  In 2020, natural gas technologies supply over 50% of district heat.  However, in the later 
simulation periods, heat production using natural gas declines, especially under the renewable 
portfolio standard contained in the Aggressive ICES policies.  Because of this standard, heat 
generation fuelled by natural gas drops to 25%.  By 2050, virtually all base load supply is 
generated from renewable fuels.  Under Moderate ICES policies, the fuel mix remains relatively 
stable over the simulation period, with natural gas supplying about 70% of total heat 
generation.  In both policy scenarios, biomass and biogas technologies dominate renewable 
district energy generation, capturing over 50% of renewable generation.  The rate base for 
district energy services rises with increasing use of renewable fuels − the cost of renewable 
technologies is greater than conventional natural gas technologies.  Consequently, district 
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energy costs are highest in the Aggressive scenario due to greater penetration of renewables, 
making incremental penetration costly.  Consequently, penetration in the Aggressive scenario is 
only 1% higher than the Moderate scenario despite having higher urban densities. 

Figure 27: District energy supply mix in 2020 and 2050 (% of total heat supply) 
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Provincial Impacts 
The penetration of district energy varies among regions, with the greatest penetration in 
Ontario and Quebec.  In these provinces, heat loads are significant and the price of electricity is 
high relative to the price of natural gas (spark spread).  In the policy scenarios, confronted with 
high electricity prices, consumers switch from in-home heating systems to district energy 
because it is more cost competitive.  Moreover, greater numbers of high density 
neighbourhoods in Ontario and Quebec further improve the cost competitiveness of district 
energy services relative to other regions. Conversely, Manitoba and the Atlantic provinces have 
the lowest penetration of district energy.  In Manitoba, the spark spread between natural gas 
and electricity is small and there is little financial incentive for consumers to switch to district 
energy.  In the Atlantic Provinces the spark spread is large, similar to Ontario and Quebec, 
although densities are not high enough to support a large-scale adoption of district energy.  In 
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some provinces (i.e., Alberta) district energy penetration is greater under Moderate ICES 
policies because district energy is more expensive under Aggressive ICES policies. 

District energy penetration offsets projected market share for in-home heating technologies.  
Table 26 compares the penetration of in-home heating systems (furnaces and baseboard 
electric) with district energy in the business-as-usual, Moderate and Aggressive ICES scenarios.  
Overall, growth in district energy displaces market share for furnaces in non-hydro provinces 
and electric baseboards in hydro province.  For example, by 2050 in Ontario with Moderate 
ICES policies, total market share for furnaces drops to 73% from 88% in Business as Usual.  by 
2050 in Quebec under the same policy scenario,  the market share for baseboards drops to 82% 
from 87% in Business as Usual, while the market share for furnaces remains relatively 
unchanged. 

Table 26: Space heating technology penetration by province in 2050 (% of total floor space) 

  Business as Usual Moderate Aggressive 

  Furnaces Baseboard DE Furnaces Baseboard DE Furnaces Baseboard DE 

British Columbia 9% 90% 1% 9% 87% 3% 10% 85% 5% 

Alberta 97% 2% 1% 92% 1% 6% 93% 1% 5% 

Saskatchewan 80% 18% 2% 77% 17% 6% 77% 17% 6% 

Manitoba 8% 91% 1% 8% 90% 2% 9% 89% 3% 

Ontario 88% 7% 4% 73% 7% 21% 71% 7% 22% 

Québec 11% 87% 1% 10% 82% 8% 11% 80% 10% 

Atlantic 28% 72% 0% 27% 70% 3% 27% 69% 4% 

Note: Furnaces include both distributed furnace and heat pumps 

Water Heating and Air Conditioning 
In addition to space heating, both water heating and cooling services have district energy 
technology options in CIMS.  Just as with space heating, the consumer can choose between in-
home water heating and cooling systems, and district energy services.52  Heat used for water 
heating comes from the same heat network as space heating; therefore the supply mix 
presented in Figure 27 is representative of supply mix providing water heating services.  District 
cooling, on the other hand, has its own supply system.  District cooling services are supplied by 
high-efficiency compression chillers, absorption coolers53 that drive a cooling cycle with waste 
heat, and deep water cooling similar to the Enwave system in Toronto.54  Figure 28 shows the 
penetration of district water heating and cooling in the Business as Usual and policy scenarios in 
2020 and 2050.  In 2020, the penetration of both district water heating and space cooling is 
minimal (0.3%-2%).  However, by 2050 the penetration of district heating and cooling increases 
significantly in the policy scenarios (11-12% and 2-3%, respectively); Business as Usual 

                                                      
52

 For water heating, district energy competes with conventional technologies like natural gas and electric water 
heaters, as well as solar and cogenerating systems.  For space cooling, district cooling competes with central air 
conditioning technologies of varying efficiency. 
53

 Compression chillers use electricity to run a compression cooling cycle, like a refrigerator or home air 
conditioner.  Absorption coolers use heat to run a cooling cycle and can be fuelled with waste heat from other 
processes.  
54

 www.enwave.com/dlwc.php.  This technology is included only in the CIMS regions where population 
concentrations are near deep water bodies. 

http://www.enwave.com/dlwc.php
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penetration remains fairly low (0.3%-1%). District cooling penetration remains low because 
most regions in Canada have small annual cooling loads.  In other words, the demand for 
cooling is usually not large enough to make establishing a district cooling network economically 
viable. 

Figure 28: Penetration of district water heating and space cooling in Canada (2020 & 2050) 
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Commercial Sector 

Box 3: Key commercial findings from Moderate and Aggressive ICES policies in 2050 

 Commercial and institutional floor space drops 3% (Moderate) and 8% (Aggressive), 
as building become more efficient with space   

 Demand for space conditioning service (heating, cooling and ventilation) fall 3 and 
7% 

 Direct and indirect emissions reductions are 6% and % 16, and are 4% and 9%, 
respectively  

 Total energy consumption falls 4% and 9%  
 District energy penetration is ~12% 

Building Stock 
As illustrated in the land use modelling results, commercial and residential buildings become 
more spatially efficient (lower floor space to area ratios) with ICES policies producing more 
compact mixed-use development.  Table 27 shows the impact of these efficiency improvements 
on provincial demand for floor space in the commercial sector.  In the table, changes in floor 
space demand are displayed in relative terms with Business as Usual where demand equals 
100.  The ICES policies have a greater impact in Alberta, Saskatchewan and Manitoba because 
of forecasted GDP growth and the mix of archetype cities within each province (i.e., higher GDP 
growth in the commercial sectors equals more development − floor space demand −, especially 
in small and emerging cities, and more opportunity for ICES policy to impact new stock).  In the 
Moderate scenario total floor space demand is projected to be an average of 3% below 
Business as Usual in both 2020 and 2050.  In the Aggressive scenario, spatial efficiency improves 
even further and total floor space demand is projected to be an average of 3% and 8% below 
Business as Usual in 2020 and 2050, respectively. 
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Table 27: Total commercial floor space demand relative to Business as Usual 
 Moderate Aggressive 

REF=100 2020 2050 2020 2050 

British Columbia 97 97 96 93 

Alberta 97 95 97 92 

Saskatchewan 97 96 96 92 

Manitoba 97 95 97 92 

Ontario 97 97 97 93 

Quebec 97 97 97 93 

Atlantic 97 97 97 93 

Spatial efficiency and the density of development (compact or sprawled) shape the demand for 
heating, cooling, and ventilation services (HVAC).  Table 28 shows the effect of ICES policies on 
HVAC service in 2020 and 2050.  In the policy scenarios, greater reductions occur later in the 
simulation due to inertia of capital stock turnover.  In 2020, reductions in HVAC demand are 
equal in both policy scenarios.   By 2050 demand drops 7% below Business as Usual with 
Aggressive ICES policies, while demand remains at 3% below Business as Usual with Moderate 
ICES polices. 

Table 28: Comparison of commercial heat load in new and total stock (2020 and 2050) 

Commercial HVAC demand 
 2020 2050 

 Relative to BAU Relative to BAU 

Aggressive ICES (AGG) -3% -3% 

Moderate ICES (MOD) -3% -7% 

Energy and Emissions 
Business as Usual emissions are projected to grow 50% (includes direct and indirect emissions) 
between 2010 and 2050.  Over the same period, consumption of primarily electricity and 
natural gas is projected to grow 72%.  Figure 23 and Figure 24 show emissions and energy 
consumption in the Business as Usual and policy scenarios.  When ICES policies are 
implemented, growth in both greenhouse gas emissions and energy slows.  Between 2010 and 
2050 emissions grow 44% in the Moderate scenario, falling to 37% in the Aggressive scenario.  
There is considerable difference between emissions reduction in the Aggressive and Moderate 
scenarios in the later simulation periods, the result of renewable standards and higher shell 
efficiencies.  Over the same period energy consumption grows 67% and 58% in the Moderate 
and Aggressive scenario respectively − 4% and 9% below Business as Usual in 2050.  Of total 
reduction in 2050 approximately 40% are indirect emissions reductions.  Indirect emissions 
reductions do not vary greatly between the Moderate and Aggressive scenario (~1% 
difference), due to low Business as Usual penetration of electric space heating technologies. 
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Figure 29: Direct and indirect commercial emissions forecast (Mt CO2e) 
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Figure 30: Commercial energy consumption forecast (PJ) 
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Space Conditioning and District Energy 
In the commercial sector, space conditioning (heating, cooling and ventilation) and water 
heating are responsible for more than half of total energy consumption and emission 
generation in the sector.  Demand for space conditioning in the commercial sector depends on 
both climate and the function of the building (i.e., space conditioning demand (GJ/m2) is 
greater for a commercial building that provides accommodation services than retail services), 
while energy and emissions intensity are a function of the technologies used to meet demand.  
Like the residential sector, a wide variety of technologies provide space heating services in the 
commercial sector - natural gas and oil fueled boilers, heat pumps, electric baseboards and 
district energy.  Unlike the residential sector, the mix of space heating technologies does not 

Aggressive 

Aggressive 

Moderate 

Moderate 
BAU 

BAU 
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vary among provinces.  In the absence of policy, heating services are dominated by natural gas 
boilers.  In Business as Usual, space heating continues to be dominated by natural gas boilers (> 
90% in 2050).  In this scenario there is virtually no penetration of district energy in 2050 (Figure 
25).  Therefore any loss in market share of boilers to non-fossil fuel heating technologies (i.e., 
district energy from waste heat) will result in emissions reductions in the sector. 

Figure 31: Business as Usual penetration of space heating technologies in Canada  
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Under ICES policies, district energy gains significant market share growing to approximately 
12% in 2050.  Figure 32 shows the penetration of district energy in Canada under Moderate and 
Aggressive ICES policies.  District energy penetration is similar in the Moderate and Aggressive 
scenario, with 2020 penetration at 3% and 2050 penetration at 11.4 and 12.4%, respectively.  
Growth in district energy displaces the market share of boiler technologies, primarily those 
fuelled by natural gas.  In Business as Usual, distributed furnaces − primarily natural gas boilers 
− capture 97% of the market share, while with ICES policies the market share falls to 85%.  
Baseboard technologies are not affected by ICES policies, maintaining a market share of 3%. 
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Figure 32: Penetration of space heating technologies in Canada with Moderate and 
Aggressive ICES 
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As noted in the residential sector, ICES policies (subsidy and renewable portfolio standard) have 
a significant impact on emissions in the commercial sector as these mechanisms promote the 
use of zero/low emissions heating technologies.  Figure 27 illustrates the impact of these 
policies, showing how the fuel mix of district energy services varies between scenarios in 2020 
and 2050.  In 2020 the penetration natural gas technologies is >50%.  In 2050 the penetration 
of natural gas technologies declines significantly in the Aggressive scenario, as the renewable 
portfolio standard takes effect, where the supply mix in the Moderate scenario remains 
relatively stable over the simulation period.  Waste heat (industrial and sewer waste heat) 
dominates renewable supply.  By 2050 waste heat provides 60% of total renewable supply and 
46% of total supply.  District energy technologies that use waste heat improve the exergy of the 
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energy system as they capitalize on energy cascading opportunities and better match energy 
services needs to energy supply (i.e., space heating with low exergy energy − heat). 

Figure 33: District energy supply mix in 2020 and 2050 
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Provincial Impacts 
Similar to the residential sector, the penetration of district energy in the commercial sector is 
greatest in Ontario and Quebec − 17 and 19% respectively with Aggressive policies in 2050.  In 
these provinces the district energy is a competitive alternative to using boilers or furnaces 
because of higher electricity prices and urban densities.  Despite having lower density, high 
electricity prices (relative to natural gas price) drive substantial uptake of district energy in the 
Atlantic provinces in 2050 − 11 and 15% in the Moderate and Aggressive scenario, respectively.  
In the commercial sector district energy competes directly with natural gas boilers in which 
building owners are required to pay for the cost of the system as well as the fuel cost.  With 
district energy the business owner only pays for the control equipment and the cost of service 
(district energy rate base), similar to electric baseboards.  From this perspective, district energy 
could be viewed as “baseboard” delivery of the energy contained in natural gas or waste heat.  
When electricity prices are high, district energy services provide a financially beneficial 
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alternative to systems that require large upfront capital investment.  The remaining provinces 
display similar penetration rates, around 4% in the policy scenarios.  Lower densities and heat 
loads, and smaller spark spreads all contribute to lower penetration rates in the rest of Canada. 

Table 29: Space heating penetration by province in 2050 (% of total floor space) 
  Business as Usual Moderate Aggressive 

  Furnaces Baseboard DE Furnaces Baseboard DE Furnaces Baseboard DE 

British Columbia 99% 1% 0% 97% 1% 2% 94% 1% 5% 

Alberta 100% 0% 0% 95% 0% 5% 96% 0% 3% 

Saskatchewan 99% 1% 0% 94% 1% 5% 95% 1% 4% 

Manitoba 91% 8% 0% 88% 8% 4% 86% 9% 5% 

Ontario 96% 4% 0% 78% 3% 19% 80% 3% 17% 

Québec 93% 7% 0% 83% 6% 10% 75% 6% 19% 

Atlantic 97% 2% 1% 87% 2% 11% 83% 2% 15% 

Water Heating and Air Conditioning 
Figure 34 shows the penetration of district water heating and cooling in Canada in 2020 and 
2050.  Much like the residential sector, the penetration of district water heating in the 
commercial sector is similar to the penetration of space heating − 12-13% in the policy 
scenarios.  By 2020 district water heating gains significant market share, rising to 9% market 
penetration; after 2020 incremental market share growth is marginal.  Market penetration in 
the Moderate scenario is slightly greater than the Aggressive scenario in 2050 because the 
renewable portfolio standard increases the cost of district heating services, giving it a slight cost 
disadvantage.  Like the residential sector, district cooling is unsuccessful in capturing market 
share since most regions in Canada have small annual cooling loads.  With ICES policies market 
penetration reaches only 0.4-0.6% by 2050. 

Figure 34: Penetration of district water heating and cooling in Canada (2020 & 2050) 
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Transportation Sector 

Within the transportation sector, several end-uses contribute to greenhouse gas emissions, of 
which the most significant are passenger vehicles and road freight transportation.  Figure 35 
shows total GHG emissions in Canada from the transportation sector in 2006, disaggregated by 
activity.  Urban transportation accounts for about 35% of total urban emissions in Canada.  
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Emissions from personal vehicles, urban freight, and transit all come within the purview of 
urban transportation.  In this study, ICES policies target urban transportation activity related 
personal vehicles and transit through the transportation modelling carried out by Eric Miller.  
Urban freight emissions are not directly impacted by the transportation model, but are later 
impacted by energy and emissions policies. 

The personal transportation model in CIMS accounts for emissions and energy consumed as a 
result of urban and intercity travel.  Aside from a portion of intercity travel that has been 
subject to ICES policies − a portion of intercity travel that occurs within the boundaries of the 
large city archetype (i.e., GO bus and rail travel activity within the GTA) − intercity travel activity 
is largely unaffected by ICES policies.  The results presented below reflect the impact of ICES 
policies on the entire personal transportation sector.  Therefore the pure impact of ICES policies 
is not fully transparent.  In the following section we will describe these impacts, highlighting 
where possible the effect of ICES policies on urban travel alone. 

Figure 35: 2006 energy and GHG emissions in Canada's transportation sector, by activity   
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Box 4: Key transportation findings from Moderate Aggressive ICES policies in 2050 

 Urban travel demand decreases 6% (Moderate) and 16% (Aggressive) as trip length 
and auto ownership declines  

 Demand for vehicles decreases 10% and 22% 
 Transit ridership (pkt) grows  63% and 89% 
 Emissions reductions are 3% and 9% 
 RPP consumption drops 4% and 9% 

Urban transportation activity 
affected by ICES policies 
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Transportation Stock 
In Business As Usual, urban travel demand increases substantially over the study period from 
284 billion Pkt to 568 billion Pkt in 2050 (an increase of 78%).  Despite growth in transit 
demand, transit continues to represent a small portion of total urban travel, falling to 5% of 
total Pkt in 2050 from 6% in 2005.  Under ICES policies the urban form becomes more compact, 
increasing residential and commercial densities especially near transit lines, and improving 
transit services.  As a result average trip length is reduced, resulting in an overall drop in urban 
travel demand of (6-16%) by 2050 with total personal transportation demand dropping by 3-
9%.  Demand for transit and non-motorized travel (walking and cycling) grow even larger, 
offsetting demand for auto travel.  In 2050 transit and non-motorized transport captures 10% 
and 13% of total urban travel demand, while demand for auto travel drops 10% and 22%, 
respectively in the Moderate and Aggressive policy scenario.  Although demand for non-
motorized and transit travel increase significantly in the policy scenarios (e.g., transit travel 
grows 63% and 89% relative to Business as Usual in the Moderate and Aggressive scenarios), 
auto travel continues to dominate mode choice − 91% and 88% in 2050.55 Activity in the freight 
transportation (as measured by tonne-kilometres) remains unaffected by ICES policies and, 
greenhouse gas emissions more than double in the freight transportation sector over the 
forecast period (reaching 198 Mt CO2e in 2050). 

Emissions and Energy 
In Business as Usual, technological advancements drive the emissions and energy intensity of 
the sector downward while new transportation demand concurrently drives emissions and total 
energy consumption upward.  The energy intensity of passenger vehicles, measured Vkt, 
decreases by 38% over the simulation, while the emissions intensity decreases by 49%.  
Improvements in emissions and energy intensity are the result of high gasoline prices and the 
hybridization of vehicles across the transportation fleet.  Due to the large increase in demand 
for urban travel between 2010 and 2050, in the Business as Usual scenario, energy 
consumption increases by 12% and emissions remain at 2010 levels (including direct and 
indirect emissions).  Figure 36 compares demand for passenger vehicle and transit demand with 
sector emissions in the Business as Usual and policy scenarios.  The provincial differences in the 
transportation sector are relatively minor in comparison to other sectors, so we ignore them in 
this section. 

                                                      
55

 Non-motorized urban travel actually increases slightly more in the Moderate scenario than in the Aggressive 

scenario, because higher density in the AGG scenario reduces walking distances. 
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Figure 36: Passenger vehicle and transit demand, and sector emissions in 2020 and 2050 
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ICES policies encourage transit and non-motorized travel and discourage passenger vehicle 
travel, thus overall energy consumption and greenhouse gas emissions in the sector are 
reduced.  In 2050 both energy consumption and emissions decline from Business as Usual by 3 
and 9%, respectively, in the Moderate and Aggressive policy scenario, equivalent to 3 and 8 Mt 
CO2e.  From 2010 to 2050, total emission decrease 5% and 10% in the policy scenarios 
(Aggressive <1%).  ICES policies have no effect on the energy or emissions intensity of vehicle 
travel, as ICES policies do not affect fuel choice. 

Refined petroleum products (RPP), primarily gasoline and diesel, account for over 80% of the 
sector's energy consumption.  Reduced demand for passenger vehicles and shorter trip lengths 
resulting from ICES policies decrease RPP consumption between 1.6 and 4.0 billion litres in 
2050.  The overall fuel mix remains largely unaffected by ICES policies.  ICES policies also 
produce significant increases in transit.  In CIMS, urban transit includes buses (conventional and 
low/zero emissions) and rapid transit (electric-powered).  Even though demand for transit 
almost doubles relative to Business as Usual, transit remains a small portion of overall travel 
demand and a large portion of transit services are provided by modes powered by RPPs.  ICES 
policies have a greater impact on energy and emissions in the Aggressive scenario and in later 
simulation periods.  The implementation of ICES over long periods will encourage continued 
reductions to average trip lengths and the concentration of people and jobs creates that is 
needed to support additional transit development. 

Policy Analysis: Complementary Policies 

Synergies exist among the ICES and non-ICES policies, and the scenarios that achieve the 
greatest emission reductions are those that combine both types of policies.  Technology 
regulations and carbon pricing, building codes, and ICES policies encourage different types of 
actions: technology regulations and carbon pricing induce a range of actions to reduce 
emissions, such as fuel switching, energy efficiency and technological change; building codes 
improve the efficiency of building shells in a manner that cannot be achieved by land use 



 

79 

change or a carbon pricing; and the ICES policies alter the urban landscape in ways that can’t be 
achieved by a carbon pricing alone.  In many cases, combining the different policies results in 
synergies.  For example, while ICES policies reduce energy demand and the types of 
transportation services required in the urban environment, a carbon tax induces a range of 
actions that complement these changes, such as fuel switching, greater energy efficiency and 
the adoption of low-emission vehicle technologies.  The ICES and non-ICES policies also impact 
emissions reductions over different timeframes due to the variation in turnover of different 
types of technological and capital stock.  Combining ICES policies with non-ICES policies allows 
emissions to be reduced while the urban form is changing.  This section investigates the effects 
of combining ICES policies with 1) a carbon price of $200/t and building codes, 2) a regulatory 
package to achieve an emissions reduction target, 3) exergy policies. 

Box 5: Key findings from complementary policy analysis in 2050 

 Direct and indirect urban GHG emissions are reduced by 191-211 Mt CO2e (67-74%) 
in scenarios with a $200/t CO2e carbon tax in 2050 

 Combining the ICES policies with a carbon tax and building code results in additional 
urban emission reductions of up to 8 MtCO2e in 2050, relative to a scenario where 
ICES policies are not implemented 

 Abatement action from fuel switching and carbon capture and storage is smaller 
when emissions target regulations are combined with ICES policies 

 Banning baseboards improves system exergy, increasing district energy penetration 
in the residential sector to 19% 

Carbon Tax and Technology Regulations 
Direct and indirect urban greenhouse gas emissions are reduced by 202-211 Mt CO2e (71-74%) 
in scenarios with a $200/t CO2e carbon tax and ambitious building regulations in 2050, relative 
to Business as Usual.56  The carbon tax induces a range of actions that reduce urban greenhouse 
gas emissions, including fuel switching (most notably electrification in the residential and 
commercial sectors and the adoption of biofuels in the personal transportation sector), energy 
efficiency, and the adoption of low-emission vehicle technologies such as plug-in hybrids.  
When this scenario is combined with Moderate and Aggressive ICES policies, emissions are 
reduced by an additional 4 and 8 Mt CO2e, respectively.  Of all the scenarios examined in this 
report, this scenario (in which the carbon tax is combined with ambitious building codes and 
the Aggressive ICES policies) results in the greatest emission reductions (211 MtCO2e in 2050).  
Table 30 compares emissions reductions in all of the complementary policy scenarios. 

                                                      
56

 The carbon tax begins in 2015 at $20 t CO2e, rising to $200 t CO2e in 2030 and remaining constant thereafter. 
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Table 30: Emission reductions from tax and technology regulations relative to Business as 
Usual in 2050 
 Tax Scenarios 

 
Tax only 
(T200) 

+BLD Code 
(T200+) 

+MOD 
 (T200+_AGG) 

 +AGG 
(T200+_MOD) 

Total Covered Emissions 191 202 206 211 

Direct Covered Emissions 65% 70% 71% 73% 

Residential 67% 73% 74% 76% 

Commercial 72% 82% 84% 85% 

Transportation Personal 59% 59% 60% 62% 

Indirect Covered Emissions 72% 75% 76% 77% 

Total Covered Emissions 67% 71% 73% 74% 

In the scenarios with the carbon tax, close to 40% of urban reductions result from a drop in 
indirect emissions (mostly in the residential and commercial sectors), and the majority of 
indirect emission reductions are associated with electricity generation (a much smaller 
proportion are associated with natural gas production57).  The carbon tax also encourages 
electrification in other sectors in the economy and economy-wide emissions decline because of 
decarbonisation in the electricity sector (the fuel mix in the electricity generation sector shifts 
away from fossil fuels toward renewable, CCS and nuclear).  The emissions intensity of 
generation declines dramatically in the scenarios with the tax, such that it emits about 75% less 
CO2e per MWh in 2050 relative to Business as Usual; however, the fuel mix does not change 
among the different tax scenarios. 

In the tax plus ambitious building code scenario, urban energy consumption decreases by about 
1400 PJ (26%) in 2050 relative to Business as Usual (see Figure 37).  When Aggressive ICES 
policies are included, an additional 290 PJ of energy savings are achieved (an additional 5%).   
As is the case with emissions, the scenarios that combine non-ICES policies with ICES policies 
produce the greatest energy savings. 
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 We do not consider indirect emissions associated with RPP production. 
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Figure 37: Urban primary and secondary energy consumption in 2050, by fuel 
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In addition to reducing overall energy consumption, the tax induces a significant switch away 
from fossil fuels towards electricity and renewable energy.  In the scenario with the tax and 
building code, electricity consumption is 16% greater and renewable energy consumption an 
average of 276% higher than in Business as Usual in 2050.  These values change to 5 and 320 % 
when Aggressive ICES policies are included.  Electrification has the biggest impact on emission 
reductions.  In fact, electricity accounts for 70-90% of residential and commercial energy 
consumption in 2050 in the carbon tax scenarios, and over one quarter of consumption in the 
personal transportation sector.  Although the growth in renewable energy consumption is 
substantial, it continues to provide only a small portion of total urban energy supply. 

Economy-wide electricity demand is highest in the pure tax scenarios (no ICES policies or 
building codes) growing 28% relative to Business as Usual (1,400 TWh in 2050).  Demand is 
moderated somewhat when the tax is combined with ICES policies − electricity consumption 
grows only 20 and 17%, in the Moderate and Aggressive scenario respectively.  Consequently, 
electricity generation as well as the associated capital investment is lower.  The marginal impact 
of combining the ICES policies with the tax scenario produces electricity savings equivalent to 
between three and seven 1,000 MW power plants.

58 
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 The electricity saving in 1000 MW power plant equivalents calculation assumes an 80% capacity factor and 15% 
reserve margin 
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Figure 38: Electricity generation in 2050, by fuel 
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GHG Target Policies (Carbon Tax and Regulations) 
Figure 39 shows the GHG emission trajectories of two scenarios (T300+ and T300+AGG) that 
reach an emissions reduction target of 17% below 2005 levels by 2020, and 65% by 2050. 
Achieving these targets represents a substantial reduction because in the absence of climate 
policy, emissions are anticipated to rise to 12% above 2005 levels by 2020 and 54% by 2050. 

In addition to a GHG price that reaches and maintains $300/tonne CO2e by 2030, a variety of 
regulations are included in the GHG Target scenarios: 

 Ambitious building regulations equivalent to those modelled the carbon tax scenario 

(T200+); 

 A vehicle emission standard for the personal transportation sector equivalent to that 

modelled in the carbon tax scenario; 

 Regulations to reduce venting and flaring in the upstream oil and gas sectors (which 

lowers emissions by 42 Mt CO2e annually by 2050); and 

 Aggressive ICES policies in the GHG Target + ICES scenario. 

In the scenario that does not include ICES policies (T300+), emissions reach 247 Mt CO2e in 
2050 (excluding agricultural emissions).  When Aggressive ICES policies are incorporated – the 
T300+_AGG scenario – emissions are further reduced to 243 Mt CO2e in 2050 (Figure 39). 

In both scenarios, the GHG target is achieved with an equivalent pricing and regulatory policy 
package.  While the ICES scenario produces emissions reductions of 243 Mt CO2e, < 4 Mt CO2e 
less than the scenario that does not include these policies, the difference is minimal and both 
scenarios achieve emissions reductions of 65% by 2050. While these results imply that carbon 
prices and regulation are driving abatement, the actions and costs associated with emission 
reduction in the two scenarios differ.  With the ICES policies, abatement action from fuel 
switching and carbon capture and storage is smaller, because overall demand for energy is 
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lower.  Also, ICES policies encourage certain actions (such as mode switching, and reduced 
travel and HVAC demand) that could not have been attained in the comparison scenario 
(T300+).  Finally, the ICES policies lower the financial cost of meeting the targets. In response to 
the carbon tax and regulations, total direct financial abatement expenditures rise by $70 billion 
(5%) in 2050, relative to Business as Usual. However, when combined with the ICES policies, 
total direct financial expenditures actually decrease by almost $6 billion (0.4%) to $64 billion. 

Figure 39: GHG emissions in scenarios that meet Canada’s emission reduction targets 
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Note: Emissions from the agriculture sector are excluded. 

The GHG price sends a strong financial signal to all areas of the urban sectors (and the rest of 
the economy), inducing a range of actions to reduce GHG emissions. These actions reduce the 
GHG intensity of urban activities (such as the emissions intensity of floor space and passenger 
travel). For this reason, the marginal emission reductions associated with the ICES policies are 
lower in the presence of such a strong price signal – reducing floor space and private vehicle 
travel achieves lower reductions relative to a scenario in which the price signal does not exist. 
The T300+ and T300+_AGG scenarios therefore achieve similar national GHG reductions. 

Exergy Policies 
A comprehensive exergy analysis would examine the entire energy system from the perspective 
of maximizing its capacity to do work from all available qualities and quantities of energy.  
Practically speaking, it would investigate ways to better match energy qualities to uses (i.e. 
using high quality energy such as electricity to run computers, and lower grade steam and hot 
water to heat buildings), thereby minimizing energy use and the environmental impact of the 
system. 

In this report we assess two potential aspects of exergy maximization: minimizing the use of 
electricity for home heating through restrictions on the use of baseboards in apartments, and 
“energy cascading” via the use of district energy heat transmission networks, effectively the 
reuse of degraded high quality energy, such as combusted natural gas, as lower grade hot water 
for home heating.  District energy facilitates the implementation of large-scale energy 



 

84 

cascading through flows of thermal energy via the hot water transmission network (Rosen, 
2010).  Thermal energy “found” at low levels of exergy (i.e., waste and sewer heat) further 
increases the exergy of the system, or its capacity to do work, while reducing its environmental 
impact.  While there is potential for energy cascading throughout the economy, this analysis 
focuses on the potential in the commercial and residential sectors only.  Future research is 
likely to expand on this analysis.   

Two exergy enhancing policies are examined in this analysis:  

1. A policy that encourages the uptake of district energy (water and space heating, as well 
as cooling) and the use of local renewable sources of this energy (geothermal exchange, 
biomass, biogas, waste and sewer heat).  A key benefit of this policy is that establishes a 
district energy hot water heat transmission network, which allows energy cascading 
opportunities to occur.  

2. A policy that bans electric baseboard heaters in all new apartments units after 2015 

The results of this study provide an indicator of energy cascading opportunities using district 
energy systems in the residential and commercial sectors in Canada.  The impact of district 
energy policy is discussed in detail in previous sections of this report (see discussions on space 
heating in the residential and commercial sectors).  Overall, district energy policies increase 
adoption of district energy services to approximately 12% of residential and commercial heat 
load, relative to a business as usual with very little district energy.  Moreover, policies that 
encourage using renewable energy sources in the district system improve system exergy even 
further as low grade (low exergy) energy is used for space heating purposes. 

Electric baseboard heaters, while highly efficient from an energy perspective, are inefficient 
from an exergy perspective because high exergy energy (electricity) is used to provide a service 
with low exergy requirements (space and water heating).  Policies that restrict the use of this 
technology are likely to improve system exergy.  In this study, a policy banning baseboard 
heaters is applied to all new apartments units after 2015 in the Aggressive policy scenario.  The 
result of this policy is a significant increase in the adoption of district energy.  Without this 
policy, residential penetration is 13% (Aggressive ICES only), but with this policy, penetration 
rises to 19%.  Additionally, system exergy improves because the market share lost from 
baseboard electric heaters is offset with district energy supplied with waste heat and 
renewables − by 2050 36% of total generation is waste and sewer heat.  On a national level, this 
policy (a ban on baseboards combined with Aggressive ICES policies) produces emissions 
reduction equal to Aggressive ICES policies alone, 35 Mt CO2e.  On a provincial scale this result 
does not hold true as some provinces (mainly hydro provinces) actually experience a small 
increase in emissions, while others experience a reduction.  In hydro provinces (i.e., British 
Columbia, Manitoba and Québec) the penetration of baseboard heaters is high and the 
emissions intensity of space heating is low.  In these provinces, when heating technologies with 
higher emissions intensity (e.g. district energy with natural gas) replace baseboards, emissions 
are likely to increases.  In the baseboard ban policy modelled in this study, emissions in hydro 
provinces experience small increases in emissions (relative to Aggressive ICES alone) because of 
the renewable portfolio standards.  While the renewable standard is quite aggressive, the 
emissions intensity of district energy is higher than that of baseboards − 25% of total 
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generation is natural gas and ~40% of total generation is biomass.59  In the absence of a 
renewable standard, natural gas technologies dominate district energy generation and a 
baseboard ban policy would likely increase emissions even further in hydro provinces.  To 
minimize the potentially perverse impact of the baseboard ban policy in some jurisdictions, it is 
essential to consider the energy use (i.e., matching low exergy use with low exergy supply) as 
well as, the environmental impact of energy supply (i.e., replacing hydro electricity with natural 
gas). 

CAC Analysis 

In this section, we assess the impact of each policy scenarios on criteria air contaminant (CAC) 
emissions. CACs are a group of pollutants resulting from a variety of sources, including fossil 
fuel combustion and industrial processes, which have a range of impacts for local and regional 
air quality.  

CAC emissions considered in this analysis include carbon monoxide (CO), volatile organic 
compounds (VOCs), sulphur oxides (SOX), nitrous oxides (NOX) and particulate matter <2.5 
microns (PM2.5).  Table 31 summarises the sources and air quality impacts of these 
contaminants. 

Table 31: Anthropogenic sources and impacts of criteria air contaminants (CACs) assessed in 
this study 

CAC Sources Local air quality impacts 
CO Incomplete combustion of hydrocarbon-based 

fuels, paper manufacturing, residential wood 
heating, forest fires 

Human health (inhibits blood’s capacity to carry 
oxygen) 

VOC Carbon-containing gases and vapours from a 
variety of sources such as gasoline fumes and 
solvents 

Direct toxic effects on humans/animals; 
contributes to formation of PM2.5 and ground-
level ozone (a major component of smog) 

SOX Combustion and refining of materials containing 
sulphur such as coal, oil and metal-containing 
ores 

Human/animal health (respiratory), impacts on 
vegetation, damage to ecosystems and 
structures through acidification, a.k.a. “acid 
rain”; contributes to formation of PM2.5 

NOX Combustion of hydrocarbon-based fuels Similar to impacts of SOX; also contributes to 
formation of PM2.5 and ground-level ozone (a 
major component of smog) 

PM2.5 Airborne particulate matter with a mass median 
diameter less than 2.5 µm arising from 
combustion of hydrocarbon-based fuels 

Human/animal health (cardiac, respiratory and 
heart disease), impacts on vegetation and 
structures, visibility deterioration 

Adapted from: Environment Canada. 2010. Criteria Air Contaminants and Related Pollutants. Retrieved August 2, 
2010 from www.ec.gc.ca/air/Criteria_Air_Contaminants-WS7C43740B-1_En.htm  and           NARSTO. 2004. 
Particulate Matter Assessment for Policy Makers: A NARSTO Assessment. P. McMurry, M. Sheppard, and J. Vickery, 
eds. Cambridge University Press, Cambridge,  England. Retrieved August 2, 2010 from 
ftp://narsto.esd.ornl.gov/pub/PM_Assessment/11Ch44.22.pdf. 
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 In this analysis biomass has an emissions coefficient of 0.00039244894 t CO2e/GJ. 

http://www.ec.gc.ca/air/Criteria_Air_Contaminants-WS7C43740B-1_En.htm
ftp://narsto.esd.ornl.gov/pub/PM_Assessment/11Ch44.22.pdf
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CAC Emissions in the Urban Sectors 
Table 32 shows direct and indirect Business as Usual emissions in 2050 for each urban sector by 
type of CAC (in kt). The personal transportation sector accounts for the majority of CAC 
emissions (over 3,400 kt, or 65%, in 2050 in the Business as Usual scenario) due in large part to 
emissions of carbon monoxide. In the residential and commercial sectors, the majority of NOX 
and SOX emissions are indirect emissions associated with electricity generation.  

Table 32: Business as Usual direct and indirect urban CAC emissions by sector, 2050  

(kt) PM2.5 NOX SOX VOC CO Total 

Direct       

Residential 50 33 2 76 327 487 

Commercial 15 64 12 256 40 387 

Personal Transportation 3 264 2 177 2,936 3,382 

Indirect       

Residential 4 164 181 42 96 486 

Commercial 4 153 168 73 104 502 

Personal Transportation 0 16 18 1 8 44 

Total       

Residential 54 197 183 117 423 974 

Commercial 18 217 180 329 144 889 

Personal Transportation 3 280 20 178 2,945 3,426 

Indirect emissions from the electricity generation and natural gas sectors are included. 

Figure 40 shows direct and indirect urban CAC emissions by scenario in 2050. Total CAC 
emissions (including indirect emissions associated with electricity generation and natural gas 
production) are reduced by 5 and 12% in response to the Moderate and Aggressive ICES 
policies, relative to Business as Usual in 2050. In both policy scenarios, CO emissions account 
for the majority of reductions on an absolute basis due to their large presence in the personal 
transportation sector. On a relative basis however, the Moderate and Aggressive ICES policies 
have the greatest impact on PM2.5 emissions (found largely in the residential sector, as natural 
gas and wood-fired furnaces are replaced with district energy), causing reductions of 15 and 
24% relative to BAU in 2050, respectively. VOCs are reduced by 7 and 15%, while the other 
emissions (NOX, SOX and CO) are reduced by about 5 and 10%. 

In response to a GHG price of $200/tonne CO2e, CACs are reduced by 49%, and when combined 
with the ICES policies, emissions are reduced by over half (52-54%). CO emissions are again 
reduced the most on an absolute basis due to reductions from the personal transportation 
sector (up to 1.7 Mt). The carbon tax causes a large reduction in SOX emissions (largely indirect 
emissions associated with electricity generation), of up to 94% when combined with Aggressive 
ICES policies. NOX emissions (also largely associated with electricity generation) are reduced by 
up to 64%, and VOCs are reduced a similar amount. Meanwhile, PM2.5 and CO emissions are 
reduced by up to about half. 
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Figure 40: Direct and indirect urban CAC emissions by scenario, 2050 
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Note: Indirect emissions from the electricity generation and natural gas sectors are included. 
 

Table 33 summarizes the impact of the ICES policies on direct and indirect urban emissions. 

Table 33: Impact of ICES policies on CAC emissions, 2050  

Moderate ICES 

(% change from BAU) PM2.5 NOX SOX VOC CO Total 

Direct       

Residential -20% -4% -20% -19% -20% -19% 

Commercial -6% -9% -9% -5% -5% -5% 

Personal Transportation 5% -3% 4% -5% -3% -3% 

Indirect       

Residential -5% -5% -5% -4% -5% -5% 

Commercial -4% -5% -4% -7% -5% -5% 

Personal Transportation 2% 1% 1% 4% 1% 1% 

Total       

Residential -19% -5% -5% -14% -17% -12% 

Commercial -5% -6% -5% -5% -5% -5% 

Personal Transportation 5% -3% 2% -5% -3% -3% 
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Aggressive ICES 

(% change from BAU) PM2.5 NOX SOX VOC CO Total 

Direct       

Residential -31% -15% -32% -30% -31% -30% 

Commercial -12% -15% -14% -12% -12% -12% 

Personal Transportation 4% -9% 2% -12% -9% -9% 

Indirect       

Residential -11% -12% -11% -20% -14% -13% 

Commercial -10% -10% -10% -16% -13% -11% 

Personal Transportation -2% -2% -1% 6% -3% -2% 

Total       

Residential -29% -12% -11% -26% -27% -21% 

Commercial -12% -12% -10% -13% -12% -12% 

Personal Transportation 3% -9% -1% -12% -9% -9% 

 

National CACs 
In the Business as Usual total national CAC emissions reach 22 Mt in 2050, up over 50% from 
2005. Of these emissions, CO represents the majority (12.2 Mt in 2050). The increase in CAC 
emissions over the period is predominantly due to growth in freight transportation, other 
manufacturing and industrial sectors. National emissions of all of the other types of CACs 
increase over this period. However, emissions generally decline in the residential and personal 
transportation sectors. Appendix I contains detailed CAC results by sector. 

Figure 41 shows the CAC emissions in 2050 that result from each of the policy scenarios.  
Although none of the scenarios include policies specifically targeting CAC emissions, emissions 
of CACs are affected because of changes in demand induced by the ICES policies (such as lower 
heating requirements in the buildings sectors and reduced private vehicle use) or fuel switching 
and greenhouse gas emission control technologies (i.e., CCS) associated in particular with the 
emissions pricing scenarios. 

Moderate and Aggressive ICES policies reduce CAC emissions by 2 and 4% (respectively) relative 
to Business as Usual in 2050 (see Figure 41). PM2.5 emissions decrease the most (up to 24% in 
the Moderate scenario, relative to Business as Usual in 2050), while all other CACs decrease 
between 2 and 6%. Total CACs are reduced by a greater amount (28%) in response to a GHG 
price of $200/tonne CO2e, and by up to 30% when the emission price is combined with 
Aggressive ICES policies.  
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Figure 41: CAC emissions in 2050, by scenario 
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National CIMS Results: Announced Policy Runs 

Results presented in this section reflect an analysis of ICES policies when announced policies 
are considered (announced policy runs).  This allows us to assess the impact of the ICES 
policies relative to a forecast that includes announced GHG policies, regulations, and building 
codes, in order to quantify the marginal impact of the ICES policies and identify synergies 
among different types of policies 

Effect of Combining ICES Policies with Announced Climate Policies 

Box 6: Key findings with announced policy runs 

 The marginal impact of the ICES policies is reduced by 2 and 6 Mt CO2e in 2050 
 Announced policies lower the emissions intensity of both personal 

transportation and space heating in the buildings sectors 
 Greater emissions reductions (relative to a scenario where no policies are 

implemented – Aggressive) are achieved when ICES policies are combined with 
announced policies than when either is implemented alone 

When the British Columbia carbon tax, Alberta's Specified Gas Emitters Regulation, and 
announced national vehicle emissions standards and building codes are combined with ICES 
policies the marginal impact of the ICES policies is reduced (see methodology for details on 
policies).  The marginal impact of the ICES policies is reduced by 2 and 6 Mt CO2e in 2050 when 
announced policies are included in Business as Usual.  Table 34 compares emissions reduction 
achieved with ICES policies in the analytical analysis (reference case does not include 
announced policies) and the announced policy analysis (reference case does include announced 
policies).  Announced policies lower the emissions intensity of both personal transportation and 
space heating in the buildings sectors.  Subsequent reductions in transportation and floor space 
demanded in the Moderate and Aggressive scenarios therefore have a smaller impact on 
emissions relative to a baseline in which these emissions intensities are higher. 
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Table 34: Comparison of emissions reduction in the analytical and announced policy runs 

 
Announced Policy Runs 

(relative to BAU + announced policy) 
Analytical Run 

(relative to BAU) 

 MOD AGG MOD AGG 

Total Emissions (Mt CO2e) 11 29 13 35 

Direct Emissions  4% 13% 5% 14% 

Residential 4% 17% 5% 21% 

Commercial 6% 16% 6% 16% 

Transportation Personal 3% 9% 4% 10% 

Indirect Emissions  4% 8% 4% 9% 

Total Emissions   4% 11% 5% 12% 

Announced policies have the greatest impact on indirect emissions from the buildings sector, as 
the building codes induce substantial improvements in the housing stock. Table 35 compares 
the energy intensity of space heating in the analytical and announced policy runs.  In 2020 there 
is only a 5% difference in energy intensity between the two runs.  However, by 2050 a larger 
portion of the building stock in the announced policy scenario has adopted the building code 
and Business as Usual intensities in the announced policy runs are 16% lower than in the 
analytical runs.  Changes in the emissions intensity of the building stock follow a similar trend to 
energy intensity, with emissions decreasing more in the latter simulations periods with 
announced policies. 

Table 35: Comparison of Business as Usual residential heat load in analytical and announced 
policy runs (2020 and 2050) 
Residential Heat Load (GJ / floor space) 

 2020 2050 

Business as Usual Total Relative  Total Relative  

Analytical runs (BAU) 0.36 - 0.31 - 

Announced policy runs (BAU_REF) 0.34 -5% 0.26 -16% 

While announced climate policies reduce marginal abatement from ICES policies it is important 
to note that greater emissions reductions (relative to a scenario where no policies are 
implemented – BAU) are achieved when ICES policies are combined with announced policies 
than when either is implemented alone.  For example, relative to Business as Usual, emissions 
reductions are 31 and 49 MtCO2e, respectively, when Moderate and Aggressive ICES policies 
are combined with announced policies (see Table 36). 



 

91 

Table 36: Comparison of emissions reduction in the analytical and announced policy runs 
using BAU (with non announced policies) 

 
Announced Policy Runs 

(relative to BAU) 
Analytical Run 

(relative to BAU) 

 MOD AGG MOD AGG 

Total Emissions (Mt CO2e) 31 49 13 35 

Direct Emissions  10% 18% 5% 14% 

Residential 14% 27% 5% 21% 

Commercial 15% 24% 6% 16% 

Transportation Personal 4% 10% 4% 10% 

Indirect Emissions  16% 20% 4% 9% 

Total Emissions   12% 19% 5% 12% 

National Modelling Results Summary 
Alone, ICES policies produce emissions reductions in the residential, commercial and personal 
transportation sectors of 5-13% by 2050.  When combined with target energy and emissions 
policies, the marginal impact of ICES policies are reduced.  However, this abatement is greater 
than if either policy had been implemented alone.  The energy and emissions saving resulting 
from ICES policies can be achieved with negative financial costs (positive financial benefits) and 
have the potential to improve GDP, unemployment, jobs, and other macroeconomic indicators.  
The following section details the macroeconomic impacts of ICES policies. 

Direct Financial and General Macroeconomic Results 

The moderate and aggressive ICES policies, because they modify the shape of the urban form, 
building and transport networks, cause changes in firm and household expenditure on capital, 
labour, energy and intermediate goods.  These can be thought of as the direct financial costs 
and benefits to firms and households associated with the ICES policies.  These changes in the 
flow of money to and from these sectors have impacts on the rest of the economy, which can 
be thought of as the indirect financial costs and benefits.  The direct financial impacts of the 
ICES policies are calculated using CIMS.  We then transfer these direct changes in financial flows 
to the GEEM general equilibrium model, which calculates the indirect and overall GDP, 
economic structure and employment impacts, including final adjusted prices and quantities for 
all goods and services in the economy. 

