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Abstract 

In light of pressing challenges including climate change and energy security, 
urban planners are increasingly being required to make decisions that can be 
attributed to reductions in energy use and greenhouse gas emissions. Energy 
mapping is an emerging approach used to make improved energy-related 
decisions and predict energy performance, although at the time of writing, has 
not been applied within a Manitoban context. Informed by promising practice 
utilized in other Canadian locales, this research creates an energy mapping 
process for use in the City of Winnipeg’s residential sector. The Ebby-Wentworth 
neighbourhood is analyzed to develop and test the mapping process.  The process 
begins with determining baseline energy use for the neighbourhood, and is then 
compared to three development scenarios, which include the use of retrofits, and 
new construction on an adjacent development site. The results of applying the 
energy mapping approach in Winnipeg demonstrates this to be a key decision-
making tool for planners looking to make informed decisions related to energy-
using equipment, building and site design, and land use and infrastructure.  
Recommendations include: increased use of the energy mapping approach as a 
decision-making tool through enhanced collaboration between federal and 
provincial authorities, municipalities, and utilities; incorporating energy 
considerations into the planning and development process through revised and 
updated energy legislation, policy and programming; and, further refining and 
testing of the energy mapping process designed for this research to develop a 
best-practice approach for mapping energy use within the Province of Manitoba.  
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“To put a city in a book, to put the world on one sheet of paper - maps are the 
most condensed humanized spaces of all...They make the landscape fit indoors, 
make us masters of sights we can't see and spaces we can't cover.”  

        Robert Harbinson, Eccentric Spaces, 1977 
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Chapter 1: Introduction 

1.1 Project Overview 

With numerous studies recognizing the links between urban form, building and 

transportation energy consumption, urban planners are increasingly required to 

effectively implement urban form strategies that achieve reductions in energy use 

and greenhouse gas emissions. To begin seeking reductions within a City of 

Winnipeg context, this Major Degree Project (MDP) investigates the use of the 

energy mapping approach by urban planners for making better informed energy-

related decisions.  

This project aims to bring energy considerations and decisions to the 

forefront of the planning and development process. To begin, an energy focused 

case study of the Ebby-Wentworth neighbourhood creates an energy profile for 

an established neighbourhood in the City of Winnipeg. The information gleaned 

from this case study will serve as a baseline from which comparisons can be 

made. Next, the energy implications of a variety of residential development 

scenarios including retrofits to the Ebby-Wentworth neighbourhood and new 

construction at the adjacent Fort Rouge Yards site will be designed and 

investigated. The energy implications of each proposed scenario will then be 

compared to the previously determined baseline information from the Ebby-

Wentworth neighbourhood.  

The main purpose of this research project is to provide a context for 

energy mapping in Manitoba, specifically in the City of Winnipeg, which at the 
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time of writing, is yet to be determined. In partnership with Manitoba Hydro, this 

research utilizes an emerging promising practice, known as the energy mapping 

approach, to determine whether neighbourhood scale reductions in energy use 

can be created through planning related decisions regarding energy-using 

equipment, dwelling and site design, and urban form. 

It is my position that energy mapping and planning are vital for creating 

and maintaining neighbourhoods that are socially, economically and 

environmentally sustainable over the long-term.   It is also my contention that 

energy considerations are often overlooked, creating a significant gap between 

theory and practice. In recent years, the energy mapping approach has emerged 

as a tool to aid in making energy-related decisions and quantifying the 

implications of energy use, but has yet to become part of the planning and 

development canon. For that reason, this research aims to not only quantify the 

energy implications of potential planning decisions, but also increase capacity 

within the planning profession and Manitoba Hydro to begin making informed 

energy-related decisions.   Chapter 1 provides an overview of this research 

project, and sets the groundwork for the research contained within the following 

chapters.  

1.2 Research Problems 

Our cities face a growing number of problems and concerns.  Continued 

urbanization and a path dependency for suburban sprawl push low-density 

development into rural hinterlands. In most Canadian cities, this type of 
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development pattern is generally dependent on large inputs of non-renewable 

energy.  This arrangement is cause for concern as growing evidence suggests 

human use and production of energy is the cause of environmental degradation 

and elevated greenhouse gas emissions. Problems are also beginning to loom in 

light of two additional key issues: Climate Change and Energy Security.  

1.2.1 Climate Change 

Energy use and development pose an interesting dilemma for creating 

sustainable communities and cities.  Although energy has been responsible for 

positive social wellbeing and economic growth, its production and consumption 

can negatively effect the environment.  There is now a broad consensus amongst 

scientists and politicians that the release of greenhouse gases (GHG’s) into the 

atmosphere is causing changes to the planet.  These changes include: 

• An increase in the global average temperature 

• An increase in extreme weather events such as floods, droughts, violent 
storms and wildfires 

• Difficulties growing food in certain regions 

• Melting of sea ice in arctic and sub-arctic regions 

• Fluctuations in ecosystem boundaries, especially in northern regions 

• An increase in illness due to air quality issues 

• Rising sea levels 

• Warming that will strain existing energy systems from increased air 
conditioning use (Homer Dixon, 2006, p. 157) 

 The Canadian Urban Institute (2008), states: “The awareness and growing 

concern in Canada about climate change is helping to shift the building and 



 

4 

 

planning professions to explore the role for energy reduction and alternative use 

in the built form of a community development” (p. 16). 

1.2.2 Energy Security 

Energy security has become one of the main reasons for re-evaluating how energy 

is used within an urban context. As energy use increases, so do costs. According 

to the Consumer Price Index prepared by Statistics Canada, from August 2012 to 

August 2013, the overall price of energy in Canada rose 2.4% (Statistics Canada, 

2013). Price increases affect everyone, especially low-income families who may 

spend upwards of 30% of disposable income on direct energy costs (Lorinc, 

2006). Homer-Dixon writes: “When energy is scarce and costly, everything we 

do, including growing our food, obtaining other resources like fresh water, 

transmitting and processing information, and defending ourselves, becomes far 

harder” (Homer-Dixon, 2006, p. 12).  

Both climate change and issues associated with energy security are 

threatening on their own, but their combination poses an immediate threat to 

society as we know it.  According to Homer-Dixon (2006): 

 “It’s the convergence of stresses that’s especially treacherous and 

makes synchronous failure a possibility as never before. In coming 

years, our societies won’t face one or two major challenges at once, 

as usually happened in the past. Instead, they’ll face an alarming 

variety of problems – likely including oil shortages, climate change, 

economic instability…all at the same time” (p. 16). 
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As urban planners, we must not only be aware of the aforementioned 

problems, but proactively work towards finding solutions.  Since urban planners 

play a primary role in how land is developed and used for decades to come, it is 

our responsibility to establish a better, more energy efficient approach to land-

use decisions.   

1.3 Project Rationale 

According to the City of Winnipeg’s long-term planning statement 

“OurWinnipeg”, Winnipeg is expected to grow by 180,000 people and 83,000 

housing units in the next 20 years (City of Winnipeg, 2010, p. 24). This growth 

will create a significant increase in demand for energy within the city. In light of 

claimed threats of climate change and energy security issues, it is prudent, at a 

minimum, to know the energy implications of planning decisions. To proactively 

address these issues, the use of the energy mapping approach by urban planners 

will play a key role in making energy and planning decisions tangible and 

accessible.   

At the time of writing, the energy mapping approach has yet to be utilized 

in the City of Winnipeg to inform planning and energy-related decision making. 

The main objective of this project is to provide a local context for energy mapping 

and to test the approach in Winnipeg.  Providing a local context for the energy 

mapping approach has several benefits. First, utilizing the energy mapping 

approach may be of significant benefit to Manitoba Hydro to help inform 

potential focus areas for future demand side management programming. Next, 
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the energy mapping approach may have the potential to influence legislation, 

helping to verify whether existing policy mechanisms are resulting in desired 

energy use reductions, or if new policy and legislation are required to address 

energy-related issues. Finally, providing a local context for the energy mapping 

approach is important for urban planners looking to influence energy use 

reductions. Urban planners need to be aware of what tools, processes, and 

initiatives have the ability to create measurable reductions in energy use and 

GHG emissions, and the energy mapping approach may be a key decision-making 

tool that is not yet part of their skill-sets.  

1.4 Theoretical Perspectives 

As we reflect on the previously mentioned research problems, and in light of 

potential growth and development in the City of Winnipeg, it is important for 

urban planners to be aware of which decisions have the greatest impact on energy 

use. To begin making informed energy-related decisions Jaccard, Failing and 

Berry (1997) created what they refer to as a “hierarchy of energy-related choices”.  

According to Jaccard et al. (1997), land-use patterns and infrastructure 

have the greatest implications when determining total energy inputs required by 

a community, and as such, are listed as the top level of the hierarchy.  The middle 

level of the hierarchy contains Major Production Processes, Transportation 

Modes and Buildings, and the lower level contains Energy-using Equipment 

respectively. There are several dimensions associated with each level of the 

hierarchy. These dimensions are described in a version of the hierarchy, as 



 

7 

 

utilized by Natural Resources Canada (NRCan) and the Canadian Urban Institute 

(CUI). This hierarchy and its associated dimensions are illustrated in Table 1.     

 

  
  
  
  
  
                

Table 1: Energy Decision Making Hierarchy. From Jaccard et al. 1997, as modified by the    
   Canadian Urban Institute. Based on Canadian Urban Institute, 2011b, p. 3. 

Table 1 presents three dimensions associated with each level of the 

hierarchy. The time dimension relates to turnover and or general staying power 

of each level of the hierarchy. This dimension is measured in years for the 

Energy-using equipment and Building and site design levels of the hierarchy and 

decades or possibly longer for the Land-use and infrastructure level.  The space 

dimension of the hierarchy relates to how much space each level of the hierarchy 

physically occupies. According to Jaccard et al. (1997), “the scope widens as one 

moves up from individual units of equipment to the overall urban land use 

pattern and infrastructure” (p. 1067). The third dimension relates to decision 

making. With regards to this dimension, Jaccard et al. (1997) note that “urban 

land use patterns and infrastructure are more generally determined by 

government and public agency decisions while equipment level decisions are 

generally made by individual firms and households”(p. 1067). For the purposes of 

this research project, the hierarchy depicted in Table 1 shall be referred to as the 

Energy Decision-Making Hierarchy or the Hierarchy.  
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1.5 Research Objectives 

The following four research objectives guide the research project contained 

herein:  

• To provide Manitoba Hydro with an understanding of how neighbourhood 

design and residential land-use patterns influence energy consumption.  

• To evaluate existing energy use at a neighbourhood scale while planning to 

improve energy efficiency through the use of alternative land-use patterns, 

energy efficient dwelling design, and higher building standards.  

• To enhance Manitoba Hydro’s ability to provide community specific 

demand and supply side solutions that result in energy use reductions.  

• To build capacity within the planning profession for addressing and 

understanding the energy implications of land-use and development 

decisions.   

1.6 Research Questions 

The research questions guiding this project are next stated, and are structured to 

guide Chapters 3 through 10 of this project.  The research questions for Chapter 

10 are intended to be the overarching research questions guiding the entire 

research project.  

Chapter 3: Energy Use and the Residential Sector 

• What are the current approaches being used to create energy efficient 

urban environments? 

• How are energy use and energy efficiencies quantified within the realm of 

urban planning? 

• What types of energy-related decisions do urban planners make? 
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Chapter 4: Enabling Energy Legislation and Energy Planning 

• How do legislation, policy and energy planning influence energy-related 

decisions?  

Chapter 5: The Energy Mapping Approach 

• What are some of the identified benefits of utilizing the energy mapping 

approach? 

• What is energy modeling and how does it inform the energy mapping 

approach?  

Chapter 6: Overview of Existing Energy Mapping Processes 

• What is the energy mapping process, and how has it been applied in other 

energy mapping studies? 

Chapter 7: Data Sources and Software Used for Energy Mapping 

• What types and sources of data and information are required to undertake 

an energy mapping study?  

• What types of software are required to undertake an energy mapping 

study?  

Chapter 8: Defining an Energy Mapping Process for the City of 

Winnipeg 

• How will the energy mapping process utilized for this project relate to 

existing energy mapping promising practice being developed by NRCan 

and the CUI?  
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Chapter 9: Energy Mapping Study 

• Is the use of the energy mapping approach effective in illustrating the 

implications of energy-related decisions? 

 
Chapter 10: Conclusions 

• Does the energy mapping approach help address the research problems of 

climate change and energy security?  

• Does the energy mapping approach hold promise for helping Manitoba 

Hydro reach the vision and goals outlined in its Corporate Strategic Plan?  

• How can the information from this project be used to build capacity for 

making better energy-related decisions in the planning profession?  

1.7 Introduction to the Energy Mapping Approach  

To facilitate making informed energy-related decisions, this project investigates 

the energy mapping approach, an emerging promising practice that can provide 

urban planners, municipalities and utilities with a way to evaluate energy use in a 

community. The energy mapping approach is also referred to as the Integrated 

Community Energy Modeling and Mapping (ICEM) approach by NRCan (2012).   

The energy mapping approach models energy consumption and integrates 

the information into Geographic Information Systems (GIS) to produce maps 

that display energy use within a particular community. Energy mapping can 

connect land-use decisions with actionable demand side management strategies 

to improve energy efficiency, reach desired energy and greenhouse gas (GHG) 

reduction targets, integrate alternative energy sources and even predict the 
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energy implications of future land-use scenarios (Canadian Urban Institute, 

2009).  

The energy mapping approach employs a process that begins with 

determining baseline energy use for a given area that can range in scale from a 

neighbourhood to an entire city.  According to Gilmour and McNally (2010), 

“energy mapping is grounded on assembling a wide range of data inputs that are 

used to help baseline energy consumption in a community and evaluate the long-

term effectiveness of energy reduction strategies. A key source of data to help 

visualize the community is the tax assessment roll. The assessment role data 

contains rich attribute information, including the size of buildings, height and 

other characteristics” (p. 4).  Another important source of data is the actual 

energy consumption data, which is obtained from the local distribution company 

or LDC. If utility data is not available from the LDC, or has been aggregated to 

protect customer privacy, building consumption data can be modeled using 

building simulation software. According to the Canadian Urban Institute, “the 

value of creating baseline building energy maps comes from integrating building, 

land use, and energy data together into a single database to display energy use 

spatially” (Canadian Urban Institute, 2011a, p. 4).  

Gilmour and McNally (2010) also state that “a central approach to energy 

mapping is the use of backcasting and scenario building - creating a desired 

energy future, and then planning from the future back to the present to 

understand the types of land use, technology and transportation options that 
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should be considered to achieve the future. The backcasting approach encourages 

urban planners, engineers and other key community stakeholders to assess 

various combinations of pricing, technologies, land use and transportation 

patterns and other policies to evaluate a wide range of energy strategies to meet 

their long-term goals” (p. 5). The energy mapping approach involves comparing 

baseline energy information and energy information from development scenarios 

to verify whether energy efficiencies can be created through a variety of 

modifications to energy-using equipment, building and site design, and land-use 

and infrastructure.  

Information about the energy mapping approach and its associated 

processes was generally informed by three sources for the purposes of this 

project. The first source by NRCan, is entitled: The SCEC3 Model: Action-

Research Exploring the Use of Government Data and Building Energy 

Simulation Tools for Community Energy and Greenhouse Gas Planning. This 

source provides an overview of the energy mapping process utilized by NRCan. 

The second source by the CUI is entitled: Integrated community Energy 

Mapping for Ontario Communities: Lessons Learned. This source provides an 

overview of the energy mapping process utilized by the CUI. Finally, the third 

source is entitled: Integrated Community Energy Modeling: developing map-

based models to support energy and emissions planning in Canadian 

communities by Jessica Webster, Brett Korteling, Brent Gilmour, Katelyn 

Margerm, and John Beaton. This source provides an overview of the energy 

mapping processes utilized by both NRCan and the CUI.  
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The information contained herein only refers to these sources, and does 

not consider updates made to either of the energy mapping processes over the 

course of completing this research project. As energy mapping promising practice 

is being constantly refined, it would be difficult to continuously make updates to 

reflect new sources of information.    

To limit possible confusion over the terminology used within this project, 

the following energy mapping related definitions are proposed: 

• Energy Mapping Approach – refers to the general approach as outlined 

above.  Simply put, the energy mapping approach is the overarching 

concept as defined by existing energy mapping promising practice.  

• Energy Mapping Process – refers to method of undertaking an energy 

mapping study and the specific steps taken to model, simulate, and then 

map energy consumption. The energy mapping process can include the 

use of models.  

1.8 Research Methods 

This research project used several complementary research methods to derive 

and understand information related to residential sector energy use at a 

neighbourhood scale. The three main research methods are described below. A 

brief description of what each method intends to accomplish and how the chosen 

research methods relate to undertaking an energy mapping study in the City of 

Winnipeg is discussed. Each specific research method is described in greater 

depth in Chapter 2.  
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1.8.1 Literature Review                                                                                                            

Chapters 3 through 7 are organized as a literature review. These chapters answer 

many of the aforementioned research questions and provide an overview of 

residential sector energy use, relevant energy legislation and policy, energy 

planning, and the energy mapping approach. The literature review defines 

existing energy mapping promising practice and will set the groundwork for all 

subsequent chapters of this project.  

1.8.2 Case Study 

Primary research for this project begins with establishing baseline energy use and 

creating energy maps of the Ebby-Wentworth neighbourhood in the City of 

Winnipeg, Manitoba. The case study method is part of the energy mapping 

process designed specifically for this project and informed by existing energy 

mapping promising practice being developed by NRCan and the CUI. The 

complete energy mapping process developed for this project is outlined in detail 

in Chapter 8. The baseline energy information and maps produced for the Ebby-

Wentworth neighbourhood through the use of the case study method informs 

subsequent parts of the energy mapping process as outlined in Chapter 8.  

1.8.3 Scenarios  

Additional primary research for this project involves utilizing the scenario 

method to create scenarios for the Ebby-Wentworth neigbourhood and the Fort 

Rouge Yards site. The scenario method is also part of the energy mapping process 

designed for this project. Creating and comparing scenarios and their maps 
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against the baseline energy information and maps from the Ebby-Wentworth 

neighbourhood follows existing energy mapping promising practice being 

developed by NRCan and the CUI. The use of scenarios attempts to verify 

whether energy efficiencies can be created through adjustments to energy-using 

equipment, building and site design, and land-use and infrastructure.  

1.9 Data Analysis 

To undertake an energy mapping study in the City of Winnipeg, a variety of data 

and information is required. Data types and their sources are discussed in 

upcoming chapters as they relate to the energy mapping approach. Analyzing the 

data obtained for an energy mapping study in the City of Winnipeg was 

incorporated into the case study and scenario methods portion of the energy 

mapping process.  The energy mapping process and associated data analysis are 

described in greater depth in Chapter 8.  

1.10 Potential Benefits  

Although energy mapping is an emerging approach for evaluating energy use and 

making energy-related decisions, a number of benefits have been identified based 

on its use in other locales. First and foremost, this project is significant to 

Manitoba Hydro for a variety of reasons. The review of the energy mapping 

approach and the energy mapping study portion of this project contained herein 

allows Manitoba Hydro to keep pace with other utilities already taking part in 

energy mapping activities.  This project provides a Manitoban context for energy 

mapping, which has not yet been determined. Utilities across Canada have 
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realized the benefits of connecting energy use and land-use decisions, and are 

now undertaking or supporting energy mapping and planning.  According to 

Gilmour and McNally (2010), the Ontario Power Authority, BC Hydro, Horizon 

Utilities Corporation, Union Gas, and Powerstream Utility have all identified 

benefits from the energy mapping process.  The benefits of energy mapping as 

they relate to LDC’s are outlined in Chapter 5.  

This project also has benefits for the planning profession. Since energy 

mapping is still a new approach and has not been utilized to make energy-related 

decisions within a City of Winnipeg context, this project helps to build capacity 

for urban planners looking to make better informed energy-related decisions. 

Additionally, this project tests existing energy mapping promising practice in the 

City of Winnipeg, helping urban planners refine a forthcoming best practice 

approach to undertaking an energy mapping study, and making better informed 

energy-related decisions.   

Finally, this project is of benefit to the City of Winnipeg and the Province 

of Manitoba as the use of the energy mapping approach can be critical for making 

rational, evidence-based energy-related decisions. The energy mapping approach 

can help inform new policy, or help to determine whether existing policies are 

adequate in the quest to enhance energy efficiency within the Manitoban building 

stock and reduce GHG emissions.  



 

17 

 

1.11 Project Scope  

The scope of this project was chosen based on several considerations. Due to 

constraints associated with addressing such a large area of research and data, the 

scope of this project is limited to the neighborhood scale for enquiry.  This scale 

has been chosen for several reasons. Neighborhoods have their own specific 

needs, strengths and assets. They also represent an area with a common 

geography, defined boundaries and can have a fairly homogeneous built 

environment. Neighbourhood can also be represented by Canada census data, 

being surveyed every four years to assess current trends. This information is 

readily available and reliably accurate for the purposes of this project. 

Neighborhood location, design and the types of amenities they offer are also the 

determining factors in how energy is used by at least three different sectors 

including: transportation, buildings, and infrastructure. This project addresses 

the residential portion of the building sector.  

1.12 Limitations 

There are a variety of limitations associated with this project. Limitations of the 

energy mapping processes created for this research are outlined in Chapter 8. 

Chapter 10 addresses any additional limitations encountered in this research 

project.  

1.13 Assumptions 

Due to the complex nature of the data associated with this project, and the 

multiple factors that influence neighbourhood scale residential sector energy use, 
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a variety of assumptions are made. These assumptions are outlined in Chapter 8 

and Chapter 9 of this project.  

1.14 Key Player and Drivers 

Manitoba Hydro is Manitoba’s major energy utility, providing the province with 

hydro electric energy from 14 generating stations throughout the province 

primarily on the Winnipeg, Saskatchewan, and Nelson Rivers (Manitoba Hydro, 

n.d.).  Manitoba Hydro is also the major distributor of natural gas in the 

province. Manitoba Hydro’s corporate direction is set forth in the Corporate 

Strategic Plan or CSP, which “is the primary tool for the Executive and Board of 

Manitoba Hydro to set, communicate and drive corporate priorities and strategic 

performance within the organization” (Manitoba Hydro, 2010, p. 1). The CSP also 

provides annual direction by establishing a vision for the utility which is 

implemented through a variety of goals and strategies.  Many of the Goals 

contained within the CSP highlight Manitoba Hydro’s deep commitment to 

energy efficiency, energy conservation, and the environment.  This commitment 

plays out through the utility’s main Demand Side Management or DSM initiative 

known as Power Smart, “which consists of energy conservation and load 

management activities and programs designed to lower the demand for electricity 

and natural gas in Manitoba” (Manitoba Hydro, 2009, p. 1). A review of Power 

Smart programs is provided in Chapter 3, Section 3.4.1.3. 

 Project drivers specific to Manitoba Hydro include utilizing the energy 

mapping approach to inform potential demand and supply side management 
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solutions, thus reducing local energy demand to open up additional supply for 

export markets. In addition to providing research grant funding and guidance, 

Manitoba Hydro provided data to inform the energy mapping process. The data 

provided by Manitoba Hydro is outlined in Chapter 8.  

1.15 Overview of Chapters 

After Chapter 1, this document is organized to contain the following chapters:  

Chapter 2: Research Methods reviews the research methods selected and 

how they relate to the energy mapping process that is created in Chapter 8. 

Chapter 3: Energy Use and the Residential Sector provides an overview of 

how energy is used within the residential sector, describing energy use as it 

relates to the Energy Decision-Making Hierarchy.  The goal of this chapter is to 

determine how energy is used, how efficiencies can be achieved, how energy use 

and energy efficiencies are quantified, and who makes the energy-related 

decisions at each level of the Energy Decision-Making Hierarchy.   

Chapter 4: Enabling Energy Legislation and Energy Planning contains 

background information about energy policy in Canada, providing a historic 

review of energy-related legislation and policy that has been utilized by all three 

levels of government. Jurisdiction over energy-related issues are discussed. 

Enabled by legislation and policy, energy planning makes energy considerations 

the foundation of planning related decisions. The goal of this chapter is to 

establish how legislation and policy influence energy use, conservation, and help 

enable urban planners to make energy-related decisions.  
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Chapter 5: The Energy Mapping Approach describes the energy mapping 

approach as defined by existing promising practice in Canada. Energy modeling 

and its role in the energy mapping process is defined as it is not often discussed 

in energy mapping literature. This chapter endeavors to provide a definitive 

explanation of the energy modeling component of the energy mapping process.  

Chapter 6: Overview of Existing Energy Mapping Processes reviews 

existing energy mapping promising practice being utilized by NRCan and the 

CUI. This chapter differentiates and finds common ground between energy 

mapping processes, with the goal of informing an energy mapping process that 

can be used in Winnipeg, Manitoba.   

Chapter 7: Data Sources and Software Used for Energy Mapping 

provides an overview of the data and software required to undertake an energy 

mapping study. The goal of this part is to define what types of data are required 

to undertake an energy mapping study, outline where these types of data are 

generally obtained, and review what types of software are used to model, and 

map the required data.  

Chapter 8: Defining an Energy Mapping Process for the City of 

Winnipeg creates an energy mapping process for this project informed by the 

energy mapping processes utilized by NRCan and the CUI. This process is used in 

Chapter 9 to undertake an energy mapping study in the City of Winnipeg.  

Chapter 9: Energy Mapping Study undertakes an energy mapping study of 

the Ebby-Wentworth neighbourhood and the adjacent Fort Rouge Yards site.  
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Chapter 10: Conclusions provides final conclusions for this research project, 

summarizes research findings, and re-addresses research problems. Lessons 

learned and opportunities for future research are discussed. 
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Chapter 2: Research Methods 

2.1 Introduction 

Chapter 2 describes the research methods used to undertake this research 

project.  As this is a multidisciplinary project, several complementary research 

methods were chosen. To begin, a literature review was used to review all 

pertinent information related to residential sector energy use and the energy 

mapping approach.  The energy mapping approach utilizes a process to create a 

realistic picture of baseline and projected energy use. This process incorporates 

the use of two research methods including the case study and the use of 

scenarios. First, the energy mapping process utilized the case study method to 

undertake an energy analysis and determine baseline energy use for the Ebby-

Wentworth neighbourhood in the City of Winnipeg, Manitoba. Next, the process 

utilized the scenario method to create possible energy futures for the Ebby-

Wentworth neighbourhood and the adjacent Fort Rouge Yards site. Scenarios 

were then compared back to the baseline information gleaned from the case 

study portion of the energy mapping process. The following paragraphs discuss 

each of the aforementioned research methods in greater detail.  

2.2 Literature Review  

A literature review was chosen as the primary research method to begin 

investigating energy mapping and its applicability within a City of Winnipeg 

context. According to Neuman (2000), literature reviews have four main goals. 

First, they demonstrate the writer’s “familiarity with a body of knowledge and 
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establish [their] credibility” (p. 446). Second, they demonstrate a relationship 

between the research at hand, and previous works. Third, they provide a 

comprehensive summary of available literature on the chosen topic. Finally, they 

allow researchers to learn from their peers, and stimulate further exploration into 

the topic (ibid).” 

Chapters 3 through 7 contain a literature review of topics relevant to this 

project. The literature review contained in these chapters is far reaching, as it 

investigates energy use, the implications of energy use, as well as the role of 

urban planners in making energy-related decisions. Literature from a variety of 

sources and publications, both print and online provides perspective not only 

through an urban planner’s lens, but through a variety of different vantage 

points.  Literature chosen for this project was identified and organized to answer 

the aforementioned research questions and provides context for the project’s 

primary research contained in Chapters 8 and 9.  

2.3 Case Study  

Following the literature review, an energy-focused case study of the Ebby-

Wentworth neighbourhood was prepared. As mentioned above, the case study 

method is part of the energy mapping process, and was used to determine 

baseline energy use within the residential sector of the neighbourhood. The case 

study was chosen as a research method because “As a form of research, the case 

study is unparalleled for its ability to consider a single or complex research 

question within an environment rich with contextual variables” (Schell, 1992, p. 
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1). The case study framework applied to the energy mapping process was 

designed to generally follow the six steps outlined in Lundberg and Enz’s (1993) 

article entitled: A Framework for Student Case Preparation.  These six steps are 

outlined as follows: 

• Gain Familiarity 

• Recognize Symptoms 

• Identify Goals 

• Conduct Analysis 

• Make the Diagnosis 

• Action Planning 

 The applicability of each of the steps above to the energy mapping process 

is described in Chapter 8.  

2.4 Scenarios  

Finally, the scenario method was incorporated into the energy mapping process 

developed for this project. Scenarios build on the baseline Ebby-Wentworth case 

study information by presenting a dwelling retrofit option for the Ebby-

Wentworth neighbourhood, and a set of tangible future development patterns for 

the adjacent Fort Rouge Yards site. Following the energy mapping approach, 

scenario energy use information was compared back to the baseline energy use 

information.  

Scenarios provided a way of visioning how a residential neighbourhood 

would look on the Fort Rouge Yards site.  Harwood (2007) writes, “Central to the 

scenario process is pushing people to identify and address the forces shaping 
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their environment. In other words, to imagine how the outside – things the 

community does not have control over – shapes their insider world, which the 

community does not control” (p. 5).  Scenarios can also aid in clarifying the 

energy implications of future energy-related decisions before the future even 

occurs.  For this to happen, GIS software was used to map and quantify the 

energy implications of each scenario, thus “providing a communicable set of 

structured, possible future systems” (Smith, 2007, p. 80). The design of each 

scenario was informed by the information contained within the literature review 

chapters as described above.  

2.5 Conclusion 

This chapter provided insight into the research methods used and reported in 

upcoming chapters of this project, beginning with the literature review method 

that will be utilized in the forthcoming chapter. The literature review sets the 

stage for research contained within future chapters by reviewing energy use in 

the residential sector and providing an in depth review of the energy mapping 

approach and its associated processes.  The energy mapping process developed in 

Chapter 8 utilizes both the case study and scenario methods as per existing 

energy mapping promising practice. 
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Chapter 3: Energy Use and the Residential Sector 

3.1 Introduction 

This chapter is structured to provide an overview of residential sector energy use. 

To begin, general background information regarding energy use and the 

residential sector is provided. Next, the factors that influence dwelling energy use 

are reviewed. The Energy Decision-Making Hierarchy as it relates to the 

residential sector is then reviewed. For each level of the Hierarchy, all associated 

dimensions are described and detailed. Additionally, a description of how energy 

reductions are achieved and how energy use and efficiencies are quantified are 

provided for each level of the Hierarchy. The information contained herein 

provides direction for subsequent chapters of this project. As outlined in Chapter 

1, the following research questions guide the content of this chapter: 

What are the current approaches being used to create energy 
efficient urban environments? 

How are energy use and energy efficiencies quantified within 
the realm of urban planning? 

What types of energy-related decisions do urban planners 
make? 

3.2 Background: Energy use in Canada  

According to Gururaja (2003), energy is necessary for society to achieve its social 

and economic goals.  Its use and development has allowed society to develop into 

what it is today, shaping almost every aspect of our lives.  Energy provides 

heating, cooling, lighting, allows us to transport ourselves quickly all over the 
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globe and transform raw materials into the goods we rely on. According to the 

National Energy Board (2011), in 2010, the energy required for these activities is 

obtained from a variety of sources, including Petroleum (43%), Natural Gas 

(35%), Hydroelectricity (8%), Nuclear Electricity (2%), Coal (9%), Wind, Tidal, 

and Solar Electricity (0.2%), and Other (3.2%) (p.3).  

There are two types of energy: primary and secondary. “Primary energy 

use encompasses the total requirements for all users of energy, the energy 

required to transform one energy form to another such as coal to electricity, and 

the energy used to bring energy supplies to the consumer” (Natural Resources 

Canada, 2012b, p .7). “Primary energy use also includes the total requirements 

for all users of energy, including secondary energy use” (Natural Resources 

Canada, 2012b, p. 7). According to NRCan (2012b), in 2008, the amount of 

primary energy consumed in Canada is estimated at approximately 12,510.5 

petajoules (PJ) (p. 7). To put this into perspective, “One petajoule is 

approximately equal to the energy used by almost 9,000 households in one year 

(excluding transportation use)” (Natural Resources Canada, 2012b, p. 7).  

