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PREFACE 
About the Canadian Urban Institute 
As Canada’s applied urban policy institute dedicated to identifying, developing and delivering policy and planning solutions to enable urban regions to 
thrive and prosper, the Canadian Urban Institute (CUI) is engaged in Canada’s movement to advance market transformation for sustainable communities 
and to encourage the application and integration of energy into the decision-making process at the municipal level.  

Integrated Energy Mapping for Ontario Communities (IEMOC) Initiative 
In late 2009, the CUI received support from the Ontario Power Authority (OPA), the CanmetENERGY division of Natural Resources Canada (NRCan) and 
the Ontario Centres of Excellence (OCE) to launch the Integrated Energy Mapping for Ontario Communities (IEMOC) initiative. IEMOC is intended to assist 
up to four Ontario communities to balance the impact of land-use decisions for meeting population and employment growth and housing objectives with 
energy consumption and supply concerns.  

The IEMOC initiative is undertaking the following five activities in each community: 

• evaluate energy reduction opportunities for new and existing buildings;  
• review the application of cost-effective alternative technologies and renewable fuels;  
• assess the potential to reduce the impact of transportation related energy use;  
• visualize energy use of buildings and transportation using maps through geographic information systems (GIS); and,  
• develop a tool to monitor, evaluate and verify progress towards meeting energy and greenhouse gas objectives. 

Participating communities involved with the IEMOC study are receiving the following reports and tools: 

• an integrated energy mapping strategy; 
• geocoded energy maps for visualizing energy use and scenarios; and, 
• integrated energy mapping, model and financial assessment (IEMMFA) process to monitor, evaluate and verify progress towards meeting energy 

and greenhouse gas objectives. 

IEMOC is directed at reducing up to 800 MW in electricity over a 20 year period through effective integrated land-use, transportation and energy planning 
that draws on recognized approaches for demand side management and local energy generation.  

The City of Hamilton was identified as a recipient community for support for the IEMOC initiative to better understand how to connect greenhouse gas 
inventories with land-use, transportation and energy planning.  

This study is one of four being prepared for participating communities in the IEMOC initiative and is intended to contribute to the ongoing efforts of the 
City of Hamilton to advance with developing a priority action plan for energy efficiency.   
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EXECUTIVE SUMMARY  

The City of Hamilton continues to provide leadership for energy and 
clean air issues in Ontario. This is reflected in the work requested by 
Hamilton’s City Council in 2005 to understand the potential of the 
emerging “fossil fuel crisis” and the associated impact on Hamiltonians. 
The report, Electric City responded to this request and identified the 
potential vulnerabilities for the City in terms of competitiveness and 
energy affordability. The report outlined that one of the key 
considerations as a result of potential higher energy prices was the need 
to better understand how to optimize land-uses to balance energy 
production with in-building energy use and guide the movement of 
people and goods towards improved energy efficiency.  

Advancing Energy Efficiency for the City of Hamilton   

The City of Hamilton, Horizon Utilities, Union Gas and members of the 
Hamilton Community Energy Collaborative (HCEC) partnered with the 
Canadian Urban Institute (CUI) to prepare the City of Hamilton 
Integrated Energy Mapping Strategy (H-IEMS) and evaluate potential 
actions that would enable Hamilton to maximize the reduction in the use 
of fossil fuels.  

The H-IEMS evaluates strategies for improving the energy efficiency 
performance of all building types, transportation demand management 
(TDM) and vehicle efficiency opportunities and a range of alternative 
technologies and renewable fuels for application in Hamilton. The H-
IEMS also builds on the recommendations of the Electric City report. 

Hamilton Part of the Integrated Community Energy Mapping Initiative  

The City of Hamilton is the second of four communities to use the CUI’s 
Integrated Energy Mapping, Modelling and Financial Assessment 
(IEMMFA) approach as part of the Integrated Community Energy 
Mapping Initiative (IEMOC). The IEMOC initiative is working with four 

communities in Ontario—the cities of Guelph, Hamilton, Barrie, and 
London—to apply a consistent methodology and approach to analyze the 
impact of  population growth, employment growth, land-use, and 
transportation decisions, on future energy consumption and supply. The 
IEMMFA approach is based on eight steps that are outlined in the figure 
below.  

The H-IEMS contributes to the ongoing work of the HCEC. The 
collaborative is engaged in addressing the potential implications of peak 
oil for Hamiltonians and to advancing cost-effective solutions in the 
short and long-term to improve energy efficiency. 

Modelling Energy Efficiency and Greenhouse Gas Reductions 

The starting point for the H-IEMS was the organization of an energy 
mapping workshop. The session provided an opportunity for City staff, 
local residents, businesses and other stakeholders to become familiar 
with general energy concepts. At the session, workshop participants 
contributed to the identification of the research focus for the H-IEMS. 
Participants confirmed that maximizing the reduction in the 
consumption of fossil fuels in the community should be the focus of the 
evaluation.  All subsequent decisions related to building improvements, 
technologies and fuel selections, and transportation options were 
evaluated against the identified research focus.  

To assess the contribution of energy efficiency improvements for 
buildings and transportation, and the application of alternative 
technologies and renewable fuels, a spatial analysis, energy system 
(land-use, buildings and transportation) and economic cost sensitivity 
model was developed for Hamilton. All data related to buildings, 
transportation, and energy and fuels was normalized to improve 
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accuracy.  Wherever possible, real data was applied first before 
simulated information. 

The model was designed to profile the various building improvement 
options that could be widely applied across the City. Transportation was 
also reviewed to assess a wide range of transportation demand 
management and vehicle efficiency improvement opportunities. The 
model included the evaluation of energy implications of travel behaviour 
patterns prepared by the City and the use of more efficient vehicles 
(such as hybrids, electric plug-ins, hybrid plug-ins etc.). The contribution 
of select alternative technologies and renewable fuels were also 
assessed.  

All building improvements, technologies and fuels were tested for cost 
sensitivity in terms of energy price (natural gas and electricity), inflation 
and return on investment. For the IEMOC initiative, economic feasibility 
is measured using Internal Rate of Return (IRR), which is the discount 
rate that makes the net present value of all cash flows equal to zero. 
Generally speaking, the higher a project’s IRR the more desirable it is to 

undertake. Due to limited access for capital and operating costs for 
transportation improvements, energy efficiency costs for transportation 
were not evaluated.  

Building Efficiencies, Technologies and Fuels 

The starting point for maximizing the reduction on the reliance of fossil 
fuel use in the City of Hamilton involved an examination of the energy 
efficiency improvements that could be achieved in the City’s built 
environment. The assessment included a review of the alternative 
technologies and renewable fuels that could contribute to meeting the 
heating, cooling and power needs for the built environment of Hamilton.  

Three types of energy efficiency cases for building improvements were 
evaluated and are described in the table below.  The cases were divided 
between existing buildings and new buildings.  

 

 

Integrated Energy Mapping, Modelling and Financial Assessment (IEMMFA) 

step 1: 
Evaluate 

Energy Vision 

step 2: 
Baseline 

step 3: 
Prepare Energy 

Inventory 

step 4: 
Assess Future 

Growth 

step 5: 
Evaluate Fuels 
& Technologies 

step 6: 
Financial 
Analysis 

step 7: 
Build 

Scenarios 
(Backcast) 

step 8: 
Evaluation & Priority 

Implementation  
Plan 

Define Energy 
Vision 
‐ key attributes 
‐ sources of 
information 

Collect Energy 
Data 
Baseline 
Buildings 
Baseline 
Transportation 
 

Prepare Energy 
Coefficients 
‐ intensity 

factors 
Prepare GHG 
Coefficients 

Compile future 
building data & 
map 
Model future 
transportation data 
& map 

Relevant Energy 
Technologies 
Evaluated 
‐ Intensity factors 

determined 

Cost/Benefit 
Analysis 
‐ Internal Rate 
of Return (IRR) 

‐ Cost 
sensitivity of 
market prices 

‐ Financial 
impact of 
scenarios 

-Existing 
Future  
-Business as 
Usual  
-High 
Efficiency  
-Ultra High 
Efficiency 
Other 
scenarios 

Evaluate preferred 
strategies 
 
Review options for 
implementation 
 

ENERGY & GHG BASELINE ENERGY & GHG ASSESSMENT IMPLEMENTATION 
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Cases Improvement Levels Explored 
Building Business As Usual ( B-BAU) 
Existing Buildings No retrofit 

New Buildings All new buildings built to OBC 2012 (MNECB minus 
25%) 

Building High Efficiency (B-HE) 
Existing Buildings Retrofit all existing buildings in Hamilton to 

consume 10% less energy than the business as 
usual Case 

New Buildings All new buildings built to  MNECB minus 50% 

Building Ultra-High Efficiency (B-UHE) 
Existing Buildings Retrofit all existing buildings to consume 25% less 

energy than the business as usual Case 
New Buildings All new buildings built to maximum practical energy 

efficiency (MNECB 50-56%) 

For the H-IEMS, it was assumed that all energy efficiency building 
improvements being phased into the Ontario Building Code (OBC) by 
2012  would serve as the starting point for the evaluation and as the 
baseline of minimum energy efficiency performance - “business as 
usual.”  

As part of the assessment, a cost sensitivity analysis of market prices 
was performed. The assessment assumed that strategies that provided 
an IRR of under 4% were not economically feasible. The assessment 
identified that low-rise homes developed before 1940 and new 
commercial office and retail buildings would be top candidates for 
encouraging energy efficiency improvements from a cost effective 
standpoint.   

When evaluating energy use by building type in Hamilton – what the 
energy is used for once it reaches a building – it was found that space 
heating and domestic hot water are areas for anticipated growth and for 
energy savings for all buildings in Hamilton. To assist with advancing 
energy efficiency efforts, categories of building types identified for 
Hamilton were prioritized for undertaking energy efficiency 
improvements for all new and existing buildings.  

Alternative technologies and renewable fuels were also considered as 
part of the strategy for meeting the energy demands of buildings in 
Hamilton and are listed in the table below. The pre-selected 
technologies and fuels for the IEMOC initiative were evaluated with and 
without discounted rates offered by the Ontario Feed in Tariff (FIT) 
Program. FIT is a new guaranteed funding structure for electricity 
producing renewable technologies and fuels. From a cost effective 
stand-point, biomass generation achieved positive returns under current 
market prices. When FIT pricing was applied, biomass and certain 
applications of wind and photovoltaics were also found to be cost 
effective.  

Energy Source Displaced Technology 
Electricity Photovoltaic - FIT 
Electricity Photovoltaic - microFIT 
Electricity Biomass - microFIT 
Electricity Wind - FIT 
Electricity Wind - microFIT 
Natural Gas Solar Air 
Natural Gas and Electricity District Energy 
Natural Gas Solar Hot Water - microFIT 
Natural Gas Geoexchange - microFIT 

 

From an overall reduction in terms of fossil fuels, the application of 
Geoexchange was identified as a strategy with significant potential to 
reduce emissions. Geoexchange would involve using electricity from a 
lower predicted Ontario carbon intensive grid to power heat pumps to 
provide heating and displace natural gas. District energy was also 
identified as a potential option to meet the existing space heating 
demands across the downtown areas of Hamilton. It was found that 
natural gas fuelled district energy systems would have potential to 
provide reliable energy at a reduced operating cost. However, further 
review of alternate fuel sources could identify opportunities for 
increased emissions reductions through district energy implementation. 
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Going forward, the challenge identified for Hamilton to lower reliance on 
fossil fuels for building energy will be finding ways to displace natural 
gas. Current market prices make many of the technologies evaluated as 
part of the H-IEMS for displacing natural gas on a large scale not 
economically viable at this time.  

Transportation Efficiencies 

To assist with evaluating the potential to maximize the reduction of 
fossil fuels for transportation, the IEMOC team collaborated with 
Hamilton City staff to identify and select reasonable transportation 
strategies for lowering associated energy consumption and greenhouse 
gas emissions for vehicles and for public transit. To determine the 
potential energy reduction benefit of applying different transportation 
demand management scenarios and vehicle efficiency strategies, three 
different cases were developed as outlined in the table below and were 
based on the City of Hamilton EMME/2 model and information from 
Metrolinx.  

It was found that if no action was taken in terms of transportation 
efficiency improvements for personal vehicles and for public transit, the 
level of greenhouse gas emissions per capita could be expected to 
increase by 30% over the next 20 years.  By applying the ultrahigh 
efficiency case, Hamilton could achieve a 68% reduction in energy and a 
74% reduction for greenhouse gas emissions for private vehicles and 
transit compared with business as usual. An important component for 
reduction in energy use for transportation in the H-IEMS is the projected 
conversion of Ontario’s electricity grid to low carbon intensity.  To take 
advantage of a “greener” grid”, it was assumed that electric and plug-in 
hybrid-electric vehicles could displace 20% of personal vehicles within 
the projected capacity of the grid. Hybrid vehicles were assumed to 
displace the remaining 80% of personal vehicles in the ultrahigh 
efficiency case. 

In Hamilton, it is anticipated that people will continue to have a strong 
preference for personal vehicle use and that achieving high levels of 
transportation demand management mode splits (i.e. people using other 
types of transportation) will be an ongoing challenge. In the near term, 
efforts to provide more public transit and alternative transportation 
options (biking, walking etc.) will continue to be an important part of 
planning considerations. As well, efforts to minimize the demand for 
people to leave Hamilton for employment related trips will also help 
reduce overall energy and associated greenhouse gas emissions. Going 
forward, increasing emphasis should be placed on how to accommodate 
the use of electric and hybrid vehicles across Hamilton.   

Maximizing Fossil Fuel Reduction through Energy Efficiency 

As part of the assessment for the H-IEMS, scenarios were developed to 
evaluate a range of energy efficiency strategies that could be applied in 
Hamilton. Based on the case evaluations for buildings, use of applicable 
technologies and fuels, and transportation efficiencies, Hamilton can 
greatly reduce its reliance on fossil fuels. By maximizing all the 
suggested strategies, Hamilton could reduce its use of: electricity by 
79% and gasoline by 76% and meet all of its natural gas needs. This 
would contribute to over 3,000,000 tonnes/yr reduction in greenhouse 
gas emissions and is equivalent to the reduction of 9.6 million barrels of 
oil per year. Achieving this level of maximum reduction in energy would 
require considerable investment and a high level of coordination 
between the public and private sectors and all levels of government in 
Hamilton.  Overall, the evaluated scenarios prepared for Hamilton 
confirm that there are a range of strategies available today that can 
lower the community’s reliance on fossil fuels. 
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Transportation Cases Evaluated Transportation Demand Improvement Strategies Vehicle Efficiency Strategies 
Case I 
Transportation Business as Usual (BAU) 

• Transit, cycling and walking modal shares equivalent to 
existing 

• Average trip length equivalent to existing 
• Average number of trips equivalent to existing 
• Auto occupancy equivalent to existing 

• Vehicle efficiencies are assumed to improve by 2031 
as identified in Appendix D. 

• Vehicle breakdown equivalent to existing 

Case II 
Transportation High Efficiency 
(T-HE)  

• Transit person trip / capita increase by 100% 
• (4% shift in mode split) 
• Walk person trip / capita increase by 50% 
• (2% shift in mode split) 
• Cycle person trip / capita increase by 50% 
• (2% shift in mode split) 
• Average trip length reduction per zone of -5% 
• Average number of trips reduced by -5% 
• Auto occupancy remains unchanged 

• Vehicle efficiencies are assumed to improve by 2031 
as identified in Appendix D. 

• Vehicle breakdown percentages are averaged between 
Case I and Case III. 

Case III 
Transportation Ultra High Efficiency 
(T-UHE) 

• Transit person trip / capita increase by 250% 
• (7% shift in mode split) 
• Walk person trip / capita increase by 125% 
• (4.5% shift in mode split) 
• Cycle person trip / capita increase by 125% 
• (4.5% shift in mode split) 
• Average trip length reduction per zone of -10% 
• Average number of trips reduced by -10% 
• Auto occupancy remains unchanged 

• Vehicle efficiencies are assumed to improve by 2031 
as identified in Appendix D.  

• Share of electric vehicles is maximized according to 
estimate of available surplus off peak electric power 
to charge vehicles, based on Hamilton being allocated 
off peak power proportional to its population. These 
results in 100% of personal vehicles being electric 
powered and/or plug in hybrids. 

• Hybrid electric vehicles have been assumed to 
contribute to remaining vehicle demand. 

Advancing Energy Efficiency Strategies in Hamilton 

A potential starting place for the advancement of the identified energy 
efficiency strategies in the H-IEMS is to develop a priority action plan for 
energy efficiency. Suggestions for how to form the priority action plan 
were developed as part of the H-IEMS. 

To support the development of an action plan, several key next steps 
were identified by the IEMOC research team and include:  

• Establishing a community energy planning facilitator. A 
community energy planning facilitator can assist with the 
development, implementation and delivery of various energy 
management and greenhouse reduction actions. Specifically, 
the community energy planning facilitator could be responsible 

for moving forward the priority action plan and working directly 
with the HCEC.   

• Confirming the organization that should prepare an energy 
action plan. Hamilton has established a broad base of support 
for energy initiatives through the HCEC. The HCEC is best placed 
to develop a priority action plan for energy efficiency in 
Hamilton. 

• Conducting a market assessment of the potential uptake of 
recommended strategies by people and businesses in 
Hamilton. The evaluation should include the preferred payback 
period by customer type for energy efficiency improvements and 
the potential interest for purchasing an electric or plug-in hybrid 
vehicle.  
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• Assessing grid and transformer capacity limitations across 
Hamilton for electrical infrastructure and charging stations.  

• Advancing with the update to Hamilton’s greenhouse gas 
inventory and selecting indicators for energy efficiency in 
Hamilton to accurately track and support implementing any 
energy efficiency strategy or supporting action undertaken in 
Hamilton.  
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1. INTRODUCTION 

The City of Hamilton, Horizon Utilities and Union Gas partnered with the 
Canadian Urban Institute (CUI) to evaluate potential actions that could 
allow Hamilton to maximize the reduction on the reliance of fossil fuel 
use in the City of Hamilton. The City of Hamilton is the second of four 
communities that are applying the CUI’s Integrated Energy Mapping, 
Modelling and Financial Assessment (IEMMFA) approach as part of the 
Integrated Community Energy Mapping Initiative (IEMOC). IEMOC is 
evaluating energy reduction strategies for buildings, automobiles and 
transit, as well as the use of renewable energy sources that are 
appropriate for the local climate, residents and businesses.  

This report: 

• Explains how IEMMFA was applied in Hamilton; 
• Compares current energy use and production for the Province 

of Ontario and for the City of Hamilton; 
• Reviews the opportunities to reduce energy and greenhouse 

gas emissions in Hamilton’s built-form environment; 
• Explores the appropriate alternative technologies and 

renewable fuels that can be used in Hamilton;  
• Reviews the implications for reducing transportation related 

energy use and GHG emissions; and, 
• Outlines suggested next steps to advance with identifying and 

implementing energy efficiency actions.  

The City of Hamilton Integrated Energy Mapping Strategy (H-IEMS) 
contributes to the ongoing work of the Hamilton Community Energy 
Collaborative (HCEC), which is focused on addressing the potential 
implications of peak oil for Hamiltonians, to assess the short and long-
term energy actions for Hamilton. The H-IEMS was developed as part of 
the IEMOC initiative. The H-IEMS is intended to inform the development 
of a priority action plan for energy efficiency in Hamilton and does not 

evaluate the policies required to implement and evaluate energy 
reduction scenarios.1  

H  IEMS  Report  Structure  

Chapter 1 of the report consists of a brief discussion about the 
importance of energy and explains how the IEMMFA process was 
applied in Hamilton. 

Chapter 2 provides a comparison of how energy is supplied and used in 
the City of Hamilton relative to the Province of Ontario averages.  An 
evaluation is provided of energy use by major sectors (transportation, 
buildings etc.) and by end-uses (heating and cooling of buildings, plug 
load etc.). 

Chapter 3 reviews energy efficiency strategies to reduce energy and 
associated greenhouse gas emissions in Hamilton’s built form. The 
section includes the evaluation of alternative technologies and 
renewable fuels to help meet the energy demands of Hamilton’s built 
environment.  

Chapter 4 evaluates the potential transportation demand management 
(TDM) activities that can be used to reduce trip lengths, personal vehicle 
dependence and the use of alternative technologies and renewable 
fuels to lower greenhouse gas emissions from transportation 
(automobile and transit). 

Chapter 5 reviews potential jobs that can be created from advancing 
energy improvements in Hamilton and puts forward suggestions for 
advancing a priority action plan for energy efficiency.   

 

                                                           

1 The H-IEMS study also does not incorporate the likelihood of market potential (uptake) of the 
energy strategies evaluated. A high level of change in human behaviour would be required to 
ensure energy strategies  are effective in terms of energy use and transportation patterns. 
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Approach,   Assumptions   and  Methodology   Used   for   IEMMFA  
for  the  H  IEMS  

The approach, methodology, and assumptions undertaken for the H-
IEMS are out outlined in the appendices and include: 

• Appendix A provides the City of Hamilton Climate Change and 
Energy Strategy Workshop Summary Report.  

• Appendix B identifies the assumptions, methodology and 
processes undertaken for evaluating building and 
transportation improvements; the approach for alternative 
technologies and renewable fuels; cost benefit analysis and 
cost sensitivity testing; and, forecasting built form growth.   

• Appendix C identifies the level of energy efficiency 
improvements for each built form case evaluated in the H-IEMS 
by building type. The appendix also outlines the equivalent 
whole building rating system (i.e., LEED and EnerGuide) 
required to achieve a particular level of building energy 
efficiency performance.  

• Appendix D provides a detailed overview of the alternative 
technologies and renewable fuels that were evaluated for the 
IEMOC initiative and were incorporated into the H-IEMS. 

• Appendix E contains the GHG modelled vehicle efficiencies 
prepared for Hamilton. 

• Appendix F provides an overview of the economics of capital 
project decision making applied for the IEMOC initiative and 
incorporated into the H-IEMS.  

• Appendix G contains a detailed breakdown of the detailed 
scenarios  evaluated for the H-IEMS and can be used to 
evaluate and design policies, programs and policies to 
implement energy efficiency in Hamilton. 

• Appendix H outlines suggested evaluation criteria for prioritizing 
actions – policies, programs and partnerships – associated with 
advancing energy efficiency strategies.  

How  to  Use  the  H  IEMS  

The H-IEMS can be used for the overall comparisons of the magnitude, 
size and cost of different energy efficiency opportunities, the relative 
importance of different sectors (buildings, technology and 
transportation) and the overall size of energy and emission reduction 
potential rather than for explicit predictions of what might occur.   In 
many situations, significant policy changes would be required for hard 
strategies to have a noted effect on energy efficiency and GHG emission 
reductions for Hamilton.  

The H-IEMS and related model can be used to continue to test for 
different implementation scenarios, energy prices, interest rates and 
other factors. Information contained in the H-IEMS model can be further 
disaggregated to evaluate the potential of various policies, incentives, 
and guidelines to aid with advancing energy efficiency and the reduction 
in the consumption of fossil fuels.  

The H-IEMS can be used to help inform the development of a priority 
action plan for energy efficiency, including the formation of policies, 
programs and partners (i.e., set % goals for GHG reduction). The 
appendices of the H-IEMS provide detail about how to set guidelines and 
standards for building improvements and outline the specific cost for 
identified strategies, such as the door cost of implementing building 
improvements.  

1.1. THE ROLE OF ENERGY FOR CITY BUILDING: 
WHY IS ENERGY IMPORTANT?  

Energy is like air. It is everywhere and it’s essential for the functioning of 
our communities. Yet, we only notice energy when it is not there. Energy 
allows you to read this report in a comfortable climate controlled and 
well lit room. Maybe you have a hot coffee or a cold drink in front of you. 
There is a good chance that you drove a private vehicle today. The paper 
you are holding right now was made from trees that were transported to 
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a mill, processed and then shipped to a store. Most energy comes from 
places that Canadians have never even seen. 

What   is  Energy  Eff ic iency  and  Why   Is   It  Encouraged?  

As fuel prices continue to increase and more attention is directed 
towards strategies and options that reduce reliance on fossil fuels 
(carbon based fuels such as gasoline, natural gas and oil), the concept 
of energy efficiency becomes increasingly important as a way to address 
these issues.  Energy efficiency means using less energy to accomplish 
the same task. 

The importance of energy efficiency can be illustrated by the amount of 
land needed to provide energy on a continuous basis for existing 
Canadian consumption levels. If the whole world’s population lived a 
Canadian lifestyle, it would take over three times the earth’s land area 
to supply it with food materials and energy based on current energy and 
food production productivity.  Over two thirds of that land would be 
needed for just energy production.2 

How   Is  Energy  Measured  and  Reported   in  this  Study?  

Different sectors of the economy and organizations use different metrics 
to discuss energy consumption. 

For instance: 

• Natural gas is measured in terms of volume such as metres 
cubed (m3). 

• Electricity is measured in consumption using kilowatt hours 
(kWh). 

• Energy (gasoline and diesel fuel) used in automobiles and for 
transit is measured in volume such as Litres (l). 

                                                           

2 British Columbia Energy Council. Planning today for Tomorrow’s Energy: An Energy Strategy for 
British Columbia. 1994. Pg 15 

• The embedded energy in food that we consume is measured in 
calories (kcal). 

In terms of demand, we measure the rate at which energy is generated 
or used in terms of Watts (100 Watt light bulb).  Given the amount of 
energy being evaluated for a community, we use the unit of megawatt 
(MW) - a unit of power equal to one million watts or 10,000 x 100 watt 
lightbulbs. 

With regards to consumption, we measure the amount of energy 
generated or used in watt-hours (a 1000 Watt light bulb operating for 10 
hours is a kilowatt-hour kWh – a 100 Watt device running for 730 hours 
is 73kWh).  

Energy consumption is often recorded using the internationally 
recognized measure of joule.  A joule is the amount of energy resulting 
from one watt for one second. A resting person requires 100 joules of 
energy every second. This increases to approximately 700 joules per 
second for very heavy work. 

For the H-IEMS, we undertake to normalize how we report energy for 
electricity, natural gas and fuels for automobile use into a common 
metric of a joule.  Because of the amount of energy being reported, the 
measure of gigajoule (GJ) is the preferred metric used to report energy. 
One GJ is equal to one billion joules.  

