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1. Introduction 

1.1 Integrated Energy Mapping for 
Ontario Communities (IEMOC) 
 
Integrated Energy Mapping for Ontario 
Communities (IEMOC) was a collaborative 
initiative of the Canadian Urban Institute (CUI), 
Ontario Power Authority (OPA), CanmetENERGY 
a division of Natural Resources Canada (NRCan), 
Ontario Centres of Excellence (OCE), and 
participating municipalities and local distribution 
companies (LDCs). The IEMOC project set out to 
analyze the impacts of population and 
employment growth; land-use and 
transportation planning decisions; and building 
and transportation energy efficiency measures 
on energy consumption for four Ontario 
municipalities –Guelph, Hamilton, Barrie, and 
London.  
 
As part of the study, each participating 
community received an Integrated Energy 
Mapping Strategy (IEMS) report that outlined 
strategies for buildings, transportation, and 
energy generation that could be implemented 
within the municipality to reduce energy and 
carbon emissions.  Communities also received a 
series of energy maps which visually illustrate 
how buildings and transportation consume 
energy spatially across the municipality. Energy 
maps were produced for a recent baseline as well 
as for projected energy use under Business as 
Usual, High Efficiency and Ultra High Efficiency 
cases in the future (year 2031). In addition, 
communities received an integrated, spatially 
referenced database which included energy data 
provided by local distribution companies, the 
Municipal Properties Assessment Corporation 
(MPAC), as well as future building and 
transportation projections developed using City 
growth management and planning reports and 
with input from staff. 

 
As part of the process, the following five 
activities were undertaken in each community: 

 Evaluated energy reduction 

opportunities for new and existing 

buildings;  

 Reviewed the application of cost-

effective alternative technologies and 

renewable fuels;  

 Assessed the potential to reduce the 

impact of transportation related energy 

use;  

 Visualized energy use of buildings and 

transportation using maps through 

Geographic Information Systems (GIS); 

and,  

 Developed a tool to monitor, evaluate 

and verify progress towards meeting 

energy and greenhouse gas objectives. 

1.2 Participating Communities 
 
Although the goal of reducing energy use and 
emissions was common to all four communities, 
each community pursued a unique path that 
reflected their specific energy planning and 
program objectives.   

City of Guelph 
As the first community to participate in IEMOC, 
the City of Guelph was interested in evaluating 
how integrated energy mapping could contribute 
to achieving Guelph’s Community Energy 
Initiative goals of reducing energy use per capita 
by 50 percent and greenhouse gases per capita 
by 60 percent, in the context of accommodating 
economic and population growth over the next 
25 years.  The City of Guelph is evaluating how 
energy mapping can be used to implement and 
verify conservation projects and how it can 
support daily decision-making at the various 
departments at the City. 

City of Hamilton 
Furthering the City’s leadership in energy and 
clean air issues, Hamilton’s participation in 
IEMOC focused on understanding how to 
respond to the challenge of peak oil, while 
maintaining a resilient, competitive and inviting 
community where residents can live, work, and 
invest.  Hamilton is using the analysis to support 
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the Hamilton Community Energy Collaborative – 
comprised of city staff, councilors, utilities, and 
local community groups – to develop an energy 
efficiency action plan. The local electricity utility 
that services Hamilton and St. Catharines, 
Horizon Utilities Corporation, is expanding and 
using the integrated database to design and 
target conservation and demand management 
(CDM) programs. 

City of Barrie 
The City of Barrie participated in IEMOC to 
develop an energy consumption baseline and to 
identify opportunities for implementing 
integrated community energy systems based on 
detailed population and employment growth 
information.  Barrie is proceeding with the next 
steps recommended in the analysis to prepare an 
action plan to implement energy efficiency 
strategies and is exploring partnership 
opportunities with local utilities to advance these 
opportunities. 

City of London 
In 2009, the City of London launched a citywide 
initiative, RETHINK Energy London, to understand 
options for reducing the use of fossil fuels. The 
main objective of RETHINK is to provide staff with 
the basis to achieve London's short-term (2014) 
climate change and energy efficiency goals, 
based on public and stakeholder input. The 
IEMOC initiative was identified by the City of 
London as providing an opportunity to gain an 
understanding of how Ontario’s emissions 
reduction targets (6% reduction below 1990 
levels of GHG emissions by 2014, 15% reduction 
by 2020 and 80% 2050) could best be achieved in 
London with the current understanding of 
projected energy demand and potential sources. 

1.3 Overview of the Integrated Energy 
Mapping Process 
 
The IEMOC methodology brought together a 
number of building, transportation and energy 
data sources as well as energy simulations in a 
GIS platform to visually show where and how 
much energy is consumed within a community.  
 
Energy maps were created for both a recent 
baseline year , and for the year 2031 which is the 
timeframe for which population and employment 
growth projections were developed for Places to 

Grow, Ontario’s Growth Plan developed by the 
Ministry of Infrastructure.  
 
For the future building and transportation 
projections three energy efficiency cases were 
evaluated.  These included a Business as Usual 
case which assumed no building retrofits, 
conventional practices for new building 
construction and no change in transportation 
efficiency or mode split. High Efficiency and Ultra 
High Efficiency cases were also evaluated which 
assumed higher building standards for new 
building construction, building retrofits, and 
transportation demand management and 
efficiency measures are applied across the city. 
Alternative energy generation technologies were 
also modeled to evaluate the potential to further 
reduce citywide energy use. 
 
Total GHG emissions for all baseline and future 
cases were calculated as well. 
 
Capital and operating costs were evaluated for 
each building efficiency strategy and alternative 
energy generation technology and cost metrics 
such as Internal Rate of Return (IRR) and payback 
period were calculated so that efficiency and 
generation strategies could be compared based 
on cost-effectiveness. The impact of fuel prices 
escalation for electricity, natural gas and gasoline 
were also evaluated. Capital costs for 
transportation improvements were not 
evaluated. 
 