 Statistics Canada (2010) provides an explanation of how energy use is 

measured. It notes that energy is measured in units known as Joules (J). “A Joule 

is a relatively small amount of energy, and as such, energy consumption is often 

discussed in terms of gigajoules (1 x 109 J or 1,000,000,000 J), denoted by GJ, 

and terajoules (1 x 1012 J or 1,000,000,000,000 J), denoted by TJ, and 

petajoules (1 x 1015 J or 1,000,000,000,000,000 J), denoted by PJ (Statistics 
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Canada, 2010, p. 10). Statistics Canada (2010) provides the following examples to 

provide perspective:  

• 4,184 Joules are required to raise the temperature of 1 litre of water 

by 1 degree Celsius. 

• The propane cylinder found on most propane BBQs holds 

approximately 9 kg of propane, which is roughly 0.45 GJ of energy. 

• 1 GJ is equal to slightly more than 2 propane cylinders like the ones used 

on most gas BBQs. 

• The energy content of a 30 litre tank of gasoline is about one gigajoule. 

• 1 TJ is equal to slightly more than 2,200 propane cylinders. 

• 1 railway tanker carrying propane contains about 113,000 L of propane, 

which is about 3 TJ of energy. (p. 10) 

 Secondary energy use can be defined as the energy used by final 

consumers for residential, commercial, institutional, industrial, transportation 

and agricultural purposes (Natural Resources Canada, 2012b, p. 7). According to 

NRCan (2012b), “secondary energy use accounted for almost 70 percent of 

primary energy use in 2008, or 8,720.2 PJ” (p. 7). Figure 1 highlights secondary 

energy use by sector in Canada. 
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Figure 1: Secondary Energy Use by Sector, 2008. Based on Natural Resources Canada, 2012b,      
      p. 8. 

 Figure 1 shows the extent of Canada’s appetite for energy, totaled at 8,720 

PJ for 2008. Karimi (2005) notes that on average, Canadians consume five times 

more energy than the global average and more than any other G7 country on a 

per capita basis.  

 NRCan (2012) lists several factors that contribute Canada’s high rates of 

overall energy consumption. They include: Canada’s vast geography requires 

large inputs of transportation energy to move people and goods; the country’s 

cold winters and warm summers contribute to the need for building heating and 

cooling; and the resource intensive export industries of Canada’s economy 

require a large demand for energy (Natural Resources Canada, 2012, p. vii). In 

addition to these reasons, the widespread use of consumer electronics in all 

sectors has helped Canada’s total end-use or secondary energy consumption 

increase 14% from 1990 to 2001 (Trudeau et al., 2003). 
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3.3 Energy and the Residential Sector 

As shown in Figure 1, the residential sector is the third largest user of secondary 

energy and accounted for 17 percent (1,465.3 PJ) of secondary energy use and 15 

percent (74.2 Mt) of GHG’s emitted in Canada, in 2008 (Natural Resources 

Canada, 2012b, p. 8). Although the residential sector is only one of many sectors 

that affect total secondary energy use in Canada, it has distinctly shaped 

expansive portions of the urban landscape.   

3.3.1 Factors that influence energy consumption 

According to Salat (2009), there are several factors that influence the amount of 

energy consumed by individual buildings. These factors include: Climate, Urban 

Morphology, Building Physics, Systems, and Occupants’ Behaviour. Each factor is 

briefly explained below as it applies to dwellings in the residential sector.   

3.3.1.1 Climate 

Climate plays a large role in determining how much energy a dwelling will 

consume. Dwellings located in an area with a shorter winter or heating season 

will use less energy than those dwellings located in areas with longer and colder 

winter seasons. For example, Statistics Canada (2010) notes “households in 

Victoria, British Columbia likely consume less energy for heating purposes than 

would those in Saskatoon due to Victoria's shorter heating season” (p. 12). A 

similar comparison could be made between Victoria and Winnipeg.  
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3.3.1.2 Urban Morphology 

According to Salat (2009), “an energy-efficient urban fabric alone can reduce 

energy consumption and carbon emissions by a factor of two – a factor too large 

to ignore. This means that urban morphology has the potential to halve a city’s 

energy consumption and carbon emissions” (p. 600). Salat (2009) also notes that 

modern low-density urban texture consumes 1.8 times more energy for heating 

than the contemporary or traditional Paris urban blocks from the 18th or 19th 

centuries. In a similar assessment, Church (2007) writes, “land-use patterns play 

a major part in the consumption of energy” (p. 51). 

3.3.1.3 Building Physics 

The Building Physics factor can describe a building’s form, the standards it was 

built to, and the materials used to construct it. A building’s form can relate to 

dwelling type. Dwelling types in Canada generally include four major types: 

single-family (single-detached), single-attached, apartments, and mobile homes 

(Natural Resources Canada, 2012b, p. 12).  Table 2 examines energy use by 

dwelling type in Canada.  
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Table 2: Average Household Energy Use, by Dwelling Type (2007). Based on Statistics Canada,  
    2010, p. 23.  

 As shown in Table 2, single-detached dwellings consume the most energy 

when compared to multi-unit dwellings (which include doubles, duplexes and 

row or terrace homes) and apartments (Statistics Canada, 2010, p. 23). According 

to the Canadian Home Builders’ Association (2012), the average size of new 

houses in 2012 was approximately 1900 square feet for single-family detached 

dwellings, 1300 square feet for semi/row/townhouse units, and 800 square feet 

for condo/apartment units (p. 11). Dwelling size relates to its form, and larger 

dwellings generally consume more energy than smaller dwellings.  Table 3 

examines the relationship between dwelling size and energy consumption.  
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Table 3: Average Household Energy Use, by Size of Heated Area (2007). Based on Statistics  
    Canada, 2010, p. 22.  

 The standards of construction and materials used can also affect energy 

use. Figure 2 compares annual heating consumption for single-detached 

dwellings constructed to different standards in Canada.  
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Figure 2: Annual Heating Consumption for Houses Constructed to Different Standards. Based  
      on Natural Resources Canada, 2012, p. 14.  

 Standards of construction can also relate to vintage or the age of a 

dwelling. The age of a dwelling is considered a major factor with regards to how 

much energy is consumed by end-uses. Table 4 compares dwelling energy 

consumption by construction period across Canada.   
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Table 4: Average Household Energy Use by Dwelling Construction Period (2007). Based on  
    Statistics Canada, 2010, p. 25.  

3.3.1.4 Systems 

According to Salat (2009), systems include building mechanical systems such as 

those used for heating and cooling. Figure 3 compares average energy 

consumption of new appliances between 1990 and 2008. As illustrated, new 

appliances consume less energy than older appliances.  
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   Figure 3: Average Energy Consumption of New Electric Appliances, 1990 and 2008 Models.  
         Based on Natural Resources Canada, 2012, p. 14.  

3.3.1.5 Occupantsʼ Behaviour 

The behaviour of dwelling occupants can be difficult to pinpoint since every 

occupant consumes energy differently. Assumptions can be made with regards to 

how much energy an average dwelling occupant uses, therefore it is important to 

consider the number of occupants or household size with regards to dwelling 

energy use. Generally, more occupants can be attributed to increases in energy 

use for heating, cooking, personal appliances and hot water. Table 5 examines 

household size and energy use in Canada.  
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Table 5: Average Household Energy Use by Household Size (2007). Based on Statistics Canada,  
    2010, p. 21.  

 With the factors that affect energy use known, it is important to be 

informed of how the decisions we make as urban planners inherently affect 

energy use. As mentioned in Chapter 1, the Energy Decision-Making Hierarchy 

illustrates how energy-related decisions shape overall energy use. For review, the 

Energy Decision-Making Hierarchy is illustrated in Table 1, in Chapter 1.  

3.4 Energy Use and Energy-Related Decisions 

This project examines energy-related decisions at all levels within the Energy 

Decision-Making Hierarchy as they relate to residential sector energy use. With 

that being said, research was weighted to the Building and site design and Land-

use and infrastructure levels of the Hierarchy  – or the levels where urban 

planner’s decisions are often implemented. The following paragraphs describe 
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each level of the Hierarchy, as well as the dimensions associated with each level 

as they relate to the residential sector.  

3.4.1 Energy-Using Equipment 

The Energy-using equipment level is at the bottom of the Energy Decision-

Making Hierarchy and is influenced by both levels above it. End-use energy is 

consumed by a variety of equipment that includes furnaces for space heating, 

water heaters for water heating, stoves, fridges, microwaves, dishwashers, and 

televisions as appliances, a variety of lighting types, and air conditioners for space 

cooling. According to Statistics Canada (2010), “The average Canadian household 

consumed 106 gigajoules (GJ) of energy in 2007 for use in the home (p. 11). 

Figure 4 illustrates how energy is used by each end-use. 

 

 

 

 

 

 

 

Figure 4: Residential Energy Use by End Use, 2008. Based on Natural Resources Canada,    
       2012b, p. 12. 
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 As illustrated in Figure 4, space heating consumes the most end-use 

energy in residential dwellings. Space heating is generally achieved through the 

use of furnaces, as shown in Figure 5. According to Statistics Canada (2010), 

forced air furnaces were the main space heating type in the province of Manitoba 

in 2007.  

  

Figure 5: Main Heating Systems in Canada, 2007. Based on Statistics Canada, 2010, p. 10.  

3.4.1.1 Dimensions 

The dimensions of the Energy-using equipment level of the Energy Decision-

Making Hierarchy as they relate to the residential sector can be described as 

follows: 

Time - Focusing on the time dimension of the Energy Decision-Making 

Hierarchy reveals that the Energy-using equipment level has significant turnover 

over the years.  According to Jaccard et al. (1997), the turnover rate of energy-

using equipment stock is counted in years or perhaps one or two decades at most. 
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Space - Energy-using equipment in the residential sector spatially occupies the 

least physical space when compared to the other levels, as it relates to equipment 

contained within a dwelling.  Energy-using equipment is the end-use for energy 

within the residential sector.  

Decision Making - In terms of the decision making dimension for energy-using 

equipment, “decisions are generally made by individual firms or households” 

(Jaccard et al., 1997, p. 1067).   Urban planners are generally not involved in 

decisions at this level of the Hierarchy.   

3.4.1.2 Achieving End-Use Energy Reductions in Energy-using Equipment 

Reductions in the amount of energy consumed by end-uses or energy-using 

equipment can be achieved in several ways. Upgrades to energy-using equipment 

can result in energy use reductions as shown in Figure 3. According to Statistics 

Canada (2010), the following energy saving practices can also result in energy use 

reductions:  

• Using programmable thermostats 

• Using compact fluorescent light bulbs (CFLs) 

• Washing laundry in cold water 

• Turning off computer monitors when they are not in use 

• Turning off gas fireplace pilot lights in summer 

• Air drying dishes in the dishwasher 

• Using dimmers on lights 

• Unplugging electronics when away for extended periods 

• Reducing heating or cooling in certain areas of the dwelling 
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• Using a clothesline or drying rack 

• Using fans for cooling in summer 

• Closing blinds or drapes during the hottest part of the day (Statistics 
Canada, 2010, p. 14) 

3.4.1.3 Quantifying Energy Use: Energy-Using Equipment  

Calculating the energy used by individual pieces of energy-using equipment can 

be determined based on pre-determined average consumption information 

provided to the consumer by the manufacturer, or by government agencies such 

as Natural Resources Canada’s Office of Energy Efficiency which implements the 

EnerGuide label on appliances.  Private sector consumers looking to purchase 

energy efficient appliances can also choose ENERGY STAR appliances which 

have been proven through third-party review to consume less energy than similar 

non Energy Star appliances (ENERGY STAR, n.d.). In Manitoba, there are a 

variety of programs offered through Manitoba Hydro’s Power Smart initiative 

that target energy use reductions at the Energy-using equipment level of the 

Energy Decision-Making Hierarchy.  Power Smart programs include rebates and 

incentives towards the purchase or installation of energy efficient furnaces, 

insulation, lighting, and appliances (Manitoba Hydro, n.d.). Newer technologies 

such as smart meters or smart appliances have the ability to inform their users of 

their energy consumption habits, making energy-related decisions more 

transparent.   
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3.4.1.4 Summary: Energy-Using Equipment 

Understanding the Energy-using equipment level of the Energy Decision-Making 

Hierarchy is important as it is the level at which secondary end-use energy is 

consumed. Although urban planners are not usually involved in energy-related 

decisions at this level of the Hierarchy, decisions regarding energy-using 

equipment are part of the energy mapping process created in Chapter 8, and 

utilized in Chapter 9.  

3.4.2 Building and Site Design 

The middle level of the Energy Decision-Making Hierarchy examines energy use 

in terms of building and site design. According to Jaccard et al. (1997), decisions 

made at this level of the Hierarchy  “determine the opportunities and constraints 

for the specific energy-using equipment that will function inside buildings” (p. 

1066) or as previously discussed, the Energy-using equipment level of the 

Hierarchy.  In many ways, building and site design relates directly to dwelling 

type. Typical dwelling types found in Canada were mentioned above in Table 2. 

Figure 6 shows a breakdown of Canadian housing based on dwelling type, and as 

can be seen, the majority of dwellings in Canada are single-detached dwellings. 
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  Figure 6: Canadian Households by Dwelling Type, 2008. Based on Natural Resources Canada,   
        2012b, p. 12.  

3.4.2.1 Dimensions 

The dimensions of the Building and site design level of the Hierarchy as they 

relate to the residential sector are described as follows:  

Time - Examining the time dimension associated with Building and site design 

level of the Hierarchy reveals that building and site design play out over one to 

three years, although this is likely a longer timeframe. For comparison’s sake, in 

2006 “about 60% of Canada’s housing stock was at least 30 years old” (Canada 

Mortgage and Housing Corporation, 2012, p. 6-1). As such, it could be argued 

that building and site design generally play out over a matter of years or decades.  

Space - With regards to the space dimension discussed within the Hierarchy, 

building and site design spatially take up more space than the energy-using 

equipment they contain, and could be considered at the scale of an individual 

building lot. The Hierarchy considers this amount of space as “moderate” when 
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compared to the other levels of the Hierarchy. Considering the dwelling types as 

described in Figure 6, a single-family home would generally occupy less physical 

space than a multi-unit dwelling or an apartment.  

Decision Making - In terms of the decision making dimension of the 

Hierarchy, decisions are made by both public and private sectors. Zoning would 

be a planning tool that influences building and site design by the public sector, 

yet many decisions based on personal preference are also made by the private 

sector, including non-prescribed aspects of building and site design.  

3.4.2.2 Achieving Energy Reductions through Building and Site Design 

Energy reductions in the residential sector, at the Building and site design level of 

the Energy Decision-Making Hierarchy, can be discussed by examining buildings 

and site design separately.   In terms of buildings, energy use reductions could be 

attributed to the type of dwelling.  As illustrated in Table 2, energy consumption 

is reduced as the number of units increase. Energy use reductions can also be 

attributed to the standards of construction as mentioned in 3.3.1.3. Figure 2 

compares annual heating consumption for single-detached dwellings constructed 

to different standards in Canada. Standards of construction also relate to vintage 

or the age of a dwelling, which is also mentioned in 3.3.1.3. 

 Focusing on site design, energy use reductions can be achieved by 

“encouraging site designs that improve the economics of energy efficiency 

measures and alternative energy supply technologies, and that provide specific 

energy use benefits by, for example, accounting for micro- climate 
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considerations” (Jaccard et al., 1997, p. 1066). To elaborate, reduced lot sizes and 

setbacks from the street can improve the economics of energy efficiency measures 

and using vegetation and landscaping to provide wind shielding, solar gain, and 

summer cooling through shade trees can reduce the amount of end-use energy 

consumed by a dwelling (Jaccard et al., 1997, p. 1066).  

3.4.2.3 Quantifying Energy Use: Buildings and Site Design  

At the Building and site design level of the Hierarchy, energy use can be defined 

for individual dwellings.  Energy use can be quantified by totaling the sum of all 

secondary energy used by energy-using equipment or appliances within the 

dwelling. This total is summarized in a monthly bill from an LDC which states 

energy use for the entire dwelling during a given time period. Energy 

consumption totals for individual dwellings are generally private information 

shared between a homeowner and LDC. Individuals looking to quantify energy 

use in their dwellings can also have an energy advisor complete an energy 

efficiency evaluation of the dwelling.  Offered by NRCan through the ecoENERGY 

retrofit program, “The purpose of the energy efficiency evaluation of existing 

houses is to improve the energy efficiency and reduce the environmental impact 

of existing low-rise housing stock in Canada by identifying and promoting 

opportunities for energy savings to homeowners” (Natural Resources Canada, 

2010, p. 5).  

 Additionally, NRCan (2010) notes, “The evaluation uses a number of tests 

and data gathered by an on-site assessment. These results are entered into an 
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energy simulation computer program that generates an energy rating for the 

house, provides practical and cost-effective energy efficiency upgrade 

recommendations and shows the benefits of making the recommended energy 

upgrades to the house” (p. 5). Energy efficiencies created through modifications 

to the dwelling or site can be compared to previous consumption totals outlined 

in a monthly bill, or the results of the energy efficiency evaluation to quantify how 

much energy was saved. Comparisons between dwelling types can be facilitated 

based on information contained within their respective monthly billing 

statements or ecoENERGY retrofit results to verify which dwelling types are more 

energy efficient.  

3.4.2.4 Summary: Building and Site Design  

Building and site design are important as they influence secondary energy end-

use in the previously discussed Energy-using equipment level of the Hierarchy. 

Urban planners can be involved in decisions at this level of the Hierarchy, 

working with both the public and private sectors. The Building and site design 

level of the Energy Decision-Making Hierarchy is further discussed in future 

chapters of this project. The energy mapping process created in Chapter 8 makes 

considerations involving building and site design.  

3.4.3 Land-Use and Infrastructure 

The upper level of the Energy Decision-Making Hierarchy examines land-use and 

infrastructure. Decisions made at this top level of the Hierarchy affect both 

previously described levels. According to Jaccard et al. (1997), “Urban form has a 
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determining influence on the full cycle of energy use because density and land-

use patterns affect the level of energy service requirements (commuter distances), 

the design of intra-urban transportation systems, the character of energy 

transmission systems, the potential for waste heat utilization, and even the 

possibilities for alternative energy supply systems” (p. 1066). Decisions made at 

the Land-use and infrastructure level of the Hierarchy affect urban morphology 

as described by Salat (2009) in 3.3.1.2, which in turn influence energy use in 

individual buildings or dwellings. Simply put, “Urban form influences all aspects 

of energy use” (Gilmour & McNally, 2010, p. 2). 

 The residential sector generally relates to one type of land-use or 

morphology and its associated infrastructure. In Canada and the United States, 

this land-use or urban morphology has become synonymous with a distinct 

pattern of expansion across the landscape that is known as sprawl or suburban 

sprawl. According to Duany, Plater-Zyberk & Speck (2000), sprawl is generally 

characterized by low-density, single-family, detached housing, and a separation 

of uses enforced through Euclidian zoning regulations. From an infrastructure 

perspective, sprawl generally features networks of roads that are marked by large 

blocks with poor access and there is a lack of well-defined activity centers such as 

downtowns and town centers.  These conditions limit transportation choices and 

encourage uniformity of housing look and options (Ewing, Pendall & Chen, 2002, 

p. 3). Problems associated with this type of development pattern can include: 

higher infrastructure costs, auto dependence, central city decline, loss of 
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farmland, air pollution, destruction of natural habitat, and decreased sense of 

place and community (Silsbe, 2002).   

3.4.3.1 Dimensions 

The dimensions of the Land-use and infrastructure level of the Hierarchy as they 

relate to the residential sector can be described as follows.  

Time - In terms of the time dimension of the Hierarchy, Table 1 notes that land-

use and infrastructure decisions play out over years to decades, although decades 

would be most accurate considering the age of most urban areas in Canada. It 

should be noted that over the past century, the built environment in Canada has 

been greatly shaped by an increasing pattern of urbanization. Before the Second 

World War, just over half the Canadian population lived in urban areas. In 2006, 

80% of all Canadians lived in urban areas, up from 76% in 1986 (Statistics 

Canada, 2008).  

Space - To cope with this urban migration, cities all over the country have 

expanded horizontally and vertically to accommodate new residents. Although a 

vertical expansion continues to occur, it in no way compares to the horizontal 

residential expansion of cities in Canada in the form of sprawl. As such, land-use 

and infrastructure are said to occupy a lot of space as stated in Table 1. To 

elaborate on the contents of Table 1, land-use and infrastructure can encompass 

entire urban networks that include a variety of sectors and can range from the 

neighbourhood scale to an entire conurbation. As the focus of this project is only 
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on the residential sector, a neighbourhood scale is assumed for the spatial 

dimension of the Hierarchy.  

Decision Making - According to Jaccard et al. (1997), decisions regarding land-

use and infrastructure are “generally determined by government and public 

agency decisions while equipment level decisions are generally made by 

individual firms and households” (Jaccard et al., 1997, p. 1067). “Thus, market 

forces frequently predominate in resource allocation decisions at the equipment 

level while public sector planning and management decisions, albeit often in 

response to market forces, tend to predominate at the infrastructure level” 

(Jaccard et al., 1997, p. 1067). 

 To manage existing and future land-use and infrastructure decisions, 

governments and public agencies that include urban planners rely on legislation 

and policy documents such as development plans or official community plans to 

determine how, where, and when residential sector development should occur. 

Governments and public agencies also utilize energy-related legislation, policy, 

and energy planning to influence how energy is used within the residential sector.  

Energy-related legislation, policy, and planning are discussed in Chapter 4.  

3.4.3.2 Achieving Energy Reductions Through Land-Use and Infrastructure 

One of the most salient yet often overlooked problems associated with sprawl is 

the incredible amount of energy it consumes.  Considering energy-related 

decisions regarding land-use and infrastructure play out over the longest 

timeframes and consume the most physical space, several initiatives that deal 
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with land-use and infrastructure as they relate to the residential sector are 

reviewed herein.   Before reviewing these initiatives, the following is mentioned 

as a caveat. According to Owens (1992), “Some degree of consensus about energy 

efficient form has emerged, but perhaps one of the most important conclusions to 

be drawn from a review of the literature is that it is impossible to define an ideal 

energy efficient form unambiguously” (Owens, 1992, p. 89).  Additionally, Owens 

(1992) notes “The degree of certainty tends to diminish as the scale of spatial 

resolution increases. At the lower end of the scale (buildings and 

neighbourhoods), where urban planners' responsibilities overlap with those of 

architects and developers, theory has advanced to the point where practical 

application is really a matter of overcoming inertia and conservative attitudes to 

urban design. At the urban and regional level, theoretical conclusions are more 

ambiguous and planning implications in the real world less clear, though there is 

still ample scope to incorporate energy considerations into land-use planning 

policies” (Owens, 1992, p. 89). 

 With a degree of uncertainty established, the following initiatives attempt 

to include energy use and conservation as part of their focus on manipulating the 

residential portion of the building sector, and provide urban planners with 

options to make better energy-related decisions. Initiatives are reviewed in order 

of their emergence.   

Sustainable Development - As urban planners, solutions for creating energy 

efficient built environments often fall under the umbrella of sustainable 
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development. This initiative has come to include many strategies and serves as 

the underlying ideology for many of the approaches discussed in the upcoming 

paragraphs. Sustainable development has three main objectives that are 

sometimes referred to as the three E’s: equity, economy and environment (Berke, 

2002).  The sustainable development concept popularized in 1987 by the 

Bruntland Report, was defined as: “development that meets the needs of the 

present without compromising the ability of future generations to meet their own 

needs” (WCED, 1987, p. 8).  

 The Rio Earth Summit in 1992 was seen as a catalyst for sustainable 

development, setting out a comprehensive agenda that aimed at helping nations 

achieve a sustainable balance between consumption, development and the earth’s 

carrying capacity (Karimi, 2005).  Over the past three decades, sustainable 

development has turned into an approach where its goals have been adopted by 

governments all over the world. Unfortunately, the approach suffers from the 

elusive definition of sustainability, which may not be precise or complete (Carter, 

2001).  In addition, many policy makers see sustainable development as being 

too large an issue to quantify, too vague or not specific enough in terms of scope, 

not regionally relevant, or not scaled to promote local action (Carter, 2001). 

 Although energy is imbedded in all three E’s of sustainable development, 

the approach tends to measure the production, use and negative effects of energy 

use indirectly or on very broad and often national scales.  Example of such 

practices include: quantifying GHG emissions, describing energy use by source, 
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discussing it in terms of the UN’s Human Development Index (HDI), or an area’s 

Ecological footprint (Moran et al., 2008). In essence, sustainable development as 

adopted by governments and organizations tends to deal with energy as one part 

of a larger set of issues, and rarely deals specifically with energy use and the 

residential sector and only generally attributes energy-related decisions to any 

specific level of the Energy Decision-Making Hierarchy. 

Smart Growth and New Urbanism - Two initiatives gaining widespread 

acceptance from governments, policy makers and urban planners for providing a 

built alternative to energy intensive residential sector sprawl are Smart Growth 

and New Urbanism.  In many ways, the three E’s of sustainable development 

have percolated their way into these initiatives, but they are less focused on broad 

development principles and more focused on the physical form, layout and the 

design of urban spaces. It is important to realize that although Smart Growth and 

New Urbanism are often referred to synonymously, they differ in several ways 

(see Knaap & Talen, 2005). Simply described, New Urbanism focuses on 

aesthetics and the design of development while Smart Growth emphasizes 

regional planning and the actual location of a development. Despite these 

differences, Smart Growth and New Urbanism advocate for many similar urban 

traits including:  

• A mix of uses (residential, commercial, institution, etc.) 

• A walkable pedestrian oriented environment 

• A mix of housing types 

• A push for infill development and urban revitalization 
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• A built environment that accommodates a wide range of mobility options 

• A push for higher urban densities (Silsbe, 2002) 

 Energy is inherently part of all of these traits, and both initiatives include 

decisions that could be attributed to the Energy Decision-Making Hierarchy. 

With specific regards to energy, New Urbanism’s operating principles or The 

Charter of the New Urbanism states: “All buildings should provide their 

inhabitants with a clear sense of location, weather and time. Natural methods of 

heating and cooling can be more resource-efficient than mechanical systems” 

(Congress for the New Urbanism, 2001). These interventions relate to the 

Building and site design and the Energy-using equipment levels of the Hierarchy. 

With regards to Smart Growth, energy is addressed by promoting compact 

design. According to Smart Growth Online “Local governments find that on a 

per-unit basis, it is cheaper to provide and maintain services like water, sewer, 

electricity, phone service and other utilities in more compact neighborhoods than 

in dispersed communities” (Smart Growth Online, 2010). This would relate to the 

Land-use and infrastructure level of the Energy Decision-Making Hierarchy.  

At the time of writing, limited research exists as to whether either 

initiative has a proven capability of reducing energy consumption through 

energy-related decisions made at the land-use and infrastructure level of the 

Energy Decision-Making Hierarchy or how potential energy reductions would be 

quantified.  This may be related to both initiatives not having specified 

performance standards for energy use. Most of the information that does exist 

about energy consumption for both initiatives measures efficiencies through 
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reductions in vehicle miles traveled or VMT. According to Handy (2005), the use 

of the Smart Growth principles has been known to mitigate the negative effects of 

sprawl and make it easier for those who want to drive less to do so. Many New 

Urbanist projects have also been known to reduce VMT and increase pedestrian 

travel (Lund, 2003). Both initiatives are helpful for urban planners looking for 

proven ways to reduce VMT, but offer little in terms how efficiencies can be 

quantified in the quest to reduce energy consumption within the top two levels of 

the Energy Decision-Making Hierarchy related to the residential sector.   

LEED for Neighborhood Development (LEED ND) - A more recent 

initiative designed to reduce urban sprawl and create energy efficient 

neighborhoods is LEED for Neighborhood Development (LEED ND).  LEED ND 

is a rating system that integrates the guiding principles of Smart Growth, New 

Urbanism, and the LEED green building rating system into a standard for 

neighborhood design.  At the time of writing, LEED ND is specific to the LEED 

rating system being utilized in the United States, although several pilot projects 

are actively underway in Canada.  

 Similar to the LEED green building rating system, LEED ND is a voluntary 

design system that awards points for credits in five different categories.  These 

categories include: Smart Location and Linkage (Smart Growth), Neighborhood 

Pattern and Design (New Urbanism), Green Infrastructure and Buildings (LEED 

Green Building Rating System), and Innovation and Design (U.S. Green Building 

Council, 2013).  Although energy awareness is embedded throughout the rating 
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system, the Green Infrastructure and Buildings (GIB) category offers a 

comprehensive approach to addressing energy use in the built environment, and 

features specified energy performance standards.  Five energy-related credit 

areas within this category include:    

• GIB Credit 2: Building Energy Efficiency  

• GIB Credit 10: Solar Orientation 

• GIB Credit 11: On-Site Renewable Energy Sources 

• GIB Credit 12: District Heating and Cooling  

• GIB Credit 13: Infrastructure Energy Efficiency (U.S. Green Building 
Council, n.d.).   

 The energy-related decisions within these credit areas generally influence 

the top two levels of the Energy Decision-Making Hierarchy. Within the LEED 

ND rating system, energy efficiencies are measured by applying green building 

standards as recommend by: ANSI, ASHRAE, IESNA, and ENERGY STAR 

standards.  These standards allow for actual building energy consumption 

comparisons to be made to baseline calculations as determined for each credit 

area. In addition to these credit specific comparisons, Turner and Frankel (2008) 

write: “The most basic benchmark compares LEED building energy use intensity 

(in kBtu/sf/yr) to data from all national building stock...For all 121 LEED 

buildings, the median measured EUI was 69 kBtu/sf, 24% below (better than) the 

CBECS national average for all commercial building stock. Comparisons by 

building activity type showed similar relationships. For offices, the single most 

common type, LEED EUI’s averaged 33% below CBECS” (p.2). 
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 Kats (2003) also reviewed the energy performance of LEED buildings and 

found on average they were 25-30% more energy efficient compared to ASHRAE 

90.1-1999 for California buildings Title 24 baselines. In addition, Kats (2003), 

found that LEED buildings were: 

•    Characterized by even lower electricity peak consumption. 

•    More likely to generate renewable energy on-site. 

• More likely to purchase grid power generated from renewable energy 

sources (green power and/or tradable renewable certificates) (p.19). 

 The findings of both Turner and Frankel (2008) and Katz (2003) highlight 

the success of the LEED green building rating system for creating energy 

efficiencies on a building-by-building basis, but the success of the LEED ND as a 

energy efficient neighborhood design strategy is largely unknown at this time, 

despite having specified energy performance standards. This is not surprising 

considering the limitations of both Smart Growth and New Urbanism with 

regards to quantifying energy considerations as previously mentioned. Although 

LEED ND appears to be a successful marriage of three existing strategies for 

creating sustainable built environments, more research and improved ways of 

quantifying energy savings are required to fully comprehend the benefits of this 

initiative.   

3.4.3.3 Quantifying Energy Use: Land-Use and Infrastructure 

At the Land-use and infrastructure level of the Hierarchy, quantifying energy use 

and energy efficiencies become more difficult. As previously discussed, Owens 

(1992) notes that the degree of certainty regarding energy decisions becomes 
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significantly more abstract as the spatial scale increases. To calculate total 

residential sector energy consumption at the neighbourhood scale, actual 

consumption data would be required for each individual dwelling in the study 

area. Unfortunately, this information can only be obtained from whoever receives 

the monthly energy use total and associated bill from the LDC, or alternatively 

the LDC itself. Due to privacy concerns, this information is not publicly available 

from the LDC, and would be difficult to obtain from each and every individual in 

a given area. Calculating potential energy efficiencies at the neighbourhood scale 

is equally as difficult and hampered by similar issues. To summarize, energy use 

is more difficult to quantify at a neighbourhood scale, and therefore well-

informed energy-related decisions can be difficult to make. At the time of writing, 

there is no best practice example of how energy use and efficiencies at this level of 

the Hierarchy are quantified. 

3.4.3.4 Summary: Land-Use and Infrastructure  

The initiatives discussed in the previous paragraphs attempt to provide urban 

planners with an alternative to dispersed, sprawl type residential sector 

development or urban morphology. Although energy is addressed (sometimes 

indirectly) by all initiatives, it is evident LEED ND places a direct focus on energy 

use, specifically energy-related decisions that would be made at the Land-use and 

infrastructure level and the Building and site design levels of the Energy 

Decision-Making Hierarchy.  Urban planners are involved with decisions made at 

the Land-use and infrastructure level of the Hierarchy, and are involved in such 

activities as influencing land-use policy through to the actual implementation 
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stages of residential sector development. The Land-use and infrastructure level of 

the Energy Decision-Making Hierarchy is further discussed in future chapters of 

this project. The energy mapping process created in Chapter 8 accounts for 

energy use at the Land-use and infrastructure level of the Hierarchy. Chapter 9 of 

this project proposes modifications to land-use or urban morphology through the 

use of scenarios.   