Modelling the Direct Financial Costs and Benefits 
The CIMS modelling of the ICES moderate and aggressive policy packages required first 
modelling the land use and transport policies in the UBC land use and U of T transport models.  
We determined the shares of single detached homes, single attached homes and apartments by 
archetype and regions from the UBC model, and vehicle kilometres travelled and travel mode 
shares from the U of T model.  With these inputs as well as the new district energy modelling 
system in CIMS, we then used CIMS to simulate the evolution of the energy using capital stock 
out to 2050 under a business-as usual, moderate and aggressive ICES policies case.  Once CIMS 
established the energy-using capital stock under these three scenarios, the difference in 
expenditures on capital, energy and operating, maintenance and labour was calculated.  These 
are documented for capital (Table 37), energy (Table 38), operating, maintenance and labour 
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(Table 39), and total changes in direct financial expenditures (Table 40), all by sector.  As Table 
40 shows, there are substantial financing savings in all cases, with reductions in overall annual 
expenditure of $29.0 billion in 2050, with $4.4 billion from the residential sector, $3.7 billion 
from the commercial sector, $17.9 billion from the personal transport sector and $2.3 billion 
from the electricity sector.  Direct financial costs by region and sector are provided in Appendix 
K. 

Total output was held constant in CIMS for all non-energy sectors, under the methodological 
assumption that the ICES polices would have no direct effect on sector output (e.g., retailers 
could sell the same amount of clothes, cars or books in the BAU and AGG cases) and GEEM 
would account for all indirect economic changes to output by sector (e.g., changes in 
construction activity due to ICES policies). 

Table 37: Changes in annual capital expenditures ($2005 million), aggressive ICES scenario 
 2020 2030 2040 2050 

Residential -91 -208 -407 -432 

Commercial -715 -1,203 -752 -1,154 

Transportation Personal -1,993 -3,846 -5,267 -7,321 

Transportation Freight -3 145 -4 -18 

Personal Aviation 0 0 0 0 

Chemical Products 3 2 5 4 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -1 -1 -1 -2 

Other Manufacturing -10 -12 -10 -16 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -524 -569 -651 -1,002 

Petroleum Refining -8 -8 -21 -11 

Petroleum Crude Extraction 0 2 -4 3 

Natural Gas Extraction 1 0 0 0 

Coal Mining -3 -4 -6 -11 

Ethanol -3 17 -5 -27 

Biodiesel 0 0 4 0 

Total -3,345 -5,684 -7,119 -9,985 
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Table 38: Changes in annual energy expenditures ($2005 million), aggressive ICES scenario 
 2020 2030 2040 2050 

Residential -1,226 -2,073 -3,209 -4,235 

Commercial -891 -1,644 -2,223 -2,896 

Transportation Personal -1,015 -1,436 -2,689 -4,204 

Transportation Freight -4 -13 -53 -82 

Personal Aviation 0 0 0 0 

Chemical Products -8 -11 -16 -14 

Industrial Minerals -2 -3 -3 -3 

Iron and Steel -6 -7 -6 -6 

Metal Smelting -46 -66 -77 -82 

Mineral Mining -10 -17 -20 -25 

Paper Manufacturing -21 -29 -24 -23 

Other Manufacturing -21 -12 -5 1 

Agriculture -6 -9 -8 -6 

Waste 0 0 0 1 

Electricity -172 -363 -497 -651 

Petroleum Refining -16 -18 -31 -48 

Petroleum Crude Extraction -1 -2 1 3 

Natural Gas Extraction -8 -12 -12 -12 

Coal Mining -2 -5 -8 -11 

Ethanol -4 -37 -37 -34 

Biodiesel 0 0 0 0 

Total -3,457 -5,758 -8,916 -12,326 

 



 

94 

Table 39: Changes in annual operating, maintenance and labour expenditures ($2005 million), 
aggressive ICES scenario 
 2020 2030 2040 2050 

Residential 54 113 173 227 

Commercial 49 90 201 328 

Transportation Personal -1,287 -2,723 -4,550 -6,373 

Transportation Freight -1 -52 -77 -54 

Personal Aviation 0 0 0 0 

Chemical Products 1 2 3 4 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -2 -3 -5 -6 

Other Manufacturing -2 -4 -5 -6 

Agriculture 2 4 3 0 

Waste 0 0 0 0 

Electricity -201 -376 -516 -663 

Petroleum Refining -14 -16 -32 -50 

Petroleum Crude Extraction -1 -1 1 1 

Natural Gas Extraction -1 -1 -1 -1 

Coal Mining -2 -4 -7 -9 

Ethanol -6 -51 -54 -89 

Biodiesel 0 0 0 0 

Total -1,412 -3,020 -4,866 -6,690 
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Table 40: Changes in total direct financial expenditures ($2005 million), aggressive scenario 
 2020 2030 2040 2050 

Residential -1,264 -2,168 -3,442 -4,440 

Commercial -1,557 -2,757 -2,774 -3,721 

Transportation Personal -4,295 -8,005 -12,506 -17,898 

Transportation Freight -8 79 -135 -154 

Personal Aviation 0 0 0 0 

Chemical Products -4 -7 -9 -5 

Industrial Minerals -2 -3 -3 -3 

Iron and Steel -6 -7 -7 -7 

Metal Smelting -46 -66 -77 -83 

Mineral Mining -10 -17 -20 -24 

Paper Manufacturing -24 -33 -30 -30 

Other Manufacturing -32 -28 -20 -21 

Agriculture -4 -5 -5 -5 

Waste 0 0 1 1 

Electricity -897 -1,308 -1,665 -2,315 

Petroleum Refining -39 -42 -84 -108 

Petroleum Crude Extraction -2 -1 -3 7 

Natural Gas Extraction -8 -13 -13 -12 

Coal Mining -7 -14 -21 -31 

Ethanol -12 -70 -96 -150 

Biodiesel 1 1 5 0 

Total -8,215 -14,463 -20,901 -29,001 

Linkages Between CIMS and GEEM 
The capital, energy and labour expenditure values from Table 37 through Table 40 were directly 
imported to the GEEM general equilibrium model, where they were used to modify the input-
output description of the services and construction sectors, as well as household consumption.  
The expenditures were broken out by sector (Table 41) and household (Table 42) use of capital, 
labour, natural gas, electricity, vehicles, transport, transit, utilities (including district energy) 
and services (including construction).  The provincial tables are provided in Appendix L.  These 
tables do not add directly to the amounts in Table 37 through Table 40 because of differences 
in how capital is amortized between the two models. 

Table 41: Change in service and construction sector expenditures in 2050 ($2005 million) 

 NG RPP Elec Vehicles 
Trans- 
port Transit 

District 
Energy Services 

Capital, 
Labour 

Total 

BAU 0 0 0 0 0 0 0 0 0 0 

BAU_REF -972 -21 -325 0 0 0 -5 0 779 -545 

MOD -2,490 -70 -902 0 0 0 2,562 0 -2,688 -3,587 

AGG -2,993 -97 -1,603 0 0 0 2,727 0 -4,671 -6,638 
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Table 42: Change in household sector expenditures in 2050 ($2005 million) 

 NG RPP Elec Vehicles 
Trans- 
port Transit 

District 
Energy Services Total 

BAU 0 0 0 0 0 0 0 0 0 

BAU_REF -875 -363 -1,427 80 0 0 760 4,942 3,117 

MOD -1,617 -2,159 -2,880 -8,872 -330 1,159 2,101 2,528 -10,070 

AGG -1,939 -4,452 -4,388 -21,996 -273 1,650 1,853 252 -29,293 

The service and construction sectors use, for the starting level of output: 

 $2.5-3.0 billion less natural gas; 

 $0.9-1.6 billion less electricity; 

 $2.6-2.7 billion more district energy services, and; 

 $2.7-4.7 billion less building, energy and transport capital and labour (primary factors). 

This generates a net annual savings to the sectors of $3.6-6.6 billion for the starting level of 
output.  The $2.7-4.7 billion in unused capital and labour can be used for increased output in 
services and construction, or is free to migrate to other sectors. 

The CIMS direct expenditure data was used to directly alter the production technologies in 
GEEM for the construction and services sectors, i.e., they could produce a unit’s output for 
generally less capital, labour, energy and other intermediate outputs.  This improves 
productivity of the sector, draws in investment, and generally increases output in a general 
equilibrium setting. 

There is an inherent assumption in our method that the service and construction sectors can 
still produce the same dollar value of output after the CIMS adjustments.  The method is based 
on the assumption the CIMS adjustments are generally made to expenditures on energy and 
energy-using capital, all of which exist to provide energy end-use services.  Service sector firms 
are generally agnostic to where and how they get their end use services; they do not care if 
building heating and cooling comes from electricity, natural gas or district energy services, as 
long as their end-use needs are met. 

Another caveat of our overall methodology is that while GEEM provides full general equilibrium 
estimates (i.e., all markets clear and all commodity and input prices equilibrate), the overall 
method doesn’t.  While CIMS provides the initial changes in direct expenditures by sectors and 
for households, it does not translate the changes in output and commodity, labour and capital 
prices that occur in GEEM, e.g., if the ICES policies reduce capital demand and therefore reduce 
capital prices, CIMS doesn’t use these changes.  The effect of this caveat, however, is mitigated 
by the small overall effect the ICES policies have on the economy. 

The household sector uses, for the starting level of consumption: 

 $1.6-1.9 billion less NG; 

 $2.2-4.5 billion less refined petroleum products; 

 $2.9-4.3 billion less electricity; 

 $8.9-22.0 billion less in vehicles; 
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 $330-273 million less in overall transport services; 

 $1.2-1.7 billion more transit services; 

 $2.1-1.9 billion more district energy services; and 

 $2.5-0.252 billion less on general services. 

Households save $10.1-30.0 billion annually in overall costs.  This generally translates into more 
consumption of other goods, with positive ramifications for the overall economic structure.  
Another caveat to our method is that although it can show financial and GDP impacts, it cannot 
be used to show impacts on household welfare.  The ICES policies increase real household 
income by reducing expenditures on buildings and vehicles, but do not necessarily improve 
household welfare.  It is unclear to what degree the existing, sprawling and auto orientated 
urban form is a product of consumer preferences and long term policy choices.  The degree to 
which consumers may prefer larger homes on big lots and large cars may indicate that a more 
compact and transit orientated urban form may generate welfare losses compared to current 
practice.  Because the ICES land use and transport policies are being induced as long term 
regulations, the analysis cannot assess the overall true consumer welfare impact. 

Modelling the Direct Financial Costs and Benefits: Macroeconomic GEEM Results 

The most frequently cited macroeconomic statistic is gross domestic product (GDP), which is a 
measure of value created in an economy in a given year.  It can also be roughly interpreted as 
expenditures on capital, labour and “land” (raw resources) in a given year.  Table 43 shows the 
effects on GDP of the ICES policies. 

Table 43: GDP effect of the moderate and aggressive policies in 2050 ($2005 billion) 
 Expenditures Gross Domestic Product   

Scenarios 
on Labour on Capital @ basic Prices @ market Prices 

$ Change 
(basic) 

% 
 change 

BAU 1,751 950 2,833 3,024   

BAU_REF 1,747 949 2,827 3,018 -5 -0.2% 

MOD 1,749 960 2,840 3,032 13 0.3% 

AGG 1,754 974 2,859 3,052 19 0.9% 

The moderate and aggressive ICES policies increase 2050 GDP by 0.3% and 0.9% respectively, 
compared to the BAU inclusive of announced policies.  The ICES policies generally improve 
economic performance (as measured by GDP) because households spend less on the 
construction of residences and purchasing passenger vehicles, therefore freeing disposable 
income for other goods and services.  The ICES policies also reduce the cost of operating 
commercial buildings, therefore improving the profitability and economic performance of the 
commercial sector.  Finally, district heating reduces the cost of energy services, especially as 
cities become denser and a greater number of dwellings become integrated in the system. 

Table 44 shows the GDP effects of the ICES policies by region.  The policies improve economic 
performance in each region, generally because real household incomes improve as households 
spend less on house construction and passenger vehicles.  The commercial sector also benefits 
across provinces.  Table 45 provides the effects of the moderate and aggressive ICES policies by 
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industry sector.  ICES policies generally lead to structural shifts towards a greater service 
economy. 

Table 44: GDP effects of the ICES policies by province in 2050 ($2005 billion, and % relative to 
BAU) 

Scenarios Canada 
British 

Columbia 
Alberta Saskatchewan Manitoba Ontario Quebec 

Rest of 
Canada 

BAU 2,833 363 429 81 79 1,258 497 126 

BAU_REF 2,827 362 428 81 79 1,256 496 126 

MOD 2,840 364 430 81 80 1,261 498 126 

AGG 2,859 367 432 82 80 1,268 502 127 

BAU_REF -0.2% -0.2% -0.2% -0.2% -0.1% -0.2% -0.2% -0.2% 

MOD 0.3% 0.4% 0.2% 0.4% 0.8% 0.2% 0.2% 0.3% 

AGG 0.9% 1.2% 0.8% 1.3% 1.9% 0.8% 0.9% 1.1% 

Table 45: GDP effects by sector in 2050 ($2005 billion, and % relative to BAU) 

Scenarios Canada Oil Gas 

Electricity 
and 

District 
Energy  

Construction Service Manufacturing Transit 
Rest of 

the 
Economy 

BAU 2,833 93.8 49.0 41.7 166.7 1,463.1 475.8 2.4 634.1 

BAU_REF 2,827 93.3 48.7 41.7 166.1 1,462.7 474.1 2.4 631.6 

MOD 2,840 93.1 48.8 43.0 167.1 1,471.7 473.6 2.9 632.9 

AGG 2,859 92.9 48.8 43.0 168.5 1,487.3 472.6 3.1 635.5 

BAU_REF -0.2% -0.6% -0.6% 0.0% -0.4% 0.0% -0.4% -0.4% -0.4% 

MOD 0.3% -0.8% -0.4% 3.2% 0.3% 0.6% -0.5% 22.8% -0.2% 

AGG 0.9% -1.0% -0.4% 3.2% 1.1% 1.7% -0.7% 32.2% 0.2% 

As discussed above, the commercial sector benefits in two respects: the operating costs of the 
sector decline in response to the policy, and households shift expenditures from energy and 
passenger vehicles to other services and goods.  As the service sector becomes relatively more 
important, it draws resources (labour and capital) from other sectors of the economy (e.g., 
primary commodity extraction and manufacturing). 

Other sectors are also affected: 

 The oil sector loses 0.8-1.0% of sector GDP in the moderate and aggressive cases due to 
the effect of reduced RPP demand and its effect on prices.  The natural gas sector loses 
0.4%. 

 The electricity and district energy sector gains 3.2% , mainly due to gains in the district 
energy sector. 

 The construction industry gains 0.3-1.1% .  While it loses somewhat due to a tighter urban 
form, there is a net gain associated with transit construction.  

 Manufacturing loses a small of amount of sector GDP (-0.5 and -0.7%, respectively). 

 Transit sector GDP rises significantly (22.8-32.2%). 
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Employment 
Because they liberate capital from the urban form to be used elsewhere, the ICES policies tend 
to increase employment and decrease structural unemployment by a small but significant 
amount.  Approximately 27,000-69,000 new jobs are created, and structural unemployment 
falls from 6.28% in the BAU-REF to 5.98% in the aggressive case (Table 46 and Table 47). 

Table 46: Changes to total employment due to the ICES policies in 2050 (1000 jobs and %) 

Scenarios Canada 
British 

Columbia 
Alberta Saskatchewan Manitoba Ontario Quebec 

Rest of 
Canada 

BAU 21,556 2,950 2,398 652 712 9,485 4,302 1,058 

BAU_REF 21,529 2,946 2,395 652 711 9,474 4,296 1,056 

MOD 21,556 2,951 2,398 653 713 9,482 4,303 1,058 

AGG 21,598 2,958 2,403 654 715 9,495 4,313 1,060 

BAU_REF -0.12% -0.14% -0.12% -0.12% -0.13% -0.12% -0.14% -0.11% 

MOD 0.00% 0.03% 0.00% 0.02% 0.12% -0.03% 0.03% 0.03% 

AGG 0.20% 0.27% 0.20% 0.25% 0.44% 0.10% 0.28% 0.25% 

Table 47: Changes to 2050 unemployment (%) due to the ICES policies 

Scenarios Canada 
British 

Columbia 
Alberta Saskatchewan Manitoba Ontario Quebec 

Rest of 
Canada 

BAU 6.16% 6.75% 6.32% 6.25% 7.45% 5.55% 6.81% 6.00% 

BAU_REF 6.28% 6.88% 6.43% 6.36% 7.57% 5.66% 6.94% 6.11% 

MOD 6.16% 6.72% 6.32% 6.23% 7.34% 5.58% 6.78% 5.97% 

AGG 5.98% 6.50% 6.13% 6.02% 7.04% 5.45% 6.55% 5.77% 

Macroeconomic Results Summary 
The key conclusion of our analysis is that the ICES policies could reduce energy and capital costs 
for the service sector and households, liberating capital and labour for use elsewhere in the 
economy.  We estimate that net 2050 GDP would rise 0.3% in the moderate case, and 0.9% in 
the aggressive case.  However, these reduced costs and GDP benefits are probably associated 
with some level of change in welfare from denser urban living and mode shifting from private 
vehicles to transit and walking, although this is extremely difficult to quantify.  

Study Learnings 

The following highlights the key leanings from this analysis: 

 The emissions (GHG and CAC) and energy reduction achieved with ICES policies happen 
over long periods of time, but persist and grow long into the future; 

 Emissions and energy reduction in the initial policy period is hindered by the inertia of 
capital stock turnover; 

 District energy succeeds when a utility model is used for rate setting, when spark spreads 
are large, when neighborhoods densify, and when heating/cooling loads are high; 

 Moderate policies represent a realistic first step in the implementation of ICES policies, 
and set the stage for more aggressive policy implementation in the future when the 
difference between Moderate and Aggressive policies are the greatest; 
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 Synergies existed between ICES policies and other targeted energy and emissions policies 
(i.e., carbon tax, building codes and technology regulations); 

 Electricity savings are realized when ICES policies are combined with carbon pricing; 

 System exergy is improved both when baseboards are banned and when the adoption of 
district energy increases (especially supplied by waste and sewer heat);  

 Announced policies reduce the marginal impact of ICES policies, but greater emissions 
reductions are realized when both are combined; 

 ICES policies could increase 2050 GDP by 0.3% (under the Moderate scenario) and 0.9% 
(under the Comprehensive scenario) compared with Business as Usual; and  

 Substantial savings are generated in the household sector, and households save, $6.7 -
$10.8 billion annually in energy costs, and $10.1 to $29.3 billion annually in overall costs; 
and 

 ICES policies can be implemented at a negative cost, or benefit, of $420-840/t CO2e 
reduced.  

ICES policies deliver energy and emissions reductions with positive financial impacts.  
Specifically, ICES policies reduce GHG and CAC emissions, lower electricity consumption, and 
increase the penetration of district energy in the urban sector.  Table 48 summarizes key ICES 
policy impacts. 

Table 48: Summary of ICES policy impacts in 2020 and 2050 

2020 

Impacts: Urban Sector BAU MOD AGG 

Urban direct and indirect GHG reductions (Mt CO2e) NA 4 9 

(% reduction from BAU) NA 2% 4% 

Urban direct and indirect CAC emission reductions (kt) NA 27 41 

(% reduction from BAU) NA 0% 1% 

Electricity Consumption by covered urban sectors (TWh) 372 364 359 

Residential space heating DE penetration (% floorspace) 0.8% 3.6% 3.8% 

Commercial space heating DE Penetration (% floorspace) 0.2% 2.8% 3.0% 

Direct and indirect urban GJ/Capita 114 112 110 

Direct and indirect urban GHG/Capita (tonnes/person) 6.2 6.1 6.0 

Impacts: Economy-wide  

Total Canada GJ/Capita 430 427 424 

Total Canada GHG/Capita (tonnes/person) 19.7 19.6 19.5 
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2050 

Impacts: Urban Sector BAU MOD AGG 

Urban direct and indirect GHG reductions (Mt CO2e) NA 13 35 

(% reduction from BAU) NA 5% 12% 

Urban direct and indirect CAC emission reductions (kt) NA 278 616 

(% reduction from BAU) NA 5% 12% 

Electricity Consumption by covered urban sectors (TWh) 666 644 619 

Residential space heating DE penetration (% floorspace) 2.5% 12% 13% 

Commercial space heating DE penetration (% floorspace) 0.2% 11.5% 12.4% 

Direct and indirect urban GHG/GDP (kg/$) 0.098 0.093 0.086 

Direct and indirect urban GJ/Capita 128 123 116 

Direct and indirect urban GHG/Capita (tonnes/person) 6.5 6.2 5.7 

Impacts: Economy-wide 

Total Canada GHG/GDP (kg/$) 0.351 0.345 0.336 

Total Canada GJ/Capita 543 535 525 

Total Canada GHG/Capita (tonnes/person) 23.1 22.8 22.3 

Policy Recommendations 

The results have illustrated the potential for integrated community energy solutions (ICES) to 
reduce energy use and greenhouse gas emissions and permanently shift emissions onto a lower 
trajectory.  However, the components of urban infrastructure that have the largest impact on 
energy use and greenhouse gas emissions – neighbourhood and building design, transportation 
systems, and energy supply – have historically been addressed in an isolated manner rather 
than being planned and designed as an integrated system.  At a basic level this means that 
actions taken in different sectors can unintentionally work against each other, while at a higher 
level this precludes the synergies and efficiency gains that are achievable through ICES. 

Policies as well can focus on achieving specific outcomes in a single sector, or on achieving 
broader community objectives across multiple sectors.  Many effective and important sector-
specific actions are available to reduce energy use and greenhouse gas emissions, such as 
improving the efficiency of vehicles and building envelopes with efficiency and performance 
standards, or reducing the greenhouse gas emissions from electricity production through 
renewable portfolio standards.  These actions are critical to moving our communities toward 
sustainability.  However, in this study our focus is on the potential for ICES to reduce energy use 
and greenhouse emissions, so our discussion focuses on policies that have cross-sectoral 
impacts, or are critical to the achievement of ICES.  In addition, we focus on those policies that 
the modelling results, sector experts, and literature suggest will have the largest impact on 
energy use and greenhouse gas emissions, rather than providing an exhaustive list of all 
available policy levers.  The policies that were explicitly included in the modelling scenarios 
have been noted. 

The policy recommendations should not be considered a package that needs to be 
implemented in its entirety, but rather a summary of the types of policy instruments that can 
move Canada’s communities toward ICES.  There are multiple paths to this outcome, and the 
specific mix of policies implemented in each community will depend upon its local 
circumstances.  Some policies, however, are essential; for example, urban GHG emissions can 
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only be substantially reduced if land use patterns change, which can only be achieved through 
policy.  The recommended policies also reinforce each other, and communities that implement 
a suite of carefully selected and integrated policies will likely be more successful at reaching 
their energy use and GHG emission reduction targets.  In addition, many of these policies are 
also among the most effective tools at communities’ disposal to reduce local air pollution 
through their impact on transportation demand and mode and community energy demand. 

Policy Objectives 

In order for Canadian communities to reduce greenhouse gas emissions and energy use from 
business-as-usual levels to the levels achieved in the Aggressive scenario and beyond, policies 
that can achieve the following objectives are needed: 

 Increased residential and employment densities.  The concentration of employment 
within centres and along corridors that can be well served by transit is particularly 
important.  Much of the planning debate tends to focus on residential densification.  
While residential densities are important, employment concentration is probably even 
more critical since it is often the inability to access the “non-home” end of the trip that is 
the primary barrier to transit use.  A minimum residential and employment density is also 
required to support district energy systems. 

 Reduced or eliminated greenfield development.  Development and growth needs to be 
targeted toward existing areas and reasonable urban boundaries need to be set in order 
to achieve a spatial distribution of people and their destinations that makes cost-effective 
and efficient transit networks possible.  This will make sustainable transportation options 
more feasible and attractive for people travelling outside of their neighbourhood, and will 
help to achieve the density of demand required to support district energy. 

 Mixed-use neighbourhoods conducive to walking and biking.  The neighbourhood street 
layout and streetscape greatly influence the potential for non-motorised trips.  It must be 
feasible, safe and attractive for people to walk or bike.  Mono-use neighbourhoods will 
generate little non-motorized trip-making since there is “no place to go”.  A mixture of 
residential, commercial, public and other uses, on the other hand, encourages short-
distance trip-making that can be accomplished by walking or biking. 

 Comprehensive transit networks serving a wide variety of trip destinations.  A single 
transit line, no matter how good its level of service (frequency, speed, reliability), can only 
serve a relatively small number of regional trips.  A comprehensive network that supports 
a wide variety of trip ends, both in terms of providing convenient (short walk) access to 
and exit from the transit system and in terms of providing comprehensive connectivity 
across the urban activity space, must exist.  Transit networks must also be hierarchical in 
nature, with local “feeder” services providing fine-grained access to trip origins and 
destinations and connecting to higher-level “trunk” lines that can carry large volumes of 
people cost-effectively with high quality of service.  Investments in high-quality transit 
networks must accompany the promotion of a higher density urban form; otherwise the 
result will simply be greater roadway congestion.  

 Significant increases in transit frequencies and decreases in transit time.  Transit must be 
competitive with private vehicles in terms of travel times, costs and reliability.  When 



 

103 

transit frequency was increased, and transit in-vehicle travel time was decreased in the 
Moderate and Aggressive scenarios, significant increases in transit usage were observed. 

 Decreased household vehicle ownership rates.  Household vehicle ownership is a 
significant determinant of vehicle usage, but the need to reduce household auto 
ownership levels (particularly the number of households owning two or more vehicles) 
has been neglected in many transportation policy discussions.  Achieving this requires 
both neighbourhood design that encourages walking and biking, and comprehensive 
transit systems that provide attractive alternatives to private vehicles.  In the Moderate 
and Aggressive modelling scenarios, household vehicle ownership rates were allowed to 
change in response to increasing residential densities, leading to a significant reduction in 
vehicle km travelled and increase in transit usage. 

 Penetration of combined heat and power (CHP) and district energy systems.  Energy 
integration offers the potential for significant energy use and greenhouse emission 
reductions.  As with many of the other objectives, penetration of CHP and district energy 
is strongly dependent upon land-use policies, as these systems require a certain density of 
demand from residential, commercial, institutional or industrial customers to be 
economically feasible. 

 Changes in the amount and type of fuels used.  Significant opportunities exist to reduce 
energy use by improving the efficiency of our buildings and technologies.  The emission 
intensity of the energy mix can also be reduced through switching to lower emission 
energy sources where possible. 

Policy Jurisdiction 

The implementation of policies to encourage denser cities, sustainable transportation, and 
energy integration is a complex multi-jurisdictional issue.  Municipalities are responsible for 
implementing and enforcing most planning, zoning, site design, and property taxation policies.  
Provincial and territorial governments set the powers that municipal governments have, and 
the requirements that they must meet.  The federal government has authority to regulate 
greenhouse gas emissions, and also provides a substantial amount of infrastructure funding.  
This creates roles for all levels of government: 

 Federal government: Set greenhouse gas reduction requirements and use incentives 
(such as infrastructure funding) and information programs to promote ICES. 

 Provincial governments: Amend the acts governing municipalities, giving municipalities 
more freedom to implement land-use, transportation, and pricing policies according to 
municipal priorities and situations, and require them to consider greenhouse gases, 
energy use, and sustainability in planning and development decisions. 

 Municipal governments: Use all available policy tools to promote a compact, energy-
efficient urban form, sustainable transportation choices, and energy integration. 

 However, it is important to note that this division of jurisdiction and responsibility is 
fluid, and not always clearly defined.  Multiple levels of government often have roles in 
the same policy area.  As a result, Table 49, which lays out the level of government 
responsible for enabling or enacting each type of recommended policy, characterises 
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these roles broadly.  Additionally, the division of jurisdiction and responsibilities 
between provincial and municipal governments is sometimes different across provinces 
(for example around district energy development).  In these cases, all levels of 
government that have responsibilities in any province are shaded in the table. 

Table 49: Level of government responsible for enabling or enacting each recommended policy 
Recommended Policies Federal Provincial Municipal 

Land Use    

Require consideration of GHGs and energy use in land use planning and 
development processes and provide tools to assist municipal governments 
with the measurement and evaluation of GHG emissions  

   

Require total cost assessment of new developments, and set development 
cost charges to recover 100% of these costs 

   

Require municipalities to create official integrated land use, energy, and 
transportation plans, including growth boundaries and identification of: 

 mixed-use densification corridors with fast and reliable transit 
 brownfields and suburban activity centres (such as shopping 

centres) targeted for redevelopment 
 district energy zones  

   

Remove policies working against the development of integrated community 
energy solutions, such as restrictions on mixed-use developments 

   

Use property taxes to promote ICES, including the following measures: 
 Shift property taxes from improvement value to land value 
 Increase property taxes on the development of greenfields 
 Set property classes with different tax rates based on factors such 

as density, mix of uses, and transit accessibility 
 Reduce property taxes on brownfields prioritised for 

redevelopment 
 Apply special taxes to land left vacant or derelict, or used for 

surface-level parking lots 
 Provide tax incentives for businesses to locate employment in 

areas well served by public transit 

   

Implement a market-based transfer of development credits program    

Change zoning by-laws, site development rules, and subdivision and new 
development approval processes and fees to encourage ICES: 

 Link development approvals to the proposed mix of uses and 
provision of walking and biking infrastructure, and the proximity of 
high frequency public transit 

 Offer density bonuses in developments near transit hubs 
 Emphasise transit access and walking and cycling infrastructure in 

site planning rules 
 Use incentives, zoning by-laws, development approvals and site 

design rules to locate heat sources near heat sinks and increase 
density in dedicated district energy zones 

 Reduce permit fees and charges for developments that meet 
community ICES priorities 

 Enforce all building codes, zoning by-laws, and site development 
rules 

   

Tie infrastructure funding to GHG performance, and direct it toward 
projects that promote ICES  

   

Transportation Policies    

Devote equal resources to sustainable transportation as to roads in    
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Recommended Policies Federal Provincial Municipal 

transportation planning and budgeting processes 

Require all new and reconstructed roads to provide pedestrian and biking 
facilities 

   

Implement road use charges (road tolls, congestion pricing, cordon tolls, or 
high occupancy toll lanes) 

   

Increase parking charges and reduce parking availability in areas where 
transit alternatives exist  

   

District Energy Policies    

Establish dedicated district energy zones, and consider mandating 
connection to the system within these zones 

   

Establish a utility-based financing structure for district energy, with 
governance by the local/provincial utilities commission as appropriate  

   

Establish transparent and consistent CHP plant and district energy system 
interconnection procedures 

   

Establish a renewable portfolio standard for district energy systems     

Other Pricing Policies    

Establish GHG reduction targets, a carbon price, and a framework for 
measuring and reporting municipal GHG emissions

60
  

   

Give municipalities the ability to levy environmental charges and taxes and 
use tax increment financing for local improvements  

   

Supporting Policies    

Provide funding assistance     

Social marketing to increase public understanding and support for ICES 
policies 

   

Training programs and capacity building     

Land-Use Policies 

Require consideration of greenhouse gases and energy use in land-use planning and 
development processes and provide tools to assist municipal governments with the 
measurement and evaluation of greenhouse gases and energy use 

Level of Government: Provincial and federal governments  

Objective: Ensure that the GHG emission and energy use impacts of land-use decisions are 
measured and considered in the planning and approval processes 

Description: The provincial and federal governments should require municipal governments 
to measure and evaluate the GHG emission and energy use impacts of land-use decisions in 
community planning processes, as well as in zoning variance and subdivision approval 
processes.  To assist with this, they should also develop and disseminate a standardized tool 
that municipal governments would use to measure and evaluate the GHG emission and 
energy use impacts of development decisions at the building, site, neighbourhood, 
community and regional levels. 

Require total cost assessment of new developments and set development cost charges 
to recover 100% of these costs 

                                                      
60

 If the federal government does not set national GHG reduction regulations, these policies can be implemented by 

provincial governments. 
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Level of Government: Provincial and municipal governments  

Objective: Ensure that new developments are evaluated based on their full financial and 
environmental costs, and encourage infill and brownfield development by requiring new 
developments to cover 100% of these costs. 

Description: Provincial governments should require municipalities to use total cost 
assessment when evaluating and approving new developments, including mandatory 
consideration of energy use and greenhouse gas emissions, and auto vs. transit vehicle km 
travelled.  In order to ensure consistent application across municipalities, as well as reduce 
the burden on municipal governments, the provincial government should develop a 
standardised methodology for conducting this assessment.  Provincial governments should 
also require municipalities to use development cost charges (DCCs) to recover all direct and 
indirect costs associated with new developments, including infrastructure, service, and 
environmental costs that the development will impose on the municipality. Currently some 
provinces restrict the types and amounts of costs that municipal governments are permitted 
to recover through DCCs, leaving taxpayers to cover the remaining costs, and providing a 
subsidy to greenfield development. 

Require municipalities to create official integrated land-use, energy, and 
transportation plans 

Level of Government: Provincial and municipal governments 

Objective: Ensure that the official plan that guides a municipality’s growth and development 
(and to which all zoning by-laws, variances, and subdivisions must adhere) considers land-
use, energy, and transportation issues in an integrated manner  

Description: Provincial governments should establish a requirement that municipal 
governments develop official plans that consider land-use, energy use, and transportation in 
an integrated manner.  The official plan will serve as a master framework for how the 
municipality will develop, and provide a clear vision and strategy upon which individual 
development and land-use decisions will be based, ensuring that site-level decisions do not 
undermine the municipality’s sustainability goals.  All zoning by-laws, by-law variance 
approvals, and subdivision approvals must be consistent with and enforce the official plan.  
The official plan needs to be revised on a regular basis with the participation of stakeholders, 
and include targets, milestones, and a method for measuring the plan’s results and 
effectiveness.  Key components are:  

 Strongly enforced growth boundary to protect greenfields and promote the optimal use 
of brownfields and existing infrastructure. 

 Specification of mixed-use residential and commercial densification corridors with fast 
and reliable transit, and transit-based mobility hubs that will "lead" high-density, mixed-
use land development. (Significant increases in transit usage were observed in modelling 
runs with increased transit frequencies and reduced transit in-vehicle travel times). 

 Identification of brownfield sites that will be targeted for redevelopment and focused 
population growth. 
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 Identification of shopping centres and other major suburban activity centres that will be 
targeted for redevelopment. Many such sites are likely to undergo major redevelopment 
in the coming decade and beyond, and redeveloping them as mixed-use higher density 
areas represents an important opportunity to improve suburban densities and transit-
orientation. 

 Identification of targeted zones for district energy development. 

Remove policies working against the development of integrated community energy 
solutions 

Level of Government: Municipal and provincial governments 

Objective: Ensure that existing policies are not preventing development from occurring in a 
manner consistent with ICES 

Description: Review existing regulations and policies to ensure that they are not directly or 
indirectly preventing the development of higher-density, mixed-use, transit-oriented 
communities that incorporate district energy systems, energy recycling, and/or distributed 
generation. Examples of policies that should be removed or amended are regulations or 
zoning by-laws that prohibit or discourage higher density or mixed use developments, and 
property taxation schemes that tax detached houses at a lower rate than multi-family 
dwellings. 

Shift property taxes toward land value rather than the value of improvements, and 
differentiate tax rates across different categories of property  

Level of Government: Municipal and provincial governments 

Objective: Provide incentives for higher density, urban infill, brownfield, and other desired 
types of development, and discourage greenfield development. 

Description: Provincial governments need to give municipalities the authority to shift 
property taxes toward land value and away from the value of improvements, and to 
differentiate tax rates across property categories according to the municipality’s integrated 
community energy planning objectives.  Recommended taxation policies include:  

 Reduce the proportion of property taxes assessed on buildings and improvements and 

increase the proportion assessed on land value. Land value taxation encourages higher 

density, urban infill and brownfield development, and discourages parking lots and vacant 

urban land.  Taxing improvements on the other hand discourages the development of 

land.  

 Increase property tax rates on the conversion of greenfields such as farmland, forested 

areas, or wild lands to developed uses, discouraging speculation on greenfield and farm 

land, and raising costs higher than for developments in the city core and in targeted areas  

 Set property classes based on factors important to the community’s integrated plan, such 

as density, mix of uses, transit accessibility, walkability, and connection to district-energy 

systems, with tax rates set differentially across these classes  
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 Reduce or eliminate property taxes on brownfields prioritised for development  

 Apply special taxes to land-used for surface parking, and lands left vacant or with derelict 

properties in city centres, in order to incentivize infill and brownfield development, and 

discourage surface-level parking lots  

 Provide tax incentives for businesses to locate employment in areas that are (or will be) 

well served by public transit  

Implement a market-based transfer of development credits program 

Level of Government: Municipal and provincial governments  

Objective: Direct development away from greenfield areas and toward targeted growth 
areas  

Description: Provincial governments need to give municipalities the right to implement 
market-based transfer of development credits programs. Municipalities would identify areas 
that they want to protect from development, and areas where they want to encourage 
development, and assign development credits to parcels in each area. Developers in 
targeted growth areas that want to increase density above the level that they have 
development credits for (if by-laws limiting density have not been removed) would have to 
purchase development credits from the owners of areas targeted for protection, and submit 
them to the municipal government in exchange for the right to increase the density of their 
developments. The land from which the development credits were purchased would then be 
permanently protected through a conservation easement or similar mechanism. 

Change zoning by-laws, site development rules, and subdivision and new development 

approval processes, as well as corresponding fees and charges, to encourage ICES 

Level of Government: Municipal governments 

Objectives: Create regulations and financial incentives to ensure that all site-level 
development decisions are consistent with the official plan and the principles of ICES 

Description: Ensure that all zoning by-laws, by-law variance approvals, subdivision approvals, 
site design rules and building permits are consistent with and work toward achieving the 
goals of the municipality’s official integrated land-use, energy, and transportation plan.  
Specific recommended policies include: 

 Explicitly link development approvals to the mix of uses in the proposed development, 
the availability of nearby high-frequency transit service and incorporation of walking and 
biking facilities, and the extent to which the development will reduce personal vehicle km 
travelled and increase the use of sustainable transportation (transit, walking, and biking). 
Rezone or delay the development of parcels that are not well connected to the regional 
transit network.  

 If bylaws limiting allowable floor space in developments have not been completely 
eliminated, offer density bonuses that raise the allowable floor space in developments 
located near transit hubs, in targeted growth areas, or that meet other community 
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sustainability goals, such as energy self-sufficiency or connection to district energy 
systems.  

 Emphasize transit access and the ability to walk to places to work, shop, and play in site 
planning rules. De-emphasize auto-orientation by moving parking lots underground or to 
the rear of buildings.  

 Use incentives, zoning-by-laws, subdivision and new development approvals, and site 
design rules to locate heat sources near heat sinks and increase density sufficiently to 
establish dedicated district energy zones.  

 Reduce or eliminate permit fees and charges for developments that meet community 
priorities, such as brownfield and infill development; high density and mixed-use 
development; and developments that incorporate sustainable energy technologies (e.g. 
district energy, combined heat and power (CHP), industrial energy cascading, or 
distributed generation). Conversely, development fees and charges could be increased for 
developments that do not advance the municipality’s sustainability goals.  

 Enforce new and existing building codes, zoning by-laws, and site development rules  

Tie infrastructure funding to greenhouse gas performance and direct it toward 
projects that promote ICES 

Level of Government: Federal and provincial governments 

Objective: Use infrastructure grants and investments to encourage ICES 

Description: The federal and provincial governments should include a full analysis of the GHG 
impacts of infrastructure projects in the project evaluation process, and direct funding 
toward those projects that contribute to the development of ICES.  Municipal eligibility for 
infrastructure funding should be tied to the municipality’s GHG reduction efforts and 
performance. 

Transportation Policies  

Devote equal resources to sustainable transportation as to roads in transportation 
planning and budgeting processes 

Level of Government: Federal, provincial and municipal governments 

Objective: Increase the use of sustainable transportation (transit, walking, and cycling) 

Description: All levels of government should ensure that at least half of all planned 
transportation-related spending is directed to sustainable transportation, such as public 
transit, pedestrian and cycling infrastructure, high occupancy vehicle lanes, and inter-city 
rail. 

Require all new and reconstructed roads to provide pedestrian and biking facilities 

Level of Government: Provincial and municipal governments 

Objective: Increase the attractiveness and feasibility of walking and cycling instead of driving 
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Description: Provincial and municipal governments should require that all new and 
reconstructed roads and highways are designed to allow safe usage by cyclists and 
pedestrians, in addition to vehicles.  

Implement road use charges 

Level of Government: Municipal and provincial governments 

Objective: Recover the costs associated with road use, encourage the use of sustainable 
transportation rather than driving, and shift road use away from peak congestion times  

Description: Provincial governments need to give municipalities the authority to implement 
road use charges and local fuel taxes. Municipalities would then determine which policies, if 
any, are suitable for their local situation and sustainability objectives. The true costs of road 
transportation includes the full financial costs of both building and maintaining the road and 
its associated infrastructure.  It also includes a host of other “externalised” costs, ranging 
from air pollution and CO2 emissions to the costs of traffic congestion and health care costs 
from vehicle crashes.  These costs are not fully covered by fuel taxes, and can be recovered 
through road pricing policies such as:  

 Road tolls for motorists using targeted roads, to cover the costs of building and 
maintaining the road, or to fund the creation of alternatives to driving that route, such as 
public transit and biking and walking infrastructure. 

 Congestion pricing, where road tolls vary by time of day or by level of congestion, in order 
to reduce peak period traffic and therefore reduce the need for road infrastructure 
expansion.  

 Cordon tolls for motorists entering specific areas (such as the city center), either at all 
times or during peak times, in order to encourage the use of sustainable transportation to 
enter the area  

 High occupancy toll (HOT) lanes, where single motorists can pay a toll to access to high 
occupancy vehicle (HOV) lanes, increasing utilization of HOV lanes while still providing an 
incentive for car-pooling. HOT lanes may be an option in areas where road tolls are not 
feasible.  

Increase parking charges and reduce parking availability in areas where transit 
alternatives exist 

Level of Government: Municipal government  

Objective: Reduce personal vehicle km travelled and increase the use of sustainable 
transportation alternatives  

Description: Municipalities should eliminate free public parking wherever possible, reduce or 
eliminate minimum parking requirements, and where feasible, implement maximum parking 
regulations, provided that it is possible to reach the area without a vehicle. The federal and 
provincial governments should treat free parking at employment locations as a taxable 
benefit. The modelling results showed that changing parking charges significantly reduces 
vehicle km travelled and increases transit usage. 
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District Energy Policies  

Establish dedicated district energy zones, and consider mandating connection to the 
system within these zones 

Level of Government: Municipal government 

Objective: Create sufficient demand within an area to support the establishment of a district 
heating system  

Description: As part of the integrated land-use, energy, and transportation planning process, 
municipal governments should identify areas that will be designated as district energy zones, 
and make an effort to locate large institutional facilities such as hospitals and community 
centres in these dedicated district energy zones, where they can serve as base loads around 
which the system will be built. Municipal governments should strongly consider mandating 
connections to the district energy system within dedicated zones, in order to improve the 
economic feasibility of the system.  

Establish a utility-based financing structure for district energy systems 

Level of Government: Municipal and provincial governments 

Objective: Reduce the cost of connecting to a district energy system  

Description: In order to reduce the initial costs for new users to connect to local district 
energy systems, and thus to increase connection rates, district energy systems should be 
financed through a utility-based structure that amortizes the capital cost of the network over 
time and over all users, with customers paying a standard rate for district energy services, 
rather than paying the full costs of connecting to the system up-front. Smaller and more 
distant district energy systems should be combined into larger utilities in order to minimise 
risk. 

Establish transparent and consistent CHP plant and district energy system 
interconnection procedures 

Level of Government: Municipal and provincial governments 

Objective: Remove barriers to the use of CHP systems and district energy 

Description: In order to promote CHP and district energy systems, the interconnection laws 
and technical requirements for CHP plants to connect to the electricity grid and for buildings 
to connect to district energy systems should be standardised, so that the connection 
procedures are clear, predictable and efficient for businesses and developers.  

Establish a renewable portfolio standard for district energy systems  

Level of Government: Municipal and provincial governments  

Objective: Ensure that district energy has low GHG emissions  

Description: A renewable portfolio standard (RPS) for district energy is needed in order to 
avoid the unintended outcome of district energy being produced in a manner that increases 
GHG and local air pollutant emissions. The RPS would be similar to those in the electricity 
sector, and would mandate that a certain portion of district energy is produced from 
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renewable fuels, such as industrial waste heat or biomass. An RPS for district energy systems 
was included in the aggressive ICES modelling scenario.  

Other Pricing Policies  

Establish greenhouse gas reduction targets, a carbon price, and a framework for 
measuring and reporting municipal greenhouse gas emissions  

Level of Government: Federal (or provincial) governments  

Objective: Create a financial incentive for GHG emissions to be evaluated as part of all 
investment decisions  

Description: A carbon price would have wide-ranging emission reduction impacts across all 
sectors, and would support the land-use, transportation, and district energy policies by 
providing an economic incentive for lower emission infrastructure investments, building 
decisions and transportation choices. Ideally the GHG reduction targets and resulting carbon 
price would be established at the federal level, as this would provide a consistent market 
signal across the provinces, and increase the size of potential carbon credit trading markets. 
In the absence of federal action, provincial actions to limit and price carbon emissions would 
encourage similar changes. Some of the modelling runs included a carbon price, and the 
results showed that a carbon price has a significant GHG reduction impact. However, the 
modelled carbon price was $200/tonne, which is far beyond the levels that are currently 
under discussion in Canada. With this level of carbon tax currently politically infeasible, the 
ICES land-use, transportation, district energy, and supporting policies are especially 
important, as they provide an alternative mechanism for shifting emissions onto a lower 
trajectory.  

Give municipalities the general ability to levy environmental charges and taxes and to 
use tax increment financing for local improvements 

Level of Government: Provincial government  

Objective: Give municipalities additional financial tools that can be used to promote ICES  

Description: In order to address situations where the recommended land-use and 
transportation policies do not apply or are not sufficient, municipalities need the authority 
to levy charges and taxes on specific activities, developments, or products that could harm 
the environment, and/or to subsidize activities, developments, or products that provide 
environmental benefits. Municipalities also need the authority to finance the re-
development of designated areas and to capture and reinvest resulting revenue growth and 
windfall profits in these areas through special improvement zone fees or tax increment 
financing 

Supporting Policies 

Provide funding assistance  

Level of Government: Federal, provincial, and municipal governments  
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Objective: Fill the funding gap created by the higher incremental costs associated with some 
types of green infrastructure, and by traditional funders' lack of familiarity with some types 
of ICES projects 

Description: Sustainable infrastructure and developments can sometimes require a higher 
initial capital investment and/or be viewed by lenders as higher risk than conventional 
alternatives, creating a funding gap that prevents the project from proceeding. Governments 
can provide targeted funding assistance to overcome financial barriers, such as direct loans, 
loan guarantees, tax benefits (such as accelerated capital depreciation allowances), or grants 
and subsidies. For example grants or tax benefits could be offered to district energy system 
developers to assist with capital costs of renewable supply systems (this type of subsidy was 
part of the Moderate ICES policy package), or loans at concessionary rates could be made 
available to developers investing in cleaning up brownfields. Depending on the type of 
project, funding may be needed by either the private sector or municipal governments.  