The outputs of the energy mapping analysis 
including existing energy consumption, energy 
reduction potential, capital costs, operating costs 
savings, and potential emissions reductions are 
intended to help planners and energy 
conservation program managers understand how 
energy is currently used across the city and to 
prioritize investments in efficiencies and 
renewable technologies based on cost 
effectiveness.  

1.4 Purpose of this Guide 
 
This Integrated Energy Mapping for Ontario 
Communities - Lessons Learned Report was 
prepared to document the energy mapping 
process that was used on the IEMOC project, to 
outline challenges encountered during the 
process, and to provide lessons learned from 
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these challenges so that Ontario communities 
can repeat and improve the process. 
 
The report is broken down into the following 
components and describes the value, process 
and lessons learned for each section: 
 
Baseline building energy maps – describes how 
energy data from utilities was used to show 
where and how much energy is being consumed 
in the city today. 
 
Future building energy maps – describes how 
building energy simulation models, population 
projections, and employment projections were 
used to show where and how much energy will 
be consumed in the future. 
 
Building energy efficiency and alternative 
generation scenarios – describes how building 
efficiency and renewable technologies were 
evaluated based on cost effectiveness to 
prioritize implementation. 
 
Transportation energy maps – describes energy 
consumption and potential savings associated 
with current and future transportation was 
evaluated. 
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2. Baseline Building Energy 
Maps –Visualizing Community 
Energy 
 
As part of the Integrated Energy Mapping for 
Ontario Communities (IEMOC) initiative the 
project team developed baseline building energy 
maps for each participating City to visually 
illustrate the energy that is consumed by 
buildings for a given year.  This included energy 
consumed by buildings in the forms of electricity 
–which is primarily used to power electronics, 
appliances, air conditioning, lighting, and 
industrial processes, and natural gas –which is 
primarily used for space heating and domestic 
hot water.  Baseline building maps show metered 
energy use and do not show energy consumed by 
transportation or embedded energy stored in 
materials.  

2.1 Value from Linking Building and 
Energy Data to its Geographical Location 
 
The value of creating baseline building energy 
maps comes from integrating building, land use, 
and energy data together into a single database 
to display citywide energy use spatially. 
 
Traditionally, building and land use datasets and 
energy consumption datasets are maintained 
separately by different organizations. Energy 
planning at the community level can be difficult 

without linking these datasets together.  For 
example, in Ontario municipalities have little 
information about the long-term energy impacts 
of land-use development. Similarly, utilities who 
are now responsible for achieving conservation 
demand and demand side management targets 
set out by the Ontario Energy Board, have little 
information aver the factors that influence 
energy use including building and property 
attributes, heating system types, etc. 
 
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. Areas of a 
city will consume different amounts of energy 
depending on the mix and density of buildings. 
When displayed visually on a map, this becomes 
a powerful tool for communicating the energy 
impacts of built form.  
 
Finally, because the database contains metered 
utility data, it can be used to create or contribute 
to an energy or emissions inventory.  By updating 
the integrated database on a regular basis, it can 
also be used to track progress towards an energy 
reduction or carbon reduction goal.  Figure 1 
shows the energy baseline map for the City of 
Hamilton. 

 
Figure 1 Energy Baseline Map, City of Hamilton 2006 
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2.2 Data Sources Utilized for Baseline 
Energy Mapping 

Utility Data (electricity and natural gas) 
Electricity and natural gas utilities, also known as 
local distribution companies (LDCs), maintain 
databases that contain the amount of energy 
consumed by their customers for billing 
purposes. Customers are identified according to 
a contract type (e.g. residential, general service, 
transmission, etc.) and by customer billing 
addresses.  LDCs do not typically collect or 
maintain information about the building 
characteristics or occupants that they serve 
within their billing databases. While up until 
recently building energy consumption would be 
manually read by a utility representative 
periodically (e.g., once every billing period) with 
the roll-out of smart meters across Ontario, 
many electricity utilities now have the capacity to 
read customer meters on a much more frequent 
basis (e.g., 15 minute intervals).  

Property Tax Assessment Roll 
The property tax assessment roll is a database 
that is used by municipalities to calculate the 
value of each property in the city for tax 
purposes.  Detailed information about each 
property –such as the location, property type, 
and building type –are included in this database.  
This dataset also contains useful information 
about every building in the city –such as building 
age, type, size, and floorspace area–which is 
valuable for energy planning and mapping 
analyses. In Ontario, the property tax assessment 
roll is managed and maintained by the provincial 
body known as the Municipal Property 
Assessment Corporation (MPAC).  An update of 
the assessment roll is provided to each 
municipality by MPAC on a regular (quarterly) 
basis. 

Geographical Information Systems (GIS) Parcel 
Fabric 
A geographical information system (GIS) is a 
system used to capture, store, maintain, and 
analyze geographic information in digital format.  
 
GIS enables the creation, storage, and 
maintenance of a parcel fabric, which is a digital 
map that represents the parcel or property 
boundaries associated with all the properties in a 
city.  Attached to the parcel fabric, and also 

stored in a GIS, is a database that contains 
information about each property, such as the 
parcel location and elevation.   
 
When creating energy maps, additional data 
about each property –such as the buildings on 
the property and the energy consumed by those 
buildings– are obtained from other datasets and 
are matched to the appropriate parcel on the 
parcel fabric.  The result is a database that has 
property, building, and energy information linked 
to its geographical location.   
 
In Ontario, digital parcels are created by the 
organization Terranet.  Founded in 1991, 
Terranet has been given the task on behalf of the 
Ontario Government of converting the paper-
based land registration system into digital 
format.  Digital parcels are created and provided 
to each municipality by Terranet on a regular 
basis (e.g. annually, bi-annually, or quarterly).  In 
addition to these updates, each municipality also 
maintains and modifies the parcel fabric in-
house. 

Building Energy Simulation Models 
Building energy Simulation models were used to 
disaggregate energy data (aggregation and 
disaggregation of data is discussed in the lessons 
learned Section 2.4 below).  When producing 
baseline energy maps, Natural Resources 
Canada’s (NRCan) Online Screening Tool for New 
Building Design was used to model the energy 
consumption of prototypical building types.  
These models were used to calculate the relative 
energy consumed by each of these building-
types, which was used to disaggregate energy 
data. 