To put energy use in context, the Province of Ontario electricity 
consumption is 2.4 billion GJ per yr3 (excluding freight transportation). A 
small wind turbine in Ontario can produce 24,500 GJ per yr4. The 

                                                           

3 Source: NRCan OEE Comprehensive Energy USE Database, 1990 to 2008: 
http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/comprehensive_tables/index.cfm?
attr=0 
4 Assumies 10kW and 28% capacity factor as per Ontario monthly average 
http://www.ieso.ca/imoweb/pubs/marketreports/WP_20070619-CanWEA-
WindIntegration.pdf 
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average energy use per single family household in Hamilton is currently 
98 GJ per yr.5  The energy calories in an apple are approximately 
.000285 GJ.  

How  Do  Communit ies  Plan   for  Energy?    

Few communities at the municipal level plan for energy or are aware of 
how land-use and transportation decisions impact on the energy profile 
of a community.  Energy supply planning continues to be undertaken by 
provincial agencies and utilities. Unlike water, sewers, garbage 
collection and recycling, and road construction, the supply of fuels and 
electricity to a community is not in most municipal budgets and plans.  

Typically, energy infrastructure such as electricity for power in buildings 
and natural gas for the heating of space and domestic hot water is 
matched to demand once the investment in houses, roads, vehicles and 
municipal infrastructure have been made. However, the decisions 
related to land use, zoning, roadway design, recycling, solid waste 
disposal, water supply, sewage treatment, and building design among 
others, all work to inform the energy profile of a community and 
influence the ability to effectively address energy efficiency.  

What   Is   Integrated  Energy  Planning  and  Why  Do   It?  

Over the last 40 years, the concept of integrated energy planning has 
evolved significantly. This shift is illustrated by a study by Mark Jaccard, 
Lee Failing and Trent Berry in the early 1990’s. The study put forward 
that density and land‐use patterns, which determine size and type of 
buildings, commuting distances, transportation modes, and energy 
supply systems, influence the energy profile of a community and the 
ability to achieve energy objectives. This relationship is outlined in Table 
1-1, which illustrates how land-use decisions made today can have a 

                                                           

5 Source: CUI model 

direct and long-term impact on decisions related to buildings and 
equipment in the near and distant future.   

An important finding of the study was that the best long-term opportunity 
to influence energy use and associated greenhouse gas (GHG) 
emissions starts with the decisions made early on about land-uses and 
related transportation choices. Taken together, these decisions can 
influence the amount of energy used in a community by 15-30 percent.  

TABLE 1-1 ENERGY DECISION MAKING HIERARCHY   

Energy Decision Making Hierarchy 
Energy-Related 
Decisions 

Dimensions 
Time Space Private/Public 

Land use and 
infrastructure 

Years to decades A lot Public 

Building and 
site design 

Once to three 
years 

Moderate Public/Private 

Energy-use 
equipment 

Less than one year Little Private 

Source: Mark Jaccard, Lee Failing and Trent Berry. 1997. “From Equipment to 
Infrastructure: Community Energy Management and Greenhouse Gas Emissions 
Reduction.” Energy Policy. Vol. 25 No. 13 pp. 1065-1074. 
 

Even with these insights, energy cost and conservation have not 
emerged as significant drivers for seemingly unrelated decisions like 
buying a house, choosing a location for a commercial service, or 
designing a new subdivision and provision of public transit options. In 
the same way, energy planning in Canada goes on in silos, gas separate 
from electricity, generation separate from transmission, and all separate 
from land use, transportation and water.  

Energy use remains a side effect of decisions made by consumers, city 
councils, planners, engineers, suppliers and others. As a result, 
Canadian energy use and GHG emissions have continued to increase. 

Achieving sustainable integrated energy planning involves linking the 
actions and decisions that create the energy profile of a community, with 
the way people use and interact with energy on a daily basis. 
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Planning   for  Energy  Eff ic iency:  What   Is   the  Opportunity   for  
Hamilton?  

The City of Hamilton continues to provide important leadership in energy 
and clean air issues in Ontario, which is demonstrated through the 
establishment of Vision 2020 and through reports such as the Electric 
City.  

Vision 2020 was Ontario’s first comprehensive integrated community 
sustainability plan that provided staff and community organizations in 
Hamilton with direction to actively address environmental, social and 
economic issues for the City for the last 20 years. This was 
internationally acknowledged with the City of Hamilton being awarded 
the 2000 Dubai International Award for Best Practices to Improve the 
Living Environment for the establishment of Clean Air Hamilton and 
Vision 2020.  

City Council and residents of Hamilton are actively aware of the potential 
implications of growth in Hamilton in terms of services, but also in terms 
of environmental and climate change. This is reflected in the work 
requested by Hamilton City Council in 2005 to understand the potential 
of the emerging “fossil fuel crisis” and the potential impact on Hamilton. 
Electric City responded to this request by Council and aptly identified the 
potential vulnerabilities for the City in terms of competitiveness and 
energy affordability. The report also outlined that one of the key 
considerations as a result of potential higher energy prices was the need 
to better understand how to optimize land-uses to balance energy 
production with in-building energy use and guide the movement of 
people and goods towards improved energy efficiency.  

With the passing of the City’s new Urban Official Plan (pending approval 
by the Minister of Municipal Affairs and Housing), direction was given to 
increase the level of energy efficiency in buildings, to encourage the 
reduction of energy use from transportation through better planning and 
the use of concepts and initiatives such as transportation demand 

management (TDM), and to encourage the use of alternative 
technologies, and renewable fuels. The Urban Official Plan also outlined 
the opportunity to develop a Community Energy Plan (CEP).  

The process of developing a CEP can involve working with local 
members of a community to develop a vision for energy reduction and to 
evaluate a wide range of energy efficiency actions that can be 
undertaken. Although the concept of CEPs are well recognized, their 
wide-spread application has faced challenges, including a siloed 
approach to addressing energy issues associated with land-uses, built-
form and transportation processes and plans. 

The approach taken for the H-IEMS is to aid Hamilton with connecting 
land-uses, built-form and transportation energy implications and 
evaluating the options available to lower Hamilton’s reliance on fossil 
fuels and improve energy efficiency for the community. The information 
from the H-IEMS provides a starting point for the development of a 
comprehensive Hamilton CEP or action plan for energy efficiency in 
Hamilton.  

1.2. APPLYING CUI’S INTEGRATED ENERGY 
MAPPING,  MODELLING AND FINANCIAL 
ASSESSMENT APPROACH  

CUI, with support from the Ontario Power Authority (OPA), Natural 
Resources Canada (NRCan) CanmetENERGY, and the Ontario Centres of 
Excellence (OCE) launched the IEMOC initiative in 2009 to aid 
communities with balancing the impact of land-use, transportation and 
energy system decisions for meeting population and employment growth 
with energy and GHG reduction objectives.  

The IEMOC initiative is based on the application of the CUI’s integrated 
energy, land-use and transportation mapping methodology developed in 
collaboration with the City of Calgary and the Government of Alberta. The 
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CUI’s energy mapping approach is referred to as Integrated Energy 
Mapping, Modelling and Financial Assessment (IEMMFA). 

IEMMFA provides municipalities and local electricity and gas distribution 
companies (LDCs) with a common platform to convey complex energy 
concepts and present findings from data analysis in a compelling and 
visual manner using geographic information systems (GIS). IEMMFA 
uses an eight step approach to evaluate energy issues for a community. 
A municipality, gas or electricity utility, government agency, community 
organization or private corporation can apply the entire process or any 
one of the steps which are outlined in Figure 1-1. 

An important component of the IEMMFA process involves applying 
financial cost sensitivity. A key measure used is the use of internal rate 
of return (IRR), as well as dollar per tonne ($/tonne) of GHGs reduced.6  
These financial measures allow for identified energy strategies to be 
ranked against one another in terms of cost effectiveness in achieving a 
desired community target for energy, GHGs, energy cost or any other 
objective.  

IEMMFA also allows communities to evaluate various types of energy 
goals or scenarios.  For instance, back casting and scenario building can 
be undertaken – creating a vision of a desired energy future, and then 
planning from the future back to the present to understand the types of 
land-use, technology and transportation strategies that could be 
considered to achieve the energy vision of a community. As well, 
IEMMFA can be used to evaluate a range of energy strategies to explore 
energy scenarios, including non–qualitative goals such as maximizing 
the reduction of fossil fuels.  The various approaches allow planners, 
engineers and other key community stakeholders to assess 

                                                           

6 Appendix F provides an overview of the economics of capital project decision making applied 
for the IEMOC initiative. 

combinations of pricing, technologies, land-use and transportation 
efficiencies and building improvements to evaluate reduction in energy 
use and associated GHG emissions. 

Accuracy   and   Limitations   of   IEMMFA   for   the   IEMOC  
Init iat ive  

All attempts are made to use the most up-to-date and readily available 
information from public, private and other third-party agencies for the 
IEMOC initiative.  

Most models, including the IEMMFA, are subject to the accuracy and 
completeness of third party data and the associated assumptions about 
how data was collected and validated for accuracy.  For the IEMOC 
initiative, a normalization process is applied for energy use in buildings, 
transportation and energy technologies to ensure better consistency to 
real world applications. Where possible, actual information for energy 
use in buildings and for transportation, the attributes of buildings, as 
well as technologies are applied first before simulated information.7 

The energy strategies evaluated for the H-IEMS are determinant on the 
level of uptake in terms of consumer preference and on the changes in 
human behaviour. For instance, the development of an energy efficient 
building does not preclude the users of the building from making it less 
energy efficient as a result of their activities in the building. As well, 
human behaviour directly influences all assumptions associated with 
transportation and potential energy reduction opportunities.   

The IEMMFA process does not provide a comprehensive energy cost or 
financial assessment for strategies. Information on capital and 
operation costs for transportation demand side management (TDM), 
technology improvements and fuels is currently beyond the scope of the 

                                                           

7 Appendix B contains a full overview of the normalization process that is applied for data used 
in H-IEMS. 
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IEMOC initiative. This limits the ability to evaluate the cost implications 
for energy and GHG reductions associated with transportation. In 
addition, a full assessment of the potential effect of increasing energy 
prices (peak oil) on transportation related decisions is not provided.   

The priority of the IEMOC research has been to look at the broader 
community wide energy and GHG emission reduction opportunities with 
a consistent methodology and approach, rather than to review in detail 
any one technology or emission reduction strategy (whether design, 
technology, fuel or process based). As well, the approach to evaluate 
strategies for reducing energy and GHG emissions was based on 
prescriptive approaches (hard-policy), such as the changing of building 
design and technology or the use of different fuels for vehicles. Non-
prescriptive (soft applications), such as building labelling, the 
application of incentives and other non-direct approaches were not 
applied as part of the IEMOC initiative and are not included with the H-
IEMS. 

1.3. APPLYING THE INTEGRATED ENERGY MAPPING,  
MODELLING AND FINANCIAL ASSESSMENT TO 
HAMILTON 

For the City of Hamilton, all steps identified in Figure 1-1 below were 
undertaken.  

The starting point for the H-IEMS was the organization of an energy 
information session and an energy mapping workshop. 

The energy information session was organized by the HCEC. The session 
provided participants with an opportunity to become more familiar with 
the concepts and issues of energy for Hamilton.  

A hands-on energy mapping workshop was held with City staff, local 
residents and businesses and other stakeholders. Designed to enable 
participants to identify energy opportunities and contribute their local 

knowledge, the workshop reviewed the challenges and opportunities to 
connect energy decision-making with urban form, transportation and 
planning activities. The session reviewed the steps for IEMMFA and how 
they would be applied in Hamilton. 

Participants at the workshop were also asked to provide input on a 
working energy goal for the IEMMFA model to evaluate. 

 A summary record of the workshop is provided in Appendix A. 

Select ing   a   Land Use   and   Transportat ion   Growth   Scenario  
to  Use   for   IEMMFA    

For the IEMMFA process, a central component of the approach involves 
compiling a comprehensive growth scenario for population and 
employment by building types based on available retail, office, 
commercial, industrial and population growth reports prepared for 
Hamilton. Traditional planning metrics used to evaluate built form and 
land-use patterns such as jobs and people per hectare can be 
translated into built space using existing data and growth reports to 
better understand energy consumption.  

The land-use scenario involves the evaluation of many assumptions 
about potential growth in a community and involves evaluating how 
much development of a particular format (residential, commercial, retail, 
mix–use etc.) and where this development will occur in a community 
(infill, redevelopment, greenfield etc.).  

For the H-IEMS, only one land-use development scenario was evaluated 
relative to the limitations of IEMOC initiative. The future land-use growth 

Workshop participants identified that maximizing the 
reduction in the consumption of fossil fuels in the 

community should be the primary focus for the H-IEMS 
evaluation. 
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scenario selected was the Nodes and Corridors option - #5 that was 
recommended in the 2003 Growth Related Integrated Development 
Strategy (GRIDS) prepared by the City of Hamilton.  

The GRIDS report evaluated growth over 30 years in Hamilton in terms 
of land-use, transportation, water, waste water and stormwater. This 
growth period corresponds with the Growth Plan for the Greater Golden 
Horseshoe, which established growth targets for communities in the 
Greater Golden Horseshoe, including Hamilton, until 2031. The Nodes 
and Corridors growth scenario was selected by the City as providing the 
best results for enhancing more vibrant neighbourhoods through the 
creation of mixed use, live-work environments and encouraging the use 
of transit and more active transportation, including walking and biking. 

For the H-IEMS, no transportation modelling was conducted by the 
IEMOC team. City of Hamilton staff provided to the IEMOC team with 
peak hour transit trip tables and average trip lengths based on the 
EMME/2 modelling undertaken by MRC in July 2009.8 The 
transportation model incorporated population and employment 
forecasting prepared for GRIDS. Cycling and walking trips were based on 
2006 Transportation Tomorrow Survey data. GO Transit ridership and 
estimated vehicle kilometres traveled were provided by Metrolinx for the 
City of Hamilton. All of the inputs used for the H-IEMS are found in the 
associated IEMMFA model provided to the City of Hamilton. 

 

 

 

                                                           

8 EMME/2 is a complete travel demand forecasting system for urban, regional, and national 
transportation planning. 
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FIGURE 1-1 ENERGY MAPPING APPROACH APPLIED TO THE CITY OF HAMILTON 

Integrated Energy Mapping, Modelling and Financial Assessment Approach  
step 1: confirm vision  and 
energy sources 

Verified Community Energy Vision  
• Identified key attributes of desired energy future. 

 
• Identified sources of energy production and resources (including alternative 

technologies and renewable fuels). 
step 2: collect baseline 
information (energy, land-use 
and transportation) 

Baseline Building & Energy Sources 
• Mapped all buildings in a community at the 

parcel level.  

Baseline Transportation 
• Evaluated transportation zones using trip tables. 

Collect Energy Data 
• Identified and quantified existing sources of 

data so that energy use could be identified at 
a building level. 

step 3: prepare energy 
baseline 

Prepared Energy Coefficients 
• Energy intensity factors for different fuel sources and uses [tonnes C02/GJ] quantified 

step 4: assess future growth 
projections (people, jobs, 
transportation land and 
building types) 

Compiled Future Building Data 
• Conducted an analysis of the predicted future building stock.  
• Energy use of future building stock identified in GJ/m2 

Modelled Future Transportation Needs 
• Future energy use and emissions estimated based on trip tables developed to model 

future transportation needs.  
 

step 5: evaluate energy fuel & 
technology options 

Relevant Renewable and Alternative Energy Technologies Evaluated 
• Micro FIT and FIT technologies: - wind energy, photovoltaics, biomass and non-FIT technologies: earth energy (Geoexchange), solar air, solar hot water and 

district heating. 
• Intensity factors prepared for environmental impact [$/tonne CO2 reduced] and cost [$/GJ] determined.   
• Transportation options also identified in terms of trip reduction options (increase use of bus, cycling walking or different land use patterns) and/or 

conversion to alternative modes of transportation (electric/hybrid vehicles). 
step 6: incorporate financial 
analysis 

Operating Energy Cost Analysis 
• Financial impacts of proposed scenarios developed and 

compared with the conventional scenario of BAU.  
• Energy price forecasts and inflation forecasts taken into 

consideration.   

Avoided Energy Infrastructure Costs 
• Assessed value of deferred electrical/gas infrastructure opportunities.  
• Assessed costs and savings with improvements through relying on alternative 

technologies and renewable fuels vs. fossil fuel sources. 

step 7: build scenarios (energy 
and conservation option/ 
policies) 

Existing  
• Prepared baseline map.  

Future Business as Usual 
(BAU) 

• Prepared Future BAU map. 
•  See information at GJ/m2& 

GJ/ ha 

Standard High Efficiency  
• Prepared map. 
• See information at GJ/m2& 

GJ/ ha 

Ultra High 
Efficiency  
• Prepared map. 
• See information at 

GJ/m2& GJ/ ha 
 

Other scenarios 
• Prepared map. 
• See information at GJ/m2& 

GJ/ ha 

step 8: evaluate • Reviewed various scenario 
combinations of energy 
improvements. 

• Consulted with utility and city representatives to evaluate 
options. 

• Evaluate actions that can contribute to advancing 
preferred scenario(s) and informing actions for 
implementation. 

Note: For a detailed overview of the IEMMFA process, see Appendix B.  
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How to Read the H-IEMS Energy 
Maps 
The IEMMFA process introduces new measures for 
the visualization of energy using GIS. The three 
common metrics that can be used for the mapping 
of energy in IEMMFA include: 

• GJ per m2: A function of occupant behaviour 
and building energy intensity factor, this 
factor is useful for targeting retrofit programs 
and projecting new building energy 
performance targets. When total building 
energy end-use in GJ is applied to the floor 
area (m2), enables spatial attribution of that 
building’s energy use, or it’s energy intensity.  

• GJ per ha: Is a measure of energy density and 
is useful for evaluating energy systems, such 
as district energy and power supply planning. 
The measure is also appropriate for 
visualizing energy consumed for 
transportation. 1  

• GJ per cap: Is a measure of consumption per 
capita (jobs and/or people) and is a useful 
measure for land use planning and 
national/international benchmarking.  

The ability to use these different measures to 
visualize energy is determined by the availability of 
data in a community. 2 

For the IEMOC initiative, the primary metric used to 
visualize energy is GJ/ha or energy density.  

Energy density is the total amount of energy that is used 
in all buildings and/or for transportation within a 
defined geographical area.  

For buildings, the GJ/ha measure represents the 
estimated amount of energy for space heating, cooling, 
hot water and process load that would be consumed 
annually per hectare for metered sources of natural gas 
and electricity. For transportation, the GJ/ha measure 
reflects the calculated amount of fuel consumed for 
different types of vehicle trips assigned to their point of 
origin (i.e., the residence of the traveller).  

The amount of energy consumed from buildings and 
transportation per hectare of land area is influenced by 
building and transportation efficiency, as well as 
population and employment densities. More people 
living in a smaller area will tend to increase energy 
consumption per hectare. If they are living in inefficient 
buildings and/or using inefficient transportation 
networks, this will further increase energy density.  

Mapping energy density can highlight areas where 
district energy systems might be more financially viable. 
Additionally, mapping projected energy density in the 
future can be helpful for power and natural gas supply 
planning.  

A noted limitation of the IEMMFA approach and for the 
H-IEMS, at this time, is the ability to link land-use 
forecasts with transportation forecasts in terms of 
energy use at a parcel level of geography due to data 

availability and privacy limitations. When 
possible, transportation and building energy 
use can be shown together at the geographic 
scale of a traffic zone.  

For the H-IEMS, the displaying of energy for 
buildings and transportation has been kept 
separate. Building maps show only building 
energy use and transportation maps show only 
transportation energy use. 

1  Density in terms of number of dwelling units per hectare or 
units per hectare, as well as jobs or people per hectare can all 
be used as a proxy measure to assess the various levels of 
thermal load density (thermal load is the amount of energy per 
land area) for a community. At the same time, density is 
limited in terms of capturing the potential for overall GHG 
reductions or the likely financial viability for an alternative 
energy source and cannot display energy efficiency 
improvements in the built environment or vehicle efficiency 
across a city or at the neighbourhood level. The GJ/ha 
measure provides a way to visualize the impacts of applying 
built-form and transportation strategies to meet energy and 
GHG goals. 
2 Density  impacts energy demand. The higher the density for a 
community,  the  higher  the  energy  demand  for  the  built 
enviroment. Conversely,  low  density  can  suggest  the  potential 
for less energy demand within the built environment, but higher 
requirements  for  transporation.  To  fully  assess  the  impact  of 
land use, both transporation and  land use energy  impacts need 
to  be  considered  together  to  evaluate  options  to  imrpove 
energy  effiicency  and  to  evalaute  the  opportunity  to  reduce 
GHG  emissions.  Low  density  of    energy  demand  per  hectare 
often  is  consitent  with  high  density  of    energy  demand  per 
capita.  A  full  assessment  of  all  metrics  is  necessary  to 
understand  the  implications  of  proposed  land  use  and  energy 
efficiency strategies. 
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2. ENERGY USE AND PRODUCTION IN THE 
PROVINCE OF ONTARIO AND CITY OF 
HAMILTON  

The Ontario energy sector is in the midst of a significant transformation. 
As a result of aging infrastructure, near brownouts, a need to maintain 
Ontario business competitiveness and a willingness to keep an open 
market for energy production and distribution, Ontario is in the midst of 
the largest ever development of new clean generation activities and 
demand reduction initiatives. With the introduction of the Green Energy 
and Economy Act (GEEA), Ontario has set an international precedent for 
alternative and renewable energy use.  This section reviews the current 
use of energy in the City of Hamilton relative to Ontario provincial 
averages.  

2.1. COMPARING ENERGY SUPPLY IN THE PROVINCE 
OF ONTARIO AND THE CITY OF HAMILTON  

Ontario has a diverse portfolio of energy resources that include 
electricity (hydro, coal, natural gas & other, wind and nuclear), natural 
gas & oil, and interconnections to jurisdictions in the United States and 
other provinces.  

Ontario  Electricity  and  Natural  Gas  Sources  

In Ontario, energy consumption is expected to grow. The current 
installed generating capacity of the province is over 31,000 MW.  
Nuclear facilities provide about 52% of Ontario’s electricity, while coal 
provides 18% and hydroelectric 21%. Most of these facilities 
accommodate Ontario’s baseload (about 13,000 MW).9 
Interconnections outside of Ontario provide an additional 4,000 MW. 

                                                           

9  Baseload refers to constant or unvarying demand for electricity.  

Historically, electricity was evenly divided between, residential, industrial 
and commercial uses. Increasingly, the commercial/institutional sector 
is becoming the dominate sector of electricity use. 10  

While Ontario has some natural gas reserves, the majority of the 
provincial supply is derived from imports from Canada’s western 
provinces: Saskatchewan, Alberta and British Columbia.11 Natural gas in 
Ontario is used for a wide variety of uses from industrial processing to 
fuel for transportation. The primary use is for heating homes and 
businesses in Ontario. Electricity is also produced from natural gas and 
accounts for nearly 6% of Ontario generated capacity. Natural gas is the 
primary fuel source used in Ontario to address peaking demand for 
electricity. There are currently 102 natural gas electricity generating 
stations across the province.12 

Hamilton  Electr ic ity  and  Natural  Gas  Sources  

The majority of Hamilton’s energy supply is derived from the Ontario 
electrical grid and from natural gas. For the purposes of data 
normalization, the decision was made to use electricity information as of 
2006 and natural gas as of 2006.  Additional local generation is also 
coming from district energy systems as identified in Table 2-1. Hamilton 
Community Energy is currently exploring the potential for district energy 
with the McMaster University for the McMaster Innovation District and 
the City of Hamilton advanced with the development of an expanded 
district cooling loop through the installation of fewer and more efficiency 
coolers. Additional local energy developers are also evaluating other 

                                                           

10 Rethinking Energy Conservation in Ontario: Annual Energy Conservation Progress Report – 
2009 (Volume One) 
11 Ministry of Energy.  Natural Gas. 
http://www.mei.gov.on.ca/en/energy/oilandgas/?page=natural-gas. Accessed December 15, 
2010. 
12 Ibid. 
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types of local energy generation opportunities for Hamilton, such as the 
Liberty Energy Centre.  

TABLE 2-1 EXISTING SOURCES OF LOCAL ENERGY GENERATION IN HAMILTON 
Municipal & 
Utility Initiative 

Type of System Capacity 
(MW) 

Annual Energy 
Produced (GJ) 
(2008) 

McMaster 
University 

Cogeneration N/A N/A 

McMaster 
University 
Medical Center 

Cogeneration N/A N/A 

Hamilton 
Community 
Energy 

Thermal Heat and 
Electricity 

15.5 72,000 

Henderson 
General Hospital 

Thermal Heat and 
Electricity 

N/A 150,000 

Hamilton 
(Digester Gas) 
Woodward 
Wastewater 
Treatment Plant 
(Cogeneration) 

Thermal Heat and 
Electricity 

1.6 48,000 

Glanbrook 
Landfill Gas to 
Energy 

Electricity 3.2 N/A 

Hamilton District 
Cooling Loop 

Electricity N/A N/A 

Source: System operators. N/A refers to information not available at time of study. 

2.2. COMPARING ENERGY USE BY SECTOR IN THE 
PROVINCE OF ONTARIO AND THE CITY OF 
HAMILTON  

In both Ontario and the City of Hamilton, the relative amount of energy 
consumed by each energy sector is similar except for industrial – 
Hamilton has a greater proportion of industrial activities.  For Hamilton, 
the industrial and residential sectors consume a greater proportion of 
total energy (43% and 28% respectively), when compared with the 
province (32% and 24% respectively), as can be seen in Figure 2-1 
below.  In Hamilton, the transportation and commercial sectors 

consume a smaller proportion of total energy (15% and 14% 
respectively) than the province (23% and 21% respectively).  This is 
likely due to Hamilton’s relatively large industrial sector and relatively 
older residential building stock.  These amounts exclude the use of coal 
used in Hamilton’s steel industry. Definitions of the building types 
evaluated in the H-IEMS are provided in Table 3-2 below. 

FIGURE 2-1 ONTARIO AND HAMILTON ENERGY USE BY SECTOR 

 
Source: Ontario Energy Use: Comprehensive Energy Use Database. NRCan 

 
Source: City of Hamilton IEMS Model 
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 City  of  Hamilton  Electr ic ity  and  Natural  Gas  Use  

The City of Hamilton uses approximately 11,000,000 GJ/yr of electricity 
and 45,000,000 GJ/yr of natural gas, as shown in Table 2-2 below. This 
represents about 5% of the total energy consumed in Ontario for 
commercial, office, residential, institutional and industrial buildings. The 
total amount of energy presented is based on data received from 
Horizon Utilities (electricity), Hydro One (electricity) and Union Gas 
(natural gas) and are specific to local consumers. The total energy 
demand presented excludes other fuel uses, such as Oil #3, propane, 
biomass etc. The total amount of energy reported in the table includes 
the process loads associated with activities related to a building, such 
as plug load (the running of a computer or coffee machine) and the 
energy used for industrial process applications.  