Social marketing to increase public understanding and support for ICES policies  

Level of Government: Federal, provincial, and municipal governments  

Objective: Help the public to understand the rationale and benefits associated with ICES 
policies 

Description: The land-use, transportation, and district energy policies can only be effective if 
they are successfully implemented, which will be politically difficult if significant public 
opposition emerges. There is often a need for an accompanying social marketing campaign 
aimed at helping the public to understand the rationale and benefits associated with the 
policies, and how they will have a positive impact on their lives. Neglecting public outreach 
makes it easier for special interests to frame the policy in a negative way. Social marketing 
also has a valuable role to play in increasing demand for key components of ICES, such as 
denser, mixed-use housing, and sustainable transportation alternatives.  

Training programs and capacity building  

Level of Government: Federal, provincial, and municipal governments  

Objective: Overcome awareness and skill barriers to ICES  

Description: The land-use, transportation, and district energy policies discussed are more 
likely to be successful if those making development and investment decisions are familiar 
with sustainable alternatives, believe that they are appropriate for their specific project, and 
have access to skilled workers with experience building and maintaining the sustainable 
alternatives under consideration. For example, developers often have standard templates 
for site development, which they will favour over more sustainable alternatives due to 
familiarity, comfort, and experience. This creates a training and capacity building role for 
government that could include promoting and raising awareness of key components of ICES; 
supporting R&D activities and technology demonstrations; creating or supporting training 
programs for workers; and funding continued academic and industrial research to improve 
knowledge and opportunities in ICES areas. 
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Policy Discussion and Prioritisation 

Land-use policies need to form the backbone of any policy package.  In addition to the direct 
energy savings created by a denser and more compact urban form, including reduced 
infrastructure requirements and lower building energy demand (due to a greater number of 
shared walls and lower square footage per unit), land-use policies are also the most effective 
policy levers for increasing the use of sustainable transportation and integrated energy 
systems.  While road-use charges, increased parking prices, reduced auto ownership levels and 
improved transit services are all important components of a more sustainable urban 
transportation system, the most crucial requirement is an urban form that significantly reduces 
auto dependency (in terms of both the number of auto trips and auto trip lengths) and that 
correspondingly increases transit ridership and usage of non-motorised modes of travel.  In the 
presence of a supportive urban form, transit and non-motorized modes can provide attractive 
alternatives to the private car; in the absence of such an urban form, policies to significantly 
alter auto-based travel patterns are doomed to failure.  Integrated energy systems such as 
district energy also require a minimum density of energy demand to be viable, which can only 
be achieved through policies targeting the urban form.  Policies that encourage the 
development of compact mixed-use communities can increase the market for district energy, 
thereby increasing the potential for greater energy efficiency and for the use of alternative and 
low emissions energy sources. 

While the list of required policies may appear daunting, and in some cases may represent a 
substantial departure from business as usual, these policies are both feasible and necessary, 
and have been implemented successfully in many cities internationally.  The following cities are 
but a few examples of the implementation of integrated land use, transportation, and energy 
policies on a large scale:  

 Stockholm, Sweden worked to integrate consideration of energy issues, waste 
production, green space protection, and preservation of the city's heritage into its city 
and regional plans.  Areas where district heating could be extended to were mapped as 
part of the planning process, to guide the selection of growth areas.  Within the urban 
core, former industrial sites are identified as the primary area for future growth in the 
city, while the city is also focusing on increasing the density and mix of residential, 
commercial, and light industrial uses in seven key outer suburban communities that are 
well connected to the public transportation system. 

 The city of Utrecht in the Netherlands is aggressively pursuing compact development, and 
will accommodate 75% of the region’s expected growth in the new Leidsche Rijn district, 
which has been designed to have a high density of housing units (37 per hectare), 
integrated with commercial and industrial areas.  Three new bridges have been 
constructed to connect the new growth district to the already developed city area, with 
one reserved for bicycles, another reserved for public transit, and a third open to all 
modes of transport.  The development itself has been built to encourage bicycle and 
transit use, with higher density housing and employment located near new train stations, 
and extensive dedicated bike routes.  All homes are being connected to a district heating 
system linked to the nearby power plant, and supplied with both a treated water line, and 
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an untreated water line for non-drinking purposes, significantly reducing water 
purification energy use. 

 Curitiba, Brazil is a city of 2.7 million people where 70% of daily commuting trips are 
made by public transit, resulting in transportation sector energy use 20% lower than 
other cities of similar sizes.  Curitiba started by integrating transportation and land use 
planning, creating high density population corridors able to sustain public transit.  Transit 
was then made more accessible, affordable, sustainable, and cleaner in order to 
encourage ridership, and at the same time the city center was closed to cars.  Bus rapid 
transit, featuring express bus lanes along five axes of the city has been a key component, 
with the buses and bus stops redesigned to accommodate large numbers of passengers 
getting on and off simultaneously, and reduce the time at each stop by 75%, further 
increasing the attractiveness of public transit.   

 Denmark aggressively promotes the use of district heating and cogeneration, in order to 
reduce oil use and GHG emissions.  The Heat Supply Act requires each district council to 
prepare a plan for the supply of heat in the municipality, and gives it powers to ensure 
that all existing and future collective heat supply plants in the municipality are designed 
to ensure the most economical utilization of energy, coordinate their operations with 
those of other plants, and convert to combined heat and power production if the plant 
produces more than 1 MW of power. 

 Closer to home, a small but growing number of Canadian communities (such as Dockside 
Green, British Columbia; Garrison Woods, Alberta; and the Town of Okotoks, Alberta) are 
developing around ICES principles, with higher densities, mixed land uses, energy efficient 
buildings, distributed generation, easy access to sustainable transportation, and a focus 
on liveability and a sense of community. 

The urban form is heavily dependent upon government policies, and market signals alone are 
not sufficient to create a substantial shift in development patterns.  Significantly changing the 
pattern of urban development requires a policy package that provides a consistent signal to 
developers, and is held in place over a number of years.  Once land-use policies have 
established the framework within which development, transportation, and energy-use 
decisions will be made, market-based policies (such as carbon and road use pricing) can provide 
an economic signal to ensure that these decisions are aligned with the community's 
sustainability goals.  More specific policies (such as the establishment of dedicated district 
energy zones) can then be implemented to correct market failures and achieve specific 
community objectives.  Training, education, financial support, and public outreach programs 
can reinforce the new policies and increase their acceptability and effectiveness, but will not, 
on their own, achieve the ICES objectives. 

Where limited political capital is an issue, the provincial and municipal priority should be the 
implementation of land-use policies that promote compact, mixed-use developments that 
support sustainable transportation and integrated energy systems, and the federal priority 
should be the establishment of a carbon price to provide a market incentive for decision makers 
in all sectors to consider greenhouse gas emissions in their investment decisions.  Without 
explicitly implementing policies that move Canadian communities toward ICES, urban areas will 
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continue to move incrementally away from a sustainable urban form each year, with each 
unsustainable development locking in higher greenhouse gas emissions and energy use for the 
lifetime of the infrastructure - potentially a century or more. 

Discussion, Limitations and Future Research 

Discussion & Limitations of our Overall Method 

In our analysis we estimated that application of the Moderate and Aggressive ICES policy 
packages would generate annual emissions reductions of 13-35 Mt CO2e respectively in 2050, 
with associated reductions in energy use and local air emissions.  As an added financial benefit, 
these policies would generate direct savings of capital, energy and labour expenditures of $14-
29 billion a year, which generates a boost in GDP of 0.3-0.9%, and a 0.2-0.4% increase in jobs.61  
Put another way, we estimate the Moderate and Aggressive ICES policies reduce emissions at a 
negative cost (i.e., benefit) of minus $420-840 per tonne CO2e, respectively. 

These estimates were based on our four-stage modelling methodology, designed for this 
project: 1) land use, 2) transportation, 3) energy-economy and finally 4) general equilibrium 
macroeconomic analysis.  This methodology was created after extensive literature review, and 
represents one the most advanced and encompassing integrative analyses to date.  There are 
known limitations, however, and we discuss them below. 

The entire urban energy system was not included (i.e., water, freight transportation, light 
manufacturing, and a portion of intercity travel were excluded).  Other than the use of sewer 
water heat to drive district energy systems, we did not explore policies to reduce emissions 
within the water sector, or overall water use.  More importantly in terms of energy use and 
emissions, we did not include urban freight transportation because, in consultation with our 
transportation modeller Eric Miller, we could not construct a defensible methodology to 
quantitatively estimate the effects of a denser urban form on freight transportation mode mix 
and kilometres travelled; the modelling capacity simply does not yet exist, as far as we know.  
When a carbon price is applied, however, the CIMS freight transportation sectors respond by 
selecting more efficient platforms and motors, and by using alternative fuels, including natural 
gas, ethanol and electricity where feasible. 

The land use modelling did not include endogenously adjusting land pricing (i.e., as demand 
rises and falls for specific pieces of land, their prices do not adjust).  Land prices are sensitive to 
many factors, including urban density, zoning, the transportation network, shifts in property tax 
rates and any scarcity value that may occur because of land use restrictions.  Our modelling did 
not include land pricing effects.  Urban densification policies that constrain city boundaries 
may, to some degree, drive up urban land prices, which would work against the ICES policies 
that attempt to make urban land more attractive and less expensive to develop than greenfield 
land.  This could be an important piece of future research; at least one basic high level general 
equilibrium model has been used to estimate these effects. 

                                                      
61

 Range represents results from Moderate and Aggressive ICES policies respectively. 
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There was limited iteration between land use, transportation and CIMS/GEEM modelling, and 
the overall system was not general equilibrium. For example, what occurs in the transportation, 
CIMS, and especially GEEM models will affect each other, but the effects operate only one way.  
The land use modelling, because it is based on public policy and not balancing of goods and 
services markets, can defensibly argue to be stand-alone, but there will be interrelated effects 
between the other models (e.g., reduced gasoline and electricity demand will reduce their 
prices, re-inducing some demand, the so-called “rebound effect”).  Because of time and cost 
limitations, we were only able to iterate between the models to solve for problems and errors.  
Ideally, the modelling linkages would be general equilibrium in some fashion, which means that 
all the models get to respond to changes induced by the other models in a fully balanced way. 

Our study a priori underestimates the energy cascading opportunities of the district heating hot 
water transmission network, once it is built.  Once a heat distribution network in place, there 
will be greatly increased but unforeseen opportunities for energy cascading (e.g., laundromats, 
etc. could sell their excess heat for use elsewhere, while supermarkets could buy it for cooling 
purposes using heat exchangers).  Heat could potentially have a market driven price, and its net 
supply and demand would be set by the cost of supply and value of demand.  While total heat 
demand is potentially predictable (e.g., from total gas and electricity demand for heating and 
cooling), there is no way to estimate in advance how many suppliers (laundromats, light 
industry, industrial kitchens, etc.) may have heat available at a transmittable cost, and what the 
heat may be worth. 

This study does not include a full exergy analysis.  The exergy analysis in this study is limited to 
district energy services and supply, and the benefits of the associated heat transport network, 
and a policy restricting the use of electric baseboards space heaters.  A more comprehensive 
exergy analysis would take a holistic look at the entire energy system and investigate ways to 
improve the efficiency and environmental impact of energy utilization. 

Discussion & Limitations of the Land Use Modelling  

The land use modelling done by UBC was an essential part of our analysis, as it provided the 
spatial effects of the Moderate and Aggressive ICES policy packages, which allowed the U of T 
transportation model to assess changes in transportation mode choice and kilometres 
travelled, and the MKJA CIMS model to assess the residential and commercial building mix 
effects.  The core land use elements of the policy package were varying degrees of constraints 
on city size and infill of new demand along mixed use corridors with fast and reliable transit. 

Due to time and resource constraints, we were unable to take full advantage of the extreme 
detail produced by the UBC land use model.  For example, in the transportation model, if a bus 
line existed along a given corridor that experienced density increases and adoption of mixed 
use zoning, the model could increase bus frequency but not change the mode to a subway or 
LRT, which would have had further natural densification effects.  This limitation is partly due to 
time and resource constraints, but also due to the political and financial nature of transit 
development; with no quantitative “model” of internal development decision dynamics, 
priorities for transit system expansion must be assumed from city plans. 
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Discussion & Limitations of the Transportation Modelling 

The U of T transportation modellers found that in the absence of large changes in auto travel 
costs, private autos will remain the preferred transportation form.  However, because of the 
significant emissions and energy use associated with autos, any reduction is significant.  
Significant changes can be achieved just by inducing households not to buy second cars, which 
was a key driver of this project’s results.  Other lessons include: 1) Demand for auto vehicle 
kilometres travelled is inelastic to fuel prices, but elastic to parking accessibility and charges, 
hence the focus on parking charges and availability in the policy package.  2) Higher residential 
and employment densities must be coordinated with increased fast, reliable and comfortable 
transit, or the result will just be more congestion.  3) Transit network design is critical to usage; 
feeder networks must coordinate with trunk lines.  4) For people to change their mode for a 
given trip all components of the trip must be accessible (e.g., home/ school/ shopping/ work). 

The key limitation in the transportation modelling, as mentioned earlier, was that urban light 
and medium freight mode choice and vehicle kilometres travelled were not included in the land 
use and transportation analysis.  The transportation modelling could also have made more use 
of the land use data, but time and resources did not permit.  Specifically, the data could allow 
new freeways and transit networks to be modeled, rather than only including existing and "on 
the books" freeways and transit networks.  This would allow an aggressive transit network 
serving non-commuting uses and connecting different suburbs to be added to the aggressive 
commuting transit networks that were modeled.  It could also allow new modes such as car 
sharing combined with transit to be added. 

Additionally, the modelling was limited by data availability; spatially explicit employment data 
for the two smaller archetypes (Dawson Creek and Fort McMurray) was not available.  This lack 
of data is typical of smaller communities without detailed transportation models.  As a result, 
calibrated results from the Winnipeg and GTA scenarios were applied, in conjunction with air 
photo analysis, in order to assign commercial and industrial patterns to these archetypes. 

The analysis in this study may also under-estimate the impact of urban densification on non-
motorised travel within the case study cities, as the model used does not take into account 
neighbourhood design details, nor the presence or absence of bike lanes. 

Discussion & Limitations of the District Energy Modelling 

Our analysis focused on district energy, because it is the key to eventual widespread energy 
cascading through a hot water heat transmission network.  District heating using large natural 
gas boilers does not have a significant efficiency advantage over small natural gas distributed 
furnaces, so by itself there is no clear advantage for district energy systems.  Where district 
energy has a key advantage is in the context of reducing GHG emissions; its use of large point 
source heat sources allows the potential use of larger scale biomass, sewer water heating and 
large geothermal exchange systems.  District energy tends to succeed in the reference case 
when utility discount rates are used (i.e., pricing according to a utility rate base model), when 
energy prices are high, when urban density increases and where there are high annual 
heating/cooling loads. In practice, this means that most of the economic district heating 
potential in Canada is in Ontario. 
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District energy is also an inherently spatial concept, one where the economics of a given 
installation will be related to the situation at hand.  Project costs depend on urban density and 
design, heat loads, energy costs, investment structure, climate, seasonal variation in energy 
demand, opportunities for retrofitting buildings to district energy, challenges for pipe-laying, 
and niche market opportunities.  However, only average project costs in each region could be 
modelled.  For this reason our modelling, while spatial in nature, must be considered a gross 
estimate of the available potential. 

Topics for Future Research 

 Substantiation of the general economic benefits of ICES policies.  How robust are the 
savings in capital, labour and energy?  To what degree can the same economic activity be 
carried out in mixed commercial and residential space as in unmixed space?  Are there 
un-modeled benefits and/or costs to mixing?  This is one of the most important findings, 
and it would benefit from further research. 

 The effect of more archetypes.  We had archetypes for cities with 2+ million inhabitants 
(e.g., Toronto), ~1 million (e.g., Winnipeg), and ~50,000 (e.g., Dawson Creek), but a 
100,000-200,000 population archetype would have been beneficial (e.g., Kamloops).  
Additional archetypes would increase the resolution of the modelling results. 

 Mutually supporting policies.  Future research may look deeper into the technical and 
policy feedbacks between complementary policies (i.e., building codes, densification 
policy, land use planning and housing composition). 

 The challenges and opportunities of setting up and operating district energy systems in 
Canadian communities.  Specific topics could include regulatory challenges, ownership 
models, templates for set-up and operation (e.g., public-private sector partnerships), and 
methods for encouraging traditional electricity and gas utilities to participate.  The 
expected GHG emission, energy use, and economic performance of district energy 
systems could also be modeled, using several different district energy system archetypes 
to represent a range of potential project characteristics and circumstances.  Modelling 
could also be used to test the impact and effectiveness of policies to promote the 
development of district energy. 

 The effect of more aggressive transportation policies.  Future research may explore more 
aggressive transportation modelling (i.e., increased funding for transit and the 
development of additional LRT/BRT lines), or direct modelling of more of the policies 
proposed in the policy chapter of the technical report (i.e., HOV lanes and 
road/congestion fees). 

 The effect of modelling the land pricing effects of urban densification policies.  Zoning and 
the physical transition to mixed-use corridors will have land value effects throughout the 
city.  These effects may be impossible to analyse completely, but their impact on the take 
up of residential housing and the profitability of commercial businesses in key areas such 
as the development corridors should be surveyed for dynamics that may hinder or 
support the ICES policies. 
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 Exploration of the effects of smart electricity, natural gas and heat networks.  Smart 
networks would be more capable of economically handling smaller electricity, natural gas 
and heat producers, and point sources and sinks that transitioned between demanding 
and supplying energy.  A key subject for analysis would be the potential for integrating a 
battery powered transportation fleet with intermittent renewables such as wind; could 
plugged-in autos and trucks absorb intermittent renewable power, and send it out as 
needed when not in use, working as a distributed storage system? 

 Addition of the water, wastewater, and waste sectors.  While the modelling includes the 
use of waste as an option for powering district energy systems, these topics could be 
explored further.  Quite a lot of energy goes into the transportation, heating, and 
treatment of municipal water, yet water waste tends to be high.  Wastewater treatment 
often releases nitrous oxide, but relatively inexpensive changes to operations and 
treatment plant design standards can significantly reduce these emissions.  In the waste 
sector, we could model the recovery of energy from waste (e.g., advanced incineration 
with combined heat and power), as well as the reduced energy use and GHG emissions 
associated with high organics diversion rates (with the potential for biogas production), 
and recycling rates (leading to reduced energy-use requirements for the processing of 
virgin materials). 

Conclusion 

Urban emissions represent 40% of Canada's current GHG emissions.  The urban form, as 
opposed to building and vehicle choices, is almost entirely dependent upon public policy 
decisions, and is subject to energy and carbon market failure.  Policies that encourage the 
development of integrated energy community solutions are some of the most effective policies 
to address these market failures, and can play a key role in achieving Canada’s energy and 
emissions goals.  Using an integrated land use, transportation, energy-economy, and general 
equilibrium modelling approach, we estimated that application of moderate to aggressive ICES 
policy packages could reduce Canada’s urban GHG emissions by 13 to 35 Mt CO2e in 2050 (a 5-
12% reduction from Business as Usual), reduce criteria air contaminants, and increase GDP by 
0.3-0.9% as capital is liberated from the transportation and buildings sectors for use elsewhere 
in the economy.  Unlike targeted abatement and energy policies (for example, a carbon tax or 
technology regulations) where the costs of implementation are quite high (e.g., CCS at $150/t 
CO2e ), ICES policies can be implemented at a negative cost, that is, a benefit, of $420-840/t 
CO2e (for the policies studied in this report).  The effects of ICES are longer term (50+years), and 
will increase past 2050 as the building stock, transportation networks, and overall urban form 
change. 

The first priority for policy makers should be the implementation of sustainable land-use 
policies since these create the framework within which all urban form, transportation, and 
energy-use decisions will be made.  Once clear and effective land-use policies have been 
implemented, market-based policies (such as carbon and road-use pricing) can provide 
economic signals to ensure that decisions in these areas are aligned with the community's 
sustainability goals.  More specific policies—such as the establishment of dedicated district 
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energy zones—can then be used to correct market failures and achieve specific community ICES 
objectives.  Many of these policies are ideally enacted by local governments, allowing 
substantial GHG emission and energy use reductions to be achieved even in the absence of 
significant federal action. 

Policies from all levels of government are needed to support a transition from our current 
urban form to one that is more liveable, cleaner, energy efficient and denser.  Each city’s 
experience with ICES policies will be unique, and the time scale and magnitude of change will 
vary with city size and growth.  For some cities this change may be slower and incremental, for 
others this change may be more rapid.  These policies may appear daunting, and in some cases 
represent a substantial departure from business as usual, but they are both necessary and 
feasible.  The Moderate ICES policy modelled in this study represent an important first step in 
the pursuit of these goals by establishing the foundations of more sustainable cities and the 
policy environment for more aggressive policy action.  Our current sprawling, auto-intensive 
urban form is GHG and energy intense, and each year this development pattern continues locks 
in emissions and energy use for up to 100 years or more. 
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Appendix A: Land-use Model Scenario Development 

Greater Toronto Area 

All Scenarios - Population and Employment Projections 

All scenarios assume an identical rate of population growth, 0.97% per year, which is derived 
from the Statistics Canada report "Population Projections for Canada, Provinces and Territories 
2005-2031" (1).  As there are currently no long term projections to 2050 in Canada, we have 
taken the growth projections to 2031 and converted them to an annual growth rate of 0.97%.  
The ratio of jobs per population is assumed to remain constant, and is derived from the 2001 
Travel Demand Study.  

Based on these assumptions, the population and jobs for the 3 scenarios are projected to be as 
follows: 

 2006 2030 2050 

Population 5,385,000 6,790,000 8,230,000 

Jobs (Full-Time) 2,060,000 2,600,000 3,150,000 

Business as Usual Scenario 

This scenario represents a continuation of recent development practices, including sprawl in 
greenfield sites.  90% of the new residential population is accommodated in greenfield sites to 
the urban periphery.  This new residential development is of a density which approximates the 
mix of population and jobs recently observed in the GTA - ~40 people+jobs/hectare. 

Redevelopment of existing urban centres, with an emphasis on centres in suburban 
communities, accommodates the remaining job and population growth.  While the resulting 
infill does accommodate a significant number of new residents, the bulk of new jobs are in 
newly developed commercial land (primarily retail and office parks) in the vicinity of new 
residential development. 

Moderate Scenario 

This scenario aims to follow as closely as possible the regional aspirations as laid out in the 
Places to Grow: Growth Plan for the Greater Golden Horseshoe (PTG), published by the Ontario 
Ministry of Energy and Infrastructure in 2006 and The Big Move: Transforming Transportation 
in the Greater Toronto and Hamilton Area (TBM), published by Metrolinx in 2008. 

These plans are set out visions for the region in 2031 and 2033.  The moderate scenario models 
how the region would develop to meet the population targets above while meeting the spirit of 
these plans. 



 

136 

As specified by the PTG report, new residential development in greenfield sites accommodates 
60% of new residential population.  These new developments meet a density of 50 residents 
and/or jobs per hectare. 

Additional growth occurs in two types: as infill development in identified nodes and as 
redevelopment along newly developed transit corridors. 

The infill nodes are identified and mapped as Urban Growth nodes from the PTG plan and 
Gateway Hubs from TBM.  These nodes represent existing urban centres and locations where 
major transit lines intersect.  As the PTG plan specifies minimum density targets (400 or 200 
population or jobs per hectare, depending on location), these minimum densities have been 
adopted for the 2030 scenario.  Additional density, where required, was added in 2050.  The 
Gateway Hubs, as they are in general currently undeveloped, are assigned much lower 
densities. 

Additional population and jobs were placed along the LRT/BRT corridors identified in TBM.  

Aggressive Scenario 

The aggressive scenario accommodates all population and job areas within existing developed 
areas.  In addition to the node and corridor strategies outlined for the Moderate Scenario (with 
more dense mixed-used patterns to accommodate more residents and jobs), the aggressive 
scenario requires redevelopment of existing low-density residential to accommodate more 
attached (rowhouse and townhouses) and low-rise apartment buildings. 

Figure A-1: Intensity Maps of the GTA 

 

 
Intensity (Population + Jobs/hectare) 
Trend 2030 
 

 
Intensity (Population + Jobs/hectare) 
Trend 2050 
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Intensity (Population + Jobs/hectare) 
Moderate 2030 
 

 
Intensity (Population + Jobs/hectare) 
Moderate 2050 
 

 
Intensity (Population + Jobs/hectare) 
Aggressive 2030 

 
Intensity (Population + Jobs/hectare) 
Aggressive 2050 

Winnipeg 

All Scenarios - Population and Employment Projections 

All scenarios assume an identical rate of population growth, 0.97% per year, which was chosen 
to be the same as the GTA scenario. 

The ratio of jobs per population is assumed to remain constant across all scenarios. 

Based on these assumptions, the population and jobs for the 3 scenarios are projected to be as 
follows: 

 2006 2030 2050 

Population 632,000 798,000 968,000 

Jobs (Full-Time) 323,000 406,457 494,000 



 

138 

Business as Usual Scenario 

This scenario represents a continuation of recent development practices, including sprawl in 
greenfield sites.  80% of the new residential population is accommodated in greenfield sites to 
the urban periphery.  This new residential development is approximately 40 
people+jobs/hectare.   

Redevelopment of existing urban centres, with an emphasis on centres in suburban 
communities, accommodates the remaining job and population growth.  While the resulting 
infill does accommodate a significant number of new residents, the bulk of new commercial 
land (primarily retail and office parks) are infill development provides jobs in existing 
commercial centres. 

Moderate Scenario 

This scenario aims to follow as closely as possible the regional aspirations as laid out in the 
Vision 2020 plan, published by the City of Winnipeg in 2001.  As this plan is shorter in scope 
than the QUEST scenario projections, an attempt was made to extrapolate the intentions of the 
Visions 2020 document to 2030 and 2050.  Unlike the GTA planning documents, the Vision 2020 
text is vague with respect to specific density and population targets.  However, the plan is quite 
explicit in spatially locating neighbourhoods for infill and redevelopment.  The moderate 
scenario uses this information to locate its infill development. 

For this scenario, 60% of new population growth is accommodated in new Greenfield 
development.  This development is estimated to be about 40 persons/hectare - slightly denser 
than recently observed development in the region. 

A significant portion of new population and jobs (~10%) is accommodated in new mixed-use 
developments on sites identified as “Areas of Regional Commercial and Mixed-Use 
Concentration” in the 2020 plan.  

Additional population growth is accommodated in inner city neighbourhoods identified as 
“Major Improvement Neighbourhoods” and “Rehabilitation Neighbourhoods”.  While only 10% 
of the new population is accommodated in these neighbourhoods, it represents a significant 
change as older single family homes are gradually replaced by townhomes and small apartment 
buildings. 

Aggressive Scenario 

The aggressive scenario accommodates all population and job areas within existing developed 
areas.  In addition to being more aggressive in the redevelopment areas used in the moderate 
scenarios (e.g. more single family homes turn into apartments in “Major Improvement 
Neighbourhoods”, mixed use redevelopments are increasingly tower-oriented), existing 
residential neighbourhoods within 100m of major transit lines are assumed to redevelop into 
primarily 3-4 story apartment buildings.   
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Low density industrial land that is located in close proximity to transit redevelops into mid 
density office parks and higher intensity industrial land, in order to provide more jobs that are 
easily accessible by public transit. 

Dawson Creek 

All Scenarios - Population and Employment Projections 

All scenarios assume an identical rate of population growth, 0.97% per year, which was chosen 
to be the same as the GTA scenario. 

The ratio of jobs per population is assumed to remain constant across all scenarios. 

Based on these assumptions, the population and jobs for the 3 scenarios are projected to be as 
follows: 

 2006 2030 2050 

Population 10,900 13,900 16,800 

Jobs (Full-Time) 5,800 7,400 9,000 

Business as Usual Scenario 

The trend scenario assumes that the bulk (90%) of new development occurs in the land 
currently identified as development reserve.  It is similar in density to what has recently been 
built at the periphery of Dawson Creek (approx 32 people/ha).  The job growth is 
accommodated mostly by expanding low density industrial and commercial lands at the 
periphery, but some (15%) is accommodated by current redevelopment trends near the town 
centre.  

Moderate Scenario 

Both the moderate and aggressive scenarios are based on the recently approved Official 
Community Plan (November 2009).  This plan, which is quite aggressive for a small town, is 
typical in that, while it does encourage new development in proximity to the town centre, does 
not explicitly prohibit sprawl at the urban periphery.  The difference between the Moderate 
and Aggressive scenario is how effective the local government is at channelling new growth into 
designated areas, and resisting applications for low-density growth at the outskirts of the urban 
area.  It is important to note that there is still a lot of undeveloped land that is designated 
residential in the Official Community Plan.  In the moderate scenario, 60% of new growth 
happens in these lands. 

The moderate scenario assumes that the municipal policies that prioritize infill have been 
moderately successful, and that 40% of new growth is accommodated within infill 
redevelopment near the town centre.  This infill development replaces existing single family 
homes with small numbers of 3-4 story apartment buildings, and a few more duplexes are 
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added.  The impact on the individual neighbourhoods is quite low, as only a few homes per 
block would be affected. 

New jobs are accommodated both by expansion into new greenfield sites adjacent to existing 
commercial/industrial lands near the periphery, and by redeveloping existing low-density 
highway commercial.  Large auto-oriented developments are densified somewhat, adding some 
buildings with 2-3 stories of office and retail to areas that are primarily single storey. 

Aggressive Scenario 

The aggressive scenario assumes that all new development can be accomplished via infill.   This 
is done primarily by aggressively redeveloping the downtown core into a mixed use 
neighbourhood with much more dense buildings (primarily 3-5 storey) that contain a mix of 
residential and commercial uses.   Underused land (parking lots and empty lots) are 
redeveloped aggressively to accommodate this use.  By 2050, the town centre has a much more 
urban feel than in the other 2 scenarios. 

Changes to older residential neighbourhoods are the same as in the moderate scenario.   

Fort McMurray 

All Scenarios - Population and Employment Projections 

Unlike the other archetypes, Fort McMurray has seen an extremely fast rate of growth in recent 
years.  This is consistent with its status as the centre of economic boom associated with oil 
sands development.  Currently, municipal planning departments using a range of population 
growth projects, with growth estimates of 6%, 9%, and 12% per year.  Clearly, these rates are 
not sustainable over the time horizon of the QUEST project, as even the most conservative of 
these projections would result in a city that rivalled Edmonton or Calgary by 2050 due to the 
exponential nature of the growth.  As a result, the scenarios assume a growth rate of 9% for the 
first 10 years, after which growth would level off and remain at the same rate as the other 
archetypes: 0.97%. 

Estimating job growth is similarly difficult: due to the boom and bust cycle of the economy, 
there are often periods where the job to population ratio is out of scale to what would be 
expected in other communities.  However, it is unlikely that this ratio will remain as skewed as 
it is at current.  As the stated policy of the Municipality of Wood Buffalo and the Province of 
Alberta is to help make Fort McMurray a more sustainable, complete community, it is assumed 
that by 2030 the job to population ratio will return to a more typical 0.54 jobs/population. 

Based on these assumptions, the population and jobs for the 3 scenarios are projected to be as 
follows: 

 2006 2030 2050 

Population 56,300 142,600 173,000 

Jobs (Full-Time) 27,402 75,600 91,700 
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Business as Usual Scenario 

Like all of the scenarios, the trend scenario uses the outcomes of the Fringe Area Development 
Assessment (FADA), produced by the Regional Municipality of Wood Buffalo in 2007, to identify 
potential locations for future growth outside of the boundaries of Fort McMurray.   

In the case of the Trend scenario, like all of the other archetypes, it is assumed that 90% of the 
development occurs in greenfield sites.  This development is assumed to continue at similar 
levels of density as current development, and at the low end of predictions contained in the 
FADA study (~60 population + jobs/hectare gross). 

The remaining population and job requirements would be met by infill developments in the City 
centre, again mirroring current developments of highrise residential. 

Moderate Scenario 

The moderate scenario increases the density of the new development to that currently being 
proposed for the Parsons Creek area (as provided by Stantec as part of the Canadian Urban 
Institute study “Parsons Creek Energy Efficiency Cost Benefit Study”).  The current planning for 
the area calls for considerably higher overall densities than what has been built in the recent 
past, and much higher amounts of commercial/retail space.  While this scenario still 
contemplates 90% of new population growth occurring in new greenfield developments outside 
of existing areas, it uses up considerably less land (3100 hectares vs. 4400 hectares in the trend 
scenario), thereby increasing its ability to be served by transit.  

Aggressive Scenario 

Unlike the other archetypes where the aggressive scenarios met their growth targets using only 
infill development, the aggressive scenario in Fort McMurray uses some greenfield 
development to meet its growth targets.  This is due to the much higher rate of growth, which 
limits the amount of population that can realistically be absorbed into existing areas. A smaller 
area (1696 hectares) has been allocated to Greenfield development, and it is restricted to areas 
that are immediately adjacent to existing development, allowing for much higher service levels 
of transit.   

Similar levels of residential density are proposed in greenfield sites as in the moderate scenario.  
Higher levels of commercial and mixed use land are integrated into these developments, 
however, to provide more opportunities for walking and taking transit to jobs and services  
within these areas. 

As a result of the smaller area dedicated to new greenfield developments, only 60% of new 
residential growth is allocated there.  The remainder is allocated to a significant redevelopment 
of the core of Fort McMurray, which is transformed into a mid-rise mixed use urban area.  The 
main street is dedicated to retail and offices, while the streets one block away have 5-6 stories 
of residential use.   
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Appendix B: Transportation Model Detail 

Model Overview 

A modified version of the GTAModel travel demand forecasting model system was used in the 
QUEST project.  GTAModel was developed by Prof. Eric Miller at the University of Toronto and 
is used in operational regional planning practice by the City of Toronto, the Cities of Mississauga 
and Brampton, and the Regional Municipality of Durham.  It also provides the conceptual 
framework for the Greater Golden Horseshoe Model (GGHM) used by the Ontario Ministry of 
Transportation and Metrolinx for transportation planning analysis in the Greater Toronto-
Hamilton Area (GTHA). 

Figure B-1: GTA Model Overview 
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The Four-Stage Urban Transportation Model System
(Source: Meyer & Miller, 2001)

(a) Model System Flowchart (b) Trip Components by Model Stage

 

GTAModel is in many respects a conventional four-step model system in which population and 
employment forecasts for each traffic zone in an urban region, combined with projected road 
and transit networks for the region for the forecast year are the primary inputs.  Figure B-1 
depicts the standard four-step approach, in which travel demand is projected in four sequential 
stages: 

 Trip generation, in which the number of trips originating from each traffic zone i (Oi) 
and destined to each traffic zone j (Dj) are predicted as a function of zonal population 
and employment. 

 Trip distribution, in which the origin and destination “trip ends” are linked together to 
determine the “trip flows” from each origin zone i to each destination zone j (Tij).  The 
probability of a trip going from zone i to zone j depends upon the number of trips 
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originating in zone i (Oi), the number of trips destined for zone j (Dj) and the 
ease/difficulty of travel between i and j, given the travel times and costs of feasible 
travel modes between the two zones. 

 Mode split, in which trip origin-destination (O-D) flows are “split” between feasible 
travel modes (auto, transit, etc.), yielding O-D flows by mode.  Mode choices for each O-
D trip depend on the relative travel times and costs of the competing modes, as well as 
the modal preferences of the trip-makers (which vary with the socio-economic 
attributes of the trip-makers). 

 Trip assignment, in which auto and transit O-D trips are “assigned” to explicit paths 
through the road and transit networks, yielding for each road link in the system link 
flows, travel times, volume-to-capacity ratios, etc., and for each transit line in the 
system total passenger boardings and alightings, etc.  “User-equilibrium” assignment 
methods are used, in which it is assumed that each trip-maker chooses the path through 
the road or transit network that minimizes their overall weighted travel time, taking into 
account congestion effects in the road network and walk, wait and transfer times within 
the transit network.  The EMME/2 commercial network modelling package is used to 
perform road and transit assignments, with EMME/2 “macros” (scripts for running 
EMME/2) being integrated within the GTAModel software system. 

Trips are divided into four trip purposes, with separate generation, distribution and mode split 
models for each trip purpose.  Trip purposes used in GTAModel are: 

 Home-to-work (HW).  HW trips are further sub-divided by four occupation groups and 
by employment status (full-time and part-time workers).  Separate generation and 
distribution models are used for each of the eight occupation-employment status 
groups; separate mode split models are used for each of the four occupation groups. 

 Home-to-school (HS).  HS trips are further sub-divided by three age groups, which act as 
proxies for school level (elementary, secondary and post-secondary).  Separate models 
are used for each education group. 

 Home-to-other (HO).  HO trips are generated separately for workers, students and non-
work.  Single distribution and mode split models are then applied to all generated HO 
trips. 

 Non-home-based (NHB).  All trips not beginning at home are included in this trip 
category. 

In addition to population and employment by traffic zone and the road and transit networks, 
important inputs to GTAModel include: 

 Trip generation rates for each trip purpose and purpose sub-category.  For the GTHA 
case, these trip rates are derived from 2006 Transportation Tomorrow Survey (TTS) 
data. 

 Parameters for each trip distribution and mode choice model used.  These parameters 
are statistically estimated using 2006 TTS observed data. 
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 Assumed distributions for: 

o Person age. 

o Person labour force participation (by occupation and employment status). 

o Person education participation. 

o Person possession of driver’s licence. 

o Household auto ownership levels. 

o Employment by occupation. 

For the GTHA case, the default distributions are derived from 2006 TTS data. 

 Average daily parking charges by traffic zone. 

 Average auto operating cost ($/km). 

 Transit fares by transit operator. 

 Road tolls (where these exist; e.g., Highway 407 in the GTHA). 

Standard outputs from GTAModel include: 

 Origin-destination trips by traffic zone by trip purpose and by mode of travel. 

 Origin-destination travel times and costs for auto and transit trips. 

 Origin-destination mode shares by trip purpose. 

 For each road link: 

o Travel time. 

o Average speed. 

o Volume. 

o Volume-to-capacity ratio. 

o Greenhouse gas and criteria pollutant emissions. 

 For each transit line: 

o Total boardings 

o Total alightings 

o Peak load 

o Average load 

o Average route travel time 

 Vehicle kilometres travelled (VKT) on the road system. 

 Person kilometres travelled (PKT) by mode of travel. 

Key features that differentiate GTAModel from conventional 4-step models include: 
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 HW and HS distributions are determined in a first instance as place-of-residence-place 
of work (PORPOW) and place-of-residence-place-of-school (PORPOS) linkages.  That is, 
the fundamental relationship between where people live and work (or attend school) is 
directly modelled.  These linkages are then subsequently turned into trips by applying an 
appropriate trip rate to these linkages.  This approach eliminates the “noise” of 
variations in day-to-day trip-making from the estimation of these very important spatial 
relationships.  It also facilitates the modelling of work and school trip making by time of 
day and the modelling of the “reverse” work-to-home and school-to-home” trips, since 
these all depend on the same base PORPOW/S linkages. 

 Considerable care and detail is used in modelling mode choice by trip purposes.  
Sophisticated “nested logit” models are used to model mode choices in considerable 
detail.   This includes the detailed modelling of auto access to subway and commuter rail 
modes, differentiating between auto-drivers and auto-passengers within the model, and 
the explicit modelling of walk, bicycle and (for school trips) school bus modes. 

 A “population synthesis” procedure is implemented within the model system that takes 
total population per residential zone and synthesizes persons by age category, 
employment status, occupation group (for employed persons), student status, driver’s 
licence possession and household auto ownership level.  These synthesized persons are 
then used to model trip-making.  This is an essential step in the modelling process, since 
trip generation, distribution and modal choice all depend critically upon these socio-
economic attributes. 

GTAModel is implemented within the eXtensible Travel Model Framework (XTMF), also 
developed at the University of Toronto, which is a software system that supports the rapid 
development of travel demand model systems.  The standard GTAModel system was developed 
to model the typical weekday morning (AM) peak period in the GTHA.  This AM-peak GTHA 
model system was extended within XTMF for the QUEST project in the following ways: 

 Afternoon (PM) peak period and off-peak travel models were added to the model 
system so that 24-hour weekday trip-making could be modelled.  These models simply 
applied the AM-peak model structure to the other time periods with time period 
specific new trip generation rates being used. 

 Work-to-home and school-to-home trip purposes were added to the model system for 
the PM-peak and off-peak time periods. 

 An endogenous daily parking price model was added to the model system.  This model 
predicts zonal parking prices as a function of zonal employment density and can be 
“turned on” at the user’s discretion to allow parking prices to vary in response to 
changes in urban form / density.  Parking price is an important variable within the model 
system in explaining trip-makers’ mode choices.  This model was constructed using 
observed 2006 average daily parking prices for the GTHA.  An endogenous household 
auto ownership model was added to the model system.  This model predicts the 
distribution of zero-, one- and two-or-more-car households for each residential traffic 
zone as a function of zonal household density.  Similar to the parking price model, it can 
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be “turned on” to allow household auto ownership levels to vary in response to changes 
in urban form / density.  Auto ownership is a very important variable within the model 
system in explaining trip-makers’ mode choices.  This model was constructed using 
historical data for the GTHA derived from TTS.  It is documented in this Appendix. 

 A new VKT/PKT report generator was added to the model system to export the VKT/PKT 
data required by the CIMS model system. 

For further, more detailed, documentation of GTAModel and XTMF, see Miller (2007a-e). 

Changes Made to the Model for this Project 

To apply this modified GTAModel to the Winnipeg, Dawson Creek and Fort McMurray cases, 
the following assumptions were made: 

 2006 Winnipeg Area Travel Survey (WATS) data were used to construct Winnipeg 
specific trip rates and socio-economic distributions.  These replaced the GTHA inputs in 
the Winnipeg trip generation and population synthesis procedures. 

 In the absence of any travel survey data for either Dawson Creek or Fort McMurray, the 
Winnipeg trip rates and socio-economic distributions where used for both of these 
cases. 

 GTHA trip distribution and mode choice model parameters were applied to the 
Winnipeg, Dawson Creek and Fort McMurray cases. 

For the Winnipeg case, the GTHA mode choice model alternative-specific constants were 
adjusted so that the model reproduced the aggregate morning peak-period mode choices 
observed in the 2006 WATS as best as possible.  Table B-1 presents 2006 morning peak-
period WATS mode shares, original mode shares generated by GTAModel prior to adjusting 
the modal constants, and the final mode shares with the adjusted constants.  The final 
adjusted mode shares reproduce the observed Winnipeg mode shares well for both the 
morning peak period and the 24-hour, all-day totals.  These adjusted mode choice 
parameters were also used for the Dawson Creek and Fort McMurray cases. 
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Table B-1: 2006 Winnipeg Aggregate Mode Shares: Observed and Predicted 

Morning Peak-Period GTAModel

WORK WATS Unadjusted Adjusted

Auto drive + passenger 84.0% 57.1% 82.7%

Transit 9.0% 30.1% 9.1%

Walkbike 7.0% 12.8% 8.2%

SCHOOL WATS Unadjusted Adjusted

Auto drive + passenger 44.9% 44.8% 48.4%

Transit 23.5% 21.0% 21.7%

Walkbike 31.6% 34.3% 30.0%

HOME-BASED OTHER WATS Unadjusted Adjusted

Auto drive + passenger 89.0% 92.6% 90.4%

Transit 4.0% 4.8% 4.5%

Walkbike 6.0% 2.6% 5.1%

NON-HOME-BASED WATS Unadjusted Adjusted

Auto drive + passenger 90.0% 97.1% 90.4%

Transit 1.0% 1.7% 1.5%

Walkbike 9.0% 1.2% 8.0%

ALL TRIPS WATS Unadjusted Adjusted

Auto drive + passenger 75.0% 63.5% 76.6%

Transit 10.9% 23.1% 10.9%

Walkbike 14.1% 13.4% 12.5%

Morning Peak-Period GTAModel

ALL TRIPS WATS Unadjusted Adjusted

Auto drive + passenger 82.4% 77.9% 83.7%

Transit 7.9% 14.5% 8.0%

Walkbike 9.7% 7.5% 8.3%  

Other major changes to the model include the following: 

Change: An endogenous daily parking price model was added to the model system.  This 
model predicts zonal parking prices as a function of zonal employment density and can be 
“turned on” at the user’s discretion to allow parking prices to vary in response to changes in 
urban form / density (moderate and aggressive ICES land use scenarios).  Parking price is an 
important variable within the model system in explaining trip-makers’ mode choices.  This 
model was constructed using observed 2006 average daily parking prices in the Greater 
Toronto Hamilton Area (GTHA). 

Change: An endogenous household automobile ownership model was added to the model 
system.  This model predicts the distribution of zero-, one- and two-or-more-car households for 
each residential traffic zone as a function of zonal household density (Moderate and Aggressive 
ICES land use scenarios).  Similar to the parking price model, it can be “turned on” to allow 
household automobile ownership levels to vary in response to changes in urban form / density.  
Automobile ownership is a very important variable within the model system in explaining trip-
makers’ mode choices.  This model was constructed using historical data for the GTHA derived 
from Transportation Tomorrow Survey (2006). 

Change: Transit services were improved.  Transit frequency and service was improved within 
high-density corridors  
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Modelling Procedure 

For each of the four archetype urban areas (the Greater Toronto Area (GTA),62 Winnipeg, 
Dawson Creek and Fort McMurray) seven GTAModel model system runs were undertaken, one 
for each of the seven scenarios under consideration: 

 2006 base case; 

 2030 trend, moderate and aggressive land uses; and 

 2050 trend, moderate and aggressive land uses. 

For each land use scenario for each urban area three combined road and transit network 
scenarios were created in EMME/2 corresponding to the AM-peak, PM-peak and off-peak time 
periods.  This permitted the road and transit assignment results to be stored for each time 
period for each land use scenario for each urban area.  All road and transit network scenarios 
were coded according the 2001 network coding standard for the GTHA (DMG, 2004), 
incorporating GTAModel extensions (Miller, 2007c).  The 2030 and 2050 trend networks were 
simply the 2006 base networks applied to the future year cases; i.e., no improvements in the 
road and transit networks were assumed, except in a few cases where new growth within the 
urban area required extending the base road network to “connect” the new growth areas to 
the existing urban network.  For the moderate and aggressive land use scenarios, 2030 and 
2050 road networks were constructed that have the following attributes: 

 They are as consistent as possible with current plans for transportation network 
expansion within each case study region, especially with respect to transit 
improvements. 

 Especially for the aggressive land use scenarios, they are as aggressive as can be 
reasonably assumed with respect to transit service improvements. 

 They are as consistent as possible with the assumed land use distributions in each 
scenario (e.g., transit services are improved in high-density corridors, etc.). 

In all scenarios, auto fuel prices and tolls and transit fares were held fixed in constant 2006 
dollar terms.  The key drivers of the predicted travel behaviour in each scenario are thus the 
assumed population and employment distributions and the assumed transportation networks 
(especially the assumed transit networks).   