GHG Coefficients 
GHG coefficients are factors that relate the 
amount of greenhouse gas emissions released as 
a result of a particular type of energy being 
consumed via a particular process.  For example, 
electricity from the electricity grid is generated 
from a variety of fuel types using many different 
processes. A GHG coefficient was calculated to 
quantify the amount of GHGs associated with 
each unit of electricity (i.e. tonnes CO2 per 
kilowatt-hour).  Similarly, GHG coefficients were 
calculated for natural gas (i.e. tonnes CO2 per 
m

3
), and gasoline (tonnes CO2 per litre). CUI 

partnered with the environmental engineering 
firm SENES Consultants Ltd. to calculate these 
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factors which were used to evaluate the GHGs 
associated with the energy consumption. 

2.3 Creating Baseline Maps – Process 
This section describes the process in which 
building and energy data are matched to the 
parcel fabric and building attribute database.  
Figure 2 shows the major steps that were 
undertaken to match building attribute data 

(such as building type, size, vintage, and address) 
from the assessment roll to its geographical 
location on the parcel fabric.  
 
Of the datasets required for energy mapping, the 
parcel fabric is currently the only dataset stored 
and maintained in a GIS.

 
 
Figure 2: Matching Building Data from the Assessment Roll to the Parcel Fabric 

 
Once building data has been matched, energy 
data – which indicates how much energy is 
consumed by each building – is then matched to 
the parcel fabric and building attribute database.  
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. Figure 3 shows the major steps 
involved in linking energy data from utilities to 
the parcel fabric.

 
Figure 3  Matching Energy Data from Utilities to the Parcel Fabric 

The result of matching data from these two 
datasets to the parcel fabric is an integrated 
database that has both building attribute 
information and energy information linked to its 
geographical location. Using this database, 
building characteristics can be correlated with 

building energy use to evaluate the impact of 
built form, attributes and in some cases building 
equipment on energy use.  Figure 4 shows an 
example of data entries in the integrated energy 
database.
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Figure 4: Example Data Entries and Sources in Integrated Database 

 

2.4 Lessons Learned from Mapping 
Baseline Building Energy 

Data Sources Utilized Were Not Developed for 
Energy Planning Activities 
While the datasets used in this process may be 
sufficient for their originally intended purposes 
they were not designed to be used for energy 
mapping.  For example, MPAC focuses its efforts 
on collecting data and classifying building 
attributes for establishing property value. While 
some fields which are used for property 
assessment are also extremely useful for the 
purposes of energy mapping, they are often 
incomplete or too general.  One such data field 
was heating equipment type. By implementing a 
more detailed heating type classification system 
in the tax assessment roll this data could become 
very useful for targeting conservation efforts.  
Additionally, significant resources are needed to 
clean and prepare this dataset before it could be 
integrated into the GIS database.  If building data 
from the tax assessment roll is to be used for 
energy planning, extra resources would have to 
be used to maintain and prepare this dataset for 
energy mapping purposes.   

Utility Data is Often Aggregated to Protect 
Customer Privacy 
Electricity and natural gas utilities have energy 
data about each customer in their database, but 
in order to protect customer privacy and in some 
cases utility business interests, some LDCs will 
aggregate customer data to a particular 
geographical area such as a postal code or an 
entire city. The intention is to protect personal 
and confidential information by ensuring no one 
customer’s energy use could be identified. 
 
LDCs’ interpretations of provincial and federal 
privacy law vary from company to company and 
also depend on the language included in 

customer contracts. LDCs that have identified 
conservation planning as a potential end use with 
their customers will have more ability to use this 
information for energy mapping. Clarification and 
consensus on data privacy issues is required to 
move energy mapping forward.     
 
Sharing point level or address billing data reduces 
the resources and modeling efforts needed to 
disaggregate energy data. It also reduces the 
boundary and attribution errors introduced 
through postal code aggregation, improving the 
accuracy and utility of the energy maps and 
analysis. 

Buildings are Defined Differently in Different 
Data Sets 
Another issue encountered when developing 
integrated energy databases was that utilities 
and MPAC define their buildings differently.  
Utilities define their customers according to a 
customer class (e.g. low rise residential, high rise 
residential, general service <50kW, general 
service >50kW), based on the type of customer 
contract.  Buildings on the assessment roll are 
assigned a building type or category (single 
family, restaurant, school, place of worship, etc.) 
which does not necessarily correspond with 
utility classifications.  Assumptions were needed 
about which building type belongs to which 
customer class, which decreased the accuracy of 
the data matching process.   

Matching Point Level Data is Critical to 
Producing Accurate Energy Maps 
Although aggregated energy use data can 
provide useful insights into how cities consume 
energy while protecting customer privacy, it is 
important that building and energy use data be 
matched at the point or address level prior to 
aggregation. Due to variations in the 
classification and boundary systems discussed, 
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matching aggregated data can result in errors in 
the data and maps. 
 
Non-disclosure agreements can be used to 
establish the terms of data sharing for the 
purposes of energy mapping. This approach 
enabled the identification of clusters of high-
energy consuming buildings with a level of 
accuracy that could potentially be used to target 
these clusters for conservations programs.  
Although customer privacy is important, further 
research could be directed at what data 
agreements, data standards and organizational 
structures for data sharing can be used to 
facilitate municipal energy planning without 
compromising the privacy of individual 
customers.   

Both Measured and Modelled Building Energy 
Data is Required for Energy Mapping 
In the IEMOC project, modelled building energy 
intensity was used to disaggregate consumption 
data provided by utilities as well as to estimate 
the potential savings from building retrofits.  
 
In future projects, matching point or address 
data prior to aggregation will provide more 
accurate inputs to building energy models. 
Calibrated building energy models can be very 
useful for estimating the potential impact of 
retrofit and high efficiency construction cases 
and to inform economic prioritization of building 
strategies. 
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3. Future Building Energy 
Maps – Population, 
Employment, and 
Development Impacts on 
Energy Consumption 
 
Population and employment growth have a 
direct impact on energy consumption.  More 
people living and working in a community 
requires more development and transportation 
trips resulting in more energy consumption 
within the city.  By simulating and mapping the 
energy associated with expected development in 
accordance with official plans, municipalities can 
assess how to reduce energy consumption in the 
context of expected growth. 
 