3.5 Conclusions 

This chapter is intended to serve as the point of departure for discussing energy 

and the residential sector. To begin, background information on energy use in the 

residential sector was presented. Next, the factors that influence energy 

consumption of individual dwellings were reviewed. These factors are re-

addressed in Chapter 5 as they relate to creating representative dwellings 

archetypes as part of the energy mapping process. The process of creating 

dwelling archetypes is also discussed in Chapter 5. Finally, the Energy Decision-

Making Hierarchy as it applies to the residential sector was discussed, and all 

levels of the Hierarchy and their associated dimensions were described. For each 

level of the Hierarchy, a description of how energy use reductions are achieved 

and how energy use and energy efficiencies are quantified was provided.  

 The following research questions have been answered in this chapter. The 

first research question was: What are the current approaches being used 

to create energy efficient urban environments?  As outlined in this 

section, there are a variety of steps, approaches, and initiatives being taken that 



 

59 

 

specifically relate to creating efficiencies at certain levels of the Hierarchy, and 

combined, can contribute to creating energy aware and efficient urban 

environments. For each level of the Hierarchy, this question was specifically 

answered under the “achieving energy reductions” heading for each level of the 

Hierarchy.   

 The next research question addressed in this chapter was: How are 

energy use and energy efficiencies quantified within the realm of 

urban planning? As discussed, energy use and creating energy efficiencies are 

quantified differently at each level of the Energy Decision-Making Hierarchy. It 

would appear that energy use and creating energy efficiencies are easier to 

understand and quantify at the Energy-using equipment and the Building and 

site design levels of the Hierarchy.  At the Land-use and infrastructure level of the 

Hierarchy, issues including privacy concerns and scale add levels of complexity. 

At the time of writing, there does not appear to be any research that quantifies 

potential energy use reductions at this level. Although the discussed initiatives 

attempt to reduce energy consumption, they lack the ability to anticipate what the 

actual use reductions will be, which is key to their success. Church (2007) writes: 

“The energy implications of urban planning are often not fully realized until well 

after build-out” (p. 52).  As such, the initiatives discussed, including LEED ND 

may fall short of their desired targets with respect to energy use reduction. This 

uncertainty may limit whether or not they receive buy-in, and the monitoring 

they require to ensure reduction goals are met over the long term.    
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 The final research question addressed in this chapter was: What types of 

energy-related decisions do urban planners make? The answer to this 

question relates to the decision-making dimension of the Hierarchy where it 

becomes apparent that the decisions urban planners make generally affect energy 

use at the Building and site design and the Land-use and infrastructure levels of 

the Energy Decision-Making Hierarchy. As mentioned in this section, legislation 

and policy influence the decisions urban planners make at these levels of the 

Energy Decision-Making Hierarchy. To elaborate on how legislation and policy 

influence energy decision making, the following chapter of this literature review 

will examine energy-related legislation, policy, and energy planning being used 

across Canada.  
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Chapter 4: Enabling Energy Legislation and Energy 
Planning 

4.1 Introduction 

As stated in the previous chapter, energy decisions related to the Building and 

site design and Land-use and infrastructure levels of the Energy Decision-Making 

Hierarchy are generally made by the public sector or by government agencies.  

These are also the two levels of the Energy Decision-Making Hierarchy that urban 

planners are most involved in energy-related decisions.   

This chapter elaborates on the decision-making dimension of the 

Hierarchy by providing a brief overview of existing enabling energy legislation 

and policy being utilized by different levels of government across Canada. This 

review is presented from a macro to micro scale, beginning with background 

information about energy legislation and policy in Canada. Next, energy 

legislation and policy from the federal context are discussed, followed by the 

provincial context, and then finally the municipal context. This overview is not 

intended to create an exhaustive list of all energy-related legislation and policy, 

but provide some key examples of how legislation and policy are being used to 

shape the impacts of energy production and use. It is important to note that 

energy legislation and policy in Canada often overlaps with legislation and policy 

related to GHG emissions. Both will be discussed in the following paragraphs as 

they relate to energy use in all sectors. Finally, the energy planning movement is 

discussed as it relates to enabling policy and legislation used by provincial and 
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municipal levels of government. As outlined in Chapter 1, the following research 

question guides the content of this chapter: 

How do legislation, policy and energy planning influence 
 energy-related decisions?  

4.2 Background 

Legislation and policy are mechanisms used by governments to effect action and 

change. Considering the energy focus of this project, legislation or policies that 

deal with energy are “aimed at influencing and shaping the supply of energy, the 

demand for energy by various users and the environmental impacts of energy 

use” (Doern, 2005, p. 4). In Canada, jurisdiction over energy and energy 

development is shared by federal and provincial governments. The constitution 

states that the federal government has power and responsibility over 

interprovincial and international movements of energy and energy-using 

equipment (Natural Resources Canada, n.d., p. 1). The federal government is 

responsible for leading research in energy science, technology and efficiency. 

Finally, the federal government is responsible for the regulation of nuclear 

energy, uranium mining and the development of oil and natural gas in northern 

territories (Natural Resources Canada, n.d., p. 2). The constitution grants the 

provinces control of the energy resources within their borders. Provinces are 

therefore responsible for resource management, intra-provincial trade and 

commerce and any associated environmental impacts (Natural Resources 

Canada, n.d., p. 1). Additionally, provinces have jurisdiction to develop legislation 
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on energy and land-use planning pertaining to municipalities (Webster et al., 

2011, p. 3154).  

Conflicts between the federal government and provincial governments 

regarding their shared jurisdiction over energy continue to arise.  One such 

conflict has been over creating a national energy plan for the country. Canada 

does not currently have a national energy plan to guide use, development, and 

conservation.   In 1980 however, the Trudeau government attempted to create a 

National Energy Policy or NEP to mitigate concerns caused by energy crises of 

the 1970’s. Although it didn’t infringe on the constitution, this attempt at a 

national policy deeply affected the balance of power creating favor towards the 

federal government over the power of the provinces. Referred to as a “centre-

periphery” type conflict by Duquette (1995), the NEP was seen as a power grab by 

the western provinces.  Fortunately for the provinces, the energy crisis did not 

last and the predictions made by the NEP seemed increasingly unreasonable.  

When Brain Mulroney replaced Pierre Elliot Trudeau in 1984, the NEP was 

scrapped and replaced by energy policy that was respectful of provincial 

jurisdictions (Duquette, 1995).  Energy in Canada is still regulated based on this 

arrangement. 

4.3 Federal Context 

Since the NEP ended, highlights from the federal government’s involvement with 

energy policy can be described as follows. In 1997, the federal government signed 

the Kyoto Protocol and committed to reducing national emissions to 6% below 
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1990 levels by 2008-2012 (Government of Canada, 2010). Around that time, the 

federal government also introduced several plans and strategies that address 

energy production and consumption either directly or indirectly. They included 

but are not limited to the following plans, policies and strategies as outlined by 

Rivers and Jaccard (2009): 

• Green Plan – 1995  

• National Action Plan on Climate Change -1995  

• Renewable Energy Strategy – 1996 

• Climate Change Plan for Canada – 2001 

• Project Green: A Plan for Honouring our Kyoto Commitment – 2005  

 The aforementioned plans and strategies have had varied levels of success, 

but unfortunately, national emissions and energy consumption continue to rise.  

Canada’s commitment to the Kyoto Protocol was in jeopardy as national emission 

levels were already 24% above 1990 levels in 2003 (Liming et al. 2006).  In 2011, 

the federal government decided not to renew its commitment to the Kyoto 

Protocol, which highlights the lack of top-down direction at the federal level.  

Legislation and policy at the federal level generally focus on energy production 

and the associated emissions, without a specific focus on any of the levels of the 

Energy Decision-Making Hierarchy. 

4.4 Provincial Context 

At the provincial level, promising legislation is beginning to emerge with regards 

to cutting emissions and enabling energy use reductions. In recent years, both the 

provinces of Ontario and British Columbia have been identified as leaders in 
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creating policy that can effect energy use reductions at provincial and municipal 

levels (Webster et al., 2011, p. 3154). In Ontario, the catalyst for transformative 

action in the energy sector has been spurred by an interest in an open market for 

energy production and distribution, aging energy infrastructure, and near 

brownouts (Webster et al., 2011, p. 3155). Recent notable legislation includes: 

Green Energy and Green Economy Act (2009) - Bill 150, or the Green 

Energy and Green Economy Act (GEGEA) 2009 was an omnibus bill which 

created the Green Energy Act, 2009 and amended 11 other Acts.  Under Bill 150, 

the Environmental Commissioner of Ontario is responsible to reduce or make 

more efficient use of electricity, natural gas, propane, oil and transportation fuels. 

Additionally, the Environmental Commissioner is required to review the progress 

in meeting any government-established targets to reduce energy consumption 

and increase efficient use of these fuels, as well as to identify barriers to 

conservation and energy efficiency (Environmental Commissioner of Ontario, 

2009, Volume 1, p. 2). Bill 150 “makes it easier to bring renewable energy 

projects on-line and encourages a culture of conservation. Changes introduced 

with the bill include a Feed-In-Tariff (FIT), the establishment of conservation 

targets for utilities, and the requirement for public sector institutions to develop 

energy conservation plans” (Webster et al., 2011, p.3155). 

 In British Columbia, a series of acts promoting energy efficiency and 

emissions reductions have been passed in recent years. Notable legislation 

includes: 
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Local Government Act (2008) - The Local Government Act authorizes local 

governments to create official community plans. According to the BC Climate 

Action toolkit, an official community plan is possibly the most important plan in 

a community for reducing emissions as it helps to establish land-use patterns, 

housing types, the provision of infrastructure, and development requirement 

regarding energy efficiency targets (BC Climate Action Toolkit, n.d.). Tied to the 

Local Government Act is the Local Government (Green Communities) Statutes 

Amendment Act (Bill 27, 2008) which links energy and emissions to land-use 

planning processes by requiring local governments to include GHG emissions 

targets, policies and actions in their official community plans and regional growth 

strategies (Webster et al., 2011, p. 3154).  

Clean Energy Act (2010) - The Clean Energy Act (Bill 27) affirms that BC 

Hydro must achieve energy self-sufficiency by 2016 and each year thereafter (BC 

Climate Action Toolkit, n.d.). Additionally, it sets ambitious goals and objectives 

that include ensuring that 93-100% of electricity to be renewable by 2020, and 

that energy reductions of 66% less increased demand must be achieved (Webster 

et al., 2011).  

 Enabling energy-related legislation from the Province of Manitoba was not 

mentioned in literature related to the energy mapping approach available at the 

time of writing. Recently however, the Province of Manitoba has enacted two acts 

specifically related to energy use and conservation. These two acts can be 

summarized as follows:  
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Climate Change and Emissions Reductions Act (2012) - This act sets an 

initial emissions reduction target to reduce emissions to an amount that is at 

least 6% less than Manitoba’s total emissions in 1990 (Province of Manitoba, 

2012a).  

Energy Savings Act (2012) - This act is the first of its kind in North America. 

It aims to make energy efficiency programs accessible to all Manitobans through 

an innovative on-meter financing mechanism, creating potential for poverty 

reduction, community renewal, and social enterprise development (Province of 

Manitoba, 2012b).  

 Of the above-mentioned legislation, the Green Energy and Green 

Economy Act (2009) from the Province of Ontario, the Clean Energy Act (2010) 

from the Province of British Columbia and the Climate Change and Emissions 

Reductions Act (2012) from the Province of Manitoba all generally deal with the 

production of energy and reducing emissions. As such, they are not directly 

attributable to any specific level of the Energy Decision-Making Hierarchy.  The 

Local Government Act (2009) from the Province of British Colombia and the 

Energy Savings Act (2012) from the Province of Manitoba, however can 

influence energy-related decisions as outlined in the Energy Decision-Making 

Hierarchy. The Local Government Act (2009) deals with land-use planning, 

infrastructure and housing types and can therefore be attributed to the top two 

levels of the Hierarchy. The Energy Savings Act (2012) can be directly 
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attributable to the lower level of the Energy Decision-Making Hierarchy as it 

generally relates to energy-using equipment.   

4.5 Municipal Context 

Empowered by provincial legislation such as the acts mentioned above, 

municipalities are becoming more involved with energy-related issues, which has 

not always been the case. According to Gilmour and McNally (2010), until 

recently, “municipal governments in Canada have not been actively involved in 

the energy industry and have treated energy consumption and supply as a side-

effect of actions of local residents and businesses” (p. 2). With their increasing 

involvement, municipalities are managing energy-related issues either through 

service provision such as district energy systems, or the development of energy 

policies and plans (Gilmour & McNally, 2010, p. 2).   

With regards to energy policies, they can be a component of an official 

community plan or development plan. These types of policy based plans generally 

offer direction regarding land-use, providing an overarching vision for how, 

where and when development should occur. As previously mentioned, 

governments and public agencies that employ urban planners rely on these plans 

for decision-making purposes. Municipalities are also using energy planning that 

focuses specifically on energy use and conservation, influencing energy-related 

decisions at all levels of the Energy Decision-Making Hierarchy.  Energy planning 

or undertaking energy planning activities involves bringing energy considerations 
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to the forefront of the planning and development process, and will be the focus of 

the upcoming section of this chapter.  

4.6 Energy Planning 

Energy planning is a movement that uses energy as the foundation of planning 

related decisions.  It generally involves creating an energy plan that is 

implemented through enabling legislation and policies, such as those mentioned 

in the previous paragraphs. Until recently, energy planning has generally 

occurred at the municipal level. This type of planning is of utmost importance as 

Jaccard et al. (1997) suggests energy planning can have a significant effect on 

global CO2 emissions and a decrease in energy service costs and energy 

consumption of 15-30%. Owens (1992) writes, “Neglect of energy considerations 

in the planning process risks the development of energy intensive land-use 

patterns by default” (p. 82). Community Energy Planning (CEP), Community 

Energy Management (CEM) and Integrated Community Energy Solutions (ICES) 

are all forms of energy planning currently being pursued in Canada.  All make 

considerations at each level of the Energy Decision-Making Hierarchy, and can be 

attributed directly to the residential sector. Sections 4.6.1 through 4.6.3 discuss 

the different forms of energy planning, and compare and contrast each approach.  

4.6.1 Community Energy Planning (CEP)  

Energy planning is often accomplished through the use of a Community Energy 

Plan or CEP. According to Natural Resources Canada (2007), a CEP serves as a 

framework for communities to understand the role that energy plays within their 
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lives, the role that it plays in planning for future growth, and the role it plays in 

protecting the environment (p. 8). A CEP is also a “method of evaluating land use 

and community design options for the more efficient consumption of energy” 

(Natural Resources Canada, 2005, p. 8). According to the CUI (2008), a CEP 

develops a long range vision for energy reductions by base lining existing 

measurable targets in all areas of a community including water consumption, 

grid reliance, vehicle trip reduction, and use of alternative, as well as renewable 

fuels and a wide array of technologies, demand side management techniques and 

other energy reduction practices.  These practices mainly focus on land-use and 

infrastructure and can be incorporated into the long-term development goals of a 

community. The CEP framework is a dynamic process that requires participation 

with stakeholder groups from throughout the city.  

A CEP is implemented at a municipal scale over several months or years 

and usually involves several steps.  The Arctic Energy Alliance’s CEP is made up 

of six different steps.  They are as follows: 

1. Launch Effort – Get Organized and form a group of people who are 

interested in energy 

2. Create a Community Energy Profile – Create an overview of how 

energy is used in your community 

3. Evaluate Energy Opportunities – Evaluate potential projects and 

partnerships that could improve energy management 
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4. Write the Community Energy Plan – Assemble promising projects and 

partnerships into a plan for action 

5. Implement and Monitor the Plan – Complete projects listed in the plan 

and check to make sure they are working properly 

6. Revise the Plan – Go back to Step 2 and repeat  (Arctic Energy Alliance, 

n.d.) 

Step 6 shows that a CEP is always evolving to suit the needs of the 

community. Urban planners are needed throughout this process to help 

implement, monitor, and revise the CEP over time. In Canada, cities including 

Yellowknife, Kamloops, North Vancouver, Guelph, and Halifax are in the process 

of undertaking CEP’s.  According to McCullough (2012), the attributes of 

community energy planning appear in the other forms of energy planning (p. 58).  

4.6.2 Community Energy Management (CEM) 

Similar to Community Energy Planning, Community Energy Management (CEM) 

also focuses on land-use and urban design, encouraging energy reductions in a 

variety of practices at a community, or municipal scale. According to McCullough 

(2012), the terms CEM and CEP are often used interchangeably, but have two 

specific differences – CEM places additional focus on technological solutions and 

on energy’s end users (p. 58).  Technical solutions include distributed and district 

energy systems, namely: district heating, micro hydro, wind power, ground 

source heating, waste heat recovery, landfill methane recovery, solar hot water, 

and tidal power. 
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4.6.3 Integrated Community Energy Solutions (ICES)  

Integrated Community Energy Solutions (ICES) is the newest take on energy 

planning in Canada. This approach is also referred to by some, as Integrated 

Energy Planning, or IEP (including McCullough (2012)). According to QUEST 

(2008), ICES is an integrated system approach to land-use, energy, transport, 

and water and waste management where greater emphasis is placed upon 

achieving efficiency for the systems as a whole, and upon creating systems that 

are more resource efficient, adaptable, resilient and sustainable” (p. 2). ICES 

includes the following key features:  

1. Mixed-use and higher density development allows the cost-effective 

integration of systems, including transportation. 

2. LEED certified buildings reduce energy use and environmental impacts. 

3. The unique characteristics of each energy form are matched with its end-

use. 

4. A district energy system allows thermal energy to be effectively managed 

across the different end-uses. 

5. Energy from waste, such as from the sewer system and garbage, is 

recovered. 

6. Local renewable energy contribution, like solar energy, is maximized. 

7. Electricity and gas grids allow optimization of the overall system and 

ensure reliability (QUEST, 2009, p. 4). 

ICES builds on the characteristics of CEP and CEM, and according to 
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McCullough (2012), brings all aspects of energy planning together along with 

recognizing the need for energy policy. ICES recognizes a wide variety of projects 

as being components of energy planning, from small-scale projects to city-wide 

systems (McCullough, 2012, p. 77). McCullough also notes that “An important 

characteristic of IEP is that it recognizes that the ‘silo-based’ approach previously 

used in servicing urban areas, is inadequate to the challenge of reducing energy 

use and GHG emissions” (p. 64).  IEP is more far reaching as it “recognizes the 

need for government policy at several levels in order to be implemented” 

(McCullough, 2012, p. 66).  At the time of writing, QUEST is working with all 

levels of government to implement ICES across Canada.    

4.6.4 Comparison between Energy Planning Approaches 

There are similarities between CEP, CEM and ICES. McCullough (2012) 

acknowledges that these forms of energy planning include the same basic 

components including: land-use planning, energy infrastructure, renewable 

energy systems, transportation planning, and building codes (p. 54). Together 

these versions of energy planning have been pivotal in bringing energy 

considerations to the forefront of the planning process. There are also several key 

differences between each approach. Although CEP and CEM are often used 

interchangeably, McCullough (2012) notes that “CEP strives to be comprehensive 

with an emphasis on land-use planning while CEM instead emphasizes demand 

management and technical aspects of energy use at the consumer level (p. 77).  

McCullough (2012) also notes that neither CEP nor CEM engages 
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provincial or federal governments as part their respective processes (McCullough, 

2012, p. 77).  This stands in contrast to ICES, which casts a much larger net with 

regards to the levels of government it involves. McCullough (2012) states “The 

difference between integrated energy and earlier approaches to energy planning 

is that it seems to have broadened thinking about energy planning” (p. 66). He 

identifies the strengths of ICES as being holistic, emphasizing the importance of 

land-use decisions, and recognizing the need for government policy at several 

levels in order to be implemented, which stands in contrast to CEP and CEM 

under which municipalities essentially have to work independently (p. 66). 

4.6.5 Challenges/Barriers 

All forms of energy planning have had varied levels of success incorporating 

energy considerations into the planning and development process as well as 

reducing energy consumption and emissions, however, challenges have also been 

documented. With regards to CEP’s, Tozar (2010) writes that “targets established 

in plans for community-wide energy and emissions (E&E) reductions are not 

being consistently achieved” (p. 26). According to Gilmour and McNally (2010), 

“Another limitation of CEP’s prepared in Canada is the lack of a spatial element 

in preference for spatial analysis” (p. 3). Further, they note that the CEP 

approach minimizes the ability to actively evaluate and analyze where strategic 

investments or actions should be taken on the ground to reduce energy 

consumption” (McNally & Gilmour, 2010, p. 3). ICES also face challenges, many 

of which are addressed in Integrated Community Energy Solutions: A Roadmap 
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for Action by the Council of Energy Ministers. Some of the most salient 

challenges mentioned are summarized as follows:  

Decision making and inter-jurisdictional complexity - As mentioned in 

the previous section of this chapter, due to the complexities that exist between 

levels of government, energy-related decisions can be difficult to make. 

“Decisions are technically complex, involve multiple stakeholder groups and 

cross departmental and jurisdictional boundaries. Few tools exist to support 

multi-stakeholder decision-making” (Council of Energy Ministers, 2009, p. 12). 

Poor understanding of the ICES potential - ICES is a relatively new 

approach, and as such, is not completely understood. “This is partly because best 

practices are not well documented, and the benefits are not adequately 

quantified” (Council of Energy Ministers, 2009, p. 12). 

Shortage of ICES experience and expertise - Again, since ICES is relatively 

new, there is not a wealth of best practice examples that can be duplicated and 

there is currently a general lack of expertise needed to undertake new projects. As 

such, buy-in from governments is less likely to occur (Council of Energy 

Ministers, 2009, p. 12).  

Limited integration of energy considerations in community planning - 

The report acknowledges that most provincial legislation and policies do not 

require energy considerations to be addressed in the community planning 

process and that energy plans are not required in most jurisdictions (Council of 

Energy Ministers, 2009, p. 12). 
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Shortage of accessible data and analysis tools - “Locating and assembling 

the information needed to identify, evaluate, select and implement ICES can be 

costly and time-consuming. Relevant community level data are often not 

available, and those that are collected are often not reported in a way that 

supports community energy planning” (Council of Energy Ministers, 2009, p. 12). 

Additionally, the report mentions “the tools to identify and analyze opportunities 

for ICES are not available to all communities” (Council of Energy Ministers, 

2009, p. 12). 

It is clear from the above list of challenges that all forms of energy 

planning have limitations holding back potential implementation. To address 

these limitations, Webster (2011) recommends that “there is a need for improved 

decision support for community-wide actions, aided by models flexible enough to 

assess the impacts of a variety of future scenarios” (Webster et al., 2011, p. 3153).  

Additionally, Webster (2009) writes, “The availability of rigorous yet easy-to 

understand information on energy use is key to evidenced-based land use 

planning decisions that result in reduced energy use and greenhouse gas 

emissions in Canadian communities” (p. 1).  

4.7 Conclusion 

The following research question provided direction for this chapter: How do 

legislation, policy and energy planning influence energy-related 

decisions? This question was addressed through an overview of existing 

enabling legislation and policy, and discussing how they attempt to provide 
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direction with regards to energy use, production and conservation. The overview 

provided insight into which levels of government generally make energy-related 

decisions, and taking this into consideration, several conclusions can be made.  

 A tumultuous relationship between the federal and provincial 

governments regarding jurisdiction over energy continues to create challenges 

and a lack of clear guidance with regards to reducing energy use and emissions. 

Efforts to address energy issues appear to be siloed at best, and better 

communication between all levels of government is needed. Continued 

urbanization means more energy-related issues will play out at the municipal 

level. As such, municipal governments will have to become increasingly involved 

in energy-related issues.  They will need to be empowered by effective legislation, 

policy, and the political foresight to ensure follow-through over the long-term.  

Many municipalities have taken energy issues into their own hands, 

utilizing CEP, CEM and ICES to bring energy issues to the forefront of the 

planning process. Although this is a step in the right direction, these forms of 

energy planning have been seen to experience shortcomings such as a lack of 

spatial elements, and the ability to anticipate future energy requirements and 

their implications.  These shortcomings highlight the need for improved energy-

related decision-making tools. The use of the energy mapping approach as a 

decision-making tool is key for addressing the aforementioned shortcomings, as 

the use of energy mapping’s outputs allow for informed energy-related decisions 
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to be made regarding energy legislation and policy, and energy planning 

initiatives. 

This research project supports this identified need for improved energy 

decision-making tools, and as such, proposes using the energy mapping 

approach.  This emerging promising practice aims to quantify the energy 

implication of potential land-use and development decisions, with urban 

planners playing a pivotal role in the process. Energy mapping’s ability to 

examine future scenarios and predict their energy implications is key to 

eliminating the potential unknown factors of undertaking alternatives to typical 

sprawl type development.  Good planning is necessary for addressing energy-

related issues, and the energy mapping approach can be the means by which 

informed energy decisions are made. The next chapter reviews the energy 

mapping approach, providing an overview of existing promising practice to 

inform an energy mapping process that is developed in Chapter 8, and utilized in 

Chapter 9 to undertake an energy mapping study in the City of Winnipeg, 

Manitoba.   
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Chapter 5: The Energy Mapping Approach 

5.1 Introduction 

In light of the information contained in Chapters 3 and 4, there appears to be 

great potential for energy mapping in all types of communities across Canada. 

This chapter presents the energy mapping approach as a decision-making tool to 

help deal with the energy-related issues discussed in the previous chapters. As 

outlined in Chapter 1, the following research questions guide the content of this 

chapter: 

What are some of the identified benefits of utilizing the energy 
mapping approach? 

What is energy modeling and how does it inform the energy 
mapping approach?  

5.2 The Energy Mapping Approach 

To recap and provide additional insight to the information presented in Chapter 

1, energy mapping is an emerging approach that works to provide municipalities 

and utilities with a way to evaluate energy use in a community (Canadian Urban 

Institute, 2008). The energy mapping approach integrates modeled energy 

consumption information into a GIS to produce highly visual maps that display 

current energy use within a given community. According to Webster (2009),  

“Given reasonably accurate building energy information, a GIS is perhaps the key 

platform for linking energy to land use. An integrated land use and energy model 

developed in this way can serve a wide range of decisions by providing on-

demand analysis for exploration of the energy implications of neighborhood 
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design plans or development proposals” (p. 11). The energy mapping approach 

can be used to map energy use within a variety of sectors that include residential, 

commercial, and industrial, although the focus of this project is on the residential 

sector.  

 The energy mapping approach applies a process that begins with 

determining baseline energy use for a given area. Baseline energy use is 

determined by assembling a wide variety of data inputs such as tax assessment 

roll data and energy consumption data from local utilities.  According to the CUI 

(2011a), 

 “By combining these datasets as part of the baseline mapping process, 

queries performed on the database can provide valuable information about 

the energy consumption trends of buildings in terms of how they correlate 

with building characteristics, such as building size, type, age, and 

occupancy.  Moreover, by incorporating spatial analyses, trends can also 

be identified at the neighbourhood level…when displayed on a map, this 

becomes a powerful tool for communicating the energy impacts of built 

form” (p. 4).   

 Next, the process applied by the energy mapping approach utilizes 

scenarios to create a desired land-use and energy future for a given area. Creating 

scenarios that provide a way of visioning how a residential neighbourhood could 

look is a very important part of the energy mapping process for several reasons.  

The CUI (2011a) notes, “By simulating and mapping the energy associated with 
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expected development, municipalities can assess how to reduce energy 

consumption in the context of expected growth” (p. 9). Gilmour and McNally 

(2010) add that “Scenarios and the future forecasting they provide, offer a 

powerful way to understand the impacts of land use and transportation decisions 

by planners and engineers at one time on the same platform - a map” (p. 7). 

According to the CUI (2011a),  

“The maps produced by the energy mapping process allow for decision 

makers to compare a city’s future energy demand to that of the present 

day. Moreover, building energy simulations informed by recent 

developments with the city can provide insight into how different building 

types consume energy. For example, the energy consumed by existing and 

projected single-family dwellings can be compared to energy consumed by 

row-housing or apartments in another part of the city on a per capita 

basis” (p. 9).  

 Gilmour and McNally (2010) note, “The approach developed and in use 

across Canada was developed by the Canadian Urban Institute” (p. 4). The first 

Canadian based application of the energy mapping approach was applied in the 

City of Calgary by the CUI. Since this initial attempt, the CUI has completed or is 

pursuing energy mapping studies in the cities of Guelph, Hamilton, Barrie, and 

London Ontario. “Agencies such as Natural Resources Canada, CanmetENERGY, 

are also engaged in advancing the concept of energy and carbon mapping in 

Canada” (Gilmour & McNally, 2010, p. 4). At the time of writing, there is no peer-
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reviewed literature validating the energy mapping approach or the processes 

being pursued by either the CUI or NRCan. As such, and as mentioned in Chapter 

1, the energy mapping approach can be referred to as ‘promising practice’ at the 

time of writing.  

5.3 Applied Uses and Identified Benefits of the Energy Mapping           
 Approach 

Considering existing promising practice available for review at the time of 

writing, Sections 5.3.1 through 5.3.3 detail the identified uses and benefits of the 

energy mapping approach. 

5.3.1 Energy-Related Decision Making  

The energy mapping approach has the ability to influence energy decision-

making at all levels of The Energy Decision-Making Hierarchy, including the 

Land-use and infrastructure level. Gilmour and McNally (2010) write “evidence 

indicates that changing the form and infrastructure in cities can deliver energy 

and emission reductions” (p. 11), and as such, energy mapping offers a tangible 

approach to quantifying energy consumption and emissions. This could be of 

benefit to Smart Growth, New Urbanism, and the LEED ND initiatives in their 

quests to offer an alternative to energy intensive sprawl.  By using scenarios to 

predict future energy use, the energy mapping approach affords the 

aforementioned initiatives a way of testing whether energy reduction targets are 

being met, where strategic investments in renewable energy technologies should 

be made, or isolating clusters of buildings that could be matched with 
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appropriate power through district energy configurations (Canadian Urban 

Institute, 2011a, p. 9).   

5.3.2 Energy Policy - Enabling Legislation and Regulatory Process 

The energy mapping approach can provide clarity with regards to energy 

legislation and policy at the federal, provincial, and municipal levels of 

government. As previously mentioned in Chapter 4, jurisdictional issues continue 

to persist with regards to energy across Canada between all levels of government. 

These issues could be mitigated through the use of energy mapping, which 

provides a common platform to analyze energy use and promotes collaboration 

on reduction goals, and identified renewable energy targets.  Gilmour and 

McNally (2010) suggest “Mapping is seen as a powerful tool in the regulatory 

forum” (p. 11).  Not only can energy mapping promote cooperation between 

governments, it enables energy-related conversations to occur between 

governments and other normally siloed organizations. According to Gilmour and 

McNally (2010), “Energy and land use mapping is seen as a way to create strong 

bridges between LDC’s and municipal governments” (p. 11). Gilmour and 

McNally (2010) also note the mapping process creates common cause and can 

lead to collaboration on issues such as: electric vehicles, on-bill financing, 

renewable energy development, and integrated infrastructure planning (p. 12).   

5.3.3 Energy Planning 

One of the most noteworthy applied uses of the energy mapping approach is that 

it attempts to resolve many of the issues facing all forms of energy planning.  As 
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mentioned in Chapter 4, community energy planning targets are not often being 

achieved (Tozar, 2010), and energy planning lacks spatial elements in favour of 

spatial analysis (Gilmour & McNally, 2010).  The energy mapping approach deals 

with both of these issues by enhancing the certainty of decisions made by the 

energy planning movement, visually displaying baseline and scenario energy 

information on a map.  The energy mapping approach can also be utilized to 

address challenges mentioned by the Council of Energy Ministers in A Roadmap 

for Action with regards to ICES, specifically the ‘Shortage of accessible data and 

analysis tools’. According to Webster et al. (2011), “The use of ICEM’s in 

community planning provides a promising decision support approach towards 

greater economic, environmental and social prosperity for all Canadians” (p. 

3360). 

 Gilmour and McNally (2010) detail how the energy mapping approach is 

of considerable benefit to energy utilities when undertaking energy planning 

activities.   Applied uses of the energy mapping approach and benefits identified 

by specific utility providers are summarized as follows:  

Ontario Power Authority - “The OPA sees energy and land use mapping as a 

means of getting additional data, including more refined distribution system 

data, into the provincial load forecasting process. This is expected to contribute 

to long term planning for new supply, demand resources and transmission” (p. 