Daily Parking Cost Model 

In order to develop a simple model of average daily parking cost that incorporates sensitivity to 
land use assumptions, observed 2006 daily parking charges in the old City of Toronto were 
regressed versus a variety of density and other spatial variables.  The overall best model found 
regressed the natural logarithm of average daily parking cost versus the natural logarithm of 

                                                      
62

   Although GTAModel was developed for the GTHA, and all model runs undertaken with the QUEST project 

included the effects of Hamilton-based trips on GTHA travel patterns, congestion levels, etc., only GTA-specific 

results were included in the outputs provided to the QUEST project team.  That is, trips with origins and/or 

destinations with the City of Hamilton are not included in the reported QUEST results. 
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employment density and straight-line distance from the Central Business District (CBD) as 
explanatory variables: 

lpkcst(i) = 0.965 + 0.293*ledens(i) + 0.00740*dist(i)     (Equation 1) 

where: 

lpkcst(i) = Natural logarithm of average daily parking cost ($2006) in zone i 

ledens(i) = natural logarithm of employment density (jobs/acre) in zone i 

dist(i)     = Straight-line distance (km) from the centroid of zone i to the CBD centroid 

or, 

pkcst(i) = exp(0.965 + 0.293*ledens(i) + 0.00740*dist(i))    (Equation 2) 

Table B-2: Parking Cost Model Regression 

Regression Statistics

Multiple R 0.652327195

R Square 0.425530769

Adjusted R Square0.41232458

Standard Error0.354614505

Observations 90

ANOVA

df SS MS F Significance F

Regression 2 8.103944174 4.051972087 32.22207122 3.37369E-11

Residual 87 10.94037591 0.125751447

Total 89 19.04432008

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 0.964971262 0.185999874 5.188021041 1.37207E-06 0.595276379 1.334666145 0.595276379 1.334666145

ledens 0.293439537 0.043796099 6.700129529 1.97506E-09 0.206390049 0.380489024 0.206390049 0.380489024

dist 0.007395201 0.012688245 0.582838733 0.561509543 -0.01782406 0.032614461 -0.01782406 0.032614461

-2

0

2

0 2 4 6 8

 

Table B-2 presents the regression parameter estimates and goodness-of-fit statistics.  All 
parameters have the expected (positive) sign.  The distance parameter is not statistically 
significant, but it is retained in the model both because theoretically it is expected that parking 
prices should decline as one moves away from the city centre and because the overall model 
performance appears to improve when it is retained in the equation.  The goodness-of-fit of the 
model (adjusted R2 = 0.41) is not exceptional, but acceptable given the simplicity of the model. 

Figure B-2 presents residual and fit plots for each explanatory variable.  These appear to be 
acceptable. Figure B-3 then plots observed versus predicted parking costs (i.e., using Equation 2 
to compute predicted parking costs).  While considerable scatter clearly exists in the data, the 
overall trend in parking costs is captured in a reasonable way by the model. 
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Figure B-2: Regression residual and fit plots by explanatory variable 

 

Figure B-3: Observed versus predicted parking costs 
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Clearly, the determination of zonal parking costs is a much more complicated function of 
supply, demand and regulation than is captured in this very simple model.  What was desired 
for the purposes of this study, however, is a simple procedure for allowing parking costs to vary 
in a sensible way with changes in urban form/density.  This model provides this capability. 
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In order to ensure that: 

 Predicted parking costs did not exceed unreasonable minimum of maximum values, and 

 Predicted parking costs were not less than base year values 

the final algorithm used for computing parking costs is: 

pknew(i) = exp(0.965 + 0.293*ledens(i) + 0.00740*dist(i)) 

if (pknew(i) > pkmax ) then 

 pknew(i)= pkmax 

else if (pknew(i) < pkmin) then 

 Pknew(i) = pkmin 

if (pknew(i) < pkold(i)) then 

 pknew(i)= pkold(i) 

where: 

pknew(i) = New parking cost in zone i 

pkold(i)  = Base year parking cost in zone i 

pkmax    = Maximum allowed parking cost 

pkmin    = Minimim allowed parking cost 

In all ICES simulation runs, pkmax = $99.99 and pkmin = $2.00. 

This parking cost model was applied to all moderate and aggressive scenarios in the four case 
study urban areas. 

Table B-3: Summary parking model results, GTA 2050 Aggressive Scenario 

 shows example summary results of applying this model for the GTA 2050 aggressive land use 
scenario run.  As can be seen, it results in parking costs increasing significantly as a result of the 
urban density increases assumed within this scenario. 

Table B-3: Summary parking model results, GTA 2050 Aggressive Scenario 

Zone Category No. of Zones Average Parking Cost ($)

Original AvgCost; pkcost > 0 132 6.4

New AvgCost; org. pkcost > 0 132 7.41

New AvgCost; org. pkcost = 0 1713 3.83

Original AvgCost; all zones 1845 0.46

New AvgCost; all zones 1845 4.09  

Household Auto Ownership Model 

In order to develop a simple model of household auto ownership levels that incorporates 
sensitivity to land use assumptions, the observed relationship between zonal average 
household auto ownership levels and household density levels in the GTA shown in  



 

152 

Figure B-4: GTA Household auto ownership levels versus household density 
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This graph suggests the following simple piece-wise linear relationship between household auto 
ownership and residential density: 

n(d) = 1.84 – 0.283*d d  3.5       (Equation 3a) 

        = 1.03 – 0.050*d d > 3.5      (Equation 3b) 

 

n(d) = Zonal average vehicles per household 

d = Zonal household density (103 households / km2) 

 

GTAModel, however, does not directly use average number of vehicles per household.  Rather, 
what is required is the fraction of persons who belong to household with zero, one or two or 
more vehicles.  Thus, a procedure to convert the zonal average number of cars per household 
into the zonal fractions of households with zero, one or two-plus cars is required.  In order to 
construct such a procedure first define the following: 

 

n(t) = Average number of vehicles per household at time t in zone i (zonal subscript is 
suppressed for simplicity of presentation 

pk(t)= Probability or a household owning k cars at time t, k=0,1,2+ 

d(t) = Zone density at time t (103 households / km2) 

x     = Average number of cars in 2+ car households (based on TTS data, this is assumed to be 
2.28 cars) 

b     = Base year (2006) 
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    =   Slope in Equation 3.1 = 0.283 if d(t)  3.5; = 0.050 otherwise 

 

Then Equation 3.1 can be rearranged to yield: 

 

n(t) = n(b) - [d(t) – d(b)]        (Equation 3.2) 

 

Also n(t) must satisfy the constraint: 

 

n(t) = p1(t) + x p2(t)         (Equation 3.3) 

 

If we assume that the ratio of zero-car to one-car households remains constant over time, then: 

 

p0(t)/ p1(t) = p0(b)/ p1(b)  t                  (Equation 3.4a) 

 

 p0(t) = [p0(b)/ p1(b)] p1(t) 

 

 p0(t) =  p1(t)                    (Equation 3.4b) 

 

where  equals the base year ratio [p0(b)/ p1(b)].  By definition: 

 

p2(t) = 1 - p0(t) - p1(t)         (Equation 3.5) 

 

Substituting Equation 3.4b into Equation 3.5 yields (upon simplifying): 

 

p2(t) = 1 – (1+ ) p1(t)         (Equation 3.6) 

 

And substituting Equation 3.6 into Equation 3.3 and simplifying yields: 

 

p1(t) = [n(t) – x] / [1 –x(1+ )]                    (Equation 3.7) 
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Thus, given Equations 3.1 through 3.7, the procedure for updating future year zonal auto 
ownership distributions given known base year distributions is as follows: 

1. Compute the future year average cars per household using Equation 3.2. 

2. Compute the future year distribution of zero-, one- and two-plus-car households given 
the future year average number of cars per household using Equations 3.7, 3.6 and 
3.4b.63 

 

Table B-4: Changes in urban area wide auto ownership levels for 2050 

 illustrates the impact of the model by showing overall changes in average auto ownership 
levels for workers and non-workers for the 2050 aggressive land use scenarios for each of the 
four case study cities.  As can be seen, significant decreases in average auto ownership is 
generated by the model in response to increased residential densities. 

Aggressive Land Use Scenarios 

Table B-4: Changes in urban area wide auto ownership levels for 2050 

Workers Non-Workers

Urban Region Base 2050DG Delta % Change Base 2050DG Delta % Change

Dawson Creek 1.41 1.19 -0.22 -15.6% 1.61 1.43 -0.19 -11.8%

Fort McMurray 1.41 1.17 -0.24 -17.0% 1.61 1.41 -0.2 -12.4%

Winnipeg 1.41 1.04 -0.37 -26.2% 1.61 1.27 -0.35 -21.7%

Toronto 1.45 1.11 -0.34 -23.4% 1.54 1.2 -0.34 -22.1%  

                                                      
63

   The actual algorithm is somewhat more complicated than this in that it must account for: (1) converting 
planning district auto ownership distributions to the zone level; (2) separate distributions are defined for workers 
and non-workers, further disaggregated by socio-economic attributes; and (3) various special cases that require 
special treatment. 
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Appendix C: Energy-Economy Model (CIMS) Detail 

Model Description 

The CIMS model was originally designed as a predecessor to the NEMS model of the United 
States Energy Information Administration, and has been subsequently developed for Canada by 
MKJA and the Energy and Materials Research Group at Simon Fraser University.  It simulates 
the technological evolution of the energy-using capital stock in the Canadian economy (such as 
buildings, vehicles, and equipment) and the resulting effect on output, investment, labor and 
fuel costs, energy use, GHG and criteria air contaminant (CAC) emissions, and some material 
flows.  The stock of energy-using capital is tracked in terms of energy service provided (m2 of 
lighting or space heating) or units of physical product (metric tons of market pulp or steel).  
New capital stocks are acquired as a result of time-dependent retirement of existing stocks and 
growth in stock demand.  Market shares of technologies competing to meet new stock 
demands are determined by standard financial factors as well as behavioral parameters from 
empirical research on consumer and business consumption and investment preferences.  CIMS 
has three modules — energy supply, energy demand, and macro-economy — that can be 
simulated as an integrated model or individually.  A model simulation comprises the following 
basic steps: 

1. A base-case macroeconomic forecast initiates model runs.  The macroeconomic forecast 
is at a sectoral or sub-sectoral level (e.g., it estimates the growth in total passenger 
travel demand or in airline passenger travel demand).  The forecast adopted for this 
study is described in the reference case appendix. 

2. In each time period, some portion of the existing capital stock is retired according to 
stock lifespan data.  Retirement is time-dependent, but sectoral decline can also trigger 
retirement of some stocks before the end of their natural lifespan.  The output of the 
remaining capital stocks is subtracted from the forecast energy service or product 
demand to determine the demand for new stocks in each time period. 

3. Prospective technologies compete for new capital stock requirements based on financial 
considerations (capital cost, operating cost), technological considerations (fuel 
consumption, lifespan), and consumer preferences (perception of risk, status, comfort), 
as revealed by behavioral-preference research.  The model allows both firms and 
individuals to project future energy and carbon prices with imperfect foresight when 
choosing between new technologies (somewhere between total myopia and perfect 
foresight about the future).  Market shares are a probabilistic consequence of these 
various attributes. 

4. A competition also occurs to determine whether technologies will be retrofitted or 
prematurely retired.  This is based on the same type of considerations as the 
competition for new technologies. 

5. The model iterates between the macro-economy, energy supply and energy demand 
modules in each time period until equilibrium is attained, meaning that energy prices, 
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energy demand and product demand are no longer adjusting to changes in each other.  
Once the final stocks are determined, the model sums energy use, changes in costs, 
emissions, capital stocks and other relevant outputs. 

The key market-share competition in CIMS can be modified by various features depending on 
evidence about factors that influence technology choices.  Technologies can be included or 
excluded at different time periods.  Minimum and maximum market shares can be set.  The 
financial costs of new technologies can decline as a function of market penetration, reflecting 
economies of learning and economies of scale.  Intangible factors in consumer preferences for 
new technologies can change to reflect growing familiarity and lower risks as a function of 
market penetration.  Output levels of technologies can be linked to reflect complementarities. 

Personal mobility provides an example of CIMS' operation.  The future demand for personal 
mobility is forecast for a simulation of 30 or more years and provided to the energy demand 
module.  After the first five years, existing stocks of personal vehicles are retired because of 
age.  The difference between forecast demand for personal mobility and the remaining vehicle 
stocks to provide it determines the need for new stocks.  Competition among alternative 
vehicle types (high and low efficiency gasoline, natural gas, biofuel, electric, gasoline-electric 
hybrid, and eventually hydrogen fuel-cell) and even among alternative mobility modes (single 
occupancy vehicle, high occupancy vehicle, public transit, cycling and walking) determines 
technology market shares.  The results from personal mobility and all other energy services 
determine the demand for fuels.  Simulation of the energy supply module, in a similar manner, 
determines new energy prices, which are sent back to the energy demand module.  The new 
prices may cause significant changes in the technology competitions.  The models iterate until 
quantity and price changes are minimal, and then pass this information to the macro-economic 
module.  A change from energy supply and demand in the cost of providing personal mobility 
may change the demand for personal mobility.  This information will be passed back to the 
energy demand module, replacing the initial forecast for personal mobility demand.  Only when 
the model has achieved minimal changes in quantities and prices does it stop iterating, and 
move on to the next five-year time period. 

The model was recently recalibrated to reflect EC’s National Inventory Report - Greenhouse Gas 
Sources and Sinks in Canada 1990-2006 as well as EC’s online Criteria Air Contaminant 
Emissions Summaries: 1990-2015.  We also updated the values from Natural Resources 
Canada’s (NRCan) Canada’s Energy Outlook 2006 (CEO 2006), which provides the foundation of 
CIMS’ physical output forecast to 2020, to reflect recently released output, energy and 
emissions data for 2005 from Natural Resources Canada’s Comprehensive Energy Use Database 
and Statistics Canada’s Report on Energy Supply and Demand.  The Canadian Association of 
Petroleum Producers’ (CAPP) latest 2008 forecast was used for oil production to account for the 
recent slow down in investment in the  petroleum sector. 

CIMS has a detailed representation of technologies that produce goods and services throughout 
the economy and attempts to simulate capital stock turnover and choice between these 
technologies realistically.  It also includes a representation of equilibrium feedbacks, such that 
supply and demand for energy intensive goods and services adjusts to reflect policy. 
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CIMS simulations reflect the energy, economic and physical output, GHG emissions, and CAC 
emissions from its sub-models as shown in Table C-1.  CIMS does not include adipic and nitric 
acid, solvents or hydrofluorocarbon (HFC) emissions.  CIMS covers nearly all CAC emissions in 
Canada except those from open sources (e.g., forest fires, soils, and dust from roads). 

Table C-1: Sector sub-models in CIMS 

Sector BC Alberta  Sask.  Manitoba  Ontario  Quebec  Atlantic 

Residential        

Commercial/Institutional        

Personal Transportation        

Freight Transportation        

Industry        

Chemical Products        

Industrial Minerals        

Iron and Steel        

Non-Ferrous Metal Smelting*        

Metals and Mineral Mining        

Other Manufacturing        

Pulp and Paper        

Energy Supply        

Coal Mining        

Electricity Generation        

Natural Gas Extraction        

Petroleum Crude Extraction        

Petroleum Refining        

Agriculture & Waste        

* Metal smelting includes Aluminium. 

Model Structure and Simulation of Capital Stock Turnover 

As a technology vintage model, CIMS tracks the evolution of capital stocks over time through 
retirements, retrofits, and new purchases, in which consumers and businesses make sequential 
acquisitions with limited foresight about the future.  This is particularly important for 
understanding the implications of alternative time paths for emissions reductions.  The model 
calculates energy costs (and emissions) for each energy service in the economy, such as heated 
commercial floor space or person kilometres travelled.  In each time period, capital stocks are 
retired according to an age-dependent function (although retrofit of un-retired stocks is 
possible if warranted by changing economic conditions), and demand for new stocks grows or 
declines depending on the initial exogenous forecast of economic output, and then the 
subsequent interplay of energy supply-demand with the macroeconomic module.  A model 
simulation iterates between energy supply-demand and the macroeconomic module until 
energy price changes fall below a threshold value, and repeats this convergence procedure in 
each subsequent five-year period of a complete run. 

CIMS simulates the competition of technologies at each energy service node in the economy 
based on a comparison of their life cycle cost (LCC) and some technology-specific controls, such 
as a maximum market share limit in the cases where a technology is constrained by physical, 
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technical or regulatory means from capturing all of a market.  Instead of basing its simulation of 
technology choices only on financial costs and social discount rates, CIMS applies a definition of 
LCC that differs from that of bottom-up analysis by including intangible costs that reflect 
consumer and business preferences and the implicit discount rates revealed by real-world 
technology acquisition behaviour. 

Equilibrium Feedbacks in CIMS 

CIMS is an integrated, energy-economy equilibrium model that simulates the interaction of 
energy supply-demand and the macroeconomic performance of key sectors of the economy, 
including trade effects.  Unlike most computable general equilibrium models the current 
version of CIMS does not equilibrate government budgets and the markets for employment and 
investment.  Also, its representation of the economy’s inputs and outputs is skewed toward 
energy supply, energy intensive industries, and key energy end-uses in the residential, 
commercial/institutional and transportation sectors. 

CIMS estimates the effect of a policy by comparing a business-as-usual forecast to one where 
the policy is added to the simulation.  The model solves for the policy effect in two phases in 
each run period.  In the first phase, an energy policy (e.g., ranging from a national emissions 
price to a technology specific constraint or subsidy, or some combination thereof) is first 
applied to the final goods and services production side of the economy, where goods and 
services producers and consumers choose capital stocks based on CIMS’ technological choice 
functions.  Based on this initial run, the model then calculates the demand for electricity, 
refined petroleum products and primary energy commodities, and calculates their cost of 
production.  If the price of any of these commodities has changed by a threshold amount from 
the business-as-usual case, then supply and demand are considered to be out of equilibrium, 
and the model is re-run based on prices calculated from the new costs of production.  The 
model will re-run until a new equilibrium set of energy prices and demands is reached.  Figure 
C-1 provides a schematic of this process.  For this project, while the quantities produced of all 
energy commodities were set endogenously using demand and supply balancing, endogenous 
pricing was used only for electricity and refined petroleum products; natural gas, crude oil and 
coal prices remained at exogenously forecast levels (described later in this section), since 
Canada is assumed to be a price-taker for these fuels. 
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Figure C-1: CIMS energy supply and demand flow models 
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In the second phase, once a new set of energy prices and demands under policy has been 
found, the model measures how the cost of producing traded goods and services has changed 
given the new energy prices and other effects of the policy.  For internationally traded goods, 
such as lumber and passenger vehicles, CIMS adjusts demand using price elasticities that 
provide a long-run demand response that blends domestic and international demand for these 
goods (the “Armington” specification).64  Freight transportation is driven by changes in the 
combined value added of the industrial sectors, while personal transportation is adjusted using 
a personal kilometres-travelled elasticity (-0.02).  Residential and commercial floor space is 
adjusted by a sequential substitution of home energy consumption vs. other goods (0.5), 
consumption vs. savings (1.29) and goods vs. leisure (0.82).  If demand for any good or service 
has shifted more than a threshold amount, supply and demand are considered to be out of 
balance and the model re-runs using these new demands.  The model continues re-running 
until both energy and goods and services supply and demand come into balance, and repeats 
this balancing procedure in each subsequent five-year period of a complete run. 

Empirical Basis of Parameter Values 

Technical and market literature provide the conventional bottom-up data on the costs and 
energy efficiency of new technologies.  Because there are few detailed surveys of the annual 
energy consumption of the individual capital stocks tracked by the model (especially smaller 

                                                      
64

 CIMS’ Armington elasticities are econometrically estimated from 1960-1990 data.  If price changes fall outside of 

these historic ranges, the elasticities offer less certainty.  
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units), these must be estimated from surveys at different levels of technological detail and by 
calibrating the model’s simulated energy consumption to real-world aggregate data for a base 
year. 

Fuel-based GHGs emissions are calculated directly from CIMS’ estimates of fuel consumption 
and the GHG coefficient of the fuel type.  Process-based GHGs emissions are estimated based 
on technological performance or chemical stoichiometric proportions.  CIMS tracks the 
emissions of all types of GHGs, and reports these emissions in terms of carbon dioxide 
equivalents.65 

Both process-based and fuel-based CAC emissions are estimated in CIMS.  Emissions factors 
come from the US Environmental Protection Agency’s FIRE 6.23 and AP-42 databases, the 
MOBIL 6 database, calculations based on Canada’s National Pollutant Release Inventory, 
emissions data from Transport Canada, and the California Air Resources Board. 

Behavioral parameters are estimated through a combination of literature review, judgment, 
supplemented with the use of discrete choice surveys for estimating models whose parameters 
can be transposed into behavioral parameters in CIMS.  

Simulating Endogenous Technological Change with CIMS 

CIMS includes two functions for simulating endogenous change in individual technologies’ 
characteristics in response to policy: a declining capital cost function and a declining intangible 
cost function.  The declining capital cost function links a technology’s financial cost in future 
periods to its cumulative production, reflecting economies-of-learning and scale (e.g., the 
observed decline in the cost of wind turbines as their global cumulative production has risen).  
The declining capital cost function is composed of two additive components: one that captures 
Canadian cumulative production and one that captures global cumulative production.  The 
declining intangible cost function links the intangible costs of a technology in a given period 
with its market share in the previous period, reflecting improved availability of information and 
decreased perceptions of risk as new technologies become increasingly integrated into the 
wider economy (e.g., the “champion effect” in markets for new technologies); if a popular and 
well respected community member adopts a new technology, the rest of the community 
becomes more likely to adopt the technology. 

Please see the following list of publications for further information on CIMS: 

Bataille, C., M. Jaccard, J. Nyboer and N. Rivers. (2006). “Towards General Equilibrium in a Technology-
Rich Model with Empirically Estimated Behavioral Parameters.”  Hybrid Modelling: New Answers to Old 
Challenges, Special Issue of the Energy Journal. 

Jaccard, M., J. Nyboer, C. Bataille, and B. Sadownik (2003). “Modelling the Cost of Climate Policy: 
Distinguishing Between Alternative Cost Definitions and Long run Cost Dynamics.” The Energy Journal 
24(1): 49-73. 

Rivers, N. and M. Jaccard. (2005) “Combining Top-Down and Bottom-Up Approaches to Energy-Economy 
Modelling Using Discrete Choice Methods.” The Energy Journal 26(1): 83-106. 
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Changes Made to the Model for this Project 

The objective: To convert Eric Miller's data into a format that would be consistent with the 
drivers in CIMS 

Challenge: The structure of CIMS, as of March 2010, accommodates endogenous mode 
selection for Urban and Intercity modes of transport.  For example, in each simulation period 
the consumer has a choice between walk/cycling driving or using transit to fulfil urban 
transportation demands.  However, this structure was not appropriate for this project, because 
it would not allow us to incorporate results from Eric's model, which represents the spatial 
component of the transportation sector missing from CIMS.  Results from the transportation 
model specify total km travelled by all modes in each archetype, and more importantly, how 
these demand for these forms of travel are impacted by ICES policies.  For example, in response 
to aggressive density ICES policies , demand for bus and subway increases and demand for 
personal vehicle travel decrease.  In the current version of CIMS modelling this response is not 
possible, as demand for transit (bus and subway) and vehicles is determined by market share 
function (endogenous), which is based on the relative cost of annualized capital costs, 
energy/fuel cost, and intangible costs (reflecting consumer preferences); CIMS does not have a 
spatial component.    

Changes: To accommodate Eric's results, these mode choices were changed from an 
endogenous functions of the model to ones that were determined exogenously.  Essentially the 
demand for all modes of transportation are determined outside of CIMS (the spatial model).  
One of the major strength of CIMS is its technological detail and its representation of energy 
and GHG consumption in the economy.  The new version of the transportation model maintains 
CIMS technology choice structure.   

1. Structure of Urban and Intercity Nodes changed  

a. Mode splits changed from endogenous to exogenous (spatial transportation 
model) 

b. Decision rule changed from "tech_compete" to "fixed matrix ratio" 

c. Reference case, splits for these modes are based the reference run of the model 
prior to its restructuring 

2. Transit travel node also had to be changed  

a. Mode splits changed from endogenous to exogenous (spatial transportation 
model) 

b. Decision rule changed from "tech_compete" to "fixed matrix ratio" 

c. A streetcar/LRT has been added to the model and replaced the node for zero-
emission travel, consequently all zero emissions bus compete with conventional 
buses in the same node (see Fig) 

3. Air travel was removed from the personal transportation sector and made into its own 
sector 
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a. The spatial model does not account for changes in air travel 

b. Simplifies policy simulations (simplifies policy scripts and conversion 
methodology) 

4. This new model structure should be fairly easy to reproduce 

If a new forecast were to be used in future studies, this process could easily be reproduced with 
scripts. 

District Energy Model Detail 

Both district heating and cooling are modelled in CIMS and provide energy to the residential 
and commercial/institutional sectors.  Heat may be supplied by natural- or bio-gas boilers and 
cogenerators, sewer source heat pumps, or industrial waste heat exchangers.  While the full 
extent of the industrial waste heat resource that is available for district energy is not known, for 
this analysis we have assumed that it represents only a small niche market in Canada, partly 
due to energy supply reliability issues.66 In CIMS cooling is supplied by high-efficiency 
compression chillers and absorption coolers67 that drive a cooling cycle with waste heat, or  
deep water cooling similar to the Enwave system in Toronto.68  The rate base and output for 
these cooling technologies account for base-load and peak-load energy production.  Cost 
assumptions are based on existing technologies within CIMS and from studies completed by 
Compass Resource Management Ltd (2010). Thus the rate base of district energy charged to the 
consumer reflects realistic costs for energy capacity and CIMS can model the penetration of 
alternative and low emissions energy sources. 

Energy is transmitted to the consumer via a network of distribution pipes and energy transfer 
stations.  The cost of energy transmission in any given system depends on the density of energy 
demand.  This density determines how much pipe must be laid to deliver the energy and the 
magnitude of energy loss from the source to the consumer.  The cost per unit of energy 
transmitted will typically be lower at higher densities of energy demand relative to lower 
densities because more energy can be sold using less infrastructure.  Furthermore, less energy 
will be lost in transmission so more revenue can be recuperated. 

The distribution costs were developed from literature values for archetypical settlement types 
(IEA, 2005).  In CIMS we aggregate settlement patterns into three network archetypes: a high 

                                                      
66

 Many of the district heating systems in Europe started in the late 1800’s and early 1900’s,where waste steam 
from local factories was used to heat the homes of adjacent housing for workers.  If and when the factory failed, 
the heating source was purchased by the municipality at reduced cost.  This context specific development cannot 
reasonably be applied to this analysis, which attempts to make a realistic and conservative estimate of the 
potential for future district energy systems.  If industrial waste heat is to be used as part of a district heating 
system, it would probably need to be in the context of municipally owned energy supplier which would be 
responsible to all residential, commercial and industrial clients.  
67

 Compression chillers use electricity to run a compression cooling cycle, like a refrigerator or home air 
conditioner.  Absorption coolers use heat to run a cooling cycle and can be fuelled with waste heat from other 
processes.  
68

 www.enwave.com/dlwc.php.  This technology is included only in the CIMS regions where population 
concentrations are near deep water bodies. 

http://www.enwave.com/dlwc.php
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cost/loss (per unit energy sold) network which includes scattered settlements and detached 
homes, a medium cost/loss network which includes attached homes and low rise apartment 
buildings, and a low cost/loss network which includes high-density multi-storey buildings in and 
around city centres (see Figure C-2). Each of these settlement patterns has been identified in 
the land use model.  The land use model quantifies the fraction of buildings by province that fall 
into the three network categories during the simulation with and without the ICES urban 
planning policies.  Network costs and system losses are further adjusted by accounting for 
differences in climate and building heating and cooling loads by province.  These outputs inform 
CIMS, which then determines the rate base for each archetypical district energy network across 
Canada.  Thus, with CIMS, we are able to represent that district energy is less costly per unit of 
energy delivered where settlement patterns are denser and where annual heating or cooling 
loads are high. 

Figure C-2: Network archetypes and settlement patterns 

High Cost/Loss Archetype Medium Cost/Loss Archetype Low Cost/Loss Archetype 

 

 

 

 

 

 

Modelling District Energy in CIMS 

When choosing a heat source for a new or renovated building, consumers can choose between 
using in-building heating systems (e.g., baseboard electric heaters and a variety of furnaces, 
heat-pumps, and water heaters) or they can purchase heat from district heat producers.  
Similarly, where central air-conditioning is used, consumers face a similar choice between in-
building cooling and district cooling.  The competition between in-building systems and district 
energy is determined by the comparison of life-cycle costs.  For in-building systems the lifecycle 
costs include the capital cost of heating or cooling equipment plus the cost of the fuel for that 
equipment.  For district energy, the lifecycle cost the consumer faces is the rate base of district 
heating or cooling plus some additional equipment, such as energy controls.  If the upfront 
capital costs for single building energy equipment are high, there is greater incentive for the 
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consumer to use district energy and avoid these initial costs.  Similarly, where energy prices are 
higher, there is greater incentive to take advantage of the high energy efficiency and economies 
of scale that are available from new district energy systems.  Thus CIMS is able to account for 
how energy prices, capital costs, urban development and intensity of heating and cooling 
demands affect the viability of district energy. 

Applying Declining Capital Costs to District Energy in CIMS 

As in all competitions in CIMS, the LCC are assumed to be on a distribution curve. The 
competition between in building energy and district energy happens whenever a new 
residential building is made or whenever a new commercial HVAC unit is needed.  However, the 
costs in CIMS represent the rate base for a building assuming there is a district energy system 
to connect to, or there is an anchor load that is being developed at the same time to reach a 
viable threshold for implementing district energy (theoretical cost).  Therefore, the theoretical 
costs described above are too low when district energy has a low penetration as it does in 
Canada. As the penetration of district energy rises, the range of costs to make a district energy 
project in Canada (real costs) converges with the range of theoretical costs to service a given 
settlement type assuming and entire neighbourhood is built with district energy (i.e. there is an 
anchor load, or an existing network that will build out). 

The DCC function is applied to the three district heating network archetypes in CIMS in each 
region to model the relationship described above. District cooling was not included since it get 
very little market penetration, meaning it is likely only going in when district heating is also built 
(i.e. there is anchor load).  The district heating network cost decline is a function of stock in 
each region, not for stock in Canada as a whole. 

For the DCC, we assume that once district heating reaches a 30% penetration of floor space, the 
real costs converge with the theoretical costs (i.e. there are enough anchor loads and district 
energy systems that many individual buildings could decide to connect to a network if they 
choose).  The cost vs. stock for district energy will look like an inverted “S” curve (standard form 
of DCC function). 
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Appendix D: Macroeconomic Model Detail (R-GEEM) 

Model Description 

R-GEEM is a static multi-sector, open-economy computable general equilibrium (CGE) model 
that represents BC, Alberta, Saskatchewan, Manitoba, Ontario, Quebec and Atlantic Canada as 
separate regions.  In the current version Canadian economic activity outside Canada is included 
with the Atlantic Provinces.  In the model, a representative consumer is the owner of the 
primary factors (labour and capital).  The consumer rents these factors to producers, who 
combine them with intermediate inputs to create commodities.  These commodities can be 
sold to other producers (as intermediate inputs), to final consumers, or sold to the rest of the 
world as exports.  Commodities can also be imported from the rest of the world.  R-GEEM is a 
small open-economy model and it would be assumed to be a price taker for internationally 
traded goods.  The key economic flows in R-GEEM are captured schematically in Figure D-1. 

Figure D-1: Overall structure of the R-GEEM model for a single region (e.g., British Columbia) 
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R-GEEM assumes that all markets clear – prices adjust until supply equals demand.  Most 
markets are assumed to be perfectly competitive, such that producers never make excess 
profits.  However, an exception is made for the upstream oil and gas sectors, which are 
assumed to earn extra profits due to resource rents, which are shared amongst the producers 
and provinces.  The presence of resource rents makes the oil and gas sector less susceptible to 
declines in output than other sectors, as the size of rents can decline while the sector remains 
profitable.  However, output from the oil and gas sector may still decline as a function of costs 
from the sector (i.e., an increase in costs will remove marginal plants from production), and this 
relationship is based on data from the National Energy Board (2009). 

As a static model, R-GEEM does not model the accumulation and depreciation of capital, so it 
cannot model incentives for investment.  Instead, investment capital is modeled as a fixed 
stock; capital investment can be moved between different sectors or regions in response to a 
policy, but the overall level of investment remains constant. 
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Like most computable general equilibrium models R-GEEM imposes the restriction of constant 
returns to scale on producers to make the model more tractable.  Likewise, it imposes the 
assumption that consumer preferences are homogeneous and continuous. 

The data underlying the model is derived primarily from the Statistics Canada System of 
National Accounts.  We use the S&M Level Input, Output, and Final Demand tables to populate 
the model, and aggregate these somewhat to focus on sectors of primary interest.69  Energy 
consumption is disaggregated using data from the CIMS model and from the Statistics Canada 
Report on Supply and Demand of Energy. 

R-GEEM is implemented in GAMS, using the MPS/GE substructure 

Consumers 

R-GEEM uses a representative agent framework, like many CGE models, where all consumers 
(individuals) are represented by a single representative agent.  In this framework, the 
representative agent aims to maximize utility, where utility is a function of consumption of 
various commodities and leisure: 

),...( 1 LccUU N

CC   
(1) 

In R-GEEM, UC is characterized by a nested constant elasticity of substitution function, which is 
represented schematically in Figure D-2.  At the top level of the nest, the consumer chooses 
between leisure and consumption.  Consumption is made up of energy commodities and non-
energy commodities, which are nested separately.  Amongst energy commodities, electricity 
and natural gas form an individual nest. 

                                                      
69

 This is the level with the least amount of resolution, and does not allow much differentiation of energy-intensive 

sectors, but is the only one available at a provincial level because of confidentiality concerns. 



 

167 

Figure D-2: Representation of consumer utility function in R-GEEM 
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The consumer faces a budget constraint, given by: 
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Income for the representative consumer is derived from returns to primary factors, and all 
taxation revenue: 
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Equations (1) through (3) are solved through Lagrangian optimization for quantities ci and L.  
These commodity (and leisure) demand equations are used in developing the general 
equilibrium solution. 

Producers 

The R-GEEM model includes a representative producer in each of the K productive sectors of 
the economy, which are each assumed to be perfectly competitive (i.e., no excess profits are 
derived by producers) except for the upstream oil and gas sector.  Profits for each sector j are 
given by: 
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Each sector makes outputs by combining primary factors and intermediate inputs in a nested 
KLEM (capital, labour, energy, and materials) production function: 

)..,..( 11 Njjfjjjj xxFFYY 
 

(5) 

The specific structure of the production function Yj is given in Figure D-2.  In this structure, 
energy commodities enter in successive nests, to represent the differing capacity to switch 
between fuels.  Once aggregated, the energy commodities can substitute for the value added 
aggregate, made up of capital and labour inputs.  Overall industry output is made up of a 
combination of this energy and value added bundle with a bundle of intermediate (material) 
inputs.  Combustion emissions from fossil fuel combustion are based on a fixed coefficient 
relationship with each fuel type.   

Special treatment is made for the oil and gas sector, which is assumed to earn resource rents.  
The presence of resource rents makes the oil and gas sector less susceptible to declines in 
output, as the size of rents can decline while the sector remains profitable.  All output 
adjustments from the oil and gas sector occur as the average cost of the sector increases, and it 
is assumed that these increases remove marginal plants from operation.  The relationship 
between output and cost was approximated from the relationship between oil and natural gas 
prices and production from National Energy Board (2009). 

Total output is disaggregated into individual commodities using a constant elasticity of 
transformation function (Tj): 

)..( 1 Njjjj YYTY 
 

(6) 

Equations (4) through (6) are solved through Lagrangian optimization for quantities xij and Fij.  
These equations are used in the general equilibrium conditions to solve the model. 
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Figure D-2: Representation of production function in R-GEEM 
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For this project, represent discrete technologies using CCS in the crude oil, electricity and 
natural gas sectors, we borrowed a method from the MIT-EPPA model that replaces the 
production function approach with selections from a discrete list of technologies (McFarland et 
al 2004, Sue Wing 2008). 

Trade 

R-GEEM models trade flows to other provinces and to the rest of the world.  Imports are 
combined with domestically produced commodities in a constant elasticity of substitution 
function to produce Armington aggregate commodities, which are consumed by both producers 
(intermediate inputs) and consumers (final demand): 

),ö( iiii MYAA 
 

(7) 

Production is separated into production for domestic consumption and production for export 
according to a constant elasticity of transformation function (Gi): 

),ö( iiii YYGY 
 

(8) 
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Where 




K

j

iji YY
1 .  Overall trade flows are determined by balancing imports and exports 

mediated through a foreign exchange market:  
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Runs in R-GEEM are constrained such that the balance of trade deficit (BTD) that prevailed in 
the benchmark scenario is replicated in the counterfactual scenario.  The world price is given 
by: 



pi  pi

W (1 ti

x)(1 ti

m)  (12) 

Variable Definitions 

Consumers  
U

C
 Consumer utility 

ci Quantity of commodity i consumed by consumer 
L Quantity of leisure consumed by consumer 
pi Price of commodity i 
ti

C 
Consumption tax rate on commodity i 

tf
F 

Direct factor tax rate on factor f 
T Sum of all direct and indirect tax revenue 
Producers  
Yij Quantity of output of commodity i by sector j 
Yj Total output of all commodities by sector j 
xij Quantity of intermediate input of commodity i by sector j 


j
 Profit of sector j 

Ffj Quantity of factor f required by sector j 
wf Returns to factor f 
tf

j
 Indirect factor tax rate on factor f employed by sector j 

sf
j 

Indirect factor subsidy rate on factor f employed by sector j 
Trade  

iYö
 

Production of commodity i for domestic consumption 

iY
 

Production of commodity i for export to rest of world 

BTD Balance of trade deficit with the rest of world 
FXM Foreign exchange outlays for imports 
FXX Foreign exchange receipts from exports 
PFX Price of foreign exchange (exchange rate) 
pi

W 
World price of commodity i 

ti
x 

Tax on exports of commodity i 
ti

m
 Tax on imports of commodity i 
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Appendix E: Sectors Modelled and Sectors Impacted By ICES Policies 

Table E-1: Sectors modelled and impacted by ICES policies 

Sector Model Energy-economy Land use Transportation 

Urban  

Residential ICES ICES  

Commercial/Institutional ICES ICES  

Personal Transportation   ICES 

     Urban Transport ICES   

     Intercity Transport    

Other Manufacturing    

Freight Transportation    

Waste    

Water    

Non Urban  

Industry    

Chemical Products    

Industrial Minerals    

Iron and Steel    

Non-Ferrous Metallurgy    

Mining    

Pulp and Paper    

Energy Supply    

Coal Mining    

Electricity Generation    

Natural Gas    

Crude Extraction    

     Petroleum Refining    
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Appendix F: Detailed Land Use Results, by Archetype 

Table F-1: Large city archetype (GTA) housing stock (% of total housing units) 

 Detached Houses Attached Houses Apartments 

2006 

Base 59% 10% 31% 

2030 

BAU 63% 9% 28% 

MOD 51% 12% 37% 

AGG 42% 12% 46% 

2050 

BAU 62% 9% 29% 

MOD 47% 10% 42% 

AGG 22% 12% 65% 

Table F-2: Medium city archetype (Winnipeg) housing stock (% of total housing units) 

 Detached Houses Attached Houses Apartments 

2006 

Base 57% 9% 33% 

2030 

BAU 59% 11% 31% 

MOD 57% 10% 33% 

AGG 47% 11% 42% 

2050 

BAU 60% 12% 29% 

MOD 51% 12% 37% 

AGG 37% 11% 52% 
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Table F-3: Small city archetype (Dawson Creek) housing stock (% of total housing units) 

 Detached Houses Attached Houses Apartments 

2006 

Base 80% 0% 20% 

2030 

BAU 77% 3% 20% 

MOD 74% 4% 22% 

AGG 67% 8% 25% 

2050 

BAU 76% 5% 18% 

MOD 70% 7% 23% 

AGG 57% 9% 34% 

Table F-4: Emerging resource archetype (Fort McMurray) housing stock (% of total housing 
units) 

 Detached Houses Attached Houses Apartments 

2006 

Base 84% 4% 12% 

2030 

BAU 61% 9% 31% 

MOD 45% 8% 47% 

AGG 43% 6% 51% 

2050 

BAU 58% 9% 33% 

MOD 44% 8% 48% 

AGG 37% 5% 58% 
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Appendix G: Detailed Transportation Results, by Archetype 

Table G-1: Summary transportation model system run results, larger city archetype (GTA)  
Total Kilometres Travelled by Scenario

Total VKT/PKT Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT 105870384 156879264 181400528 155127968 179716256 146116064 158692976 51008880 75530144 49257584 73845872 40245680 52822592 -1751296 -1684272 -10763200 -22707552 -9011904 -21023280

PKT: Local Bus 4496790 6881778 8675924 7554375 10706045 11341036 17318428 2384988 4179134 3057585 6209255 6844246 12821638 672597 2030121 4459258 8642504 3786661 6612383

PKT: Commuter Bus 268876 1237106 1703702 253175 385134 680612 905372 968230 1434826 -15701 116258 411736 636496 -983931 -1318568 -556494 -798330 427437 520238

PKT: Streetcar/LRT 513705 501926 531604 5487113 7481234 6048189 8964082 -11779 17899 4973408 6967529 5534484 8450377 4985187 6949630 5546263 8432478 561076 1482848

PKT: Subway 2905321 4257480 4319514 4947934 5842252 5287781 7062430 1352159 1414193 2042613 2936931 2382460 4157109 690454 1522738 1030301 2742916 339847 1220178

PKT: Commuter Rail 8367988 9072821 9632345 8225724 10198975 11495260 16450920 704833 1264357 -142264 1830987 3127272 8082932 -847097 566630 2422439 6818575 3269536 6251945

Walk WKT 742495 1096505 1595075 1116955 1499607 978611 1156789 354010 852580 374460 757112 236116 414294 20450 -95468 -117894 -438286 -138344 -342818

Bicycle BKT 125484 159983 316617 168807 231516 160241 204659 34499 191133 43323 106032 34757 79175 8824 -85101 258 -111958 -8566 -26857

Auto-Passenger VKT 5720506 7791960 9138825 8366456 10252780 7603285 8861624 2071454 3418319 2645950 4532274 1882779 3141118 574496 1113955 -188675 -277201 -763171 -1391156

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT 48.2% 71.3% 46.5% 69.8% 38.0% 49.9% -1.1% -0.9% -6.9% -12.5% -5.8% -11.7%

PKT: Local Bus 53.0% 92.9% 68.0% 138.1% 152.2% 285.1% 9.8% 23.4% 64.8% 99.6% 50.1% 61.8%

PKT: Commuter Bus 360.1% 533.6% -5.8% 43.2% 153.1% 236.7% -79.5% -77.4% -45.0% -46.9% 168.8% 135.1%

PKT: Streetcar/LRT -2.3% 3.5% 968.1% 1356.3% 1077.4% 1645.0% 993.2% 1307.3% 1105.0% 1586.2% 10.2% 19.8%

PKT: Subway 46.5% 48.7% 70.3% 101.1% 82.0% 143.1% 16.2% 35.3% 24.2% 63.5% 6.9% 20.9%

PKT: Commuter Rail 8.4% 15.1% -1.7% 21.9% 37.4% 96.6% -9.3% 5.9% 26.7% 70.8% 39.7% 61.3%

Walk WKT 47.7% 114.8% 50.4% 102.0% 31.8% 55.8% 1.9% -6.0% -10.8% -27.5% -12.4% -22.9%

Bicycle BKT 27.5% 152.3% 34.5% 84.5% 27.7% 63.1% 5.5% -26.9% 0.2% -35.4% -5.1% -11.6%

Auto-Passenger VKT 36.2% 59.8% 46.3% 79.2% 32.9% 54.9% 7.4% 12.2% -2.4% -3.0% -9.1% -13.6%

Total Trips by Mode by Scenario

24-Hour Trips Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 8356430 10315262 12470382 10101905 11953264 9798607 10895992 1958832 4113952 1745475 3596834 1442177 2539562 -213357 -517118 -516655 -1574390 -303298 -1057272

Auto-passenger 1009265 1244103 1449317 1251272 1484260 1212881 1385429 234838 440052 242007 474995 203616 376164 7169 34943 -31222 -63888 -38391 -98831

Transit-local 876368 1062472 1165257 1361646 1684592 1758263 2360442 186104 288889 485278 808224 881895 1484074 299174 519335 695791 1195185 396617 675850

Transit-prem 12831 36894 51449 12627 18136 11669 15330 24063 38618 -204 5305 -1162 2499 -24267 -33313 -25225 -36119 -958 -2806

GO-walk access 10389 7312 8991 30631 36508 215273 316497 -3077 -1398 20242 26119 204884 306108 23319 27517 207961 307506 184642 279989

Subway-auto 33222 37002 34363 38878 42161 51156 67035 3780 1141 5656 8939 17934 33813 1876 7798 14154 32672 12278 24874

GO-auto access 154953 153567 162581 105400 124468 50401 71438 -1386 7628 -49553 -30485 -104552 -83515 -48167 -38113 -103166 -91143 -54999 -53030

Walk 569520 661515 824912 713581 863880 732641 893692 91995 255392 144061 294360 163121 324172 52066 38968 71126 68780 19060 29812

Bicycle 45352 52277 80052 56635 72743 57611 73358 6925 34700 11283 27391 12259 28006 4358 -7309 5334 -6694 976 615

School bus 199947 314878 449746 316823 422966 283410 332614 114931 249799 116876 223019 83463 132667 1945 -26780 -31468 -117132 -33413 -90352

Total 11268277 13885282 16697050 13989398 16702978 14171912 16411827 2617005 5428773 2721121 5434701 2903635 5143550 104116 5928 286630 -285223 182514 -291151

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 23.4% 49.2% 20.9% 43.0% 17.3% 30.4% -2.1% -4.1% -5.0% -12.6% -3.0% -8.8%

Auto-passenger 23.3% 43.6% 24.0% 47.1% 20.2% 37.3% 0.6% 2.4% -2.5% -4.4% -3.1% -6.7%

Transit-local 21.2% 33.0% 55.4% 92.2% 100.6% 169.3% 28.2% 44.6% 65.5% 102.6% 29.1% 40.1%

Transit-prem 187.5% 301.0% -1.6% 41.3% -9.1% 19.5% -65.8% -64.7% -68.4% -70.2% -7.6% -15.5%

GO-walk access -29.6% -13.5% 194.8% 251.4% 1972.1% 2946.5% 318.9% 306.1% 2844.1% 3420.2% 602.8% 766.9%

Subway-auto 11.4% 3.4% 17.0% 26.9% 54.0% 101.8% 5.1% 22.7% 38.3% 95.1% 31.6% 59.0%

GO-auto access -0.9% 4.9% -32.0% -19.7% -67.5% -53.9% -31.4% -23.4% -67.2% -56.1% -52.2% -42.6%

Walk 16.2% 44.8% 25.3% 51.7% 28.6% 56.9% 7.9% 4.7% 10.8% 8.3% 2.7% 3.5%

Bicycle 15.3% 76.5% 24.9% 60.4% 27.0% 61.8% 8.3% -9.1% 10.2% -8.4% 1.7% 0.8%

School bus 57.5% 124.9% 58.5% 111.5% 41.7% 66.4% 0.6% -6.0% -10.0% -26.0% -10.5% -21.4%