As part of the IEMOC project future energy maps 
were developed to show the energy that would 
be consumed by newly constructed buildings 
(both residential and non-residential) projected 
to be built between the present day and a set 
future date.  Similar to the buildings in the 
baseline maps, the energy shown on future maps 
includes electricity –used primarily for 
electronics, appliances, lighting, and air 
conditioning –and natural gas –used primarily for 
space heating and domestic hot water.  
 
In Ontario, growth planning is overseen by the 
Ministry of Infrastructure (MOI). In 2006 the MOI 
established the Growth Plan for the Greater 
Golden Horseshoe, a 25 year framework to 
manage growth in Ontario. This Plan includes 
population and employment forecasts for all 
upper and single tier municipalities and requires 
that they use these forecasts for planning and 
managing growth.  
 
As part of this plan, municipalities are required to 
implement through their official plans and other 
supporting documents, a strategy and policies to 
phase in and achieve intensification and density 
targets as set out by the Plan. Municipalities can 
enact policies to encourage minimum built form 
densities, which ultimately dictate population, 
and employment density targets measured in 
people and jobs combined per hectare.  
However, municipalities are not required to 

project the amount of built infrastructure or 
associated energy that will be required to 
support this growth. Nor are they required to 
specify the type of housing or jobs that are 
expected to comprise this growth. Often the 
municipality will undertake to review potential 
for growth in housing demand or various 
employment sectors, but this is typically 
undertaken on an as needed basis and may not 
include all building sectors. 
 
For this reason, preparing a future energy use 
maps requires assumptions to be made about 
the type of development that can be expected in 
a city, where it will be located, and how much 
energy it is likely to consume. 

3.1 Value Derived from Visualizing 
Future Energy Demand 
 
By integrating various population and 
employment projections, growth management 
reports, housing and employment studies, an 
energy map that shows the energy impacts of 
future land-use decisions is a very powerful 
communication tool.  In an instant, a decision 
maker or city planner is able 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.   
 
Additional indicators can be modeled and used to 
compare the different energy characteristics of 
proposed development.  Energy density, which 
was defined in this project as energy consumed 
per area of developable land (i.e., GJ/ha), can be 
used to compare the energy impacts of land-use 
for the different growth nodes, corridors, or 
other areas in the city.  Areas of high energy 
densities, as would be seen with the 
intensification of growth nodes, can be used to 
identify potential sites for district energy 
systems.  Energy intensity, defined as energy 
consumed per area of floorspace (i.e., GJ/m

2
), 

describes the overall efficiency of a building type, 
and can be used to compare the energy 
efficiencies of building types (e.g. one unit of 
residential row-housing consumes less energy 
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than one unit of a single family dwelling).  Finally, 
energy per capita (i.e., GJ/cap) can be used to 
compare how much energy will be consumed by 
each person who occupies a residential dwelling 
or a job in the workplace. Figure 5 shows energy 
maps for the City of Barrie for the present day 

(2008) and for the year 2031. This map illustrates 
increased energy density (GJ/ha) in the 
downtown, in employment areas and in the 
greenfield development (annexed areas) at the 
south end of the City 

 
Figure 5: City of Barrie 2008 (on the left) and 2031 (on the right) 

These indicators and visual maps are very useful 
for municipalities that are trying to reduce their 
energy and carbon emissions, especially 
municipalities that are working towards an 
explicit energy or emissions reduction target.  
Future maps quantify the increased energy 
demand that is associated with projected 
increased population and employment growth, 
and illustrate the challenge of reducing energy 
and carbon levels in the context of this growth.   

3.2 Data Sources Utilized for Future 
Energy Mapping 

Official Plans and Growth Management Studies 
Each municipality’s official plan and most recent 
growth studies were used to inform the growth 
projections for the year 2031.  The following 
values were researched from these plans: total 
projected population increase, total employment 
increase, total number of residential units by 

building type (low density, medium density, high 
density), average people per unit for residential 
units, total floorspace for ICI building types 
(industrial, commercial, institutional), and 
average floorspace per job (m

2
/job).  The growth 

studies that were used varied for each 
municipality and included residential 
intensification studies, retail studies, and 
employment studies. 

City Staff Assumptions 
Municipal planning staff members were engaged 
to make assumptions as to where development 
would occur.  Staff would allocate projected 
residential units, population, and jobs around the 
city according to planning districts or 
transportation zones.  In some cases this work 
had previously been completed as part of a 
growth management study, in other cases, new 
assumptions were made.   
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Existing Data from the Assessment Roll 
Existing data from the assessment roll was used 
to approximate the average building size of new 
development.  Buildings were classified according 
to a building type, and the average size of these 
buildings was calculated for a specific vintage 
(e.g. average size of a single family home built 
after the year 2000).  The assessment roll data 
was also used to further divide institutional, 
commercial, and industrial (ICI) buildings into 
additional building types.  For example, growth 
management studies would specify how much 
commercial development could be expected but 
would not specify whether this development was 
office or retail.  In this case the ratio of office to 
retail development from the existing built form 
was used to approximate the ratio of office to 
retail of the future built form.   

Building Energy Simulation Models 
NRCan’s Online Screening Tool for New Building 
Design was used to model the average annual 
energy intensities (GJ/m

2
) of each building type 

under future building efficiency scenarios.  These 
building types were the same as those that were 
modeled for existing baseline maps: residential 
low density, residential medium density, 
residential high density, commercial office, 
commercial retail, institutional low density, 

institutional high density, and industrial.  Once 
prepared, energy intensity factors were added to 
the GIS and multiplied by floor area projections 
for each building type. Building space projections 
were informed by Official Plans, growth 
management studies and historical development 
as documented in the tax assessment roll.   
 