10).  
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Horizon Utilities Corporation & BC Hydro - “Horizon and BC Hydro see 

significant potential for mapping to inform the distribution system planning 

process. Specifically, integrated planning will give the utility a more detailed and 

nuanced understanding of municipal growth patterns, which should result in 

better distribution system plans. This is expected to result in more intelligent 

infrastructure decisions and potentially huge savings for rate payers through 

capital deferrals” (p. 10). 

BC Hydro - “BC Hydro sees real benefit in using maps to visually depict energy 

trends in communities. This is expected to support the development of energy 

and GHG reduction strategies. Since it relies on estimates and archetypes, 

mapping avoids problems related to privacy of data which can otherwise hamper 

public consultation around energy use” (p. 10).  

 All of the previously mentioned utilities expect the information from 

energy mapping to be incorporated into the next generation of demand side 

management planning.  

The Ontario Power Authority, Horizon Utilities Corporation, BC Hydro, 

Union Gas, and Powerstream Utility all see mapping as a method to improve the 

planning of energy efficiency and renewable incentive programs. “Through 

mapping an entity can better identify areas of high demand or renewable 

potential, and thus better target programs to that community. Union Gas also 

noted the potential value of mapping historic program participation on land use 

and energy map to identify trends and linkages that can be used in program 
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targeting and marketing” (Gilmour & McNally, 2010, p. 10). Gilmour and 

McNally (2010) note that “mapping is seen as an important tool to assist with 

public consultation and communication” (p. 10). Energy planning can be a 

difficult topic to discuss with the community because: “the issues are technical, 

and often data sharing is limited due to privacy concerns” (Gilmour & McNally, 

2010, p. 10).  According to Gilmour and McNally, (2010) “All of the utilities 

interviewed expect the information from mapping to be incorporated into the 

next generation of DSM planning” (p. 11). Demand reductions and end- use 

savings generally involve energy-using equipment, which is the lowest level of 

energy-related decisions from The Energy Decision-Making Hierarchy. Energy 

mapping therefore considers all levels of the Energy Decision-Making Hierarchy.  

5.4 Energy Modeling 

Before reviewing the specific processes used by NRCan or the CUI to undertake 

an energy mapping study, the basics must be covered with regards to residential 

sector energy modeling. Since modeling residential energy use is the precursor to 

mapping residential energy use, the basics outlined in this section include 

background information not provided within the existing energy mapping 

literature. The following paragraphs provide a holistic review of the approaches 

used for modeling residential sector energy consumption.  To begin, top-down 

and bottom-up approaches are reviewed, compared and contrasted. Next, two 

bottom-up modeling techniques known as the sample and archetype techniques 

are discussed, as is their relevance to this research project. The types of data 

required to create dwelling archetypes are reviewed, and additionally, existing 
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methodologies for developing residential dwelling archetypes are summarized. 

Finally, this chapter will conclude with a brief review of how computer software is 

used to simulate the energy use.  

5.4.1 Energy Modeling Explained 

The energy mapping approach utilizes energy modeling to determine residential 

sector energy consumption. Energy modeling of the residential sector is 

important as it can provide an understanding of a sector that consumes 30% of 

all sectors worldwide (Swan & Urgursal, 2008, p. 1820). According to Swan and 

Urgursal (2008) “Since the energy consumption characteristics of the residential 

sector are complex and inter-related, comprehensive models are needed to assess 

the techno-economic impacts of adopting energy efficiency and renewable energy 

technologies suitable for residential applications” (p. 1819). Swan and Urgursal 

(2008) also note that the residential sector is not as well understood as the 

commercial, industrial, agricultural and transportation sectors, and is largely an 

undefined energy sink for the following reasons:  

• “The sector encompasses a wide variety of structures, sizes, geometries 

and thermal envelop materials. 

• Occupant behaviour varies widely and can impact energy consumption by 

as much as 100% for a given dwelling.  

• Privacy issues limit the successful collection or distribution of energy data 

related to individual households. 

• Detailed sub-metering of household end-uses has prohibitive cost” (p. 

1820).   

 Energy modeling is used for a variety of reasons, from determining 
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regional or national energy supply requirements (macro-scale), to determining 

the change in energy consumption of a particular dwelling due to an upgrade or 

addition of technology (micro-scale) (Swan & Urgursal, 2008, p. 1821). 

Additionally, Swan and Urgursal write “Modeling of this nature is useful as it can 

guide decisions of policy regarding the residential stock, both old and new. By 

quantifying the consumption and predicting the impact or savings due to retrofits 

and new materials and technology, decisions can be made to support energy 

supply, retrofit and technology incentives, new building code, or even demolition 

and re-construction” (p. 1821). This is precisely why the energy mapping 

approach is being used across Canada. Sections 5.4.2 through 5.4.4 review 

modeling techniques used for modeling residential sector energy consumption.  

5.4.2 Approaches to Modeling Energy Use 

Simply put, energy modeling is a method that attempts to quantify the energy 

requirements of a building based on input parameters and data (Swan & 

Urgursal, 2008, p. 1821). The input data and the detail energy modeling offers 

can vary dramatically, “resulting in the use of different modeling techniques 

which seek to take advantage of the available information” (Swan & Urgursal, 

2008, p. 1821). As such, “Each technique relies on different levels of input 

information, different calculation or simulation techniques, and provides results 

with different applicability (Swan & Urgursal, 2008, p. 1819). Different modeling 

approaches utilize different parameters, and Swan and Urgursal (2008) and 

Kavgic et al. (2010) have identified two distinct approaches for modeling 

residential energy consumption. These approaches can be summarized as the 
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top-down approach, and the bottom-up approach. The following paragraphs 

describe each approach, comparing and contrasting them in order to provide 

insight into which approach and its associated techniques inform existing energy 

mapping promising practice.  

5.4.3 Top-down Approach 

According to Swan and Urgursal (2008), “the top-down approach treats the 

residential sector as an energy sink and does not distinguish energy consumption 

due to individual end uses” (p. 1822). They also note that “The top down 

approach utilizes historic aggregate energy values and regresses the energy 

consumption of the housing stock as a function of top-level variables such as 

macroeconomic indicators such as gross domestic product, unemployment, 

energy price, and general climate” (p. 1819).  Kavgic et al. (2010) argue that top-

down models tend to be used to investigate the inter-relationships between the 

energy sector and the economy at large (p. 1684). The top-down approach to 

energy modeling will not be pursued for this project.  This decision will become 

clear after reviewing the bottom-up approaches to modeling residential sector 

energy use.  

5.4.4 Bottom-up Approach 

Swan and Urgursal (2008) explain that “the bottom-up approach encompasses 

all models which use input data from a hierarchal level less than that of the sector 

as a whole” (p. 1822).  Further, they note “models can account for the energy 

consumption of individual end-uses, individual houses, or groups of houses and 
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are then extrapolated to represent the region or nation based on the 

representative weight of the modeled sample” (Swan & Urgursal, 2008, p. 1822). 

Bottom-up models operate at a disaggregated level requiring extensive databases 

of empirical data to support individual modeling components (Kavgic et al., 

2010). “Common input data to bottom-up models include dwelling properties 

such as geometry, envelop fabric, equipment and appliances, climate properties, 

indoor temperatures, occupancy schedules, and equipment use” (Swan & 

Urgursal, 2008, p. 1822). Swan and Urgursal (2008) note that due to the variety 

of data inputs, the bottom-up approach can be separated into groups and 

subgroups as shown in Table 6 (p. 1822). The following paragraphs will briefly 

review these groups and sub-groups.  

 
Table 6: Top-down and Bottom-up Modeling Techniques. Based on Swan and Urgursal, 2008, p. 
    1822.  

5.4.4.1 Bottom Up – Statistical 

According to Swan and Urgursal (2008), “statistical methods rely on historical 

information and types of regression analysis which are used to attribute dwelling 

energy consumption to particular end-uses” (p. 1822). Once the relationship 

between end-uses and energy consumption has been established, a bottom-up 

statistical model can estimate the energy consumption of dwellings 

representative of the residential stock (Swan & Urgursal, 2008, p. 1822). Bottom-



 

91 

 

up statistical methods can utilize macroeconomic energy price and income and 

other regional or national indicators, therby gaining some of the strengths of top-

down models (Swan & Urgursal, 2008, p. 1824). Unlike other techniques, 

statistical methods can account for occupant behavior based on data obtained 

from energy providers, energy bills, or simple surveys (Swan & Urgursal, 2008, p. 

1833). 

5.4.4.2 Bottom Up - Engineering 

Swan and Urgursal (2008) note that engineering methods explicitly account for 

the energy consumption of end-uses based on power ratings and use of 

equipment and systems and/or heat transfer and thermodynamic relationships 

(p. 1822). They argue that because of this, bottom-up engineering models have 

strengths such as the ability to model new technologies (Swan & Urgursal, 2008, 

p. 1825). The models associated with the bottom-up engineering methods are 

referred to as bottom-up building physics residential stock models by Kavgic et 

al. (2010). These types of models help to enable policy makers to establish long-

term targets related to housing stock energy consumption and related C02 

emissions (Kavgic et al., 2010, p. 1686).   

 Of particular importance to this project are the Archetype and the Sample 

techniques for modeling residential energy consumption from the bottom-up 

engineering method.  At the time of writing, existing and ongoing energy 

mapping studies in Canada are using these two techniques. Energy mapping 

processes are described in greater depth in Chapter 6. 
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5.4.4.2.1 Archetype Technique  

The bottom-up engineering modeling technique can be further refined to apply to 

a limited set of dwellings that can represent different classes of dwellings based 

on their vintage, size, or type within the residential sector (Swan & Urgursal, 

2008, p. 1828). According to Swan and Urgursal (2008), these different classes 

or types of dwellings can be referred to as “archetypes” (p. 1829). Once 

developed, a dwelling archetype can act as the default input data for energy 

modeling purposes, then scaled up to be representative of the regional or national 

housing stock by multiplying the results by the number of houses which fit the 

description of each archetype (Swan & Urgursal, 2008, p. 1828).   

 Swan and Urgursal (2008) also note that since the number of archetypes 

can be limited, they reduce simulation time compared to modeling each dwelling 

within a specific dataset (p. 1829). The methodology and types of information 

required to create dwelling archetypes are described in Sections 5.4.5 and 5.4.6. 

The archetype modeling technique for estimating residential energy consumption 

informs the energy mapping process developed for this project in Chapter 8.  At 

the time of writing, the archetype technique is being used by NRCan and the CUI 

as part of their energy mapping processes.  

5.4.4.2.2 Sample Technique 

Swan and Urgursal (2008) note that “while archetypes provide a limited 

representation of the regional or national housing stock due to the limited variety 

of archetypes that can reasonably be defined, the use of actual house samples 
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with the engineering model can realistically reflect a high degree of variety found 

in the actual housing stock, provided that the sample size is sufficiently large” (p. 

1831). As such, the sample technique for modeling refers to the use of actual 

sample dwelling data as the input information to the model (Swan & Urgursal, 

2008, p. 1828).  

 The sample technique allows for the capture of a wide variety of dwellings 

within the housing stock and can be used to identify regions with high-energy 

consumption (Swan & Urgursal, 2008, p. 1828).  Because this technique uses 

actual house samples, it can realistically reflect the high degree of variety found 

within the actual housing stock (Swan & Urgursal, 2008, p. 1831).  Unfortunately, 

this bottom-up modeling technique is data intensive, therefore more limited in its 

application (Swan & Urgursal, 2008, p. 1828). At the time of writing, the CUI is 

using the sample technique as well as the archetype technique to inform energy 

mapping studies across Canada.  

 Of both aforementioned techniques for modeling residential energy 

consumption, the archetype technique is examined further in the following 

paragraphs.  The archetype technique is used to inform the energy mapping 

process created in Chapter 8, and used in Chapter 9 of this research project. The 

sample technique is also used, but does not require as much explanation at this 

time. The following paragraphs present an overview of how residential dwelling 

archetypes are developed, and what types of data and information are required to 

create dwelling archetypes that are representative of the building stock of a 
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particular neighbourhood. Additionally, two methodologies for developing 

dwelling archetypes are reviewed, as they also inform the steps chosen to create 

dwelling archetypes in Chapter 8, and then are applied in Chapter 9 for an energy 

mapping study.  

5.4.5 Developing Dwelling Archetypes: Types of Information 
 Required 

The bottom-up approach to modeling energy consumption relies on various types 

of input data.  As previously mentioned in this chapter, “input data to bottom-up 

models include dwelling properties such as geometry, envelop fabric, equipment 

and appliances, climate properties, indoor temperatures, occupancy schedules, 

and equipment use” (Swan & Urgursal, 2008, p. 1822). This input data relates 

directly to the factors that influence energy consumption, as outlined in Chapter 

3, Section 3.3.1, with the exception of the urban morphology factor, which is not 

specifically considered when creating individual dwelling archetypes.  

 Parekh (2005) also addresses the specific types of data required to create 

individual dwelling archetypes, grouping the above mentioned types of data 

together into sets of components that influence how much energy a dwelling 

consumes. According to Parekh (2005), representative dwelling archetypes are 

made up of three components that include geometric configurations, thermal 

characteristics, and operating parameters (p. 2). The following paragraphs in 

Sections 5.4.5.1 through 5.4.5.3 describe each of these three components or the 

components of housing form that influence dwelling energy consumption in 

greater detail.   
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5.4.5.1 Geometric Configurations  

Parekh (2005) notes that geometric configurations include plan layout, 

dimensions of the various components, and orientation. Geometric 

configurations such as size and volume also play a role in defining dwelling form. 

The size and volume of a dwelling can be influenced by the number of storeys it 

has, the complexity of its shape or plan layout, the type of attic or roofline, and 

the type of foundation or basement it sits on (Parekh, 2005). Parekh (2005) lists 

the primary inputs for the geometric configurations of dwelling form as: footprint 

dimensions (depth and width, or perimeter), house form, number of levels, shape 

of house, type of attic, and the foundation (p. 2).  With these primary data inputs, 

the required components of a dwelling and its components can be generated 

using energy simulation software such as HOT2000.  

5.4.5.2 Thermal Characteristics  

According to Parekh (2005), the thermal characteristics of a dwelling include 

make and composition of the envelope components, heating and hot water 

equipment type and efficiencies, and ventilation and airtightness parameters (p. 

3). These characteristics are affected by the age of the dwelling, or the year it was 

built and or renovated, the region it is located in, the construction codes and 

standards of its vintage period, the thermal insulation levels of the building 

envelop components such as the walls, attic/roof, windows and doors, foundation 

walls and floors, the primary and secondary fuels used for space heating and hot 

water, and the type of ventilation system it contains (Parekh, 2005, p. 3) Of the 

aforementioned characteristics, Parekh (2005) lists the primary inputs for 
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determining the thermal characteristics a dwelling as the age of the dwelling and 

its location.  With this information, all required thermal insulation and 

equipment specifications can be generated (Parekh, 2005, p. 3). Software such as 

HOT2000 can utilize these specifications to simulate energy use for energy 

mapping purposes. 

5.4.5.3 Operating Parameters 

The operating parameters of a dwelling affect the amount of secondary energy 

used by the energy-using equipment to support the living standards of the 

occupants (Swan & Urgursal, 2008, p. 1820). The major end-use groups of 

secondary energy in the residential sector according to research by Swan and 

Urgursal (2008) include: space heating, cooling, and air infiltration/ventilation, 

domestic hot water, appliances and lighting.  The extent to which these end-use 

groups affect overall energy consumption is greatly dependent on the above 

mentioned geometric configurations and thermal characteristics components, as 

well as occupant behavior. As such, Parekh (2005) notes that operating 

parameters include the profiles of all base energy loads, occupancy, and indoor 

temperature data, and are intended to capture the occupants lifestyle behavior as 

it relates to energy use.  Software such as HOT2000 can simulate typical 

occupant behavior and related energy use.  

 Table 7 provides an overview of the components of housing form that 

influence dwelling energy consumption. 
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Table 7: Components of Housing form that Influence Energy Consumption. Based on Parekh,      
    2005. 
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5.4.6 Methods for Choosing Representative Residential Dwelling      
 Archetypes 

With an understanding of the three components of housing form that influence 

dwelling energy consumption, methodologies for developing dwelling archetypes 

can be discussed. Parekh (2005) and Famuyibo (2012) have both developed 

methodologies for creating dwelling archetypes, using detailed data and 

information to describe the components of housing form as previously discussed. 

These methodologies are summarized in Table 8 and Table 9, and will influence 

how representative dwelling archetypes are developed in Chapter 9 of this 

project.  

  

Table 8: Parekh’s Methodology for Developing Housing Archetypes. Based on Parekh, 2005.  
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Table 9: Famuyibo’s Methodology for Developing Housing Archetypes. Based on Famuyibo,      
    2012.  

 Although both of the above methodologies for creating residential dwelling 

archetypes are different, they are similar in how they combine information about 

the components of housing form that influence dwelling energy consumption 

from various datasets. Once assembled, energy simulation software such as 

HOT2000 can be used to determine energy consumption for each dwelling 

archetype.  The following paragraphs outline energy simulation software and how 

it is used for energy modeling purposes. 

5.4.7 Simulating Energy Use with Computer Software 

Unlike the sample technique for modeling residential energy consumption that 

utilizes actual consumption data, the archetype technique relies on simulated 

dwelling energy consumption data for modeling and mapping purposes. As Swan 

and Urgursal (2008) explain “the archetype modeling method typically involves a 

highly detailed integrated simulation of a house, its development progressed with 

computer and software capabilities” (Swan & Urgursal, 2008, p. 1829). Swan and 

Urgursal (2008) argue that as the number of archetypes is limited, the archetype 
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technique is the input of choice for Engineering Method models as they reduce 

simulation time as compared with the sample technique which models each 

house within a database” (Swan & Urgursal, 2008, p. 1829).  

 Energy simulation software is enabled by simplified inputs that include 

the size and type of house, composition of envelop components, heating and hot 

water equipment data, airtightness and ventilation parameters and, in particular, 

base loads and operating conditions (Parekh, 2005, p. 1).   The simplified inputs 

are specific to each chosen dwelling archetype, and it is the combination of the 

identified inputs obtained from datasets and assumptions assigned by the energy 

simulation software that enable each archetype to be simulated, modeled, and 

eventually mapped. Energy simulation software specific to this project is 

reviewed in Chapter 7.   

5.5 Conclusions 

This chapter provided an overview of the energy mapping approach and 

answered the following research question: What are some of the identified 

benefits of utilizing the energy mapping approach? To answer this 

research question, several identified benefits of using the energy mapping 

approach were explained, based on its use in other locales.  This chapter also 

answered a second research question, which reads: What is energy modeling 

and how does it inform the energy mapping approach? To answer this 

question, the approaches to modeling residential energy use were explained and 

grounded in literature about energy modeling. Top-down and bottom-up 
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approaches to modeling energy use were discussed, and considering this project, 

the archetype and sample techniques from the bottom-up approach were 

elaborated on as they have been used to model energy consumption in other 

Canadian energy mapping studies. Methods for choosing representative dwelling 

archetypes were also discussed, as they inform how dwelling archetypes are 

chosen in upcoming chapters of this project. Simulating residential energy use 

with computer software was briefly reviewed, and specific software will be 

introduced in Chapter 7. With an understanding of the energy modeling now 

established, it is now possible to begin reviewing the energy mapping process. 

The following chapter will provide a detailed review of the energy mapping 

processes used by the CUI and NRCan.  
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Chapter 6: Overview of Existing Energy Mapping 
Processes 

6.1 Introduction 

This chapter builds on the information presented in Chapter 5, providing a 

comprehensive overview of the energy mapping processes used by NRCan and 

the CUI. Since energy mapping is still an emerging approach for quantifying 

urban energy use and making energy-related decisions, an all encompassing 

methodology or process has yet to be established for every situation, or location. 

According to the International District Energy Association (2012), “there is no 

one, defined process for preparing an energy map” (p. 20). As such, undertaking 

an energy mapping study in a region of Canada that has not yet been the focus of 

any energy mapping activities presents unique challenges.  Fortunately, NRCan 

and the CUI have been pursuing and furthering energy mapping activities in 

other regions of Canada, and refining a set of promising practices that have been 

attributed to this project. As outlined in Chapter 1, the following research 

question guides the content of this chapter: 

 What is the energy mapping process, and how is it applied? 

 Both NRCan and the CUI are currently developing related approaches to 

mapping urban energy use. Although there is no peer-reviewed literature 

validating their approaches as a best practice, current promising practice appears 

to display a demonstrated ability to provide a realistic estimate of baseline energy 

use, and the ability to incorporate future scenarios that can be compared to the 
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baseline energy use to determine where energy efficiencies can be created. As 

outlined in Chapter 1, there are several published sources of documentation from 

both NRCan and the CUI outlining their energy mapping processes. Duplication 

of these processes, in some form, may be possible. It is for this reason that these 

processes are being used to inform this project.   With that being said, there is 

variation in detail and guidance provided by NRCan and the CUI, based on their 

published literature as outlined in Chapter 1.  Many aspects of their respective 

processes were not fully fleshed out at the time of writing, and require additional 

explanation. This becomes clear after reviewing existing published information 

about the two processes in Sections 6.2 and 6.3 of this chapter.  

 Chapter 6 is structured as follows. It begins by introducing and 

summarizing published information about the energy mapping processes 

currently being utilized by NRCan and the CUI. Next, the types and sources of 

information required for each energy mapping process are reviewed, and the 

required software for undertaking each process are examined. Further, direction 

for creating representative dwelling archetypes and how energy use simulation 

for each of the chosen dwelling archetypes are discussed. The baseline mapping 

process is outlined, followed by a review of the scenario mapping process for both 

approaches. With the baseline and scenario processes established, the entire 

mapping process is then reviewed. Finally, both energy mapping processes are 

compared and contrasted.  
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6.2 Natural Resources Canada: Energy Mapping Process  

Developed by CanmetENERGY, the Spatial Community Energy, Carbon and Cost 

Characterization Model or SCEC3 model is the process NRCan uses to undertake 

energy mapping activities in Canada. It utilizes a bottom-up approach to 

quantifying energy consumption and follows the engineering method and the 

archetype technique for modeling purposes as defined by Swan and Urgursal 

(2008) in Chapter 5.  It should be noted from the outset that as a model, it 

incorporates both a process and software to determine and map energy 

consumption. The SCEC3 model was designed to enable the calculation and 

spatial characterization of present-day and future energy use, emissions, and 

associated costs of residential, institutional, commercial, and industrial buildings 

(Webster et al., 2011, p. 3155). In 2009, the model was initially used and tested in 

the City of Prince George, British Columbia to support the City’s Smart Growth 

on the Ground (SGOG) process, and has also been used to inform the myPG 

integrated long-range planning initiative (Natural Resources Canada, 2010, p. 1). 

 According to NRCan (2010), the model strives for an accurate accounting 

of the current building stock by combining simulated building energy 

information for selected housing and building archetypes with BC Assessment 

Authority (BCAA) building attribute information (Natural Resources Canada, 

2010, p. 2). “The model connects data tables containing energy, emissions and 

cost information to a GIS layer of the City’s parcel boundaries via parcel ID (PID) 

numbers” (Natural Resources Canada, 2010, p. 2). The model also facilitates the 

exploration of future energy, carbon and cost scenarios through the addition of 
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new buildings and retrofits to the current building stock (Natural Resources 

Canada, 2010, p. 2).  

6.2.1 Types of Data and Information Required 

As a bottom-up model, the SCEC3 model requires certain types of input data and 

information to account for energy consumption within the residential sector. As 

mentioned in Chapter 5, “Common input data to bottom-up models include 

dwelling properties such as geometry, envelop fabric, equipment and appliances, 

climate properties, indoor temperatures, occupancy schedules, and equipment 

use” (Swan & Urgursal, 2008, p. 1822).  As the SCEC3 model utilizes 

representative dwelling archetypes for modeling and mapping purposes, the 

aformentioned types of input data were assembled from a variety of sources to 

simulate energy consumption for the chosen dwelling archetypes. Although it is 

never explicitly stated within the literature from NRCan, the information 

required by the SCEC3 model attempts to account for the components outlined by 

Parekh (2005) that influence how much energy a dwelling consumes.  As noted in 

Chapter 5, Section 5.4.5, these components include geometric configurations, 

thermal characteristics, and operating parameters. 

6.2.2 Sources of Data and Information Required 

According to NRCan (2010), the SCEC3 model utilizes information and data from 

the following sources:  
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Baseline: 

• Tax assessment roll data – Source: BC Assessment Authority  

• ecoENERGY retrofit audit records for Prince George BC – Source: NRCan 

• Census data - Source: Statistics Canada 

• 2007 weather year data – Source: Environment Canada 

• Community Energy and Emission Inventory (CEEI) – Source: Not 

provided by NRCan  

• 2007 electricity and natural gas rates – Source: BC Hydro 

Scenarios: 

• Tax assessment roll data – Source: BC Assessment Authority  

• ecoENERGY Retrofit Audit Records for Prince George BC – Source: 

NRCan 

• GHG Emissions Assessment Guide for BC and Local Governments – 

Source: Not provided by NRCan 

• Urban Futures Growth Study – Source: Not provided by NRCan 

• BC Hydro Long Term Rate Increase Forecast – Source: BC Hydro 

• Capital costs of residential retrofits – Source: Not provided by NRCan 

• Construction of new buildings to 2008 BC Building Code – Source: Not 

provided by NRCan 

6.2.3 Software  

The SCEC3 model requires the following software to compile, simulate, and map 

residential sector energy consumption for both baseline and scenario mapping: 

• ArcGIS 

• Microsoft Access 

• Microsoft Excel 

• HOT2000 
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 The above mentioned types of software are described in depth in Chapter 

7.  

6.2.4 Archetype Development 

Although the archetype technique is used for the SCEC3 model, none of the 

literature as outlined in Chapter 1 from NRCan explicitly describes how 

archetypes are created or selected. For the City of Prince George mapping study, 

NRCan (2010) notes “Seven housing types were selected for modeling as being 

representative of both the ecoENERGY Retrofit audit records and the overall 

housing stock as described by the BCAA data” (p. 2). Additionally, Webster et al. 

(2011), write that the SCEC3 model “combines simulated energy information for 

selected housing and building archetypes with BC Assessment Authority (BCAA) 

building attribute information” (p. 3155). Aside from this basic information, no 

guidance for creating and selecting archetypes is provided. Archetypes are used 

to inform both baseline and scenarios mapping.  

6.2.5 Simulating Dwelling Energy Consumption 

According to NRCan (2010), energy simulation for dwellings was completed 

using HOT2000 software and ecoENERGY Retrofit Audit records. Webster et al. 

(2011) notes that the SCEC3 model “combines simulated energy information for 

selected housing and building archetypes with BC Assessment Authority (BCAA) 

building attribute information” (p. 3155).  Again, no specific guidance was 

provided by the available literature as to how energy simulation with HOT2000 

software took place.  
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6.2.6 Mapping Baseline Energy Consumption 

The SCEC3 model uses two steps to undertake baseline energy mapping for an 

energy mapping study:  

Step 1: Gather Information - Information was gathered from several sources 

including: BC Assessment Authority Data, ecoENERGY Audit Records, 2006 

Canada Census, and 2006 BC Hydro reports. The goal of gathering data from 

these sources was to obtain information regarding representative building types, 

housing energy data, and occupancy profiles (Natural Resources Canada, 2010, p. 

4).  

Step 2: Build database - According to NRCan (2010), this step involves 

simulating energy consumption of archetypes using HOT2000 software and 

calculating energy consumption and GHG emission totals (p. 4).  

6.2.7 Mapping Future Scenario Energy Consumption 

The SCEC3 model uses the following steps to undertake scenario energy mapping:  

Step 1: Gather information - Information was gathered from several sources 

for scenario mapping including: the Urban Futures Growth Study, ecoENERGY 

Audit Records, and the BC Hydro Long Term Rate Increase Forecast. The types of 

data gleaned from these sources included: new construction numbers that 

contain the percentage of single-family dwellings and multiple urban residential 

buildings, retrofit profiles and future utility rates (Natural Resources Canada, 

2010, p. 4).  
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Step 2: Build database - According to NRCan (2010), this step involved 

simulating energy use for a Low Cost Future Scenario, and a Low Energy Future 

Scenario. This step is outlined in greater detail in Figure 7.  

Step 3: Run model with GIS - With baseline and scenario mapping 

information calculated, the SCEC3 Model is run using GIS (Natural Resources 

Canada, 2010, p. 4). This step is also outlined in greater detail in Figure 7.   

Step 4: Summarize and report on energy, carbon, and cost - Finally, the 

SCEC3 Model concludes with a summary of results, customs reports and thematic 

maps (Natural Resources Canada, 2010, p. 4).  
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6.2.8 Complete Process 

The complete SCEC3 model is illustrated in Figure 7: 

            

Figure 7: SCEC3 Complete Model. Courtesy of Natural Resources Canada, 2010, p. 4.  

6.2.9 Results  

According to the literature from NRCan as outlined in Chapter 1, there are no 

results showing that the SCEC3 model has the ability to reduce energy 

consumption in the residential sector.  With that being said, NRCan (2010) writes 

that “the main question that can currently be answered by the SCEC3 model is: 

will the residential sector in Prince George do its part to meet the community-

wide target of 2% reduction from 2002 to 2012?” (p. 8).  To answer this question, 

NRCan (2010) notes that when running the low energy scenario, “it was found 
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that by 2018 the emissions from residential houses will be 109% of 2007 CEEI 

inventory levels and 112% of 2002 levels” (p. 8). Further, “it was only in 2028 

that the residential housing stock would achieve 99% of 2002 levels (96% of 2007 

CEEI levels)” (Natural Resources Canada, 2010, p. 8). As such, NRCan concludes 

that “under the most aggressive scenario, it will be sometime after 2028 that the 

residential housing stock will meet the target that was to have been achieved by 

2012” (p. 8). “Based on these results, more widespread retrofits in residential 

houses, and the introduction of renewable energy technologies are required for 

this sector to do its part to achieve the community’s target of 2% reduction from 

2002 levels by 2012” (Natural Resources Canada, 2010, p. 8).   

6.2.10 Limitations of the SCEC3 Model 

Several limitations of the SCEC3 model have been identified. NRCan (2010) notes 

that “the model has been developed using housing energy information that is not 

presently readily available for use by local governments, or that otherwise must 

be generated through simulation; more work is required to make this data 

available and readily useable for the purpose of modeling a community’s building 

stock” (p. 10).  Also, according to NRCan (2010), “The functionality of the model 

is highly customized; a high level of complexity would currently preclude this 

model from being readily used by either consultants or municipalities” (p. 10).  

These limitations make the SCEC3 model difficult to apply without specialized 

information or project partners that are very familiar with the energy mapping 

process.  
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6.3 Canadian Urban Institute: Energy Mapping Process  

The CUI’s approach to energy mapping follows what the CUI refers to as the 

Integrated Energy Mapping Process, or as Webster et al. (2011) refer to as the 

Integrated Energy Mapping, Modeling and Financial Assessment (IEMMFA) 

model.  Although it is referred to as a model, it’s process does not incorporate the 

use of software similar to the previously described SCEC3 model. As such, it is 

more of a process than a model. With that known, the IEMMFA model can be 

described as a bottom-up approach to quantifying energy consumption as defined 

by Swan and Urgursal (2008) in Chapter 5. Similar to the SCEC3 model, the 

IEMMFA model follows the engineering method, however, uses both the 

archetype and sample technique for modeling purposes, again as defined by Swan 

and Urgursal (2008) in Chapter 5. According to Webster et al. (2011), the 

IEMMFA “works to provide communities with the ability to see a clear link 

between the energy consumption of land-use and transportation and renewable 

energy systems and utility strategies across an entire community” (p. 3156).  

 According to Webster et al. (2011), “The model connects a range of data 

tables containing information on energy, emissions, cost, alternative technologies 

and renewable fuels, transportation efficiencies, job creation and other 

information linked to different GIS layers” (p. 3156). Webster et al. (2011) also 

note that “The model allows for the ranking and evaluation of current and future 

scenarios based on different combinations of building efficiency improvements, 

transportation demand management approaches, emission profiles, as well as the 

assessment of different built form patterns and their associated energy use” 
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(Webster et al., 2011, p. 3156). Similar to the SCEC3 model, the IEMMFA model is 

applied to a variety of sectors, but for the purposes of this project, only 

information specific to the residential sector will be further explained.  