Total 23.2% 48.2% 24.1% 48.2% 25.8% 45.6% 0.7% 0.0% 2.1% -1.7% 1.3% -1.7%

Overall Mode Shares (%) by Scenario

24-Hour Mode Shares (%) Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 74.16 74.29 74.69 72.21 71.56 69.14 66.39 0.13 0.53 -1.95 -2.6 -5.02 -7.77 -2.08 -3.13 -5.15 -8.3 -3.07 -5.17

Auto-passenger 8.96 8.96 8.68 8.94 8.89 8.56 8.44 0 -0.28 -0.02 -0.07 -0.4 -0.52 -0.02 0.21 -0.4 -0.24 -0.38 -0.45

Transit-local 7.78 7.65 6.98 9.73 10.09 12.41 14.38 -0.13 -0.8 1.95 2.31 4.63 6.6 2.08 3.11 4.76 7.4 2.68 4.29

Transit-prem 0.11 0.27 0.31 0.09 0.11 0.08 0.09 0.16 0.2 -0.02 0 -0.03 -0.02 -0.18 -0.2 -0.19 -0.22 -0.01 -0.02

GO-walk access 0.09 0.05 0.05 0.22 0.22 1.52 1.93 -0.04 -0.04 0.13 0.13 1.43 1.84 0.17 0.17 1.47 1.88 1.3 1.71

Subway-auto 0.29 0.27 0.21 0.28 0.25 0.36 0.41 -0.02 -0.08 -0.01 -0.04 0.07 0.12 0.01 0.04 0.09 0.2 0.08 0.16

GO-auto access 1.38 1.11 0.97 0.75 0.75 0.36 0.44 -0.27 -0.41 -0.63 -0.63 -1.02 -0.94 -0.36 -0.22 -0.75 -0.53 -0.39 -0.31

Walk 5.05 4.76 4.94 5.1 5.17 5.17 5.45 -0.29 -0.11 0.05 0.12 0.12 0.4 0.34 0.23 0.41 0.51 0.07 0.28

Bicycle 0.4 0.38 0.48 0.4 0.44 0.41 0.45 -0.02 0.08 0 0.04 0.01 0.05 0.02 -0.04 0.03 -0.03 0.01 0.01

School bus 1.77 2.27 2.69 2.26 2.53 2 2.03 0.5 0.92 0.49 0.76 0.23 0.26 -0.01 -0.16 -0.27 -0.66 -0.26 -0.5

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

0.2% 0.7% -2.6% -3.5% -6.8% -10.5% -2.8% -4.2% -6.9% -11.1% -4.3% -7.2%

0.0% -3.1% -0.2% -0.8% -4.5% -5.8% -0.2% 2.4% -4.5% -2.8% -4.3% -5.1%

-1.7% -10.3% 25.1% 29.7% 59.5% 84.8% 27.2% 44.6% 62.2% 106.0% 27.5% 42.5%

145.5% 181.8% -18.2% 0.0% -27.3% -18.2% -66.7% -64.5% -70.4% -71.0% -11.1% -18.2%

-44.4% -44.4% 144.4% 144.4% 1588.9% 2044.4% 340.0% 340.0% 2940.0% 3760.0% 590.9% 777.3%

-6.9% -27.6% -3.4% -13.8% 24.1% 41.4% 3.7% 19.0% 33.3% 95.2% 28.6% 64.0%

-19.6% -29.7% -45.7% -45.7% -73.9% -68.1% -32.4% -22.7% -67.6% -54.6% -52.0% -41.3%

-5.7% -2.2% 1.0% 2.4% 2.4% 7.9% 7.1% 4.7% 8.6% 10.3% 1.4% 5.4%

-5.0% 20.0% 0.0% 10.0% 2.5% 12.5% 5.3% -8.3% 7.9% -6.2% 2.5% 2.3%

28.2% 52.0% 27.7% 42.9% 13.0% 14.7% -0.4% -5.9% -11.9% -24.5% -11.5% -19.8%  
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Table G-2: Summary transportation model system run results, medium city archetype (Winnipeg) 
Total Kilometres Travelled by Scenario

Total VKT/PKT Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT 14384636 13404619 17493544 12480839 15219845 10925202 14091190 -980017 3108908 -1903797 835209 -3459434 -293446 -923780 -2273699 -2479417 -3402354 -1555637 -1128655

PKT: Local Bus 1251487 1134935 1514914 1719222 2109882 1572729 1884603 -116552 263427 467735 858395 321242 633116 584287 594968 437794 369689 -146493 -225279

PKT: Commuter Bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PKT: Streetcar/LRT 0 0 0 0 0 14639 25545 0 0 0 0 14639 25545 0 0 14639 25545 14639 25545

PKT: Subway 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PKT: Commuter Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk WKT 67958 80115 94017 104088 135111 117437 155766 12157 26059 36130 67153 49479 87808 23973 41094 37322 61749 13349 20655

Bicycle BKT 32466 39145 48067 53564 71158 60430 83777 6679 15601 21098 38692 27964 51311 14419 23091 21285 35710 6866 12619

Auto-Passenger VKT 3673929 1289588 1666130 1314486 1652292 1217816 1570106 -2384341 -2007799 -2359443 -2021637 -2456113 -2103823 24898 -13838 -71772 -96024 -96670 -82186

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT -6.8% 21.6% -13.2% 5.8% -24.0% -2.0% -6.9% -13.0% -18.5% -19.4% -12.5% -7.4%

PKT: Local Bus -9.3% 21.0% 37.4% 68.6% 25.7% 50.6% 51.5% 39.3% 38.6% 24.4% -8.5% -10.7%

PKT: Commuter Bus 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Streetcar/LRT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Subway 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Commuter Rail 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Walk WKT 17.9% 38.3% 53.2% 98.8% 72.8% 129.2% 29.9% 43.7% 46.6% 65.7% 12.8% 15.3%

Bicycle BKT 20.6% 48.1% 65.0% 119.2% 86.1% 158.0% 36.8% 48.0% 54.4% 74.3% 12.8% 17.7%

Auto-Passenger VKT -64.9% -54.6% -64.2% -55.0% -66.9% -57.3% 1.9% -0.8% -5.6% -5.8% -7.4% -5.0%

Total Trips by Mode by Scenario

24-Hour Trips Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 1216020 1159663 1411194 1061178 1284515 1049752 1268823 -56357 195174 -154842 68495 -166268 52803 -98485 -126679 -109911 -142371 -11426 -15692

Auto-passenger 270081 261637 317238 258386 317654 259259 327440 -8444 47157 -11695 47573 -10822 57359 -3251 416 -2378 10202 873 9786

Transit-local 141292 159581 199515 240309 290630 240821 283839 18289 58223 99017 149338 99529 142547 80728 91115 81240 84324 512 -6791

Transit-prem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-walk access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subway-auto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-auto access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk 131989 70374 81697 89474 110470 96894 122898 -61615 -50292 -42515 -21519 -35095 -9091 19100 28773 26520 41201 7420 12428

Bicycle 15550 13682 16427 18526 24293 21256 28537 -1868 877 2976 8743 5706 12987 4844 7866 7574 12110 2730 4244

School bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 1774931 1664936 2026070 1667874 2027563 1667982 2031537 -109995 251139 -107057 252632 -106949 256606 2938 1493 3046 5467 108 3974

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive -4.6% 16.1% -12.7% 5.6% -13.7% 4.3% -8.5% -9.0% -9.5% -10.1% -1.1% -1.2%

Auto-passenger -3.1% 17.5% -4.3% 17.6% -4.0% 21.2% -1.2% 0.1% -0.9% 3.2% 0.3% 3.1%

Transit-local 12.9% 41.2% 70.1% 105.7% 70.4% 100.9% 50.6% 45.7% 50.9% 42.3% 0.2% -2.3%

Transit-prem 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GO-walk access 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Subway-auto 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GO-auto access 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Walk -46.7% -38.1% -32.2% -16.3% -26.6% -6.9% 27.1% 35.2% 37.7% 50.4% 8.3% 11.3%

Bicycle -12.0% 5.6% 19.1% 56.2% 36.7% 83.5% 35.4% 47.9% 55.4% 73.7% 14.7% 17.5%

School bus 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Total -6.2% 14.1% -6.0% 14.2% -6.0% 14.5% 0.2% 0.1% 0.2% 0.3% 0.0% 0.2%

Overall Mode Shares (%) by Scenario

24-Hour Mode Shares (%) Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 68.51 69.65 69.65 63.62 63.35 62.94 62.46 1.14 1.14 -4.89 -5.16 -5.57 -6.05 -6.03 -6.3 -6.71 -7.19 -0.68 -0.89

Auto-passenger 15.22 15.71 15.66 15.49 15.67 15.54 16.12 0.49 0.44 0.27 0.45 0.32 0.9 -0.22 0.01 -0.17 0.46 0.05 0.45

Transit-local 7.96 9.58 9.85 14.41 14.33 14.44 13.97 1.62 1.89 6.45 6.37 6.48 6.01 4.83 4.48 4.86 4.12 0.03 -0.36

Transit-prem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-walk access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subway-auto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-auto access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk 7.44 4.23 4.03 5.36 5.45 5.81 6.05 -3.21 -3.41 -2.08 -1.99 -1.63 -1.39 1.13 1.42 1.58 2.02 0.45 0.6

Bicycle 0.88 0.82 0.81 1.11 1.2 1.27 1.4 -0.06 -0.07 0.23 0.32 0.39 0.52 0.29 0.39 0.45 0.59 0.16 0.2

School bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

1.7% 1.7% -7.1% -7.5% -8.1% -8.8% -8.7% -9.0% -9.6% -10.3% -1.1% -1.4%

3.2% 2.9% 1.8% 3.0% 2.1% 5.9% -1.4% 0.1% -1.1% 2.9% 0.3% 2.9%

20.4% 23.7% 81.0% 80.0% 81.4% 75.5% 50.4% 45.5% 50.7% 41.8% 0.2% -2.5%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

-43.1% -45.8% -28.0% -26.7% -21.9% -18.7% 26.7% 35.2% 37.4% 50.1% 8.4% 11.0%

-6.8% -8.0% 26.1% 36.4% 44.3% 59.1% 35.4% 48.1% 54.9% 72.8% 14.4% 16.7%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  
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Table G-3: Summary transportation model system run results, small city archetype (Dawson) 
Total Kilometres Travelled by Scenario

Total VKT/PKT Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT 66388 103740 149223 97718 127521 84148 92108 37352 82835 31330 61133 17760 25720 -6022 -21702 -19592 -57115 -13570 -35413

PKT: Local Bus 87 114 146 140 172 152 210 27 59 53 85 65 123 26 26 38 64 12 38

PKT: Commuter Bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PKT: Streetcar/LRT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PKT: Subway 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PKT: Commuter Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk WKT 1044 1372 1752 1618 2007 1623 2085 328 708 574 963 579 1041 246 255 251 333 5 78

Bicycle BKT 98 206 312 233 361 241 315 108 214 135 263 143 217 27 49 35 3 8 -46

Auto-Passenger VKT 900 4613 7860 4000 7249 3959 4404 3713 6960 3100 6349 3059 3504 -613 -611 -654 -3456 -41 -2845

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT 56.3% 124.8% 47.2% 92.1% 26.8% 38.7% -5.8% -14.5% -18.9% -38.3% -13.9% -27.8%

PKT: Local Bus 31.0% 67.8% 60.9% 97.7% 74.7% 141.4% 22.8% 17.8% 33.3% 43.8% 8.6% 22.1%

PKT: Commuter Bus 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Streetcar/LRT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Subway 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Commuter Rail 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Walk WKT 31.4% 67.8% 55.0% 92.2% 55.5% 99.7% 17.9% 14.6% 18.3% 19.0% 0.3% 3.9%

Bicycle BKT 110.2% 218.4% 137.8% 268.4% 145.9% 221.4% 13.1% 15.7% 17.0% 1.0% 3.4% -12.7%

Auto-Passenger VKT 412.6% 773.3% 344.4% 705.4% 339.9% 389.3% -13.3% -7.8% -14.2% -44.0% -1.0% -39.2%

Total Trips by Mode by Scenario

24-Hour Trips Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 15477 20889 26201 20006 25057 19844 23200 5412 10724 4529 9580 4367 7723 -883 -1144 -1045 -3001 -162 -1857

Auto-passenger 2953 4244 5458 4128 5404 4168 5042 1291 2505 1175 2451 1215 2089 -116 -54 -76 -416 40 -362

Transit-local 275 354 439 423 522 458 637 79 164 148 247 183 362 69 83 104 198 35 115

Transit-prem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-walk access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subway-auto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-auto access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk 3966 5113 6361 5765 7277 5871 7765 1147 2395 1799 3311 1905 3799 652 916 758 1404 106 488

Bicycle 302 413 530 487 638 509 696 111 228 185 336 207 394 74 108 96 166 22 58

School bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 22971 31013 38989 30809 38897 30850 37339 8042 16018 7838 15926 7879 14368 -204 -92 -163 -1650 41 -1558

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 35.0% 69.3% 29.3% 61.9% 28.2% 49.9% -4.2% -4.4% -5.0% -11.5% -0.8% -7.4%

Auto-passenger 43.7% 84.8% 39.8% 83.0% 41.1% 70.7% -2.7% -1.0% -1.8% -7.6% 1.0% -6.7%

Transit-local 28.7% 59.6% 53.8% 89.8% 66.5% 131.6% 19.5% 18.9% 29.4% 45.1% 8.3% 22.0%

Transit-prem 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GO-walk access 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Subway-auto 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GO-auto access 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Walk 28.9% 60.4% 45.4% 83.5% 48.0% 95.8% 12.8% 14.4% 14.8% 22.1% 1.8% 6.7%

Bicycle 36.8% 75.5% 61.3% 111.3% 68.5% 130.5% 17.9% 20.4% 23.2% 31.3% 4.5% 9.1%

School bus 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Total 35.0% 69.7% 34.1% 69.3% 34.3% 62.5% -0.7% -0.2% -0.5% -4.2% 0.1% -4.0%

Overall Mode Shares (%) by Scenario

24-Hour Mode Shares (%) Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 67.37 67.35 67.2 64.94 64.42 64.32 62.13 -0.02 -0.17 -2.43 -2.95 -3.05 -5.24 -2.41 -2.78 -3.03 -5.07 -0.62 -2.29

Auto-passenger 12.85 13.69 14 13.4 13.89 13.51 13.5 0.84 1.15 0.55 1.04 0.66 0.65 -0.29 -0.11 -0.18 -0.5 0.11 -0.39

Transit-local 1.2 1.14 1.13 1.37 1.34 1.48 1.7 -0.06 -0.07 0.17 0.14 0.28 0.5 0.23 0.21 0.34 0.57 0.11 0.36

Transit-prem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-walk access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subway-auto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-auto access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk 17.27 16.49 16.31 18.71 18.71 19.03 20.8 -0.78 -0.96 1.44 1.44 1.76 3.53 2.22 2.4 2.54 4.49 0.32 2.09

Bicycle 1.31 1.33 1.36 1.58 1.64 1.65 1.86 0.02 0.05 0.27 0.33 0.34 0.55 0.25 0.28 0.32 0.5 0.07 0.22

School bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

0.0% -0.3% -3.6% -4.4% -4.5% -7.8% -3.6% -4.1% -4.5% -7.5% -1.0% -3.6%

6.5% 8.9% 4.3% 8.1% 5.1% 5.1% -2.1% -0.8% -1.3% -3.6% 0.8% -2.8%

-5.0% -5.8% 14.2% 11.7% 23.3% 41.7% 20.2% 18.6% 29.8% 50.4% 8.0% 26.9%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

-4.5% -5.6% 8.3% 8.3% 10.2% 20.4% 13.5% 14.7% 15.4% 27.5% 1.7% 11.2%

1.5% 3.8% 20.6% 25.2% 26.0% 42.0% 18.8% 20.6% 24.1% 36.8% 4.4% 13.4%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  
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Table G-4: Summary transportation model system run results, emerging resource city archetype (Fort McMurray) 
Total Kilometres Travelled by Scenario

Total VKT/PKT Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT 341259 1592977 2161260 1376044 1849485 1315589 1483574 1251718 1820001 1034785 1508226 974330 1142315 -216933 -311775 -277388 -677686 -60455 -365911

PKT: Local Bus 14195 37987 43625 52187 60159 4504 7894 23792 29430 37992 45964 -9691 -6301 14200 16534 -33483 -35731 -47683 -52265

PKT: Commuter Bus 43770 53910 90639 48691 56689 42465 41834 10140 46869 4921 12919 -1305 -1936 -5219 -33950 -11445 -48805 -6226 -14855

PKT: Streetcar/LRT 0 0 0 0 0 56781 75888 0 0 0 0 56781 75888 0 0 56781 75888 56781 75888

PKT: Subway 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PKT: Commuter Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk WKT 6629 15043 15401 15181 18403 22592 30339 8414 8772 8552 11774 15963 23710 138 3002 7549 14938 7411 11936

Bicycle BKT 3450 99882 97690 94040 123421 112793 185133 96432 94240 90590 119971 109343 181683 -5842 25731 12911 87443 18753 61712

Auto-Passenger VKT 63657 140860 174502 159381 199876 134339 149577 77203 110845 95724 136219 70682 85920 18521 25374 -6521 -24925 -25042 -50299

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-Drive VKT 366.8% 533.3% 303.2% 442.0% 285.5% 334.7% -13.6% -14.4% -17.4% -31.4% -4.4% -19.8%

PKT: Local Bus 167.6% 207.3% 267.6% 323.8% -68.3% -44.4% 37.4% 37.9% -88.1% -81.9% -91.4% -86.9%

PKT: Commuter Bus 23.2% 107.1% 11.2% 29.5% -3.0% -4.4% -9.7% -37.5% -21.2% -53.8% -12.8% -26.2%

PKT: Streetcar/LRT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Subway 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PKT: Commuter Rail 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Walk WKT 126.9% 132.3% 129.0% 177.6% 240.8% 357.7% 0.9% 19.5% 50.2% 97.0% 48.8% 64.9%

Bicycle BKT 2795.1% 2731.6% 2625.8% 3477.4% 3169.4% 5266.2% -5.8% 26.3% 12.9% 89.5% 19.9% 50.0%

Auto-Passenger VKT 121.3% 174.1% 150.4% 214.0% 111.0% 135.0% 13.1% 14.5% -4.6% -14.3% -15.7% -25.2%

Total Trips by Mode by Scenario

24-Hour Trips Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 79010 193457 240855 185651 223522 175351 199581 114447 161845 106641 144512 96341 120571 -7806 -17333 -18106 -41274 -10300 -23941

Auto-passenger 16683 41056 50255 41804 50462 40855 47688 24373 33572 25121 33779 24172 31005 748 207 -201 -2567 -949 -2774

Transit-local 4020 7500 8671 9848 12839 13327 19285 3480 4651 5828 8819 9307 15265 2348 4168 5827 10614 3479 6446

Transit-prem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-walk access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subway-auto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-auto access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk 7092 37668 44792 44044 53125 46461 58179 30576 37700 36952 46033 39369 51087 6376 8333 8793 13387 2417 5054

Bicycle 1354 18769 19191 18773 23997 21881 32337 17415 17837 17419 22643 20527 30983 4 4806 3112 13146 3108 8340

School bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 108159 298451 363764 300120 363945 297875 357069 190292 255605 191961 255786 189716 248910 1669 181 -576 -6695 -2245 -6876

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

Mode 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 144.9% 204.8% 135.0% 182.9% 121.9% 152.6% -4.0% -7.2% -9.4% -17.1% -5.5% -10.7%

Auto-passenger 146.1% 201.2% 150.6% 202.5% 144.9% 185.8% 1.8% 0.4% -0.5% -5.1% -2.3% -5.5%

Transit-local 86.6% 115.7% 145.0% 219.4% 231.5% 379.7% 31.3% 48.1% 77.7% 122.4% 35.3% 50.2%

Transit-prem 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GO-walk access 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Subway-auto 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GO-auto access 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Walk 431.1% 531.6% 521.0% 649.1% 555.1% 720.3% 16.9% 18.6% 23.3% 29.9% 5.5% 9.5%

Bicycle 1286.2% 1317.4% 1286.5% 1672.3% 1516.0% 2288.3% 0.0% 25.0% 16.6% 68.5% 16.6% 34.8%

School bus 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Total 175.9% 236.3% 177.5% 236.5% 175.4% 230.1% 0.6% 0.0% -0.2% -1.8% -0.7% -1.9%

Overall Mode Shares (%) by Scenario

24-Hour Mode Shares (%) Change from 2006 Change from Trend Change from MOD

Mode 2006 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

Auto-drive 73.05 64.82 66.21 61.86 61.42 58.87 55.89 -8.23 -6.84 -11.19 -11.63 -14.18 -17.16 -2.96 -4.79 -5.95 -10.32 -2.99 -5.53

Auto-passenger 15.42 13.76 13.82 13.93 13.87 13.72 13.36 -1.66 -1.6 -1.49 -1.55 -1.7 -2.06 0.17 0.05 -0.04 -0.46 -0.21 -0.51

Transit-local 3.72 2.51 2.38 3.28 3.53 4.47 5.4 -1.21 -1.34 -0.44 -0.19 0.75 1.68 0.77 1.15 1.96 3.02 1.19 1.87

Transit-prem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-walk access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subway-auto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GO-auto access 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Walk 6.56 12.62 12.31 14.68 14.6 15.6 16.29 6.06 5.75 8.12 8.04 9.04 9.73 2.06 2.29 2.98 3.98 0.92 1.69

Bicycle 1.25 6.29 5.28 6.26 6.59 7.35 9.06 5.04 4.03 5.01 5.34 6.1 7.81 -0.03 1.31 1.06 3.78 1.09 2.47

School bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Per Cent Change from 2006 Per Cent Change from Trend % Change from MOD

2030TR 2050TR 2030MOD 2050MOD 2030DG 2050DG 2030MOD 2050MOD 2030DG 2050DG 2030DG 2050DG

-11.3% -9.4% -15.3% -15.9% -19.4% -23.5% -4.6% -7.2% -9.2% -15.6% -4.8% -9.0%

-10.8% -10.4% -9.7% -10.1% -11.0% -13.4% 1.2% 0.4% -0.3% -3.3% -1.5% -3.7%

-32.5% -36.0% -11.8% -5.1% 20.2% 45.2% 30.7% 48.3% 78.1% 126.9% 36.3% 53.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

92.4% 87.7% 123.8% 122.6% 137.8% 148.3% 16.3% 18.6% 23.6% 32.3% 6.3% 11.6%

403.2% 322.4% 400.8% 427.2% 488.0% 624.8% -0.5% 24.8% 16.9% 71.6% 17.4% 37.5%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  
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Appendix H: Detailed Energy and Emissions Results 

Canada – Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 37 35 34 34 

Commercial 43 48 55 60 

Transportation Personal 89 76 78 81 

Non-Covered Urban Sectors         

Transportation Freight
1
 126 153 177 198 

Other Manufacturing 26 33 39 46 

Landfills 25 26 27 28 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 14 14 

Industry 72 75 83 97 

Supply Sectors         

Electricity Generation 104 120 140 163 

Petroleum Refining 23 25 29 32 

Crude Oil 110 134 159 186 

Natural Gas 58 57 55 52 

Coal Mining 3 3 3 3 

Biofuels Manufacturing 0 1 1 1 

Total 726 799 893 995 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,469 1,579 1,736 1,983 

Commercial 1,463 1,670 1,913 2,150 

Transportation Personal 1,268 1,195 1,274 1,384 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,761 2,157 2,499 2,800 

Other Manufacturing 718 927 1,138 1,329 

Landfills 67 70 71 72 

Non-Urban Sectors         

Transportation Personal Aviation 151 176 197 206 

Industry 2,086 2,325 2,617 2,953 

Supply Sectors         

Electricity Generation 4,130 4,755 5,502 6,332 

Petroleum Refining 416 461 532 593 

Crude Oil 1,629 2,087 2,500 2,932 

Natural Gas 650 634 617 595 

Coal Mining 23 25 27 29 

Biofuels Manufacturing 5 22 24 24 

Total 15,837 18,082 20,646 23,381 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,563 5,229 5,899 6,687 

Coal 1,211 1,404 1,563 1,759 

Refined Petroleum Products 4,161 4,525 5,164 5,728 

Electricity 2,284 2,765 3,300 3,878 

Nuclear 1,000 946 894 847 

Biofuel 17 52 74 112 

Renewable 2,528 3,081 3,666 4,277 

Other 74 80 86 92 

Total 15,837 18,082 20,646 23,381 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.41 0.36 0.33 0.32 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.013 0.011 0.009 0.009 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.87 0.84 0.82 0.81 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.039 0.037 0.037 0.037 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.1 2.4 2.2 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.15 0.13 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,936 1,519 1,413 1,384 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.4 112.3 112.9 112.9 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.7 5.5 5.3 5.3 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.144 0.138 0.136 0.135 

Hydroelectric Generation (TWh) 452 534 627 733 

Renewable Generation (TWh) 33 65 97 123 

Nuclear Generation (TWh) 93 88 83 78 

Coal Generation (TWh) 75 87 96 107 

Natural Gas Generation (TWh) 63 93 125 161 

CCS Generation (TWh) 0 1 1 2 

Oil Generation (TWh) 5 0 0 0 
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British Columbia – Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 3 2 2 1 

Commercial 5 5 6 6 

Transportation Personal 11 9 10 10 

Non-Covered Urban Sectors         

Transportation Freight
1
 22 28 32 36 

Other Manufacturing 4 5 6 7 

Landfills 5 6 6 6 

Non-Urban Sectors         

Transportation Personal Aviation 3 3 4 4 

Industry 6 6 7 9 

Supply Sectors         

Electricity Generation 2 2 3 4 

Petroleum Refining 1 2 2 3 

Crude Oil 0 0 0 0 

Natural Gas 17 17 16 15 

Coal Mining 2 2 2 2 

Biofuels Manufacturing 0 0 0 0 

Total 81 88 96 105 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 163 186 217 266 

Commercial 163 186 209 229 

Transportation Personal 153 153 171 192 

Non-Covered Urban Sectors         

Transportation Freight
1
 313 390 450 511 

Other Manufacturing 116 152 195 241 

Landfills 22 23 24 25 

Non-Urban Sectors         

Transportation Personal Aviation 38 47 53 55 

Industry 381 428 488 546 

Supply Sectors         

Electricity Generation 355 474 604 748 

Petroleum Refining 23 31 41 49 

Crude Oil 2 1 1 1 

Natural Gas 164 162 153 145 

Coal Mining 14 14 14 14 

Biofuels Manufacturing 1 5 5 5 

Total 1,908 2,251 2,625 3,028 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 407 435 472 510 

Coal 19 23 25 28 

Refined Petroleum Products 553 627 708 789 

Electricity 290 371 459 559 

Nuclear 0 0 0 0 

Biofuel 6 13 19 28 

Renewable 610 757 916 1,086 

Other 22 24 26 28 

Total 1,908 2,251 2,625 3,028 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.24 0.21 0.20 0.19 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.005 0.003 0.001 0.001 

District Heating Price (2005$ / GJ) 45.7 45.5 45.2 44.9 

District Heating Consumption (PJ) 0.2 0.3 0.4 0.5 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.69 0.67 0.65 0.64 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.031 0.030 0.029 0.029 

District Heating Price (2005$ / GJ) 46.5 46.4 46.0 45.7 

District Heating Consumption (PJ) 0.1 0.1 0.2 0.2 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.3 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.14 0.12 0.11 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,961 1,488 1,365 1,335 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 114.1 112.6 111.9 111.2 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 4.0 4.2 4.3 4.4 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.019 0.021 0.023 0.023 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 78 94 111 133 

Renewable Generation (TWh) 6 13 20 26 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 4 6 9 11 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Alberta – Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 8 8 8 8 

Commercial 7 8 9 10 

Transportation Personal 12 11 12 14 

Non-Covered Urban Sectors         

Transportation Freight
1
 25 26 28 28 

Other Manufacturing 2 3 3 3 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 15 18 20 23 

Supply Sectors         

Electricity Generation 59 70 79 87 

Petroleum Refining 6 6 7 7 

Crude Oil 100 126 153 181 

Natural Gas 27 25 23 21 

Coal Mining 1 1 1 1 

Biofuels Manufacturing 0 0 0 0 

Total 265 308 348 388 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 195 200 205 213 

Commercial 224 251 280 306 

Transportation Personal 168 174 194 218 

Non-Covered Urban Sectors         

Transportation Freight
1
 342 370 395 406 

Other Manufacturing 54 68 75 89 

Landfills 7 8 8 9 

Non-Urban Sectors         

Transportation Personal Aviation 26 29 33 34 

Industry 355 424 479 533 

Supply Sectors         

Electricity Generation 709 838 948 1,051 

Petroleum Refining 109 118 128 135 

Crude Oil 1,597 2,066 2,482 2,916 

Natural Gas 296 271 249 227 

Coal Mining 7 9 10 11 

Biofuels Manufacturing 0 2 2 2 

Total 4,089 4,827 5,489 6,150 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 1,917 2,180 2,389 2,689 

Coal 743 932 1,073 1,192 

Refined Petroleum Products 1,066 1,277 1,521 1,694 

Electricity 237 291 335 377 

Nuclear 0 0 0 0 

Biofuel 1 5 7 11 

Renewable 117 134 154 177 

Other 7 8 10 11 

Total 4,089 4,827 5,489 6,150 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.61 0.54 0.51 0.50 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.030 0.026 0.025 0.024 

District Heating Price (2005$ / GJ) 34.4 33.9 33.5 33.1 

District Heating Consumption (PJ) 0.6 1.1 1.6 2.0 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.90 0.87 0.85 0.83 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.042 0.040 0.040 0.039 

District Heating Price (2005$ / GJ) 34.4 34.0 33.7 33.4 

District Heating Consumption (PJ) 0.5 0.6 0.8 0.9 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.3 2.7 2.5 2.4 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.24 0.17 0.16 0.15 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,027 1,639 1,542 1,518 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 107.2 109.2 110.5 111.0 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.2 1.1 1.1 1.1 

Freight Emissions Intensity (kg CO2e / tkt) 0.08 0.08 0.08 0.08 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 9.6 9.3 9.2 9.1 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.798 0.779 0.763 0.750 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 3 3 3 3 

Renewable Generation (TWh) 4 6 9 11 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 55 68 76 85 

Natural Gas Generation (TWh) 12 13 15 17 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Saskatchewan – Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 1 1 

Commercial 2 3 3 3 

Transportation Personal 4 3 4 4 

Non-Covered Urban Sectors         

Transportation Freight
1
 11 14 17 19 

Other Manufacturing 0 0 0 0 

Landfills 1 1 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 0 0 0 0 

Industry 3 3 3 3 

Supply Sectors         

Electricity Generation 17 19 21 24 

Petroleum Refining 1 1 2 2 

Crude Oil 9 7 6 5 

Natural Gas 4 4 4 4 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 54 57 61 66 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 42 45 51 61 

Commercial 64 72 82 93 

Transportation Personal 55 54 60 68 

Non-Covered Urban Sectors         

Transportation Freight
1
 155 200 238 274 

Other Manufacturing 10 12 14 17 

Landfills 2 2 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 3 3 4 4 

Industry 65 66 69 73 

Supply Sectors         

Electricity Generation 217 242 274 318 

Petroleum Refining 21 25 30 35 

Crude Oil 23 17 14 12 

Natural Gas 52 49 49 47 

Coal Mining 3 3 3 4 

Biofuels Manufacturing 0 1 1 1 

Total 710 791 891 1,008 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
     
     



 

185 

Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 227 237 260 284 

Coal 162 180 189 215 

Refined Petroleum Products 237 269 309 349 

Electricity 64 77 94 113 

Nuclear 0 0 0 0 

Biofuel 0 2 4 6 

Renewable 19 25 33 39 

Other 2 2 2 2 

0.00 710 791 891 1,008 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.46 0.40 0.36 0.36 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.020 0.017 0.015 0.015 

District Heating Price (2005$ / GJ) 36.1 35.1 34.2 33.5 

District Heating Consumption (PJ) 0.1 0.2 0.4 0.5 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 1.19 1.12 1.09 1.08 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.056 0.053 0.050 0.049 

District Heating Price (2005$ / GJ) 36.2 36.0 35.7 35.5 

District Heating Consumption (PJ) 0.2 0.2 0.2 0.3 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.2 2.5 2.3 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.23 0.15 0.13 0.12 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,033 1,575 1,451 1,417 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 112.7 112.7 112.7 112.2 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 2.6 2.5 2.5 2.5 

Freight Emissions Intensity (kg CO2e / tkt) 0.18 0.18 0.18 0.18 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 9.8 9.3 8.7 8.6 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.791 0.740 0.666 0.645 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 4 4 4 4 

Renewable Generation (TWh) 1 2 4 6 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 12 14 15 17 

Natural Gas Generation (TWh) 5 6 8 9 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Manitoba– Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 0 0 

Commercial 2 2 2 2 

Transportation Personal 3 2 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 3 3 3 3 

Other Manufacturing 1 0 0 1 

Landfills 1 1 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 0 1 1 1 

Industry 0 0 0 1 

Supply Sectors         

Electricity Generation 1 1 1 1 

Crude Oil 0 0 0 0 

Natural Gas 1 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 11 11 11 12 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 49 56 67 85 

Commercial 58 64 72 79 

Transportation Personal 37 30 29 29 

Non-Covered Urban Sectors         

Transportation Freight
1
 40 46 49 52 

Other Manufacturing 25 31 37 42 

Landfills 2 2 2 2 

Non-Urban Sectors         

Transportation Personal Aviation 7 8 9 9 

Industry 19 22 25 28 

Supply Sectors         

Electricity Generation 167 201 237 276 

Crude Oil 2 1 1 1 

Natural Gas 8 7 6 5 

Biofuels Manufacturing 0 1 1 1 

Total 413 470 535 611 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 74 78 84 90 

Coal 5 2 3 3 

Refined Petroleum Products 85 78 78 79 

Electricity 88 117 145 177 

Nuclear 0 0 0 0 

Biofuel 0 3 4 5 

Renewable 159 190 220 254 

Other 2 2 2 2 

Total 413 470 535 611 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.36 0.32 0.30 0.30 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.007 0.003 0.002 0.001 

District Heating Price (2005$ / GJ) 31.9 31.8 31.7 31.7 

District Heating Consumption (PJ) 0.1 0.2 0.2 0.3 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.90 0.86 0.84 0.83 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.039 0.036 0.035 0.034 

District Heating Price (2005$ / GJ) 32.3 32.2 32.0 32.0 

District Heating Consumption (PJ) 0.2 0.2 0.2 0.2 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.4 2.5 2.3 2.3 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.24 0.14 0.11 0.10 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,095 1,494 1,336 1,284 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 108.7 104.7 102.1 99.9 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.0 1.0 1.0 1.0 

Freight Emissions Intensity (kg CO2e / tkt) 0.07 0.07 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 3.7 3.7 3.7 3.8 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.013 0.011 0.014 0.015 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 42 48 54 61 

Renewable Generation (TWh) 2 4 7 9 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 1 2 2 3 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Ontario – Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 19 19 20 20 

Commercial 17 20 24 28 

Transportation Personal 30 25 25 26 

Non-Covered Urban Sectors         

Transportation Freight
1
 38 52 65 77 

Other Manufacturing 14 18 22 25 

Landfills 7 8 8 9 

Non-Urban Sectors         

Transportation Personal Aviation 2 3 3 3 

Industry 30 31 33 40 

Supply Sectors         

Electricity Generation 11 16 24 33 

Petroleum Refining 7 8 10 12 

Crude Oil 0 0 0 0 

Natural Gas 6 6 6 7 

Biofuels Manufacturing 0 0 0 0 

Total 181 206 241 281 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 555 579 611 653 

Commercial 567 673 804 939 

Transportation Personal 430 386 401 425 

Non-Covered Urban Sectors         

Transportation Freight
1
 539 732 919 1,087 

Other Manufacturing 332 435 531 605 

Landfills 6 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 32 37 43 48 

Industry 515 533 566 650 

Supply Sectors         

Electricity Generation 1,369 1,500 1,677 1,901 

Petroleum Refining 130 154 194 228 

Crude Oil 0 0 0 0 

Natural Gas 72 76 82 85 

Biofuels Manufacturing 1 6 6 6 

Total 4,548 5,119 5,842 6,637 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 1,363 1,638 1,963 2,324 

Coal 161 161 164 194 

Refined Petroleum Products 1,140 1,277 1,511 1,729 

Electricity 595 699 814 947 

Nuclear 939 897 857 822 

Biofuel 3 11 15 24 

Renewable 337 424 503 578 

Other 11 12 15 18 

0.00 4,548 5,119 5,842 6,637 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.38 0.33 0.30 0.29 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.017 0.014 0.013 0.013 

District Heating Price (2005$ / GJ) 46.1 44.5 42.7 40.9 

District Heating Consumption (PJ) 2.4 5.0 8.1 11.3 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.93 0.89 0.87 0.86 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.040 0.039 0.040 0.040 

District Heating Price (2005$ / GJ) 46.1 45.4 44.6 43.5 

District Heating Consumption (PJ) 1.9 2.5 3.2 4.1 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.3 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.15 0.14 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,864 1,461 1,372 1,340 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 109.1 110.8 112.0 112.4 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.8 1.7 1.7 1.7 

Freight Emissions Intensity (kg CO2e / tkt) 0.13 0.12 0.12 0.12 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 7.9 7.3 6.9 6.7 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.062 0.078 0.098 0.119 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 40 42 44 47 

Renewable Generation (TWh) 19 35 50 63 

Nuclear Generation (TWh) 87 83 79 76 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 28 46 67 95 

CCS Generation (TWh) 0 0 1 1 

Oil Generation (TWh) 0 0 0 0 
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Quebec – Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 4 3 2 2 

Commercial 7 8 8 9 

Transportation Personal 23 19 19 20 

Non-Covered Urban Sectors         

Transportation Freight
1
 15 17 19 21 

Other Manufacturing 4 5 6 7 

Landfills 6 6 6 6 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 15 14 15 18 

Supply Sectors         

Electricity Generation 2 3 4 4 

Petroleum Refining 4 4 4 4 

Natural Gas 3 4 5 5 

Biofuels Manufacturing 0 0 0 0 

Total 84 83 89 98 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 374 414 473 573 

Commercial 298 329 367 403 

Transportation Personal 323 301 317 345 

Non-Covered Urban Sectors         

Transportation Freight
1
 212 236 266 302 

Other Manufacturing 148 188 233 272 

Landfills 19 20 20 20 

Non-Urban Sectors         

Transportation Personal Aviation 22 25 27 28 

Industry 610 703 822 930 

Supply Sectors         

Electricity Generation 877 1,070 1,304 1,540 

Petroleum Refining 73 71 76 82 

Natural Gas 48 60 71 78 

Biofuels Manufacturing 2 6 7 7 

Total 3,005 3,422 3,984 4,578 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 434 484 546 601 

Coal 27 33 38 45 

Refined Petroleum Products 655 613 650 708 

Electricity 818 994 1,204 1,418 

Nuclear 39 35 30 25 

Biofuel 6 16 22 34 

Renewable 1,006 1,227 1,472 1,724 

Other 20 21 22 22 

Total 3,005 3,422 3,984 4,578 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.50 0.45 0.42 0.41 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.006 0.004 0.003 0.002 

District Heating Price (2005$ / GJ) 41.2 40.5 39.8 39.1 

District Heating Consumption (PJ) 1.0 1.7 2.4 3.0 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.84 0.80 0.78 0.77 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.036 0.034 0.033 0.032 

District Heating Price (2005$ / GJ) 41.8 41.6 41.2 40.9 

District Heating Consumption (PJ) 0.6 0.7 0.7 0.8 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.1 2.4 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.15 0.13 0.12 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,966 1,547 1,423 1,391 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 113.7 114.2 114.5 114.4 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.3 1.2 1.2 1.2 

Freight Emissions Intensity (kg CO2e / tkt) 0.09 0.09 0.09 0.09 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 3.8 3.8 3.8 3.7 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.009 0.009 0.010 0.010 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 221 270 329 391 

Renewable Generation (TWh) 1 3 5 6 

Nuclear Generation (TWh) 4 3 3 2 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 4 7 10 12 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 1 0 0 0 
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Atlantic – Business as Usual (BAU) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 1 0 

Commercial 3 3 3 3 

Transportation Personal 7 6 7 7 

Non-Covered Urban Sectors         

Transportation Freight
1
 12 13 13 12 

Other Manufacturing 1 2 2 2 

Landfills 3 3 2 2 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 3 3 3 4 

Supply Sectors         

Electricity Generation 13 9 9 9 

Petroleum Refining 4 4 4 4 

Crude Oil 0 0 0 0 

Natural Gas 1 1 0 0 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 49 46 46 46 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 91 99 111 131 

Commercial 90 94 98 100 

Transportation Personal 102 97 102 108 

Non-Covered Urban Sectors         

Transportation Freight
1
 161 183 182 167 

Other Manufacturing 33 42 52 63 

Landfills 9 9 8 7 

Non-Urban Sectors         

Transportation Personal Aviation 23 26 28 27 

Industry 140 149 168 193 

Supply Sectors         

Electricity Generation 437 429 457 498 

Petroleum Refining 62 62 64 64 

Crude Oil 5 2 1 1 

Natural Gas 10 9 8 7 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 1 1 1 

Total 1,164 1,201 1,280 1,369 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 141 177 185 189 

Coal 94 72 71 81 

Refined Petroleum Products 425 384 387 379 

Electricity 193 217 248 287 

Nuclear 22 15 7 0 

Biofuel 1 2 3 4 

Renewable 278 324 368 419 

Other 10 10 9 9 

Total 1,164 1,201 1,280 1,369 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.39 0.35 0.33 0.31 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.008 0.005 0.004 0.004 

District Heating Price (2005$ / GJ) 68.2 67.5 67.4 67.3 

District Heating Consumption (PJ) 0.0 0.1 0.1 0.1 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.83 0.76 0.74 0.73 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.043 0.037 0.035 0.034 

District Heating Price (2005$ / GJ) 43.9 43.4 43.2 42.9 

District Heating Consumption (PJ) 0.2 0.3 0.4 0.4 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 2.8 2.2 2.1 2.0 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.20 0.15 0.13 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,867 1,500 1,413 1,396 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 116.4 118.4 119.7 120.6 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.1 1.0 1.0 1.0 

Freight Emissions Intensity (kg CO2e / tkt) 0.08 0.08 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.0 4.6 4.4 4.3 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.146 0.097 0.086 0.080 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 63 73 83 95 

Renewable Generation (TWh) 1 1 2 2 

Nuclear Generation (TWh) 2 1 1 0 

Coal Generation (TWh) 8 5 5 5 

Natural Gas Generation (TWh) 9 13 13 13 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 4 0 0 0 
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Canada – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 36 34 32 32 

Commercial 41 45 51 56 

Transportation Personal 89 76 76 78 

Non-Covered Urban Sectors         

Transportation Freight
1
 126 153 177 198 

Other Manufacturing 25 32 38 45 

Landfills 25 26 27 28 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 14 14 

Industry 72 75 82 96 

Supply Sectors         

Electricity Generation 103 118 136 159 

Petroleum Refining 23 25 29 32 

Crude Oil 110 134 159 186 

Natural Gas 58 57 55 52 

Coal Mining 3 3 3 3 

Biofuels Manufacturing 0 1 1 1 

Total 722 791 881 980 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,441 1,532 1,669 1,899 

Commercial 1,416 1,583 1,823 2,061 

Transportation Personal 1,270 1,193 1,254 1,341 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,761 2,157 2,499 2,799 

Other Manufacturing 718 927 1,137 1,328 

Landfills 67 70 71 72 

Non-Urban Sectors         

Transportation Personal Aviation 151 176 197 206 

Industry 2,086 2,326 2,619 2,955 

Supply Sectors         

Electricity Generation 4,086 4,669 5,396 6,208 

Petroleum Refining 415 459 529 587 

Crude Oil 1,629 2,087 2,500 2,931 

Natural Gas 650 633 617 595 

Coal Mining 23 25 27 28 

Biofuels Manufacturing 5 21 22 23 

Total 15,718 17,859 20,359 23,034 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,518 5,144 5,798 6,571 

Coal 1,197 1,372 1,518 1,702 

Refined Petroleum Products 4,150 4,512 5,130 5,672 

Electricity 2,256 2,711 3,234 3,803 

Nuclear 994 940 887 840 

Biofuel 17 50 72 108 

Renewable 2,505 3,036 3,611 4,213 

Other 82 93 108 126 

Total 15,718 17,859 20,359 23,034 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.41 0.37 0.34 0.33 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.013 0.011 0.010 0.010 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.85 0.80 0.76 0.72 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.038 0.036 0.034 0.032 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.1 2.4 2.2 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.15 0.14 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,939 1,525 1,416 1,383 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.4 112.3 112.8 112.9 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.7 5.5 5.3 5.3 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.144 0.138 0.135 0.134 

Hydroelectric Generation (TWh) 447 526 617 720 

Renewable Generation (TWh) 32 63 94 121 

Nuclear Generation (TWh) 92 87 82 78 

Coal Generation (TWh) 75 86 94 105 

Natural Gas Generation (TWh) 61 89 121 156 

CCS Generation (TWh) 0 1 1 2 

Oil Generation (TWh) 5 0 0 0 
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British Columbia – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 3 2 2 1 

Commercial 5 5 5 6 

Transportation Personal 11 9 10 10 

Non-Covered Urban Sectors         

Transportation Freight
1
 22 28 32 36 

Other Manufacturing 4 5 6 7 

Landfills 5 6 6 6 

Non-Urban Sectors         

Transportation Personal Aviation 3 3 4 4 

Industry 6 6 7 9 

Supply Sectors         

Electricity Generation 2 2 3 4 

Petroleum Refining 1 2 2 3 

Crude Oil 0 0 0 0 

Natural Gas 17 17 16 15 

Coal Mining 2 2 2 2 

Biofuels Manufacturing 0 0 0 0 

Total 81 88 96 104 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 160 181 210 258 

Commercial 157 174 198 219 

Transportation Personal 153 153 169 187 

Non-Covered Urban Sectors         

Transportation Freight
1
 313 390 450 511 

Other Manufacturing 116 152 195 241 

Landfills 22 23 24 25 

Non-Urban Sectors         

Transportation Personal Aviation 38 47 53 55 

Industry 381 428 488 547 

Supply Sectors         

Electricity Generation 350 464 593 735 

Petroleum Refining 23 31 40 49 

Crude Oil 2 1 1 1 

Natural Gas 163 161 153 144 

Coal Mining 14 14 14 14 

Biofuels Manufacturing 1 4 5 5 

Total 1,894 2,225 2,594 2,992 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 400 423 460 498 

Coal 19 22 24 28 

Refined Petroleum Products 552 626 706 785 

Electricity 287 365 452 550 

Nuclear 0 0 0 0 

Biofuel 6 13 19 27 

Renewable 607 750 907 1,075 

Other 23 25 27 29 

Total 1,894 2,225 2,594 2,992 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.24 0.21 0.20 0.19 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.005 0.003 0.002 0.001 

District Heating Price (2005$ / GJ) 34.2 33.4 32.8 32.1 

District Heating Consumption (PJ) 1.0 1.8 2.5 3.2 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.67 0.65 0.63 0.62 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.030 0.029 0.028 0.027 