Table 2-2 also provides an overview of Hamilton’s total energy 
consumption for 2031 to meet expected population and employment 
demands. To accommodate the increase in population growth of 
144,500 people or approximately 28% growth (population of Hamilton 
at the time of the 2006 census was 515,000) by 2031 it is projected 
that an additional 30% (3,300,000 GJ/yr) of electricity and 16% more 
(7,400,000 GJ/yr) natural gas will be required to meet the energy 
demands of Hamilton under the business as usual scenario 
developed.13 Similar increases in energy for transportation are also 
expected with an overall growth in energy for transportation of 58% 
(2,900,000GJ/yr).   

In all circumstances, the average cost of energy is expected to increase 
as well. Currently, the total cost for all electricity and natural gas used in 
buildings and fuel for transportation in Hamilton is $630,000,000 /yr. 
With the full build out for the City of Hamilton to accommodate the 

                                                           

13GRIDS population and employment targets by 10 year increments was received from City staff 
on July 14, 2010. 

expected population, employment, and transportation demands, it can 
be expected that the cost of supplying energy in Hamilton will increase 
by about $200,000,000/yr  to $830,000,000/yr or about $1,250 per 
capita (per person on average). This compares with a current average 
cost of $1,600 per capita.14  

In Hamilton, the industrial sector consumes the largest amount of 
natural gas with over 26 million GJ or 58% of the total natural gas 
consumed in Hamilton in 2006 as reported by Union Gas. Heavy 
industrial consumers including the steel sector are regulated by the 
federal government and as such the potential for intervention by the 
municipality is limited.  

Low rise residential buildings consumed the second largest amount of 
natural gas with 9.1 million GJ or approximately 20% of natural gas 
consumption. This sector also consumed the largest amount of 
electricity in 2006 as reported by Horizon Utilities with 4.6 million GJ or 
approximately 42% of Horizon customers’ consumption.     

                                                           

14 This is based on using the current commodity prices to cost future scenarios. Applying cost 
senstity analysis for  commodity projections for electricity and natural gas prices increases the 
total future cost of energy to $1,180,000,000 or $1,800 per capita. 
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TABLE 2-2 EXISTING AND FUTURE BUSINESS AS USUAL ENERGY DEMAND FOR BUILDINGS AND TRANSPORTATION IN HAMILTON* 
 Existing Energy Demand For Hamilton – as of 2006  Forecasted Energy Demand by 2031 for Hamilton 

Business as Usual 

Fuel 
Type 

Energy Use 
(GJ/yr) 

GHG Emissions 
(Tonnes/yr) 

Energy Supply Cost* 
($CAD/yr) 

Energy Use 
(GJ/yr) 

GHG Emissions 
(Tonnes/yr) 

Energy Supply Cost* 
($CAD/yr) 

Built Form       
Electricity 10,962,000 717,000 $208,000,000 14,287,000 110,000 $272, 000,000 

Natural Gas 45,239,000 2,538,000 $179, 000,000 52,646,000 2,953, 000 $208, 000,000 

Transportation             

Gasoline 9,022,000 625,000 $227, 000,000 11,734,000 813, 000 $329, 000,000 

Diesel 585,000 43,000 $14, 000,000 716,000 53, 000 $20, 000,000 

Natural Gas 177,000 10,000 $1, 000,000 188,000 11, 000 $1,000,000 

Totals 65,986,000 3,933,000 $630,305,043 79,571,000 3,940,000 $829,000,000 

Source: City of Hamilton IEMS Model. *The energy intensity factors for Hamilton were normalized to actual energy consumption including process load (plug load) in buildings and for industrial 
activities. Energy efficiency and GHG strategies for addressing process loads were not evaluated as part of the H-IEMS study. For a detailed overview of the methodology, see Building, 
Technology and Transportation sections in Appendix B.  The sum of the values for each category may differ from the total due to rounding. 
 
 

2.3. COMPARING ENERGY END‐USE IN THE PROVINCE 
OF ONTARIO AND THE CITY OF HAMILTON  

Energy use at the building level can be divided between end-uses –what 
the energy is used for once it reaches a building.  Figure 2-2 shows the 
breakdown of energy end-uses for the Province of Ontario. For ease of 
evaluation, energy end-use was divided out between residential and 
commercial/industrial. For Ontario, space and domestic hot water 
represent the largest energy demand and growth areas in terms of 
secondary end-use. Space heating provides one of the best 
opportunities for energy cost savings and can be achieved through 
improvements to the built environment, and with the support of 
alternative technologies and renewable fuels. For the City of Hamilton, 

space heating and domestic hot water represents the largest area of 
potential growth and energy saving opportunity (see Figure 2-3). 
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FIGURE 2-2 ONTARIO RESIDENTIAL, COMMERCIAL AND INSTITUTIONAL BREAKDOWN 
OF TOTAL ENERGY (GJ) BY END USE 

 

 

 

 

 

 

 

 

Source: Ontario Energy Use: Comprehensive Energy Use Database. NRCan 

 

 

 

FIGURE 2-3 HAMILTON RESIDENTIAL, COMMERCIAL AND INSTITUTIONAL BREAKDOWN 
OF TOTAL ENERGY (GJ) BY END USE 

Source: City of Hamilton IEMS Model. 15 

                                                           

15 Hamilton enegy end-use break downs are based on building energy simulations prepared 
using NRCan’s Screening Tool which have been normalized to 2006 consumption data provided 
by Union Gas and Horizon Utilities. Note that pie charts display relative amounts of energy end-
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Visual izat ion   of   Current   Energy   Use   for   the   City   of  
Hamilton    

The distribution of current energy use in buildings for Hamilton is 
identified in Figure 2-4. The existing building energy consumption map 
was developed based on actual areas of buildings. Information 
displaced is at the parcel level (point level of geography referred to as 
site specific).   

The residential sector is a significant energy user in Hamilton. 
Residential low-rise, medium rise and high-rise account for about half of 
the energy demand for the residential sector. As seen in Figure 2-3 in 
the insert, a significant concentration of energy use can be found across 
the entire downtown area of Hamilton. This is where a large mix of 
residential low-rise, medium rise and high-rise already exist. 

Figure 2-5 displays the current energy use for transportation in 
Hamilton. Transportation includes automobile trips and transit trips and 
does not include trips made through Hamilton (highway) and goods 
movement. The existing building energy consumption map was 
developed using transportation zones.  For transportation forecasting, a 
community is divided into zones based on trends in terms of population 
and employment. The existing transportation energy consumption map 
shows energy at the level of transportation zone.  All other maps in the 
study area are presented at the same level of geography – 
transportation zone. 

Personal vehicles account for 96% of Hamilton’s transportation energy 
consumption. As seen in Figure 2-5, much of this energy is consumed in 
old Hamilton north of the Escarpment, as this area has a relative high 
population density. 

                                                                                                                           

use i.e., commrecial/ institutional buildings in Hamilton consume less total energy per square 
meter than the provincial average; however, a larger proportion of energy is used for lighting.  



    Hamilton ‐ Integrated Energy Mapping Strategy 
 
   

    17 
   

   



Hamilton ‐ Integrated Energy Mapping Strategy 
 

18 

 FIGURE 2-4  CITY OF HAMILTON EXISTING BUILDING ENERGY USE 
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FIGURE 2-5 CITY OF HAMILTON EXISTING TRANSPORTATION  
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3. IMPROVING ENERGY EFFICIENCY IN THE 
BUILT ENVIRONMENT AND APPLYING 
ALTERNATIVE TECHNOLOGIES AND 
RENEWABLE FUELS 

The starting point for maximizing the reduction on the reliance of fossil 
fuel use in the City of Hamilton involved an examination of the energy 
efficiency improvements that could be achieved in the City’s built 
environment.  

The assessment included a review of the alternative technologies and 
renewable fuels that could contribute to meeting the heating, cooling 
and power needs for the built environment of Hamilton.  

The section begins by reviewing the various levels of energy efficiency 
improvement opportunities for buildings and the type(s) of alternative 
technologies and renewable fuels evaluated for Hamilton.  

The section concludes with the review of three different scenario 
combinations of building energy improvements and alternative 
technologies and renewable fuels, including:  

• Maximizing the reduction in the consumption of fossil fuels; 
• Maximizing GHG reduction using proven technologies with a 

cost of under $78/tonne of GHGs reduced;16  and, 

                                                           

16 In keeping with international best-practices for the adoption and selection of proven 
technologies for reducing GHGs, the IEMOC team referenced the Pathways to a Low Carbon 
Economy Version 2 of the Global Greehouse Abatement Curve study that adopted a €60 per 
tC02e cut of measure for the ranking of technologies. Using IPCC terminology, the study 
evaluated the economic potential below  €60  per tC02e of techncial emission reduction 
opportunities. The study selected an economic cut-off to compare the size of opportunities within 
different sectors and regions. Technologies under €60 per tC02e cut of measure were identified 
as proven, while those over €60 were considered to be early-stage technologies. The equivalent 
Canadian factor of the Euro was applied for Hamilton of $78/tonne.  

• Maximizing the application of cost effective building energy 
efficiency improvements and technologies with an internal rate 
of return (IRR) of at least 6%.  

3.1. EVALUATING BUILDING ENERGY EFFICIENCY 
IMPROVEMENT OPPORTUNITIES 

Energy efficiency codes for buildings help ensure that buildings use less 
energy.17 This is important because buildings typically last 100 years or 
longer and maintain a relatively consistent energy consumption profile 
throughout their lifetime.  

Building codes are the primary tool used to achieve a minimum 
performance in new construction and provide guidance for energy 
improvements for the retrofit of existing buildings.  

Ontario’s new building code (Ontario Regulation 350/06) introduced a 
wide range of energy-efficient standards. Table 3-1 provides a basic 
overview of the improvements to the Ontario Building Code (OBC). A 
central revision to the building code is the incremental raising of 
standards for different building types, use of renewable energy systems 
and the application of different model energy guidelines. Ontario is 
among the first provinces to take the best standards from the Canadian 
Model National Energy Code for Buildings (MNECB) 1997 and the U.S. 
American Society of Heating, Refrigeration and Air-Conditioning 
Engineers (ASHRAE) 90.1 and require their application for commercial, 
institutional and high-rise residential.  Residential low-rise buildings 

                                                           

17 There are a wide variety of voluntary and mandatory standards, as well as rating systems for 
buildings and energy using equipment.  In Canada, building construction is the responsibility of 
provinces and the territories. National direction on uniform standards and codes is provided by 
the National Research Council (NRC) and the Commission on Building and Fire Codes (CCBFC). 
These codes form the bases (core common requirements) of most of the provincial and territory 
building, fire and plumbing codes. Ontario has adopted Canada’s National Building Code as its 
base code – the Ontario Building Code (OBC). Specific modifications have been made to address 
provincial priorities.  
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(under four stories) are already being built to meet higher efficiency 
standards in Ontario. 

TABLE 3-1 ONTARIO BUILDING CODE IMPROVEMENTS 
OBC 2006 Scope of Improvements Types of Changes 

The Ontario Building Code (2006) balances 
energy efficiency with affordability and 
encourages innovation and flexibility within 
all building design and construction.   

• In 2007, houses (under four 
stories) built will be 21% 
more energy efficient  

• By 2012, all new houses 
(under four stories) will be 
35% more efficient and meet 
or exceed EnerGuide 80.18 

• By 2012, all new commercial 
buildings will be 25% more 
energy efficient than under 
MNECB standards. 

For the purposes of this H-IEMS, all expected energy efficiency 
improvements to the OBC being phased in by 2012 were identified as 
the starting point for the evaluation and as the baseline of minimum 
energy efficiency performance – Business as Usual (BAU). This approach 
was undertaken in order to better align the likelihood of new buildings 
being started in Hamilton to occur under the new OBC energy efficiency 
levels. In addition, all energy efficiency improvements were measured 
against the national MNECB.19 The national codes are developed based 
on the concept that individual energy efficiency improvements to a 

                                                           

18 Introduced by Natural Resources Canada, an EnerGuide rating encourages consumers to 
purchase energy efficient equipment by providing them with information on the energy 
performance of competing products. The program was expanded to encourage the efficient 
development of homes with trained home builders in energy efficiency.Buildings constructed to a 
minimum EnergyGuide rate of approximately 80 or higher can earn qualification under the U.S. 
Environmental Protection Agency’s ENERGY STAR rating system. 
19 The average maximum percent savings for all building types were obtained by incorporating 
the best possible building improvements such as plant & HVAC system efficiencies, heat 
recovery efficiencies, lighting power densities, insulation levels, window ratings and so forth.  
Incorporating higher levels of energy efficiency above the Ultra High Efficiency level for buildings 
in Hamilton would exceed potential energy savings from a life-cycle cost assessment as 
identified in the MNECB.  

building should not cost more to implement than they would save in 
energy costs. 

Two higher levels of energy efficiency improvements were selected 
based on discussions with City staff and with the HCEC that exceeded 
the OBC requirements.  The selection of higher levels of efficiency were 
required to better address the capacity of new building techniques, 
technologies and construction practices to achieve higher levels of 
energy efficiency above those identified in the MNECB and are 
discussed below.  

Energy   Improvement  Cases  Evaluated   for  Hamilton  

To improve energy modelling accuracy, building types were identified 
that reflected the majority of Hamilton’s building stock. These building 
types were aligned with the definitions used in the Hamilton Urban 
Official Plan and other relevant documents to aid with developing energy 
intensity factors (EIF). Table 3-2 provides an overview of the building 
typology applied in the H-IEMS.  

To determine the potential energy and GHG reduction benefits of 
applying different levels of energy efficiency improvement, the study 
reviewed three different types of energy efficiency cases.  Table 3-3 
outlines the efficiency levels evaluated for new buildings and for the 
retrofit of existing buildings. It was assumed that efficiency 
improvements would be applied to all new buildings built and all existing 
buildings for retrofits in Hamilton. 
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TABLE 3-2 HAMILTON BUILDING TYPOLOGY 
Building Typology  Definition  Average Unit Size / 

Factor 
(residential buildings 
include basements and 

common areas)  
 

Residential  Low  Divided 
between pre and post 1941 

Detached  or  semi‐
detached  dwellings 
from 1‐3 stories 

331 m2/unit for single 
family 

227 m2/unit for semi‐
detached 

Residential Medium  Row/town  houses, 
multiplex  and  walk‐up 
apartment 

208 m2/unit for row 
housing 

Residential High  Medium/high  rise 
apartment, more  than 
six units 

121 m2/unit 

Commercial Office  Office  development  of 
all sizes 

3.25 m2/employee 

Commercial Retail  Single  story  individual 
retail unit 

3.14 m2/capita* 

Low Intensity Institutional  Institutional  buildings 
with  low  energy  and 
water  uses  (e.g., 
elementary  and  high 
schools) 

3.61 m2/capita* 

High Intensity Institutional  Institutional  buildings 
with  very  high  energy 
and  water  uses  (e.g., 
hospitals, ice rinks etc.) 

0.43 m2/capita* 

Industrial & agricultural  Mixed  warehousing, 
manufacturing  and 
farming 

N/A 

Heavy Industrial  Steel sector  N/A 
Source: City of Hamilton IEMS Model. 
*Building space per capita reflects additional building space required to accommodate 
increasing population. Projection factors are based on existing building tax roll and 2006 
census data. 
 

 

TABLE 3-3 HAMILTON BUILDING ENERGY EFFICIENCY CASES 
Cases Improvement Levels Explored 
Building Business As Usual ( B-BAU) 
Existing Buildings No retrofit 

New Buildings All new buildings built to OBC 2012 (MNECB minus 
25%) 

Building High Efficiency (B-HE) 
Existing Buildings Retrofit all existing buildings in Hamilton to 

consume 10% less energy than the business as 
usual Case 

New Buildings All new buildings built to  MNECB minus 50% 

Building Ultra-High Efficiency (B-UHE) 
Existing Buildings Retrofit all existing buildings to consume 25% less 

energy than the business as usual Case 
New Buildings All new buildings built to maximum practical energy 

efficiency (MNECB 50-56%) 
Source: IEMOC Study Standard Efficiency Cases 

3.2. BUILDING EFFICIENCY IMPROVEMENT OPTIONS 
TO 2031 

Table 3-4 provides an overview of the combination of different building 
improvement cases and the potential reduction in energy and GHG 
emissions. For instance, if all building types were constructed to meet 
the new OBC standards in 2012 for all building types, these newly 
constructed buildings would consume about 18,082,000 GJ/yr 
(approximately 441,000 tonnes/yr of GHGs).  

If an energy efficiency improvement of approximately 56% above the 
MNECB (Case III – B-UHE) were undertaken for all new building types, 
annual energy use for this new building stock would go down to 
6,104,000  GJ/yr, which is approximately a 66% reduction in energy 
consumption. This would result in a 54% reduction in GHG emissions 
and an annual cost saving of $23.6 million per year as compared to the 
OBC 2012 BAU. 

In addition, if every current building in Hamilton where retrofitted to use 
25% less energy, this would correspond to a reduction in energy use of 
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12,474,000 GJ/yr of energy use in Hamilton’s existing building stock. 
The corresponding reduction in GHG emissions would be 22% and an 
annual energy saving of $306 million per year for this existing building 
stock only. 

Implementing Case III – B-UHE for both the existing and new 
construction building stock would result in a reduction of 17million GJ/yr 
compared to the BAU case (no retrofits and OBC 2012 new 
construction). This could result in a 27% reduction in GHG emissions.   

A detailed breakdown of the specific types of energy efficiency 
improvements required for each building type examined in Hamilton for 
both new buildings and the retrofit of existing buildings is provided in 
Appendix C. The types of energy efficiency improvements identified 
range from the addition of insulation in an attic to updating a high 
efficiency gas furnace. Many of these building improvements can be 
advanced through a range of partnerships, policies and programs that 
are addressed in Section 5 of the report. 

Figure 3-1 is the visualization of the B-BAU case and Figure 3-2 is the B-
UHE case in 2031 at the transportation level zone. The maps illustrate 
an overall reduction in the energy consumption in terms of gas and 
electricity demand for the City of Hamilton of 26%. The areas that are 
benefiting from energy efficiency improvements include well established 
neighbourhoods with a high level of post 1940 homes (such as on top of 
the escarpment) and industrial/commercial clusters (such as Hamilton’s 
employment lands).   

 
 
 
 
 
 
 
 
 

Note to barrels of oil: The actual emissions shown are for reductions of 
consumption of natural gas and electricity. The oil equivalent represents the 
reduced amount of fossil fuel equivalent when expressed as oil barrels. The 
carbon intensity is assumed to be 317 kgCO2/ barrel. Source: 
http://numero57.net/2008/03/20/carbon-dioxide-emissions-per-barrel-of-
crude/ 

The B-UHE would provide a total reduction in 
Hamilton’s GHG emissions by 27% (approximately 
841,000 tonnes/yr of GHGs) relative to B-BAU for 
2031.  

The combination of improvements would also 
reduce Hamilton’s reliance on electricity use by 
17% and natural gas consumption of 28%.   

This is the equivalent reduction of 2.7 million 
barrels of oil per year not being consumed. 
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TABLE 3-4 BUILDING ENERGY EFFICIENCY AND ASSOCIATED GHGS CASE OVERVIEW TO 2031 
Building Scenarios Annual Energy Use 

(GJ/yr) 
Annual GHG 

Emissions (Tonne 
C02e/yr) 

Additional Capital 
cost compared with 

BAU 

Annual Energy Cost 
Savings ($CDN/yr)  

Simple Payback 
Period (yr) 

Existing + New (No retrofit OBC 2012) 66,933,000  3,063,000  0  0  ‐ 
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Existing buildings only  
with no retrofit 56,201,000  3,255,000  0  0  ‐ 

Existing buildings -10% 51,266,000  2,4409,000  $      1,347,000,000  $       49, 000,000  28 
Existing buildings -25% 

43,727, 000  2,024,000  $      2,282, 000,000  $       81, 000,000  28 

N
ew

 
C

on
st

ru
ct

io
n 

(P
ro

je
ct

ed
  

Ad
di

tio
na

l E
ne

rg
y 

U
se

) 

New buildings only BAU 
(OBC 2012) 10,732, 000  441,000  $                             ‐  $                        ‐   

New buildings HE  
(MNECB  -50%) 7,329,000  264,000  $          547, 000,000  $       18, 000,000  31 

New buildings UHE 

6,104, 000  199,000  $          705, 000,000  $       24, 000,000  30 
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Existing + HE New 
63,530,000  3,519,000  $          547, 000,000  $       18, 000,000  31 

Existing + UHE New 62,305, 000  3,453,000  $          705, 000,000  $       24, 000,000  30 
Existing -10% + BAU New  61,997,000  2,881,000  $       1,347, 000,000  $       49, 000,000  28 
Existing -10% + HE New  
-50% 58,594,000  2,703,000  $       1,895, 000,000  $       66, 000,000  28 

Existing -10% + UHE New 57,369,000  2,638,000  $       2,052, 000,000  $       72, 000,000  28 
Existing -25% + BAU New 54,458,000  2,465,000  $       2,282, 000,000  $       81, 000,000  28 
Existing ‐25% + HE New  51,056,000  2,288,000  $       2,829, 000,000  $       99, 000,000  29 
Existing ‐25% + UHE New  49,831,000  2,223,000  $        2,987, 000,000  $     104, 000,000  29 

Source: City of Hamilton IEMS Model. For a detailed overview of the methodology, see section on Building Modelling Science in Appendix B.   The sum of the values for each category may differ 
from the total due to rounding. 
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FIGURE 3-1 CITY OF HAMILTON BUSINESS AS USUAL FOR BUILDING ENERGY MAP 
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FIGURE 3-2 CITY OF HAMILTON ULTRA HIGH EFFICIENCY FOR BUILDING ENERGY MAP 
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Evaluat ing   the   Financial   Performance   of   Bui lding   Energy  
Eff ic iency   Improvements    

An assessment of the financial performance for each of the energy 
efficiency building improvement cases by building type was undertaken. 
Please see Appendix F for an introduction to the basic economic metrics 
applied in the IEMOC study.  

The assessment involved evaluating B-UE and B-UHE against B-BAU. 

Economic feasibility for the IEMOC study is evaluated on the basis of the 
investment’s Internal Rate of Return (IRR), which is the discount rate 
that makes the net present value of all cash flows for a particular 
project equal to zero. For energy utilities such as Horizon and Union 
Gas, IRRs would need to be equal to or greater than the permitted 
Ontario Energy Board (OEB) regulated return. Similarly, private 
companies are likely to require an IRR higher than that of a regulated 
utility because of the higher risks or the need to provide a return to 
equity investors in their companies. 

Generally speaking, the higher a project's IRR the more desirable it is to 
undertake the project. The discount rate for any individual firm will 
depend on the firm’s weighted average cost of capital.  

For a public agency or municipality, the discount rate is equal or close to 
the risk free long-term bond rate, although in some cases the provincial 
or federal government may specify a particular rate. Rates for recently 
issued (late 2010) long-term Government of Ontario bonds are 5.2% (20 
year term) and 4.65% (for 30 year term).  Yields for Ontario long-term 
bonds are in the range of 4.1% to 4.43% while yields on long-term Hydro 
One bonds are 4.95%.  

Given the historically low interest rates now occurring, a more 
conservative discount rate of 6% is recommended (conservative in the 
sense that a higher rate will put more weight on investment capital). 

Given the accuracy of cost and energy price forecasts, any project at 
least in the 4% to 8% IRR range should be considered worthy of further 
investigation, while projects with IRRs higher than 8% should be 
considered economically feasible. 

The investments can be grouped into three categories:  

 Investments that are feasible: =>8% IRR 
 Investments that are probably feasible: 4% - 8% 
 Investments that are not feasible: =<4% 

 
Figure 3-3 outlines two types of B-HE investments. The first set reviews 
IRR greater than 8% and are clearly feasible. These include: 

1. Office – New,  
2. Industrial – Retrofit,  
3. industrial – New,  
4. Residential Low Density (Pre-1940) 
5. Institutional Low Density - New 

The second set of B-HE investments are in the 4 to 8% range of 
feasibility and require further analysis include: 

6. Retail – New 
7. Institutional High Density – New 
8. Office - Retrofit 

The remaining building types under this approach do not appear feasible 
for B-HE investments. 

Figure 3-3 also outlines two types of B-UHE investments. The first 
examines investments that achieve IRRs greater than 8% and are clearly 
feasible: 

1. Institutional Low – New 
2. Retail New 
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3. Residential High density – New 

The second set of B-UHE investments that are in the 4 to 8% range of 
feasibility and require further analysis include: 

4. Residential Medium Density - New 

The remaining building types do not appear feasible for B-UHE 
investments. 

FIGURE 3-3 IRR BUILDING ENERGY EFFICIENCY IMPROVEMENTS  
 

 
 
 

 
Source: City of Hamilton IEMS Model. 

 

A cost sensitivity analysis of market prices for energy was performed 
that varied the price of electricity from the assumed 2% annual increase 
to 5% and then 10%.20 At a 5% annual increase, two building type 
investment IRRs increased to the 4% to 8% range of economic 
feasibility: Commercial Retail – Existing (Ultra High Efficiency); and 
Commercial Retail – Existing (High Efficiency). At a 10% annual increase, 
a further two building type investment IRRs increase to the 4% to 8% 

                                                           

20 The IEMMFA approach relis on a specific natural gas price forecast (from GLJ Petroleum 
Consultants of Calgary) that gives specific natural gas prices for every year for the next 10 years 
(i.e.,, 2010-2019) and then assumes an average 2%/year price increase thereafter (i.e.,, 2020-
2031). This leads to a natural gas price of $7.85/Gj in 2031. A price senstivity test (shock as a 
result of price inreases) was performed increasing the 2020+ annual increase from 2% to 5% 
and then to 10% to see whether investments unfeasible at 2% would become feasible at those 
higher energy price increases. A correlation of natural gas price relates to oil prices was not 
performed since the two are traded differently (oil at world prices, natural gas at North American 
regulated prices) and so their prices do not follow the same $/Gj price trends. 
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range of economic feasibility: Residential Low Density – Pre-1940s 
(Ultra High Efficiency); and Institutional Low Density – Existing (Ultra 
High Efficiency). 