6.3.1 Types of Data and Information Required 

The IEMMFA model also utilizes a bottom-up approach to modeling residential 

sector energy use, and requires similar types of data and information as the 

SCEC3 model. It differs from the SCEC3 model however, as it uses a combination 

of both the archetype technique and the sample technique to create 

representative housing types for modeling and mapping purposes. Unlike the 

SCEC3 model that uses simulated energy consumption information, the IEMMFA 

model can use energy consumption data from actual dwellings, which is unique 

to the sample technique as described in Chapter 5. Although it is never explicitly 

stated within the literature from CUI, the information required by the IEMMFA 

model attempts to account for the components outlined by Parekh (2005) that 

influence how much energy a dwelling consumes.  As noted in Chapter 5, Section 

5.4.5, these components include geometric configurations, thermal 

characteristics, and operating parameters. 

6.3.2 Sources of Data and Information Required 

Input data for the IEMMFA model was obtained from a variety of sources. 

According to the CUI (2011) the IEMMFA model utilizes information and data 

from the following sources:  
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Baseline: 

• Utility data – Source: LDC’s located in Ontario 

• Tax assessment roll data – Source: Municipal Property Assessment 

Corporation (MPAC) 

• GHG coefficients – Source: CUI and Senes Consultants Ltd. (Canadian 

Urban Institute, 2011a, p. 5) 

Scenarios: 

• Official community plans/Growth management studies – Source: Not 

provided by the CUI 

• City staff assumptions – Source: Not provided by the CUI  

• Tax assessment roll data – Source: Municipal Property Assessment 

Corporation (MPAC) 

• Building standards and building retrofit data – Source: CUI and 

Enermodal Engineering 

• Alternative energy technology data – Source: CUI and Enermodal 

Engineering 

• Cost sensitivity inputs – Source: GLJ Petroleum Consultants’ Commodity 

Price Forecasts (Canadian Urban Institute, 2011a, p. 10,11,14) 

6.3.3 Software 

According to the CUI (2011a), the following software was used to simulate and 

map energy consumption for both baseline and scenario mapping: 

• ArcGIS 

• Natural Resource Canada’s Online Screening Tool for New Building 

Design 

• Marshall Valuation Service online costing tool 
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• Natural Resource Canada’s RETScreen (Canadian Urban Institute, 2011a, 

p. 5, 14) 

 The CUI consolidates data within an integrated database (Canadian Urban 

Institute, 2011a, p. 7).  It is assumed that this database would utilize some type of 

spreadsheet application to assemble, organize and perform queries on the data.   

6.3.4 Archetype Development 

According to Webster et al. (2011), “The approach begins by developing 

information on buildings by connecting simulated archetype or actual energy 

consumption information with building floor area and built form typologies 

derived from municipal building attribute information” (p. 3156). When 

calculating baseline energy consumption, the CUI indicates that “In some cases 

utility data was provided in an aggregated format to protect customer privacy. In 

this instance the aggregated data was disaggregated using a combination of 

building data from the assessment roll and building energy simulation models, so 

that each building was assigned a unique value for energy consumption” 

(Canadian Urban Institute, 2011a, p. 6). For future scenario mapping, archetypes 

are also used and were created based on projections from the official community 

plan and growth studies. Energy simulation models were then used to calculate 

the annual energy consumed for each building type (Canadian Urban Institute, 

2011a, p. 11). Aside from the above-mentioned information, no other specific 

guidance for creating archetypes is provided within the CUI literature as 

described in Chapter 1.    
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6.3.5 Simulating Dwelling Energy Consumption 

According to the CUI (2011a), “Natural Resources Canada’s Online Screening 

Tool for New Building Design was used to model the energy consumption of 

prototypical building types” (p. 5) for baseline energy maps. The Online 

Screening Tool for New Building Design was also used for modeling chosen 

building types for future scenarios. To inform alternative energy generation 

technologies within the future scenarios, Natural Resource Canada’s RETScreen 

software was used. No guidance is provided as to how data was input and which 

defaults were used for either of the previously mentioned types of software.  

6.3.6 Mapping Baseline Energy Consumption 

To create baseline energy maps, the CUI matches tax assessment roll data and 

building energy consumption data to the parcel fabric contained within the GIS. 

This step of the energy mapping process is outlined in Figures 8 and 9.  
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Figure 8: Matching Building Data from the Assessment Roll to the Parcel Fabric. Based on  
      Canadian Urban Institute, 2011a, p. 6. ©  Used with permission by the Ontario Power   
      Authority. 

 

 

Figure 9: Matching Energy Data from Utilities to the Parcel Fabric. Based on Canadian Urban  
       Institute, 2011a, p. 6. ©  Used with permission by the Ontario Power Authority. 
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6.3.7 Mapping Future Scenario Energy Consumption 

The CUI also outlines the specific steps it utilizes to create future scenario maps 

as part of the energy mapping process. The six steps utilized for creating the 

Business As Usual scenario maps is illustrated in Table 10, and the six steps 

utilized for creating alternative energy generation scenarios is illustrated in Table 

11.    

 

Table 10: Steps for Creating Future Business As Usual Energy Maps. Based on Canadian Urban  
       Institute, 2011a, p. 11. ©  Used with permission by the Ontario Power Authority. 

 

 

Table 11: Steps for Creating Alternative Energy Efficiency Scenarios. Based on Canadian Urban  
      Institute, 2011a, p. 15. ©  Used with permission by the Ontario Power Authority. 
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6.3.8 Complete Model 

The complete IEMMFA model is illustrated in Figure 10. For matters of clarity, 

the steps contained in Figures 8 and 9 would be part of Step 2 of the Complete 

IEMMFA Model. Additionally, the steps contained in Tables 10 and 11 would be 

part of Step 7 of the Complete IEMMFA Model.  

 

Figure 10: Complete IEMMFA Model. Courtesy of Canadian Urban Institute, 2011b, p. 8.  



 

120 

 

6.3.9 Results and Limitations of the IEMMFA Model 

The following results have been gleaned through the use of the IEMMFA model 

in Guelph, and Hamilton, Ontario.  For Guelph, the IEMMFA model was used to 

explore how their goal of a 50% reduction in energy use per capita could be 

achieved through building and transportation energy efficiency improvements 

(Webster et al., 2011).   Use of the IEMMFA model determined that a 50% 

improvement in energy efficiency over the Ontario building code for all new 

buildings and a 25% improvement through retrofits of existing buildings would 

be necessary for the city to meet its goals (Webster et al., 2011, p. 3159). 

According to Webster et al. (2011), 

“Results are being used to understand where larger scale energy systems 

can be most effectively integrated with long range planning. The city is 

also considering the use of the model to more discretely evaluate how 

different built forms and associated transportation trips can be maximized 

to meet the community’s energy objectives. Resulting from the 

identification of the need to dramatically reduce transportation energy use 

within the existing built environment, policy and program options are 

being evaluated by the city Community Energy Manager for development 

through partnerships with the local utility and others” (p. 3159). 

 For Hamilton, the IEMMFA model was used “to evaluate the most cost 

effective energy efficiency options that would allow the city to actively address 

peak oil concerns” (Webster et al., 2011, p. 3159). Additionally, a key component 
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of the evaluation was to identify strategies providing an internal rate of return of 

6% assuming different future energy price scenarios (Webster et al. 2011, p. 

3159). According to Webster et al. (2011),    

“For Hamilton, it was found that the application of GeoExchange across 

the city would be an optimal strategy for maximizing fossil fuel reduction 

while promoting resilience against rising energy costs. In terms of cost 

effectiveness, evaluated on an internal rate of return of 6%, it was found 

that a combination of alternative technology and renewable fuels, and 

building energy efficiency improvements for existing buildings and new 

construction could achieve a 36% reduction in energy consumption. 

Information is being used to support the Hamilton Community Energy 

Collaborative, a group comprised of city staff, councillors, local community 

groups, utilities and others, to develop a comprehensive community 

energy plan. The local electrical utility in Hamilton is using the baseline 

electricity map to identify areas that would benefit from conservation 

programs” (p. 3159). 

 The literature as noted in Chapter 1 does not appear to list or describe any 

limitations of the IEMMFA model.   

6.4 Comparison Between Energy Mapping Processes 

With the specifics of each energy mapping process explained, Sections 6.4.1 and 

6.4.2 compare the SCEC3 and the IEMMFA models to determine how they are 

similar, and how they differ. A side-by-side comparison of each process is 
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presented in Appendix A, summarizing information as provided by the sources 

outlined in Chapter 1.  

6.4.1 Similarities 

Both the SCEC3 model and the IEMMFA model are similar in several ways. At a 

basic level, they both match energy and building data to parcel fabric contained 

within GIS layers to visually show baseline energy use and the energy use of 

potential development scenarios on a map.  For baseline mapping, both models 

deal with energy consumption, GHG emissions, associated costs of energy use 

and rely on energy simulation software to model energy use in the building 

sector. Additionally, both models utilize archetypes. For scenario mapping, both 

models deal with new construction and retrofits of existing buildings, account for 

energy, GHG emissions, and associated costs outlined by each scenario. Similar 

to baseline mapping, archetypes are used and energy simulation software is used 

to model energy use.  

6.4.2 Differences 

It should be noted that although both approaches utilize what they refer to as 

models, only NRCan’s SCEC3 model is an actual model in that it combines a 

process with a variety of steps that include the use of software to reach its desired 

goal.  The CUI’s IEMMFA model is actually more of a process than a model as it 

does not include the use of software within its process as outlined above in Figure 

10.  This is mentioned to limit confusion based on how NRCan and the CUI 

define their processes within published literature.  
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 With regards to specific differences in process and what each model 

accounts for, it can be concluded that the SCEC3 model is more basic than the 

IEMMFA model. The SCEC3 model only focuses on the building sector, whereas 

the IEMMFA model includes the transportation sector in its analysis. The 

IEMMFA model places a larger focus on renewable energy technology, their 

deployment and associated costs. Additionally, the IEMMFA model includes a 

Business As Usual (BAU) scenario whereas the SCEC3 model does not. Another 

main difference between the two approaches lies in the techniques they use to 

determine energy consumption of the building stock within their respective study 

areas. NRCan’s SCEC3 model uses the archetype technique, whereas the CUI’s 

IEMMFA model utilizes both the archetype and samples techniques as outlined 

by Swan and Urgursal (2008) in Chapter 5.  

 Considering the sources of published information as noted in Chapter 1, it 

would appear that the information about the IEMMFA model is provided in 

greater detail. This is not surprising, as it has been used in several locations and 

there is more available literature explaining its process. According to Webster et 

al. (2011), the IEMMFA model is the most holistic of existing approaches for 

modeling and mapping energy use as it “connected building technology with 

transportation and land use change to explore the relative influence of changes to 

the built form, population densities and location, demand-side management and 

renewable energy generation” (p. 3159). Additionally, Webster et al. (2011) notes 

“its ability to conduct financial cost sensitivity analysis will be of interest to 
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communities, policymakers and utilities seeking to assess the costs of various 

energy technology, land use and infrastructure options” (p. 3159). 

6.5 Conclusion 

This chapter provided an overview of existing energy mapping processes and 

addressed the following research question: What is the energy mapping 

process, and how is it applied? This research question was answered by 

examining the energy mapping processes utilized by NRCan and the CUI. Both 

processes give specific direction to the energy mapping approach as described in 

Chapters 1 and 5, offering a set of promising practices that have been applied to 

undertake energy mapping studies across Canada.  Both processes have a variety 

of similarities, but differ in terms of their analyses and associated inputs and 

outputs. Based on the literature about the processes noted in Chapter 1, there 

appear to be gaps in how they have been documented and described. At this point 

in time, it is difficult to compare both processes as certain components of the 

processes are explained in greater detail than others.  

 This chapter informs the energy mapping process created in Chapter 8, 

and applied in Chapter 9 of this project. The information presented in this 

chapter builds on the information contained in Chapter 5, describing how energy 

modeling and the associated energy modeling techniques are applied within the 

energy mapping process. This information was not described in the literature by 

NRCan or the CUI. With energy mapping processes utilized by both NRCan and 

the CUI now fully detailed, both process and application should be understood. 
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The following chapter is structured to provide clarity and to further explain 

essential data sources and software required to undertake an energy mapping 

study. 
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Chapter 7: Data Sources and Software Used for Energy 
Mapping 

7.1 Introduction 

The previous chapter provided a detailed review of the energy mapping processes 

used by NRCan and the CUI. Although data sources and the software required by 

both entities to complete an energy mapping study were briefly outlined, this 

chapter goes one step further by providing additional information on the data 

sources, what types of information they provide, and software that is used to 

analyze and transform the data into an energy map. Without specific knowledge 

about the data and software required to undertake an energy mapping study, it 

would be difficult to replicate existing energy mapping promising practice in a 

different locale, such as the City of Winnipeg. As outlined in Chapter 1, the 

following research questions guide the content of this chapter: 

What types and sources of data and information are required 
to undertake an energy mapping study?  

What types of software are required to undertake an energy 
mapping study?  

 To answer these questions, the first portion of this chapter examines the 

data sources and the types of information they provide to undertake baseline and 

scenario mapping for an energy mapping study. The second portion of this 

chapter provides an overview of the software that enables energy-related data to 

be simulated, then visually displayed on a map for both baseline and for future 

scenario mapping. 
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7.2 Data Sources 

The data used to undertake an energy mapping study is obtained from a variety 

of sources, often not related to the provision of energy production, energy use 

reduction or even the topic of energy in general. This is evident when reviewing 

the sources of data used by both NRCan and the CUI, shown in Table 12.  

 

Table 12: Data Sources Required for an Energy Mapping Study.  

 Considering the information contained in Table 12, it can be noted that 

NRCan and the CUI utilize several similar sources of data to undertake an energy 

mapping study. For the baseline mapping component of a study, both entities 

utilize tax assessment roll data and data related to GHG emissions.  For the 



 

128 

 

scenario mapping component of a study, both entities again utilize tax 

assessment roll data, as well as some type of growth study such as an official 

community plan or development plan.  

7.3 Types of Data required from Data Sources  

As mentioned in Chapter 5, the energy mapping approach utilizes energy 

modeling to determine residential sector energy consumption. Chapter 5 further 

outlined that the bottom-up approach and the engineering method to modeling 

residential energy consumption as outlined by Swan and Urgursal (2008), are 

used to inform the modeling techniques used in this project. These techniques 

include the archetype technique and the sample technique to modeling 

residential energy consumption.  As the sample technique relies on actual energy 

consumption data from local utilities, modeling for individual dwellings does not 

have to estimate energy use, thus requiring less data inputs. The archetype 

technique does however require a variety of data sources to create a realistic 

snapshot of how energy is used by an individual dwelling.  It is the combination 

of data inputs that helps to create the most accurate and refined snapshot of 

energy use for each dwelling archetype.   

 Chapter 5 also revealed that representative dwelling archetypes are made 

up of three components of housing form that influence dwelling energy 

consumption including: geometric configurations, thermal characteristics, and 

operating parameters (Parekh, 2005, p. 2).  Unfortunately, data is not often 
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organized or packaged to reflect these components. As a result, procuring useable 

data related to residential energy consumption can be an onerous task.  

7.4 Data Sources Required For Upcoming Chapters  

Following existing promising practice as reviewed in the previous chapter, the 

following paragraphs provide an overview of the data sources required by the 

energy mapping process defined in Chapter 8 and utilized in Chapter 9. To 

proceed, the following considerations are made. First, as previously discussed in 

this chapter, NRCan and the CUI utilize several similar sources of data to 

undertake an energy mapping study. These sources include the tax assessment 

roll, GHG emission studies/inventories, and growth studies or official community 

plans. All are reviewed herein. Second, and as also mentioned above, the energy 

mapping study portion of this project is informed by the archetype and sample 

techniques for modeling residential energy consumption. Since the sample 

technique requires actual utility data, this source of data will be described below.  

 The following paragraphs provide detailed information about all the 

above-mentioned data sources used by the energy mapping process developed for 

this project in Chapter 8. Each data source and the components of housing form 

they contain to inform the archetype technique are reviewed for both baseline 

and scenario mapping components in the following paragraphs.  

7.4.1 The Tax Assessment Roll  

The main purpose of the tax assessment roll is to calculate and keep a detailed 

record of the value of individual properties for taxation purposes (Canadian 
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Urban Institute, 2011a, p. 5). The tax assessment roll contains detailed 

information about individual property types, building types, and their location in 

a city or municipality. It also can contain detailed building attribute information 

about every building within a given location including building age, type, size, 

and floor space area (Canadian Urban Institute, 2011a, p. 5).  Due to the variety 

of information contained within the tax assessment roll, both geometric 

configurations and some thermal characteristics can be obtained from this 

source. Accordingly, the tax assessment roll is one of the most important sources 

of data for energy mapping purposes and is used to inform both baseline and 

scenario mapping components of an energy mapping study.  

 Tax assessment roll data is generally public information, and as such, can 

be obtained directly from a city or municipality with relative ease. Across Canada, 

property tax assessment rolls are maintained by cities or municipalities. In 

Manitoba, they are managed by the Province of Manitoba, however, the City of 

Winnipeg has its own tax authority known as the Winnipeg Assessment and 

Taxation Department.  In Winnipeg, tax assessment data for individual 

properties is available by request from the Department’s office or free online. 

Data can also be available in a shape file format, which is the standard file format 

used for GIS (Gilmour & McNally, 2010). Table 13 denotes a variety of residential 

sector dwelling types that could be used to inform what types of dwelling 

archetypes are created for an energy mapping study. Additionally, Table 14 

summarizes a variety of building attributes maintained by the City of Winnipeg’s 

Assessment and Taxation Department that could be used to inform specific 
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characteristics of the dwelling types mentioned in Table 13, including their 

geometric configurations, thermal characteristics and operating parameters. 

                             

                                                                                       

                                  

Table 13: Residential Sector Dwelling Types. Based on data from the City of Winnipeg, 2012. 

 

                                                                    

Table 14: Dwelling Attributes for Energy Mapping Purposes. Based on data from the City of  
      Winnipeg, 2012. 

7.4.2 GHG Information 

According to the CUI (2011a), “GHG coefficients are factors that relate the 

amount of greenhouse gas emissions released as a result of a particular type of 
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energy being consumed via a particular process” (p. 5). As such, GHG coefficients 

are required to calculate total GHG’s as they relate to the residential sector. 

Fortunately, HOT2000 energy simulation software (as described in the following 

paragraphs) provides an estimate of GHG’s produced without having to obtain 

and input information related to GHG coefficients.  Using HOT2000 software, 

this research provides an estimate of GHG emissions released by dwellings in the 

residential sector for both baseline and scenario portions of the energy mapping 

process.   

7.4.3 Census Data 

Census data from Statistics Canada contains pertinent information and 

indicators that could inform an energy mapping study. Neighbourhood profiles 

contain residential sector information related to the dwelling thermal 

characteristics and operating parameters components of housing form as 

outlined by Parekh (2005) in Chapter 5, Section 5.4.5.   Of particular importance 

to the thermal characteristics component are the neighbourhood profile data that 

outlines the type of dwelling, dwelling condition, and period of construction. 

With regards to the operating parameters component, the neighbouhood profile 

lists the average household size and the average census family size, which can 

both affect overall energy use. Additional information provided within the 

neighbourhood profile census data that can influence energy use is the total 

population of the neighbourhood, total land area and population density. Census 

data could be used to inform both baseline energy mapping as well as future 
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scenario mapping, and according to literature published by NRCan, was used to 

inform the SCEC3 model.  

7.4.4 Official Community Plans/Development Plans 

Official community plans or development plans are important resources to 

inform the development of future energy scenarios. The terms development plan 

and official community plan are often used interchangeably and can be defined in 

several ways. According to the Manitoba Provincial Land Use Policies, 

“Development plan by-laws set out the goals and policies for development within 

a planning area. They are the cornerstone for decision-making related to land use 

and development and must be kept current to reflect their goals and vision the 

community is trying to achieve” (Province of Manitoba, 2011, p. 42). Essentially, 

development plans provide a vision of how and where growth and development 

should occur.  The direction they provide can influence urban form, density, 

types of housing, mix of uses, and the provision of services, all of which can 

influence energy-related decisions at the top two levels of The Energy Decision-

Making Hierarchy.  

 In Manitoba, official community plans or development plans are 

implemented and enforced through a zoning by-law. The use of zoning or the 

regulations contained within these by-laws were not mentioned as a source of 

information in existing energy mapping literature by NRCan or the CUI. It is 

assumed that the dimensional standards contained within a zoning by-law are 
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neccesary to inform baseline and scenario components of an energy mapping 

study. 

7.4.5 Utility Data  

If available, utility data is a very important data source for energy mapping as it 

provides an accurate record of how much energy is being consumed by individual 

dwellings at specific locations.  As mentioned in Chapter 5, the sample technique 

for modeling residential energy consumption utilizes actual sample dwelling 

data, which is usually obtained from a LDC or energy utility provider. LDC’s 

maintain a database of energy consumed by their customers for billing purposes. 

According to the CUI (2011a), “utilities do not typically collect or maintain 

specific information about building types or their attributes within their billing 

databases” (p. 5), and often identify customers based on contract type. Contracts 

types can include such services as: residential, commercial, or industrial. 

Although utility data can represent the most accurate data source for energy 

mapping activities, the CUI (2011a) notes that it is often aggregated to protect 

customer privacy by ensuring individual customers cannot be identified (p. 7).  

Data can be aggregated to a particular geographical area such as a postal code or 

an entire city (p. 7).  

7.5 Software Required for Energy Mapping 

Once sufficient energy-related data is obtained from the sources previously listed 

in this section, it is modeled using energy simulation software, and then mapped. 

The following paragraphs review the software programs required to undertake an 
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energy mapping study, providing insight into what each program accomplishes, 

and when in the energy mapping process they are used. The software utilized by 

NRCan and the CUI are listed below in Table 15. 

 

Table 15: Software Required for an Energy Mapping Study 

7.5.1 Microsoft Office Suite 

The energy mapping process begins by using two applications from the Microsoft 

Office Suite. First, raw data and information from a variety of previously listed 

sources is input into a Microsoft Excel spreadsheet.  Spreadsheet software allows 

users to manage and analyze the data and information. Next, to refine and extract 

specific information, Microsoft Access is used to perform custom queries on the 

datasets. Microsoft Access allows for data and information from multiple sources 

to be analyzed, allowing for statistical comparisons to be made. Essentially, the 

Microsoft Office Suite is used to help isolate individual dwelling archetypes for 

energy modeling purposes.   

7.5.2 HOT2000 Building Energy Simulation Software 

After representative dwelling archetypes have been determined for energy 

mapping purposes, energy simulation can occur for each dwelling archetype 
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using building simulation software. Developed and maintained by NRCan, 

HOT2000 is a form of software that simulates energy use, evaluates energy 

efficiency, and supports energy efficiency improvements in the low-rise housing 

sector (Natural Resources Canada, 2010, p. 1).  Using the concept of the house as 

a system, housing information is input into the software which then calculates 

heat losses and gains, estimates the energy consumption of the house, and 

recommends associated energy efficiency improvements (Natural Resources 

Canada, 2010, p. 1).  

 HOT2000 software considers a range of energy-related factors, including 

geometric configurations, thermal characteristics, and operating parameters as 

outlined by Parekh (2005).  Instead of using the actual operating conditions of a 

house, HOT2000 uses standardized operating conditions based on the average 

operating conditions of a typical house. These standardized conditions can 

however be modified if needed.   

7.5.3 ArcGIS  

Once the simulated energy consumption of each dwelling archetype has been 

determined using HOT2000 software, archetypes can then be mapped using a 

geographical information system. According to the CUI (2011a) “A geographical 

information system (GIS) is a system used to capture, store, maintain, and 

analyze geographical information in digital format” (p. 5). The CUI (2011a) also 

notes that “A GIS enables the creation, storage, and maintenance of a parcel 

fabric, which is a digital map that represents the parcel or property boundaries 
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associated with all the properties in a city” (p. 5). Dwelling archetypes and their 

associated energy data can be input and matched to the appropriate parcel within 

the GIS. As such, the GIS contains and links all pertinent information to its 

appropriate geographical location.  The linking of this information provides the 

basis for the energy map (Canadian Urban Institute, 2011a, p. 5).  A GIS is used to 

map both baseline and scenario energy use as part of the energy mapping 

approach. GIS software such as ArcGIS is produced by Esri.  

7.6 Conclusions 

Two research questions provided direction for this chapter. The first question 

was: What types and sources of data and information are required to 

undertake an energy mapping study? This research question was 

answered by outlining where data for energy mapping purposes is generally 

obtained, based on previous energy mapping studies. Several sources of data 

were reviewed due to their particular importance for modeling residential energy 

consumption using the archetype and sample techniques described by Swan and 

Urgursal (2008). 

 The second research question for this chapter was: What types of 

software are required to undertake an energy mapping study? This 

research question was answered by detailing the specific types of software that 

are used in upcoming chapters to undertake an energy mapping study. Informed 

by energy mapping promising practice established by the SCEC3 and the 

IEMMFA models described in the previous chapter, the following chapter creates 
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an energy mapping process to undertake an energy mapping study in the City of 

Winnipeg, Manitoba.  
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Chapter 8: Defining an Energy Mapping Process for the 
City of Winnipeg 

8.1 Introduction 

Informed by the energy mapping processes used by NRCan and the CUI as 

outlined in the previous chapter, this chapter develops and defines the energy 

mapping process used in Chapter 9 of this project. As outlined in Chapter 1, the 

following research question guides this chapter:  

How will the energy mapping process utilized for this project 
relate to existing energy mapping promising practice being 
developed by NRCan and the CUI?  

 The following paragraphs answer the aforementioned research question, 

provide an overview of the energy mapping process, a rationale for what the 

energy mapping process includes, and how the process is applied in the 

upcoming chapter.  

8.2 Energy Mapping Process Defined 

The energy mapping process described herein is a refined version of the energy 

mapping processes used by NRCan and the CUI, and is referred to here as the 

Winnipeg Residential Energy Mapping Process or WREMP. The WREMP is 

shown in Figure 11, and is explained in its entirety within the following 

paragraphs.  
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 Figure 11: The Winnipeg Residential Energy Mapping Process (WREMP). 

8.3 Background 

Similar to the SCEC3 and IEMMFA models, the WREMP is categorized as a 

bottom-up approach that follows an engineering method to modeling residential 

energy consumption as outlined in Chapter 5 by Swan and Urgursal (2008). Of 

the energy modeling techniques specific to the engineering method, the WREMP 

utilizes both the archetype and sample techniques also outlined by Swan and 

Urgursal (2008). For reference, energy modeling, methods and techniques are 

outlined in Chapter 5.   



 

141 

 

8.4 Types and Sources of Data and Information required by the 
 WREMP 

Following a bottom-up approach to modeling residential sector energy 

consumption, the WREMP requires the types of data outlined by Swan and 

Urgursal (2008) in Chapter 5. As it uses archetypes, the components of housing 

form as outlined by Parekh (2005) that provide information related to a 

dwelling’s geometric configurations, thermal characteristics and operating 

parameters are necessary. The sources of data used to acquire these types of data 

are discussed below.  

 Chapter 7 described where data for energy mapping purposes had been 

obtained for previous energy mapping studies, and listed the sources of data that 

would be required for this project by the WREMP. These sources can be grouped 

as they can relate to both Phase 2 and Phase 3 of the WREMP: 

Phase 2: Case Study - Baseline Energy Analysis of the Ebby-Wentworth 

Neighbourhood: 

• Tax assessment roll data – Source: City of Winnipeg Assessment Branch 

• Census data – Source: City of Winnipeg/Statistics Canada 

• Utility data – Source: Manitoba Hydro 

Phase 3: Future Development Scenarios: 

• Tax assessment roll data - Source: City of Winnipeg Assessment Branch 

• Census data – Source: City of Winnipeg/Statistics Canada 

• Growth studies/Official community plan – Source: City of Winnipeg 
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 In addition to the sources outlined above, information from the literature 

review chapters of this project are used to inform all phases of the WREMP, 

specifically Chapter 3, Section 3.3.  

8.5 Software Required 

The WREMP utilizes the following software, as previously described in Chapter 7: 

• Microsoft Office Suite 

• HOT2000 

• ArcGIS 

8.6 Detailed Overview of the WREMP 

As illustrated in Figure 11, the WREMP is separated into four phases. Each phase 

is described in the following paragraphs.  

8.6.1 Phase 1: Collect Data and Information for Energy Mapping  

The WREMP begins with collecting and assembling all required data and 

information for an energy mapping study. The steps associated with Phase 1 of 

the energy mapping process are described as follows:   

Step 1 – Collect Data and Information Specific to the Residential 

Sector - Gather data and information about the focus neighbourhood from the 

sources previously mentioned to inform Phases 2 and 3 of the WREMP. Ensure 

data and information is specific to the residential portion of the building sector. 

Also ensure data and information provides details about the geometric 

configurations, thermal characteristics, or operating parameters of dwellings in 

the focus neighbourhood.  
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Step 2 – Assemble Data - Assemble data and information into two different 

tables using Microsoft Excel. The first table illustrates dwelling types present in 

the focus neighbourhood based on the data and information from Step 1, and the 

second table illustrates dwelling attributes associated with the identified dwelling 

types. The second table should assemble data and information that relates to the 

components of housing form that influence dwelling energy consumption as 

outlined by Parekh (2005).  

Step 3 - Examine Representativeness of Data and Information - Verify 

whether the data and information assembled in Step 2 are comparable by 

ensuring considerations such as the units of measurement and geographical 

boundaries used to describe the focus neighbourhood coincide and can facilitate 

comparisons.  

8.6.2 Phase 2: Case Study - Baseline Energy Analysis of Focus 
 Neighbourhood 

As mentioned in Chapter 2, the case study portion of the energy mapping process 

has been informed by the six step framework outlined by Lundberg and Enz 

(1993). The steps and how they relate to Phase 2 of the WREMP are described 

below:  

1. Gain Familiarity – This was accomplished by analyzing data and 

information as outlined in Phase 1 of the WREMP.  
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2. Recognize Symptoms – Background research on energy use within the 

residential sector and energy mapping from Chapters 3 through 5 provides 

an understanding of how planning decisions impact energy use.  

3. Identify Goals – Goals specific to this project have been outlined in 

Chapter 1. 

4. Conduct Analysis – Analysis for the case study occurs by creating a 

baseline energy map of the focus neighbourhood using the energy 

mapping approach. This step compiles all pertinent parcel level energy 

information related to residential sector energy use and prepares a map 

from which comparisons can be made.  

5. Make the Diagnosis - Once the analysis detailed in Step 4 is complete, a 

diagnosis of how energy is being used within the residential sector of the 

focus neighbourhood is possible.  With a baseline energy map created, a 

visual snapshot of how energy is being used by the residential sector in a 

neighbourhood within the City of Winnipeg has been achieved.  

6. Action Planning – Finally, the baseline energy map is used as a 

benchmark, informing additional primary research for an energy mapping 

study. Following the energy mapping approach, the energy map created 

through the use of the case study method is compared to development 

scenarios to determine where efficiencies can be created.  

 The steps utilized for the case study portion of the WREMP do not directly 

correspond to the steps outlined in Lundberg and Enz’s (1993) framework, but do 
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generally align with their intent. The steps associated with Phase 2 of the 

WREMP are described as follows:   

Step 1 – Provide a Description of the Focus Neighbourhood - Phase 2 of 

the WREMP begins with providing a brief description of the focus 

neighbourhood. This description should provide some interesting facts about the 

focus neighbourhood, such as its location and physical configuration. 

Step 2 – Provide a Socio-Demographic Overview of the Focus 

Neighbourhood - The following indicators from the Canada Census are 

reviewed to provide a socio-demographic overview of the focus neighbourhood: 

• Household Size 

• Census Family Size 

• Average Household Income 

• Value of Dwellings 

• Condition of Dwellings 

• Dwelling Tenure 

• Population Growth 

 A brief description of each indicator provides context regarding the focus 

neighbourhood’s population.  

Step 3 – Select Representative Dwelling Archetypes - From the 

residential sector data and information compiled in Phase 1, dwelling archetypes 

are selected to represent the housing stock of the focus neighbourhood.  A 

combination of Parekh’s (2005) and Famuyibo’s (2012) methodologies for 
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developing dwelling archetypes are followed to select dwelling archetypes as 

outlined in Chapter 5.  

Step 1: Assemble data from both sources on a master spreadsheet. 

(Parekh, 2005).  

Step 2: Verify representativeness of housing database (Famuyibo, 2012). 

Step 3: Establish the criteria for correlating geometric and thermal 

characteristics (Parekh, 2005). 