District Heating Price (2005$ / GJ) 33.4 32.7 32.1 31.4 

District Heating Consumption (PJ) 0.8 1.1 1.6 2.2 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.3 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.14 0.12 0.11 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,964 1,494 1,367 1,333 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 114.1 112.6 111.8 111.1 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 4.0 4.2 4.3 4.4 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.018 0.020 0.023 0.023 

Electricity Price Adjustment(2005¢ / kWh) -0.1 -0.1 0.0 0.0 

Hydroelectric Generation (TWh) 78 92 109 131 

Renewable Generation (TWh) 5 12 19 26 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 4 6 8 10 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Alberta – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 8 8 8 8 

Commercial 7 8 8 9 

Transportation Personal 12 11 12 13 

Non-Covered Urban Sectors         

Transportation Freight
1
 25 26 28 28 

Other Manufacturing 2 3 3 3 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 15 18 20 23 

Supply Sectors         

Electricity Generation 58 69 78 85 

Petroleum Refining 6 6 7 7 

Crude Oil 100 126 153 181 

Natural Gas 27 25 23 21 

Coal Mining 1 1 1 1 

Biofuels Manufacturing 0 0 0 0 

Total 265 306 346 385 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 193 197 200 206 

Commercial 218 239 267 291 

Transportation Personal 167 173 188 207 

Non-Covered Urban Sectors         

Transportation Freight
1
 342 370 395 406 

Other Manufacturing 54 68 75 89 

Landfills 7 8 8 9 

Non-Urban Sectors         

Transportation Personal Aviation 26 29 33 34 

Industry 356 424 479 532 

Supply Sectors         

Electricity Generation 705 828 934 1,031 

Petroleum Refining 108 118 127 133 

Crude Oil 1,597 2,066 2,482 2,916 

Natural Gas 296 271 249 227 

Coal Mining 7 8 10 11 

Biofuels Manufacturing 0 2 2 2 

Total 4,076 4,801 5,449 6,096 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 1,910 2,169 2,374 2,670 

Coal 740 924 1,060 1,175 

Refined Petroleum Products 1,065 1,274 1,514 1,683 

Electricity 235 287 330 370 

Nuclear 0 0 0 0 

Biofuel 1 5 7 11 

Renewable 117 133 153 176 

Other 8 9 11 12 

Total 4,076 4,801 5,449 6,096 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.61 0.54 0.51 0.50 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.030 0.026 0.025 0.024 

District Heating Price (2005$ / GJ) 28.3 27.5 26.8 26.2 

District Heating Consumption (PJ) 2.3 4.3 6.3 7.8 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.88 0.85 0.82 0.80 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.041 0.040 0.038 0.037 

District Heating Price (2005$ / GJ) 28.0 27.4 26.8 26.0 

District Heating Consumption (PJ) 2.4 3.4 5.3 7.6 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.3 2.7 2.5 2.4 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.24 0.18 0.16 0.15 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,031 1,646 1,546 1,518 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 107.1 109.2 110.5 111.0 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.2 1.1 1.1 1.1 

Freight Emissions Intensity (kg CO2e / tkt) 0.08 0.08 0.08 0.08 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 9.6 9.3 9.2 9.1 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.798 0.779 0.763 0.749 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 3 3 3 3 

Renewable Generation (TWh) 4 6 9 11 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 54 67 75 83 

Natural Gas Generation (TWh) 12 13 15 17 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Saskatchewan – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 1 1 

Commercial 2 2 3 3 

Transportation Personal 4 3 3 4 

Non-Covered Urban Sectors         

Transportation Freight
1
 11 14 17 19 

Other Manufacturing 0 0 0 0 

Landfills 1 1 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 0 0 0 0 

Industry 2 2 2 2 

Supply Sectors         

Electricity Generation 17 19 20 23 

Petroleum Refining 1 1 2 2 

Crude Oil 9 7 6 5 

Natural Gas 4 4 4 4 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 54 56 59 64 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 42 45 50 60 

Commercial 62 69 78 89 

Transportation Personal 55 54 58 64 

Non-Covered Urban Sectors         

Transportation Freight
1
 155 200 238 274 

Other Manufacturing 10 12 14 17 

Landfills 2 2 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 3 3 4 4 

Industry 65 67 70 74 

Supply Sectors         

Electricity Generation 215 237 267 308 

Petroleum Refining 21 25 30 34 

Crude Oil 23 17 14 12 

Natural Gas 52 49 49 47 

Coal Mining 3 3 3 3 

Biofuels Manufacturing 0 1 1 1 

Total 706 783 878 990 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 225 233 256 279 

Coal 160 176 183 207 

Refined Petroleum Products 236 269 307 346 

Electricity 63 75 92 110 

Nuclear 0 0 0 0 

Biofuel 0 2 4 6 

Renewable 19 25 34 40 

Other 2 2 2 2 

0.00 706 783 878 990 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.46 0.40 0.37 0.36 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.020 0.017 0.015 0.015 

District Heating Price (2005$ / GJ) 29.3 28.2 27.4 26.7 

District Heating Consumption (PJ) 0.3 0.7 1.2 1.7 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 1.16 1.10 1.06 1.04 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.055 0.052 0.048 0.047 

District Heating Price (2005$ / GJ) 29.3 28.8 28.2 27.5 

District Heating Consumption (PJ) 0.9 1.1 1.6 2.3 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.2 2.5 2.3 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.23 0.15 0.13 0.12 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,037 1,584 1,456 1,418 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 112.7 112.8 112.8 112.2 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 2.6 2.5 2.5 2.5 

Freight Emissions Intensity (kg CO2e / tkt) 0.18 0.18 0.18 0.18 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 9.8 9.3 8.7 8.5 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.790 0.738 0.659 0.636 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 4 4 4 4 

Renewable Generation (TWh) 1 2 4 6 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 12 14 14 17 

Natural Gas Generation (TWh) 5 6 8 9 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Manitoba – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 0 0 

Commercial 2 2 2 2 

Transportation Personal 3 2 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 3 3 3 3 

Other Manufacturing 0 0 0 0 

Landfills 1 1 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 0 1 1 1 

Industry 0 0 0 1 

Supply Sectors         

Electricity Generation 1 1 1 1 

Crude Oil 0 0 0 0 

Natural Gas 1 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 11 11 11 11 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 48 55 66 83 

Commercial 56 61 68 75 

Transportation Personal 37 30 28 27 

Non-Covered Urban Sectors         

Transportation Freight
1
 40 46 49 52 

Other Manufacturing 25 31 36 42 

Landfills 2 2 2 2 

Non-Urban Sectors         

Transportation Personal Aviation 7 8 9 9 

Industry 19 22 25 28 

Supply Sectors         

Electricity Generation 166 200 235 273 

Crude Oil 2 1 1 1 

Natural Gas 8 7 6 5 

Biofuels Manufacturing 0 1 1 1 

Total 410 464 527 600 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 73 75 80 86 

Coal 5 1 1 1 

Refined Petroleum Products 85 78 78 78 

Electricity 87 116 143 175 

Nuclear 0 0 0 0 

Biofuel 0 2 4 5 

Renewable 159 189 218 252 

Other 2 2 3 3 

Total 410 464 527 600 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.36 0.32 0.30 0.30 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.007 0.003 0.002 0.001 

District Heating Price (2005$ / GJ) 27.6 27.4 27.2 27.0 

District Heating Consumption (PJ) 0.3 0.4 0.6 0.7 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.89 0.84 0.82 0.80 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.038 0.035 0.034 0.033 

District Heating Price (2005$ / GJ) 27.0 26.8 26.6 26.4 

District Heating Consumption (PJ) 0.7 0.9 1.1 1.3 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.4 2.5 2.3 2.3 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.24 0.15 0.12 0.10 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,100 1,503 1,340 1,282 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 108.8 104.9 102.1 99.8 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.0 1.0 1.0 1.0 

Freight Emissions Intensity (kg CO2e / tkt) 0.07 0.07 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 3.7 3.7 3.7 3.8 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.012 0.011 0.013 0.015 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 42 48 53 60 

Renewable Generation (TWh) 2 4 7 10 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 1 2 2 3 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Ontario – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 18 18 18 19 

Commercial 16 19 22 26 

Transportation Personal 30 25 25 25 

Non-Covered Urban Sectors         

Transportation Freight
1
 38 52 65 77 

Other Manufacturing 14 18 22 25 

Landfills 7 8 8 9 

Non-Urban Sectors         

Transportation Personal Aviation 2 3 3 3 

Industry 30 31 33 40 

Supply Sectors         

Electricity Generation 10 15 23 32 

Petroleum Refining 7 8 10 12 

Crude Oil 0 0 0 0 

Natural Gas 6 6 6 7 

Biofuels Manufacturing 0 0 0 0 

Total 179 203 237 274 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 542 557 578 612 

Commercial 549 640 769 905 

Transportation Personal 429 385 396 414 

Non-Covered Urban Sectors         

Transportation Freight
1
 539 732 919 1,087 

Other Manufacturing 332 435 531 605 

Landfills 6 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 32 37 43 48 

Industry 515 533 566 650 

Supply Sectors         

Electricity Generation 1,352 1,469 1,642 1,864 

Petroleum Refining 129 153 192 226 

Crude Oil 0 0 0 0 

Natural Gas 72 76 82 85 

Biofuels Manufacturing 1 5 5 5 

Total 4,499 5,029 5,732 6,509 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
     
     
     
     



 

205 

Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 1,337 1,587 1,898 2,244 

Coal 157 152 151 179 

Refined Petroleum Products 1,136 1,273 1,502 1,713 

Electricity 587 682 796 928 

Nuclear 933 890 850 815 

Biofuel 3 10 15 23 

Renewable 332 414 491 566 

Other 15 20 30 42 

0.00 4,499 5,029 5,732 6,509 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.38 0.33 0.31 0.31 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.017 0.014 0.013 0.013 

District Heating Price (2005$ / GJ) 32.9 30.5 29.0 27.9 

District Heating Consumption (PJ) 12.7 28.0 45.6 62.1 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.90 0.84 0.78 0.71 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.038 0.037 0.035 0.032 

District Heating Price (2005$ / GJ) 32.9 31.0 29.3 27.7 

District Heating Consumption (PJ) 11.1 20.2 41.5 78.1 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.3 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.15 0.14 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,867 1,467 1,376 1,339 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 109.1 110.8 112.0 112.4 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.8 1.7 1.7 1.7 

Freight Emissions Intensity (kg CO2e / tkt) 0.13 0.12 0.12 0.12 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 7.9 7.3 7.0 6.7 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.061 0.076 0.096 0.117 

Electricity Price Adjustment(2005¢ / kWh) 0.0 -0.1 0.0 0.0 

Hydroelectric Generation (TWh) 40 41 43 46 

Renewable Generation (TWh) 18 33 49 61 

Nuclear Generation (TWh) 86 82 79 75 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 27 43 64 92 

CCS Generation (TWh) 0 0 1 1 

Oil Generation (TWh) 0 0 0 0 
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Quebec – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 4 3 2 2 

Commercial 7 7 8 8 

Transportation Personal 23 19 19 19 

Non-Covered Urban Sectors         

Transportation Freight
1
 15 17 19 21 

Other Manufacturing 4 5 5 6 

Landfills 6 6 6 6 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 15 14 15 18 

Supply Sectors         

Electricity Generation 2 2 3 4 

Petroleum Refining 4 4 4 4 

Natural Gas 3 4 5 5 

Biofuels Manufacturing 0 0 0 0 

Total 84 83 88 97 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 366 400 455 551 

Commercial 287 310 348 384 

Transportation Personal 328 303 317 340 

Non-Covered Urban Sectors         

Transportation Freight
1
 212 236 266 302 

Other Manufacturing 148 188 233 272 

Landfills 19 20 20 20 

Non-Urban Sectors         

Transportation Personal Aviation 22 25 27 28 

Industry 609 703 822 930 

Supply Sectors         

Electricity Generation 863 1,047 1,276 1,507 

Petroleum Refining 73 71 76 81 

Natural Gas 48 60 71 78 

Biofuels Manufacturing 2 6 6 7 

Total 2,977 3,369 3,917 4,499 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 429 476 539 597 

Coal 24 27 31 36 

Refined Petroleum Products 656 613 646 700 

Electricity 806 974 1,179 1,390 

Nuclear 39 35 30 25 

Biofuel 6 15 22 33 

Renewable 994 1,204 1,444 1,691 

Other 22 24 26 28 

Total 2,977 3,369 3,917 4,499 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.50 0.45 0.42 0.41 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.007 0.005 0.003 0.003 

District Heating Price (2005$ / GJ) 31.9 30.8 30.1 29.5 

District Heating Consumption (PJ) 5.1 9.0 13.0 16.4 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.81 0.76 0.73 0.70 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.035 0.032 0.030 0.029 

District Heating Price (2005$ / GJ) 30.6 29.8 29.2 28.4 

District Heating Consumption (PJ) 4.6 6.6 10.1 14.6 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.1 2.4 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.15 0.13 0.12 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,968 1,552 1,425 1,389 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 113.7 114.2 114.5 114.4 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.3 1.2 1.2 1.2 

Freight Emissions Intensity (kg CO2e / tkt) 0.09 0.09 0.09 0.09 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 3.8 3.8 3.8 3.7 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.008 0.009 0.010 0.010 

Electricity Price Adjustment(2005¢ / kWh) -0.1 -0.1 0.0 0.0 

Hydroelectric Generation (TWh) 218 265 322 383 

Renewable Generation (TWh) 1 3 5 6 

Nuclear Generation (TWh) 4 3 3 2 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 4 7 10 12 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 1 0 0 0 
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Atlantic – Moderate (MOD) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 1 1 

Commercial 3 3 3 3 

Transportation Personal 7 6 6 6 

Non-Covered Urban Sectors         

Transportation Freight
1
 12 13 13 12 

Other Manufacturing 1 1 2 2 

Landfills 3 3 2 2 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 3 3 3 4 

Supply Sectors         

Electricity Generation 13 9 9 9 

Petroleum Refining 4 4 4 4 

Crude Oil 0 0 0 0 

Natural Gas 1 1 0 0 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 49 45 45 45 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 90 98 110 130 

Commercial 87 90 95 98 

Transportation Personal 101 95 97 101 

Non-Covered Urban Sectors         

Transportation Freight
1
 161 183 182 167 

Other Manufacturing 33 42 52 63 

Landfills 9 9 8 7 

Non-Urban Sectors         

Transportation Personal Aviation 23 26 28 27 

Industry 140 149 168 193 

Supply Sectors         

Electricity Generation 434 423 450 490 

Petroleum Refining 62 61 63 63 

Crude Oil 5 2 1 1 

Natural Gas 10 9 8 7 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 1 1 1 

Total 1,156 1,188 1,262 1,348 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 145 181 191 197 

Coal 93 69 66 75 

Refined Petroleum Products 419 378 378 367 

Electricity 190 212 243 281 

Nuclear 22 15 7 0 

Biofuel 1 2 3 4 

Renewable 276 320 363 413 

Other 10 11 11 11 

Total 1,156 1,188 1,262 1,348 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.39 0.35 0.33 0.32 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.009 0.006 0.004 0.004 

District Heating Price (2005$ / GJ) 45.3 43.5 42.0 40.2 

District Heating Consumption (PJ) 0.6 1.1 1.4 1.7 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.80 0.73 0.69 0.66 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.042 0.035 0.032 0.030 

District Heating Price (2005$ / GJ) 33.5 32.6 31.9 31.0 

District Heating Consumption (PJ) 1.7 2.6 3.7 4.7 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 2.8 2.2 2.1 2.0 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.20 0.15 0.13 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,871 1,505 1,416 1,395 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 116.4 118.4 119.7 120.6 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.1 1.0 1.0 1.0 

Freight Emissions Intensity (kg CO2e / tkt) 0.08 0.08 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.0 4.6 4.4 4.3 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.146 0.096 0.085 0.080 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 63 72 82 93 

Renewable Generation (TWh) 1 1 2 2 

Nuclear Generation (TWh) 2 1 1 0 

Coal Generation (TWh) 8 5 5 5 

Natural Gas Generation (TWh) 9 13 13 13 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 4 0 0 0 
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Canada – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 35 32 29 27 

Commercial 41 44 48 51 

Transportation Personal 86 74 73 73 

Non-Covered Urban Sectors         

Transportation Freight
1
 126 153 177 198 

Other Manufacturing 25 32 38 44 

Landfills 25 26 27 28 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 14 14 

Industry 72 75 82 96 

Supply Sectors         

Electricity Generation 102 116 134 155 

Petroleum Refining 23 25 29 32 

Crude Oil 110 134 159 186 

Natural Gas 58 57 55 52 

Coal Mining 3 3 3 3 

Biofuels Manufacturing 0 1 1 1 

Total 718 784 868 960 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,410 1,478 1,575 1,768 

Commercial 1,406 1,560 1,759 1,947 

Transportation Personal 1,241 1,156 1,197 1,261 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,761 2,157 2,498 2,797 

Other Manufacturing 718 926 1,137 1,328 

Landfills 67 70 71 72 

Non-Urban Sectors         

Transportation Personal Aviation 151 176 197 206 

Industry 2,086 2,326 2,618 2,955 

Supply Sectors         

Electricity Generation 4,062 4,620 5,312 6,084 

Petroleum Refining 412 456 522 578 

Crude Oil 1,630 2,088 2,500 2,931 

Natural Gas 650 633 617 595 

Coal Mining 23 25 27 28 

Biofuels Manufacturing 5 18 20 20 

Total 15,621 17,690 20,049 22,570 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,484 5,065 5,633 6,314 

Coal 1,194 1,364 1,505 1,683 

Refined Petroleum Products 4,118 4,479 5,074 5,588 

Electricity 2,240 2,680 3,178 3,720 

Nuclear 992 937 884 836 

Biofuel 17 48 70 105 

Renewable 2,491 3,008 3,559 4,137 

Other 86 109 147 187 

Total 15,621 17,690 20,049 22,570 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.41 0.36 0.33 0.31 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.013 0.010 0.009 0.008 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.85 0.80 0.75 0.72 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.038 0.035 0.034 0.032 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.1 2.4 2.2 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.16 0.14 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,945 1,541 1,424 1,380 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.4 112.3 112.7 112.7 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.7 5.5 5.4 5.3 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.144 0.138 0.135 0.134 

Hydroelectric Generation (TWh) 444 520 607 706 

Renewable Generation (TWh) 32 61 92 117 

Nuclear Generation (TWh) 92 87 82 77 

Coal Generation (TWh) 74 85 93 103 

Natural Gas Generation (TWh) 60 87 117 152 

CCS Generation (TWh) 0 1 1 2 

Oil Generation (TWh) 5 0 0 0 
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British Columbia – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 3 2 2 1 

Commercial 4 5 5 6 

Transportation Personal 10 9 9 9 

Non-Covered Urban Sectors         

Transportation Freight
1
 22 28 32 36 

Other Manufacturing 4 5 6 7 

Landfills 5 6 6 6 

Non-Urban Sectors         

Transportation Personal Aviation 3 3 4 4 

Industry 6 6 7 9 

Supply Sectors         

Electricity Generation 2 2 3 4 

Petroleum Refining 1 2 2 3 

Crude Oil 0 0 0 0 

Natural Gas 17 17 16 15 

Coal Mining 2 2 2 2 

Biofuels Manufacturing 0 0 0 0 

Total 80 87 95 102 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 158 176 202 246 

Commercial 156 172 191 208 

Transportation Personal 151 151 163 177 

Non-Covered Urban Sectors         

Transportation Freight
1
 313 390 450 511 

Other Manufacturing 116 152 195 241 

Landfills 22 23 24 25 

Non-Urban Sectors         

Transportation Personal Aviation 38 47 53 55 

Industry 381 428 488 547 

Supply Sectors         

Electricity Generation 348 458 580 715 

Petroleum Refining 22 31 40 47 

Crude Oil 2 1 1 1 

Natural Gas 163 161 153 144 

Coal Mining 14 14 14 14 

Biofuels Manufacturing 1 4 4 5 

Total 1,885 2,209 2,558 2,936 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 399 420 451 483 

Coal 19 22 24 28 

Refined Petroleum Products 549 624 699 775 

Electricity 285 361 443 537 

Nuclear 0 0 0 0 

Biofuel 6 13 18 26 

Renewable 605 745 896 1,058 

Other 23 25 27 30 

Total 1,885 2,209 2,558 2,936 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.23 0.21 0.19 0.19 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.005 0.003 0.002 0.001 

District Heating Price (2005$ / GJ) 33.1 31.6 30.8 29.9 

District Heating Consumption (PJ) 1.1 2.0 3.1 4.0 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.67 0.65 0.62 0.60 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.030 0.029 0.028 0.027 

District Heating Price (2005$ / GJ) 32.3 30.7 29.7 28.6 

District Heating Consumption (PJ) 0.9 1.4 2.7 4.4 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.4 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.15 0.12 0.11 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,971 1,511 1,373 1,329 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 114.1 112.8 111.7 110.9 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 4.0 4.2 4.3 4.4 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.018 0.020 0.022 0.022 

Electricity Price Adjustment(2005¢ / kWh) -0.1 -0.1 -0.1 -0.1 

Hydroelectric Generation (TWh) 77 92 108 128 

Renewable Generation (TWh) 5 12 19 25 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 4 6 8 10 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Alberta – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 8 7 7 7 

Commercial 7 8 8 9 

Transportation Personal 11 11 11 12 

Non-Covered Urban Sectors         

Transportation Freight
1
 25 26 28 28 

Other Manufacturing 2 3 3 3 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 15 18 20 23 

Supply Sectors         

Electricity Generation 58 69 77 84 

Petroleum Refining 6 6 7 7 

Crude Oil 100 126 153 181 

Natural Gas 27 25 23 21 

Coal Mining 1 1 1 1 

Biofuels Manufacturing 0 0 0 0 

Total 264 304 343 381 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 188 189 189 192 

Commercial 216 236 259 279 

Transportation Personal 161 163 177 192 

Non-Covered Urban Sectors         

Transportation Freight
1
 342 370 395 406 

Other Manufacturing 54 68 75 89 

Landfills 7 8 8 9 

Non-Urban Sectors         

Transportation Personal Aviation 26 29 33 34 

Industry 356 424 478 532 

Supply Sectors         

Electricity Generation 702 821 923 1,017 

Petroleum Refining 108 117 126 132 

Crude Oil 1,598 2,066 2,482 2,916 

Natural Gas 296 271 249 227 

Coal Mining 7 8 10 11 

Biofuels Manufacturing 0 2 2 2 

Total 4,061 4,773 5,406 6,038 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 1,903 2,156 2,353 2,642 

Coal 738 918 1,051 1,162 

Refined Petroleum Products 1,060 1,267 1,504 1,668 

Electricity 234 285 326 364 

Nuclear 0 0 0 0 

Biofuel 1 4 7 10 

Renewable 117 133 152 175 

Other 8 10 13 16 

Total 4,061 4,773 5,406 6,038 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.61 0.53 0.49 0.47 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.030 0.026 0.023 0.022 

District Heating Price (2005$ / GJ) 28.5 28.3 28.5 28.4 

District Heating Consumption (PJ) 2.1 3.6 5.0 5.9 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.88 0.85 0.83 0.81 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.041 0.040 0.039 0.038 

District Heating Price (2005$ / GJ) 27.9 27.5 27.5 27.5 

District Heating Consumption (PJ) 2.4 3.2 4.4 5.0 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.4 2.7 2.5 2.4 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.24 0.18 0.16 0.15 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,039 1,663 1,555 1,517 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 107.1 109.1 110.4 111.0 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.2 1.1 1.1 1.1 

Freight Emissions Intensity (kg CO2e / tkt) 0.08 0.08 0.08 0.08 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 9.6 9.3 9.2 9.1 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.798 0.780 0.763 0.749 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 3 3 3 3 

Renewable Generation (TWh) 4 6 9 11 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 54 66 74 82 

Natural Gas Generation (TWh) 12 13 15 16 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Saskatchewan – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 1 1 

Commercial 2 2 2 3 

Transportation Personal 4 3 3 3 

Non-Covered Urban Sectors         

Transportation Freight
1
 11 14 17 19 

Other Manufacturing 0 0 0 0 

Landfills 1 1 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 0 0 0 0 

Industry 2 2 2 2 

Supply Sectors         

Electricity Generation 17 19 20 23 

Petroleum Refining 1 1 2 2 

Crude Oil 9 7 6 5 

Natural Gas 4 4 4 4 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 54 56 58 63 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 41 43 48 58 

Commercial 62 68 76 85 

Transportation Personal 53 51 54 59 

Non-Covered Urban Sectors         

Transportation Freight
1
 155 200 238 274 

Other Manufacturing 10 12 14 17 

Landfills 2 2 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 3 3 4 4 

Industry 65 67 70 74 

Supply Sectors         

Electricity Generation 214 235 263 303 

Petroleum Refining 20 24 29 34 

Crude Oil 23 17 14 12 

Natural Gas 52 49 49 47 

Coal Mining 3 3 3 3 

Biofuels Manufacturing 0 1 1 1 

Total 702 775 865 972 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 223 230 251 271 

Coal 160 175 181 203 

Refined Petroleum Products 234 267 304 341 

Electricity 63 74 90 108 

Nuclear 0 0 0 0 

Biofuel 0 2 3 5 

Renewable 19 24 33 40 

Other 2 2 3 4 

0.00 702 775 865 972 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.46 0.40 0.36 0.35 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.020 0.017 0.014 0.014 

District Heating Price (2005$ / GJ) 29.7 29.0 28.9 28.6 

District Heating Consumption (PJ) 0.3 0.7 1.0 1.3 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 1.16 1.10 1.06 1.04 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.055 0.052 0.048 0.047 

District Heating Price (2005$ / GJ) 29.0 28.4 28.5 28.4 

District Heating Consumption (PJ) 0.9 1.2 1.6 1.9 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.2 2.5 2.3 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.23 0.16 0.13 0.12 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,046 1,603 1,466 1,417 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 112.7 112.9 112.8 112.2 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 2.6 2.5 2.5 2.5 

Freight Emissions Intensity (kg CO2e / tkt) 0.18 0.18 0.18 0.18 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 9.9 9.3 8.7 8.5 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.791 0.739 0.660 0.637 

Electricity Price Adjustment(2005¢ / kWh) 0.0 0.0 0.0 0.0 

Hydroelectric Generation (TWh) 4 4 4 4 

Renewable Generation (TWh) 1 2 4 6 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 12 14 14 16 

Natural Gas Generation (TWh) 4 5 7 9 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Manitoba – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 0 0 

Commercial 2 2 2 2 

Transportation Personal 3 2 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 3 3 3 3 

Other Manufacturing 0 0 0 0 

Landfills 1 1 1 1 

Non-Urban Sectors         

Transportation Personal Aviation 0 1 1 1 

Industry 0 0 0 1 

Supply Sectors         

Electricity Generation 1 1 1 1 

Crude Oil 0 0 0 0 

Natural Gas 1 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 11 10 11 11 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 47 54 63 81 

Commercial 56 60 66 72 

Transportation Personal 36 28 26 26 

Non-Covered Urban Sectors         

Transportation Freight
1
 40 46 49 52 

Other Manufacturing 25 31 36 42 

Landfills 2 2 2 2 

Non-Urban Sectors         

Transportation Personal Aviation 7 8 9 9 

Industry 19 22 25 28 

Supply Sectors         

Electricity Generation 165 198 232 270 

Crude Oil 2 1 1 1 

Natural Gas 8 7 6 5 

Biofuels Manufacturing 0 1 1 1 

Total 407 458 518 589 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 72 73 77 82 

Coal 5 1 1 1 

Refined Petroleum Products 84 77 76 77 

Electricity 86 114 141 172 

Nuclear 0 0 0 0 

Biofuel 0 2 3 5 

Renewable 158 188 216 249 

Other 2 2 3 3 

Total 407 458 518 589 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.36 0.32 0.29 0.28 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.007 0.004 0.002 0.001 

District Heating Price (2005$ / GJ) 27.2 26.8 26.7 26.6 

District Heating Consumption (PJ) 0.3 0.5 0.6 0.7 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.88 0.84 0.81 0.79 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.038 0.035 0.033 0.032 

District Heating Price (2005$ / GJ) 26.5 26.0 25.8 25.4 

District Heating Consumption (PJ) 0.8 1.0 1.3 1.7 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.4 2.6 2.3 2.3 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.24 0.15 0.12 0.10 

Annual Vehicle Fuel Costs (2005$ / vehicle) 2,110 1,525 1,348 1,274 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 108.8 105.1 102.1 99.4 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.0 1.0 1.0 1.0 

Freight Emissions Intensity (kg CO2e / tkt) 0.07 0.07 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 3.7 3.7 3.7 3.8 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.012 0.010 0.013 0.015 

Electricity Price Adjustment(2005¢ / kWh) -0.1 -0.1 -0.1 -0.1 

Hydroelectric Generation (TWh) 42 48 53 59 

Renewable Generation (TWh) 2 4 7 9 

Nuclear Generation (TWh) 0 0 0 0 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 1 2 2 3 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 0 0 0 0 
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Ontario – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 18 17 16 15 

Commercial 16 18 21 22 

Transportation Personal 29 24 24 24 

Non-Covered Urban Sectors         

Transportation Freight
1
 38 52 65 77 

Other Manufacturing 14 18 22 25 

Landfills 7 8 8 9 

Non-Urban Sectors         

Transportation Personal Aviation 2 3 3 3 

Industry 30 31 33 40 

Supply Sectors         

Electricity Generation 10 15 22 31 

Petroleum Refining 7 8 10 12 

Crude Oil 0 0 0 0 

Natural Gas 6 6 6 7 

Biofuels Manufacturing 0 0 0 0 

Total 177 200 231 265 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 528 533 535 550 

Commercial 544 629 740 852 

Transportation Personal 421 377 383 395 

Non-Covered Urban Sectors         

Transportation Freight
1
 539 732 918 1,086 

Other Manufacturing 332 435 531 605 

Landfills 6 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 32 37 43 48 

Industry 515 533 566 651 

Supply Sectors         

Electricity Generation 1,346 1,457 1,621 1,829 

Petroleum Refining 128 152 190 222 

Crude Oil 0 0 0 0 

Natural Gas 72 76 82 85 

Biofuels Manufacturing 1 4 5 5 

Total 4,465 4,973 5,622 6,336 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 1,317 1,540 1,797 2,084 

Coal 157 152 150 178 

Refined Petroleum Products 1,126 1,265 1,487 1,690 

Electricity 584 676 784 908 

Nuclear 930 888 847 811 

Biofuel 3 10 14 22 

Renewable 331 410 484 554 

Other 18 33 59 88 

0.00 4,465 4,973 5,622 6,336 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.38 0.33 0.29 0.28 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.016 0.014 0.012 0.010 

District Heating Price (2005$ / GJ) 32.5 30.3 29.5 28.8 

District Heating Consumption (PJ) 12.6 27.0 41.5 54.7 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.90 0.83 0.78 0.72 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.038 0.037 0.035 0.033 

District Heating Price (2005$ / GJ) 32.2 30.3 29.5 28.6 

District Heating Consumption (PJ) 11.4 21.7 42.3 66.9 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.4 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.16 0.14 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,873 1,482 1,385 1,337 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 109.1 110.8 111.9 112.3 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.8 1.7 1.7 1.7 

Freight Emissions Intensity (kg CO2e / tkt) 0.13 0.12 0.12 0.12 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 7.9 7.3 7.0 6.8 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.060 0.075 0.095 0.116 

Electricity Price Adjustment(2005¢ / kWh) -0.1 -0.1 -0.1 -0.1 

Hydroelectric Generation (TWh) 40 41 43 46 

Renewable Generation (TWh) 18 33 47 59 

Nuclear Generation (TWh) 86 82 78 75 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 27 42 63 89 

CCS Generation (TWh) 0 0 1 1 

Oil Generation (TWh) 0 0 0 0 
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Quebec – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 4 3 2 2 

Commercial 7 7 7 7 

Transportation Personal 22 19 18 18 

Non-Covered Urban Sectors         

Transportation Freight
1
 15 17 19 21 

Other Manufacturing 4 4 5 6 

Landfills 6 6 6 6 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 15 14 15 18 

Supply Sectors         

Electricity Generation 2 2 3 4 

Petroleum Refining 4 4 4 4 

Natural Gas 3 4 5 5 

Biofuels Manufacturing 0 0 0 0 

Total 84 82 86 93 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 358 387 431 517 

Commercial 285 306 334 358 

Transportation Personal 322 297 305 322 

Non-Covered Urban Sectors         

Transportation Freight
1
 212 236 265 302 

Other Manufacturing 148 188 233 271 

Landfills 19 20 20 20 

Non-Urban Sectors         

Transportation Personal Aviation 22 25 27 28 

Industry 609 703 822 930 

Supply Sectors         

Electricity Generation 855 1,032 1,250 1,470 

Petroleum Refining 72 70 75 79 

Natural Gas 48 60 71 78 

Biofuels Manufacturing 2 5 6 6 

Total 2,953 3,329 3,839 4,381 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 427 468 519 563 

Coal 24 27 31 36 

Refined Petroleum Products 650 607 634 681 

Electricity 799 961 1,156 1,356 

Nuclear 39 35 30 25 

Biofuel 6 15 21 32 

Renewable 986 1,190 1,418 1,654 

Other 22 25 29 34 

Total 2,953 3,329 3,839 4,381 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.49 0.45 0.41 0.39 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.007 0.004 0.003 0.002 

District Heating Price (2005$ / GJ) 31.1 29.6 29.2 28.7 

District Heating Consumption (PJ) 5.2 9.5 13.7 17.3 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.81 0.75 0.69 0.64 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.035 0.032 0.028 0.026 

District Heating Price (2005$ / GJ) 29.8 28.3 27.5 26.5 

District Heating Consumption (PJ) 4.9 8.2 16.0 25.5 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.1 2.4 2.2 2.1 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.16 0.13 0.12 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,974 1,568 1,433 1,386 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 113.7 114.2 114.4 114.2 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.3 1.2 1.2 1.2 

Freight Emissions Intensity (kg CO2e / tkt) 0.09 0.09 0.09 0.09 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 3.8 3.8 3.8 3.7 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.008 0.009 0.010 0.010 

Electricity Price Adjustment(2005¢ / kWh) -0.1 -0.1 -0.1 -0.1 

Hydroelectric Generation (TWh) 216 261 316 373 

Renewable Generation (TWh) 1 3 5 6 

Nuclear Generation (TWh) 4 3 3 2 

Coal Generation (TWh) 0 0 0 0 

Natural Gas Generation (TWh) 4 7 9 11 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 1 0 0 0 
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Atlantic – Aggressive (AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1 1 1 0 

Commercial 3 3 2 2 

Transportation Personal 7 6 6 6 

Non-Covered Urban Sectors         

Transportation Freight
1
 12 13 13 12 

Other Manufacturing 1 1 2 2 

Landfills 3 3 2 2 

Non-Urban Sectors         

Transportation Personal Aviation 2 2 2 2 

Industry 3 3 3 4 

Supply Sectors         

Electricity Generation 13 9 9 9 

Petroleum Refining 4 4 4 4 

Crude Oil 0 0 0 0 

Natural Gas 1 1 0 0 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 0 0 0 

Total 48 44 44 44 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 89 96 106 125 

Commercial 87 89 92 93 

Transportation Personal 97 89 89 91 

Non-Covered Urban Sectors         

Transportation Freight
1
 161 183 182 167 

Other Manufacturing 33 42 52 63 

Landfills 9 9 8 7 

Non-Urban Sectors         

Transportation Personal Aviation 23 26 28 27 

Industry 140 149 168 193 

Supply Sectors         

Electricity Generation 431 418 443 481 

Petroleum Refining 62 61 63 62 

Crude Oil 5 2 1 1 

Natural Gas 10 9 8 7 

Coal Mining 0 0 0 0 

Biofuels Manufacturing 0 1 1 1 

Total 1,148 1,173 1,240 1,319 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 143 178 185 189 

Coal 92 68 65 74 

Refined Petroleum Products 415 373 370 356 

Electricity 188 209 238 275 

Nuclear 22 15 7 0 

Biofuel 1 2 3 4 

Renewable 275 317 359 407 

Other 11 11 13 14 

Total 1,148 1,173 1,240 1,319 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.39 0.35 0.32 0.31 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.009 0.006 0.004 0.004 

District Heating Price (2005$ / GJ) 43.4 40.3 38.8 37.3 

District Heating Consumption (PJ) 0.7 1.2 1.8 2.1 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.80 0.72 0.67 0.63 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.042 0.035 0.031 0.029 

District Heating Price (2005$ / GJ) 32.6 31.1 30.7 30.1 

District Heating Consumption (PJ) 1.8 3.0 4.6 5.8 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 2.8 2.3 2.1 2.0 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.20 0.15 0.14 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,879 1,520 1,426 1,394 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 116.4 118.3 119.7 120.6 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.1 1.0 1.0 1.0 

Freight Emissions Intensity (kg CO2e / tkt) 0.08 0.08 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.0 4.6 4.4 4.3 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.146 0.096 0.085 0.079 

Electricity Price Adjustment(2005¢ / kWh) 0.0 -0.1 -0.1 -0.1 

Hydroelectric Generation (TWh) 62 71 81 92 

Renewable Generation (TWh) 1 1 2 2 

Nuclear Generation (TWh) 2 1 1 0 

Coal Generation (TWh) 8 5 5 5 

Natural Gas Generation (TWh) 9 12 13 13 

CCS Generation (TWh) 0 0 0 0 

Oil Generation (TWh) 4 0 0 0 
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Canada – Aggressive and Baseboard Ban (AGG_NBA) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 36 33 30 28 

Commercial 41 44 48 51 

Transportation Personal 86 74 73 73 

Non-Covered Urban Sectors         

Transportation Freight
1
 126 153 177 198 

Other Manufacturing 25 32 38 44 

Landfills 25 26 27 28 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 14 14 

Industry 72 75 82 96 

Supply Sectors         

Electricity Generation 102 116 134 155 

Petroleum Refining 23 25 29 31 

Crude Oil 110 134 159 186 

Natural Gas 58 57 55 52 

Coal Mining 3 3 3 3 

Biofuels Manufacturing 0 1 1 1 

Total 718 784 868 960 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,410 1,478 1,575 1,767 

Commercial 1,406 1,559 1,759 1,947 

Transportation Personal 1,241 1,156 1,197 1,261 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,761 2,157 2,498 2,797 

Other Manufacturing 718 926 1,136 1,328 

Landfills 67 70 71 72 

Non-Urban Sectors         

Transportation Personal Aviation 151 176 197 206 

Industry 2,086 2,326 2,618 2,955 

Supply Sectors         

Electricity Generation 4,055 4,603 5,281 6,042 

Petroleum Refining 412 456 522 578 

Crude Oil 1,630 2,088 2,500 2,931 

Natural Gas 650 633 617 595 

Coal Mining 23 25 27 28 

Biofuels Manufacturing 5 18 20 20 

Total 15,615 17,672 20,018 22,526 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,486 5,070 5,638 6,320 

Coal 1,194 1,363 1,504 1,682 

Refined Petroleum Products 4,118 4,479 5,073 5,588 

Electricity 2,235 2,666 3,155 3,687 

Nuclear 992 937 884 836 

Biofuel 17 48 70 105 

Renewable 2,487 2,997 3,541 4,111 

Other 86 113 154 198 

Total 15,615 17,672 20,018 22,526 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.41 0.36 0.33 0.31 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.013 0.011 0.009 0.009 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.85 0.80 0.75 0.72 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.038 0.035 0.034 0.032 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.1 2.4 2.2 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.22 0.16 0.14 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,945 1,540 1,424 1,379 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.4 112.3 112.7 112.7 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.7 5.5 5.4 5.3 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.145 0.139 0.136 0.135 

Hydroelectric Generation (TWh) 443 517 602 698 

Renewable Generation (TWh) 32 61 91 116 

Nuclear Generation (TWh) 92 87 82 77 

Coal Generation (TWh) 74 85 93 103 

Natural Gas Generation (TWh) 60 87 117 151 

CCS Generation (TWh) 0 1 1 2 

Oil Generation (TWh) 5 0 0 0 
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Canada – Business as Usual with Announced Policies (BAU_REF) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 36 33 31 31 

Commercial 41 46 51 56 

Transportation Personal 86 71 75 81 

Non-Covered Urban Sectors         

Transportation Freight
1
 125 153 177 198 

Other Manufacturing 25 31 38 43 

Landfills 25 26 27 28 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 14 14 

Industry 71 74 81 95 

Supply Sectors         

Electricity Generation 100 114 129 149 

Petroleum Refining 23 25 29 32 

Crude Oil 109 132 156 182 

Natural Gas 58 55 53 51 

Coal Mining 3 3 3 3 

Biofuels Manufacturing 1 1 1 1 

Total 713 776 864 963 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,429 1,496 1,620 1,849 

Commercial 1,427 1,607 1,823 2,038 

Transportation Personal 1,244 1,161 1,261 1,383 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,751 2,154 2,497 2,800 

Other Manufacturing 717 926 1,136 1,327 

Landfills 67 70 71 72 

Non-Urban Sectors         

Transportation Personal Aviation 151 176 197 206 

Industry 2,085 2,325 2,618 2,954 

Supply Sectors         

Electricity Generation 4,105 4,706 5,400 6,196 

Petroleum Refining 411 452 526 590 

Crude Oil 1,625 2,076 2,482 2,916 

Natural Gas 642 625 608 586 

Coal Mining 23 24 25 27 

Biofuels Manufacturing 9 20 21 19 

Total 15,686 17,818 20,284 22,962 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,529 5,171 5,819 6,594 

Coal 1,153 1,297 1,402 1,561 

Refined Petroleum Products 4,095 4,418 5,071 5,651 

Electricity 2,278 2,752 3,264 3,828 

Nuclear 999 945 892 845 

Biofuel 22 67 86 119 

Renewable 2,535 3,088 3,664 4,272 

Other 74 80 86 93 

Total 15,686 17,818 20,284 22,962 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.39 0.33 0.29 0.27 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.013 0.010 0.008 0.008 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.84 0.78 0.75 0.74 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.037 0.035 0.034 0.033 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.3 2.2 2.2 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.14 0.13 0.13 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,908 1,467 1,395 1,381 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.4 111.9 112.7 112.8 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.4 1.4 1.4 1.4 

Freight Emissions Intensity (kg CO2e / tkt) 0.10 0.10 0.10 0.10 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.7 5.5 5.3 5.2 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.140 0.132 0.127 0.125 

Hydroelectric Generation (TWh) 451 531 622 726 

Renewable Generation (TWh) 35 68 99 126 

Nuclear Generation (TWh) 93 88 83 78 

Coal Generation (TWh) 70 79 84 92 

Natural Gas Generation (TWh) 65 97 129 165 

CCS Generation (TWh) 0 1 1 2 

Oil Generation (TWh) 5 0 0 0 
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Canada – $200/t Carbon Tax (T200) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 33 23 15 11 

Commercial 37 31 21 17 

Transportation Personal 83 42 33 34 

Non-Covered Urban Sectors         

Transportation Freight
1
 113 122 131 141 

Other Manufacturing 21 20 20 22 

Landfills 4 5 5 5 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 12 11 

Industry 64 60 62 68 

Supply Sectors         

Electricity Generation 78 60 53 50 

Petroleum Refining 20 17 14 12 

Crude Oil 90 82 77 80 

Natural Gas 46 40 37 34 

Coal Mining 2 2 2 2 

Biofuels Manufacturing 0 1 1 1 

Total 601 517 484 489 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,431 1,445 1,519 1,703 

Commercial 1,401 1,474 1,518 1,590 

Transportation Personal 1,210 1,001 1,075 1,203 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,612 1,840 2,094 2,330 

Other Manufacturing 711 899 1,097 1,280 

Landfills 75 77 78 79 

Non-Urban Sectors         

Transportation Personal Aviation 151 175 190 191 

Industry 2,075 2,301 2,586 2,923 

Supply Sectors         

Electricity Generation 4,391 5,706 7,052 8,271 

Petroleum Refining 383 346 369 411 

Crude Oil 1,580 2,017 2,476 3,005 

Natural Gas 619 583 552 517 

Coal Mining 21 22 23 25 

Biofuels Manufacturing 7 21 28 32 

Total 15,669 17,907 20,659 23,560 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,397 4,646 4,856 5,283 

Coal 1,011 1,133 1,265 1,483 

Refined Petroleum Products 3,771 3,315 3,469 3,799 

Electricity 2,491 3,370 4,240 4,988 

Nuclear 1,079 1,290 1,486 1,683 

Biofuel 50 327 566 735 

Renewable 2,775 3,712 4,638 5,425 

Other 94 113 140 164 

Total 15,669 17,907 20,659 23,560 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.40 0.33 0.29 0.26 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.012 0.008 0.005 0.003 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.82 0.69 0.54 0.44 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.033 0.024 0.013 0.008 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.0 1.9 1.9 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.08 0.06 0.05 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,885 1,337 1,257 1,226 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.5 115.6 117.4 113.8 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.3 1.2 1.2 1.2 

Freight Emissions Intensity (kg CO2e / tkt) 0.09 0.08 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.6 5.4 5.4 5.4 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.099 0.057 0.040 0.032 

Hydroelectric Generation (TWh) 495 642 792 934 

Renewable Generation (TWh) 52 117 176 208 

Nuclear Generation (TWh) 100 119 138 156 

Coal Generation (TWh) 45 21 7 1 

Natural Gas Generation (TWh) 71 93 105 105 

CCS Generation (TWh) 17 59 100 140 

Oil Generation (TWh) 5 0 0 0 
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Canada – $200/t Carbon Tax and Ambitious Building Codes (T200+) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 32 20 13 9 

Commercial 31 24 15 11 

Transportation Personal 83 42 33 34 

Non-Covered Urban Sectors         

Transportation Freight
1
 113 122 130 141 

Other Manufacturing 21 20 20 22 

Landfills 4 5 5 5 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 12 11 

Industry 64 60 62 68 

Supply Sectors         

Electricity Generation 78 59 51 48 

Petroleum Refining 20 17 14 12 

Crude Oil 90 82 77 80 

Natural Gas 46 40 37 34 

Coal Mining 2 2 2 2 

Biofuels Manufacturing 0 1 1 1 

Total 594 506 472 478 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,361 1,320 1,365 1,529 

Commercial 1,280 1,301 1,314 1,376 

Transportation Personal 1,210 1,001 1,075 1,203 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,612 1,840 2,094 2,330 

Other Manufacturing 711 899 1,096 1,279 

Landfills 75 77 78 79 

Non-Urban Sectors         

Transportation Personal Aviation 151 175 190 191 

Industry 2,075 2,301 2,586 2,923 

Supply Sectors         

Electricity Generation 4,327 5,545 6,782 7,921 

Petroleum Refining 383 345 369 410 

Crude Oil 1,580 2,017 2,476 3,004 

Natural Gas 619 583 552 517 

Coal Mining 21 22 23 25 

Biofuels Manufacturing 7 21 28 32 

Total 15,412 17,448 20,029 22,821 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,246 4,437 4,635 5,061 