In practical, building owner terms, one can also measure investment 
feasibility by calculating the payback period, which is a simple measure 
using undiscounted cash flows to determine the number of years it 
would take to recoup the investment. There is no “maximum” payback 
period and a survey of local homeowner attitudes would be required to 
identify the payback period that would be considered too long in 
Hamilton.  The preferred payback period of any type of building owner 
varies. Data from a recent Ontario Power Authority report Making 
Electricity Conservation & Demand Management a Priority for Business 
in Ontario - Final Report revealed through a survey, interviews and focus 
groups that institutional building owners are looking at payback periods 
of 3 to 6 years; commercial property owners/developers are looking for 
payback periods of less than 5 years; and, industrial building owners are 
looking at payback periods of 1 to 2 years maximum.21 

For the IEMOC initiative, it was identified that the upper useful payback 
period would be 7 years. This payback was identified as capturing 
residential building owners as well.   

As shown in Figure 3-4, B-HE investments meeting this payback cut-off 
of 7 years are: 

1. Office – New 
2. Industrial – New 

                                                           

21 Ontario Power Authority. 2008. Making Electricity Conservation and Demand Management a 
Priority for Businesses in Ontario – Final Report. The research methodology consisted of 30 in-
depth telephone interviews with Influencers (Industry Associations, Architects, Consulting 
Engineers, Distributors, Government organisations) and Energy Decision Makers (28 
Commercial, 22 Institutional, 50 Industrial), as well as 5 focus groups: 2 Commercial, 2 
Industrial, 1 Institutional. 
 

3. Industrial - Retrofit 
4. Residential Low Pre-1940s. 

For B-UHE investments (Figure 4), the following meet this 7 year cut-off 
period: 

1. Industrial – New 
2. Industrial – Retrofit 

FIGURE 3-4 PAYBACK PERIOD FOR BUILDING EFFICIENCY IMPROVEMENTS 
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Source: City of Hamilton IEMS Model. 
 

With a large quantity (16%) of Hamilton’s total building stock existing in 
predominately pre-1940’s low density residential neighbourhoods, 
energy investments for this building form are economically feasibility 
both in IRR and in terms of payback. Further examination of pre-1940 
building owner attitudes is warranted so that suitable financial 
incentives, policies and partnerships can be identified to help entice 
owners to undertake investments for energy efficiency improvements. 
Consideration should also be given to the development of targeted 
building retrofit programs across Hamilton for this building class. 

As well, positive IRR for retrofits of existing industrial buildings as well as 
new office, retail, industrial and institutional buildings are expected, 
which comprise 8% amount of the existing building area and 18% of 
projected new construction for Hamilton, should encourage building 
developers and owners to exceed the OBC 2012 requirements for new 
or for retrofits. 

The referenced IRR and selected payback period applied in the H-IEMS 
are conservative. At the same time, individuals, owners, employers, the 
City and members of the HCEC might be satisfied with a different IRR or 
payback period for any particular technology or energy efficiency 
building improvement. An evaluation of the likelihood or market uptake 
was not performed. Consideration for the preference for IRR and 
payback period should be considered when developing an action plan 
for energy efficiency in Hamilton. 

3.3. EVALUATING ALTERNATIVE TECHNOLOGIES AND 
RENEWABLE FUELS APPLICABLE TO HAMILTON 

Alternative technologies and renewable fuels considered in this 
assessment were evaluated for their applicability to the City of Hamilton 
environment, documented performance, and economic efficiency. For 
the IEMOC initiative, a range of alternative technologies and renewable 
fuels were pre-selected for evaluation for all participating communities 
in the initiative and were evaluated considering their rates under the 
new Ontario Power Authority - Feed in Tariff (FIT).  Ontario’s Feed-in Tariff 
(FIT) Program is a guaranteed funding structure that combines stable, 
competitive prices and long-term contracts for energy generated using 
renewable resources.  All the alternative technologies and renewable 
fuels evaluated for Hamilton were considered incremental to the 
expected grid improvements anticipated for Ontario.22  

Assessments were divided between the micro-FIT program projects 
under 10 kilowatts and best suited to direct building applications and 
the FIT program, projects over 10 kilowatts and are of sufficient size and 

                                                           

22 For the H-IEMS, it was assumed that FIT and micro-FIT projects would occur in Hamilton as 
part of “greening” the grid and expected overall supply improvements. It was also assumed that 
that FIT and micro-FIT subsidies would be available irrespective of the grid status. 
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capacity to be evaluated at the community scale or larger.23 Additional 
technologies were also evaluated that could reduce reliance on fossil 
fuels by displacing electricity from the grid and natural gas. 

As a result of the Province of Ontario’s investment to reduce the carbon 
intensity of the electricity grid, all municipalities in Ontario, including 
Hamilton, are equally benefiting from these “greening” improvements in 
terms of associated reduced GHG emissions resulting from electricity 
use in buildings, transportation, etc. In essence, the level of effort that is 
required by Hamilton and other communities to lower GHG emissions is 
being reduced by the Province’s program to reduce the carbon intensity 
of the electricity grid. This does not negate that across Ontario, energy 
consumption is continuing to increase.  

The approach used to identify the most applicable alternative 
technologies and renewable fuels for the City of Hamilton was based 
first on a measured rate of return when compared with the projected 
costs of natural gas and/or electricity.  

Factors considered when estimating the amount of natural gas or 
electricity that could potentially be displaced using renewable 
technologies, include typical capacities of the systems and the physical 
limitations of the buildings to which they are being applied. For the case 

                                                           

23 FIT and Micro-FIT pricing used for the IEMOC study are  provided in the table below and were 
referenced from http://fit.powerauthority.on.ca/ and 
http://www.mei.gov.on.ca/en/energy/index.php?page=fit   
Technologies and Fuels 

Funded 
Energy  
Type  

Displaced 

FIT Price 
$/GJ/yr 

FIT Price 
$/kWh/yr 

Biomass  Electricity  $38 13.8¢ (≤10 MW)
Photovoltaic ‐ small scale  Electricity  $223 80.2¢ (≤10 kW
Photovoltaic ‐ ground‐
mounted 

Electricity  $123 
44.3¢ (>10kW ≤10 

MW) 
Wind ‐ small scale  Electricity  $38 13.5¢ (≤10 kW)
Wind ‐ large scale  Electricity  $38 13.5¢ (On‐shore)

 

of electricity generation (i.e., wind and photovoltaic), it was also 
assumed that technologies could be owned by the municipality or its 
residents but could be operated outside of the city boundary. 

Table 3-5 provides the overview of the technologies evaluated for 
Hamilton. The following technologies ranked the highest for Hamilton 
with the application of micro-FIT and FIT pricing and included, 
photovoltaics at the community and building scales; biomass electricity 
generation; and, wind turbines at the community scale.  

For the H-IEMS, only two areas of Hamilton where evaluated for the 
potential of district energy. They included Downtown Hamilton in the 
central business district and the vicinity of St. Joseph’s Hospital. These 
areas were selected because of the expected growth in new mixed-use 
buildings and due to the high- thermal load demand from existing 
buildings. St. Joseph’s is the only large institutional area that does not 
have a district energy system with combined heat and power (CHP) 
capacity.  Figure 3-5 outlines the district energy study areas and 
identifies a number of existing high thermal load areas in Hamilton that 
could benefit from the potential for district energy. This thermal demand 
is largely a result of the concentration and mix of building types.  

Although district energy has a known high capital cost, operational cost 
savings can be achieved through efficiencies captured by cogeneration 
and by selling electricity to the grid during times when the price is high. 
However, according to published plans to green the provincial electricity 
grid, using natural gas as a fuel source may result in increased 
emissions compared with a business as usual system. These systems 
do have the potential to incorporate other assessed technologies, 
including solar hot water and alternative fuels, such as biomass down 
the road at an additional cost. Buildings within the Central Business 
District and on the St. Joseph’s Hospital grounds consume a large 
amount of energy per hectare of land area.   Meeting demand for 
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heating and cooling in these areas with district energy could result in 
energy cost savings of nearly $41 million/ yr.  

Finally, Geoexchange does have the potential to significantly displace 
natural gas demand in Hamilton using energy from the grid to run heat 
pumps which can extract heat stored in the ground. A detailed study 
would be required to evaluate where and to what extent that 
Geoexchange can be used across the City.  This technology can 
potentially displace 86% of Hamilton’s future natural gas consumption, 
which could result in a reduction of 2.4 million tonnes/year of GHG 
emissions.  

The total amount of natural gas and electricity that could be displaced if 
no building improvements were made and the applicable technologies 
were maximized is 53,570,000 GJ/yr, which is 95% of Hamilton’s 
forecasted energy demand by 2031.  

Return  on  Alternative  Technologies  and  Renewable  Fuels  

An economic assessment was also performed for alternative 
technologies and renewable fuels. This was done in the same manner 
as the economic analysis of buildings (above): that is, on the basis of the 
investment’s IRR. 

Given the accuracy of cost and energy price forecasts, any project with 
an IRR within the 4% to 8% IRR range should be considered worthy of 
further investigation. Projects with IRRs higher than 8% should be 
considered economically feasible. 

The investments can be grouped into three categories:  

 Investment that are feasible: =>8% IRR 
 Investments that are probably feasible: 4% - 8% 
 Investments that are not feasible under current assumptions 

and forecasts: =<4% 

No alternative technology or renewable fuel investment at market prices 
for energy achieved an IRR greater than 8%.  

The following alternative technologies and renewable fuel investments 
at market prices for energy are in the 4 to 8% range of feasibility and 
require further analysis: 

1. Biomass 
The remaining alternative technologies and renewable fuel investments 
were not economically feasible at market prices for energy under current 
assumptions and forecasts. 

The following alternative technologies and renewable fuel investments, 
after applying OPA’s FIT price incentives, achieved IRRs greater than 8% 
and are clearly feasible: 

1. Biomass (micro-FIT) 
2. Photovoltaic (microFIT) 
3. Wind (FIT) 
4. Photovoltaic (FIT) 

No other FIT-applicable investments are feasible under current 
assumptions and forecasts. 
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TABLE 3-5 ALTERNATIVE TECHNOLOGIES AND RENEWABLE FUEL ENERGY DISPLACED AND GHG REDUCTION POTENTIAL 
Energy Source 
Displaced 

Technology Rate of 
Return with 

FIT  
Pricing 

Rate of Return  
without FIT  

Pricing 

Cost per tonne of  
CO2 with FIT  

Pricing  
($/tonne) 

Cost per tonne of  
CO2 without FIT  

Pricing 
($/tonne) 

Energy Displaced 
as GJ 

GHG Reduced 
tonnes C02e/yr 

Electricity Photovoltaic - FIT 9% -6% -$1,581 $10,686 3,429,000 26,000 
Electricity Photovoltaic - 

microFIT 
19% -6% -$14,560 $10,686 3,429,000 26,000 

Electricity Biomass - microFIT 19% 7% -$178 $1,062 2,857,000 22,000 
Electricity Wind - FIT 11% 4% -$745 $387 571,000 4,000 
Electricity Wind - microFIT 2% -3% $4,028 $5,159 571,000 4,000 
Natural Gas Solar Air N/A -1% $530 $530 33,813,000 1,897,000 
Natural Gas and 
Electricity 

District Energy N/A 3% $106 $106 2,209,000 -67,000 

Natural Gas Solar Hot Water - 
microFIT 

N/A -9% $530 $530 33,813,000 1,897,000 

Natural Gas GeoExchange - 
microFIT 

N/A No return projected. 
Electricity price 
exceeds cost of heat 
displaced 

$250 $250 45,173,000 2,433,000 

Source: City of Hamilton IEMS Model. For a detailed overview of the methodology, see section on Technology and Financial Assessment in Appendix B. The sum of the values for each category 
may differ from the total due to rounding.
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 FIGURE 3-5 DISTRICT ENERGY EVALUATION AREAS APPLIED TO EXISTING ENERGY USE FOR HAMILTON MAP 
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3.4. BUILDING ENERGY EFFICIENCY AND RENEWABLE 
TECHNOLOGY AND ALTERNATIVE FUEL 
SCENARIOS 

As part of the assessment for Hamilton, three scenarios, outlined in 
Table 3-6,  were prepared that evaluate the following: 

• Maximizing the reduction in the consumption of fossil fuels; 
• Maximizing GHG reduction using proven technologies with a 

cost of under $78/tonne of GHGs reduced;24  and, 
• Maximizing the application of cost effective building energy 

efficiency improvements and technologies with an internal rate 
of return (IRR) of at least 6%.  

A detailed breakdown of each scenario in terms of the building 
improvements evaluated, technologies and fuels is provided in Appendix 
G.  

The scenarios combine the applicable building energy efficiency 
improvements and the use of alternative technologies and renewable 
fuels relative to the scenario outlined. The scenarios evaluate a range of 
energy efficiency strategies that could be applied in Hamilton.  All the 
strategies referenced for each scenario are intended to minimize 
reliance on natural gas and electricity and are evaluated against a set of 
criteria that are discussed below.  

Maximizing the reduction in the consumption of fossil fuels  
                                                           

24 In keeping with international best-practices for the adoption and selection of proven 
technologies for reducing GHGs, the IEMOC team referenced the Pathways to a Low Carbon 
Economy Version 2 of the Global Greehouse Abatement Curve study that adopted a €60 per 
tC02e cut of measure for the ranking of technologies. Using IPCC terminology, the study 
evaluated the economic potential below  €60  per tC02e ot techncial emission reduction 
opportunities. The study selected an economic cut-off to compare the size of opportunities within 
different sectors and regions. Technologies under €60 per tC02e cut of measure were identified 
as proven, while those over €60 were considered to be early-stage technologies. The equivalent 
Canadian factor of the Euro was applied for Hamilton of $78/tonne. 

This scenario assumes the application of the B-UHE case and the use of 
alternative technologies and renewable fuels to maximize the 
displacement of natural gas and electricity. This scenario was selected 
to demonstrate, to the greatest extent possible, how far Hamilton could 
go to reduce reliance on fossil fuels for building requirements by 
maximising building energy efficiency and applying to the greatest extent 
possible the use of alternative technologies and renewable fuels.   

Maximizing GHG reduction using proven technologies with a cost of 
under $78/tonne of GHGs reduced  

This scenario maximized lower cost building improvements, technologies 
and fuels first and then progressively higher cost energy efficiency 
strategies based on a $/tonne of GHG reduced. The cut-off of 
$78/tonne of GHGs reduced  was selected to compare strategies in an 
objective way and was relevant to international best practices reflecting 
anticipated vales of carbon reduction. 

Maximizing the application of cost effective building energy efficiency 
improvements and technologies with an internal rate of return (IRR) of 
at least 6%.  

This scenario assumed only the application of the cost effective building 
improvements, as well as alternative technologies and renewable fuels 
that equalled or exceed the conservative discount rate of 6% applied as 
part of the cost sensitivity analysis. 

The scenarios are revealing for Hamilton.  

Under scenario one, Hamilton could potentially move towards the 
concept of being a carbon neutral city. For a city, the concept of net zero 
energy does apply since a city could technically generate all its energy 
within the physical urban constraints and have no net impact on carbon 
emissions. A carbon-neutral city should be self sustainable beyond just 
energy needs.  For Hamilton, this would mean a very high initial capital 
cost, but the benefit of long-term and cumulative energy cost savings.  
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Scenario one would require an extensive delivery program to advance 
the range of building improvement and technologies identified. 
Collaborations with a wide range of local partners and agencies would 
also be necessary. For instance, the ability to implement and replicate 
initiatives such as the Liberty Energy Centre would be a central direction. 
An important insight with this scenario is the reliance on Geoexchange 
for building space heating, cooling and water heating. The use of 
Geoexchange has a direct benefit in this scenario since a heat pump will 
use electricity (drawing on Ontario’s “green” grid) and can displace a 
large portion of natural gas for all building types for the purposes of 
space heating and cooling and domestic hot water. 

Scenario two has the lowest overall reduction potential for Hamilton. 
From the building improvements examined, as well as alternative 
technologies and renewable fuels reviewed, no building improvements 
were identified for this scenario or technologies that could displace 
natural gas. This is a direct result of the application of the FIT and micro-
FIT programs that have created a competitive advantage in terms of 
reducing the costs per tonne of GHGs. This scenario identified that 
photovoltaics (small scale and ground-mounted), wind (large scale) and 
biomass could all contribute to increase local energy production for 
Hamilton and further displace electricity. In terms of GHG emissions, the 
reduction would be a minimal contribution for Hamilton due to the low 
carbon intensity characteristics of Ontario’s future electricity grid.  

At the same time, the scenario reflects the opportunity to increase the 
level of local energy resiliency. For instance, the establishment of the 
Horizon Energy Solutions is an example of a partnership that is 
maximizing the FIT program to the benefit of Hamilton not only in terms 
of long-term energy savings, but also in terms of improving the overall 
energy efficiency and resiliency of the City in terms of minimizing peak 
oil input. This will enable Hamilton to address issues associated with 
peak oil with greater resiliency overtime. 

The third scenario for Hamilton underscores what might be a more 
realistic direction for the City, Horizon, Union Gas, and members of the 
HCEC to evaluate in more detail.   

A wide range of building energy efficiency improvements and 
technologies achieve the conservative IRR discount rate of at least 6%. 
For instance, both residential pre 1940s and industrial buildings were 
solid candidates for undertaking retrofits. In terms of new development, 
office, industrial and institutional low density, all achieve positive returns 
in the suggested range. Programs, such as Hamilton’s “LEEDing the Way 
CIP” could be directed towards these types of buildings. From a 
technology standpoint, those technologies that are benefiting from the 
FIT program proved to be reasonable technologies to encourage, 
including biomass, photovoltaics, and wind. While all these alternative 
technologies and renewable fuels are viable, the widespread application 
is limited due to building constraints, land constraints or  fuel access 
potential (such as for biomass).  

The scenario also reveals the limited cost effective options, at this time, 
in Ontario to actively displace the reliance on the use of natural gas for 
space heating and domestic hot water use. For Hamilton, space heating 
and domestic hot water both represent areas of anticipated growth in 
energy use for Hamilton and are primarily addressed through fossil 
fuels. Further evaluation of this scenario should be considered with the 
development of a CEP or action plan for energy efficiency in Hamilton. 

 

 

 

 

 



Hamilton ‐ Integrated Energy Mapping Strategy 
 

38 

TABLE 3-6 BUILDING ENERGY EFFICIENCY AND RENEWABLE TECHNOLOGY AND ALTERNATIVE FUEL SCENARIOS 
Scenario Natural Gas 

Displaced Relative 
to  Business as 

Usual 2031 
(GJ) 

Electricity Displaced 
Relative to  Business 

as Usual 2031 
(GJ) 

Total Amount of 
Energy Reduced  

(GJ) 

Total Capital Cost 
($/GJ) 

Total Annual 
Energy Cost 

Saving ($/GJ) 

Potential Net Full 
Time Jobs 

Created in Ontario 

Maximizing the reduction in the 
consumption of fossil fuels. 52,646,000 11,446,000 65,092,000 $17,822,000,000 $425,000,000 4,400 

Maximizing GHG reduction using 
proven technologies with a cost of 
under $78/tonne of GHGs reduced. 

0 10,286,000 10,286,000 $8,291,000,000 $196,000,000 2,500 

Maximizing the application of cost 
effective building energy efficiency 
improvements and technologies with 
an internal rate of return (IRR) of at 
least 6%. 

5,388,000 10,351,000 15,739,000 $7,544,000,000 $233,000,000 2,400 

       
 Natural Gas 

Consumption (GJ) 
Electricity Use 

(GJ) 
Total Amount of 

Energy (GJ) 
Total Capital Cost 

($/GJ) 
Total Annual 
Energy Cost 

Saving ($/GJ) 

Potential Net Full 
Time Jobs 

Created in Ontario 
Business As Usual 2031 52,834,000 14,287,000 66,933,000 N/A N/A N/A 

Source: City of Hamilton IEMS Model. For a detailed overview of the methodology, see sections for Buildings, Technologies and Transportation. A detailed breakdown is provided in Appendix G. 
Annual energy cost savings are based on current energy prices. The sum of the values for each category may differ from the total due to rounding. 
 

3.5. EVALUATING EMPLOYMENT POTENTIAL FOR 
ONTARIO AND HAMILTON 

As part of the evaluation process for assessing the benefits associated 
with undertaking the evaluated energy efficiency strategies and 
scenarios, potential employment gains were assessed. The evaluation of 
employment was limited to jobs that could be established in Ontario. 
This was for two reasons. First, to undertake localized job creation, 
custom sub-provincial models are required and were not prepared as 
part of the IEMOC initiative. Second, many of the potential jobs that 
could be created as a result of the energy efficiency strategies would 
occur outside of Hamilton where a product or technology is made.  

The majority of local jobs that would be created from any of the energy 
efficiency strategies would be construction and maintenance related.  

It can be assumed that over half of the expected jobs discussed below 
could fall to Hamilton for any one of the scenarios, since the majority of 
job creation is related to construction and annual operating 
expenditures.  

For Hamilton, job creation was measured by: 

Disaggregating estimated capital expenditures over the life of a project 
(20 years) into specific industries;  

Applying Statistics Canada employment multipliers for specific industries 
in Ontario to the estimated capital expenditures for each scenario; 

The results - in person-years of employment – were then converted into 
net “full time jobs”, (defined as one job position extending for a 25 year 
period; this job position may be occupied by different people over the life 
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of the job position); the term ‘net” is used to note that declining 
investment in business as usual practices will result in some lost full 
time jobs in the energy production and transmission sectors and that 
this job loss was taken into account. 

The results of the analysis are as follows: 

• Scenario 1: 4,400 net full time jobs created in Ontario OR 
8.75 person-years of employment per $1 million investment. 
 

• Scenario 2 2,500 net full time jobs created in Ontario OR 
10.00 person-years of employment per $1 million investment. 
 

• Scenario 3 2,400 net full time jobs created in Ontario OR 
9.35 person-years of employment per $1 million investment. 

These job creation numbers are estimates and are meant to be taken 
only as indications. It should also be noted that the capital cost per full 
time job created is similar for all three scenarios ranging from $2.5 
million per job under Scenario 2 to $2.7 million per job in Scenario 3 to 
$2.9 million per job in Scenario. Given the accuracy of these number 
(+/- 20% at best), the cost per job created can be assumed to be equal 
under all scenarios. 
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4. LOWERING ENERGY DEMAND AND GHGS 
WITH TRANSPORTATION EFFICIENCIES AND 
TECHNOLOGY IMPROVEMENTS 

While city planning teams have minimal direct influence over vehicle 
fuel consumption and choice, they do have greater control over land use 
planning which shapes street patterns, transportation choices and 
distances driven.  Cities can also play a major role in transportation 
planning, which can significantly impact land use development.  Well-
integrated land use and transportation plans can maximize the benefits 
of public and private investments in buildings and infrastructure and 
support energy-efficient choices for getting around.  

There are a variety of approaches available to transportation and land 
use planners to address energy consumption associated with 
transportation.  The most effective is to avoid having to rely on vehicles 
for trips using transportation demand management (TDM) approaches. 
TDM draws on a wide range of strategies, such as encouraging fewer 
trips through incentives, developing and using options to avoid driving 
alone, ride-sharing, locating destinations closer to where people live and 
work, and putting more people within walking distance of needed local 
goods and services to access on a daily or weekly basis. The next 
recognized option is to encourage vehicle efficiency improvements 
through fuel and technology improvements for all vehicles.  

This section begins with a review of the various TDM and vehicle 
(automobile and public transit) efficiency fuel and technology 
improvement opportunities. 

The section concludes with an assessment of the maximum potential 
reduction of fossil fuels for Hamilton based on building energy 
improvements, alternative technologies and renewable fuels and 
improving transportation energy efficiency. 

4.1. SELECTING TRANSPORTATION LEVELS OF 
EFFICIENCY 

To assist with evaluating the potential to maximize the reduction of 
fossil fuels for transportation, the IEMOC team collaborated with 
Hamilton City staff to identify and select reasonable transportation 
strategies for lowering associated energy consumption and GHG 
emissions for vehicles and for public transit.  

These scenarios were based on near and long term TDM targets as 
outlined in Hamilton’s 2007 Transportation Master Plan and included 
the following transportation variables: 

• transit mode split (shift from automobile to transit use); 
• active transportation mode split (shift from automobile to biking 

and walking); 
• fuel/fleet efficiency and technology (use of low emitting fuels 

like bio-diesel and  hybrid vehicles); 
• trip making (number of trips in an automobile people make to a 

destination); 
• trip length (the distance of the automobile trip); and,  
• auto occupancy (number of people in an automobile for a trip). 

Table 4-1 reviews the TDM and technology efficiency variables that were 
tested as part of the H-IEMS. 
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TABLE 4-1 TRANSPORTATION EFFICIENCY VARIABLES EVALUATED FOR HAMILTON 
Variable Description Implementation Approach 

Transit Transit use estimates are based upon person trips (i.e., increase in transit person trips will result in an absolute 
reduction in auto person trips.) It is assumed that the transit load factor (number of riders) will increase under higher 
efficiency options.  
 

Mode split 

Walking Walking trip estimates are based upon person trips (i.e., increase in walking person trips will result in an absolute 
reduction in auto person trips.) Walking trip numbers as a proportion of total trips will increase under high efficiency 
options. 

Modal split 

Cycling Cycling trip options are based upon person trips (i.e., increase in cycling person trips will result in an absolute reduction 
in auto person trips.) Cycling trips increase as a proportion of total trips under high efficiency options. 

Modal split 

Fuel/Fleet 
Efficiency 

The vision for the future under high efficiency options is that more fuel efficient vehicles will be built and used in the 
future and that electric vehicles hybrid and plug in hybrid vehicles will comprise a greater proportion of the vehicle fleet 
than at present.  

Auto industry policy, provincial 
fuel tax, government incentive 
policies, etc. 

Trip Length Trip lengths should be reduced in the future as people begin to make changes in their lifestyle. For example, 
transportation surveys show that people prefer to either move closer to their work or to change jobs to reduce the 
commute time to work. Planning measures such as increased density and collocation of living and working areas will 
contribute to a reduction in trip lengths. 

Municipal land-use policies 
using TDM 

Trip Making The number of trips people make in the future can be reduced by changes in technology that may allow people to work 
from home (telecommuting) rather than having to go to the work place on a daily basis. It is also expected that more 
discretionary trips can be done over the internet and at home, trips which will contribute to reducing car trips. 

Dependent upon technology 

Auto 
Occupancy 

Existing auto occupancy is at 1.13 persons in the morning. This remains constant in 2031 and is expected not to 
change as trends are showing that auto occupancy rates are decreasing, rather than increasing. This factor will remain 
constant in the future and reductions in transportation demand will occur based on the factors described above. 