Step 4: Assemble various grouping of the data to arrive at representative 

thermal and performance values (Parekh, 2005), and Archetype 

Development - Representative archetypes are developed based on the 

prevalence of parameters which are typically present for each key variable. 

(Famuyibo, 2011). 

 Microsoft Access and Microsoft Excel are the software programs required 

for Phase 2, Step 3.  

Step 4 – Assign a Representative Dwelling Archetype to each Tax 

Assessment Roll Entry - Using the representative dwelling archetypes chosen 

in Step 3, assign a dwelling archetype to each residential property type and or roll 

entry detailed in the tax assessment data. The dwelling archetype assigned to 

each property type or roll entry should be representative of dwelling type, and its 

components of housing form that influence dwelling energy consumption as 

outlined by Parekh (2005). Microsoft Excel is the software program required for 

Phase 2, Step 4.   
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Step 5 - Simulate Energy Use of Each of Dwelling Archetypes - Use 

HOT2000’s Housing Wizard to simulate energy use for each baseline dwelling 

archetype. Utilize data and information outlined in Phase 1, Step 1 of the WREMP 

to inform input fields in the simulation software. Keep a detailed list of the 

changes made to the input fields and the assumptions assigned to individual 

dwelling archetypes. Create a full dwelling report using HOT2000 software and 

extract totals for annual energy use in gigajoules (GJ) and the estimated GHG 

emissions (tonnes/year).  

Step 6 - Assemble Dwelling Archetype and Energy Information - Create 

a table in Microsoft Excel that denotes each dwelling archetype, and add the 

information from the HOT2000 housing reports created in Step 5 to the table. 

Calculate energy intensity (GJ/sq. ft.) for each baseline dwelling archetype.  

Step 7 – Input Dwelling Archetype Data and Information into ArcGIS - 

Attach simulated energy use for individual dwelling archetypes to the parcel 

fabric in the GIS. ArcGIS is the software program required for Phase 2, Step 7.   

Step 8 – Create Baseline Energy Map Using ArcGIS - Create a baseline 

energy map for chosen baseline dwelling archetypes. 

Step 9 – Report on Baseline Energy Use in Focus Neighbourhood - 

Summarize and report total energy use for chosen representative dwelling 

archetypes for the case study focus neighbourhood.  Present data and 

information in a way that will facilitate comparisons with the scenarios created in 
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the following phase of the WREMP. Microsoft Excel is the software program 

required for Phase 2, Step 9.   

Step 10 - Compare Total Baseline Energy Use to Actual Energy 

Consumption Data from Manitoba Hydro - Compare dwelling archetypes 

to dwelling energy consumption data from Manitoba Hydro that has been 

aggregated to the representative dwelling archetypes. Verify the accuracy of 

simulated energy information and whether simulated data is representative of the 

chosen dwelling archetypes. Microsoft Excel is the software program required for 

Phase 2, Step 10.   

8.6.3 Phase 3: Future Development Scenarios 

This phase of the WREMP provides a set of tangible and implementable future 

scenarios for the focus neighbourhood and an adjacent site that can support new 

dwelling construction. The steps associated with Phase 3 of the WREMP are 

described in the following paragraphs. 

Step 1 – Review Data and Information Used to Create Scenario 

Dwelling Archetypes - Review data and information collected for Phase 1, Step 

1 of the WREMP, and Chapter 3, Section 3.3 of this project to inform how 

scenarios and their associated dwelling archetypes are to be developed. Draw on 

information from Phase 1 of the WREMP to inform the geometric configurations, 

thermal characteristics and operating parameters of each dwelling archetype.  

Step 2 – Provide an Overview of Site for Scenarios 2 and 3 - Similar to 

Phase 2, Step 1 of the WREMP, provide a brief description of the site chosen for 



 

149 

 

Scenarios 2 and 3 that can support new dwelling construction. This description 

should provide some interesting facts about the site, such as its location and 

physical configuration. 

Step 3 - Create Scenarios and Associated Dwelling Archetypes - 

Considering the information reviewed in Step 1, create three future scenarios to 

be compared back to the baseline energy information and map from Phase 2 of 

the WREMP. Describe each scenario and its associated dwelling archetypes. 

Comment on the components of housing form that influence dwelling energy 

consumption for each dwelling archetype as outlined by Parekh (2005). Provide a 

description of the energy-related decisions made for each scenario, noting which 

levels of The Energy Decision-Making Hierarchy they correspond to. Microsoft 

Excel is the software program required for Phase 3, Step 3.  Future scenarios are 

proposed as follows:  

Scenario 1 - Energy Focused Retrofit to the Focus Neighbourhood 

Scenario 2 - Business as Usual New Construction on Adjacent Site  

Scenario 3 - Energy Efficient New Construction on Adjacent Site 

Step 4 - Simulate Energy Use of Each Scenario Dwelling Archetype - 

Similar to Phase 2, Step 5, use HOT2000’s Housing Wizard to simulate energy 

use for each scenario dwelling archetype. Utilize data and information outlined in 

Phase 1, Step 1 of the WREMP to inform input fields in the simulation software. 

Keep a detailed list of the changes made to the input fields and the assumptions 

assigned to individual dwelling archetypes. Create a full dwelling report using 
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HOT2000 software and extract totals for annual energy use in gigajoules (GJ) 

and the estimated GHG emissions (tonnes/year).  

Step 5 - Assemble Dwelling Archetype and Energy Information - Create 

a table in Microsoft Excel that denotes each dwelling archetype, and add the 

information from the HOT2000 housing reports created in Step 4 to the table. 

Calculate energy intensity (GJ/sq. ft.) for each scenario dwelling archetype. 

Step 6 - Input Scenario Configuration and Dwelling Archetype Data 

and Information into ArcGIS - Attach simulated energy use for individual 

dwelling archetypes to the parcel fabric in ArcGIS.  

Step 7 - Create Energy Maps for each Scenario - Create energy maps for 

each scenario and their associated dwelling archetypes. 

Step 8 - Report on Energy Use for each Scenario - Summarize and report 

total energy use for each scenario and its associated dwelling archetypes using 

Microsoft Excel.  Present data and information in a way that will facilitate 

comparisons with baseline results from Phase 2, Step 9.  

8.6.4 Phase 4: Results and Comparisons 

This phase compiles and provides a basic analysis of the results from the 

WREMP. The steps associated with Phase 4 of the WREMP are described as 

follows: 

Step 1 – Compile Scenario Results with Baseline Results - Combine 

baseline and scenario results to facilitate comparisons in Microsoft Excel.   



 

151 

 

Step 2 - Report on Results - Considering the results from both baseline and 

scenario phases of the WREMP, compile a list of the following:  

• Dwelling Archetypes with the Highest Energy Use and GHG Emissions 

• Dwelling Archetypes with the Lowest Energy Use and GHG Emissions 

• Dwelling Archetypes with the Highest Energy Intensity 

• Dwelling Archetypes with the Lowest Energy Intensity 

 Create a table in Microsoft Excel showing total energy use for Phase 2, and 

for each scenario from Phase 3 of the WREMP. Total energy use is calculated by 

aggregating individual dwelling archetype energy use by the number of each 

dwelling archetype present in both the focus neighbourhood and the scenario 

site.  

Step 3 – Compare Scenario Results with Baseline Results - Compare 

scenario results from Phase 3 with baseline results from Phase 2 of the WREMP. 

Comment on similarities and differences between results.  

8.7 Rationale for the WREMP  

The following paragraphs describe what was taken into consideration when 

developing an energy mapping process specific to this project for use in the City 

of Winnipeg.   

Capacity of one researcher - The WREMP is of a more manageable scope 

when compared to other energy mapping processes. The energy mapping 

processes utilized by NRCan and the CUI involved input from a variety of 

individuals, with different professional backgrounds and skill sets specific to 
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enabling certain steps in the energy mapping process. It would be difficult for one 

researcher to duplicate existing promising practice on their own.  

Limited timeframe - Considering the capacity of one researcher as mentioned 

above, this project and the use of the WREMP was developed to be completed 

within an approximately twelve-month timeframe, or the approximate time it 

would take to complete this research project.  

Availability of data - The WREMP was developed to utilize data that is readily 

available at the time of writing from secondary sources. Collecting primary data is 

not part of the WREMP.   

Research ethics - In order to avoid any ethical issues or having to obtain 

research ethics for this project, the WREMP utilizes publicly available data and 

information as mentioned above. The privacy of individuals is not compromised 

through the use of the WREMP. Because the WREMP utilizes publicly available 

or aggregated data, research ethics were not required to undertake this project.   

Promising Practice vs. Best Practice - The energy mapping processes being 

utilized by NRCan and the CUI are yet to be determined as best practice. This 

project utilizes a process that is informed by existing promising practice, but is 

fine tuned specifically for this project. If a best practice approach to undertaking 

an energy mapping study existed at the time of writing, it would have been 

followed.  The WREMP may help inform a future energy mapping best practice 

by refining and providing an alternate process for mapping residential sector 

energy use.  
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Address Research Problems: Climate Change & Energy Security - The 

WREMP was designed taking into account the two overarching research 

problems described in Chapter 1. To address climate change, the WREMP 

examines reducing energy use and GHG emissions through the use of alternative 

future development scenarios. To address energy security, the WREMP 

undertakes a socio-demographic analysis of the focus neighbourhood, providing 

a better understanding of its inhabitants, and allowing for neighbourhood 

solutions specific to energy security be considered.  

8.8 Similarities and Differences between Energy Mapping 
 Processes 

Based on the considerations above, the scope of the WREMP could be considered 

a simplified version of the energy mapping processes being used by NRCan or the 

CUI.  A detailed comparison of all three energy mapping processes is found in 

Appendix A, but is also described in the following paragraphs.   

 The WREMP is similar to the SCEC3 model in that it does not include the 

transportation sector in its analysis, and also utilizes HOT2000 to simulate 

energy use for individual dwelling archetypes. The WREMP is similar to the 

IEMMFA model in that it incorporates a business as usual scenario, and utilizes 

both sample and archetype techniques for modeling energy use. It is also similar 

to both the SCEC3 and the IEMMFA models in that it incorporates both retrofits 

and new construction as possible development scenarios, and accounts for energy 

use and GHG emissions.  
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 The WREMP is different than the SCEC3 and IEMMFA models in that it 

deals with a smaller scope and does not focus on multiple sectors. Again, based 

on a basic comparison, the WREMP does not include any economic inputs or 

deliverables as part of its analysis.  The WREMP is also different than the SCEC3 

and IEMMFA models in that it incorporates a socio-demographic overview at the 

start of the energy mapping process to inform neighbourhood-specific energy-

related decisions with regards to climate change and energy security.  

8.9 Potential Limitations of the WREMP 

Several limitations have been identified with regards to the WREMP and its 

application to an energy mapping study in the City of Winnipeg. First, and as 

discussed above, the WREMP has a limited scope when compared to the SCEC3 

and IEMMFA models.  As such, it does not produce as many deliverables for 

consideration and can only inform energy-related decisions for the residential 

sector.  Next, the WREMP relies primarily on the skill-set of the primary 

researcher, which may not be as specialized as others currently working 

on/conducting energy mapping projects in Canada. Finally, the WREMP has not 

been utilized or tested to verify its effectiveness or applicability prior to this 

project. Chapter 10 identifies any additional limitations of the WREMP after its 

initial application in Chapter 9.  

8.10 Conclusion 

Informed by existing energy mapping promising practice, this chapter developed 

the WREMP to undertake an energy mapping study in the City of Winnipeg, 
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Manitoba. The information provided in this chapter answered the following 

research question: What is the energy mapping process that will be 

utilized for this project, and how does it relate to existing energy 

mapping promising practice being developed by NRCan and the 

CUI? This research question was answered by describing the entire WREMP, 

comparing it to existing energy mapping promising practice utilized by both 

NRCan and the CUI. The following chapter will utilize the WREMP to undertake 

an energy mapping study.   
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Chapter 9: Energy Mapping Study 

9.1 Introduction 

The following chapter describes how the WREMP as created in Chapter 8 was 

applied to the Ebby-Wentworth neighbourhood and the adjacent Fort Rouge 

Yards site in the City of Winnipeg. The following research question guides this 

chapter, as previously outlined in Chapter 1: 

Is the use of the energy mapping approach effective in 
illustrating the implications of energy-related decisions? 

9.2 Phase 1: Collect Data and Information for Energy Mapping  

Phase 1 of the WREMP is contained within the following section. The steps 

associated with Phase 1 are followed as outlined in Chapter 8, and a brief 

description of the actions taken for each step is provided. 

9.2.1 Step 1 – Collect Data and Information Specific to the Residential 
 Sector  

Data and information was collected from the following sources to inform 

subsequent phases of the WREMP:  

• Tax assessment roll data – Source: City of Winnipeg Assessment and 

Taxation Department 

• Canada Census data – Source: City of Winnipeg/Statistics Canada 

• Utility data – Source: Manitoba Hydro 

• Growth studies/Official community plan – Source: City of Winnipeg 
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 When requesting or collecting data and information, it was always ensured 

that it was specific to the residential sector. The following paragraphs provide an 

overview of the data and information obtained for this study: 

Tax Assessment Roll Data - A request was made to the City of Winnipeg 

Assessment and Taxation Department for information that could be used for an 

energy mapping study of the Ebby-Wentworth neighbourhood. Data and 

information about all residential dwelling types and their associated attributes as 

outlined in Section 7.4.1 were requested. Before providing information about 

every property in the neighbourhood, Parcel Use Codes or PUC’s were provided 

to the primary researcher to refine the request to be specific to residential PUC’s 

or property types in the neighbourhood. PUC’s that relate to the Ebby-Wentworth 

neighbourhood are shown in Table 16.  

Tax assessment data is public information, and as such, research ethics 

were not required to collect this information.  
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Table 16: Ebby-Wentworth Neighbourhood Parcel Use Codes. Based on data from the City of  
      Winnipeg, 2012. 

 A refined request was then made for dwelling attributes related to 

highlighted PUC’s or dwelling types above. Dwelling attributes provided to the 

primary researcher in a Microsoft Excel spreadsheet for all residential dwelling 

types based on the refined list of PUC’s included the following: 

• Parcel ID (PARCEL_ID) 

• Parcel Use Code (PARCEL_USE_CODE) 

• Property Street Number (PROP_ST_NBR) 

• Property Street Name (PROP_ST_NAME) 

• Property Street Type (PROP_ST_TYPE) 

• Year Built (YEAR_BUILT) 

• Effective Year Built (EFF_YR_BUILT) 
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• Current Assessed Value (TOTAL_CURR_ASSESSED_VALUE) 

• Total Square Footage (Total Square Footage) 

• Plan, Block, Lot (PLAN-BLOCK-LOT) 

• Number of Dwelling Units (DWELL_UNITS_RES) 

• Number of Bedrooms (NBR_BEDROOMS) 

• Total Rooms (TOTAL_ROOMS) 

• Basement Type (BSMT_TYPE) 

• Basement Area (BSMT_AREA) 

• Finished Basement Area (FIN_BSMT_AREA) 

• X Coordinate (X_COORD) 

• Y Coordinate (Y_COORD) 

• Heating Type (HEAT_TYPE) 

• Land Area (LAND_AREA) 

• Units Used for Land Area (AREA_MEASURE) 

• Occupancy (OCCUPANCY) 

 Although it was requested, the number of storeys for each dwelling was 

not provided as a dwelling attribute. Instead of making an additional request for 

this information, a search of each individual residential property in the Ebby-

Wentworth neighbourhood was completed through the City of Winnipeg’s 

Assessment and Taxation Department website using the property search tool. 

Once the number of storeys associated with each residential property in the 

neighbourhood was obtained, the information was added to the spreadsheet 

provided by the City of Winnipeg Assessment and Taxation Department. Selected 

data and information provided or obtained from the City of Winnipeg is 

contained in Appendix B. The data and information was also provided in GIS 

shapefile format to illustrate individual parcel location and property boundaries. 

The Ebby-Wentworth neighbourhood is referred to by the City of Winnipeg’s 
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Assessment and Taxation Department as NCA-107. The location of the Ebby-

Wentworth neighbourhood within the City of Winnipeg is illustrated in Figure 12.  

  

Figure 12: Ebby-Wentworth Neighbourhood Location in the City of Winnipeg. Based on map  
         from City of Winnipeg, 2013. 
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Census Data - 2006 Canada Census Data was obtained for the Ebby-Wentworth 

neighbourhood from the City of Winnipeg’s website. The City of Winnipeg 

purchases census information from Statistics Canada that has been customized to 

be specific to neighbourhood boundaries as defined by the City of Winnipeg.  Of 

particular interest for energy mapping purposes, is data and information that 

could inform the socio-demographic overview (Phase 2, Step 2), and provide 

information regarding dwelling types and any associated dwelling attributes. At 

the time of writing, 2011 Canada Census information was becoming available, 

however customized information specific to the Ebby-Wentworth neighbourhood 

had not yet been released. As such, 2006 Canada Census information was used.   

Utility Data - Actual dwelling energy consumption data was obtained for the 

Ebby-Wentworth neighbourhood from Manitoba Hydro. To protect customer 

privacy, the data was aggregated to the dwelling archetypes chosen to represent 

the focus neighbourhood as described in Section 9.3.3 below.  

OurWinnipeg / Winnipeg Zoning By-law 200/2006 - Pertinent planning 

and development information was isolated within the City of Winnipeg’s 

OurWinnipeg Complete Communities Strategy with regards to the Ebby-

Wentworth neighbourhood and the Fort Rouge Yards site. Additionally, 

information from Winnipeg Zoning By-law 200/2006 was reviewed to inform 

the lot dimensions chosen for Scenarios 2 and 3.   

Other Information - In addition to the information described above that was 

sourced specifically for the energy mapping study, information from Chapter 3, 
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Section 3.3 of the literature review was also used to inform certain steps of the 

WREMP. The information drawn from Chapter 3 is specifically noted in 

upcoming steps.   

9.2.2 Step 2 – Assemble Data 

Data specific to residential dwellings in the Ebby-Wentworth neighbourhood was 

assembled to facilitate comparisons, verify accuracy, and to expedite creating 

representative dwelling archetypes in Phases 2 and 3 of the WREMP. To begin, 

data and information specifically related to creating representative baseline 

dwelling archetypes were organized by dwelling type to verify which dwelling 

types were present in the focus neighbourhood, and if the data from both data 

sources were representative of each other. Table 17 illustrates this data and 

information.  

 

Table 17: Ebby-Wentworth Residential Sector Dwelling Types. Based on data from City of  
      Winnipeg, 2012, Manitoba Hydro, 2013, and Statistics Canada, 2006. 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Next, available property attributes associated with the dwelling types as 

outlined in Table 17 were organized and assembled into one table. Any attribute 

that could be considered a component of housing form that influences dwelling 

energy consumption as outlined by Parekh (2005) was placed into a specific 

column. This was done to verify how many dwelling attributes specifically related 

to created representative dwelling archetypes were present for each dwelling 

type. Table 18 below illustrates the results of assembling property attribute data 

and information.  
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Table 18: Dwelling Attributes Associated with Residential Dwelling Types. Based on data from  
       the City of Winnipeg, 2012, and Statistics Canada, 2006. 

9.2.3 Step 3 – Examine Representativeness of Data and Information 

As illustrated in Table 18, the data and information collected regarding the Ebby-

Wentworth neighbourhood from the City of Winnipeg’s Assessment and Taxation 

Department and the 2006 Canada Census are not consistent in how they define 

individual dwelling types and how many of each dwelling type were present. 

Where there is overlap between the two sources of data, tax data was used over 
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census data as it is updated more frequently for annual taxation purposes. All 

data and information was presented using similar units of measurement.  

 The neighbourhood boundaries as illustrated between data sets were 

compared and appear to be identical.  These boundaries are shown in Figure 13. 

The neighbourhood boundaries denoted in Figure 13 were the boundaries 

provided to Manitoba Hydro when annual energy consumption information was 

requested for the residential sector within the neighbourhood.  

9.3 Phase 2: Case Study - Baseline Energy Analysis of the Ebby- 
      Wentworth Neighbourhood 

This section describes how Phase 2 of the WREMP was applied to the Ebby-

Wentworth neighbourhood following the steps outlined in Chapter 8. For clarity, 

this section also provides a brief description of the actions taken during each 

step. 

9.3.1 Step 1 - Provide a Description of the Focus Neighbourhood 

The Ebby-Wentworth neighbourhood is located in the City of Winnipeg, 

Manitoba, west of Pembina Highway and south of Grant Avenue.  It is one of 

Winnipeg’s smaller neighbourhoods with a population of 720 people and a land 

area of only 0.4km2 (City of Winnipeg, 2006b).  The neighbourhood’s resulting 

population density is 1807.4 per km2, compared to an average of 475.2 per km2 

in the rest of Winnipeg (City of Winnipeg, 2006b).  Residential lots generally 

range from approximately 3,000 square feet to approximately 5,000 square feet 

in site area, and lot widths generally range from 30 – 50 feet. The majority of the 
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residential uses in the neighbourhood are zoned R1m or Residential Single 

Family Medium Density. The neighbourhood’s road network and development 

pattern is of traditional gridiron layout.  Ebby-Wentworth is located 

approximately 0.2 km west of the Fort Rouge Yards site, with the two being 

separated by Pembina Highway and a Canadian National Rail line.  Land-use in 

the neighbourhood is primarily residential, however, properties that abut 

Pembina Highway are used for commercial purposes. The Ebby-Wentworth 

neighbourhood was chosen for this project due to its relatively small physical 

size, having a fairly homogeneous built form, and its proximity to the Fort Rouge 

Yards site. Figure 13 illustrates residential land-uses within the neighbourhood.  

Figure 14 illustrates a typical street in the Ebby-Wentworth neighbourhood.  
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Figure 13: Ebby-Wentworth Boundaries and Residential Land Uses. Based on map from City of  
        Winnipeg, 2013.  
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Figure 14:  Typical Street in Ebby-Wentworth Neighbourhood. © Andrei Friesen, 2013. 

9.3.2 Step 2 – Provide a Socio-Demographic Overview of the Focus  
      Neighbourhood 

The 2006 Canada Census was used to provide insight into the Ebby-Wentworth 

neighbourhood’s population. The following indicators were reviewed for energy 

mapping purposes: 

Household Size - The neighbourhood is largely made up of 1-person 

households, which account for 39.1 percent of the total. 2-person households 

account for 28.1 percent, and 3 person households account for 15.6 percent of the 

neighbourhood. The average number of persons per household was 2.2 in 2006 

(City of Winnipeg, 2006b). 

Census Family Size - In 2006, the average family size was 3.1 people per 

family, with an average of 1.2 children per family (City of Winnipeg, 2006b).  

Average Household Income - Average household income in 2006 was 

$51,610 compared to $63,023 in the entire City of Winnipeg (City of Winnipeg, 

2006b).  

Value of Dwellings - The average value of dwellings in the Ebby-Wentworth 

neighbourhood in 2006 was $116,173 compared to an average of $161,999 in the 

rest of City of Winnipeg (City of Winnipeg, 2006b). 
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Condition of Dwellings - Of the 320 dwellings in the Ebby-Wentworth 

neighbourhood, 170 of them are described as being in good condition, needing 

only regular maintenance.  105 of the neighbourhoods’ dwellings require minor 

repairs, and the remaining 50 require major repairs (City of Winnipeg, 2006b). 

Dwelling Tenure - In 2006, the majority of dwellings in the Ebby-Wentworth 

neighbourhood were owned at 76.9 percent. The remaining 23.1 percent were 

rented (City of Winnipeg, 2006b).  

Population Growth - Between 2001 and 2006, the Ebby-Wentworth 

neighbourhood saw a 1.4 percent decrease in population. Between 1996 and 

2001, the Ebby-Wentworth neighbourhood saw a population increase of 2.1 

percent (City of Winnipeg, 2006b). For the purposes of this project, it can be 

assumed that the neighbourhood has a static population.  

9.3.3 Step 3 – Select Representative Dwelling Archetypes 

Using a combination of several steps from Parekh’s (2005) and Famuyibo’s 

(2012) methodologies for developing dwelling archetypes as outlined in Section 

5.4.6, the following steps were used to create representative dwelling archetypes 

for the Ebby-Wentworth neighbourhood:  

Step 1: Assemble data from both sources on a master spreadsheet (Parekh, 

2005). 

• This step of Parekh’s methodology was already accomplished in Phase 1, 

Step 2 of the WREMP  

Step 2: Verify representativeness of housing database (Famuyibo, 2012).   
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• Data from the City of Winnipeg Assessment and Taxation Department and 

the 2006 Canada Census appear to be representative in terms of physical 

boundaries. As mentioned above, dwelling type counts differ, and as such, 

City of Winnipeg Assessment and Taxation Department data was used as it 

is refined annually for taxation purposes. This step was already 

accomplished in Phase 1, Step 3 of the WREMP.  

Step 3: Establish the criteria for correlating geometric and thermal 

characteristics (Parekh, 2005) 

• The criteria for correlating geometric and thermal characteristics was to 

determine what the most prevalent housing types are in the 

neighbourhood, and which housing types have similar components of 

housing form that influence dwelling energy consumption as detailed in 

Table 18.  

Step 4: Assemble various grouping of the data to arrive at representative 

thermal and performance values (Parekh, 2005), and Archetype Development - 

Representative archetypes are developed based on the prevelance of parameters 

which are typically present for each key variable (Famuyibo, 2011). 

• Data from the City of Winnipeg Assessment and Taxation Department 

provided in Microsoft Excel format was input into Microsoft Access. This 

program was used to group the data based on housing type and similar 

components of housing form that influence dwelling energy consumption.  

 The six most prevalent dwelling types and their associated attributes 

specific to the components of housing form that influence dwelling energy 
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consumption are illustrated in Table 19 below. These are the archetypes used for 

baseline mapping and analysis. It should be noted that apartments were not 

included as an archetype for the Ebby-Wentworth neighbourhood in part due to 

their low frequency as a dwelling type, and also due to the inability of HOT2000 

software to simulate energy use for this type of residential use.  

 

Table 19: Phase 2 Baseline Dwelling Archetypes. Based on data from City of Winnipeg, 2012. 

9.3.4 Step 4 - Assign a Representative Dwelling Archetype to each  
     Tax Assessment Roll Entry  

The six most prevalent dwelling archetypes denoted in Table 19 were assigned to 

every residential property type and or roll entry detailed in the tax assessment 

data for the Ebby-Wentworth neighbourhood. The tax assessment data in 

Appendix C was updated to contain this information.  Dwelling archetypes were 

assigned based on their representativeness of the subject dwelling type and the 

components of housing form that influence dwelling energy consumption as 
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outlined by Parekh (2005). Table 20 was also created to assemble simulated 

energy use for each baseline dwelling archetype. Figures 15 through 20 illustrate 

actual dwellings from the Ebby-Wentworth neighbourhood that are similar to the 

chosen representative dwelling archetypes.  

 

Figure 15:  Dwellings Similar to Dwelling Archetypes 1 and 7. © Andrei Friesen, 2013. 

 

 

Figure 16:  Dwellings Similar to Dwelling Archetypes 2 and 8.  © Andrei Friesen, 2013. 
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Figure 17:  Dwellings Similar to Dwelling Archetypes 3 and 9. © Andrei Friesen, 2013. 

 

 

 

Figure 18:  Dwellings Similar to Dwelling Archetypes 4 and 10. © Andrei Friesen, 2013. 
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Figure 19:  Dwellings Similar to Dwelling Archetypes 5 and 11. © Andrei Friesen, 2013. 

 

 

 

Figure 20:  Dwellings Similar to Dwelling Archetypes 6 and 12. © Andrei Friesen, 2013. 

9.3.5 Step 5 - Simulate Energy Use of Each Dwelling Archetype 

HOT2000 software was used to simulate energy use for each baseline dwelling 

archetype. HOT2000’s Housing Wizard tool was used to reduce the amount of 

input information required to simulate energy use for each dwelling archetype, 
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relying instead on presets and assumptions made by the software. Input fields 

modified within the Housing Wizard, the information input into each respective 

field, the assumptions made for each dwelling archetype, and the complete report 

produced by the HOT2000 software for each baseline dwelling archetype are 

outlined in Appendix C.  

9.3.6 Step 6 - Assemble Dwelling Archetype and Energy Information 

Simulated energy and estimated GHG information for each baseline dwelling 

archetype was added to Table 20 once created. Table 21 illustrates total energy 

use and associated GHG emissions for Ebby-Wentworth neighbourhood dwelling 

archetypes. Energy information for each dwelling archetype was also updated 

into Appendix C.  

  

Table 20: Simulated Energy Use and Associated GHG Emissions for Baseline Dwelling      
       Archetypes. 

9.3.7 Step 7 – Input Dwelling Archetype Data and Information into  
      ArcGIS  

Dwelling archetype data and information from Appendix C was loaded into 

ArcGIS.  Because the data and information on the master Excel spreadsheet 
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contained attributes linking each entry to a specific physical location, baseline 

dwelling archetype information was automatically assigned to its respective 

parcels withing the GIS shapefile.  

9.3.8 Step 8 – Create Baseline Energy Map Using ArcGIS 

Colours were chosen to illustrate energy use for each baseline dwelling archetype. 

Once completed, the map was saved, printed, and added to this document.  The 

baseline energy map for the Ebby-Wentworth neighbourhood is illustrated in 

Figure 21.  
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Figure 21: Baseline Energy Map. Based on map from City of Winnipeg, 2013.  
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9.3.9 Step 9 – Report on Baseline Energy Use in Focus     
      Neighbourhood 

Table 21 illustrates total aggregated energy use and associated GHG emissions for 

the Ebby-Wentworth neighbourhood baseline dwelling archetypes.  

 

Table 21: Aggregated Energy Use and Associated GHG Emissions for Baseline Dwelling     
      Archetypes. 

9.3.10 Step 10 - Compare Total Baseline Energy Use to Actual Energy 
         Consumption Data from Manitoba Hydro  

Actual aggregated consumption data for each of the baseline dwelling archetypes 

are illustrated in Table 22. Although aggregated, the totals are based on actual 

consumption data and therefore reflective of real-life occupant behaviour. As 

illustrated in Table 22, there are wide variations in the accuracy of the simulated 

data, particularly with regards to Dwelling Archetypes 1, 4 and 6. Simulated 

energy consumption for Dwelling Archetypes 3 and 5 were quite close to actual 

aggregated totals. The variation between simulated and actual data highlight the 

need for energy mapping studies to work towards using actual data whenever 

possible.  
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Table 22: Comparison Between Simulated and Actual Dwelling Consumption Data. Courtesy of  
       Manitoba Hydro, 2013.  

9.4 Phase 3: Future Development Scenarios 

This section describes how Phase 3 of the WREMP was applied to the Ebby-

Wentworth neighbourhood and the adjacent Fort Rouge Yards site following the 

steps outlined in Chapter 8.  Similar to the previous section, a brief description of 

the actions taken during each step will be provided.  

9.4.1 Step 1 – Review Data and Information Used to Create Scenario  
      Dwelling Archetypes  

For Scenarios 1 through 3, data and information from the sources described in 

Phase 1 of the WREMP, and information from Chapter 3, Section 3.3, were drawn 

on to inform the geometric configurations, thermal characteristics and operating 

parameters of the dwelling archetypes created for each scenario.   Of particular 

interest from Chapter 3 was information about average dwelling sizes noted in 

Section 3.3.1.3 to inform geometric configurations, and information about 

Manitoba Hydro Power Smart Programs from Section 3.4.1.3 to inform the 

thermal characteristics of scenario dwelling archetypes. Of interest from the data 
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and information collected during Phase 1 of the WREMP was the census 

information about household size, and census family size to inform operating 

parameters. This step informed energy-related decisions made at the Energy-

using equipment and Building and site design levels of The Energy Decision-

Making Hierarchy.  

9.4.2 Step 2 – Provide an Overview of Site for Scenarios 2 and 3 

The Fort Rouge Yards site is currently vacant, and was formerly used by the 

Canadian Northern Railways (CNR) who first established a rail yard on the site 

during the early 1900`s. This rail yard served as the CNR`s main yard for the 

storing, assembly and maintenance of trains.  Located adjacent to the Riverview 

neighbourhood, the approximately 16 acre site is bordered by Berwick Field to 

the south, Argue Street to the east, and the southwest rapid transit corridor to the 

west. The site is currently underused as an industrial area, but there is 

momentum to develop the land as a residential neighbourhood. An Area Master 

Plan was completed in 2010 to convert the land to support residential uses. 