Coal 1,011 1,128 1,250 1,458 

Refined Petroleum Products 3,766 3,309 3,463 3,793 

Electricity 2,443 3,257 4,058 4,761 

Nuclear 1,072 1,265 1,440 1,618 

Biofuel 50 328 566 736 

Renewable 2,727 3,605 4,471 5,224 

Other 97 118 145 170 

Total 15,412 17,448 20,029 22,821 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.36 0.28 0.23 0.20 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.011 0.006 0.004 0.003 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.75 0.59 0.43 0.35 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.031 0.021 0.010 0.006 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.0 1.9 1.9 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.08 0.06 0.05 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,885 1,335 1,255 1,224 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.5 115.4 117.3 113.7 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.3 1.2 1.2 1.2 

Freight Emissions Intensity (kg CO2e / tkt) 0.09 0.08 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.6 5.4 5.4 5.4 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.101 0.058 0.040 0.032 

Hydroelectric Generation (TWh) 485 620 759 895 

Renewable Generation (TWh) 49 111 165 194 

Nuclear Generation (TWh) 99 117 133 150 

Coal Generation (TWh) 45 21 7 1 

Natural Gas Generation (TWh) 70 91 100 99 

CCS Generation (TWh) 17 58 98 136 

Oil Generation (TWh) 5 0 0 0 
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Canada – T200+ and Moderate (T200+Mod) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 31 19 12 9 

Commercial 30 23 14 10 

Transportation Personal 82 42 32 33 

Non-Covered Urban Sectors         

Transportation Freight
1
 113 122 130 141 

Other Manufacturing 21 20 20 22 

Landfills 4 5 5 5 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 12 11 

Industry 64 60 62 68 

Supply Sectors         

Electricity Generation 77 58 49 46 

Petroleum Refining 20 17 14 12 

Crude Oil 90 82 77 81 

Natural Gas 46 40 37 34 

Coal Mining 2 2 2 2 

Biofuels Manufacturing 0 1 1 1 

Total 591 502 468 474 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,340 1,292 1,336 1,505 

Commercial 1,242 1,242 1,257 1,335 

Transportation Personal 1,213 998 1,057 1,169 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,612 1,840 2,094 2,330 

Other Manufacturing 711 898 1,096 1,279 

Landfills 75 77 78 79 

Non-Urban Sectors         

Transportation Personal Aviation 151 175 190 191 

Industry 2,076 2,301 2,587 2,924 

Supply Sectors         

Electricity Generation 4,280 5,434 6,611 7,703 

Petroleum Refining 382 344 367 408 

Crude Oil 1,581 2,018 2,475 3,003 

Natural Gas 619 583 552 517 

Coal Mining 21 22 23 24 

Biofuels Manufacturing 7 20 27 31 

Total 15,311 17,246 19,750 22,497 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,199 4,364 4,551 4,976 

Coal 1,008 1,119 1,230 1,424 

Refined Petroleum Products 3,762 3,306 3,451 3,776 

Electricity 2,414 3,189 3,956 4,639 

Nuclear 1,062 1,242 1,407 1,574 

Biofuel 50 323 556 719 

Renewable 2,703 3,548 4,389 5,129 

Other 112 156 211 260 

Total 15,311 17,246 19,750 22,497 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.37 0.28 0.24 0.21 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.011 0.006 0.004 0.003 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.73 0.57 0.39 0.30 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.030 0.020 0.009 0.005 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.0 1.9 1.9 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.08 0.06 0.05 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,889 1,335 1,253 1,222 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.5 115.4 117.1 113.5 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.3 1.2 1.2 1.2 

Freight Emissions Intensity (kg CO2e / tkt) 0.09 0.08 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.6 5.4 5.4 5.4 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.101 0.058 0.040 0.032 

Hydroelectric Generation (TWh) 480 610 745 879 

Renewable Generation (TWh) 48 106 158 187 

Nuclear Generation (TWh) 98 115 130 146 

Coal Generation (TWh) 45 21 7 1 

Natural Gas Generation (TWh) 68 88 97 95 

CCS Generation (TWh) 17 57 95 131 

Oil Generation (TWh) 5 0 0 0 
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Canada – T200+ and Aggressive (T200+AGG) 

Greenhouse Gas Emissions (Mt CO2e)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 31 19 12 8 

Commercial 30 22 13 9 

Transportation Personal 81 40 31 31 

Non-Covered Urban Sectors         

Transportation Freight
1
 113 122 130 141 

Other Manufacturing 21 20 20 22 

Landfills 4 5 5 5 

Non-Urban Sectors         

Transportation Personal Aviation 11 12 12 11 

Industry 64 60 62 68 

Supply Sectors         

Electricity Generation 76 57 48 45 

Petroleum Refining 20 16 14 12 

Crude Oil 90 82 77 81 

Natural Gas 46 40 37 34 

Coal Mining 2 2 2 2 

Biofuels Manufacturing 0 1 1 1 

Total 588 499 464 470 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Energy Consumption (PJ)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 1,318 1,260 1,286 1,438 

Commercial 1,234 1,228 1,226 1,281 

Transportation Personal 1,189 962 1,005 1,103 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,612 1,840 2,093 2,330 

Other Manufacturing 711 898 1,096 1,279 

Landfills 75 77 78 79 

Non-Urban Sectors         

Transportation Personal Aviation 151 175 190 191 

Industry 2,076 2,302 2,587 2,924 

Supply Sectors         

Electricity Generation 4,255 5,376 6,491 7,512 

Petroleum Refining 380 342 364 405 

Crude Oil 1,581 2,018 2,475 3,002 

Natural Gas 619 583 552 517 

Coal Mining 21 22 23 24 

Biofuels Manufacturing 7 20 26 29 

Total 15,229 17,102 19,493 22,113 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Energy Consumption by Fuel Type (PJ)     

  2020 2030 2040 2050 

Natural Gas 4,178 4,331 4,500 4,907 

Coal 1,006 1,113 1,217 1,402 

Refined Petroleum Products 3,739 3,283 3,425 3,747 

Electricity 2,398 3,153 3,882 4,522 

Nuclear 1,058 1,232 1,386 1,540 

Biofuel 47 312 538 692 

Renewable 2,689 3,518 4,325 5,028 

Other 112 160 221 275 

Total 15,229 17,102 19,493 22,113 

     
Detailed Sectoral Results     

  2020 2030 2040 2050 

Residential         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.37 0.28 0.24 0.21 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.011 0.007 0.004 0.003 

Commercial         

Space Heating Energy Intensity (GJ / m
2
 floorspace) 0.73 0.56 0.38 0.29 

Space Heating Emissions Intensity (t CO2e / m
2
 floorspace) 0.030 0.020 0.009 0.005 

Transportation Personal         

Vehicle Energy Intensity (MJ / vkt) 3.0 2.0 1.9 1.9 

Vehicle Emissions Intensity (kg CO2e / vkt) 0.21 0.08 0.05 0.05 

Annual Vehicle Fuel Costs (2005$ / vehicle) 1,900 1,337 1,252 1,221 

Average Vehicle Fuel Prices (2005¢ / L gasoline eq.) 111.5 115.3 117.1 113.4 

Transportation Freight         

Freight Energy Intensity (MJ / tkt) 1.3 1.2 1.2 1.2 

Freight Emissions Intensity (kg CO2e / tkt) 0.09 0.08 0.07 0.07 

Electricity Generation         

Energy Intensity (GJ / MWh Electric Generation) 5.6 5.4 5.4 5.4 

Emissions Intensity (t CO2e / MWh Electric Generation) 0.101 0.058 0.040 0.032 

Hydroelectric Generation (TWh) 478 604 733 861 

Renewable Generation (TWh) 47 104 154 179 

Nuclear Generation (TWh) 98 114 128 143 

Coal Generation (TWh) 45 21 6 1 

Natural Gas Generation (TWh) 67 86 94 92 

CCS Generation (TWh) 17 56 93 127 

Oil Generation (TWh) 5 0 0 0 
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Appendix I: Detailed CAC Results 

Canada – Business as Usual (BAU) 

Particulate Matter < 2.5 microns (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 67 58 53 50 

Commercial 11 12 13 15 

Transportation Personal 4 3 3 3 

Non-Covered Urban Sectors         

Transportation Freight
1
 81 98 113 126 

Other Manufacturing 92 132 155 187 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 1 1 2 2 

Industry 86 113 127 144 

Supply Sectors         

Electricity Generation 7 7 8 9 

Petroleum Refining 4 4 5 5 

Crude Oil 1 1 1 1 

Natural Gas 7 7 6 6 

Coal Mining 1 1 2 2 

Total 366 441 491 552 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Oxides of Nitrogen (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 37 35 33 33 

Commercial 45 51 58 64 

Transportation Personal 285 242 247 264 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,175 1,380 1,569 1,740 

Other Manufacturing 110 139 169 197 

Landfills 7 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 60 64 72 76 

Industry 204 235 271 317 

Supply Sectors         

Electricity Generation 246 294 351 413 

Petroleum Refining 29 31 35 39 

Crude Oil 52 64 78 93 

Natural Gas 309 288 267 245 

Coal Mining 1 1 1 1 

Total 2,560 2,832 3,159 3,489 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Sulphur Oxides (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 4 2 2 2 

Commercial 22 13 12 12 

Transportation Personal 3 2 2 2 

Non-Covered Urban Sectors         

Transportation Freight
1
 147 181 202 216 

Other Manufacturing 103 142 169 203 

Landfills 2 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 5 6 7 7 

Industry 1,260 1,522 1,735 1,961 

Supply Sectors         

Electricity Generation 388 387 411 455 

Petroleum Refining 123 137 161 182 

Crude Oil 47 66 87 101 

Natural Gas 295 313 291 268 

Coal Mining 1 2 2 2 

Total 2,401 2,776 3,083 3,414 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Volatile Organic Compounds (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 101 88 81 76 

Commercial 185 213 236 256 

Transportation Personal 176 161 166 177 

Non-Covered Urban Sectors         

Transportation Freight
1
 485 595 684 757 

Other Manufacturing 208 265 322 381 

Landfills 23 24 24 24 

Non-Urban Sectors         

Transportation Personal Aviation 16 18 20 20 

Industry 80 95 110 125 

Supply Sectors         

Electricity Generation 3 4 5 7 

Petroleum Refining 42 50 59 67 

Crude Oil 65 87 105 117 

Natural Gas 381 357 348 328 

Coal Mining 1 1 1 1 

Total 1,766 1,958 2,162 2,336 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Carbon Monoxide (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 437 377 346 327 

Commercial 28 32 37 40 

Transportation Personal 3,420 2,952 2,855 2,936 

Non-Covered Urban Sectors         

Transportation Freight
1
 3,549 4,401 5,183 5,889 

Other Manufacturing 852 1,102 1,363 1,631 

Landfills 22 23 23 23 

Non-Urban Sectors         

Transportation Personal Aviation 80 93 103 107 

Industry 600 589 583 648 

Supply Sectors         

Electricity Generation 83 117 159 203 

Petroleum Refining 35 38 44 49 

Crude Oil 57 91 107 102 

Natural Gas 320 298 276 253 

Coal Mining 0 0 0 0 

Total 9,483 10,113 11,079 12,209 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Total CAC Emissions (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 646 560 516 487 

Commercial 290 321 356 387 

Transportation Personal 3,888 3,360 3,272 3,382 

Non-Covered Urban Sectors         

Transportation Freight
1
 5,437 6,655 7,751 8,728 

Other Manufacturing 1,365 1,780 2,178 2,600 

Landfills 57 59 60 61 

Non-Urban Sectors         

Transportation Personal Aviation 163 183 203 212 

Industry 2,231 2,554 2,827 3,195 

Supply Sectors         

Electricity Generation 727 810 935 1,087 

Petroleum Refining 233 260 304 342 

Crude Oil 222 309 378 414 

Natural Gas 1,312 1,264 1,188 1,100 

Coal Mining 5 5 6 6 

Total CAC Emissions 16,576 18,119 19,974 22,000 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Canada – Moderate (MOD) 

Particulate Matter < 2.5 microns (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 64 53 45 40 

Commercial 11 11 13 14 

Transportation Personal 4 3 3 3 

Non-Covered Urban Sectors         

Transportation Freight
1
 81 98 113 126 

Other Manufacturing 60 64 61 72 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 1 1 2 2 

Industry 86 113 127 144 

Supply Sectors         

Electricity Generation 7 7 8 9 

Petroleum Refining 4 4 5 5 

Crude Oil 1 1 1 1 

Natural Gas 7 7 6 6 

Coal Mining 1 1 2 2 

Total 332 367 389 426 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Oxides of Nitrogen (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 37 34 32 32 

Commercial 43 48 54 59 

Transportation Personal 285 242 244 256 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,175 1,380 1,568 1,739 

Other Manufacturing 108 135 164 192 

Landfills 7 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 60 64 72 76 

Industry 202 233 269 314 

Supply Sectors         

Electricity Generation 242 287 342 402 

Petroleum Refining 29 31 35 38 

Crude Oil 52 64 78 93 

Natural Gas 308 288 266 244 

Coal Mining 1 1 1 1 

Total 2,549 2,813 3,132 3,453 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Sulphur Oxides (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 4 2 2 2 

Commercial 21 13 11 11 

Transportation Personal 3 2 2 2 

Non-Covered Urban Sectors         

Transportation Freight
1
 147 181 202 216 

Other Manufacturing 58 52 41 44 

Landfills 2 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 5 6 7 7 

Industry 1,260 1,518 1,730 1,955 

Supply Sectors         

Electricity Generation 386 381 402 444 

Petroleum Refining 123 137 160 180 

Crude Oil 47 65 87 101 

Natural Gas 295 313 291 268 

Coal Mining 1 2 2 2 

Total 2,352 2,674 2,939 3,234 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Volatile Organic Compounds (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 97 80 70 61 

Commercial 178 201 225 244 

Transportation Personal 177 161 161 169 

Non-Covered Urban Sectors         

Transportation Freight
1
 485 595 684 757 

Other Manufacturing 215 276 337 400 

Landfills 23 24 24 24 

Non-Urban Sectors         

Transportation Personal Aviation 16 18 20 20 

Industry 80 95 110 125 

Supply Sectors         

Electricity Generation 3 4 5 7 

Petroleum Refining 42 50 59 66 

Crude Oil 65 87 105 117 

Natural Gas 381 357 348 328 

Coal Mining 1 1 1 1 

Total 1,764 1,949 2,148 2,319 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Carbon Monoxide (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 420 344 295 262 

Commercial 27 30 35 39 

Transportation Personal 3,499 3,012 2,830 2,837 

Non-Covered Urban Sectors         

Transportation Freight
1
 3,549 4,400 5,182 5,888 

Other Manufacturing 857 1,111 1,376 1,650 

Landfills 22 23 23 23 

Non-Urban Sectors         

Transportation Personal Aviation 80 93 103 107 

Industry 600 588 583 648 

Supply Sectors         

Electricity Generation 81 113 154 197 

Petroleum Refining 35 38 43 49 

Crude Oil 57 91 107 102 

Natural Gas 320 298 276 253 

Coal Mining 0 0 0 0 

Total 9,546 10,141 11,007 12,053 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Total CAC Emissions (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 621 513 444 396 

Commercial 279 303 336 366 

Transportation Personal 3,968 3,419 3,240 3,266 

Non-Covered Urban Sectors         

Transportation Freight
1
 5,437 6,654 7,749 8,725 

Other Manufacturing 1,299 1,638 1,980 2,357 

Landfills 57 59 60 61 

Non-Urban Sectors         

Transportation Personal Aviation 163 183 203 212 

Industry 2,228 2,547 2,819 3,186 

Supply Sectors         

Electricity Generation 719 792 911 1,059 

Petroleum Refining 233 260 302 338 

Crude Oil 222 309 378 414 

Natural Gas 1,312 1,263 1,187 1,099 

Coal Mining 5 5 6 6 

Total CAC Emissions 16,542 17,944 19,615 21,485 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Canada – Aggressive (AGG) 

Particulate Matter < 2.5 microns (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 63 50 41 35 

Commercial 11 11 12 13 

Transportation Personal 4 3 3 3 

Non-Covered Urban Sectors         

Transportation Freight
1
 81 98 113 126 

Other Manufacturing 60 64 61 71 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 1 1 2 2 

Industry 86 113 127 144 

Supply Sectors         

Electricity Generation 7 7 8 9 

Petroleum Refining 4 4 5 5 

Crude Oil 1 1 1 1 

Natural Gas 7 7 6 6 

Coal Mining 1 1 2 2 

Total 330 364 383 418 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Oxides of Nitrogen (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 36 32 30 28 

Commercial 42 47 51 55 

Transportation Personal 278 236 233 240 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,175 1,380 1,567 1,738 

Other Manufacturing 108 135 163 190 

Landfills 7 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 60 64 72 76 

Industry 202 232 268 314 

Supply Sectors         

Electricity Generation 241 282 335 392 

Petroleum Refining 29 30 35 38 

Crude Oil 52 64 78 93 

Natural Gas 308 288 266 244 

Coal Mining 1 1 1 1 

Total 2,539 2,799 3,107 3,416 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Sulphur Oxides (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 4 2 2 1 

Commercial 21 12 10 10 

Transportation Personal 3 2 2 2 

Non-Covered Urban Sectors         

Transportation Freight
1
 147 181 202 215 

Other Manufacturing 58 52 41 43 

Landfills 2 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 5 6 7 7 

Industry 1,259 1,516 1,727 1,951 

Supply Sectors         

Electricity Generation 384 378 397 437 

Petroleum Refining 122 136 158 177 

Crude Oil 47 66 87 101 

Natural Gas 295 313 291 268 

Coal Mining 1 2 2 2 

Total 2,348 2,668 2,928 3,218 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Volatile Organic Compounds (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 95 77 64 53 

Commercial 177 197 214 226 

Transportation Personal 173 155 152 156 

Non-Covered Urban Sectors         

Transportation Freight
1
 485 594 684 756 

Other Manufacturing 215 275 336 398 

Landfills 23 24 24 24 

Non-Urban Sectors         

Transportation Personal Aviation 16 18 20 20 

Industry 80 95 109 125 

Supply Sectors         

Electricity Generation 3 4 5 6 

Petroleum Refining 42 49 58 65 

Crude Oil 65 87 105 117 

Natural Gas 381 357 348 328 

Coal Mining 1 1 1 1 

Total 1,755 1,935 2,119 2,276 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Carbon Monoxide (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 411 329 268 225 

Commercial 26 30 33 36 

Transportation Personal 3,468 2,962 2,727 2,676 

Non-Covered Urban Sectors         

Transportation Freight
1
 3,549 4,400 5,179 5,883 

Other Manufacturing 856 1,108 1,370 1,640 

Landfills 22 23 23 23 

Non-Urban Sectors         

Transportation Personal Aviation 80 93 103 107 

Industry 600 588 583 647 

Supply Sectors         

Electricity Generation 79 110 149 190 

Petroleum Refining 35 38 43 48 

Crude Oil 57 91 107 102 

Natural Gas 320 298 276 252 

Coal Mining 0 0 0 0 

Total 9,503 10,069 10,859 11,830 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Total CAC Emissions (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 609 490 404 342 

Commercial 277 297 320 339 

Transportation Personal 3,927 3,358 3,117 3,077 

Non-Covered Urban Sectors         

Transportation Freight
1
 5,437 6,653 7,744 8,718 

Other Manufacturing 1,297 1,633 1,970 2,343 

Landfills 57 59 60 61 

Non-Urban Sectors         

Transportation Personal Aviation 163 183 203 212 

Industry 2,227 2,545 2,815 3,180 

Supply Sectors         

Electricity Generation 714 782 894 1,034 

Petroleum Refining 231 258 298 332 

Crude Oil 223 309 378 414 

Natural Gas 1,311 1,263 1,187 1,099 

Coal Mining 5 5 6 6 

Total CAC Emissions 16,476 17,834 19,397 21,158 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Canada – $200/t Carbon Tax (T200) 

Particulate Matter < 2.5 microns (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 67 57 51 44 

Commercial 10 8 5 4 

Transportation Personal 4 2 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 74 81 88 96 

Other Manufacturing 49 39 22 22 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 1 1 2 1 

Industry 69 83 89 96 

Supply Sectors         

Electricity Generation 5 2 1 1 

Petroleum Refining 4 3 3 4 

Crude Oil 1 2 2 2 

Natural Gas 7 6 5 4 

Coal Mining 1 1 1 1 

Total 294 288 274 282 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Oxides of Nitrogen (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 34 24 18 14 

Commercial 38 32 22 17 

Transportation Personal 267 158 142 153 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,067 1,149 1,272 1,405 

Other Manufacturing 107 118 132 151 

Landfills 7 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 60 64 70 71 

Industry 208 234 266 303 

Supply Sectors         

Electricity Generation 190 162 153 152 

Petroleum Refining 26 22 23 25 

Crude Oil 49 60 74 90 

Natural Gas 281 245 211 176 

Coal Mining 1 1 1 1 

Total 2,336 2,276 2,390 2,567 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Sulphur Oxides (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 4 2 1 1 

Commercial 20 8 3 3 

Transportation Personal 3 1 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 136 155 164 169 

Other Manufacturing 53 39 21 20 

Landfills 2 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 5 6 6 6 

Industry 1,136 1,247 1,349 1,438 

Supply Sectors         

Electricity Generation 249 103 29 8 

Petroleum Refining 107 91 92 100 

Crude Oil 38 52 68 85 

Natural Gas 297 319 297 272 

Coal Mining 1 1 1 1 

Total 2,052 2,028 2,035 2,107 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Volatile Organic Compounds (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 100 84 73 62 

Commercial 154 127 81 60 

Transportation Personal 165 118 115 127 

Non-Covered Urban Sectors         

Transportation Freight
1
 426 466 508 549 

Other Manufacturing 178 178 175 192 

Landfills 23 24 24 24 

Non-Urban Sectors         

Transportation Personal Aviation 15 18 17 15 

Industry 78 84 92 99 

Supply Sectors         

Electricity Generation 3 3 3 4 

Petroleum Refining 39 37 37 39 

Crude Oil 61 80 99 114 

Natural Gas 370 338 327 304 

Coal Mining 1 1 1 1 

Total 1,613 1,558 1,553 1,589 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Carbon Monoxide (kt)     

  2020 2030 2040 2050 

Demand Sectors         

Covered Urban Sectors         

Residential 435 369 329 287 

Commercial 24 20 15 12 

Transportation Personal 3,164 1,893 1,549 1,609 

Non-Covered Urban Sectors         

Transportation Freight1 3,137 3,473 3,864 4,281 

Other Manufacturing 1,062 1,314 1,597 1,893 

Landfills 22 23 23 23 

Non-Urban Sectors         

Transportation Personal Aviation 79 91 92 84 

Industry 598 533 486 524 

Supply Sectors         

Electricity Generation 89 129 169 197 

Petroleum Refining 32 27 24 23 

Crude Oil 73 138 191 224 

Natural Gas 289 252 216 180 

Coal Mining 0 0 0 0 

Total 9,004 8,263 8,556 9,337 
1  Freight transportation includes both urban and non-urban sub-sectors.     

     

Total CAC Emissions (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 639 536 472 408 

Commercial 246 196 127 96 

Transportation Personal 3,604 2,171 1,808 1,892 

Non-Covered Urban Sectors         

Transportation Freight1 4,839 5,324 5,896 6,500 

Other Manufacturing 1,449 1,688 1,948 2,278 

Landfills 57 59 60 61 

Non-Urban Sectors         

Transportation Personal Aviation 162 180 187 177 

Industry 2,089 2,182 2,281 2,460 

Supply Sectors         

Electricity Generation 535 400 356 362 

Petroleum Refining 207 180 179 192 

Crude Oil 223 331 434 516 

Natural Gas 1,244 1,161 1,055 938 

Coal Mining 4 4 4 4 

Total CAC Emissions 15,298 14,412 14,808 15,881 
1  Freight transportation includes both urban and non-urban sub-sectors.     
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Canada – $200/t Carbon Tax  and Ambitious Building Codes (T200+) 

Particulate Matter < 2.5 microns (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 65 54 46 39 

Commercial 8 6 4 3 

Transportation Personal 4 2 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 74 81 88 96 

Other Manufacturing 49 39 22 22 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 1 1 2 1 

Industry 69 83 89 96 

Supply Sectors         

Electricity Generation 5 2 1 1 

Petroleum Refining 4 3 3 4 

Crude Oil 1 2 2 2 

Natural Gas 7 6 5 4 

Coal Mining 1 1 1 1 

Total 290 283 267 274 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Oxides of Nitrogen (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 32 22 15 12 

Commercial 32 25 16 11 

Transportation Personal 267 157 142 153 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,066 1,149 1,272 1,404 

Other Manufacturing 106 116 130 149 

Landfills 7 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 60 64 70 71 

Industry 208 234 266 303 

Supply Sectors         

Electricity Generation 188 157 146 144 

Petroleum Refining 26 22 23 25 

Crude Oil 49 60 74 90 

Natural Gas 281 245 211 176 

Coal Mining 1 1 1 1 

Total 2,325 2,259 2,371 2,547 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Sulphur Oxides (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 4 2 1 1 

Commercial 18 6 2 1 

Transportation Personal 3 1 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 136 155 164 169 

Other Manufacturing 53 39 20 20 

Landfills 2 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 5 6 6 6 

Industry 1,135 1,245 1,346 1,436 

Supply Sectors         

Electricity Generation 249 103 29 8 

Petroleum Refining 107 91 92 100 

Crude Oil 38 52 68 85 

Natural Gas 297 319 297 272 

Coal Mining 1 1 1 1 

Total 2,048 2,023 2,030 2,102 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Volatile Organic Compounds (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 98 81 68 56 

Commercial 133 103 58 39 

Transportation Personal 165 118 115 127 

Non-Covered Urban Sectors         

Transportation Freight
1
 426 466 508 549 

Other Manufacturing 176 176 172 189 

Landfills 23 24 24 24 

Non-Urban Sectors         

Transportation Personal Aviation 15 18 17 15 

Industry 77 84 91 98 

Supply Sectors         

Electricity Generation 3 3 3 4 

Petroleum Refining 38 36 37 39 

Crude Oil 61 80 99 114 

Natural Gas 370 338 327 304 

Coal Mining 1 1 1 1 

Total 1,587 1,527 1,520 1,559 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Carbon Monoxide (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 423 350 300 254 

Commercial 20 16 10 8 

Transportation Personal 3,163 1,890 1,546 1,606 

Non-Covered Urban Sectors         

Transportation Freight
1
 3,137 3,473 3,863 4,280 

Other Manufacturing 1,055 1,300 1,578 1,872 

Landfills 22 23 23 23 

Non-Urban Sectors         

Transportation Personal Aviation 79 91 92 84 

Industry 598 533 485 523 

Supply Sectors         

Electricity Generation 87 125 161 187 

Petroleum Refining 31 27 24 23 

Crude Oil 73 138 191 224 

Natural Gas 289 252 216 180 

Coal Mining 0 0 0 0 

Total 8,977 8,217 8,491 9,266 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Total CAC Emissions (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 622 508 431 362 

Commercial 212 157 90 62 

Transportation Personal 3,602 2,168 1,805 1,889 

Non-Covered Urban Sectors         

Transportation Freight
1
 4,839 5,323 5,894 6,498 

Other Manufacturing 1,439 1,670 1,923 2,251 

Landfills 57 59 60 61 

Non-Urban Sectors         

Transportation Personal Aviation 162 180 187 177 

Industry 2,087 2,178 2,278 2,456 

Supply Sectors         

Electricity Generation 531 390 340 344 

Petroleum Refining 207 179 179 191 

Crude Oil 223 331 434 516 

Natural Gas 1,244 1,160 1,055 938 

Coal Mining 4 4 4 4 

Total CAC Emissions 15,227 14,308 14,679 15,748 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Canada – T200+Moderate (T200+MOD) 

Particulate Matter < 2.5 microns (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 63 51 42 34 

Commercial 8 6 4 3 

Transportation Personal 4 2 1 2 

Non-Covered Urban Sectors         

Transportation Freight
1
 74 81 88 96 

Other Manufacturing 48 39 22 21 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 1 1 2 1 

Industry 69 83 89 96 

Supply Sectors         

Electricity Generation 5 2 1 1 

Petroleum Refining 4 3 3 4 

Crude Oil 1 2 2 2 

Natural Gas 7 6 5 4 

Coal Mining 1 1 1 1 

Total 288 279 262 269 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Oxides of Nitrogen (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 32 22 16 13 

Commercial 31 24 15 11 

Transportation Personal 268 157 139 149 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,066 1,148 1,271 1,404 

Other Manufacturing 106 116 129 148 

Landfills 7 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 60 64 70 71 

Industry 208 233 266 303 

Supply Sectors         

Electricity Generation 186 154 142 139 

Petroleum Refining 26 22 23 25 

Crude Oil 49 60 74 90 

Natural Gas 281 245 210 176 

Coal Mining 1 1 1 1 

Total 2,321 2,253 2,362 2,538 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Sulphur Oxides (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 4 2 1 1 

Commercial 18 6 2 1 

Transportation Personal 3 1 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 136 155 164 169 

Other Manufacturing 53 39 20 19 

Landfills 2 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 5 6 6 6 

Industry 1,134 1,244 1,345 1,435 

Supply Sectors         

Electricity Generation 248 103 29 8 

Petroleum Refining 107 91 91 99 

Crude Oil 38 52 68 85 

Natural Gas 297 319 297 272 

Coal Mining 1 1 1 1 

Total 2,046 2,021 2,028 2,100 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Volatile Organic Compounds (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 96 76 62 48 

Commercial 130 100 58 43 

Transportation Personal 166 117 111 121 

Non-Covered Urban Sectors         

Transportation Freight
1
 426 466 508 549 

Other Manufacturing 176 175 170 187 

Landfills 23 24 24 24 

Non-Urban Sectors         

Transportation Personal Aviation 15 18 17 15 

Industry 77 84 91 98 

Supply Sectors         

Electricity Generation 3 3 3 3 

Petroleum Refining 38 36 37 39 

Crude Oil 62 80 99 114 

Natural Gas 370 338 327 304 

Coal Mining 1 1 1 1 

Total 1,582 1,518 1,509 1,546 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Carbon Monoxide (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 412 330 270 218 

Commercial 20 16 11 8 

Transportation Personal 3,236 1,921 1,524 1,558 

Non-Covered Urban Sectors         

Transportation Freight
1
 3,137 3,472 3,862 4,279 

Other Manufacturing 1,051 1,294 1,570 1,863 

Landfills 22 23 23 23 

Non-Urban Sectors         

Transportation Personal Aviation 79 91 92 84 

Industry 598 533 485 523 

Supply Sectors         

Electricity Generation 85 121 155 180 

Petroleum Refining 31 27 24 23 

Crude Oil 73 138 191 224 

Natural Gas 289 252 216 180 

Coal Mining 0 0 0 0 

Total 9,033 8,217 8,422 9,164 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Total CAC Emissions (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 606 481 391 314 

Commercial 207 153 90 67 

Transportation Personal 3,676 2,198 1,777 1,830 

Non-Covered Urban Sectors         

Transportation Freight
1
 4,838 5,322 5,893 6,497 

Other Manufacturing 1,434 1,662 1,911 2,239 

Landfills 57 59 60 61 

Non-Urban Sectors         

Transportation Personal Aviation 162 180 187 177 

Industry 2,086 2,177 2,276 2,455 

Supply Sectors         

Electricity Generation 526 382 330 331 

Petroleum Refining 207 179 178 190 

Crude Oil 224 332 434 515 

Natural Gas 1,244 1,160 1,055 938 

Coal Mining 4 4 4 4 

Total CAC Emissions 15,270 14,288 14,584 15,616 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Canada – T200+Aggressive (T200+AGG) 

Particulate Matter < 2.5 microns (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 62 49 39 30 

Commercial 8 6 4 3 

Transportation Personal 4 2 1 2 

Non-Covered Urban Sectors         

Transportation Freight
1
 74 80 88 96 

Other Manufacturing 48 38 22 21 

Landfills 3 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 1 1 2 1 

Industry 69 83 89 96 

Supply Sectors         

Electricity Generation 5 2 1 1 

Petroleum Refining 4 3 3 4 

Crude Oil 1 2 2 2 

Natural Gas 7 6 5 4 

Coal Mining 1 1 1 1 

Total 287 277 259 265 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     

Oxides of Nitrogen (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 32 21 15 12 

Commercial 31 24 15 11 

Transportation Personal 263 152 132 141 

Non-Covered Urban Sectors         

Transportation Freight
1
 1,066 1,148 1,270 1,403 

Other Manufacturing 106 115 128 147 

Landfills 7 7 7 7 

Non-Urban Sectors         

Transportation Personal Aviation 60 64 70 71 

Industry 208 233 266 303 

Supply Sectors         

Electricity Generation 185 152 138 135 

Petroleum Refining 26 22 22 25 

Crude Oil 49 60 74 90 

Natural Gas 281 245 210 176 

Coal Mining 1 1 1 1 

Total 2,313 2,244 2,349 2,523 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Sulphur Oxides (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 4 2 1 1 

Commercial 18 6 2 1 

Transportation Personal 3 1 1 1 

Non-Covered Urban Sectors         

Transportation Freight
1
 136 155 164 169 

Other Manufacturing 53 39 20 19 

Landfills 2 3 3 3 

Non-Urban Sectors         

Transportation Personal Aviation 5 6 6 6 

Industry 1,134 1,244 1,345 1,434 

Supply Sectors         

Electricity Generation 248 102 28 8 

Petroleum Refining 106 90 91 99 

Crude Oil 38 52 68 84 

Natural Gas 297 319 297 272 

Coal Mining 1 1 1 1 

Total 2,044 2,020 2,027 2,097 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Volatile Organic Compounds (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 94 74 58 43 

Commercial 129 100 58 43 

Transportation Personal 162 112 104 112 

Non-Covered Urban Sectors         

Transportation Freight
1
 426 466 507 549 

Other Manufacturing 175 174 169 185 

Landfills 23 24 24 24 

Non-Urban Sectors         

Transportation Personal Aviation 15 18 17 15 

Industry 77 84 91 98 

Supply Sectors         

Electricity Generation 3 3 3 3 

Petroleum Refining 38 36 37 39 

Crude Oil 62 80 99 114 

Natural Gas 370 338 327 304 

Coal Mining 1 1 1 1 

Total 1,576 1,509 1,496 1,530 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Carbon Monoxide (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 406 320 253 195 

Commercial 19 16 11 9 

Transportation Personal 3,220 1,883 1,459 1,477 

Non-Covered Urban Sectors         

Transportation Freight
1
 3,137 3,472 3,861 4,279 

Other Manufacturing 1,049 1,291 1,564 1,856 

Landfills 22 23 23 23 

Non-Urban Sectors         

Transportation Personal Aviation 79 91 92 84 

Industry 598 533 485 523 

Supply Sectors         

Electricity Generation 83 118 151 174 

Petroleum Refining 31 26 23 23 

Crude Oil 73 138 191 223 

Natural Gas 289 252 216 180 

Coal Mining 0 0 0 0 

Total 9,007 8,162 8,330 9,045 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
     
Total CAC Emissions (kt)     

  2020 2030 2040 2050 
Demand Sectors         

Covered Urban Sectors         

Residential 598 466 367 281 

Commercial 205 152 89 66 

Transportation Personal 3,651 2,149 1,698 1,732 

Non-Covered Urban Sectors         

Transportation Freight
1
 4,838 5,321 5,891 6,496 

Other Manufacturing 1,431 1,657 1,903 2,228 

Landfills 57 59 60 61 

Non-Urban Sectors         

Transportation Personal Aviation 162 180 187 177 

Industry 2,085 2,176 2,275 2,453 

Supply Sectors         

Electricity Generation 523 377 322 321 

Petroleum Refining 205 178 177 189 

Crude Oil 224 332 434 515 

Natural Gas 1,244 1,160 1,055 937 

Coal Mining 4 4 4 4 

Total CAC Emissions 15,228 14,211 14,461 15,461 
1
  Freight transportation includes both urban and non-urban sub-

sectors.     
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Appendix J: District Energy Penetration by Province 

Canada 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.8% 1.3% 1.9% 2.5% 

BAU_REF 1.2% 2.4% 3.5% 4.3% 

MOD 3.6% 6.6% 9.6% 12.0% 

AGG 3.8% 7.0% 10.2% 13.0% 

AGG_NBA 4.6% 9.2% 14.4% 18.9% 

T200 0.8% 1.5% 2.3% 3.0% 

T200+ 1.9% 3.7% 5.3% 6.4% 

T200+MOD 4.9% 9.6% 13.8% 16.7% 

T200+AGG 4.9% 10.0% 14.6% 18.1% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.2% 0.2% 0.2% 0.2% 

BAU_REF 0.2% 0.2% 0.2% 0.2% 

MOD 2.8% 4.3% 7.3% 11.5% 

AGG 3.0% 4.9% 8.6% 12.4% 

AGG_NBA 3.0% 4.9% 8.6% 12.4% 

T200 0.2% 0.2% 0.2% 0.2% 

T200+ 0.2% 0.2% 0.3% 0.3% 

T200+MOD 3.7% 7.0% 11.5% 14.5% 

T200+AGG 4.1% 8.7% 15.6% 20.1% 

British Columbia 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.3% 0.4% 0.5% 0.5% 

MOD 1.6% 2.2% 2.8% 3.2% 

AGG 1.8% 2.7% 3.8% 4.8% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.0% 0.0% 0.0% 0.0% 

MOD 0.9% 1.2% 1.6% 2.1% 

AGG 1.0% 1.6% 3.1% 4.8% 
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Alberta 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.5% 0.9% 1.2% 1.5% 

MOD 1.9% 3.5% 5.2% 6.3% 

AGG 1.8% 3.2% 4.5% 5.3% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.2% 0.2% 0.2% 0.3% 

MOD 1.9% 2.5% 3.8% 5.1% 

AGG 1.9% 2.4% 3.1% 3.4% 

Saskatchewan 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.4% 0.9% 1.5% 1.8% 

MOD 1.2% 3.1% 4.9% 6.3% 

AGG 1.2% 2.9% 4.6% 5.8% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.2% 0.2% 0.2% 0.3% 

MOD 2.5% 2.9% 3.7% 4.9% 

AGG 2.5% 2.9% 3.7% 4.0% 

Manitoba 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.6% 0.7% 0.8% 0.9% 

MOD 1.3% 1.6% 2.0% 2.2% 

AGG 1.4% 1.9% 2.3% 2.7% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.5% 0.4% 0.3% 0.4% 

MOD 2.7% 3.0% 3.2% 3.6% 

AGG 2.8% 3.4% 4.2% 5.1% 
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Ontario 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 1.2% 2.2% 3.3% 4.3% 

MOD 5.8% 11.1% 16.5% 20.5% 

AGG 6.1% 11.7% 17.2% 21.8% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.1% 0.1% 0.2% 0.2% 

MOD 3.3% 5.7% 11.0% 18.9% 

AGG 3.5% 6.3% 11.6% 16.8% 

Quebec 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.6% 0.9% 1.2% 1.4% 

MOD 3.0% 4.7% 6.4% 7.8% 

AGG 3.3% 5.3% 7.6% 9.6% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.2% 0.1% 0.1% 0.1% 

MOD 3.6% 5.1% 7.4% 10.1% 

AGG 4.0% 6.6% 12.4% 19.1% 

Atlantic 
Residential District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.1% 0.1% 0.1% 0.1% 

MOD 1.4% 2.0% 2.5% 3.0% 

AGG 1.5% 2.4% 3.5% 4.3% 

Commercial District Energy Penetration (% Floorspace)  

  2020 2030 2040 2050 

BAU 0.4% 0.5% 0.7% 0.7% 

MOD 4.1% 6.3% 8.9% 11.2% 

AGG 4.4% 7.4% 11.5% 14.6% 
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Appendix K: Direct Financial Costs by Region 

Canada- Moderate (MOD) 

Changes in annual capital expenditures, Canada ($2005 million)  

  2020 2030 2040 2050 

Residential 38 -38 -88 -188 

Commercial -576 -1,007 -142 -66 

Transportation Personal -523 -1,190 -2,065 -3,058 

Transportation Freight -1 23 -1 -3 

Personal Aviation 0 0 0 0 

Chemical Products 4 5 8 5 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 -1 -1 0 

Other Manufacturing -10 -11 -9 -15 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -332 -439 -220 -338 

Petroleum Refining -3 -2 -8 -6 

Petroleum Crude Extraction 0 2 -4 4 

Natural Gas Extraction 1 0 0 0 

Coal Mining -2 -3 -4 -6 

Ethanol -1 3 -3 -12 

Biodiesel 0 1 4 0 

Total -1,404 -2,659 -2,534 -3,683 

Changes in annual energy expenditures, Canada ($2005 million)  

  2020 2030 2040 2050 

Residential -679 -1,137 -1,591 -1,989 

Commercial -725 -1,303 -1,348 -1,357 

Transportation Personal -69 -211 -799 -1,522 

Transportation Freight -3 -10 -17 -20 

Personal Aviation 0 0 0 0 

Chemical Products -4 -2 1 0 

Industrial Minerals -1 -2 -2 -1 

Iron and Steel -4 -5 -4 -3 

Metal Smelting -32 -42 -40 -35 

Mineral Mining -7 -12 -11 -10 

Paper Manufacturing -20 -22 -14 -11 

Other Manufacturing -11 11 34 57 

Agriculture -4 -6 -5 -3 

Waste 1 1 1 1 

Electricity -115 -244 -290 -331 

Petroleum Refining -5 -5 -12 -20 

Petroleum Crude Extraction -1 -2 0 2 

Natural Gas Extraction -7 -8 -7 -5 

Coal Mining -1 -3 -5 -7 

Ethanol -1 -12 -12 -12 

Biodiesel 0 0 0 0 

Total -1,690 -3,015 -4,121 -5,264 
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Changes in annual operating, maintenance and labour expenditures, Canada 
($2005 million) 

  2020 2030 2040 2050 

Residential 51 103 159 208 

Commercial 47 75 158 291 

Transportation Personal -113 -477 -1,323 -2,268 

Transportation Freight -1 -11 -15 -10 

Personal Aviation 0 0 0 0 

Chemical Products 1 4 6 7 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -1 -2 -3 -3 

Other Manufacturing -2 -3 -4 -5 

Agriculture 1 4 4 1 

Waste 0 0 0 0 

Electricity -132 -241 -284 -320 

Petroleum Refining -4 -5 -11 -19 

Petroleum Crude Extraction -1 0 1 1 

Natural Gas Extraction -1 -1 -1 -1 

Coal Mining -1 -3 -4 -6 

Ethanol -2 -19 -25 -45 

Biodiesel 0 0 0 0 

Total -156 -576 -1,342 -2,167 

 

Changes in total direct financial expenditures, Canada ($2005 million) 

  2020 2030 2040 2050 

Residential -590 -1,073 -1,521 -1,969 

Commercial -1,255 -2,234 -1,332 -1,132 

Transportation Personal -705 -1,878 -4,187 -6,847 

Transportation Freight -5 2 -33 -33 

Personal Aviation 0 0 0 0 

Chemical Products 1 7 14 12 

Industrial Minerals -1 -2 -2 -1 

Iron and Steel -4 -5 -4 -3 

Metal Smelting -32 -43 -40 -35 

Mineral Mining -7 -11 -11 -10 

Paper Manufacturing -21 -25 -17 -13 

Other Manufacturing -22 -4 20 37 

Agriculture -3 -2 -2 -1 

Waste 0 1 1 1 

Electricity -579 -924 -793 -989 

Petroleum Refining -12 -13 -30 -45 

Petroleum Crude Extraction -2 0 -4 7 

Natural Gas Extraction -7 -9 -8 -6 

Coal Mining -5 -10 -13 -19 

Ethanol -4 -28 -41 -68 

Biodiesel 1 1 5 0 

Total -3,250 -6,249 -7,997 -11,115 



 

264 

British Columbia- Moderate (MOD) 

Changes in annual capital expenditures, British Columbia ($2005 million) 

  2020 2030 2040 2050 

Residential -5 -10 -5 -11 

Commercial -81 -131 -16 -7 

Transportation Personal -58 -134 -234 -380 

Transportation Freight 0 3 0 0 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 1 

Other Manufacturing 0 0 0 0 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -39 -72 -31 -52 

Petroleum Refining 0 0 -1 0 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 1 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 1 -1 -2 

Biodiesel 0 1 1 0 

British Columbia -183 -342 -286 -452 

     
Changes in annual energy expenditures, British Columbia ($2005 million) 

  2020 2030 2040 2050 

Residential -76 -124 -159 -185 

Commercial -89 -148 -142 -126 

Transportation Personal -8 -13 -70 -158 

Transportation Freight -1 -3 -4 -4 

Personal Aviation 0 0 0 0 

Chemical Products -1 -1 -1 -1 

Industrial Minerals 0 0 0 0 

Metal Smelting -4 -4 -4 -3 

Mineral Mining -3 -4 -4 -3 

Paper Manufacturing -6 -4 -1 0 

Other Manufacturing -7 -12 -12 -11 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -8 -16 -17 -17 

Petroleum Refining 0 0 -1 -1 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction -6 -7 -6 -5 

Coal Mining 0 0 0 0 

Ethanol 0 -2 -2 -2 

Biodiesel 0 0 0 0 

British Columbia -210 -340 -423 -518 
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Changes in annual operating, maintenance and labour expenditures, British Columbia 
($2005 million) 

  2020 2030 2040 2050 

Residential 3 4 6 8 

Commercial 1 1 3 5 

Transportation Personal 23 -9 -89 -207 

Transportation Freight 0 -2 -2 -2 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 -1 -1 

Other Manufacturing 0 0 0 0 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -10 -22 -26 -29 

Petroleum Refining 0 0 -1 -1 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction -1 -1 -1 -1 

Coal Mining 0 0 0 0 

Ethanol 0 -3 -4 -8 

Biodiesel 0 0 0 0 

British Columbia 15 -32 -115 -236 

     
Changes in total direct financial expenditures, British Columbia ($2005 million) 

  2020 2030 2040 2050 

Residential -78 -129 -157 -188 

Commercial -168 -278 -155 -127 

Transportation Personal -43 -156 -393 -745 

Transportation Freight -1 -1 -6 -6 

Personal Aviation 0 0 0 0 

Chemical Products -1 -1 -1 -1 

Industrial Minerals 0 0 0 0 

Metal Smelting -4 -4 -4 -3 

Mineral Mining -3 -4 -4 -3 

Paper Manufacturing -6 -5 -2 0 

Other Manufacturing -8 -12 -13 -11 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -58 -109 -73 -99 

Petroleum Refining -1 -1 -2 -3 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction -6 -8 -7 -6 

Coal Mining 0 -1 -1 -1 

Ethanol -1 -4 -7 -12 

Biodiesel 0 1 1 0 

British Columbia -378 -714 -824 -1,207 
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Alberta- Moderate (MOD) 

Changes in annual capital expenditures, Alberta ($2005 million)  

  2020 2030 2040 2050 

Residential 3 0 -12 -24 

Commercial -94 -150 -79 -100 

Transportation Personal -103 -206 -443 -596 

Transportation Freight 0 5 -1 -1 

Personal Aviation 0 0 0 0 

Chemical Products 1 1 0 1 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -1 -1 0 -1 

Agriculture -1 1 0 1 

Waste 0 0 0 0 

Electricity -19 -35 -33 -58 

Petroleum Refining 0 0 -1 -1 

Petroleum Crude Extraction 0 2 -4 2 

Natural Gas Extraction 0 0 0 0 

Coal Mining -1 -2 -2 -4 

Ethanol 0 0 -1 -2 

Biodiesel 0 0 0 0 

Alberta -214 -385 -574 -783 

     
Changes in annual energy expenditures, Alberta ($2005 million)  