Modal split 

Source: IEMOC Study Standard Efficiency Variables 

Transportat ion   Improvement  Cases  Evaluated   for  Hamilton  

To determine the potential energy and GHG reduction benefits of 
applying different TDM strategies and vehicle efficiency strategies, three 
different cases were evaluated and are identified in Table 4-2 below.  

• Case I is referred to as Transportation Business As Usual (T-
BAU). The base case was based on the modelling done for 
Hamilton’s Bus Rapid Transit 2031 data. 

•  Case II is referred to as Transportation High Efficiency (T-HE).  
This case applies the identified near term targets developed for 
transit and active transportation outlined in Hamilton’s 2007 
Transportation Master Plan. 

• Case III refers to Transportation Ultra High Efficiency (T-UHE). 
This case applies the identified long-term targets developed for  

transit and active transportation as outlined in Hamilton’s 2007 
Transportation Master Plan. 
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TABLE 4-2 TRANSPORTATION IMPROVEMENT CASES EVALUATED FOR HAMILTON 
Transportation Cases Evaluated Transportation Demand Improvement Strategies Vehicle Efficiency Strategies 
Case I 
Transportation Business as Usual (BAU) 

• Transit, cycling and walking modal shares equivalent to 
existing 

• Average trip length equivalent to existing 
• Average number of trips equivalent to existing 
• Auto occupancy equivalent to existing 

• Vehicle efficiencies are assumed to improve by 2031 
as identified in Appendix D. 

• Vehicle breakdown equivalent to existing 

Case II 
Transportation High Efficiency 
(T-HE)  

• Transit person trip / capita increase by 100% 
• (4% shift in mode split) 
• Walk person trip / capita increase by 50% 
• (2% shift in mode split) 
• Cycle person trip / capita increase by 50% 
• (2% shift in mode split) 
• Average trip length reduction per zone of -5% 
• Average number of trips reduced by -5% 
• Auto occupancy remains unchanged 

• Vehicle efficiencies are assumed to improve by 2031 
as identified in Appendix D. 

• Vehicle breakdown percentages are averaged between 
Case I and Case III. 

Case III 
Transportation Ultra High Efficiency 
(T-UHE) 

• Transit person trip / capita increase by 250% 
• (7% shift in mode split) 
• Walk person trip / capita increase by 125% 
• (4.5% shift in mode split) 
• Cycle person trip / capita increase by 125% 
• (4.5% shift in mode split) 
• Average trip length reduction per zone of -10% 
• Average number of trips reduced by -10% 
• Auto occupancy remains unchanged 

• Vehicle efficiencies are assumed to improve by 2031 
as identified in Appendix D.  

• Share of electric vehicles is maximized according to 
estimate of available surplus off peak electric power 
to charge vehicles, based on Hamilton being allocated 
off peak power proportional to its population. These 
results in 100% of personal vehicles being electric 
powered and/or plug in hybrids. 

• Hybrid electric vehicles have been assumed to 
contribute to remaining vehicle demand. 

Source: IEMOC Study Standard Efficiency Variables Adjusted for Hamilton 

4.2. EVALUATING TRANSPORTATION IMPROVEMENT 
OPTIONS TO 2031 

Table 4-3 provides an overview of the different combinations of 
transportation improvements that can be achieved through TDM and 
from vehicle technology and fuel improvements.  

For instance, if all recommended actions for minimizing trips were 
undertaken for T-HE (which includes the reduction in trip length, trips 
generated and increases for walking and transit), Hamilton’s annual 
total personal vehicle kilometres travelled (VKT) would be reduced by 

nearly 30%. The associated reduction in energy and GHGs on a per 
capita basis would be 43% and 45% respectively compared with BAU.  

Based on the Hamilton transportation model, the level of improvement 
of mode split for all cases is aggressive but the overall impact modest. 
This is due to a variety of factors, such as Hamilton’s existing built form 
and associated daily trips, location of planned development expansions 
and many other factors related to human behaviour choices due to trip 
choices.   

What is supported by all cases is the importance of encouraging higher 
order transit, such as Light Rail Transit, more bike paths and better 
pedestrian connectivity to encourage walking to local amenities and 
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daily destinations. The T-UHE assumes a high success level in the 
application of TDM activities, including improved transit access and 
better connections between transit and land-uses (employment, 
residential and institutional)  

To assist with maximizing the reduction of fossil fuel use associated with 
transportation in Hamilton, the use of better vehicle technologies and 
alternate fuels was identified as the next step after TDM efficiencies. A 
focus on more fuel efficient vehicles and the use of electric vehicles and 
plug-in hybrid vehicles was evaluated.  

For the T-UHE case for transportation, it was assumed that electric and 
plug-in hybrid-electric vehicles could displace 20% of personal vehicles 
within the projected capacity of the grid. Hybrid vehicles were assumed 
to displace the remaining 80% of personal vehicles in the ultrahigh 
efficiency case. This resulted in a 51% reduction in terms of average 
energy consumption per vehicle and a 55% per vehicle GHG reductions 
(See Figure 4-1 and Appendix E for vehicle emissions factor inputs).  

Figure 4-1 reviews the impact  of TDM strategies and vehicle technology 
and fuel efficiencies for each transportation scenario evaluated. TDM 
measures and vehicle technology and fuel efficiencies could achieve a 
total reduction of 8,655,000 GJ or 68%% of projected BAU 
transportation energy use in the ultra high efficiency scenario. This 
corresponds with a reduction of 622,000 tonnes of CO2 or 71% of 
projected BAU transportation emissions.  

In the Greater Toronto Area and Hamilton, it is anticipated that people 
will continue to have a strong preference for personal vehicle use and 
that achieving high levels of TDM mode splits (i.e., people using other 
types of transportation) will be an ongoing challenge. Human behaviour 
plays an important component in terms of changing transit preferences. 
It is now become better documented in reports, such as the Electric City 
prepared for the City of Hamilton and the Capacity for Integrated 
Community Energy Solution Policies to Reduce Urban Greenhouse Gas 

Emissions commissioned by the Quality Urban Energy Solutions (QUEST) 
that increases in fuel costs will have a direct influence on the choices 
made about taking a trip. Types of decisions that could be influenced 
include the choice to use an automobile versus other modes of 
transportation, the decision about where to build new development, as 
well as decisions related to where people decide to live and where 
employers decide to locate. 

FIGURE 4-1 TRANSPORTATION VEHICLE EFFICIENCIES DISPLACING ENERGY TO 2031 

Source: City of Hamilton IEMS Model.  

Efforts to provide more public transit and alternative transportation 
options (biking, walking etc.) in the near-term will continue to be 
animportant part of planning considerations (such as connecting 
employment use to transit etc.) At the same-time, emphasis should 

‐
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continue to be placed on advancing the use of energy efficient or hybrid 
vehicles and ensuring that the appropriate electrical infrastructure is in 
place across Hamilton.   

 

 

 

TABLE 4-3 CITY OF HAMILTON TRANSPORTATION ENERGY AND GHG CASE REDUCTIONS TO 2031 
Transportation Cases  Units  Personal Vehicle  City Bus  LRT  GO Bus  GO 

Train 
Cycling  Walking  TOTAL 

Existing                   
  VKT  2,875,500,000  13,136,000  ‐  1,026,000  9,070  4,498,000  16,576,000  2,910,745,070 
  GJ  9,402,768  357,521  ‐  21,092  3,941  ‐  ‐  9,785,322 
  Tonnes CO2  653,437  23,299  ‐  1,563  292  ‐  ‐  678,591 
Case I BAU                  
  VKT  3,739,700,000  13,909,000  1,229,000  1,318,000  11,530  6,028,000  21,287,000  3,783,482,530 
  GJ  12,228,667  378,560  ‐  25,791  5,010  ‐  ‐  12,638,028 
  Tonnes CO2  849,802  24,670  ‐  1,911  371  ‐  ‐  876,754 
Case II T-HE                  
  VKT  2,749,700,000  20,952,000  2,618,000  1,970,000  17,380  9,048,000  31,927,000  2,816,232,380 
  GJ  6,562,872  532,824  43,904  38,549  5,312  ‐  ‐  7,183,461 
  Tonnes CO2  437,550  38,603  338  2,793  280  ‐  ‐  479,226 
Case III T-UHE                  

  VKT  1,930,800,000  28,649,000  4,773,000  2,636,000  23,130  13,571,000  47,890,000  2,028,342,130 
  GJ  3,117,766  728,564  80,043  51,582  4,087  ‐  ‐  3,982,042 
  Tonnes CO2  199,117    3,652  0  ‐  254,352 

Source: City of Hamilton IEMS Model. For a detailed overview of the methodology, see section on Transportation in Appendix B.   
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FIGURE 4-2 CITY OF HAMILTON BUSINESS AS USUAL TRANSPORTATION MAP  
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FIGURE 4-3 CITY OF HAMILTON ULTRA HIGH EFFICIENCY TRANSPORTATION MAP  
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4.3. BUILDING,  TECHNOLOGY,  FUELS AND 
TRANSPORTATION MAXIMUM FOSSIL FUEL 
REDUCTION SCENARIO FOR HAMILTON 

Based on the case evaluations for buildings, use of technologies and 
transportation efficiencies, Hamilton can greatly reduce its reliance on 
fossil fuels. Figure 4-4 below illustrates the application of the maximum 
possible energy displaced scenario. The scenario is based on the 
application of the B-UHE case, the application of a range of alternative 
technologies and renewable fuels and the application of the T-UHE case. 
A detailed breakdown of the final scenario in terms of the building 
improvements evaluated, alternative technologies and renewable fuels 
and vehicle efficiencies is provided in Appendix G.  

Note to barrels of oil: The actual emissions shown are for reductions of 
consumption of natural gas and electricity. The oil equivalent represents the 
reduced amount of fossil fuel equivalent when expressed as oil barrels. The 
carbon intensity is assumed to be 317 kgCO2/ barrel. Source: 
http://numero57.net/2008/03/20/carbon-dioxide-emissions-per-barrel-of-
crude. 
 

The finial scenario evaluated for Hamilton is revealing in terms of 
identifying potential priority areas for action. Table 4-4 provides some 

important insights about where Hamilton might begin expanding on 
advancing energy efficiency in the City of Hamilton.   

In terms of the major energy efficiency strategies that contribute to the 
reduction of energy use, residential existing ultra high efficiency retrofits 
stands out. Among the building types identified under this strategy is 
low-rise residential buildings post 1940s construction. Existing 
neighbourhoods of this type use a high level of energy in Hamilton and 
should be a targeted priority area.  Although residential homes pre 1940 
have a high level of potential return for retrofits, in terms of order of 
magnitude relative to GHG emissions and energy consumption, their 
overall impact is minimal for Hamilton.  

Another major area of potential initial focus for Hamilton is industrial 
building retrofits. Industrial buildings can include light manufacturing 
and warehousing. Hamilton has a large and growing goods movement 
capacity with large warehousing needs. The opportunity to utilize 
existing building retrofit activities in combination with technologies, such 
as solar walls and Geoexchange, which were evaluated as part of this 
study as viable for application on Hamilton’s industrial buildings, is 
another key area of focus for energy efficiency initiatives. 

In terms of transportation, the application and use of electric vehicles 
will play an increasingly important role in helping Hamilton to advance 
towards reducing reliance on fossil fuels. The Province of Ontario is 
committed to having 1 in 20 vehicles on Ontario roads being electric by 
2020. Hamilton is well placed to help advance the update of electric 
vehicle and low emission vehicles. The ability for electric vehicles to 
reduce GHG emissions is highly dependent on access to electrical 
infrastructure and charging stations.   

Table 4-4 offers a starting point to evaluate potential policies, programs 
and partnerships that can assist with implementing energy efficiency 
strategies across Hamilton as part of a CEP or action plan for energy 
efficiency. 

Applying these energy efficiency strategies would 
result in decreasing the fossil fuel use relative to 

BAU for 2031 by: 
 100 % of natural gas  

79% electricity  
76% of gasoline 

and contribute to an overall reduction in GHGs of 
over 3,000,000 tonnes/yr.  

This is the equivalent reduction of 9.6 million barrels 
of oil per year not being consumed. 
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TABLE 4-4 SUMMARY OF POTENTIAL INITIAL AREAS OF FOCUS TO ADVANCE ENERGY EFFICIENCY IN HAMILTON 

Strategy Cost effectiveness Impact on emissions reduction today Impact on emissions reduction in 2031 
Low rise residential existing building 
retrofits – Heritage Homes 

Potentially very high (~12% IRR) where 
envelope upgrades have not yet been 
implemented 

Currently low. Heritage neighbourhoods 
contribute only 4% of current emissions 
as the majority of neighbourhoods are 
post 1970s construction. 

Potentially low. While the relative impact 
of natural gas consumption reduction 
will increase as the grid is greened, the 
proportion of this building type will 
decrease as low rise residential new 
construction continues.  

Low rise residential existing building 
retrofits – Post 1940s construction 

Potentially low (~ -3% IRR). Newer 
buildings have been built to higher 
efficiency.  

Currently high. Newly constructed low 
rise residential neighbourhoods 
contribute 17% of calculated current 
emissions. Small improvements on a 
large scale could have a potentially 
significant impact. 

Potentially high. While new construction 
of low rise residential buildings will 
continue, existing buildings will still 
make up the large majority of housing 
stock by floor area in 2031.   

Residential new construction Highest for new construction of multi 
unit residential buildings (~3% IRR). 

N/A Medium. While existing buildings will 
still make up the large majority of 
housing stock by floor area in 2031, 
new housing construction will be 
targeted towards MURBs which have the 
largest opportunity for building 
efficiency improvement in new housing 
construction. 

Commercial office and retail Potentially high (~18% and 7% IRR 
respectively). 

Low for total emissions but commercial 
offices are one of the largest electricity 
consumer groups. 

Potentially low. New construction will be 
focused on residential development.  

Institutional retrofits and new 
construction 

Potentially high for both low and high 
density new construction (~9% and 7% 
respectively). Lower for retrofits. 

Currently low. Institutional buildings are 
not a very high consumer of gas or 
electricity compared to residential and 
industrial consumption. 

Potentially low. Significant expansion of 
institutional buildings is not anticipated. 

Industrial retrofits and new construction Potentially very high for low intensity 
industrial (e.g., warehouses) existing 
retrofits and new construction (~16% - 
18% IRR) 

Currently very high, particularly in 
natural gas consumption. Light and 
heavy industrial buildings contribute 
49% of calculated current emissions1. 

Potentially very high. The relative impact 
of natural gas consumption reduction 
will continue to increase as the grid is 
greened. 

Vehicle efficiency Not examined. Currently high. Transportation 
contributes 15% of calculated current 
emissions as determined by travel 
behaviour and vehicle efficiencies. 

Potentially very high. Electric and hybrid 
vehicles could potentially decrease 
transportation emissions by 27% 

Transit and transportation demand 
management 

Not examined. Currently high. Transportation 
contributes 15% of calculated current 
emissions as determined by travel 
behaviour and vehicle efficiencies. 

Potentially very high. Trip length 
reduction, increased personal vehicle 
occupants, reduced number of trips and 
increased transit ridership could 
potentially decrease transportation 
emissions by 44% 
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FIGURE 4-4 MAXIMIZING BUILDING, TECHNOLOGY, FUELS, AND TRANSPORTATION FOSSIL FUEL REDUCTION FOR HAMILTON
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5. ADVANCING ENERGY EFFICIENCY IN 
HAMILTON   

The City of Hamilton, local utilities and local community members are 
already actively engaged in the advancement of energy strategies that 
are having a direct contribution to lowering reliance on fossil fuels and 
reducing GHGs.  

At a municipal corporate level, Hamilton’s Office of Energy Initiatives is 
undertaking a progressive approach for corporate services that is 
focused on monitoring and targeting; investment in energy efficiency for 
existing buildings; implementation of energy efficient design for new 
buildings (drawing on the Leadership in Energy and Environmental 
Design LEED) and the implementation of an eco-responsive energy 
management practice that includes actions, such as the purchase of 
energy efficient vehicles for the corporate fleet and for public 
transportation. At a community level, the City is introducing broader 
energy efficiency initiatives, such as the generation of energy from clean 
energy sources and the use of incentives to encouraging better building 
design, including “LEEDing the Way CIP.” With the launch of the new 
Urban Official Plan, more direction is now being given to reducing energy 
efficiency through policies at the land-use and transportation level. 

In the community, Horizon Utilities in Hamilton has launched a number 
of conservation incentive programs for different energy users.  More 
recently, Horizon Energy Solutions was launched to take advantage of 
the FIT incentive for solar energy projects. Horizon Energy Solutions is 
exploring the opportunity to rent rooftops around the City and covering 
the costs of installing and maintaining the solar panels that would feed 
into the province’s electrical grid.  

In the community, agencies such as Green Venture are continuing to 
provide important leadership and education on home energy 
improvements. As well, local firms, companies and institutions are also 

advancing energy efficiency activities. Just recently, Hamilton Health 
Sciences received the largest retrofit incentive in Ontario for energy 
savings and was successful in partnering with the Bay Area Health Trust 
to launch 23 MW of new local electricity and heating supply. 

The above initiatives reflect the positive direction that Hamilton is 
already headed towards with regards to actively engaging the local 
community to address the reduction of energy use and mitigate the 
potential for peak oil. Some of these initiatives are already contributing 
to energy reductions. 

At the same time, the H-IEMS identified a wide range of strategies that 
can allow Hamilton to continue to move towards maximizing the 
reduction in the consumption of fossil fuels in the community.  

5.1. MOVING TO DEVELOP AN ACTION PLAN FOR 
ENERGY EFFICIENCY IN HAMILTON  

The scenarios reviewed in the H-IEMS identify a wide range of energy 
efficiency strategies for building improvements, alternative technologies 
and renewable fuels, as well as transportation. Advancing the 
implementation of the strategies will require the use of policies, 
partnerships and programs (i.e., market incentives such as grants and 
non-market incentives such as concessions). In some cases, 
partnerships and programs might be established with other levels of 
government or the private sector. In other situations, members of the 
HCEC or other community stakeholders might undertake to develop an 
initiative to advance one of the strategies evaluated. Alternatively, the 
City of Hamilton might undertake to develop a specific request for an 
exemption or additional capacity to implement a program, by-law or 
other creative policy instrument to advance energy efficiency.  

A starting place for the advancement of the identified energy efficiency 
strategies in the H-IEMS is to develop a priority action plan for energy 
efficiency. The potential starting place for the development of the 
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implementation plan could involve a review of Table 4.4 - Initial Areas of 
Focus to identify the following:  

 Things the City can do itself as a corporation and things members of 
the HCEC can do. 

As a corporation, the City can lead by example and raise interest and 
awareness to help advance change. The City is already taking the lead 
to advance with more energy efficient development and encourage the 
development of local power generation.  The City can also work with the 
province, local utilities and private sector agencies to evaluate 
innovative incentives, loan guarantees and other market based 
incentive packages that could help encourage the uptake of energy 
efficiency. 

Things the City and members of the HCEC can encourage others to 
do. 

Hamilton is often most influential and effective when it is collaborating 
with other organizations in the community. Through partnerships or by 
funding community based efforts, the City can often encourage results 
that far outstrip what could be achieved by regulation or the efforts of 
staff. In other cases, the City can be a powerful educator and a driving 
force behind the kind of communication campaigns that change 
behaviours. In other cases, the City might advocate for change to other 
levels of government. 

 Things that the City and members of the HCEC can compel others to 
do. 

The City has regulatory authority. Its Urban Official Plan reveals how 
Hamilton is already influencing land-uses and encouraging the 
application of alternative technologies and renewable energy fuels. 

This evaluation would provide clarity about whether additional 
information was required from the H-IEMS study to determine a 

particular direction of action. It would also assist with evaluating 
whether information as presented in the H-EMS should be further 
disaggregated to assist with selecting a tactful approach, such as 
identifying where best to deploy demand side management (DSM) funds 
to achieve regulated conservation targets for utilities. 

Suggested filtering criteria to aid with prioritizing actions are provided in 
Appendix H.  

Supporting  a  Priority  Action  Plan   for  Energy  Eff ic iency   in  
Hamilton.  

With the evaluation of energy use and related energy efficiency activities 
in Hamilton, several key insights and suggested next steps were 
identified by the IEMOC can help with the development of a priority 
action plan for Hamilton.  

The first insight is that energy efficiency improvements for all buildings 
offer a cost effective approach for achieving energy efficiency gains. 
Additionally, improvements to new construction should begin 
immediately to ensure that new buildings are built to the highest 
standards possible and that the costs associated with future retrofitting 
of new buildings will not be incurred. In order to accelerate market 
uptake of higher building standards for new buildings, adequate City 
staffing capacity and energy knowledge will be central. 

Next step: The establishment of a community energy planning facilitator 
would assist with the development, implementation and delivery of 
various energy management and GHG reduction actions. Specifically, 
the community energy planning facilitator could be responsible for 
moving forward the priority action plan and should be working closely 
with the HCEC.   

A potential collaborative role between the Ontario Power Authority (OPA) 
and the City of Hamilton and local utilities could be an assessment of 
support for additional capacity in terms of community energy specialists 

C 
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and how to strategically deploy demand side management funds to 
support energy efficiency across Hamilton. 

A second insight is the opportunity to draw directly from local community 
members to advance energy efficiency. There are few better ways of 
promoting the benefits of energy efficiency to the widest number of 
people than appointing local energy champions – project ambassadors 
to help advance the energy agenda to the community. Local energy 
champions do not have to be professionally involved in energy, but can 
draw from local stakeholders who are actively involved in energy issues.  

Next step: Hamilton has established a broad base of support for energy 
initiatives through the HCEC. The HCEC should be tasked with 
developing the action plan for energy efficiency in Hamilton. 

A third insight is the importance of developing a solid base of knowledge 
concerning the market uptake potential for any of the evaluated energy 
efficiency strategies and potential supportive actions. As noted in the H-
IEMS, a survey of the preferred payback period and interest in 
purchasing electrical vehicles is an important step to help better 
evaluate strategies to be deployed across Hamilton.   

Next step: HCEC is well placed to help carryout and conduct market 
assessments in the Hamilton community. The City of London and the 
City of Guelph have conducted surveys to evaluate the level of interest 
in various energy efficiency strategies and can be accessed to help 
evaluate potential questions.  

A fourth insight is that considerable effort will be required to advance 
the shifting of travel behaviour patterns across all of Hamilton to 
encourage fewer trips and greater reliance on public transit. As well, a 
high level of reliance might be placed on the use of low-emissions and 
electric vehicles. The potential for electric vehicles to serve as a strategy 
to reduce GHG emissions is dependent on the electrical infrastructure in 
Hamilton and the ability to access charging stations. 

Next step: A starting point to address the challenge of electric vehicles 
can involve undertaking an assessment of grid or transformer capacity 
limitations across Hamilton. The City of Hamilton and Horizon Utilities 
should collaborate to assess electrical infrastructure and charging 
stations. As well, the City can evaluate municipal standards for the 
installation of charging stations. 

A fifth insight is the opportunity to refine Hamilton’s local GHG inventory. 
With the support of Horizon Utilities, a more refined and accurate level 
of information is now available concerning the actual levels of energy 
use and associated GHGs for different types of building uses across 
Hamilton. Hamilton has a solid baseline of information for both GHGs 
and energy use in the City and, as part of the Vision 2020, is actively 
monitoring energy performance through the tracking of GHG emissions 
and annual household energy consumption. With the H-IEMS, additional 
indicators are now available to evaluate energy efficiency performance 
and GHG emissions. 

Next step: During the development of the H-IEMS, it was noted that 
different types of data sets and assumptions were being applied to 
evaluate energy and GHG emissions. An effort should be made by local 
utilities and the City to refine and affirm the different data sets of 
information being collected and determine the best approach for 
updating the energy maps to assist with evaluating energy performance. 
In addition, the HCEC is well placed to assist with the adoption of new 
indicators to evaluate the progress and performance of implementing 
various energy efficiency strategies in Hamilton. The current indicators 
for energy efficiency in Hamilton are limited in their ability to track major 
trends or directly aid with evaluating the implementation of energy 
efficiency strategies put forward in the H-IEMS.  
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APPENDIX A ― CITY OF HAMILTON CLIMATE 
CHANGE AND ENERGY STRATEGY WORKSHOP – 
SUMMARY REPORT 

Integrated   Energy   Mapping   of   Ontario   Communit ies  
Background25 

In May of 2009, the Canadian Urban Institute (CUI) received support 
from the Ontario Power Authority (OPA), Ontario Centres of Excellence 
(OCE), NRCan CanmetENERGY, Union Gas, and Enbridge to launch the 
Integrated Community Energy Mapping (IEMOC) initiative. IEMOC is 
designed to assist up to four Ontario communities to balance the impact 
of land-use decisions for meeting population and employment growth 
and housing objectives with energy consumption and supply concerns.  

The initiative was launched, in part, as a response to help meet the 
province of Ontario’s stated targets of reducing 6,300MW of demand 
reduction and 15,700 of new renewable energy sources, as well as a 
greenhouse gas reduction target of 6% (or 61 megatonnes relative to 
business-as-usual) below 1990’s levels by 2014 and 80% below 1990 
levels by 2050. IEMOC is directed at reducing up to 800 MW in 
electricity over a 20 year period through effective integrated land-use, 
transportation and energy planning that draws on recognized 
approaches for demand side management and local energy generation.   

The City of Hamilton along with the cities of Guelph, Barrie and London 
was selected as a host city to participate in this initiative. The goal of 
this initiative is to develop an integrated community energy strategy for 

                                                           

25 CanmetENERGY, supported by HB Lanarc, designed the first Integrated Energy Mapping 
Workshop for application and use at the FCM 2010 sustainable communities conference. The 
approach and delivery of the workshop was modified by CUI for use and application in the IEMOC 
initative.   

each participating community that uses an energy, land-use and 
transportation mapping approach. 

Summary  of  Workshop  

On May 27, 2010, the CUI hosted a workshop titled Hamilton Climate 
Change and Energy Strategy Workshop with support from the City of 
Hamilton, NRCan-CanmetENERGY, Ontario Power Authority (OPA), 
Ontario Centres of Excellence (OCE), Union Gas and Horizon.   

The workshop was attended by city staff, city councillors, local utility 
representatives, interested members of the public and other key 
stakeholders engaged in the IEMOC initiative. The session provided 
participants with an opportunity to become familiar with the concepts 
and approaches of energy mapping through an interactive full day 
workshop that effectively highlighted the importance of connecting 
energy decision-making with urban form, transportation and planning 
activities.   

Objective of the Workshop 

“Provide a hands-on, energy and carbon mapping experience to enrich 
your ability to apply some basic techniques and appreciate its power for 
managing energy and GHGs and supporting your ongoing land use, 
transportation and infrastructure priorities.” 