OurWinnipeg and Winnipeg Zoning By-law 200/2006 were reviewed to provide 

direction with regards to lot sizes and the physical configuration of Scenarios 2 

and 3 at the Fort Rouge Yards site. This step informed energy-related decisions at 

the land-use and infrastructure level of The Energy Decision-Making Hierarchy.  

Figures 22 and 23 illustrate the site at the time of writing.  
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Figure 22: Fort Rouge Yards Site, Looking Northwest from Argue Street. © Andrei Friesen,  
         2013.  

 

Figure 23: Fort Rouge Yards Site, Looking Northeast from Southwest Rapid Transit Corridor. ©  
         Andrei Friesen, 2013.  

9.4.3 Step 3 - Create Scenarios and Associated Dwelling Archetypes 

Based on the considerations made in Step 1 and 2 above, retrofit and new 

construction scenarios complete with dwelling archetypes were created to 

compare back to the baseline information from Phase 2 of the WREMP.  

Information about each scenario was input into Table 23 when created. The 

following scenarios were designed for Phase 3:  

9.4.3.1 Scenario 1 - Energy Focused Retrofit to Ebby-Wentworth   
              Neighbourhood 

Energy focused retrofits were applied to each of the dwelling archetypes from 

Phase 2 of the WREMP creating an additional six dwelling archetypes. These 

dwelling archetypes are noted as Dwelling Archetypes 7 through 12 in Table 23, 

and illustrated in Figures 15 through 20.  An Excel spreadsheet noting each 
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retrofit dwelling archetype is located in Appendix D. Retrofits that could be 

attributed to existing Manitoba Hydro Power Smart programs as described in 

Chapter 3 were applied, with the goal of improving the thermal characteristics 

and the efficiency of the energy-using equipment utilized in each dwelling 

archetype. Geometric configurations and operating parameters remained as they 

were for baseline dwelling archetypes. Dwelling Archetypes 7 through 12, their 

specific energy-related retrofit upgrades, and the information input into 

HOT2000 software fields are detailed in Appendix D. Retrofits for Scenario 1 

generally only focused on energy-related decisions made at the Energy-using 

equipment level of The Energy Decision-Making Hierarchy.  

9.4.3.2 Scenario 2 - Business As Usual New Construction at Fort Rouge  
              Yards site 

Two dwelling archetypes were created for Scenario 2 to be representative of 

typical suburban type development occurring in the City of Winnipeg at the time 

of writing.  In terms of geometric configurations, Dwelling Archetype 13 was 

configured as a 1 storey dwelling and Dwelling Archetype 14 was configured as a 2 

storey dwelling. Dwellings similar to the Scenario 2 dwelling archetypes are 

illustrated in Figures 24 and 25. Average 2012 dwelling sizes as noted in Chapter 

3, Section 3.3.1.3 were generally applied to both dwelling archetypes. The thermal 

characteristics of both dwelling archetypes and their associated efficiencies were 

determined by HOT2000 software presets based on year of construction and 

dwelling type, as will be outlined in Step 4 below. Minimal upgrades were made 

to wall and ceiling insulation fields. Operating parameters were set based on two 
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adults and one child occupying the dwelling 50% of the time. Dwelling 

Archetypes 13 and 14, their dimensions, and the information input into 

HOT2000 software fields are listed in Appendix E. Dwelling Archetypes 13 and 

14 were also input into Table 23 once created. Although OurWinnipeg and the 

Winnipeg Zoning By-law 200/2006 were considered when creating this 

scenario, the proposed subdivision layout may not conform with the policy or 

regulatory provisions they provide. The layout of Scenario 2 is configured as a 

bareland condominium, and as such, features reduced road widths. Dwellings 

were also designed based on generalized inputs to fit the proposed lot 

configurations and may not be indicative of the actual dwellings layouts.  

 

Figure 24:  Dwellings similar to Archetype 13. © Andrei Friesen, 2013. 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Figure 25:  Dwellings similar to Archetype 14. © Andrei Friesen, 2013. 

 Energy-related decisions were made at all three levels of The Energy 

Decision-Making Hierarchy when designing Dwelling Archetypes 13 and 14. 

Parekh’s (2005) components of housing form that influence dwelling energy 

consumption account for decisions made at the Energy-using equipment and 

Building and site design levels of the Hierarchy. Decisions made at the Land-use 

and infrastructure level of the Hierarchy include designing lot sizes to meet the 

minimum requirements of the R1 – Large Zoning District described in Winnipeg 

Zoning By-law 200/2006, and as such range from approximately 5,500 square 

feet to 20,000 square feet in terms of site area, and approximately 50 feet in site 

width. Additionally, the configuration of the subdivision was designed to support 

a homogeneous residential land-use.  
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9.4.3.3 Scenario 3 – Energy Efficient New Construction at the Fort Rouge  
     Yards Site  

Three dwelling archetypes were created for Scenario 3 to be representative of 

multi-unit residential dwellings being constructed in the City of Winnipeg at the 

time of writing.  In terms of geometric configurations, all three dwelling 

archetypes were designed as three-storey adjoining townhouse units, with 

Dwelling Archetype 15 configured as the left townhouse unit, Dwelling Archetype 

16 as the middle townhouse unit, and Dwelling Archetype 17 as the right 

townhouse unit. The size of all townhouse units were generally based on 

Canadian averages for 2012 as outlined in Chapter 3, Section 3.3.1.3. Thermal 

characteristics for Dwelling Archetypes 15 through 17 were upgraded to be more 

efficient than preset values in HOT2000 where input was possible, as will be 

outlined in Step 4. Similar to Scenario 2, operating parameters were set based on 

two adults and one child occupying the dwelling 50% of the time. Dwelling 

Archetypes 15 through 17, their dimensions, and the information input into 

HOT2000 software fields are listed in Appendix F. An Excel spreadsheet noting 

each Scenario 3 dwelling archetype is also located in Appendix F.  Dwelling 

Archetypes 15, 16 and 17 were also input into Table 23 once created. Although 

OurWinnipeg and the Winnipeg Zoning By-law 200/2006 were considered 

when creating this scenario, the proposed subdivision layout may not fully 

conform with the policy or regulatory provisions they provide. Townhouse 

dwellings were designed based on generalized inputs to fit the proposed lot 

configurations and may not be indicative of actual dwellings illustrated in Figure 

26.  
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Figure 26:  Dwellings similar to Archetypes 15, 16, and 17. © Andrei Friesen, 2013. 

 Similar to Scenario 2, energy-related decisions were made at all three 

levels of The Energy Decision-Making Hierarchy when designing Dwelling 

Archetypes 15 through 17.  Similar to Scenario 2, Parekh’s (2005) components of 

housing form that influence dwelling energy consumption account for decisions 

made at the Energy-using equipment and Building and site design levels of the 

Hierarchy. Decisions made at the Land-use and infrastructure level of the 

Hierarchy include designing lot sizes to meet the minimum requirements of the 

RMF-M Zoning District described in Winnipeg Zoning By-law 200/2006, and as 

such are approximately 1,000 square feet in site area, and approximately 25 feet 

in site width. As a result, Scenario 3 was designed to feature a denser residential 

configuration than Scenario 2, thus accommodating more residential units on the 

Fort Rouge Yards site.  
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9.4.4 Step 4 - Simulate Energy Use of Each Scenario Dwelling   
     Archetype 

As described in Step 3, HOT2000 software was used to simulate energy use for 

the dwelling archetypes associated with each scenario. Similar to the baseline 

dwelling archetypes, HOT2000’s Housing Wizard tool was used to reduce the 

amount of input information required to simulate energy use for each dwelling 

archetype, relying instead on presets and assumptions made by the software 

unless otherwise noted, as described in Section 8.6.2, Phase 2, Step 5, and 

Section 8.6.3, Phase 3, Step 4. Input fields modified within the Housing Wizard, 

the information input into each respective field, the assumptions made for each 

scenario dwelling archetype, and the complete report produced by the HOT2000 

software for each scenario dwelling archetype are outlined in Appendices D, E 

and F.  

9.4.5 Step 5 - Assemble Dwelling Archetype and Energy Information 

Simulated energy and estimated GHG information for each scenario dwelling 

archetype was added to Table 23 to consolidate data and information and for ease 

of comparison.  
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Table 23: Simulated Energy Use and Associated GHG Emissions for Scenario Dwelling     
      Archetypes. 

9.4.6 Step 6 - Input Scenario Configuration and Archetype Data and  
     Information into ArcGIS 

As outlined in Step 3 above, two different neighbourhood configurations were 

designed for the Fort Rouge Yards site for Scenario 2 and Scenario 3. These 

configurations were input as different layers into ArcGIS, as contained in 

Appendices D, E, and F. Next, dwelling archetype data and information for each 

scenario was loaded into ArcGIS.  Similar to linking the baseline data and 

information, scenario data and information on the master Excel spreadsheet was 

automatically assigned to its respective parcels containing similar information 

with the GIS shapefile.  
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9.4.7 Step 7 - Create Energy Maps for each Scenario 

The same colours chosen to illustrate baseline energy use were also assigned to 

represent energy use for each scenario dwelling archetype. Once completed, the 

maps for each scenario were saved, printed, and added to this document.  The 

energy map for Scenario 1 is illustrated in Figure 27, the energy map for Scenario 

2 is illustrated in Figure 28, and the energy map for Scenario 3 is illustrated in 

Figure 29.  
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Figure 27: Scenario 1 Energy Map. Based on map from City of Winnipeg, 2013. 
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Figure 28: Scenario 2 Energy Map. Based on map from City of Winnipeg, 2013.  
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Figure 29: Scenario 3 Energy Map. Based on map from City of Winnipeg, 2013. 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9.4.8 Step 8 - Report on Energy Use for each Scenario 

Tables 24, 25 and 26 illustrate total energy use and associated GHG emissions 

aggregated by number of dwelling archetypes for scenario.  

 

Table 24: Aggregated Energy Use and Associated GHG Emissions for Scenario 1 Dwelling  
       Archetypes. 

 

 

Table 25: Aggregated Energy Use and Associated GHG Emissions for Scenario 2 Dwelling  
      Archetypes.  
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Table 26: Aggregated Energy Use and Associated GHG Emissions for Scenario 3 Dwelling  
       Archetypes.  

9.5 Phase 4: Results and Comparisons 

Phase 4 of the WREMP is contained within following paragraphs. The steps 

associated with Phase 4 were followed as outlined in Chapter 8, and a brief 

description of the actions taken for each step is provided. 

9.5.1 Step 1 – Compile Scenario Results with Baseline Results 

The results from Phase 2 and Phase 3 of the WREMP were combined to create 

Table 27. The results shown in Table 27 can be easily compared and conclusions 

can be made.  
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Table 27: Simulated Annual Energy Use Totals for Dwelling Archetypes.  

9.5.2 Step 2 – Report on Results 

The following results as illustrated in Table 28 were gleaned from applying the 

WREMP to the Ebby-Wentworth neighbourhood and the Fort Rouge Yards site. 

Tables 21, 24, 25, and 26 above illustrate total aggregated energy use and 

associated GHG emissions for Phases 2 and 3 of the WREMP.  
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Table 28: Energy Mapping Results. 

9.5.3 Step 3 – Compare Scenario Results with Baseline Results 

The results from Phase 3 of the WREMP were compared with the baseline results 

from Phase 2. Retrofits to baseline dwelling archetypes as developed in Phase 3, 

Scenario 1, all resulted in energy use, GHG emissions, and energy intensity 

reductions.  New construction dwelling archetypes on the adjacent Fort Rouge 

Yards site created for Scenario 2 and Scenario 3 both used more energy when 

compared to baseline dwelling archetypes from Phase 2, although this can be 

attributed to their larger size. All archetypes from Phase 3 had lower energy 

intensities than the baseline dwelling archetypes, with the exception of Dwelling 

Archetype 15. 

9.6 Conclusion 

This chapter applied the WREMP to the Ebby-Wentworth neighbourhood and 

the Fort Rouge Yards site in the City of Winnipeg. Phase 1 of the WREMP began 
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with collecting and assembling data and information related to creating 

representative dwelling archetypes for this energy mapping study. Phase 2 of the 

WREMP utilized data and information that was assembled in Phase 1 to 

undertake an energy focused case study of the Ebby-Wentworth neighbourhood.  

Baseline energy use was determined for dwelling archetypes that were chosen to 

be representative of residential dwellings in the neighbourhood. Following the 

energy mapping approach as outlined in Chapter 5, Phase 3 developed three 

future development scenarios to compare back to the baseline energy information 

from Phase 2. The first scenario developed for Phase 3 involved an energy-

focused retrofit to baseline dwelling archetypes from the Ebby-Wentworth 

neighbourhood, creating an additional six dwelling archetypes. The second 

scenario created a business as usual type neighbourhood configuration inspired 

by typical suburban development on the adjacent Fort Rouge Yards site. Scenario 

2 featured two new construction single-family dwelling archetypes. The third 

scenario also involved new construction on the Fort Rouge Yards site, creating 

several blocks of townhouses over the entire site. Scenario 3 featured three 

dwelling archetypes, all representing townhouse style dwellings. This chapter 

concluded with Phase 4 of the WREMP, which provided an overview of the 

results of applying the WREMP in the City of Winnipeg. 

 The following research question provided direction for this chapter: Was 

the use of the energy mapping approach effective in illustrating the 

implications of energy-related decisions? Considering the results and 

associated maps reported here, the energy mapping approach was effective in 
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illustrating the implications of energy-related decisions in a highly visual fashion.  

The energy maps provided a simple platform to visualize residential sector energy 

use and compare baseline and potential future energy use. Comparing baseline 

energy use to future development scenarios, or even making comparison between 

scenarios allows for energy-related decisions to be confirmed or refined, 

depending on what the desired energy future is intended to be for the study area. 

Based on the initial use of the WREMP in the City of Winnipeg, this simple 

energy mapping study provides evidence that the energy mapping approach 

holds promise for decision makers looking to achieve energy and emission goals 

enabled through either programming or legislation. The following and final 

chapter of this project will offer additional conclusions based on the energy 

mapping study contained within this chapter, and reflect on the energy mapping 

approach and its ability to influence energy-related decisions that result in energy 

use and GHG emission reductions.   
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Chapter 10: Conclusions 

10.1 Introduction 

Chapter 10 provides final conclusions based on the research reported in previous 

chapters. The energy mapping study reported in Chapter 9 is of particular 

importance as it provides a Manitoban context for the use of the energy mapping 

approach, which at the time of writing, had not yet been determined. Projected 

growth in the City of Winnipeg over the next twenty years has the potential to 

create a significant increase in demand for energy, and the use of the energy 

mapping approach by urban planners will be important in addressing this 

demand in light of claimed threats of climate change and energy security.  

 
 This chapter begins with a brief review of results from the energy mapping 

study reported in Chapter 9. These results are then compared to information 

contained in the literature review chapters to contextualize and reflect on them. 

Next, final research questions specific to this chapter are answered, lessons 

learned are discussed, and future research is proposed. This research project 

concludes with a final reflection on the use of the energy mapping approach as a 

decision-making tool.  

10.2 Key Findings  

The following paragraphs present key findings identified by this research project. 

To begin, the results of applying the WREMP in the City of Winnipeg are 
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reviewed. Next, these results are aligned and compared with information 

contained within Chapters 3, 4 and 5 of the literature review.  

10.2.1 Review of Results  

Primary research for this project began with Phase 1 of the WREMP, which 

assembled data and information required to undertake an energy mapping study. 

Data and information were obtained from a variety of sources, and were chosen 

based on its ability to provide the required inputs for the energy modeling 

component of the energy mapping process. All data was assembled to allow for 

ease of use in upcoming phases of the energy mapping process.   

 
Baseline - Using the data and information assembled in Phase 1, Phase 2 of the 

WREMP calculated baseline energy use through an energy-focused case study of 

the Ebby-Wentworth neighbourhood. Six dwelling archetypes were chosen to be 

representative of the low-rise dwelling stock in the neighbourhood, and assigned 

to every parcel containing a residential dwelling. Using HOT2000 software, 

energy use was simulated for each dwelling archetype and aggregated by total 

dwellings to provide a value for residential sector energy use within the 

neighbourhood. Next, using ArcGIS, an energy map of the Ebby-Wentworth 

neighbourhood was created, illustrating baseline energy use. The energy map 

clearly shows how energy is being used by the residential sector, and provides a 

platform from which comparisons can be made through additional phases of the 

WREMP. Phase 3 of the WREMP created three future development scenarios to 

compare against the baseline energy information from Phase 2.  
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Scenario 1 - Scenario 1 involved retrofits to all dwelling archetypes representing 

the dwelling stock in the Ebby-Wentworth neighbourhood. Retrofits focused on 

improving the thermal characteristics of the dwelling stock, and could be 

attributed to energy-use reductions when compared to baseline information. It 

can therefore be concluded that retrofits to the existing dwelling stock are 

important in reducing energy use and GHG emissions within an existing 

neighbourhood in the City of Winnipeg.   

Scenario 2 - Scenario 2 involved creating a new residential neighbourhood 

configuration for the Fort Rouge Yards site. Energy-related decisions were made 

at all three levels of The Energy Decision-Making Hierarchy, with the intent of 

creating what could be considered a typical suburban style subdivision or a 

business as usual scenario.  The two dwelling archetypes created for this scenario 

consumed more energy than the baseline dwelling archetypes, however, had 

lower overall energy intensities.  

Scenario 3 - Scenario 3 created an alternative to typical suburban development, 

featuring a multi-lot configuration of three-storey townhouses on the Fort Rouge 

Yards site. Similar to Scenario 2, energy-related decisions were made at three 

levels of The Energy Decision-Making Hierarchy with the intent of creating a 

neighbourhood configuration with improved energy efficiency compared to 

Scenario 2. Energy-related decisions made for the three dwelling archetypes 

created for this scenario did result in reduced energy use and energy intensities 
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when compared to Scenario 2, and had lower energy intensities when compared 

to baseline dwelling archetypes.  

Considering the results from the energy mapping study reported here, it is 

evident that a combination of energy-related decisions made at all three levels of 

The Energy Decision-Making Hierarchy can result in energy use reductions 

within the residential sector. The following paragraphs compare the results from 

utilizing the WREMP in the City of Winnipeg with the larger realm of literature 

addressed in this project. 

10.2.2 Context of Results 

Chapters 3 through 7 of this research project were organized as a literature 

review to answer research questions associated with this project, and to provide 

an overview of residential sector energy use, relevant energy legislation and 

policy, energy planning, and the energy mapping approach. As noted in Chapter 

2, Neuman (2000) asserts that a literature review has four goals.  To summarize, 

these goals include:  

1) Demonstrate the writer’s familiarity with a body of knowledge; 

2) Demonstrate a relationship between the research at hand, and previous 

works; 

3) Provide a comprehensive summary of the available literature; and  

4) Stimulate further exploration in the topic.  

 Chapters 3 through 7 of this project presented a body of knowledge that 

fulfilled these goals.  Specifically, these chapters demonstrated a familiarity with 
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the energy mapping approach, and established a relationship between the energy 

mapping approach and other related topics.  A comprehensive summary of all 

relevant and available literature related to the energy mapping approach was 

outlined, and a foundation was created for the primary research contained within 

Chapters 8 and 9 of this project. 

Chapters 3 and 4 provided context to this project, reviewing residential 

sector energy use, and energy decision making in terms of enabling legislation, 

policy, and planning. The following paragraphs outline how the results from 

applying the WREMP relate back to previous chapters of this project.  

 
Energy Use and the Residential Sector - Chapter 3 provided an overview of 

how energy is used within the residential sector, and detailed the factors that 

influence energy use. These factors, as identified by Salat (2009), included: 

Climate, Urban Morphology, Building Physics, Systems and Occupants’ 

Behaviour. These factors were re-addressed in Chapter 5 as they relate to creating 

representative dwelling archetypes. Parekh (2005) notes dwelling archetypes are 

comprised of three components of housing form that influence dwelling energy 

consumption, including geometric configurations, thermal characteristics, and 

operating parameters (p. 2). The previously mentioned factors relate to the three 

components, with the exception of Urban Morphology, which is not specifically 

considered by Parekh (2005) when creating dwelling archetypes.  

The components of housing form that influence dwelling energy 

consumption as outlined by Parekh (2005) were used to inform the 
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representative dwelling archetypes created for use in the WREMP. Although the 

WREMP did not analyze which of the components as identified by Parekh 

(2005), or the factors as identified by Salat (2009) had the largest influence on 

energy consumption, the following observations and assumptions can be made:  

 
Climate - Climate remained constant for all dwelling archetypes, and different 

climates were not compared in this research. It can be assumed that climate did 

influence all dwelling archetypes created. This observation is consistent with the 

literature discussed in Chapter 3, Section 3.3.1.1.  

 
Urban Morphology - It is difficult to pinpoint to what extent urban 

morphology influenced energy use in the previously reported energy mapping 

study. Changes to typical suburban style urban morphology as pursued in 

Scenario 3 achieved visible energy use reductions when compared to Scenario 2, 

however, there were a variety of other factors modified between these two 

scenarios. As such, they are not directly comparable.  It can be assumed that 

urban morphology did influence energy use in the previously reported energy 

mapping study, however, additional research is still required. Additional research 

is addressed in Section 10.5 below.  

 
Building Physics - Chapter 3 determined that building physics relate to 

dwelling type, dwelling size, and dwelling age or the standards they were built to. 

Of these factors, it was most obvious that dwelling size had a direct and 

observable influence on energy use. In the previously reported energy mapping 

study, larger dwelling archetypes in terms of square footage consumed more 
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energy and produced more GHG emissions than smaller dwelling archetypes. 

This finding is consistent with the literature discussed in Chapter 3 Section 

3.3.1.3.  

It can also be assumed through the results of the previously reported 

energy mapping study that dwelling type had an influence on energy 

consumption.  It was observed that multi-unit/family dwellings, both retrofitted 

and new construction, had some of the lowest energy intensities in the previously 

reported energy mapping study. This finding is consistent with the literature 

discussed in Chapter 3 Section 3.3.1.3.  

Finally, it was observed that dwelling age influenced energy consumption 

in the previously reported energy mapping study. Dwelling Archetype 1 was the 

oldest, and had the highest energy intensity of all dwelling archetypes.  It was 

observed that energy intensities were generally lower for newer dwelling 

archetypes. This finding is consistent with the literature discussed in Chapter 3 

Section 3.3.1.3. Dwelling age appears to relate to dwelling size, with newer 

dwellings being larger than older dwellings. As such, they consumed more energy 

despite being built to more energy efficient standards.  Dwelling Archetypes 13 

through 17 consumed more energy based on their size, but had lower energy 

intensities.  

 
Systems - Dwelling Archetypes 7 through 16 all featured upgraded energy 

efficient equipment or systems when compared to baseline dwelling archetypes. 

It was observed through the previously reported energy mapping study that these 

upgrades helped to reduce total energy consumption and GHG emissions, 
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particularly with regards to retrofit dwelling archetypes created for Scenario 1. It 

can therefore be assumed that upgrades to energy-using equipment or systems 

within a dwelling can result in energy use reductions, and that energy-using 

equipment or systems influence total energy use within a dwelling. This finding is 

consistent with the literature discussed in Chapter 3 Section 3.3.1.4.  

 
Occupants’ Behaviour - As determined in Chapter 3, Section 3.3.1.5, occupant 

behaviour directly relates to household size or the number of occupants that 

reside within a dwelling. Dwelling Archetypes 1,3,5,7,9,11,13,14,15,16, and 17 all 

had two adults and one child present fifty percent of the time, whereas Dwelling 

Archetypes 2,4,6,8, and 10, only had two adults present fifty percent of the time.  

As multi-family dwellings, Dwelling Archetypes 6 and 12 had 4 adults present 

fifty percent of the time. It is assumed that household size influenced the energy 

use of each dwelling archetype in this project, although it is unclear to what 

extent.  Dwelling archetypes were not simulated with variations to the number of 

occupants, then compared to each other. It is therefore assumed that the 

conclusions made in Chapter 3 are correct, although additional research would be 

required to determine specifics. Additional research is discussed in Section 10.5 

of this chapter.  

10.2.3 Energy-Related Decisions 

Chapter 3 reviewed energy-related decisions as they relate to the residential 

sector based on the Energy Decision-Making Hierarchy and its associated 

dimensions. Considering the results from the previously reported energy 
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mapping study, it is clear the energy mapping approach is an important decision-

making tool. Being able to visualize the implications of energy-related decisions 

before development occurs is extremely important, considering potential threats 

of climate change and energy security.  

Additional research is required to determine what extent energy-related 

decisions at each level of The Energy Decision-Making Hierarchy affected total 

energy use and GHG emissions. To fully understand and quantify how energy-

related decisions determine total energy use, the energy mapping process would 

have to be revised to draw out information specific to each level of the Hierarchy. 

Additional research is addressed in Section 10.5 below. 

The use of the energy mapping approach as a decision-making tool is also 

important for helping to quantify the energy implications of development. 

According to NRCan (2012a), “If it can’t be measured, it can’t be managed” (p. 1). 

The energy mapping approach provides a process that can measure potential 

energy consumption and GHG emissions, allowing for improved energy-related 

decisions and management. Legislation, policy, and energy planning as discussed 

in Chapter 4 all attempt to manage and provide guidance with regards to energy 

use, consumption and production.  All would benefit from the energy mapping 

approach’s ability to measure potential energy use and GHG emissions, enabling 

better implementation, monitoring or sensitivity to local context.  

10.3 Research Questions 

The following research questions were structured as the overarching questions 

guiding this research.  Answers to these questions are considered concluding 
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statements, and a reflection on the research presented within this project. As 

outlined in Chapter 1, the following research questions guide the content of this 

chapter, and the intent of this research project:  

Does the energy mapping approach help address the research 
problems of climate change and energy security?  

As discussed in Chapter 1, GHG emissions resulting from the use and 

production of energy have contributed to a changing climate. The energy 

mapping approach allows for improved energy decision making, which directly 

relates to reducing energy use and GHG emissions. The energy mapping study 

reported in the previous chapter provided estimated GHG emissions for each 

dwelling archetype, and aggregated totals for each scenario. As the energy 

mapping process is applied, GHG emissions can be estimated, and decisions at all 

three levels of The Energy Decision-Making Hierarchy can be considered to 

reduce emissions through alternative future development scenarios.  As such, the 

use of the energy mapping approach holds great promise for addressing 

identified concerns regarding climate change.  

As energy costs continue to rise, it becomes increasingly important for 

urban planners to take energy security issues into consideration. Although it was 

not part of the WREMP, the energy mapping processes utilized by NRCan and 

the CUI both incorporate a financial component where energy-related costs are 

analyzed. As such, the energy mapping approach can be used to provide a clear 

picture of potential energy price increases through the use of scenarios and cost 

projections. Cost projections could be considered through government policy or 
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programming initiatives, proactively anticipating potential energy security issues. 

Energy costs and estimated price increases could be incorporated into a revised 

version of the WREMP, and attributed directly to energy security issues as 

informed through the socio-demographic analysis that is already part of the 

process. Energy-related programming, such as that offered through Manitoba 

Hydro’s Power Smart initiative, could be attributed to a focus area through 

additional phases that could be added to the WREMP. These additional phases 

are discussed below in Section 10.6.  

Does the energy mapping approach hold promise for helping 
 Manitoba Hydro reach the vision and goals outlined in its 
 Corporate Strategic Plan?   

Chapter 5 discussed the benefits of the energy mapping approach as 

identified by LDC’s across Canada. In addition to realizing similar benefits, the 

use of the energy mapping approach by Manitoba Hydro could help achieve the 

vision and many of the goals outlined in its Corporate Strategic Plan. The energy 

mapping approach can be specifically related to at least two goals contained 

within Manitoba Hydro’s 2012-2013 Corporate Strategic Plan. The first related 

goal is: “Protect the environment in everything that we do” (Manitoba Hydro, 

2012, p. 4). Identified strategies to achieve this goal read, in part, as follows: 

• “Instill a culture of environmental awareness and the interaction between 

the corporation’s activities and the environment. 

• Conduct or support environmental research, monitoring and educational 

programs relevant to sustainable development and Manitoba Hydro’s 

operations. 
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• Participate in the development of evolving environmental regulations and 

climate change policies. 

• Enhance public understanding of how Manitoba Hydro’s hydroelectricity 

exports displace greenhouse gas emissions in other regions” (Manitoba 

Hydro, 2012, p. 11).  

 To achieve the above-mentioned goal, the energy mapping approach could 

be the tool by which many of its strategies are implemented. Energy maps and 

their ability to illustrate potential energy implications provide a common 

platform for Manitoba Hydro to work with other entities regarding sustainable 

development, environmental regulations, and climate change policies. Energy 

mapping provides an opportunity for collaboration, and could be used to work 

closely with the City of Winnipeg and the Province of Manitoba to align policy 

goals and programming targets.  

 The second related goal from the 2012-2013 Corporate Strategic Plan is: 

“Promote cost effective energy conservation and innovation” (Manitoba Hydro, 

2012, p. 4). Identified strategies to achieve this goal read, in part, as follows:  

• “Aggressively develop, implement and promote Power Smart programs. 

• Use rate design and targeted price signals to encourage energy efficiency. 

• Leverage information technology and R&D to support cost effective 

innovation. 

• Encourage economically viable emerging energy options” (Manitoba 

Hydro, 2012, p. 12).  

 The energy mapping approach would again be a beneficial tool to help 

achieve this goal and implement associated strategies. With regards to Power 
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Smart programs, the use of the energy mapping approach could enhance 

Manitoba Hydro’s ability to provide community specific demand and supply side 

solutions that result in energy use reductions. The use of energy mapping could 

allow the Power Smart initiative to expand to a community scale, working with 

developers to make improved energy-related decision with regards to new 

development, and incorporate renewable energy options or district energy 

systems. Using the WREMP and its socio-demographic analysis would allow 

Manitoba Hydro to be mindful of energy security when implementing the above 

mentioned strategies.   

To achieve the aforementioned goals, and possibly others outlined in the 

Corporate Strategic Plan, Manitoba Hydro should consider additional 

collaboration with provincial departments and agencies that deal with planning, 

land use and development, and municipalities in the Province of Manitoba, 

including the City of Winnipeg. Additional collaboration with NRCan is also 

recommended, to ensure energy mapping activities in Manitoba benefit from the 

knowledge and experience gathered from other projects occurring elsewhere in 

Canada. The following paragraphs discuss Manitoba Hydro’s potentially 

enhanced role as it relates to the next research question below.  

 How can the information from this project be used to build 
 capacity for making better energy-related decisions in the 
 planning profession?  
 

As discussed in Chapter 3, urban planners are generally involved in 

making energy-related decisions at the top two levels of The Energy Decision-

Making Hierarchy, and as such, play a significant role in influencing energy 
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demand and consumption patterns over long periods of time. For the planning 

profession to play an active role in addressing climate change and energy 

security, it is important for urban planners to realize the importance of their role, 

and begin taking appropriate measures to improve how they make energy-related 

decisions. The energy mapping approach allows urban planners to visualize the 

energy-related implications of their decisions, providing them with a rationale to 

influence energy use reductions.  

With regards to the residential sector, the use of the energy mapping 

approach by urban planners will be useful for identifying alternatives to the 

predominant forms of energy intensive sprawl, and defining the energy-related 

benefits of such initiatives as Smart Growth, New Urbanism, and LEED ND (see 

Section 3.4.3.2). The use of the energy mapping approach also provides an 

argument to actively pursue energy-focused retrofits to existing buildings, 

promote higher building standards, and a mix of integrated building types and 

uses that are not only residential in nature.  

Decisions that urban planners make directly relate to enabling legislation 

and policy from various levels of government. As urban planners play an active 

role in writing, revising and influencing how legislation and policy are 

implemented, they need to champion the inclusion of energy considerations. The 

benefits of energy planning through CEP, CEM or ICES have been detailed in this 

project, and the use of the energy mapping approach will be key to ensuring their 

goals and targets are being met.  
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Chapter 4 provided insight into enabling energy legislation and policies 

related to energy decision-making from across Canada. This chapter identified 

that at the time of writing, the Province of Manitoba has been involved in 

addressing energy use and conservation through energy-related legislation, but 

could be doing more when compared to the Provinces of British Columbia and 

Ontario. Chapter 4 also identified the need for improved energy decision-making 

tools. To address both of the aforementioned issues, there appears to be a great 

opportunity for incorporating energy-related considerations into the planning 

process in the Province of Manitoba.   