Section 4.2 Data Sources Utilized for Alternative 
Scenarios describes the existing building retrofits, 
new development efficiency measures and 
renewable technologies modeled in the 
alternative scenarios. 

3.3 Creating Future Maps – Process 
 
The process for creating future energy maps 
required researching population and 
employment forecast data from existing official 
plans and growth studies, and then making 
assumptions to translate those projections into 
developable floor space.  Building energy models 
were then used to produce building energy 
intensity factors which were multiplied by floor 
area projections to quantify projected future 
energy demand.  Figure 6 outlines the major 
steps involved in creating energy maps for future 
development. 

 
Figure 6 Steps Involved in Creating Future Energy Maps 

 

3.4 Lessons Learned from Mapping 
Future Building Energy 

Municipalities Do Not Typically Plan for Energy 
Land-use decisions made by a municipality, such 
as those related to land-use, zoning, roadway 
design, recycling, solid waste disposal, water 
supply, sewage treatment, and building design; 

have a direct impact on the energy consumption 
of a community and influence how energy 
efficiency can be achieved.  However, energy 
supply planning continues to be undertaken by 
provincial agencies and utilities. Conventionally, 
energy infrastructure is matched to demand after 
investment in houses, roads, vehicles, and 
municipal infrastructure have been made.  Land-
use decisions made today have a direct and long-
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term impact on energy efficiency decisions 
related to buildings and equipment in the near 
and distant future. 
 
The best long-term opportunity to influence 
energy use and carbon emissions starts with the 
decisions made early on about land-use and 
transportation choices.  
 
Even with these insights, few communities at the 
municipal level actively plan to reduce energy 
demand. In Ontario, energy planning is done by 
separate entities; natural gas separate from 
electricity, distribution separate from 
transmission, and all separate from land-use, 
water, waste and transportation. Achieving 
sustainable integrated energy planning involves 
linking all decisions that create the energy profile 
of a community. 
 

Tracking New Metrics Related to Building Size 
and Performance Would Help Municipalities to 
Plan for Energy  
During the IEMOC project, assumptions had to be 
made to project total energy demand as a result 
of population and employment growth.   
 
Although growth reports typically include 
projections for residential units, residential 
developable floorspace –a critical input into 
community energy mapping –is seldom 
calculated.  Moreover, growth studies typically 
do not predict where in the city the developable 
floorspace will go at a building level.  Although 
this level of detail is subject to market forces, 
predicting where major developments will go is 
useful for forecasting energy demand and 
identifying opportunities for alternative energy 
systems. 
 
More accurate or detailed energy maps could be 
made if these assumptions were refined with 
further research and compared with on-the-
ground measured results.  To further increase the 
accuracy and utility of the future energy maps, 
more accurate building energy and technology 
data and simulation models could be used. This 
would require more municipal staff resources as 
well as utilities’ regular participation in planning 
and growth studies. 
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4. Building Efficiency and 

Alternative Generation Scenarios 

– Identifying Cost Effective 

Strategies for Reducing Energy 

and GHG Emissions 
 
This section describes the process and lessons 
learned from evaluating cost effectiveness of 
building efficiency strategies and renewable 
technologies. Potential savings from 
transportation energy were also quantified; 
however cost effectiveness of these strategies 
was not evaluated as part of the IEMOC initiative. 
Transportation lessons learned are discussed in 
the section Transportation Energy Maps – 
Visualizing Energy Consumed by Personal 
Vehicles and Transit. 
 
As part of the baseline and future building energy 
and technology analyses, energy and GHG 
impacts of present day and future development 
were calculated assuming a Business as Usual 
approach to building construction and energy 
generation.  Alternative Energy Efficiency 
Scenarios quantified the energy and GHG impacts 
of the built form assuming alterative building 
practices are implemented across the city.  Two 
scenarios (in additional to the business as usual 
baseline) were evaluated: High Efficiency and 
Ultra-High Efficiency.  Each scenario assumed an 
alternative building code for new buildings and 
retrofit measures for existing buildings.  
 
In addition to these building scenarios, the 
potential for particular energy generation 
technologies to further reduce energy use and 
GHGs was also evaluated.  Only technologies that 
have been proven and implemented were 
considered (experimental technologies were not 
considered).  The following were included in the 
analysis: solar air, geoexchange, solar hot water, 
district energy, photovoltaics, biomass, and wind 
power. 
 
The cost of these building practices and 
alternative technologies was also calculated, on a 
per unit basis, for comparison purposes.  Cost 
metrics were used to calculate the total cost of 
implementing strategies that would be necessary 

to reach a municipality’s energy reduction or 
emissions reduction target.   
 
Finally, job creation from investment in these 
technologies was measured based on 
disaggregating capital expenditures over the life 
of the project into specific industries, and 
applying Statistics Canada employment 
multipliers for specific industries in Ontario.  The 
output of the model was person-years of 
employment, which were converted into full time 
jobs, defined as one position extending for 25 
years. 

4.1 Value in Evaluating Alternative 
Energy Scenarios on a Cost Basis 
 
Evaluating alternative energy efficiency scenarios 
is useful for determining what infrastructure is 
needed in order to reach an adopted energy 
reduction target.  It was found that no one 
strategy would be sufficient for achieving a 
specific target, but rather, higher-building 
standards for new construction, building retrofits 
for existing construction, and alternative energy 
generation technologies would all be necessary.   
 
By including an economic analysis, each strategy 
could be compared on the basis of its Internal 
Rate of Return (IRR) and payback period 
assuming multiple energy price-forecast 
scenarios.  At this preliminary stage of 
evaluation, technologies were found to return a 
positive investment, negative investment, or 
were found to warrant further investigation.  In 
this way, the trade-off between a particular 
strategy’s ability to reduce energy use and its 
overall economic cost to society could be 
compared.  Figure 7 shows the IRR for building 
strategies, for the high-efficiency scenario for the 
City of London. 
 