Simon Geraghty, Research Engineer with the CUI provided a 
presentation highlighting the IEMOC project and reviewed what energy 
mapping is and what it could do for Hamilton. To view the presentation, 
please download at: What is Energy Mapping and What Can it Do for 
Your Community.pdf 

Simulated  Energy  Mapping   for  Hamilton  
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Participants engaged in an interactive mapping activity that provided a 
hands-on energy and carbon mapping experience and allowed 
participants to apply basic mapping techniques.  

Applying  the  Sustainable  Energy  Planning  Hierarchy26 

 

 

 

 

 

 

 

 

 

 

This hierarchy has driven energy planning in many parts of Europe and 
North American leading jurisdictions. The sustainability goals address 
reduced energy expenditures, reduced dependence on non-renewable 
fossil fuel, and improved environmental performance.  The concept has 
been applied to buildings, energy supply and transportation fuels. It also 
applies to land use and transportation fuels. Low density, single use 
neighbourhoods increase transportation demand by requiring longer 
driving distances and more trips. More complete, compact 

                                                           

26 Originally developed for NRCan CanmetENERGY by HB Lanarc. 

neighbourhoods increase walking and cycling opportunities, and public 
transit viability. 

 

 

Energy  &  Emiss ion  Management  Mapping  Activ ity  
Participants were asked to consider the following energy issues and 
actions: 

• Residential Building Energy Retrofits (Look for older 
neighbourhoods within the City). Participants were asked draw 
red circles around neighbourhoods identified for a 
geographically focused residential energy retrofit program 

• Renewable Electricity Generation. Participants were asked to 
identify sites that could have the potential for low impact grid-
scale renewable electricity generation and place red dots on the 
map in those preferred areas.  

Use Renewables 
for heat, electricity 
and mechanical

Reduce Demand
conservation, efficiency, waste 

heat recovery 

Transportation Buildings

Land Use

Maximize Fossil Fuel Efficiency 
production, distribution, and consumption



Hamilton ‐ Integrated Energy Mapping Strategy 
 

56 

• Renewable Heat.  Participants were asked to identify some 
renewable heat sources and place a yellow dot on the map in 
those preferred areas. 

• District Energy. Participants were asked to consider some key 
locations and phasing growth that could support a district 
energy system.  Participants focused on key areas of new 
residential and commercial growth, new schools, new hospitals 
or new community centres for locating a district energy system. 

• Local Land Use and Transportation.  Participants were asked to 
identify the location and characteristics of growth and a 
transportation system to reduce transportation energy use and 
emissions. For example, participants were asked to identify 
areas of existing and future high density, mixed use, major 
transit stops and stations and how they connected. They were 
also asked to identify areas of future regional and local transit 
connections on the map. 

Sample  Maps   from  the  Workshop  

Workshops participants worked in small roundtable groups to apply the 
energy planning hierarchy and physically draw out and denote important 
energy actions.  The following maps highlight some conclusions from the 
session. 

 

 

Highlights, Observations and Conclusions drawn from the mapping 
activity include: 

• Opportunities for alternative energy sources include renewable 
energy (landfills and industrial parks), heat from food 
processing plants, and district energy systems. There is an 
opportunity for wind energy on the waterfront. 

• Opportunities for district energy systems, specifically at the 
hospitals and malls. 

• Retrofitting should be focused on existing buildings in the 
downtown core, both residential and office growth. 

• Food security and preserving agricultural lands should be a 
priority.  

• Fixed urban boundary, growth should be focused in the 
downtown core. 

• Future intensification should be focused along the Nodes and 
Corridors as specified in the Plan. 

• Linking high density areas with public transit (ie. Light Rail) 
should be mandatory. 
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• Light Rail Transit must be connected with Bus Rapid Transit and 
GO service. 

• Hamilton should focus on “redevelopment” of existing 
neighbourhoods and restrict growth in newer developments. 

• There are many opportunities for partnerships and 
collaborations among energy providers, industries, institutions, 
commercial sector, the City of Hamilton and the Province. 

• Fast track new developments that are “green” (building and 
urban design). 

• There are current capacity issues with the grid that are limiting 
available permits for renewables. 

• Target lower income neighbourhoods for residential building 
energy retrofits. 

• Opportunities for Deep Lake Water Cooling. The City should take 
advantage of being in close proximity to Lake Ontario. 
 

Select ing  Energy  Strategies  Parameters   for  Hamilton  

John Warren, Senior Associate with the Canadian Urban Institute and 
Senior Engineer for the project, presented on common challenges 
associated with achieving a greenhouse gas (GHG) reduction goal and 

how to begin the process of selecting an appropriate goal for different 
communities. To view the presentation, please visit: 
www.canurb.org/energymapping.   

Following the presentation, participants were asked to evaluate realistic 
energy reduction strategies associated with selecting an energy 
reduction target for the community by identifying their importance, likely 
timeframe and traction (whether they are realistic for the City of 
Hamilton).   

Overall, the following key strategies were ranked as “high” importance: 

• Intensify existing neighbourhoods (land use policies).  
• Build all new buildings to MNECB -50% energy standards. 
• Retrofit all existing buildings to consume 10% less energy within 

5 years. 
• Retrofit all existing buildings to consume 25% less energy within 

10 years. 
• Focus on District Energy as the primary alternative energy 

source within 10 years. 
• Light Rail Transit should be the primary source of transit. 
• Increased bike lanes to help reduce the modal split. 
• Focus on improved TDM strategies. 

 
Overall, the following strategies were ranked as “medium” importance: 

• solar hot water. 
• solar air (heat). 
• Geoexchange. 
• energy from municipal solid waste (although half of the groups 

indicated that this energy source is not realistic for Hamilton). 
 

The ranking approach provided key insights for helping to determine the 
various future scenario inputs to be evaluated for the City of Hamilton 
energy mapping model. Some considerations for each scenario already 
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being considered by the CUI team and what is needed to achieve them 
include: 

Business as Usual: 

• Existing buildings – no change 
• New construction – MNECB -25% 
• City’s transportation model run – BRT  
• Fleet breakdown – based on vehicle survey approx 95% 

gasoline fueled personal vehicles, 5% diesel, diesel local buses, 
diesel GO buses and trains 
 

High Efficiency: 

• Existing buildings – 10% improvement over existing 
• New construction – MNECB -50% 
• City’s transportation model run – LRT Fleet breakdown – 

average of Case 1 and Case 3 
 

Ultra High Efficiency: 

• Existing buildings – 25% improvement over existing 
• New construction – maximum feasible 
• City’s transportation model run – LRT plus additional modal 

shifts, trip length reduction, trip generation reduction  
• Fleet breakdown – maximum uptake of electric vehicles based 

on SENES calculations of grid availability, hybrids for remaining 
fleet, electric or biomass local buses, electric GO 
 

Finally, participants were asked to identify a realistic community GHG 
reduction goal. The results varied ranging from a 25% reduction goal 
from 2005 levels by 2020 to a 90% reduction goal from 2005 levels by 
2050. Most participants agreed that the most important issue was 
reducing reliance of fossil fuels to reduce GHG emissions for Hamilton. 

What should Hamilton strive for? Please identify as a group, what goal is 
achievable for Hamilton. 

 

 

 

  

 

GOAL:    ________% 

 

Reference Year:  _________ 
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APPENDIX B ― BUILDING & TRANSPORTATION 
ENERGY EFFICIENCY AND ALTERNATIVE 
TECHNOLOGIES AND RENEWABLE FUEL 
METHODOLOGY  

The energy mapping process uses various data sets and energy models 
to accurately map the energy and GHG emissions associated with all 
buildings, industry, and transportation activities across an entire City.  
Energy maps and analysis are created and carried-out for both the 
present-day and for the future employment growth, population growth, 
and subsequent land-use development that is expected to occur 
between today and the year 2031, according to the City’s Official Plan. 

The mapping process also calculates the energy, GHG emissions, and 
costs associated with future development assuming alternative 
approaches to building construction and transportation practices are 
implemented.  Three different scenarios are modeled and compared: a 
“Business as Usual” scenario –which assumes conventional practices, a 
“High-Efficiency” scenario –which assumes a medium increase in energy 
efficiency approaches, and an “Ultra-High-Efficiency” scenario –which 
assumes a maximum increase in  energy-efficiency approaches.   

In addition to analyzing the three different energy-efficient growth 
scenarios, various “Best Available Technologies” (BATs) such as wind 
power, passive solar heating, solar hot water, photovoltaics, etc., are 
analyzed and modeled for their potential to realize even more energy 
and GHG savings.  The different scenarios and the different BATs, are 
compared on the basis of upfront capital cost investment, energy cost 
savings, technology payback periods and return on investment, energy 
savings potential, and GHG saving potential.  

The outputs of the energy model –energy, costs, and GHGs, of the 
different scenarios and BAT options –are used to inform policy 

directions and decisions that are intended to reduce energy and GHG 
emissions for the entire City.  The process can also be used to provide 
insight into the most cost effective ways of achieving a community 
energy reduction and/or GHG reduction goal. 

Energy Mapping Process  

The energy mapping process can be divided into the six sections and 
subsections below:   

Buildings 
‐ Baseline Analysis (present-day) 
‐ Future Growth Analysis 

o Scenario 1) Business as Usual 
o Scenario 2) High-Efficiency 
o Scenario 3) Ultra-High-Efficiency 

Alternative Energy Generation Technologies 
‐ Wind Power 
‐ Solar Hot Water 
‐ Photovoltaics 
‐ Etc. 

Transportation 
‐ Baseline Analysis (present-day) 
‐ Future Growth Analysis 

o Scenario 1) Business as Usual 
o Scenario 2) High-Efficiency 
o Scenario 3) Ultra-High-Efficiency 

Financial Analysis 
‐ Capital Cost Investment 
‐ Energy Cost Savings 
‐ Return on Investment 
‐ Payback Period 
‐ Energy Price Sensitivity (i.e., potential increases in future energy 

prices) 
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Energy Maps 
‐ A variety of maps that reflect the different buildings, 

transportation, BATs, present day, and future scenarios can be 
produced. 
 

Report and Dissemination 
‐ Results 
‐ Facts and Figures 
‐ Policy Recommendations 
‐ Next Steps 

Buildings 

Baseline Analysis 

The first step of the baseline analysis consists of obtaining data sets 
that contain information about present-day energy consumption, 
building area, and building location, and then matching these different 
data sets together via a common link (e.g., street address) or by using 
building science energy models.  These data sets include GIS parcel files 
–which is a digital map file that describes the size shape and location of 
each parcel (property) within the City; the Municipal Assessment Roll –
which contains information about the building footprint, structure code, 
property code, and year of construction; electricity consumption data –
which was provided as an annual total for the baseline study year for 
most individual buildings within the city; and natural gas consumption 
data –which was provided as an annual total for the baseline study year 
for each FSA (forward Sortation area). By matching these data together 
to the GIS parcel file, the energy consumption for each building in the 
city can be shown spatially on a map.  The data sets that are used for 
the baseline analysis, what they contain and who they were provided by 
is shown in Table A1 below. 

The first step in the process is to sort and clean the assessment roll 
data set so that it can be matched to the GIS parcel file.  Sorting the 
assessment roll building space data entailed grouping all of the different 

structure types on the assessment roll (approximately 185) into nine 
structure archetype categories.  The nine structure archetype categories 
that were used are: residential low density (single family), residential 
medium density (row and townhouses), residential high density 
(apartment/condominium high rises), commercial office, commercial 
retail, low intensity institutional, high intensity institutional, industrial & 
agriculture, and heavy industrial.   

Cleaning the assessment roll data set entailed consolidating multiple 
data entries represented by a single GIS parcel, into a single unique 
data entry for each single GIS parcel.  Sometimes multiple data entries 
represented by the same parcel described different structure types that 
were built at different times.  When these multiple entries needed to be 
consolidate into a single homogenous entry, the two most dominant 
structure types were chosen to represent all of the structures on a single 
given parcel.   

Cleaning the assessment roll data set also entailed removing building 
space that was not considered to consume energy.   

Once the building space for each parcel is identified as one of the nine 
building arch-types and the non-energy consuming building space is 
removed, each unique data entry on the assessment roll is matched to a 
single unique parcel on the GIS parcel file via a common unique 
identifier –that both data-sets contain– in the form of a “roll number” or 
“property number.”   

Once the building space data has been matched to the GIS parcel file, 
the energy data can be matched to the GIS parcel file using the building 
space as an input into building science energy models.  The energy data 
sets were provided to the CUI by the local utilities.  For electricity, the 
data was provided from Horizon Utilities on an individual building basis 
and from Hydro One on a FSA (Forward Sortation Code) basis.  For 
natural gas, the data was provided on a FSA basis as well.  To match the 
energy data to the parcel fabric, building science energy models were 
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used to inform, aggregate, and disaggregate the three different energy 
data sets and match the data to each parcel on the GIS file.  The 
building science model that was used is: Natural Resources Canada’s 
Office of Energy Efficiency Screening Tool for New Building Design. The 
Screening Tool for New Building Design was used to model each of the 
building archetypes.  The energy data and energy models are used to 
inform and calculate an Energy Intensity Factor (EIF) which is a metric in 
the form of energy per unit area (i.e., gigajoule per meter squared 
[GJ/m2]) that describes the amount of energy a certain type of building 
space is expected to consume.  An EIF is calculated for each building 
archetype and is multiplied by the building space of each structure, to 
determine the total amount of energy consumed by on the GIS parcel 
file.  Additional EIFs that assume energy improvements in the form of 
building retrofits are also calculated at this time and are used in the 
Future Growth Analysis segment of the energy mapping process. 

Once all the assessment roll, energy and GIS parcel data has been 
matched, the baseline energy map can be produced. 

 

 

 

 

 

 

 

 

 

 

Table A1 Baseline Data Sets 

Data Set Provided By Year Contains Common Link 
GIS Parcel 
Fabric (digital 
mapping file) 

City of 
Hamilton 

TBC Parcel 
(property) 
boundary, 
size, shape 
and parcel 
location 
within City 

Unique 
identifier for 
each building 
(roll number) 

Municipal 
Assessment Roll 

City of 
Hamilton 

TBC Street 
address, 
building 
footprint, 
structure 
code, 
property 
code, year of 
construction 

Unique 
identifier for 
each building 
(roll number) 

Electricity 
Consumption 

Horizon, 
Hydro One 

TBC Electricity 
consumption 
data for each 
building by 
Horizon/ FSA 
for Hydro One 

Street 
Address/ FSA 

Natural Gas 
Consumption 

Union Gas TBC Natural gas 
consumption 
data for each 
FSA i.e., the 
three digits of 
the postal 
code 

FSA 

Future Growth Scenarios 

The future growth scenario analysis entails using the Growth Plan, 
additional official growth documents, and other growth assumptions 
developed in coordination with City staff, to determine where, how 
much, and what type of development is expected to occur between 
today and the year 2031.  To predict the amount of energy that will be in 
demand in the future, metrics such as population growth and job growth 
are converted into building space growth, and then energy building-
science models are used to model the energy demand that will be in 
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demand for the new building space growth.  The same building science 
model that was used for the baseline analysis –NRCan’s Screening Tool 
for New Building Design– was used to model the future growth 
scenarios as well.   

To facilitate this, all future buildings were categorized into one of nine 
building archetypes.  The building types and their descriptions are listed 
in table A2 below.  

 

Table A2 Building Archetypes and Descriptions 

Land‐Use  Building Typology  Definition  Average Unit Size / Factor 
(residential buildings include 

basements and common areas)  
 

Total Existing Floor Space 
(m2) 

Residential  Residential Low  Detached  or  semi‐detached 
dwellings from 1‐3 stories 

331 m2/unit for single family 
227 m2/unit for semi‐detached 

29,325,416 

 
Residential Medium  Row/town  houses,  multiplex 

and walk‐up apartment 
208 m2/unit for row housing  4,759,129 

 
Residential High  Medium/high  rise  apartment, 

more than six units 
121 m2/unit  4,364,310 

Commercial/ Retail  Commercial Office  Office development of all sizes  3.25 m2/employee  2,463,001 

 
Commercial Retail  Single  story  individual  retail 

unit 
3.14 m2/capita  489,022 

Institutional  Low Intensity Institutional  Institutional buildings with  low 
energy  and  water  uses  (e.g., 
elementary and high schools) 

3.61 m2/capita  1,751,575 

 
High Intensity Institutional  Institutional buildings with very 

high  energy  and  water  uses 
(e.g., hospitals, ice rinks etc.) 

0.43 m2/capita  1,330,342 

Industrial  Industrial & agricultural  Mixed  warehousing, 
manufacturing and farming 

N/A  5,519,504 

  Heavy Industrial  Steel sector  N/A  850,543 

To calculate the building floor space associated with future 
development, the CUI used data from a City prepared spreadsheet that 
had divided all future population, residential building units, and 
employment growth into each transportation traffic zone.  The CUI 
multiplied out the numbers of residential units, population, and jobs by a 
variety of factors to calculate the total future floor space for each 
building archetype; these factors are shown in table A2.  The following 
factors were calculated using existing data from the assessment roll: 
average unit size for single family dwellings, semi-detached dwellings, 

and apartments, and factors for institutional low and institutional high 
buildings.  The factor for the commercial retail buildings was obtained 
from Characteristics of Hamilton's Retail Sector 2005 report.  The factor 
for the commercial office buildings was an assumption that was 
obtained directly from the City.  The total amount of building space for 
commercial office buildings and industrial buildings in the employment 
lands was obtained from the Airport Employment Growth District report.    
These analysis and reports are undertaken by third-party consultants 
who specialize in future land-use planning.  Generic data that is used to 
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inform this analysis include existing building space data, census data 
and provincial employment and population growth targets.  Using all of 
these variables and factors, the total future building space was 
calculated.  

Three different future growth energy efficiency cases –Business as 
Usual (BAU), Building High Efficiency (BHE), and Ultra High Efficiency 
(UHE) –are modeled and compared.  The different energy efficiency 
scenarios assume different building practices for new construction and 
for retrofitting existing buildings.  The baseline for building construction 
practices was chosen to be 25% more efficient than the Model National 
Energy Code for Buildings (MNECB).  This was chosen for the Business 
as Usual Scenario because this is what the province expects to 
implement as the new Ontario Building Code standard in 2012.  The 
higher energy efficiency scenarios assumed building practices that are 
more efficient than the business as usual case.  The definition of each 
building scenario for both existing and new buildings is shown in Table 
A3 below.  

Table A3 Energy Efficiency Scenario Descriptions 

Cases Improvement Levels Explored 
Building Business As Usual ( B-BAU) 
Existing Buildings No retrofit 

New Buildings All new buildings built to OBC 2012 (MNECB minus 
25%) 

Building High Efficiency (B-HE) 
Existing Buildings Retrofit all existing buildings in Hamilton to 

consume 10% less energy than the business as 
usual Case 

New Buildings All new buildings built to  MNECB minus 50% 

Building Ultra-High Efficiency (B-UHE) 
Existing Buildings Retrofit all existing buildings to consume 25% less 

energy than the business as usual Case 
New Buildings All new buildings built to maximum practical energy 

efficiency (MNECB 50-56%) 
Source: IEMOC Study Standard Efficiency Cases 
 

Energy Building-Science Models  

To calculate how much energy each building archetype consumes, a 
building-science energy model is created for each building archetype, for 
each energy efficiency scenario.  This means that 9 (building types) x 3 
(efficiency scenarios). For each building archetype, these models 
calculate an energy intensity factor (EIF) which describes how much 
energy –in the form of gigajoules (GJ) –each building consumes on a 
square meter basis – (GJ/m2).   This factor is then multiplied out by the 
total area (m2) of the each building to determine the total energy (GJ) 
consumed by the building. 

For the baseline analysis, energy models and EIFs were used to 
disaggregate the natural gas data down from an FSA level to an 
individual level, and were used to inform and check the electricity data 
that was already provided at an individual building level. 

For the future analysis, EIFs were used to calculate the energy 
consumed by all of the future growth that is expected to occur between 
today and 2031.  All the future EIFs were based on the Model National 
Energy Code for Buildings (MNECB) definitions for each Scenario 
provided in Table A3.  The energy consumption for all future building 
archetypes was modeled by Enermodal for the CUI using Natural 
Resources Canada’s (NRCan) Screening Tool for New Building Design. 
http://screen.nrcan.gc.ca. The NRCan Screening Tool was used for 
single family, duplex, and row housing, even though these building types 
are not included in the model.  The “multi-unit residential building” was 
used instead, and the input parameters were chosen to reflect the 
single family, duplex, and row housing building types.  Future refinement 
of the IEMMFA process will involve the use of more detailed building 
science models e.g., HOT2000. 

In general the following building parameters were adjusted to determine 
the various EIFs for the various building archetypes and various future 
growth energy-efficiency scenarios: 
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• Window to Wall Ratio 
• Heating, Ventilation, and Air Conditioning System Type 
• Window Insulating Value 
• Cooling Efficiency 
• Heating Efficiency 
• Heating Plant Type 
• Lighting Power Density 
• Lighting Controls 
• Wall Insulating Value 
• Roof Insulating Value 
• Heat Recovery System Efficiency (if present) 
• Domestic Hot Water Efficiency 
• Low-flow Water Fixture Water Savings 

 

When modeling the EIFs for Scenario 2 (High-Efficiency) and Scenario 3 
(Ultra-High-Efficiency), the above building parameters were varied to 
achieve a specific energy target that is comparable to the Model 
National Energy Code for Buildings (MNECB minus 50% for High-
Efficiency and MNECB 50-56% for Ultra-High-Efficiency).  When 
modifying these variables to achieve these targets, the most economical 
(quickest payback) building practices were implemented first until the 
target energy levels were achieved.  Since energy improvements were 
selected based on their economic performance, changes to the EIFs are 
not equally applied to both natural gas and electricity. 

To calculate the total energy consumed for each Scenario, the 
appropriate EIF was multiplied by the total floor space of each building 
archetype.  The total amount of energy for all of the building types were 
summed to get the total amount of energy required for the City. 

Greenhouse Gas Emissions (GHGs) 

GHG emissions were calculated for all buildings in the baseline and 
future growth scenarios using a GHG coefficient.  A GHG coefficient is a 
factor that takes into consideration the GHGs associated with a specific 

energy generation process and can be multiplied out by the total 
amount of energy to determine the total amount of GHGs associated 
with that process.   A GHG coefficient in the form of the metric [tones 
CO2e / GJ],  was modeled for the two types of energy generation 
processes in the City of Hamilton –electricity via the Ontario Power Grid, 
and natural gas used for space heating purposes –and was calculated 
using data provided by the Ontario Power Authority (OPA).  The OPA 
proposes significant changes to the fuel inputs into the Ontario Power 
Grid are proposed by 2031 and therefore the GHG coefficients for the 
future electricity were based on the proposed revised grid generation 
mix.  The GHG coefficients for the different energy types are shown in 
table A4 below.  For natural gas the GHG coefficient assumed that the 
natural gas is consumed using a boiler efficiency of 100%.  Differing 
real-world boiler efficiencies were incorporated into the building-science 
EIF calculations.  

Table A4 GHG Coefficients 

Present Day/ Future Energy Type GHG Coefficient 
(tones C02e/GJ) 

Baseline Analysis Electricity 0.0654 
 Natural Gas 0.0561 
Future Analysis Electricity 0.0077 
 Natural Gas (same as 

present day) 
0.0561 

 

Alternative Energy Generation Technologies 

In order to further reduce energy consumption and GHG emissions in 
the future, various alternative energy generation technologies were 
modeled and can be applied to any future growth efficiency scenario.  
The various technologies were modeled using NRCan’s RETScreen Clean 
Energy Project Analysis Software including: 

• Solar Air 
• GeoExchange 
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• Solar Hot Water 
• District Energy  
• Photovoltaic  
• Biomass  
• Wind Power 

 
Alternative energy generation technologies were selected based on 
three criteria: 

1) The technology or fuel source had to be proven over time. 
2) Applicability to Hamilton’s land use. 
3) Potential compliance with Ontario’s Feed in Tariff (FIT) Program. 

Metrics were modeled for each alternative technology and renewable 
fuel source included: 

• Installation cost  [$/GJ]  
• Operating Cost [$/GJ/yr] 
• CO2 Emissions [kg/GJ/yr] 
• Maximum applicability to the Hamilton built form [%] 
• Maximum applicability to displace conventional building energy 

generation [%] 
• Revenues from sale of energy including Feed in Tariffs (where 

applicable) 
 

From these factors, the total amount of conventional energy that could 
be displaced by each technology was calculated, as well as their GHG 
reduction potential, upfront capital costs, energy cost savings, and 
payback periods were determined.  A useful metric for comparing each 
technology was derived in the form of [cost/tonne GHG reduction], 
where cost is given in terms of 10% capital cost + annual operating cost.  
This metric was used to create a hierarchy among the various 
alternative technologies.  A second evaluation was also performed using 
cost sensitivity analysis. This involved applying a discounted internal 
rate of return metric. The most cost effective technology (evaluated 
against cost/tonne or IRR) was applied to maximize its energy 

displacement relative to the scenario evaluated, and then the next most 
cost effective alternative technology was identified to maximize its 
energy displacement second, and so on.  All calculations were carried 
out using current energy prices and no carbon tax was assumed to 
influence the cost calculations.  If a carbon tax is incorporated into these 
costs, the economics and payback periods of each technology would 
improve.  

The application of each technology to achieving either electricity 
displacement or natural gas displacement was also evaluated for each 
technology. Not all technologies can be 100% applied to meet an energy 
demand due to limitations, such as the structural capacity, access to a 
fuel source, the limitation of the capacity itself etc. Conservative 
estimates on the application of each technology and fuel source were 
made. Table A5 provides the overview of the displacement potential for 
each technology evaluated: 

Table A5 
Technology or 
Fuel Source 

Energy Type 
Heat/ Electricity 

Maximum 
Energy 
Displacement 
% 

Application limitation/ 
Assumptions 

Geoexchange  Heat/Cooling 95% All building types 

Solar  Hot 
Water 

Heat  80% 
All buildings for 
domestic hot water 
only 

Solar Air  Heat 20% Industrial buildings 

District Energy 
Heat + 

Electricity 
4% 

All building types 

Biomass  Electricity 20% Limited fuel access 
Photovoltaic  ‐ 
small scale 

Electricity  30% 
Limited roof-top 
access 

Photovoltaic  ‐ 
ground‐
mounted 

Electricity  30% 
Limitations on needed 
acreage and access 
to grid 

Wind ‐ small   Electricity 40% Limited locations 
Wind  ‐  large 
scale 

Electricity  40% 
Limited locations 
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Transportation 

The approach to the transportation analysis was similar to the approach 
taken for the buildings analysis –a present-day baseline scenario was 
established first, and then three energy efficient scenarios, business as 
usual, high-efficiency, and ultra-high efficiency, were modeled for the 
future.  However, different data sets, and different models were used for 
buildings than for transportation.  