In the Province of Manitoba, the legislative framework for land use 

planning is established through The Planning Act and subsequently, The City of 

Winnipeg Charter. The Planning Act, through the Provincial Planning 

Regulation sets out the Province’s interest in land and resources, by providing 

guidance with regards to preparing and amending development plans. The 

Provincial Planning Regulation does not require development plans to make 

provision for setting energy related targets or the use of energy decision-making 

tools, however, it could be revised and amended accordingly to address energy-

related issues. Amendments to the Provincial Planning Regulation could include 

revising Part 4: Development Plans, Section 4(1) or “Studies to be done as part of 

development plan” to include the requirement of calculating baseline energy use 

for the planning area as part of the development plan review process. Section 3 or 

“Development plan requirements” could then also be revised to include the 

requirement that all development plans include energy use (such as GJ/acre) and 
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GHG emission targets, and the recommended use of energy-decision making 

tools, taking into account the baseline information as determined by background 

studies required as per Section 4(1).   

Further, the Provincial Land Use Policies described under Part 3 of the 

Provincial Planning Regulation could be revised to include an additional policy 

area, or Policy Area 10: Energy. Considering energy is the underlying factor that 

influences how the principles of sustainable development are applied within all 

other policy areas, it would be an oversight not to include guidance on energy-

related decisions with regards to planning and land use. Planning resources such 

as: Guide to Developing a Drinking Water Plan, Guide to Developing a 

Wastewater Management Plan, or Calculating Supply and Demand for 

Residential Lands have been created by the Province of Manitoba to explain how 

requirements of the regulation should be applied through the development plan 

review process. A similar guide could be produced to explain the energy mapping 

process to allow for better uptake and understanding. The WREMP or a similar 

energy mapping process could be featured in such a resource guide.  

At the municipal level, development plans can include provision for energy 

considerations or the use of energy decision-making tools, however these would 

not be a requirement, unless specifically required by The Provincial Planning 

Regulation, through the revisions as previously detailed.  If included, municipal 

development plans would provide energy use targets to meet or exceed the 

targets set in the Provincial Planning Regulation. Secondary Plans could also be 

used to provide additional provisions for specific lands within the planning area 
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for achieving the targets set within the development plan. The use of energy 

decision-making tools such as the WREMP would be required to calculate the 

potential energy use of development proposals or development as a result of the 

subdivision process.   

The subdivision process in the Province of Manitoba is regulated by The 

Subdivision Regulation, as legislated through The Planning Act. The Subdivision 

Regulation could also be revised and amended to include energy related-decision 

and decision-making tools. Section 4(1) or “Additional information” could be 

revised to require an energy mapping study as part of the subdivision process to 

verify compliance with the energy use and GHG emission targets of the applicable 

development or secondary plan with regards to proposed future development. 

To ensure communication and collaboration on planning and energy-

related issues, it is recommended that Manitoba Hydro play a larger role in the 

planning and development process. Manitoba Hydro is already a commenting 

agency as part of the subdivision process, but this is generally with regards to 

easements requirements, once land-use and planning decision have already been 

made. Instead of commenting near the end of the decision-making process, 

Manitoba Hydro could be involved in implementing and monitoring the energy 

mapping process, and verifying whether proposed energy use targets of 

development and subdivision proposals meet the targets outlined in a 

development plan. As the expert energy agency in the province, Manitoba Hydro 

could suggest energy use reduction options that could be offered through the 
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Power Smart program that provide energy reduction incentives in relation to 

decision made at all three levels of the Energy Decision Making Hierarchy.  

Additionally, as existing energy mapping promising practice is refined 

towards a best practice approach, the role of urban planners should be better 

integrated and defined in the energy mapping process. Since energy mapping is 

an interdisciplinary endeavour, all those involved in undertaking an energy 

mapping study would benefit from direction that would enable the best use of 

their specific skill-sets. Not incorporating urban planners as part of the energy 

mapping process would be an unfortunate missed opportunity.  

10.4 Lessons Learned 

There are a variety of lessons learned regarding the use of the WREMP that have 

been identified during the course of this project. Lessons learned relate to the 

following topics: 

Energy Mapping Promising Practice: Existing energy mapping promising 

practice is not at a stage that allows for ease of duplication.  At the time of 

writing, it would be difficult for an individual or municipality not having energy 

mapping experience to undertake an energy mapping study. Natural Resources 

Canada (2012) states that: “Integrated community energy modeling and mapping 

is an interdisciplinary endeavour. It draws from the fields of geography and 

geomatics, planning and architecture and engineering and energy analysis” (p. 

11).   The overlap between disciplines became quite evident during the course of 

this research. Although the WREMP created a simplified version of the processes 

being utilized by NRCan and the CUI, it still required a broad understanding of 
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the aforementioned disciplines, and direction from project advisors.  As such, 

individuals or municipalities would require specialized help or guidance from 

energy mapping experts to pursue an energy mapping study at the time of 

writing.  

As discussed in Section 10.3, energy related considerations have not been 

effectively incorporated into exiting planning-related legislation and regulation to 

provide a rationale for the use of energy mapping as a decision-making tool.  

Combined with the lack of a standardized energy mapping process or 

methodology highlights the need for additional research that produces a 

repeatable process that is implementable and transparent.  Section 10.6 details 

the organizations and or entities that would be well positioned to further the use 

of the energy mapping approach as a decision-making tool, and best practice 

approach in the Province of Manitoba.  

Data: The WREMP utilized publicly available data and information to inform the 

energy modeling component of the energy mapping process. The data and 

information obtained were sufficient for the purposes of this study, however the 

overall energy mapping process would have benefited from actual dwelling 

energy consumption data to provide the most accurate results. The data provided 

by Manitoba Hydro, although it was aggregated, was important to verify the 

accuracy of the simulated energy consumption information calculated by 

HOT2000 software. This was an important dimension of the WREMP that helps 

to provide validity to its analysis.  
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Although it was not utilized to inform the WREMP, ecoENERGY data was 

also requested and obtained for this project from NRCan. Unfortunately, 

ecoENERGY data was not used as it could only be attributed to a postal code or 

forward sortation area (FSA). This forward sortation area was much larger in 

scale than the actual focus neighbourhood, therefore it was difficult to verify 

whether the data was actually representative of dwellings in the Ebby-Wentworth 

neighbourhood. Additionally, the data included a vast summary of dwelling 

attributes and information that would have required a specialized skill-set to 

comprehend and apply.  

Energy simulation software: The WREMP utilized HOT2000 software to 

simulate energy use for dwelling archetypes chosen for this research. The 

HOT2000 Wizard was user friendly, and did not require significant training to 

use.  Proceeding without the help of the Housing Wizard may have produced 

more refined and specific results, however, for the purposes of this research, the 

use of the Housing Wizard was quite adequate.  It is recognized that for energy 

simulation to be applied to a wider spectrum of buildings within a variety of 

sectors, multiple types of energy simulation software would be required. Or, 

considering residential sector energy modeling and simulation, there is an 

identified need for energy simulation software that can simulate energy use for a 

broad range of dwelling types, including the types included in this research, as 

well as multi-family dwellings and apartments.  
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10.5 Additional Limitations  

Several limitations of the WREMP were previously identified in Chapter 8, 

Section 8.9.  This chapter identified several additional limitations as outlined in 

Sections 10.2.2 and 10.2.3 above. To address these limitations, additional 

scenarios would need to be pursued. Additional scenarios should be designed to 

isolate the factor or energy-related decision that requires clarification. For 

example, if attempting to verify to what extent urban morphology influences 

energy consumption, scenarios should be designed with differing urban 

morphologies or configurations, but all other variables such as housing type, and 

energy-using equipment should remain the same.  

10.6 Future Research Directions 

This project, through a review of the energy mapping approach and an applied 

energy mapping study has identified several areas of future research with regards 

to the WREMP and its potential use and application in additional energy 

mapping studies. First, future research could include broadening the scope of the 

WREMP to include additional sectors, a mix of uses, financial analysis, include 

multiple neighbourhoods, or expand the process to the scale of an entire city. The 

WREMP could be expanded to include at least two additional phases. These 

phases are described as follows:  

 
Phase 5 – Recommendations - Based on the results from Phase 4 as noted in 

Section 9.5, make recommendations that could influence energy use reductions 

at all levels of The Energy Decision-Making Hierarchy for the focus 



 

220 

 

neighbourhood. Recommendations should examine policy and programming, 

taking into account the socio-demographic analysis from Phase 2. Steps for Phase 

5 could include:  

• List policy recommendations related to existing energy legislation and 

policies based on the results from Phase 4.  

• List programming recommendations related to existing programming 

offered by Manitoba Hydro based on the results from Phase 4. Determine 

whether existing programming is sufficient or whether refinements are 

required to enhance energy use reduction opportunities. If required, 

suggest new energy use reduction programs. These programs could be 

specific to the chosen focus neighbourhood based on the socio-

demographic analysis from Phase 2.     

Phase 6 – Implementation and Monitoring - Implement and monitor the 

recommendations made in Phase 5 to verify effectiveness. Implementation could 

be considered over defined timeframes including:  

• Short Term (1-2 years) 

• Medium Term (3-5 years) 

• Longer Term (5-15 years) 

 The recommendations made in Phase 5 could be modified or reviewed at 

regular intervals based on achievements within these timeframes.  

 Finally, several additional research questions were identified through the 

use of the WREMP, and are summarized below:  
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• How could community engagement be incorporated into the WREMP 

process? 

• What modifications could be made to existing scenarios to further reduce 

energy use? 

• What other scenarios and dwelling archetypes could be proposed in terms 

of retrofits to the focus neighbourhood or new construction dwelling 

archetypes on an adjacent site? 

• Can the WREMP be structured in a way that isolates planning related 

decisions?  

 Future research directions could also relate to the use of the energy 

mapping process or the WREMP as a decision-making tool in Manitoba. Table 29 

identifies who would be well positioned to further the use of the energy mapping 

approach in the Province of Manitoba towards being a best-practice approach, 

and the next steps that would be required to proceed with the use of the WREMP, 

or a similar energy decision-making tool.  
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Table 29. Next Steps for furthering energy mapping in Manitoba. 
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10.7 Final Conclusion 

It is clear that energy plays a large role in our lives, and its use and availability 

shape almost everything we do.  Over the past century, energy has been abundant 

and exploited. We often forget it is finite, as the second law of thermodynamics 

states. Increasing demand, rising costs and the negative impacts associated with 

its use will require society to re-evaluate everything energy-related – especially in 

light of issues such as climate change and energy security. Continued 

urbanization means the impacts of these issues will play out in the urban realm. 

For this reason, exploring energy-related decisions as they pertain to the 

residential sector is an important place to begin creating energy efficiencies, and 

making improved energy-related decisions.  

 The Energy Decision-Making Hierarchy highlights that energy decisions 

related to land-use and infrastructure play out over the longest timeframes, and 

consume the most physical space. These types of decisions are of utmost 

importance when considering issues such as climate change and energy security.  

For cities, changes to their urban form – specifically the need for alternatives to 

urban sprawl will be necessary. Energy-related retrofits to the existing building 

stock, higher building standards for new construction, alternative dwelling types, 

and incorporating the use of renewable energy technologies are all required. 

Since urban planners play a large roll in determining urban morphology or how 

land-uses and infrastructure are deployed over the landscape, they will certainly 

benefit from the use of the energy mapping approach as a key decision-making 

tool in the quest to reduce energy use and GHG emissions.  
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Appendix A – Comparison of Energy Mapping    
          Processes 
 

 SCEC3 Model IEMMFA Model WREMP 

Land Use Inputs          
(for baseline and 
scenarios) 

Official Community Plan  
(Natural Resources   
Canada, 2010, p. 8) 

Land use designations 
 
Projected population 
and employment 
 
Projected 
Transportation (private 
and public)        
(Webster et al., 2011, 
p. 3156) 
 

Official Community 
Plan 
 
Zoning By-law 
 
 

Building Inputs         
(for baseline and 
scenarios) 

Data as described in 
Chapter 6 

Data as described in 
Chapter 6 

Data as described 
in Chapter 8 

Transportation 
Inputs                    
(for baseline and 
scenarios) 

Not covered by SCEC3 
model 

Community trip travel 
information 
 
Municipal trip tables 
Existing and projected 
fuel economies 
 

None 

Renewable Energy 
Technology Inputs 
(for baseline and 
scenarios) 

None listed within 
literature as outlined in 
Chapter 1 

Technology options, 
capital and operating 
costs 
 
Technology emission 
factors 
 
Energy displacement 
level 
 

Use of 
Photovoltaics in 
Scenario 3 

Fuel Inputs             
(for baseline and 
scenarios) 

C02 emission factors 
from CEEI  
(Natural Resources 
Canada, 2010, p. 3) 
 
Modeled energy data 
from ecoENERGY 
retrofit records for 
buildings and cost 
(Natural Resources 
Canada, 2010, p. 2) 

C02 emission factors 
 
Utility data/modeled 
energy data and cost 
 
Provincial power 
system plan 

Modeled energy 
data from 
ecoENERGY retrofit 
records 
 
Utility data 

Energy modeling Archetype Archetype Archetype 
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technique as per 
Parekh (2005) 

 
Sample 

 
Sample 

Mapping Software ArcGIS  
(Natural Resources 
Canada, 2010, p. 3) 

GIS  
(Webster et al., 2011, 
p. 3156) 

ArcGIS 

Energy Simulation 
Software 

HOT2000 (Used for 
Residential buildings)  
(Natural Resources 
Canada, 2010, p. 2) 
 
Screening Tool for New 
Building Design (Used 
for Commercial and 
Industrial buildings) 
(Natural Resources 
Canada, 2010, p. 3) 
 

Online Screening Tool 
for New Building 
Design (Canadian 
Urban Institute, 2011, 
p. 5) 
 
RETScreen (Canadian 
Urban Institute, 2011, 
p. 14) 

HOT2000 

Sectors reviewed by 
model 

Building Sector 

Residential 
Commercial 
Institutional 
Industrial  
(Natural Resources 
Canada, 2010, p. 2) 

Building Sector 

Residential 
Commercial 
Institutional 
Industrial 
  

Transportation Sector 

(Canadian Urban 
Institute, 2011, p. 2) 

Building Sector 

Residential 

Mapping Outputs Baseline energy use 
(Building sector only) 
(Webster et al., 2011, p. 
3155) 
 
Baseline GHG 
emissions 
(Webster et al., 2011, p. 
3155) 

Baseline energy 
operating costs 
(Webster et al., 2011, p. 
3155) 

Potential growth and 
development patterns 
informed by scenarios 
(Natural Resources 
Canada, 2010, p. 4) 
 

Baseline energy use 
(Building and 
transportation sectors) 
 
Project building and 
transportation density 
 
Project GHG 
emissions 
 
Alternative and 
renewable technology 
option locations 
 
Energy use per capita 
(GJ per m2) 
 
Linkage of land use, 
built form, 
transportation and 
utility impacts 

 

Baseline energy 
use (Building sector 
– residential only) 
 
Retrofits and  
potential growth 
and development 
patterns informed 
by scenarios and 
associated energy 
use 
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Scenario Outputs Low Cost Scenario 
where new construction 
options and retrofit  
options for existing 
houses were energy, 
emissions, and costs 
were calculated 
(NRCan, 2010, p. 4)  
 
Low Energy Scenario 
where minimizing energy 
use was the focus for 
retrofits and new 
construction options. 
Energy, emissions and 
costs were calculated. 
(Natural Resources 
Canada, 2010, p. 4) 
 

Future business as 
usual (BAU) for land 
use, built form, 
transportation and 
energy use 
incorporating energy 
and conservation 
strategies in all 
sectors 
Future efficiency levels 
relative to different 
energy and 
conservation policy 
scenarios (driven by 
energy, GHG, energy 
cost and other 
community benchmark 
objectives 

Retrofit of study 
neighbourhood 
Business As Usual 
– New Construction 
only for Fort Rouge 
Yards site 
Energy Focused 
New Construction 
for Fort Rouge 
Yards 

Economic Outputs Baseline and scenario 
operating energy costs 
(Webster et al., 2011, p. 
3155) 

Scenario capital and 
operating costs 
 
Scenario fuel costs 
Inflation and fuel price 
escalation impacts 
 
Avoided energy 
infrastructure costs 
 
Direct employment 
related opportunities 
from policy scenarios 
 
Impact of subsidies, 
carbon pricing and 
other financial 
mechanisms 
 

None 

Unless otherwise noted, information sourced from: (Gilmour & McNally, 2010, p. 5)  
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Appendix B – Selected Data from the City of Winnipeg   
         Assessment and Taxation Department 
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Appendix C – Information about Baseline Dwelling   
         Archetypes 
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Dwelling Archetype 1 - HOT2000 Inputs 

Archetype 1 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1921 
Units US 
Dimensions Width = 25 Depth = 29.2 
Front Orientation South 
House Type Detached 
Number of Floors One-Storey 
Foundation Type Shallow Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 1 

Windows 

Right – 1 
Front 
Back 
Left – 1 

Basement Windows 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Specifications 
 
Baseloads 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
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Dwelling Archetype 1 - HOT2000 Report 
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Dwelling Archetype 2 - HOT2000 Inputs 

Archetype 2 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 27.6 
Front Orientation South 
House Type Detached 
Number of Floors One-Storey 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 1 

Windows 

Right – 1 
Front 
Back 
Left – 1 

Basement Windows 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
 
Specifications 
 
 
Baseloads 

Electricity ManHyd08 
Natural Gas MHGas08 
 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
0 children @ 50% 
 

 



 

259 

 

Dwelling Archetype 2 - HOT2000 Report 
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Dwelling Archetype 3 - HOT2000 Inputs 

Archetype 3 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 28.5 
Front Orientation South 
House Type Detached 
Number of Floors One-Storey 
Foundation Type Slab on Grade 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 1 

Windows 

Right – 1 
Front 
Back 
Left  

Basement Windows 
(none) 

Right   

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface 
 

Fuel Cost 
 
 
Specifications 
 
Baseloads 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
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Dwelling Archetype 3 - HOT2000 Report 
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Dwelling Archetype 4 - HOT2000 Inputs 

Archetype 4 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 24 
Front Orientation South 
House Type Detached 
Number of Floors 1 ½ Eave Insulation 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 2 

Windows 

Right – 2 
Front 
Back 
Left – 1  

Basement Windows 
 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Ceiling 2 
 
Specifications 
 
Baseloads 

Electricity ManHyd08 
Natural Gas MHGas08 
 
R Value = 22.71 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
0 children @ 50% 
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Dwelling Archetype 4 - HOT2000 Report 
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Dwelling Archetype 5 - HOT2000 Inputs 

Archetype 5 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 24.8 
Front Orientation South 
House Type Detached 
Number of Floors 1 ½ Eave Insulation 
Foundation Type Slab on Grade 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 2 

Windows 

Right – 2 
Front 
Back 
Left  

Basement Windows 
(none) 

Right   

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Ceiling 2 
 
Specifications 
  
Baseloads 

Electricity ManHyd08 
Natural Gas MHGas08 
 
R-Value =22.71 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
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Dwelling Archetype 5 - HOT2000 Report 
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Dwelling Archetype 6 - HOT2000 Inputs 

Archetype 6 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1958 
Units US 
Dimensions Width = 25 Depth = 42 
Front Orientation South 
House Type Detached 
Number of Floors Two-Storeys 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 2 

Windows 

Right – 2 
Front 
Back – 1 
Left – 1 

Basement Windows 
 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation  - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Specifications 
 
Baseloads 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
4 adults @ 50% 
0 children @ 50% 
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Dwelling Archetype 6 - HOT2000 Report 
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Appendix D – Information about Scenario 1 Dwelling   
                Archetypes 
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Dwelling Archetype 7 - HOT2000 Inputs 

Archetype 7 (Retrofit to Archetype 1, changes to input fields highlighted)  
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1921 
Units US 
Dimensions Width = 25 Depth = 29.2 
Front Orientation South 
House Type Detached 
Number of Floors One-Storey 
Foundation Type Shallow Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 1 

Windows 

Right – 1 
Front 
Back 
Left – 1 

Basement Windows 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Specifications 
 
Baseloads 
 
 
Ceiling 01 
 
Main Floor 
 
Door 1 
Door 2 
 
All Windows 
 
Heating/Cooling System 
 
Domestic Hot Water 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
 
R-Value: 40R 
 
R-Value: 20R 
 
ENERGY STAR√ 
ENERGY STAR√ 
 
ENERGY STAR√ 
 
Furnace: ENERGY STAR√ 
Primary: ENERGY STAR√ 
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Dwelling Archetype 7 - HOT2000 Report 
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Dwelling Archetype 8 - HOT2000 Inputs 

Archetype 8 (Retrofit to Archetype 2, changes to input fields highlighted) 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 27.6 
Front Orientation South 
House Type Detached 
Number of Floors One-Storey 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 1 

Windows 

Right – 1 
Front 
Back 
Left – 1 

Basement Windows 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation  - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Specifications 
 
Baseloads 
 
 
Ceiling 01 
 
Main Floor 
 
Door 1 
Door 2 
 
All Windows 
 
Heating/Cooling System 
 
Domestic Hot Water 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
0 children @ 50% 
 
R-Value: 40R 
 
R-Value: 20R 
 
ENERGY STAR√ 
ENERGY STAR√ 
 
ENERGY STAR√ 
 
Furnace: ENERGY STAR√ 
Primary: ENERGY STAR√ 
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Dwelling Archetype 8 - HOT2000 Report 

 



 

319 

 

 



 

320 

 

 



 

321 

 

 



 

322 

 

 



 

323 

 

 



 

324 

 

 



 

325 

 

 



 

326 

 

Dwelling Archetype 9 - HOT2000 Inputs 

Archetype 9 (Retrofit to Archetype 3, changes to input fields highlighted) 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 28.5 
Front Orientation South 
House Type Detached 
Number of Floors One-Storey 
Foundation Type Slab on Grade 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 1 

Windows 

Right – 1 
Front 
Back 
Left  

Basement Windows 
(none) 

Right   

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface 
 

Fuel Cost 
 
 
Specifications 
 
Baseloads 
 
 
Ceiling 01 
 
Main Floor 
 
Door 1 
Door 2 
 
All Windows 
 
Heating/Cooling System 
 
Domestic Hot Water 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
 
R-Value: 40R 
 
R-Value: 20R 
 
ENERGY STAR√ 
ENERGY STAR√ 
 
ENERGY STAR√ 
 
Furnace: ENERGY STAR√ 
Primary: ENERGY STAR√ 
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Dwelling Archetype 10 - HOT2000 Inputs 

Archetype 10 (Retrofit to Archetype 4, changes to input fields highlighted) 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 24 
Front Orientation South 
House Type Detached 
Number of Floors 1 ½ Eave Insulation 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 2 

Windows 

Right – 2 
Front 
Back 
Left – 1  

Basement Windows 
 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Ceiling02 
 
Specifications 
 
Baseloads 
 
 
Ceiling 01 
 
Main Floor 
 
Door 1 
Door 2 
 
All Windows 
 
Heating/Cooling System 
 
Domestic Hot Water 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
R Value = 22.71 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
0 children @ 50% 
 
R-Value: 40R 
 
R-Value: 20R 
 
ENERGY STAR√ 
ENERGY STAR√ 
 
ENERGY STAR√ 
 
Furnace: ENERGY STAR√ 
Primary: ENERGY STAR√ 
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Dwelling Archetype 11 - HOT2000 Inputs 

Archetype 11 (Retrofit to Archetype 5, changes to input fields highlighted) 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1947 
Units US 
Dimensions Width = 25 Depth = 24.8 
Front Orientation South 
House Type Detached 
Number of Floors 1 ½ Eave Insulation 
Foundation Type Slab on Grade 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 2 

Windows 

Right – 2 
Front 
Back 
Left  

Basement Windows 
(none) 

Right   

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Ceiling 2 
 
Specifications 
  
Baseloads 
 
 
Ceiling 01 
 
Main Floor 
 
Door 1 
Door 2 
 
All Windows 
Heating/Cooling System 
 
Domestic Hot Water 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
R-Value =22.71 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
 
R-Value: 40R 
 
R-Value: 20R 
 
ENERGY STAR√ 
ENERGY STAR√ 
 
ENERGY STAR√ 
Furnace: ENERGY STAR√ 
Primary: ENERGY STAR√ 
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Dwelling Archetype 12 - HOT2000 Inputs 

Archetype 12 (Retrofit to Archetype 6, changes to input fields highlighted) 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 1958 
Units US 
Dimensions Width = 25 Depth = 42 
Front Orientation South 
House Type Detached 
Number of Floors Two-Storeys 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) - 
Insulation (Walls) - 

Front – 2 
Back – 2 
Left – 2 

Windows 

Right – 2 
Front 
Back – 1 
Left – 1 

Basement Windows 
 

Right – 1 

House Envelop 

Doors  Solid Wood 
Foundation - - 
Mechanical Systems Cooling System - 
Main Interface Fuel Cost 

 
 
Specifications 
 
Baseloads 
 
 
Ceiling 01 
 
Main Floor 
 
Second Floor 
 
Door 1 
Door 2 
 
All Windows 
 
Heating/Cooling System 
 
Domestic Hot Water 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
4 adults @ 50% 
0 children @ 50% 
 
R-Value: 40R 
 
R-Value: 20R 
 
R-Value: 20R 
 
ENERGY STAR√ 
ENERGY STAR√ 
 
ENERGY STAR√ 
 
Furnace: ENERGY STAR√ 
Primary: ENERGY STAR√ 
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Appendix E – Information about Scenario 2 Dwelling   
                Archetypes 

 



 

361 

 



 

362 

 

Dwelling Archetype 13 - HOT2000 Inputs 

Archetype 13 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 2012 
Units US 
Dimensions Width = 40 Depth = 45 
Front Orientation East 
House Type Detached 
Number of Floors One-Storey 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) Specified R: R40 
Insulation (Walls) Specified R: R20 

Front - 2 (Vinyl, Double low e) 
Back - 2 (Vinyl, Double low e) 
Left - 2 (Vinyl, Double low e) 

Windows 

Right - 2 (Vinyl, Double low e) 
Front 
Back - 1 (Vinyl, Double low e) 
Left - 1 (Vinyl, Double low e) 

Basement Windows 

Right - 1 (Vinyl, Double low e) 

House Envelop 

Doors  Steel polyurethane core 
Foundation Insulation Specified R: R10 
Mechanical Systems Heating System 

 
Cooling System 

ENERGY STAR√ 
 
Conventional central A/C 

Main Interface Fuel Cost 
 
 
Specifications 
 
Baseloads 
 
 
Domestic Hot Water 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
 
ENERGY STAR√ 
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Dwelling Archetype 14 - HOT2000 Inputs 

Archetype 14 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 2012 
Units US 
Dimensions Width = 40 Depth = 25 
Front Orientation East 
House Type Detached 
Number of Floors Two-Storey 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) Specified R: R40 
Insulation (Walls) Specified R: R20 

Front - 4 (Vinyl, Double low e) 
Back - 4 (Vinyl, Double low e) 
Left - 2 (Vinyl, Double low e) 

Windows 

Right - 2 (Vinyl, Double low e) 
Front 
Back - 1 (Vinyl, Double low e) 
Left - 1 (Vinyl, Double low e) 

Basement Windows 

Right - 1 (Vinyl, Double low e) 

House Envelop 

Doors  Steel polyurethane core 
Foundation Insulation Specified R: R10 
Mechanical Systems Heating System 

 
Cooling System 

ENERGY STAR√ 
 
Conventional central A/C 

Main Interface Fuel Cost 
 
 
Specifications 
 
Baseloads 
 
 
Domestic Hot Water 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
2 adults @ 50% 
1 children @ 50% 
 
ENERGY STAR√ 
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Appendix F – Information about Scenario 3 Dwelling   
                Archetypes 
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Dwelling Archetype 15 - HOT2000 Inputs 

Archetype 15 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 2012 
Units US 
Dimensions Width = 25 Depth = 25 
Front Orientation South 
House Type Semi-detached, right unit 
Number of Floors Three Storeys 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) Specified R: R60 
Insulation (Walls) Specified R: R20 

Front - 4 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 
Back - 4 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 
Left – none 

Windows 

Right - 3 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 
Front – none 
Back - 1 (Vinyl, Triple low e 
argon)  
ENERGY STAR√ 
Left – none 

Basement Windows 

Right - 1 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 

House Envelop 

Doors  Fibreglass polyurethane core 
ENERGY STAR√ 

Foundation Foundation Walls 
 
 
 
Basement Slab or Floor 

Interior Full height Specified R 
 
Exterior Full height Specified R 
 
Fully Insulated 

Mechanical Systems Heating System 
 
 
Cooling System 

ENERGY STAR√ 
% Eff 90 
 
Central A/C w/ economizer 
ENERGY STAR√ 

Main Interface Fuel Cost 
 
 
Specifications 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
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Baseloads 
 
 
Generation 
 
 
Heating/Cooling System 
 
 
Domestic Hot Water 
 
Drain Water Heat Recovery 

 
 
2 adults @ 50% 
1 children @ 50% 
 
Photovoltaic System 
Array Area 36 sq. ft. 
 
Fans/Pumps: Energy Efficient 
Motor√ 
 
ENERGY STAR√ 
 
Efficiency of 42% or higher 
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Dwelling Archetype - 16 HOT2000 Inputs 

Archetype 16 
Dialogue Screen Field Input 

Weather Region, City Manitoba, Winnipeg 
Year Built 2012 
Units US 
Dimensions Width = 25 Depth = 25 
Front Orientation South 
House Type Row house, middle unit 
Number of Floors Three Storeys 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) Specified R: R60 
Insulation (Walls) Specified R: R20 

Front - 4 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 
Back - 4 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 
Left – none 

Windows 

Right – none 
Front – none 
Back - 1 (Vinyl, Triple low e 
argon)  
ENERGY STAR√ 
Left – none 

Basement Windows 

Right – none 

House Envelop 

Doors  Fibreglass polyurethane core 
ENERGY STAR√ 

Foundation Foundation Walls 
 
 
 
Basement Slab or Floor 

Interior Full height Specified R 
 
Exterior Full height Specified R 
 
Fully Insulated 

Mechanical Systems Heating System 
 
 
Cooling System 

ENERGY STAR√ 
% Eff 90 
 
Central A/C w/ economizer 
ENERGY STAR√ 

Main Interface Fuel Cost 
 
 
Specifications 
 
 
Baseloads 
 

Electricity ManHyd08 
Natural Gas MHGas08 
 
Default Roof Cavity Inputs √ 
 
 
2 adults @ 50% 
1 children @ 50% 
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Generation 
 
 
Heating/Cooling System 
 
 
Domestic Hot Water 
 
Drain Water Heat Recovery 

 
Photovoltaic System 
Array Area 36 sq. ft. 
 
Fans/Pumps: Energy Efficient 
Motor√ 
 
ENERGY STAR√ 
 
Efficiency of 42% or higher 
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Dwelling Archetype 17 - HOT2000 Inputs 

Archetype 17 
Dialogue Screen Field Input 

Weather Region / City Manitoba, Winnipeg 
Year Built 2012 
Units US 
Dimensions Width = 25 Depth = 25 
Front Orientation South 
House Type Semi-detached, left unit 
Number of Floors Three Storeys 
Foundation Type Full Basement 

Main House Selectors 

Ceiling Type All Flat 
Geometry Details - - 

Insulation (Roof) Specified R: R60 
Insulation (Walls) Specified R: R20 

Front - 4 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 
Back - 4 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 
Left - 3 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 

Windows 

Right – none 
 
Front – none 
Back - 1 (Vinyl, Triple low e 
argon)  
ENERGY STAR√ 
Left - 1 (Vinyl, Triple low e 
argon) 
ENERGY STAR√ 

Basement Windows 

Right - none 

House Envelop 

Doors  Fibreglass polyurethane core 
ENERGY STAR√ 

Foundation Foundation Walls 
 
 
 
Basement Slab or Floor 

Interior Full height Specified R 
 
Exterior Full height Specified R 
 
Fully Insulated 

Mechanical Systems Heating System 
 
 
Cooling System 

ENERGY STAR√ 
% Eff 90 
 
Central A/C w/ economizer 
ENERGY STAR√ 

Main Interface Fuel Cost 
 
 

Electricity ManHyd08 
Natural Gas MHGas08 
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Specifications 
 
 
Baseloads 
 
 
Generation 
 
 
Heating/Cooling System 
 
 
Domestic Hot Water 
 
Drain Water Heat Recovery 

Default Roof Cavity Inputs √ 
 
 
2 adults @ 50% 
1 children @ 50% 
 
Photovoltaic System 
Array Area 36 sq. ft. 
 
Fans/Pumps: Energy Efficient 
Motor√ 
 
ENERGY STAR√ 
 
Efficiency of 42% or higher 
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