Moreover, the total cost of achieving a 
community adopted energy or carbon reduction 
target could be calculated.  Using a method of 
adopting the most cost-effective strategies first, 
all the strategies that are necessary for achieving 
a specific target, and their associated costs, can 
be evaluated.  This part of the analysis is 
powerful for communicating the 
transformational changes to infrastructure that 
are needed to reach community-wide energy and 
carbon reduction targets.  
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Figure 7 IRR for Building Strategies, High Efficiency Scenario, City of London 

 

4.2 Data Sources Utilized for Alternative 
Scenarios 
Each scenario assumed an alternative building 
code for new buildings and retrofit measures for 

existing buildings.  Figure 8 summarizes the 
standards applied to buildings for each scenario: 

Figure 8 Descriptions of Alternative Energy Efficiency Scenarios for Buildings 

Scenario Existing Buildings New Buildings 

Business as Usual 
 

No change to existing buildings Assume current building code standards 

High Efficiency Retrofit existing buildings to 
consume 10% less energy 

Design buildings to consume 25% less 
energy than the Model National Code for 
Buildings (MNECB) 

Ultra-High Efficiency Retrofit existing buildings to 
consume 25% less energy 

Design buildings to consume 50% less 
energy than the Model National Energy 
Code for Buildings (MNECB)  

Building Standards and Building Retrofit Data 
The Canadian Urban Institute partnered with 
Enermodal Engineering to model the potential 
energy savings that could be achieved from 
higher building standards for new buildings, and 
retrofits for existing buildings. Enermodal used 
NRCan’s software Online Screening Tool for new 
Building Design to model alternative building 
practices. Existing building models were 
populated with attributes of generalized 
archetypes of existing buildings and new 
construction models were based on 
requirements of the Model National Energy Code 
for Building (MNECB). Retrofit costs and premium 
costs for new construction were taken from 
Marshall Valuation Service online costing tool. 

Alternative Energy Technology Data 
The Canadian Urban Institute also partnered with 
Enermodal Engineering to model alternative 
energy generation technologies.  Enermodal used 
Natural Resources Canada’s RETScreen software 
to model alternative energy generation 
technologies. Cost and performance inputs were 
selected for industry accepted models of 
renewable technologies as defined in the 
Integrated Energy Mapping Strategy reports. 

Cost Sensitivity Inputs 
The economic feasibility of each alternative 
technology was determined on the basis on the 
investment’s Internal Rate of Return (IRR), which 
is the discount rate that makes the net present 
value of all cash flows equal to zero.  Based on 

-12% -8% -4% 0% 4% 8% 12% 16% 20% 24%

Residential Medium Density - New High Efficiency

Residential Low Density - New High Efficiency

Institutional Low Density - Existing High Efficiency

Institutional High Density - Existing High Efficiency

Residential High Density - Existing High Efficiency

Residential Med Density - Existing High Efficiency

Residential Low Density - Existing High Efficiency

Residential High Density - New High Efficiency

Commercial Office - Existing High Efficiency

Commercial Retail - New High Efficiency
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Industrial - New High Efficiency
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Commercial Office - New High Efficiency

Internal Rate of Return (%)
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historically low bond-rates, a conservative rate of 
6% was used for this study.  Based on energy 
price forecasts, it was assumed that a technology 
with an IRR greater than 8% was considered 
economically feasible and technology with an IRR 
in the range of 4% to 8% was considered worthy 
of further investigation. GLJ Petroleum 
Consultants’ Commodity Price Forecasts for the 
Canadian Oil and Natural Gas Industry were used 
to project future natural gas costs. In lieu of 
available electricity price forecasts, a sensitivity 

analysis was performed that assumed an 
electricity price forecast of 2%, 5% and 10% 
increase.   

4.3 Alternative Energy Scenarios – 
Process 

The following steps were taken to evaluate the 
energy reduction potential and cost implications 
of adopting alternative energy efficiency 
scenarios and strategies.   

 
Figure 9 Steps Taken to Evaluate Alternative Energy Efficiency Scenarios 

4.4 Lessons Learned from Identifying 
Cost Effective Strategies for Reducing 
Energy and GHG Emissions 

Energy and Carbon Reduction Targets are 
Ambitious Yet Necessary 
International, national, regional, and local carbon 
reduction targets in some cases are ambitious yet 
necessary if progress is to be made towards 
preventing the adverse effects of climate change.  
However, implementing on-the-ground 
infrastructure so that these targets are achieved 
in the context of population and employment 
growth has proved challenging.  The energy 
mapping analysis found that transformational 
changes to buildings and energy infrastructure 
would be necessary to achieve community-wide 
energy reduction targets.  Strategies included 
adopting the ultra-high-efficiency scenario for all 
new and existing buildings.  This meant that 
every new building constructed between the 
baseline year and the year 2031 would have to 
be built to consume 50% less energy than the 
MNECB standard and that every single existing 
building would have to be retrofitted to consume 
25% less energy.  These strategies would require 
significant investment and therefore partnerships 
between property owners and public and private 
sectors.   

Trade-Off Between Ability to Reduce Energy and 
Overall Cost to Society 
When determining how to achieve energy 
reduction targets, often municipalities do not 
have sufficient information about the 
conservation strategies that are available to 
them, what their impacts are, and what the 
overall cost of implementation would be. 
Additionally, as energy and emissions reduction 
targets are being set in cities across Canada, 
municipal staff members are questioning what 
conservation tools are within their control. By 
comparing strategies for both buildings and 
energy generation technologies on both an 
energy reducing potential and a cost basis, 
municipalities can begin to recognize the 
magnitude of the climate change challenge and 
in tandem, identify low-hanging fruit for taking 
immediate action.  

Improvements to Data Improve the Accuracy of 
Analysis 
To keep within the scope of this study, only high-
level building and technology modeling could be 
undertaken.  Technologies that were found to be 
both technically and economically feasible by this 
preliminary investigation should be investigated 
further before investment in infrastructure is 
made.  Cost data and modeling assumptions can 
be improved with local industry data.   
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5. Transportation Energy 
Maps – Visualizing Energy 
Consumed by Personal 
Vehicles and Transit 
 
Understanding the impact of population and 
employment on a city’s energy future cannot 
best be done without consideration of the 
associated future transportation demand. Like 
energy maps made for buildings, transportation 
maps were used to visualize and communicate 
the energy impacts of trips taken by personal 
vehicles and public transit within a municipality. 
The transportation analysis focused on reviewing 
the potential to adapt existing transportation 
modeling tools used by municipalities for energy 
planning.  Trips made by commercial vehicles 
were not included in the analyses. 