  2020 2030 2040 2050 

Residential -25 -38 -68 -96 

Commercial -81 -152 -170 -186 

Transportation Personal -43 -59 -206 -362 

Transportation Freight 0 0 -2 -3 

Personal Aviation 0 0 0 0 

Chemical Products 0 2 1 -2 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 1 2 3 4 

Agriculture -1 -1 0 1 

Waste 0 0 0 0 

Electricity -7 -16 -23 -31 

Petroleum Refining -1 -1 -2 -4 

Petroleum Crude Extraction -1 -2 0 1 

Natural Gas Extraction 0 -1 0 0 

Coal Mining -1 -2 -2 -3 

Ethanol 0 -1 -2 -2 

Biodiesel 0 0 0 0 

Alberta -160 -267 -471 -683 
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Changes in annual operating, maintenance and labour expenditures, Alberta 
($2005 million) 

  2020 2030 2040 2050 

Residential 4 8 12 15 

Commercial 4 5 10 16 

Transportation Personal -30 -75 -280 -477 

Transportation Freight 0 -1 -2 -3 

Personal Aviation 0 0 0 0 

Chemical Products 0 1 1 1 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 1 1 -1 -2 

Waste 0 0 0 0 

Electricity -6 -14 -21 -29 

Petroleum Refining -1 -1 -2 -3 

Petroleum Crude Extraction -1 0 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining -1 -2 -3 -4 

Ethanol 0 -3 -4 -7 

Biodiesel 0 0 0 0 

Alberta -29 -79 -289 -492 

     
Changes in total direct financial expenditures, Alberta ($2005 million) 

  2020 2030 2040 2050 

Residential -17 -29 -68 -104 

Commercial -171 -296 -238 -270 

Transportation Personal -176 -339 -928 -1,436 

Transportation Freight 0 4 -4 -7 

Personal Aviation 0 0 0 0 

Chemical Products 2 4 3 0 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 0 2 2 3 

Agriculture 0 1 -1 0 

Waste 0 0 0 0 

Electricity -31 -65 -77 -118 

Petroleum Refining -2 -2 -5 -8 

Petroleum Crude Extraction -2 0 -5 3 

Natural Gas Extraction 0 -1 0 0 

Coal Mining -3 -6 -7 -11 

Ethanol 0 -4 -6 -10 

Biodiesel 0 0 0 0 

Total -402 -731 -1,333 -1,958 

 



 

268 

Saskatchewan- Moderate (MOD) 

  2020 2030 2040 2050 

Residential 1 0 -4 -5 

Commercial -23 -40 -17 -21 

Transportation Personal -36 -73 -163 -218 

Transportation Freight 0 2 0 0 

Personal Aviation 0 0 0 0 

Chemical Products 4 4 7 4 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 0 -1 -1 -1 

Waste 0 0 0 0 

Electricity -8 -11 -8 -16 

Petroleum Refining 0 0 -1 0 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining -1 -1 -1 -2 

Ethanol 0 0 0 -1 

Biodiesel 0 0 0 0 

Saskatchewan -63 -120 -187 -260 

     
Changes in annual energy expenditures, Saskatchewan ($2005 million) 

  2020 2030 2040 2050 

Residential -5 -9 -17 -24 

Commercial -24 -47 -52 -56 

Transportation Personal -13 -19 -72 -126 

Transportation Freight 0 0 0 1 

Personal Aviation 0 0 0 0 

Chemical Products 2 6 9 11 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 1 1 

Other Manufacturing 0 0 1 1 

Agriculture 0 -2 -2 -1 

Waste 0 0 0 0 

Electricity -6 -15 -24 -30 

Petroleum Refining 0 0 -1 -2 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining -1 -1 -2 -3 

Ethanol 0 -1 -1 -1 

Biodiesel 0 0 0 0 

Saskatchewan -46 -87 -160 -228 

     
 
 
 
 
 
 
 
 
 
 



 

269 

Changes in annual operating, maintenance and labour expenditures, Saskatchewan 
($2005 million) 

  2020 2030 2040 2050 

Residential 1 2 3 3 

Commercial 2 2 3 5 

Transportation Personal -15 -36 -114 -190 

Transportation Freight 0 -1 -1 0 

Personal Aviation 0 0 0 0 

Chemical Products 1 3 5 6 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 0 4 5 3 

Waste 0 0 0 0 

Electricity -2 -6 -8 -10 

Petroleum Refining 0 0 -1 -1 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 -1 -1 -2 

Ethanol 0 -1 -3 -5 

Biodiesel 0 0 0 0 

Saskatchewan -14 -34 -112 -190 

     
Changes in total direct financial expenditures, Saskatchewan ($2005 million) 

  2020 2030 2040 2050 

Residential -3 -7 -18 -26 

Commercial -45 -85 -65 -71 

Transportation Personal -64 -128 -349 -534 

Transportation Freight 0 2 0 0 

Personal Aviation 0 0 0 0 

Chemical Products 6 13 21 21 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 1 1 

Other Manufacturing 0 0 1 1 

Agriculture 1 1 2 1 

Waste 0 0 0 0 

Electricity -16 -32 -39 -55 

Petroleum Refining 0 0 -2 -4 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining -1 -3 -5 -7 

Ethanol 0 -2 -4 -7 

Biodiesel 0 0 0 0 

Total -124 -241 -458 -679 
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Manitoba- Moderate (MOD) 

Changes in annual capital expenditures, Manitoba ($2005 million)  

  2020 2030 2040 2050 

Residential 0 0 -2 -3 

Commercial -22 -39 -22 -28 

Transportation Personal -17 -33 -63 -79 

Transportation Freight 0 0 0 0 

Personal Aviation 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 -1 0 -1 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -7 -10 -11 -10 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 0 0 -1 

Biodiesel 0 0 0 0 

Manitoba -47 -83 -99 -122 

     
Changes in annual energy expenditures, Manitoba ($2005 million)  

  2020 2030 2040 2050 

Residential -7 -12 -20 -27 

Commercial -20 -34 -39 -44 

Transportation Personal -3 -2 -24 -41 

Transportation Freight 0 -1 -1 -1 

Personal Aviation 0 0 0 0 

Metal Smelting -1 -1 -1 -1 

Mineral Mining 0 0 0 0 

Other Manufacturing 1 1 2 2 

Agriculture 0 -1 -1 0 

Waste 0 0 0 0 

Electricity -2 -5 -8 -9 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -1 -1 -1 

Biodiesel 0 0 0 0 

Manitoba -32 -55 -93 -122 
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Changes in annual operating, maintenance and labour expenditures, Manitoba 
($2005 million) 

  2020 2030 2040 2050 

Residential 1 1 1 1 

Commercial 2 2 2 3 

Transportation Personal -3 -10 -42 -65 

Transportation Freight 0 -1 -1 0 

Personal Aviation 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 0 -1 -1 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -2 -4 -6 -8 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -1 -2 -3 

Biodiesel 0 0 0 0 

Manitoba -3 -14 -48 -73 

     
Changes in total direct financial expenditures, Manitoba ($2005 million) 

  2020 2030 2040 2050 

Residential -6 -11 -21 -28 

Commercial -40 -72 -59 -69 

Transportation Personal -23 -46 -129 -185 

Transportation Freight 0 -1 -2 -2 

Personal Aviation 0 0 0 0 

Metal Smelting -1 -1 -1 -1 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 0 1 1 

Agriculture 0 -1 -1 0 

Waste 0 0 0 0 

Electricity -11 -19 -24 -27 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -2 -4 -5 

Biodiesel 0 0 0 0 

Total -83 -153 -240 -317 
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Ontario- Moderate (MOD) 

Changes in annual capital expenditures, Ontario ($2005 million)  

  2020 2030 2040 2050 

Residential 11 -46 -92 -164 

Commercial -212 -382 10 80 

Transportation Personal -129 -313 -470 -735 

Transportation Freight 0 9 0 -1 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -5 -5 -4 -7 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -105 -147 -46 -94 

Petroleum Refining -1 -1 -3 -2 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 1 0 -2 

Biodiesel 0 0 1 0 

Ontario -442 -885 -605 -926 

     
Changes in annual energy expenditures, Ontario ($2005 million)  

  2020 2030 2040 2050 

Residential -267 -468 -682 -885 

Commercial -307 -574 -599 -611 

Transportation Personal -52 -81 -203 -381 

Transportation Freight -1 -4 -6 -7 

Personal Aviation 0 0 0 0 

Chemical Products -2 -4 -3 -3 

Industrial Minerals 0 -1 -1 -1 

Iron and Steel -3 -4 -2 -2 

Metal Smelting -1 -1 -1 0 

Mineral Mining -2 -2 -2 -2 

Paper Manufacturing -2 -3 -2 -2 

Other Manufacturing 13 29 46 59 

Agriculture -1 -1 -1 -1 

Waste 0 1 1 1 

Electricity -68 -152 -174 -200 

Petroleum Refining -3 -3 -5 -7 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -3 -3 -3 

Biodiesel 0 0 0 0 

Ontario -696 -1,271 -1,638 -2,044 
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Changes in annual operating, maintenance and labour expenditures, Ontario 
($2005 million) 

  2020 2030 2040 2050 

Residential 28 62 101 135 

Commercial 23 43 102 205 

Transportation Personal -30 -148 -330 -561 

Transportation Freight 0 -4 -6 -3 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -1 -1 -1 -2 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -63 -109 -119 -126 

Petroleum Refining -2 -2 -4 -8 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -5 -5 -8 

Biodiesel 0 0 0 0 

Ontario -45 -165 -264 -368 

     
Changes in total direct financial expenditures, Ontario ($2005 million) 

  2020 2030 2040 2050 

Residential -227 -451 -674 -915 

Commercial -496 -912 -486 -325 

Transportation Personal -212 -543 -1,004 -1,677 

Transportation Freight -1 1 -12 -11 

Personal Aviation 0 0 0 0 

Chemical Products -2 -4 -3 -3 

Industrial Minerals 0 -1 -1 -1 

Iron and Steel -3 -4 -2 -2 

Metal Smelting -1 -1 -1 0 

Mineral Mining -2 -2 -2 -2 

Paper Manufacturing -3 -3 -3 -2 

Other Manufacturing 8 23 41 51 

Agriculture -1 -1 -1 -1 

Waste 0 1 1 1 

Electricity -236 -408 -339 -420 

Petroleum Refining -6 -6 -12 -17 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 -8 -9 -14 

Biodiesel 0 0 1 0 

Total -1,183 -2,321 -2,508 -3,338 
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Quebec- Moderate (MOD) 

Changes in annual capital expenditures, Quebec ($2005 million)  

  2020 2030 2040 2050 

Residential 20 13 22 14 

Commercial -114 -211 -20 5 

Transportation Personal -106 -295 -420 -706 

Transportation Freight 0 3 0 0 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -1 -1 0 -1 

Other Manufacturing -3 -4 -3 -5 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -118 -129 -71 -81 

Petroleum Refining -1 0 -1 -1 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 1 -1 -3 

Biodiesel 0 0 1 0 

Quebec -323 -623 -493 -779 

     
Changes in annual energy expenditures, Quebec ($2005 million)  

  2020 2030 2040 2050 

Residential -272 -441 -576 -688 

Commercial -147 -245 -251 -254 

Transportation Personal 91 26 -71 -215 

Transportation Freight -1 -2 -3 -4 

Personal Aviation 0 0 0 0 

Chemical Products -3 -5 -5 -5 

Industrial Minerals 0 0 0 0 

Iron and Steel -2 -2 -1 -1 

Metal Smelting -26 -35 -33 -29 

Mineral Mining -3 -4 -4 -4 

Paper Manufacturing -10 -11 -8 -6 

Other Manufacturing 1 8 19 30 

Agriculture -1 -1 -1 -1 

Waste 0 0 0 0 

Electricity -14 -23 -25 -25 

Petroleum Refining 1 0 -1 -2 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -3 -3 -3 

Biodiesel 0 0 0 0 

Quebec -387 -739 -965 -1,207 
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Changes in annual operating, maintenance and labour expenditures, Quebec 
($2005 million) 

  2020 2030 2040 2050 

Residential 13 22 32 41 

Commercial 11 16 29 45 

Transportation Personal -5 -97 -223 -403 

Transportation Freight 0 -2 -2 -1 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -1 -1 -2 -2 

Other Manufacturing -1 -1 -2 -2 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -38 -69 -83 -95 

Petroleum Refining -1 -1 -2 -3 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -5 -6 -10 

Biodiesel 0 0 0 0 

Quebec -21 -137 -258 -432 

     
Changes in total direct financial expenditures, Quebec ($2005 million) 

  2020 2030 2040 2050 

Residential -240 -406 -522 -633 

Commercial -250 -440 -243 -204 

Transportation Personal -20 -366 -713 -1,325 

Transportation Freight -1 -1 -6 -6 

Personal Aviation 0 0 0 0 

Chemical Products -3 -5 -5 -5 

Industrial Minerals 0 0 0 0 

Iron and Steel -2 -2 -2 -1 

Metal Smelting -26 -35 -33 -29 

Mineral Mining -2 -4 -3 -4 

Paper Manufacturing -11 -13 -10 -9 

Other Manufacturing -3 3 14 23 

Agriculture -1 -1 -1 -1 

Waste 0 0 0 0 

Electricity -170 -220 -179 -201 

Petroleum Refining 0 -1 -4 -6 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 -7 -9 -16 

Biodiesel 0 0 1 0 

Total -731 -1,498 -1,716 -2,417 
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Atlantic- Moderate (MOD) 

Changes in annual capital expenditures, Atlantic ($2005 million)  

  2020 2030 2040 2050 

Residential 7 5 4 5 

Commercial -30 -54 0 4 

Transportation Personal -72 -136 -272 -344 

Transportation Freight 0 1 0 0 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -1 -1 -1 -2 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -36 -35 -21 -26 

Petroleum Refining -1 -1 -1 -1 

Petroleum Crude Extraction 0 0 0 2 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 0 0 -1 

Biodiesel 0 0 0 0 

Atlantic -132 -221 -291 -362 

     
Changes in annual energy expenditures, Atlantic ($2005 million)  

  2020 2030 2040 2050 

Residential -28 -46 -69 -84 

Commercial -57 -102 -95 -82 

Transportation Personal -41 -61 -153 -239 

Transportation Freight 0 -1 -1 -1 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 -1 -1 -1 

Mineral Mining -1 -2 -2 -2 

Paper Manufacturing -1 -3 -2 -2 

Other Manufacturing -19 -19 -24 -28 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -10 -18 -20 -19 

Petroleum Refining -1 -1 -2 -3 

Petroleum Crude Extraction 0 0 1 1 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 -1 -1 -1 

Biodiesel 0 0 0 0 

Atlantic -159 -255 -370 -461 
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Changes in annual operating, maintenance and labour expenditures, Atlantic 
($2005 million) 

  2020 2030 2040 2050 

Residential 2 3 4 4 

Commercial 4 5 9 12 

Transportation Personal -53 -102 -245 -364 

Transportation Freight 0 -1 -1 0 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -10 -18 -21 -24 

Petroleum Refining -1 -1 -2 -3 

Petroleum Crude Extraction 0 0 1 1 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 -1 -1 -2 

Biodiesel 0 0 0 0 

Atlantic -59 -115 -257 -376 

     
Changes in total direct financial expenditures, Atlantic ($2005 million) 

  2020 2030 2040 2050 

Residential -19 -38 -61 -75 

Commercial -83 -151 -86 -65 

Transportation Personal -166 -300 -670 -946 

Transportation Freight 0 -1 -2 -1 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 -1 -1 -1 

Mineral Mining -1 -2 -2 -2 

Paper Manufacturing -1 -3 -3 -2 

Other Manufacturing -20 -21 -25 -30 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -56 -70 -62 -69 

Petroleum Refining -3 -3 -6 -7 

Petroleum Crude Extraction 0 0 2 4 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 -1 -2 -3 

Biodiesel 0 0 0 0 

Total -349 -591 -918 -1,199 
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Canada- Aggressive (AGG) 

Changes in annual capital expenditures, Canada ($2005 million)  

  2020 2030 2040 2050 

Residential -91 -208 -407 -432 

Commercial -715 -1,203 -752 -1,154 

Transportation Personal -1,993 -3,846 -5,267 -7,321 

Transportation Freight -3 145 -4 -18 

Personal Aviation 0 0 0 0 

Chemical Products 3 2 5 4 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -1 -1 -1 -2 

Other Manufacturing -10 -12 -10 -16 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -524 -569 -651 -1,002 

Petroleum Refining -8 -8 -21 -11 

Petroleum Crude Extraction 0 2 -4 3 

Natural Gas Extraction 1 0 0 0 

Coal Mining -3 -4 -6 -11 

Ethanol -3 17 -5 -27 

Biodiesel 0 0 4 0 

Total -3,345 -5,684 -7,119 -9,985 

     
Changes in annual energy expenditures, Canada ($2005 million)  

  2020 2030 2040 2050 

Residential -1,226 -2,073 -3,209 -4,235 

Commercial -891 -1,644 -2,223 -2,896 

Transportation Personal -1,015 -1,436 -2,689 -4,204 

Transportation Freight -4 -13 -53 -82 

Personal Aviation 0 0 0 0 

Chemical Products -8 -11 -16 -14 

Industrial Minerals -2 -3 -3 -3 

Iron and Steel -6 -7 -6 -6 

Metal Smelting -46 -66 -77 -82 

Mineral Mining -10 -17 -20 -25 

Paper Manufacturing -21 -29 -24 -23 

Other Manufacturing -21 -12 -5 1 

Agriculture -6 -9 -8 -6 

Waste 0 0 0 1 

Electricity -172 -363 -497 -651 

Petroleum Refining -16 -18 -31 -48 

Petroleum Crude Extraction -1 -2 1 3 

Natural Gas Extraction -8 -12 -12 -12 

Coal Mining -2 -5 -8 -11 

Ethanol -4 -37 -37 -34 

Biodiesel 0 0 0 0 

Total -3,457 -5,758 -8,916 -12,326 
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Changes in annual operating, maintenance and labour expenditures, Canada 
($2005 million) 

  2020 2030 2040 2050 

Residential 54 113 173 227 

Commercial 49 90 201 328 

Transportation Personal -1,287 -2,723 -4,550 -6,373 

Transportation Freight -1 -52 -77 -54 

Personal Aviation 0 0 0 0 

Chemical Products 1 2 3 4 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -2 -3 -5 -6 

Other Manufacturing -2 -4 -5 -6 

Agriculture 2 4 3 0 

Waste 0 0 0 0 

Electricity -201 -376 -516 -663 

Petroleum Refining -14 -16 -32 -50 

Petroleum Crude Extraction -1 -1 1 1 

Natural Gas Extraction -1 -1 -1 -1 

Coal Mining -2 -4 -7 -9 

Ethanol -6 -51 -54 -89 

Biodiesel 0 0 0 0 

Total -1,412 -3,020 -4,866 -6,690 

     
Changes in total direct financial expenditures, Canada ($2005 million) 

  2020 2030 2040 2050 

Residential -1,264 -2,168 -3,442 -4,440 

Commercial -1,557 -2,757 -2,774 -3,721 

Transportation Personal -4,295 -8,005 -12,506 -17,898 

Transportation Freight -8 79 -135 -154 

Personal Aviation 0 0 0 0 

Chemical Products -4 -7 -9 -5 

Industrial Minerals -2 -3 -3 -3 

Iron and Steel -6 -7 -7 -7 

Metal Smelting -46 -66 -77 -83 

Mineral Mining -10 -17 -20 -24 

Paper Manufacturing -24 -33 -30 -30 

Other Manufacturing -32 -28 -20 -21 

Agriculture -4 -5 -5 -5 

Waste 0 0 1 1 

Electricity -897 -1,308 -1,665 -2,315 

Petroleum Refining -39 -42 -84 -108 

Petroleum Crude Extraction -2 -1 -3 7 

Natural Gas Extraction -8 -13 -13 -12 

Coal Mining -7 -14 -21 -31 

Ethanol -12 -70 -96 -150 

Biodiesel 1 1 5 0 

Total -8,215 -14,463 -20,901 -29,001 
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British Columbia- Aggressive (AGG) 

Changes in annual capital expenditures, British Columbia ($2005 million) 

  2020 2030 2040 2050 

Residential -15 -21 -31 -22 

Commercial -100 -157 -110 -147 

Transportation Personal -216 -416 -722 -1,033 

Transportation Freight 0 22 0 -2 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 0 0 0 -1 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -64 -98 -134 -160 

Petroleum Refining -1 -1 -2 -1 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 1 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 3 -1 -6 

Biodiesel 0 1 1 0 

British Columbia -396 -667 -1,001 -1,372 

     
Changes in annual energy expenditures, British Columbia ($2005 million) 

  2020 2030 2040 2050 

Residential -120 -211 -331 -443 

Commercial -102 -180 -229 -280 

Transportation Personal -102 -111 -296 -528 

Transportation Freight -1 -3 -9 -14 

Personal Aviation 0 0 0 0 

Chemical Products -1 -2 -2 -3 

Industrial Minerals 0 -1 -1 -1 

Metal Smelting -4 -6 -8 -9 

Mineral Mining -3 -6 -8 -10 

Paper Manufacturing -2 -2 2 3 

Other Manufacturing -8 -17 -24 -30 

Agriculture 0 -1 -1 -1 

Waste 0 0 0 0 

Electricity -12 -25 -37 -45 

Petroleum Refining -1 -1 -2 -4 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction -7 -10 -11 -11 

Coal Mining 0 -1 -1 -1 

Ethanol -1 -6 -6 -6 

Biodiesel 0 0 0 0 

British Columbia -366 -582 -963 -1,382 
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Changes in annual operating, maintenance and labour expenditures, British Columbia 
($2005 million) 

  2020 2030 2040 2050 

Residential 3 5 9 12 

Commercial 1 1 5 11 

Transportation Personal -71 -196 -455 -745 

Transportation Freight 0 -7 -10 -7 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 -1 -2 -2 

Other Manufacturing 0 0 0 0 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -16 -37 -58 -78 

Petroleum Refining -1 -1 -3 -5 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction -1 -1 -1 -1 

Coal Mining 0 0 0 0 

Ethanol -1 -8 -10 -20 

Biodiesel 0 0 0 0 

British Columbia -87 -244 -525 -836 

     
Changes in total direct financial expenditures, British Columbia ($2005 million) 

  2020 2030 2040 2050 

Residential -132 -226 -353 -454 

Commercial -201 -336 -334 -416 

Transportation Personal -389 -722 -1,474 -2,306 

Transportation Freight -2 11 -19 -23 

Personal Aviation 0 0 0 0 

Chemical Products -1 -2 -2 -3 

Industrial Minerals 0 -1 -1 -1 

Metal Smelting -4 -6 -8 -9 

Mineral Mining -3 -6 -8 -10 

Paper Manufacturing -2 -3 0 1 

Other Manufacturing -9 -17 -25 -31 

Agriculture 0 -1 -1 -1 

Waste 0 0 0 0 

Electricity -93 -160 -229 -283 

Petroleum Refining -3 -3 -8 -10 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction -7 -11 -12 -12 

Coal Mining 0 -1 -1 -1 

Ethanol -2 -10 -17 -32 

Biodiesel 0 1 1 0 

British Columbia -849 -1,493 -2,489 -3,590 
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Alberta- Aggressive (AGG) 

Changes in annual capital expenditures, Alberta ($2005 million)  

  2020 2030 2040 2050 

Residential -15 -28 -42 -53 

Commercial -114 -182 -164 -234 

Transportation Personal -370 -733 -906 -1,225 

Transportation Freight 0 29 -4 -4 

Personal Aviation 0 0 0 0 

Chemical Products 0 -2 -3 1 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -1 -1 0 -1 

Agriculture 0 1 0 0 

Waste 0 0 0 0 

Electricity -31 -43 -54 -105 

Petroleum Refining -1 -1 -2 -2 

Petroleum Crude Extraction 0 2 -4 2 

Natural Gas Extraction 0 0 0 0 

Coal Mining -2 -3 -4 -8 

Ethanol 0 2 -1 -3 

Biodiesel 0 0 0 0 

Alberta -535 -960 -1,182 -1,631 

     
Changes in annual energy expenditures, Alberta ($2005 million)  

  2020 2030 2040 2050 

Residential -80 -126 -185 -237 

Commercial -100 -188 -252 -322 

Transportation Personal -213 -349 -564 -809 

Transportation Freight 0 5 -5 -19 

Personal Aviation 0 0 0 0 

Chemical Products -1 -2 -8 -6 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 1 2 3 4 

Agriculture -1 -1 0 0 

Waste 0 0 0 0 

Electricity -12 -28 -40 -54 

Petroleum Refining -3 -4 -6 -9 

Petroleum Crude Extraction -1 -2 0 2 

Natural Gas Extraction -1 -1 -1 0 

Coal Mining -1 -3 -4 -5 

Ethanol 0 -4 -4 -4 

Biodiesel 0 0 0 0 

Alberta -413 -701 -1,068 -1,459 
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Changes in annual operating, maintenance and labour expenditures, Alberta 
($2005 million) 

  2020 2030 2040 2050 

Residential 4 8 11 14 

Commercial 4 5 9 9 

Transportation Personal -233 -516 -824 -1,113 

Transportation Freight 0 -4 -12 -15 

Personal Aviation 0 0 0 0 

Chemical Products 0 -1 -2 -1 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 1 1 -1 -1 

Waste 0 0 0 0 

Electricity -9 -24 -36 -50 

Petroleum Refining -2 -3 -4 -6 

Petroleum Crude Extraction -1 -1 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining -1 -3 -4 -6 

Ethanol -1 -6 -7 -11 

Biodiesel 0 0 0 0 

Alberta -237 -544 -871 -1,180 

     
Changes in total direct financial expenditures, Alberta ($2005 million) 

  2020 2030 2040 2050 

Residential -90 -146 -215 -277 

Commercial -210 -364 -408 -547 

Transportation Personal -815 -1,597 -2,293 -3,147 

Transportation Freight -1 29 -21 -38 

Personal Aviation 0 0 0 0 

Chemical Products -1 -5 -12 -6 

Industrial Minerals 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 0 1 2 3 

Agriculture 0 0 -1 0 

Waste 0 0 0 0 

Electricity -53 -96 -131 -208 

Petroleum Refining -6 -8 -13 -18 

Petroleum Crude Extraction -2 -1 -5 4 

Natural Gas Extraction -1 -1 -1 0 

Coal Mining -4 -9 -12 -19 

Ethanol -1 -9 -12 -19 

Biodiesel 0 0 0 0 

Total -1,185 -2,205 -3,121 -4,271 
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Saskatchewan- Aggressive (AGG) 

Changes in annual capital expenditures, Saskatchewan ($2005 million) 

  2020 2030 2040 2050 

Residential -3 -6 -11 -13 

Commercial -27 -47 -39 -61 

Transportation Personal -132 -261 -352 -475 

Transportation Freight 0 15 0 -1 

Personal Aviation 0 0 0 0 

Chemical Products 4 4 7 4 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 0 -1 -1 0 

Waste 0 0 0 0 

Electricity -13 -15 -18 -41 

Petroleum Refining -1 -1 -1 -1 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining -1 -1 -2 -3 

Ethanol 0 1 -1 -2 

Biodiesel 0 0 0 0 

Saskatchewan -172 -313 -417 -593 

     
Changes in annual energy expenditures, Saskatchewan ($2005 million) 

  2020 2030 2040 2050 

Residential -16 -28 -45 -61 

Commercial -29 -57 -79 -105 

Transportation Personal -76 -117 -205 -299 

Transportation Freight 0 1 -1 -3 

Personal Aviation 0 0 0 0 

Chemical Products 2 6 9 11 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 1 1 

Other Manufacturing 0 0 1 1 

Agriculture 0 -2 -2 0 

Waste 0 0 0 0 

Electricity -8 -22 -35 -47 

Petroleum Refining -1 -2 -3 -4 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 1 1 

Coal Mining -1 -2 -3 -5 

Ethanol 0 -2 -2 -2 

Biodiesel 0 0 0 0 

Saskatchewan -129 -223 -364 -511 
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Changes in annual operating, maintenance and labour expenditures, Saskatchewan 
($2005 million) 

  2020 2030 2040 2050 

Residential 1 2 2 3 

Commercial 2 2 3 4 

Transportation Personal -90 -195 -327 -451 

Transportation Freight 0 -4 -6 -3 

Personal Aviation 0 0 0 0 

Chemical Products 1 3 5 6 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 0 4 4 1 

Waste 0 0 0 0 

Electricity -3 -10 -14 -20 

Petroleum Refining -1 -1 -3 -4 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 -1 -2 -3 

Ethanol 0 -4 -5 -9 

Biodiesel 0 0 0 0 

Saskatchewan -92 -204 -341 -475 

     
Changes in total direct financial expenditures, Saskatchewan ($2005 million) 

  2020 2030 2040 2050 

Residential -18 -32 -53 -71 

Commercial -55 -102 -115 -162 

Transportation Personal -298 -573 -884 -1,225 

Transportation Freight 0 12 -7 -7 

Personal Aviation 0 0 0 0 

Chemical Products 6 13 21 21 

Iron and Steel 0 0 0 0 

Mineral Mining 0 0 1 1 

Other Manufacturing 0 0 1 1 

Agriculture 1 1 2 1 

Waste 0 0 0 0 

Electricity -24 -47 -67 -108 

Petroleum Refining -3 -4 -7 -9 

Petroleum Crude Extraction 1 0 0 0 

Natural Gas Extraction 0 0 1 1 

Coal Mining -2 -4 -7 -10 

Ethanol -1 -6 -8 -14 

Biodiesel 0 0 0 0 

Total -394 -740 -1,122 -1,580 
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Manitoba- Aggressive (AGG) 

Changes in annual capital expenditures, Manitoba ($2005 million)  

  2020 2030 2040 2050 

Residential -3 -5 -6 -6 

Commercial -28 -47 -41 -58 

Transportation Personal -66 -125 -124 -162 

Transportation Freight 0 2 0 -1 

Personal Aviation 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 -1 0 -1 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -23 -24 -28 -40 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 1 0 -1 

Biodiesel 0 0 0 0 

Manitoba -121 -199 -200 -268 

     
Changes in annual energy expenditures, Manitoba ($2005 million)  

  2020 2030 2040 2050 

Residential -22 -39 -58 -76 

Commercial -25 -45 -62 -79 

Transportation Personal -37 -45 -70 -95 

Transportation Freight -1 -3 -4 -4 

Personal Aviation 0 0 0 0 

Metal Smelting -2 -3 -4 -4 

Mineral Mining 0 0 0 0 

Other Manufacturing -1 -3 -4 -5 

Agriculture -1 -2 -2 -2 

Waste 0 0 0 0 

Electricity -4 -9 -12 -14 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -3 -3 -2 

Biodiesel 0 0 0 0 

Manitoba -95 -151 -219 -281 
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Changes in annual operating, maintenance and labour expenditures, Manitoba 
($2005 million) 

  2020 2030 2040 2050 

Residential 1 1 1 2 

Commercial 2 2 3 4 

Transportation Personal -44 -88 -124 -149 

Transportation Freight 0 -3 -3 -2 

Personal Aviation 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Other Manufacturing 0 -1 -1 -1 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -6 -12 -18 -23 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol 0 -4 -5 -5 

Biodiesel 0 0 0 0 

Manitoba -49 -104 -145 -174 

     
Changes in total direct financial expenditures, Manitoba ($2005 million) 

  2020 2030 2040 2050 

Residential -25 -42 -62 -80 

Commercial -51 -90 -99 -133 

Transportation Personal -148 -258 -318 -405 

Transportation Freight -1 -3 -7 -7 

Personal Aviation 0 0 0 0 

Metal Smelting -2 -3 -4 -4 

Mineral Mining 0 0 0 0 

Other Manufacturing -2 -4 -5 -7 

Agriculture -1 -2 -2 -2 

Waste 0 0 0 0 

Electricity -34 -45 -58 -76 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 -6 -7 -9 

Biodiesel 0 0 0 0 

Total -265 -454 -563 -723 
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Ontario- Aggressive (AGG) 

Changes in annual capital expenditures, Ontario ($2005 million)  

  2020 2030 2040 2050 

Residential -61 -148 -298 -351 

Commercial -265 -457 -248 -435 

Transportation Personal -514 -1,018 -1,287 -1,843 

Transportation Freight -1 55 0 -6 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -5 -5 -4 -7 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -145 -161 -142 -305 

Petroleum Refining -3 -3 -8 -4 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 5 0 -6 

Biodiesel 0 0 1 0 

Ontario -994 -1,732 -1,987 -2,957 

     
Changes in annual energy expenditures, Ontario ($2005 million)  

  2020 2030 2040 2050 

Residential -459 -797 -1,275 -1,728 

Commercial -382 -730 -1,001 -1,342 

Transportation Personal -313 -363 -646 -1,036 

Transportation Freight -1 -6 -21 -28 

Personal Aviation 0 0 0 0 

Chemical Products -3 -5 -5 -6 

Industrial Minerals -1 -1 -1 -1 

Iron and Steel -4 -5 -4 -4 

Metal Smelting -1 -2 -1 -1 

Mineral Mining -2 -3 -3 -4 

Paper Manufacturing -3 -4 -4 -4 

Other Manufacturing 11 26 41 52 

Agriculture -1 -2 -1 -1 

Waste 0 0 1 1 

Electricity -96 -213 -287 -395 

Petroleum Refining -8 -7 -12 -18 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 -10 -10 -9 

Biodiesel 0 0 0 0 

Ontario -1,262 -2,121 -3,231 -4,524 

     
 
 
 
 



 

289 

Changes in annual operating, maintenance and labour expenditures, Ontario 
($2005 million) 

  2020 2030 2040 2050 

Residential 30 68 107 141 

Commercial 25 52 120 202 

Transportation Personal -367 -740 -1,168 -1,617 

Transportation Freight 0 -22 -32 -19 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -1 -1 -2 -2 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -88 -152 -190 -238 

Petroleum Refining -6 -5 -11 -18 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 -14 -12 -16 

Biodiesel 0 0 0 0 

Ontario -408 -815 -1,189 -1,567 

     
Changes in total direct financial expenditures, Ontario ($2005 million) 

  2020 2030 2040 2050 

Residential -490 -878 -1,466 -1,937 

Commercial -622 -1,135 -1,130 -1,576 

Transportation Personal -1,193 -2,120 -3,101 -4,495 

Transportation Freight -2 27 -53 -53 

Personal Aviation 0 0 0 0 

Chemical Products -3 -5 -5 -6 

Industrial Minerals -1 -1 -1 -1 

Iron and Steel -4 -5 -4 -4 

Metal Smelting -1 -2 -1 -1 

Mineral Mining -2 -3 -3 -4 

Paper Manufacturing -3 -4 -4 -4 

Other Manufacturing 6 20 35 43 

Agriculture -1 -2 -1 -1 

Waste 0 1 1 1 

Electricity -329 -525 -620 -938 

Petroleum Refining -16 -16 -31 -40 

Petroleum Crude Extraction 0 0 0 0 

Natural Gas Extraction 0 0 0 0 

Ethanol -3 -20 -23 -30 

Biodiesel 0 0 1 0 

Total -2,664 -4,668 -6,407 -9,047 
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Quebec- Aggressive (AGG) 

Changes in annual capital expenditures, Quebec ($2005 million)  

  2020 2030 2040 2050 

Residential 2 -1 -18 11 

Commercial -144 -248 -117 -172 

Transportation Personal -447 -833 -1,247 -1,779 

Transportation Freight 0 17 0 -2 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -1 -1 -1 -1 

Other Manufacturing -3 -4 -4 -5 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -190 -178 -222 -281 

Petroleum Refining -2 -1 -4 -2 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 6 -1 -7 

Biodiesel 0 0 1 0 

Quebec -785 -1,243 -1,614 -2,240 

     
Changes in annual energy expenditures, Quebec ($2005 million)  

  2020 2030 2040 2050 

Residential -455 -750 -1,135 -1,470 

Commercial -182 -315 -438 -579 

Transportation Personal -106 -202 -490 -855 

Transportation Freight -1 -4 -9 -12 

Personal Aviation 0 0 0 0 

Chemical Products -5 -8 -10 -12 

Industrial Minerals -1 -1 -1 -1 

Iron and Steel -2 -3 -3 -3 

Metal Smelting -38 -53 -61 -65 

Mineral Mining -4 -5 -6 -8 

Paper Manufacturing -14 -18 -17 -17 

Other Manufacturing -4 -2 3 9 

Agriculture -2 -2 -2 -2 

Waste 0 0 0 0 

Electricity -22 -36 -49 -55 

Petroleum Refining -2 -2 -4 -7 

Natural Gas Extraction 0 0 0 0 

Ethanol -1 -10 -10 -9 

Biodiesel 0 0 0 0 

Quebec -839 -1,410 -2,232 -3,086 
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Changes in annual operating, maintenance and labour expenditures, Quebec 
($2005 million) 

  2020 2030 2040 2050 

Residential 13 25 38 49 

Commercial 12 21 48 82 

Transportation Personal -269 -576 -978 -1,408 

Transportation Freight 0 -8 -10 -6 

Personal Aviation 0 0 0 0 

Chemical Products 0 0 0 0 

Industrial Minerals 0 0 0 0 

Iron and Steel 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing -1 -2 -2 -3 

Other Manufacturing -1 -1 -2 -2 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -62 -111 -160 -207 

Petroleum Refining -2 -3 -6 -10 

Natural Gas Extraction 0 0 0 0 

Ethanol -2 -12 -12 -23 

Biodiesel 0 0 0 0 

Quebec -311 -666 -1,085 -1,528 

     
Changes in total direct financial expenditures, Quebec ($2005 million) 

  2020 2030 2040 2050 

Residential -439 -726 -1,116 -1,410 

Commercial -314 -542 -506 -669 

Transportation Personal -823 -1,610 -2,716 -4,042 

Transportation Freight -2 5 -19 -20 

Personal Aviation 0 0 0 0 

Chemical Products -5 -8 -10 -12 

Industrial Minerals -1 -1 -1 -1 

Iron and Steel -2 -3 -3 -3 

Metal Smelting -38 -53 -61 -66 

Mineral Mining -4 -5 -6 -8 

Paper Manufacturing -16 -21 -20 -21 

Other Manufacturing -8 -7 -3 1 

Agriculture -2 -2 -2 -2 

Waste 0 0 0 0 

Electricity -273 -325 -431 -543 

Petroleum Refining -5 -6 -14 -19 

Natural Gas Extraction 0 0 0 0 

Ethanol -3 -16 -23 -39 

Biodiesel 0 0 1 0 

Total -1,935 -3,319 -4,930 -6,854 
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Atlantic- Aggressive (AGG) 

Changes in annual capital expenditures, Atlantic ($2005 million)  

  2020 2030 2040 2050 

Residential 3 1 -2 2 

Commercial -38 -64 -32 -47 

Transportation Personal -247 -460 -629 -804 

Transportation Freight 0 5 0 -1 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing -1 -1 -1 -2 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -57 -50 -52 -70 

Petroleum Refining -1 -1 -2 -2 

Petroleum Crude Extraction 0 0 0 2 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 1 0 -1 

Biodiesel 0 0 0 0 

Atlantic -342 -571 -718 -924 

     
Changes in annual energy expenditures, Atlantic ($2005 million)  

  2020 2030 2040 2050 

Residential -74 -123 -180 -220 

Commercial -70 -130 -162 -188 

Transportation Personal -168 -251 -417 -583 

Transportation Freight 0 -3 -4 -4 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting -1 -2 -3 -3 

Mineral Mining -1 -2 -3 -4 

Paper Manufacturing -2 -4 -5 -5 

Other Manufacturing -19 -20 -25 -29 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -17 -30 -37 -40 

Petroleum Refining -2 -3 -4 -5 

Petroleum Crude Extraction 0 0 1 1 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 -2 -2 -2 

Biodiesel 0 0 0 0 

Atlantic -354 -570 -840 -1,082 
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Changes in annual operating, maintenance and labour expenditures, Atlantic 
($2005 million) 

  2020 2030 2040 2050 

Residential 2 4 5 7 

Commercial 4 7 12 16 

Transportation Personal -214 -413 -675 -891 

Transportation Freight 0 -5 -5 -2 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting 0 0 0 0 

Mineral Mining 0 0 0 0 

Paper Manufacturing 0 0 0 0 

Other Manufacturing 0 0 0 0 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -17 -30 -40 -48 

Petroleum Refining -2 -3 -5 -6 

Petroleum Crude Extraction 0 0 1 1 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 -2 -3 -5 

Biodiesel 0 0 0 0 

Atlantic -228 -443 -710 -929 

     
Changes in total direct financial expenditures, Atlantic ($2005 million) 

  2020 2030 2040 2050 

Residential -69 -119 -177 -212 

Commercial -105 -188 -182 -219 

Transportation Personal -628 -1,124 -1,721 -2,277 

Transportation Freight 0 -2 -8 -7 

Personal Aviation 0 0 0 0 

Industrial Minerals 0 0 0 0 

Metal Smelting -1 -2 -3 -3 

Mineral Mining -1 -2 -3 -4 

Paper Manufacturing -2 -5 -5 -5 

Other Manufacturing -21 -21 -26 -31 

Agriculture 0 0 0 0 

Waste 0 0 0 0 

Electricity -91 -110 -129 -158 

Petroleum Refining -5 -7 -11 -13 

Petroleum Crude Extraction 0 0 2 4 

Natural Gas Extraction 0 0 0 0 

Coal Mining 0 0 0 0 

Ethanol 0 -3 -5 -8 

Biodiesel 0 0 0 0 

Total -923 -1,584 -2,268 -2,935 
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Appendix L: Regional GEEM Results 

Change in household sector expenditures in 2050 ($2005 million) 

British Columbia         

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF -50 -92 -167 23 0 0 78 932 724 

MOD -72 -290 -360 -1,064 -43 211 174 655 -788 

AGG -90 -617 -589 -2,997 -43 392 158 279 -3,508 

          

Alberta          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF -173 37 -47 -35 0 0 78 376 237 

MOD -268 -334 -144 -1,845 0 141 203 190 -2,058 

AGG -321 -677 -241 -3,751 0 85 157 51 -4,697 

          

Saskatchewan         

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF -48 -19 16 5 0 0 20 131 104 

MOD -63 -132 -38 -664 0 40 47 86 -725 

AGG -71 -250 -96 -1,410 0 25 39 47 -1,716 

          

Manitoba          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF 8 -15 -62 8 0 0 22 191 152 

MOD 4 -47 -95 -250 0 20 32 156 -180 

AGG 1 -72 -133 -499 0 13 28 103 -558 

          

Ontario          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF -655 -153 -163 37 0 0 431 1,951 1,449 

MOD -1,208 -623 -586 -2,127 -140 339 1,179 615 -2,552 

AGG -1,407 -1,240 -1,009 -5,643 -140 547 1,038 -490 -8,343 

 

Quebec          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF 41 -105 -846 39 0 0 123 1,072 324 

MOD -5 -485 -1,409 -1,788 -147 363 416 602 -2,453 

AGG -38 -1,062 -1,949 -5,143 -89 559 380 129 -7,214 
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Rest of Canada         

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF 2 -17 -159 3 0 0 7 289 125 

MOD -5 -248 -248 -1,134 0 45 50 224 -1,315 

AGG -13 -533 -371 -2,554 0 29 53 134 -3,256 

 
Canada          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services Total 

BAU_REF -875 -363 -1,427 80 0 0 760 4,942 3,117 

MOD -1,617 -2,159 -2,880 -8,872 -330 1,159 2,101 2,528 -10,070 

AGG -1,939 -4,452 -4,388 -21,996 -273 1,650 1,853 252 -29,293 
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Change in service and construction sector expenditures in 2050 ($2005 million) 

British Columbia          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Labour 

Total 

BAU_REF -203 0 -20 0 0 0 2 0 143 -78 

MOD -282 0 -50 0 0 0 104 0 -78 -306 

AGG -387 0 -99 0 0 0 200 0 -420 -707 

Alberta           

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Labour 

Total 

BAU_REF -119 0 -58 0 0 0 -1 0 122 -56 

MOD -256 0 -154 0 0 0 147 0 -336 -598 

AGG -286 0 -223 0 0 0 98 0 -542 -954 

Saskatchewan          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Labour 

Total 

BAU_REF -40 0 -19 0 0 0 0 0 26 -33 

MOD -84 0 -50 0 0 0 48 0 -90 -175 

AGG -99 0 -75 0 0 0 39 0 -152 -286 

Manitoba           

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Labour 

Total 

BAU_REF -36 0 -7 0 0 0 0 0 30 -13 

MOD -68 0 -20 0 0 0 23 0 -76 -140 

AGG -87 0 -29 0 0 0 33 0 -142 -225 

Ontario           

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Labour 

Total 

BAU_REF -398 -4 -154 0 0 0 -4 0 313 -246 

MOD -1,373 -14 -434 0 0 0 1,787 0 -1,643 -1,677 

AGG -1,485 -15 -814 0 0 0 1,632 0 -2,287 -2,969 

Quebec           

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Labour 

Total 

BAU_REF -150 -2 -48 0 0 0 -1 0 120 -80 

MOD -355 -7 -135 0 0 0 337 0 -348 -509 

AGG -551 -11 -249 0 0 0 581 0 -892 -1,122 

          

Rest of Canada          

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Total 
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Labour 

BAU_REF -27 -16 -18 0 0 0 -1 0 24 -39 

MOD -72 -48 -59 0 0 0 115 0 -117 -181 

AGG -98 -69 -114 0 0 0 143 0 -237 -375 

Canada           

  NG RPP Elec Vehicles Transport Transit 
District 
Energy 

Services 
Capital 

& 
Labour 

Total 

BAU_REF -972 -21 -325 0 0 0 -5 0 779 -545 

MOD -2,490 -70 -902 0 0 0 2,562 0 -2,688 -3,587 

AGG -2,993 -97 -1,603 0 0 0 2,727 0 -4,671 -6,638 
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Change in household sector expenditures, total and per household in 2050  

British Columbia 

    Total ($2005 million) $2005/Household 

BAU_REF 724 270 

MOD -788 -294 

AGG -3,508 -1,308 

   Alberta 
    Total ($2005 million) $2005/Household 

BAU_REF 237 123 

MOD -2,058 -1,068 

AGG -4,697 -2,437 

   Saskatchewan 
   Total ($2005 million) $2005/Household 

BAU_REF 104 190 

MOD -725 -1,318 

AGG -1,716 -3,121 

   Manitoba 
    Total ($2005 million) $2005/Household 

BAU_REF 152 256 

MOD -180 -302 

AGG -558 -938 

   Ontario 
    Total ($2005 million) $2005/Household 

BAU_REF 1,449 191 

MOD -2,552 -336 

AGG -8,343 -1,099 

   Quebec 
    Total ($2005 million) $2005/Household 

BAU_REF 324 79 

MOD -2,453 -595 

AGG -7,214 -1,750 

   Rest of Canada 
   Total ($2005 million) $2005/Household 

BAU_REF 125 115 

MOD -1,315 -1,202 

AGG -3,256 -2,976 

   Canada 
    Total ($2005 million) $2005/Household 

BAU_REF 3,117 168 

MOD -10,070 -542 

AGG -29,293 -1,578 

 

 

 