Baseline Analysis 

Base case transportation data was obtained from existing Hamilton 
Transportation studies.  

The Transportation Tomorrow Survey (TTS) data, which includes 
information regarding walking and cycling trips, and the EMME/2 model, 
which models personal vehicle and transit trips, were used to determine 
the total transportation trips taken by Hamilton residents for: 

• Private vehicles within Hamilton 
• Private vehicles to/from Waterloo, Toronto, Wellington, other 

regions (York, Peel, Hamilton, Hamilton). 
• Public Transit 
• Bicycle Trips 
• Walking Trips 

No data was analyzed for trips inside Hamilton that were made by non-
Hamilton residents.  Also, no data was analyzed for large vehicle goods 
movement, because no substantive data was available for such trips.  
Trips made by Hamilton via GO buses and GO trains were estimated 
using boarding data received from GO Transit staff. 

Energy and Greenhouse Gas Emissions 

Existing transportation other than bicycle and walking is generally 
powered by gasoline, diesel, or biodiesel fuels. For the existing scenario, 

GHG coefficients and average vehicle fuel efficiencies were applied to 
the various vehicle modes (e.g., private vehicle, bus, trains, etc.).  From 
this information, total energy use and GHG emissions for all 
transportation in Hamilton were calculated.   

For future scenarios, different mixes of vehicles were considered 
including electric and hybrid vehicles and electric trains. GHG 
calculations were based on the projected vehicle mix for different 
efficiency scenarios and based on the future Ontario power grid fuel mix. 
Because the future Ontario power grid will consume a lower proportion 
of fossil fuels than the current grid, GHG factors decline for electric 
vehicles in 2031 compared with the current situation.  Using these 
assumptions for the future transportation Scenarios, total energy and 
GHG emissions were calculated for the Future Energy Efficiency 
Scenarios. 

Vehicle Mix 

The Vehicle mix assumed for the scenarios analyzed are shown in table 
A6:  Table A6 Vehicle Efficiency Scenarios 

Scenar io  Vehicle Efficiency Scenarios 
Business as Usual • Vehicle efficiencies are assumed to improve by 2031 

as identified  in Appendix C  
• Vehicle breakdown is assumed equivalent to existing 

High Efficiency • Vehicle efficiencies are assumed to improve by 2031 
as identified  in Appendix C  

• Vehicle breakdown percentages are averaged 
between Case I and Case III 

Ultra High 
Efficiency 

• Vehicle efficiencies are assumed to improve by 2031 
as identified  in Appendix C  

• Share of electric vehicles is maximized according to 
estimate of available surplus off peak electric power 
to charge vehicles, based on Hamilton being allocated 
off peak power proportional to its population. This 
results in 21% of the fleet consisting of  electric 
powered vehicles and plug in hybrid vehicles. 

• Hybrid electric vehicles have been assumed to 
contribute to remaining vehicle demand. 
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Modal Split and Trip Length 

Modal split refers to the share of trips made by different modes of 
travel.  As travel modes shift to zero CO2 modes; such as walking, 
bicycling, or public transportation; the total energy and emissions for a 
given distance traveled can be reduced.  In addition, if trip lengths can 
be reduced then further energy use and emissions reductions can be 
achieved. The modal split and trip reduction assumptions for the 
different scenarios are shown in Table A7 below: 

Table A7 Transportation Demand Scenarios 

Scenar io  Transportation Demand Scenarios 
Business as Usual • Transit, cycling and walking modal shares 

equivalent to existing 
• Average trip length equivalent to existing 
• Number of trips equivalent to existing 

High Efficiency • Transit, cycling and walking trip per capita increase 
of 50% each 

• Average trip length reduction of 5% 
• Reduction in number of trips by 5% 

Ultra High Efficiency • Transit, cycling and walking trip per capita increase 
of 100% each 

• Average trip length reduction of 10% 
• Reduction in number of trips by 10% 

The variables considered in the assessment of the different energy 
efficiency scenarios were: Mode of trip generation, Vehicle Mix, and 
Modal Split.  When these variables are changed for a given total trip 
length by all users, energy use and CO2 emissions will change.  Also, 
changes in the Ontario power grid will affect the amount of CO2 emitted 
for a given amount of electricity consumption, and this variable was also 
taken into consideration.  

Financial and Job Analysis 

For each building, transportation, alternative energy generation 
technology, baseline, and future growth scenario, a financial analysis 
was performed.  This analysis took into consideration the upfront capital 

cost investment, energy cost savings, return on investment, and 
payback period associated with implementing each energy efficient 
building practice, energy generation technology, and transportation 
alternative.  This provided a common ground for comparing the different 
energy efficiency and renewable technology options.  The analysis also 
accounted for potential increases in future energy prices, and how these 
affect and improve the economics of each option. 

Specifically, economic feasibility for the IEMOC study was evaluated on 
the basis of the investment’s Internal Rate of Return (IRR), which is 
the discount rate that makes the net present value of all cash flows for a 
particular project equal to zero.27 Generally speaking, the higher a 
project's internal rate of return, the more desirable it is to undertake the 
project. The discount rate for any individual firm will depend on the 
firm’s weighted average cost of capital. For a public agency or 
municipality, the discount rate is equal or close to the risk free long-term 
bond rate, although in some cases the provincial or federal government 
may specify a particular rate. Rates for recently issued (late 2010) long-
term Government of Ontario bonds are 5.2% (20 year term) and 4.65% 
(for 30 year term).  Yields for Ontario long-term bonds are in the range of 
4.1% to 4.43% while yields on long-term Hydro One bonds are 4.95%. 
Given the historically low interest rates now occurring, a more 
conservative discount rate of 6% is recommended (conservative in the 
sense that a higher rate will put more weight on investment capital). 
Given the accuracy of cost and energy price forecasts, any project at 
least in the 4% to 8% IRR range should be considered worthy of further 
investigation; projects with IRRs higher than 8% should be considered 
economically feasible. 

                                                           

27 For a more detailed description see: 
http://www.investopedia.com/terms/i/irr.asp 
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A sensitivity analysis was also performed that varied the price of 
electricity from the assumed 2% annual increase to 5% and then 10%.  

Finally, investment feasibility in practical terms was measured by 
calculating the payback period, which is a simple measure using 
undiscounted cash flows to determine the number of years it would take 
to recoup the investment. There is no “maximum” payback period and a 
survey of local homeowner attitudes would be required to identify the 
payback period that would be considered too long. For the purposes of 
this report, it is assumed that a payback of less than 7 years is probably 
necessary to attract building owners who are considering energy 
efficiency improvements. 

Job creation was measured by: 

•       Disaggregating estimated capital expenditures over the life of 
the a project (20 years) into specific industries;  

•       Applying Statistics Canada employment multipliers for specific 
industries in Ontario to the estimated capital expenditures for 
each scenario; 

•       The results - in person-years of employment – were then 
converted into net “full time jobs”, (defined as one job position 
extending for a 25 year period; this job position may be 
occupied by different people over the life of the job position); 
the term ‘net” is used to note that declining investment in 
Business as Usual practices will result in some lost full time 
jobs in the energy production and transmission sectors and that 
this job loss was taken into account. 

Energy Maps 

A variety of energy maps were produced as part of the process.  
Different maps were produced at different energy resolutions, which 
were determined by the resolution of the data set.  For example, the 

baseline map shows the total energy use at the individual building 
property level, whereas the transportation maps show the energy use at 
the transportation zone level, which typically includes several city blocks.  
All future development scenarios –for both buildings and transportation 
–were produced at the transportation zone level, because both data 
sets could only be provided by the City at a transportation level 
resolution.  All energy data was represented on the maps in the form of 
energy density using the metric GJ/ha.  Energy density if similar to 
population and employment density in the way that it shows the total 
energy used by all buildings or all transportation activities on a given 
acreage of land.  Table A8 shows the list of maps that were produced, 
and their energy resolutions levels. 

Table A8 Energy Map Descriptions 

Map Number Buildings/ 
Transportation 

Growth Scenario Map Resolution 

1 Buildings Energy 
Density 2008 

Baseline Parcel level 

2 Buildings Energy 
Density “Trend 
Map” 2008 

Baseline Rasterized 
(blended) parcel 
level 

3 Buildings Energy 
Density 2031 

Business-as-
Usual 

Transportation 
zone level 

4 Buildings Energy 
Density 2031 

Ultra-High-
Efficiency 

Transportation 
zone level 

5 Transportation 
Energy Density 
2031 

Baseline Transportation 
zone level 

6 Transportation 
Energy Density 
2031 

Business-as-
Usual 

Transportation 
zone level 

7 Transportation 
Energy Density 
2031 

Ultra-High-
Efficiency 

Transportation 
zone level 

 

 

 



    Hamilton ‐ Integrated Energy Mapping Strategy 
 
   

    69 
   

Report and Dissemination 

All relevant and insightful metrics, factors, trends, and analyses were 
produced in report form to communicate the rationale, methodology, 
limitations, and results of this analysis. 
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APPENDIX C ― INCORPORATING BUILDING 
IMPROVEMENTS FOR HAMILTON 

There are a number of different standards and rating systems in use for 
buildings and energy using equipment in Canada. Whole building rating 
systems (WBRS) can serve as both a guideline and as a certification 

process for sustainable building requirements. WBRS are generally 
delivered by a reputable third-party provider who can undertake to offer 
a developer, owner or operator with an independent verification of the 
sustainable approach and features used in a building. Table 1 below 
provides an overview of the common WBRS used in Canada today for 
residential buildings of all sizes of commercial, intuitional and civic 
buildings.  

Table 1 Whole Building Rating Systems in Use in Canada 

Whole Building Rating Systems Certification Process Rating Levels 

Leader in Energy & Environmental 
Design (LEED®) 

LEED Canada for new construction and major renovations contains prerequisites and credits in five 
categories: sustainable sites, water efficiency, energy and atmosphere, material and resources and 
indoor environmental quality and innovation and design and is typically applied to non-residential new 
development. 

LEED Platinum 52-70  
LEED Gold 39-51 
LEED Silver  33 – 38 
LEED Certified 26-32 
Points are earned, out of 70, to fulfill each credit. 

BOMA Building Environmental 
Standards (BESt) 

BOMA BESt certification promotes environmental performance in existing office buildings, shopping 
centres, open air retail and light industrial properties. BOMA BESt’s best practices guidelines address 
6 areas of building operation: energy use, water use, waste reduction, emissions and effluents, indoor 
environment and environmental management systems. 
ABOMA BESt module for Multiunit Residential Buildings is expected to be realized by the end of 2010 
and a rating system for new construction is expected to be established in 2011. 

Properties meeting all requirements receive Go Green 
Certification.Level 1 – meet all of the MOCA Go Green 
best practices 
Level 2 – score 70-79% on GO Green Plus assessment 
Level 3 – score 80-89% 
Level 4 – score over 90% 

Built Green™ Built Green™ evaluates the following sustainable features: operational systems, building materials, 
exterior and interior finishes, indoor air quality, ventilation, waste management, water conservation 
and business practices. Total point score is out of 120 and all buildings are rated using the EnerGuide 
for houses program.  

Platinum 82 points  
Gold 77 points 
Silver 75 points 
Bronze 72 points 

ENERGY STAR® Improve energy efficiency in homes in the area of heating and cooling systems, ducts, windows, walls, 
ceilings and ventilation. 

Homes built approximately 25% more efficient than 
those built to minimum provincial building codes. 

EnerGuide EnerGuide provides no standards or certification levels; it is strictly a rating of a home’s energy use.  The rating scale is from 1 to 100, with an average home 
having an EnergyGuide rating of 58-68, while new 
homes range from 71-76. 

 

Tables 2 and 3 provide a breakdown of the relevant WBRS applicable to 
each energy efficiency case improvement prepared for the City of 
Hamilton.  The remaining Tables 4-8 identify the specific building 
improvements that are required to achieve the modelled level of energy 
performance for ease Case developed for the IEMS. 
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Table 2 Whole Building Rating System Equivalents for New Buildings 

Cases Building Type Program Equivalent 
Case I 
(25% better than MNECB) 

Residential Low Pre and Post 1940 EnerGuide 76, LEED for Homes Prerequisite (Prereq is Energuide 76), Built Green Silver 
Residential Medium EnerGuide 76, Built Green Silver, LEED Prerequisite, Green Globes – 50 Energy pts 
Residential High LEED Prerequisite, Green Globes – 50 Energy pts, Built Green Silver 
Commercial Office LEED Prerequisite, Green Globes – 50 Energy pts 
Commercial Retail LEED Prerequisite, Green Globes – 50 Energy pts 
Low Intensity Institutional LEED Prerequisite, Green Globes – 50 Energy pts 
High Intensity Institutional LEED Prerequisite, Green Globes – 50 Energy pts 
Industrial LEED Prerequisite, Green Globes – 50 Energy pts 

 
Case II 
(50% better than MNECB) 

Residential Low EnerGuide 85, LEED for Homes - 17 EAc1 Points, Built Green Gold 
Residential Medium Energuide 85, Built Green Gold, LEED for Homes - 17 EAc1 Points 
Residential High Energuide 77, Built Green Gold, LEED 2009 - 10 EAc1 Points, Green Globes – 100 Energy 

pts, Built Green Gold 
Commercial Office LEED 2009 - 10 EAc1 Points, Green Globes – 100 Energy pts 
Commercial Retail LEED 2009 - 10 EAc1 Points, Green Globes – 100 Energy pts 
Low Intensity Institutional LEED 2009 - 10 EAc1 Points, Green Globes – 100 Energy pts 
High Intensity Institutional LEED 2009 - 10 EAc1 Points, Green Globes – 100 Energy pts 
Industrial LEED 2009 - 10 EAc1 Points, Green Globes – 100 Energy pts 

 
Case III 
(50-56% better than MNECB) 

Residential Low EnerGuide 85, LEED for Homes, Built Green Platinum 
Residential Medium Energuide 85, LEED for Homes, Built Green Platinum 
Residential High Energuide 85, LEED 2009 – 10 EAc1 Points, Green Globes – 100 Energy pts, Built Green 

Platinum 
Commercial Office LEED 2009 -  11 to 14 EAc1 Points, Green Globes – 100 Energy pts 

Commercial Retail LEED 2009 -  11 to 14 EAc1 Points, Green Globes – 100 Energy pts 
Low Intensity Institutional LEED 2009 - 10 EAc1 Points, Green Globes – 100 Energy pts 
High Intensity Institutional LEED 2009 -  11 to 14 EAc1 Points, Green Globes – 100 Energy pts 
Industrial LEED 2009 -  11 to 14 EAc1 Points, Green Globes – 100 Energy pts 
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Table 3 Whole Building Rating System Equivalents for Retrofitting Buildings 

Cases Building Type Program Equivalent 
Case II 
(10% reduction relative to 
MNECB) 

Residential Low Pre and Post 1940 EnerGuide 55 
Residential Medium EnerGuide 55 
Residential High Energy Star 60 
Commercial Office Energy Star 60 
Commercial Retail Energy Star 60 
Low Intensity Institutional Energy Star 60 
High Intensity Institutional Energy Star 60 
Industrial Energy Star 60 

 
Case III 
(25% reduction relative to 
MNECB) 

Residential Low Pre and Post 1940 EnerGuide 70 
Residential Medium EnerGuide 70 
Residential High Energy Star 69, LEED-EBOM Prerequisite (LEED-EBOM Prereq is Energy Star rating of 69) 
Commercial Office Energy Star 69, LEED-EBOM Prerequisite 
Commercial Retail Energy Star 69, LEED-EBOM Prerequisite 
Low Intensity Institutional Energy Star 69, LEED-EBOM Prerequisite 
High Intensity Institutional Energy Star 69, LEED-EBOM Prerequisite 
Industrial Energy Star 69, LEED-EBOM Prerequisite 



    Hamilton ‐ Integrated Energy Mapping Strategy 
 
   

    73 
   

Table 4 Case II (10% Improvement over baseline) 

 
Building Type Description of Existing Building Improvements in Comparison to Base Case  

(Case I) 

C
as

e 
II 

(1
0

%
 Im

pr
ov

em
en

t o
ve

r b
as

el
in

e)
 

Residential Low Pre 
and Post 1940 

- Upgrade vinyl windows to include low-e coating (double glazed) 
Upgrade to more efficient light bulbs 
- Upgrade to low flow plumbing fixtures 

Residential Medium - Upgrade vinyl windows to include low-e coating (double glazed) 
-Upgrade to more efficient light bulbs 
- Upgrade to low flow plumbing fixtures 

Residential High - Upgrade aluminum windows to include low-e coating, 6mm thermal break (double glazed) 
-Upgrade to more efficient light bulbs 
- Upgrade to low flow plumbing fixtures 

Commercial Office - Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade to low flow plumbing fixtures 

Commercial Retail - Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade to low flow plumbing fixtures 

Low Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade to low flow plumbing fixtures 

High Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade to low flow plumbing fixtures 

Industrial - Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of domestic water heater (85% efficiency) 
- Upgrade to low flow plumbing fixtures 
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Table 5 Case III (25% improvement over baseline)* 

 
Building Type Description of Existing Building Improvements in Comparison to Base Case  

(Case I) 

C
as

e 
III
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Residential Low 
Pre and Post 
1940 

- Upgrade vinyl windows to include low-e coating & argon gas (double glazed) 
- Upgrade to more efficient light bulbs 
- Improve efficiency of furnace to condensing (93% efficiency) 
- Improve attic roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve efficiency of domestic water heater (93% efficiency) 
- Upgrade to low flow plumbing fixtures 

Residential 
Medium 

- Upgrade vinyl windows to include low-e coating & argon gas (double glazed) 
- Upgrade to more efficient light bulbs 
- Improve efficiency of furnace to condensing (93% efficiency) 
- Improve attic roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Include heat recovery system (40% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 
- Upgrade to low flow plumbing fixtures 

Residential High - Upgrade aluminum windows to include low-e coating, 6mm thermal break (double glazed) 
-Upgrade to more efficient light bulbs 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of domestic water heater (85% efficiency) 
- Include heat recovery (40% efficiency) 
- Upgrade to low flow plumbing fixtures 

Commercial 
Office 

- Upgrade aluminum windows to include low-e coating, 6mm thermal break (double glazed) 
- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of domestic water heater (85% efficiency) 
- Include heat recovery (40% efficiency) 
- Upgrade to low flow plumbing fixtures 

Commercial 
Retail 

- Upgrade aluminum windows to include low-e coating, 6mm thermal break (double glazed) 
- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of domestic water heater (85% efficiency) 
- Include heat recovery (40% efficiency) 
- Upgrade to low flow plumbing fixtures 

Low Intensity 
Institutional 

- Upgrade aluminum windows to include low-e coating, 6mm thermal break (double glazed) 
- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of domestic water heater (85% efficiency) 
- Include heat recovery (40% efficiency) 
- Upgrade to low flow plumbing fixtures 

High Intensity 
Institutional 

- Upgrade aluminum windows to include low-e coating & 6mm thermal break (double glazed) 
- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of domestic water heater (85% efficiency) 
- Include heat recovery (40% efficiency) 
- Upgrade to low flow plumbing fixtures 

Industrial '- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Improve efficiency of boiler to condensing (93% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 
- Include heat recovery (40% efficiency) 
- Upgrade to low flow plumbing fixtures 

*Red text indicates improvements from Case II.
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Table 6 Case I (25% better than MNECB) 

 
Building Type Description of New Building Construction Improvements in Comparison to Base Case  

(Case I) 
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N
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Residential Low 
Pre and Post 
1940 

- Upgrade vinyl windows to include low-e coating (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve attic roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve efficiency of domestic water heater (90% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Improve efficiency of air conditioning unit  

Residential 
Medium 

- Upgrade vinyl windows to include low-e coating (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve attic roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve efficiency of furnace to condensing (93% efficiency)  
- Improve efficiency of domestic water heater (93% efficiency) 
- Upgrade to low flow plumbingfixtures 
- Improve efficiency of air conditioning unit  

Residential High - Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of domestic water heater (85% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Improve efficiency of air conditioning unit  

Commercial 
Office 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Upgrade to low flow plumbing fixtures 

Commercial 
Retail 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Upgrade to low flow plumbing fixtures 

Low Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of cooling system 
- Upgrade to low flow plumbing fixtures 

High Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Improve efficiency of cooling system 
- Upgrade to low flow fixtures 

Industrial - Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve efficiency of boiler to modulating (85% efficiency) 
- Upgrade to low flow plumbing fixtures 
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Table 7 Case II (50% better than MNECB)* 

 
Building Type Description of New Building Construction Improvements in Comparison to Base Case  

(Case I) 
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Residential Low 
Pre and Post 
1940 

- Upgrade vinyl windows to include triple glazed, argon gas & low-e coating 
- Improve wall insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve attic roof insulation & include the impacts of thermal bridging (R-50 insulation) 
- Improve efficiency of domestic water heater (95% efficiency) 
- Improve efficiency of furnace to condensing (96% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Improve efficiency of air conditioning unit  
- Include heat recovery system (65% efficiency) 

Residential 
Medium 

- Upgrade vinyl windows to include triple glazed, argon gas & low-e coating 
- Improve wall insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve attic roof insulation & include the impacts of thermal bridging (R-50 insulation) 
- Improve efficiency of furnace to condensing (96% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Improve efficiency of air conditioning unit  
- Include heat recovery system (65% efficiency) 

Residential High - Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve efficiency of boiler to condensing (93% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Improve efficiency of air conditioning unit  
- Include heat recovery (65% efficiency) 

Commercial 
Office 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Upgrade to low flow plumbing fixtures 
- Improve efficiency of cooling system 
- Improve efficiency of domestic water heater (93% efficiency) 
- Improve efficiency of boiler to condensing (93% efficiency) 
- Include heat recovery (75% efficiency) 

Commercial 
Retail 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Upgrade to low flow plumbing fixtures 
- Improve efficiency of cooling system 
- Improve efficiency of domestic water heater (93% efficiency) 
- Improve efficiency of boiler to condensing (93% efficiency) 
- Upgrade HVAC from CV to VAV system 
- Include heat recovery (75% efficiency) 

Low Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
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- Improve efficiency of boiler to condensing (93% efficiency) 
- Improve efficiency of cooling system 
- Upgrade to low flow fixtures 
- Include heat recovery (75% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 

High Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors 
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (double glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve efficiency of boiler to condensing (93% efficiency) 
- Improve efficiency of cooling system 
- Upgrade to low flow fixtures 
- Include heat recovery (75% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 
  

 
Industrial - Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 

- Include occupancy and daylighting sensors  
- Improve wall insulation & include the impacts of thermal bridging (R-20 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-25 insulation) 
- Improve efficiency of boiler to condensing (93% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Include heat recovery (65% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 

*Red text indicates improvements from Case I. 
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Table 8 Case III (50% - 56% better than MNECB)* 

 
Building Type Description of New Building Construction Improvements in Comparison to Base Case  

(Case I) 
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Residential Low 
Pre and Post 
1940 

Same as 50% below  MNECB, further savings could not be achieved 

Residential 
Medium 

Same as 50% below  MNECB, further savings could not be achieved 

Residential High - Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas(triple glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve efficiency of boiler to condensing (96% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Upgrade toilets to composting and add cistern 
- Improve efficiency of air conditioning unit  
- Include heat recovery (65% efficiency) 

Commercial 
Office 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (triple glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Upgrade to low flow plumbing fixtures 
- Upgrade toilets to composting and add cistern 
- Improve efficiency of cooling system 
- Improve efficiency of domestic water heater (93% efficiency) 
- Improve efficiency of boiler to condensing (96% efficiency) 
- Include heat recovery (75% efficiency) 

Commercial 
Retail 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (triple glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Upgrade to low flow plumbing fixtures 
- Upgrade toilets to composting and add cistern 
- Improve efficiency of cooling system 
- Improve efficiency of domestic water heater (93% efficiency) 
- Improve efficiency of boiler to condensing (96% efficiency) 
- Include heat recovery (75% efficiency) 

Low Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (triple glazed) 
- Improve wall insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve efficiency of boiler to condensing (96% efficiency) 
- Improve efficiency of cooling system 
- Upgrade to low flow plumbing fixtures 
- Upgrade toilets to composting and add cistern 
- Include heat recovery (75% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 

High Intensity 
Institutional 

- Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Upgrade aluminum windows to include low-e coating, 6mm thermal break, warm edge spacers and argon gas (triple glazed) 
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- Improve wall insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve efficiency of boiler to condensing (96% efficiency) 
- Improve efficiency of cooling system 
- Upgrade to low flow plumbing fixtures 
- Upgrade toilets to composting and add cistern 
- Include heat recovery (75% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 

Industrial - Upgrade to more efficient lighting fixtures. Reduce lighting power density to 25% below ASHRAE 90.1-2004 
- Include occupancy and daylighting sensors  
- Improve wall insulation & include the impacts of thermal bridging (R-30 insulation) 
- Improve roof insulation & include the impacts of thermal bridging (R-40 insulation) 
- Improve efficiency of boiler to condensing (96% efficiency) 
- Upgrade to low flow plumbing fixtures 
- Upgrade toilets to composting and add cistern 
- Include heat recovery (65% efficiency) 
- Improve efficiency of domestic water heater (93% efficiency) 

*Red text indicates improvements from Case II 
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APPENDIX D ― ALTERNATIVE TECHNOLOGIES 
AND RENEWABLE FUELS EVALUATED FOR 
HAMILTON 

For the IEMOC study, a range of technologies were pre-selected for 
evaluation for all participating communities in the initiative. The 
alternative technologies and renewable fuels selected for evaluation 
were based on two criteria:  

1. Subsidies are available through the Ontario Feed-In-Tariff and 
Micro-Feed-In-Tariff.  

2. Systems are in use in Ontario and have proven to be reliable 
with regards to reducing greenhouse gases.   

The alternative technologies and renewable fuels evaluated are not 
exhaustive. Each participating IEMOC community is encouraged to 
continue to evaluate additional alternative technologies and renewable 
fuels scenarios as deemed appropriate. Consideration should be given 
to the cost effectiveness of these technologies and fuels in addition to 
their capacity to produce local energy and reduce greenhouse gas 
emissions.  