5.1 Value in Modeling and Mapping 
Transportation Energy Consumption 
 
Traditional transportation planning undertaken 
at the municipal level usually utilizes 
transportation models to evaluate the need to 
provide capacity for peak traffic volume. 
However, adapting these traditional modeling 
tools for transportation energy mapping proved 
to be challenging.  Although more sophisticated 
transportation models exist, developing or 
utilizing models that accurately characterize 
transportation networks at a level of detail 
sufficient for a detailed energy analysis can be 
time and cost intensive, and their use was 
beyond the scope of this study.  
 
Nevertheless, maps and figures that show and 
visualize the impact of transportation mode 
choices on energy demand were produced and 
were used to inform decisions about which 
transportation demand management strategies 
will have the greatest impact on reducing energy 
and carbon emissions.  For example, impacts of 
shifting trips from personal vehicles to transit 
and active transportation were compared against 
potential impacts of electric and hybrid vehicle 
market uptake.  Figure 10 shows the energy 

consumed by personal transportation by 
transportation zones in the City of London. 

5.2 Data Sources Utilized for 
Transportation Maps 

Origin-Destination Tables 
Each municipality adopted conventional 
transportation planning models and data relating 
to trip generation, mode split, distribution, and 
assignment, to produce origin/destination (O/D) 
matrices.  O/D matrices – which divide the city 
into transportation zones and tally trips made by 
residents between these zones – were obtained 
from the municipality for the baseline year and 
one future planning year (the same year as the 
buildings analysis in accordance with Official 
Plans).  How these matrices were generated for 
each municipality varied based on the availability 
of data: Some were based on morning peak-hour 
travel and others were based on afternoon peak-
hour travel. Some O/D tables included municipal 
transit trips while others did not. Cities used also 
different transportation modeling software 
(EMME2 and Trans CAD).   

Figure 10 Transportation Energy Map, 2010 City of London 
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Supplementary Data 
In order to translate information from trip tables 
into energy maps, assumptions and additional 
transportation modeling and information had to 
be used.  Sources of information included 
Transportation Tomorrow Survey (maintained by 
the Data Management Group at the University of 
Toronto) which provided 24 hour mode of travel 
information; the Urban Transit Fact Book 
(provided by the Canadian Urban Transit 
Association) which provided annual average load 
factors for transit systems; 24 hour traffic counts 
provided by the municipalities for conversion of 
peak hour travel demand to daily annual total 

travel demands; and tables for average inter-
zone trip lengths also provided by municipalities 
or hired transportation modeling consultants. 

5.3 Transportation Mapping – Process 
For the IEMOC project transportation analyses 
were carried out for a recent baseline year and 
for one future planning horizon year.  Figure 11 
shows the steps that were taken to produce 
transportation energy maps. Similar to building 
energy analyses, alternative energy efficiency 
scenarios for the future transportation were also 
modeled. The scenarios included: Business as 
Usual, High Efficiency, and Ultra-high Efficiency.   

 
Figure 11 Steps Involved in Creating Future Energy Maps 

 

For the IEMOC initiative transportation efficiency 
cases considered both transportation demand 
management (TDM) as well as improvements to 
vehicle efficiencies. The focus of the 
transportation analysis was on evaluating 
potential impacts of transportation efficiency 
improvements. An evaluation of potential market 

uptake of alternative vehicles or transit ridership 
was not performed. Figure 12 shows the 
differences between the scenarios for both 
transportation demand and vehicle efficiencies 
for the City of Barrie. 
 

Figure 12 Descriptions of Alternative Energy Efficiency Scenarios for Transportation for Barrie 

Scenario Transportation Demand Vehicle Efficiencies (GJ/VKT) 

Business as 
Usual 

- no change in transit, cycling, waking modal share 
- no change in trip length 
- no change in number of trips 

- Car: 0.227 
- City Bus: 1.841 
- GO Bus: 1.523 
- GO  Train: 32.2 
- Cycling and walking: 0 

High 
Efficiency 

- increase transit, cycling, walking modal share by 
50% 
- reduce trip length by 5% 
- reduce number of trips by 5% 

- Car: 0.159 
- City Bus: 1.8 
- GO Bus: 1.418 
- GO  Train: 16.101 
- Cycling and walking: 0 

Ultra-High 
Efficiency 

- increase transit, cycling, and walking modal share 
by 100% 
- reduce trip length by 10% 
- reduce number of trips by 10% 

- Car: 0.103 
- City Bus: 1.759 
- GO Bus: 1.385 
- GO  Train: 0.001 
- Cycling and walking: 0 



18 
 

5.4 Lessons Learned from Mapping 
Transportation Energy 

Traditional Municipal Transportation Planning 
Tools are Not Designed for Energy Mapping 
For the transportation analysis, it was learned 
that the sources of data were the best available, 
but were not developed for energy mapping 
purposes. A number of assumptions were made 
to translate data provided by participating Cities 
to final energy map inputs. 
 
For example, the margins of error associated 
with the assumptions involved in translating from 
peak period to daily to annual trips and assigning 
those trips to the residential points of origin were 
unknown and in some cases could be significant.  
It is known that error is less significant for total 
energy consumed by trips made within the 
municipality but more likely significant on a zone-
by-zone basis.  
 
Additionally, in order to determine 
transportation demand generated by residents, it 
was assumed that trips originating from zones 
during the AM peak hour and trips destined to 
zones in the PM peak hour were “home-based” 
trips.  Trips generated from other municipalities 
were excluded from the analysis.  When 
producing energy maps, it was assumed that 
travel demands came from the zone of the 
location of the residence.  Although this 
assumption seemed to work well for zones that 
were primarily residential, it was found that for 
zones that were mixed residential and 
employment, were less reasonable. While home-
based trip assignments are available within the 
Transportation Tomorrow Survey (TTS) for survey 
data, these breakdowns were not available in 
future year trip tables. 
 
Value of transportation energy mapping is 
improved by including, on a zone-by-zone basis, 
changes in land use patterns, mode choices, and 
trip length and frequency   
The scope of the IEMOC project was to employ 
data readily available from participating 
municipalities’ transportation models together 
with information from published sources to 
produce the best possible mapped illustration of 
energy consumption for transportation.  
 

With either transportation model (EMME 2 or 
TransCAD) there is capacity to determine the 
impact of transportation demand because of 
changes in land-use patterns, mode choice, trip 
length and frequency on a zone-by-zone basis. 
While this study did not include scope or 
resources to evaluate multiple land use scenarios 
or produce additional transportation model runs, 
additional opportunity exists to take advantage 
of the capacity of these transportation models.   
 
The use of transportation models to assess these 
implications would require a close working 
relationship with the municipality and both their 
transportation and future land-use planning 
consultants.  With further study and explicit 
inclusion of energy impact analysis within the 
scope of transportation modeling activities, a 
municipal transportation model could more 
accurately reveal areas or types of areas that can 
be modified to better achieve energy and carbon 
reductions from transportation. 
 



19 
 

6. Conclusions 

Energy Mapping Can be Used to Advance 
Conservation and Demand Management 
Planning and Program Implementation 
Baseline building energy maps can be used to 
identify “hot spots” - neighbourhoods or clusters 
of buildings that consume high amounts of 
electricity or natural gas. Targeting conservation 
and demand management programs based on 
integrated municipal and utility datasets can help 
to increase program uptake and energy savings. 
 
Traditionally, energy and land use planning 
processes are carried out by separate 
organizations –utilities and municipalities. While 
municipalities across Canada are continuing to 
develop community energy plans and emissions 
reductions targets to tackle pollution and rising 
energy costs, achievement of these goals can be 
difficult without good energy use data.  
 
Simultaneously, utilities will require more 
detailed information about their customers’ 
operations and equipment in order to increase 
penetration of their conservation and demand 
management programs and achieve provincially 
mandated conservation targets. 
 
One of the central goals of the IEMOC project 
was to bring together energy and land-use 
planning processes to advance building and 
transportation efficiency and demand 
management strategies as well as renewable 
energy technology implementation.  

Energy Mapping is Improved by Good Quality 
Stakeholder Engagement 
Engaging stakeholders early on and throughout 
the IEMOC project was important to building 
awareness about energy conservation and 
demand management programs and 
opportunities in participating cities and to make 
sure that local knowledge was incorporated into 
the development of the Energy Mapping 
Strategies. 
 
As part of the IEMOC project, the development 
of each City’s Integrated Energy Mapping 
Strategy was initiated with a stakeholder 
workshop. The goals of the workshops were to 
inform utilities, community groups, City staff and 

other stakeholders about the project and to get 
their input on building, and transportation 
efficiency and renewable generation 
opportunities in the city.  
 
At these workshops, stakeholders were also 
asked to provide input on what data can be made 
available to the project team and what types of 
maps would be helpful to inform their work in 
energy planning. 

Energy Mapping is Improved by Point Level Data  
By integrating and analyzing address or 
customer-level data, trends between building 
characteristics (e.g., building age) and energy 
consumption could be established with a 
reasonable level of accuracy and could be used to 
identify opportunities to increase the uptake of 
conservation and demand management 
programs. 
 
While a number of potential barriers to providing 
point level data have been identified including 
privacy, utility business competitiveness, and 
staff resource availability, some utilities were 
able to provide point level or address energy 
billing data under non-disclosure agreements. 
This enabled the data-integration process to be 
streamlined, avoided unnecessary costs, and 
accelerated the execution of the project.  
 
In the cases where utilities provided energy 
billing data aggregated by postal code, “postal 
districts” or  across the entire city, the 
discrepancies in building classification systems 
between datasets and inconsistencies in postal 
code boundary files introduced errors to the data 
and maps.  
 
To address these issues, LDC and provincial 
stakeholders should continue to work together to 
understand the needs of cities, potential 
provincial and federal privacy issues and utilities 
capacity to deliver data in a way that enables 
energy supply and conservation planning. 

Energy Mapping Would be Improved by Further 
Collaboration with Transportation Modelers  
Collaboration with transportation modelers to 
prepare transportation scenario simulations that 
evaluate potential to reduce energy and 
emissions demand can help improve 
transportation energy mapping.  
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Transportation modeling software used by cities 
participating in the IEMOC project (EMME2 and 
TransCAD) hold powerful capacity to investigate 
the implications for transportation demand and 
associated energy on a zone-by-zone basis of 
changes in land-use patterns, changes in mode 
choice, changes in trip length and frequency.  
 
The scope of the IEMOC project was limited to 
the use of data that was readily available from 
participating cities together with information 
available from published sources to produce 
transportation maps. This meant that the value 
and accuracy of the transportation maps were 
limited by the scenario simulations that had been 
produced by the cities’ transportation planners. 
 
Further, introducing microsimulation models that 
are activity and agent based can help to produce 
higher resolution maps than those produced by 
traditional models which rely heavily on spatial 
aggregation. 

Funding Partnerships May be Required to 
Advance Energy Mapping 
The research foundations for community scale 
energy and emissions modeling tools are well 
established. Funding partnerships will help to 
move them from pilot projects to widespread 
implementation by cities and utilities.  
 
As our urban environment becomes more 
complex, more sophisticated tools based on 
more detailed data and locally relevant 
assumptions will be needed to inform effective 
energy and environmental decision making.  
 
Many of the cities and utilities that have initiated 
conservation and demand management 
programs have realized their savings potential. 
New programs will need to address residents and 
consumers on a more personalized basis to 
achieve deeper savings.  
 
As cities and utilities face rising infrastructure 
replacement costs, investment by government 
agencies and the private sector in more targeted 
conservation and demand management tools will 
help to avoid large costs associated with 
expanding energy supply capacity and long term 
health and climate impacts of increased GHG 
emissions.  
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