Heating,  Electr ic ity  and  Community  Systems  

The energy consumed within the built environment as evaluated as part 
of the H-IEMS study can be separated into two categories: natural gas 
(typically used for space and water heat) and electricity (typically used 
for cooling, lighting and appliances). This IEMOC reviews heat generating 
technologies and fuels first at the building level (intended to displace 
natural gas fired heating); then electricity generation technologies at the 
building level (intended to displace grid-provided electricity) and finishes 
with a review of larger scale technologies to displace heating and 
electricity.  

 

Heat  Generat ion Technologies 
Heat energy is used for all sectors and building types of a community for 
space heating and domestic hot-water. Process heat is used in the 
industrial sector for manufacturing and other production activities. 
Normally heat is produced by combustion of a fossil fuel, but heat can 
also be captured from renewable energy sources or from waste heat 
generated by production activities.  The following technologies were 
reviewed for their ability to displace natural gas for the City of Hamilton. 

Solar  Air  Heat ing   
The most established form of solar air heating is passive solar heating, 
which captures thermal energy from the sun through high-performance 
windows, building orientation, dark surfaces, and heat retaining 
materials.  The second approach is through the use of active solar 
heating which involves using mechanical systems to improve the solar 
energy transfer. The most practical approach to solar air heating offsets 
natural gas space heating loads through the use of wall mounted solar 
air heating systems.  These systems raise the temperature of incoming 
fresh air by drawing it through an opaque perforated panel into an air 
cavity before it enters the main air handling systems.  These systems 
both collect incident solar radiation as well as recover heat loss through 
the envelope of the building.  Although the heating loads that can be 
offset by this type of system are typically limited to outdoor air 
preheating, this low cost measure has good potential application in the 
City of Hamilton in terms of natural gas displacement.  Solar air heating 
(or preheating) is a technology most viable in commercial, institutional, 
and industrial buildings due to the high ventilation requirements.  For 
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this study, transpired-plate collectors (solar walls) were modeled using 
RETScreen for application on industrial buildings only.28 

GeoExchange  Heating  

Using the earth as an energy source is a well established process for the 
heating and cooling of buildings (earth energy and geothermal energy 
tend to be used interchangeably). Earth energy systems rely on the 
stable temperatures of the Earth’s surface, while a geothermal system 
derives energy from the core of the earth. In most cases, a ground 
source heat pump is used to extract heat from the ground to provide 
space and water heating to both individual houses and any type of non-
residential building.29 Heat pumps take in heat at a certain temperature 
and release it at a higher temperature, using a similar process to that of 
a refrigerator. As the ground stays at a fairly constant temperature 
throughout the year, heat pumps can use the ground as the source of 
heat.  Glycol (or another fluid) is circulated through pipes buried in the 
ground and passes through a heat exchanger in the heat pump that 
extracts heat from the fluid. The heat pump then raises the temperature 
of the fluid via the compression cycle to supply hot water to the building 
as from a normal boiler. During summer months, heat can be pumped 
back into the ground and stored for use during colder seasons.  For this 
technology, a ground source heat pump with a coefficient of 3.5 was 
modelled using RETScreen. 

Solar  Hot  Water  Heating  

Solar water heating systems use the energy from the sun to heat water. 
The most common application is for domestic hot water. The use of 
solar hot water is only now becoming better established for use in 

                                                           

28 RETScreen is a software that can be used worldwide to evaluate the energy production and 
savings, costs, emission reductions, financial viability and risk for various types of Renewable-
energy and Energy-Efficient Technologies (RETs). 
29A heat pump is capable of boosting the latent thermal energy found in low temperatures 
sources up to temperatures suitable for space conditioning and water or process heating.  

residential applications, as technological challenges associated with 
freeze-protection and overheating are addressed, and the cost of fossil 
fuel continues to rise. Most systems use a heat collector, which use 
some form of fluid that is heated by the sun and are typically mounted 
on a roof.  Solar hot water systems can also work in diffuse light 
conditions (under snow).  There are two types of collectors used for solar 
water heating applications - flat plate collectors and evacuated tube 
collectors. The flat plate collector is predominantly used in domestic 
systems as they are less expensive.  Solar hot water systems do use 
electricity and, subsequently, can release GHG emissions. These 
emissions were taken into consideration with the analysis. For the 
purposes of this technology, glazed-flat panel collectors were modelled 
in RETScreen to offset domestic hot water loads.  

Electr icity  Generation  Technologies  

A wide range of electric alternative technologies and renewable fuels 
have been developed over time to take advantage of natural resources. 
One of the largest sources of electric power production in Canada today 
is hydroelectricity. Bioenergy is also emerging as an important source. 
Several emerging resources, such as wind and solar power, are making 
smaller but direct contributions to local or regional power production.  
The following technologies were reviewed for there ability to displace 
gird-provided electricity. 

Photovoltaic  Generation–microFIT  

Photovoltaic systems convert energy from the sun into electricity through 
semi conductor cells.  Systems consist of semi-conductor cells 
connected together and mounted into modules.  Modules are connected 
to an inverter to convert their direct current (DC) output into alternating 
current (AC) electricity for use in buildings.  Photovoltaics supply 
electricity to the building they are attached to or to any other load 
connected to the electricity grid.  Excess electricity can be returned to 
the grid when the generated power exceeds the local demand.  
Photovoltaic (PV) systems require only daylight, not sunlight to generate 
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electricity (although more electricity is produced with more sunlight), so 
energy can still be produced in overcast or cloudy conditions. If PVs are 
pursued for electricity production in the City of Hamilton, consideration 
should be given to connecting the systems to the grid and using bi-
directional meters to ensure that all electricity generated is used 
effectively in the building on which the PVs are located or in other 
buildings connected to the grid. For this technology, mono crystalline 
silicon photovoltaic panels were modeled in RETScreen assuming an 
efficiency of 15%. 

Wind  Generation  –microFIT  

Wind energy is one of the most cost effective methods of renewable 
power generation.  Wind turbines can produce electricity without carbon 
dioxide emissions ranging from watts to megawatt outputs. The most 
common design is for three blades mounted on a horizontal axis, which 
is free to rotate into the wind on a tall tower. The blades drive a 
generator either directly or via a gearbox (generally for larger machines) 
to produce electricity. The electricity can feed into the grid, charge 
batteries, or directly offset concurrent loads in the building (an inverter 
is required to convert the electricity from direct current (DC) to 
alternating current (AC) for feeding into the grid). As a result, wind 
generation is one of the more economical renewable energy sources 
considered in this assessment.  For this technology, a 900 W horizontal 
axis wind turbine with a 7 foot diameter was modelled using RETScreen. 

Biomass microFIT  

Biomass is generally considered a carbon neutral fuel, because the 
carbon dioxide emitted during burning has already been absorbed from 
the atmosphere through photosynthesis. Biomass generation produces 
electricity and thermal and can be used to displace building loads, but is 
typically exported to the grid.  There are two types of technologies used 
with biomass sources, including combustion and gasification. Biomass 
combustion is a proven technology approach used across Canada with a 
variety of “waste fuels”, such as hog effluent, sawdust and bark, 

woodchips, agricultural waste, municipal waste, sewage, and processed 
and domestic waste. The major challenge for biomass combustion is 
meeting provincial or local requirements for air emission standards from 
stacks. Gasification is an emerging technology in Canada, with several 
major demonstration facilities in major Cities. Ottawa, Ontario contains 
one of the first pilot commercial locations for a gasification system built 
by PlascoEnergy.30  Biomass generation in Ontario has typically been 
constructed at locations where a constant source of biomass is 
generated. A 2,000 kW reciprocating engine system was modelled using 
RETScreen. 

Community  Energy  Systems    

In Canadian communities, it is now well recognized that one of the most 
promising methods of reducing energy use is through community energy 
systems (CES), such as district heating using a combined heat and 
power system, energy storage systems, various types of alternative 
fuelled distribution loops, and other community scaled combinations of 
alternative technologies and renewable fuels. 

Distr ict  Energy  (Electr icity  and  Heat)  

District energy systems work to manage the energy needs of a 
community at the  building level. By linking buildings and industrial 
activities together, district energy systems can aggregate the varying 
energy requirements into a steady heat load that can be effectively 
managed. A typical district energy system includes one or more plants 
that use one or more types of fuels and can incorporate a combination 
of different heat sources and technologies. All district energy systems 
are connected through a series of pipes that transport energy through 

                                                           

30 Gasification of biomass is another way of converting residues into useable forms of energy. 
Gasification is a thermal-chemical conversion of biomass under limited oxidation and moderate 
temperatures that result in converting biomass into low to mid energy content biogas. The 
benefit of biogas is that the gases can be used in any form of end device such as a boiler to 
produce heat and gas turbines to produce power. 
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steam, hot water or chilled water to buildings. A variety of fuels and 
technologies can be used in a district energy system that generates 
thermal heat and electricity. District energy systems that produce both 
thermal energy and electrical power use a process referred to as 
combined heat and power (CHP). CHP systems work to recover thermal 
energy that would otherwise be wasted, thus saving fuel that would have 
been used to produce thermal energy in a separate system.  

District energy systems are flexible in that the source of energy can be 
augmented with different types of fuel inputs such as solar hot water, 
biomass, thermal storage and so on if a low temperature system is 
used. For this study, it was assumed that a conventional gas fired CHP 
system would be built. It is recommended that alternative district energy 
systems in terms of size and fuel be evaluated for Hamilton, including 
biomass and sewer heat recovery.  The district energy analysis prepared 
for this model addresses existing buildings for a defined area of 
Hamilton and identified costs and impacts. The GHG and cost estimates 
were based on a natural gas fired combined cycle district energy system 

and average electricity prices used elsewhere in the model. The use of 
renewable fuels and sale of electricity at a higher rate would decrease 
the cost per tonne of GHG reduction compared with the analysis carried 
out in this report. The modelling work for the district energy systems 
does not reflect the feasibility assessment study completed by the City 
of Hamilton, Horizon Utilities and other partners. 

Wind     FIT  

For the purposes of this study, larger scale versions of wind systems 
were modelled. It was assumed that relative to available land use, 
physical system limitations (access connections, stacking etc.) and other 
restrictions, wind systems could be scaled up to meet varying energy 
and GHG reduction opportunities for the City of Hamilton. For this 
technology, a 750 kW 3 bladed horizontal axis wind turbine with a 48m 
diameter was modelled using RETScreen. 
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APPENDIX E ― TRANSPORTATION CURRENT AND FUTURE GHG MODELLED VEHICLE EFFICIENCIES 

Current (2009) Transportation GHG Coefficients 

Fuel  Coefficient 
(GJ/VKT) 

Comments 

Car ‐ Gasoline  0.0033  Source: Mobile 6C Modelling LDGV Emission Factor for 2009 
Car ‐ Diesel  0.0026  Source: Mobile 6C Modelling LDDV Emission Factor for 2009 
Car  ‐  Hybrid  Electric 
Vehicles (HEV) 

0.0018  2009 Toyota Prius type vehicle at 48 miles/US Gallon gasoline fuel efficiency city driving 

Car ‐ Blended  0.0033    
City Bus ‐ Diesel/Biodiesel  0.0254  Source: Hamilton Transit Specific (Note: Biodiesel is not a Fossil Fuel, but a biomass based Fuel source) 
City Bus – Natural Gas  0.0293  Source: Hamilton Transit Specific  
City Bus ‐ Blended  0.0272    
GO Bus ‐ Diesel  0.0206  Source: Based on GO Transit Specific Fuel Consumption of 1.86 km/L 
Rail/GO Train  0.4345  Source: US EPA Emission Factors for Locomotives, Assumes 5000hp and 76km/hr.  These values were used for previous GO 

Transit Air Quality Assessment Projects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    Hamilton ‐ Integrated Energy Mapping Strategy 
 
   

    85 
   

 

Future (2031) GHG Coefficients - Transportation 

Fuel  Coefficient 
(GJ/KVT) 

Comments 

Car ‐ Gasoline  0.0033  Source: Mobile 6C Modelling LDGV Emission Factor for 2031 
Car ‐ Diesel  0.0026  Source: Mobile 6C Modelling LDDV Emission Factor for 2031 
Car ‐ Hydrogen Fuel Cell  0.0018  Expressed  as GJ of Gasoline  Fuel;  Source: Well‐to‐Wheel GHG  Emissions, General Motors,  all  upstream GHG emissions 

based  on  "about  45%  lower  than  conventional  gasoline"  (with  no  GhG  emissions  during  operation  of  vehicle). 
http://www.epa.gov/ORD/NRMRL/std/fuelcell/fuelabstracts/Brinkman_abs.pdf 

Car  –  Hybrid  Electric 
Vehicles (HEV) 

0.0017  2010 Toyota Prius type vehicle at 50 miles/US Gallon gasoline fuel efficiency city driving 

Car  ‐  Plug  in  Hybrid 
Electric Vehicles (PHEV) 

0.0009  Based on  trip  lengths where only electrical motor  is used  in PHEV.   Assumption: 90% of batteries charged at night with 
baseload power supply and 10% charged during daytime.  Also based on most recent estimate of electric motor efficiency, 
which  estimates  of  25  kWhr  electrical  usage  per  100km  travelled  or  0.0009  GJ/VKT  (personal  communication  with 
ElectroVaya Director of Engineering). 

Car  ‐  Plug  in  Hybrid 
Electric Vehicles (PHEV) 

0.0017  Based on trip  lengths where both electrical and gasoline motors are used  in PHEV.   Assumption: On average first 100 km 
travelled per day are on electric motor and subsequent 50 km's are gasoline motor; electric batteries 90% are charged at 
night with baseload power supply and 10% charged during daytime.  Also based on most recent estimate of electric motor 
efficiency, which estimates of 25 kWhr electrical usage per 100km  travelled or 0.0009 GJ/VKT  (personal communication 
with ElectroVaya Director of Engineering). 

Car  ‐  Electric  Vehicles 
(EVs) 

0.0009  Assumption: 90% of batteries charged at night with baseload power supply and 10% charged during daytime.  Also based 
on most recent estimate of electric motor efficiency, which estimates of 25 kWhr electrical usage per 100km travelled or 
0.0009 GJ/VKT (personal communication with ElectroVaya Director of Engineering). 

City Bus ‐ Gasoline  0.0123  Source: Mobile 6C Modelling HDGB Emission Factor for 2031 
City  Bus  ‐ 
Diesel/Biodiesel 

0.0254  Source: Hamilton Transit Specific (Note: Biodiesel is not a Fossil Fuel, but a biomass based Fuel source) 

City Bus  ‐ Hydrogen Fuel 
Cell 

0.0068  Expressed  as GJ of Gasoline  Fuel;  Source: Well‐to‐Wheel GHG  Emissions, General Motors,  all  upstream GHG emissions 
based  on  "about  45%  lower  than  conventional  gasoline"  (with  no  GhG  emissions  during  operation  of  vehicle). 
http://www.epa.gov/ORD/NRMRL/std/fuelcell/fuelabstracts/Brinkman_abs.pdf 

Highway  GO  Bus  ‐ 
Gasoline 

0.0123  Source: Mobile 6C Modelling HDGB Emission Factor for 2031 

Highway GO Bus ‐ Diesel  0.0196  Source: Mobile 6C Modelling HDDBT Emission Factor for 2031 
Rail/GO  Train  ‐  Tier  4 
Diesel 

0.4345  Assumption: Similar fuel efficiency to current diesel engines. Source: US EPA Emission Factors for Locomotives, Assumes 
5000hp and 76km/hr.  These values were used for previous GO Transit Air Quality Assessment Projects. 

Rail/GO Train  ‐ Hydrogen 
Powered 

0.2173  Expressed as GJ of Gasoline  Fuel;  Source: Well‐to‐Wheel GHG Emissions, General Motors, all upstream GHG emissions 
based  on  "about  50%  lower  than  conventional  diesel" 
http://www.epa.gov/ORD/NRMRL/std/fuelcell/fuelabstracts/Brinkman_abs.pdf 

Rail/GO Train ‐ Electric  0.1767  Source: US EPA Emission Factors for Locomotives, Assumes 5000hp and 76km/hr.  These values were used for previous GO 
Transit Air Quality Assessment Projects. 
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APPENDIX F ― THE ECONOMICS OF CAPITAL PROJECT DECISIONS 

Understanding the economics of project decision-making involves 
understanding a few key concepts: 

• The time value of money 
• Present value (PV) and Net Present Value (NPV) 
• Internal Rate of Return (IRR) 

The following  paragraphs are taken directly from a number of articles 
available from the website www.investopedia.com, especially 
“Understanding the Time Value of Money” by Shauna Carther. 

Time  Value  of  Money   

 The idea that money available at the present time is worth more than 
the same amount in the future due to its potential earning capacity.  

Let’s say that you have won a cash prize.  You have two payment 
options: 

A. Receive $10,000 now 

OR  

B. Receive $10,000 in three years  

Which option would you choose?  

If you're like most people, you would choose to receive the $10,000 
now. After all, three years is a long time to wait. Why would any rational 
person defer payment into the future when he or she could have the 
same amount of money now? For most of us, taking the money in the 
present is just plain instinctive. So at the most basic level, the time 
value of money demonstrates that, all things being equal, it is better to 
have money now rather than later.  

But why is this? A $100 bill has the same value as a $100 bill one year 
from now, doesn't it? Actually, although the bill is the same, you can do 
much more with the money if you have it now because over time you can 
earn more interest on your money. 

Back to our example: by receiving $10,000 today, you are poised to 
increase the future value of your money by investing and gaining interest 
over a period of time. For Option B, you don't have time on your side, 
and the payment received in three years would be your future value. If 
you are choosing Option A, your future value will be $10,000 plus any 
interest acquired over the three years. The future value for Option B, on 
the other hand, would only be $10,000.  

This core principle of finance holds that, provided money can earn 
interest, any amount of money is worth more the sooner it is received.  It 
is also referred to as "present value". 

Present  Value  (PV)  

The current worth of a future sum of money or stream of cash flows 
given a specified discount rate.  

To calculate the current worth (present value) of future dollars (i.e.,, to 
calculate the time value of money), future cash flows are multiplied by 
present value factors based on the accepted discount rate. For example, 
to calculate the present value of a cash inflow of $100 three years in 
the future at a discount rate of 5%, one multiplies $100 by (1+5%)-3 = 
$86.38; that is, $100 three years from now is equivalent at a 5% 
discount rate to $86.36 today or, to put it another way, $86.36 is the 
Present Value of $100 three years from now. 
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 The higher the discount rate, the lower the present value of the future 
cash flows. Determining the appropriate discount rate is the key to 
properly valuing future cash flows, whether they be earnings or 
obligations.    

The calculation of discounted or present value is extremely important in 
many financial calculations. For example, net present value, bond yields, 
spot rates, and pension obligations all rely on the principle of discounted 
or present value. 

Net  Present  Value  (NPV)  

The difference between the present value of cash inflows and the 
present value of cash outflows. NPV is used in capital budgeting to 
analyze the profitability of an investment or project.   

Given an investment opportunity, the decision-maker needs to decide 
whether undertaking the investment will generate net economic profits 
or losses. To do this, one estimates the future cash outflows of the 
project (i.e.,, costs) and discounts them into present value amounts 
using a discount rate that represents the project's cost of capital and its 
risk. Next, all of the investment's future positive cash inflows (i.e.,, 
profits or savings) are reduced into one present value number. 
Subtracting the PV of the outflows from the PV of the inflows provides 
the net present value (NPV) of the investment; dividing the PV of the 
inflows by the PV of the outflows provides the benefit:cost ratio. 

Discount  Rate  

To calculate the PV or NPV, we must first determine the appropriate 
discount rate. The discount rate for any individual firm will depend on 
the firm’s weighted average cost of capital. For a public agency or 
municipality, the discount rate is equal or close to the risk free long-term 
bond rate, although in some cases the provincial or federal government 
may specify a particular rate.  

Rates for recently issued (late 2010) long-term Government of Ontario 
bonds are 5.2% (20 year term) and 4.65% (for 30 year term).  Yields for 
Ontario long-term bonds are in the range of 4.1% to 4.43% while yields 
on long-term Hydro One bonds are 4.95%. 

Given the historically low interest rates now occurring,  a more 
conservative discount rate of 6% is recommended (conservative in the 
sense that a higher rate will put more weight on investment capital). 

Internal Rate of Return (IRR):  The discount rate often used in capital 
budgeting that makes the net present value of all cash flows from a 
particular project equal to zero.  

Generally speaking, the higher a project's internal rate of return, the 
more desirable it is to undertake the project. As such, IRR can be used 
to rank several prospective projects under consideration. Assuming all 
other factors are equal among the various projects, the project with the 
highest IRR would probably be considered the best and undertaken first. 

IRRs can also be compared against prevailing rates of return in the 
securities market. If a firm cannot find any projects with IRRs greater 
than the returns that can be generated in the financial markets, it may 
simply choose to invest its retained earnings into the market. 

Both the NPV and IRR measurements are primarily used in capital 
budgeting, the process by which companies determine whether a new 
investment or expansion opportunity is worthwhile.  

The usefulness of the IRR measurement lies in its ability to represent 
any investment opportunity's return and to compare it with other 
possible investments. 
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APPENDIX G ― DETAILED BREAKDOWN OF SCENARIOS EVALUATED FOR HAMILTON 

A detailed breakdown of the final scenario in terms of the building improvements evaluated, alternative technologies and renewable fuels and vehicle 
efficiencies is provided in Appendix G.  

Scenario 1 Maximum Reduction of Consumption of Fossil Fuels 

Requires maximum building and energy efficiency, maximum use of renewables and replacement of fossil fuels for space and water heating with 
electrically powered heat pumps, and electricity sourced from low fossil fuel generation 

Strategies Electricity 
GJ/yr 

Gas 
GJ/yr 

Total 
GJ/yr 

Electricity 
Tonnes 
C02e/yr 

Gas 
Tonnes 
C02e/yr 

Total Tonnes 
C02e/yr 

Cumulative Capital Cost ($ 
CAN) 

% 
Contribution 

% 
Cumulative 
Contribution 

2031 Business as 
Usual Scenario             14,287,000  

      
52,646,000            66,933,000  

               
110,000  

             
2,953,000  

                
3,063,000    $                                              ‐     0%  0% 

New Buildings High 
Efficiency             14,006,000  

      
49,523,000            63,530,000  

               
108,000  

             
2,778,000  

                
2,886,000    $                        547,000,000  6%  6% 

Existing Buildings 
Retrofit High 
Efficiency             12,059,000  

       
46,536,000            58,594,000  

               
93,000  

             
2,611,000  

                
2,703,000    $                     1,895,000,000   6%  12% 

New Buildings Ultra 
High Efficiency             11,984,000  

      
45,386,000            57,369,000  

               
92,000  

             
2,546,000  

                
2,638,000    $                     2,052,000,000   2%  14% 

Existing Buildings 
Retrofit Ultra High 
Efficiency             11,834,000  

       
37,996,000            49,831,000  

               
91,000  

             
2,132,000  

                
2,223,000    $                     2,987,000,000   14%  27% 

Geoexchange             11,834,000  
        

5,509,000            17,344,000  
               

91,000  
             

309,000  
                

400,000    $                     8,120,000,000   60%  87% 

Solar Hot Water             11,834,000  
              
‐              11,834,000  

               
91,000  

             
‐    

                
91,000    $                   10,136,000,000   10%  97% 

Photovoltaic ‐ small 
scale                8,994,000  

              
‐                8,994,000  

               
69,000  

             
‐    

                
69,000    $                   13,289,000,000   1%  98% 

Photovoltaic ‐ 
ground mounted                6,154,000  

              
‐                6,154,000  

               
47,000  

             
‐    

                
47,000    $                   16,441,000,000   1%  98% 

Biomass                3,787,000  
              
‐                3,787,000  

               
29,000  

             
‐    

                
29,000    $                   17,347,000,000  2%  99% 

Wind ‐ small scale                3,314,000  
              
‐                3,314,000  

               
25,000  

             
‐    

                
25,000    $                   17,672,000,000   1%  99% 

Wind ‐ large scale                2,840,000  
              
‐                2,840,000  

               
22,000  

             
‐    

                
22,000    $                   17,822,000,000   0%  99% 
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Scenario 2 Reduction of GHG emissions by maximizing the application of proven technology up to a cost of $78/tonne of GHG reduced 

Strategies were applied to maximise lower cost technologies first then progressively higher cost technologies based on a $/tonne of GHG reduced. 

Strategies Electricity 
GJ/yr 

Gas 
GJ/yr 

Total 
GJ/yr 

Electricity 
Tonnes 
C02e/yr 

Gas Tonnes 
C02e/yr 

Total Tonnes 
C02e/yr 

Cumulative 
Capital Cost ($ 
CAN) 

% Contribution % Cumulative 
Contribution 

2031 Business as 
Usual Scenario 

           
14,287,000          52,646,000            66,933,000 

                 
110,000  

                 
2,953,000  

                 
3,063,000  

$                
‐     0%  0% 

Photovoltaic ‐ small 
scale microFIT 

           
10,858,000          52,646,000            63,504,000 

                 
83,000  

                 
2,953,000  

                 
3,037,000  

$                 
806,000,000    1%  1% 

Photovoltaic ‐ 
ground mounted FIT 

              
7,429,000          52,646,000            60,075,000 

                 
57,000  

                 
2,953,000  

                 
3,011,000  

$                 
7,612,000,000   1%  2% 

Wind ‐ large scale FIT 
              

6,858,000          52,646,000            59,503,000 
                 

53,000  
                 

2,953,000  
                 

3,006,000  
$                 

7,794,000,000  0%  2% 

Biomass microFIT 
              

4,000,000          52,646,000            56,646,000 
                 

31,000  
                 

2,953,000  
                 

2,984,000  
$                 

8,291,000,000  1%  3% 
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Scenario 3 Maximum Reduction of Consumption of Fossil Fuels 

Only those technologies that equal or exceed this internal rate of return  of 6%will be adopted, first adopting the highest rate of return measure then 
applying successively lower rate of return measures. Investments that measure 4-8% IRR may be feasible and should be subjected to further analysis. 

Strategies Electricity 
GJ/yr 

Gas 
GJ/yr 

Total 
GJ/yr 

Electricity 
Tonnes 
C02e/yr 

Gas Tonnes 
C02e/yr 

Total Tonnes 
C02e/yr 

Cumulative Capital 
Cost ($ CAN) 

% Contribution % Cumulative 
Contribution 

2031  Business  as  Usual 
Scenario 

           
14,287,000          52,646,000 

        
66,933,000  

              
110,000  

                
2,953,000  

                 
3,063,000    $                                    ‐    0%  0% 

Commercial Office ‐ New 
High Efficiency 

           
14,213,000          52,528,000 

        
66,741,000  

              
109,000  

                
2,947,000  

                 
3,056,000    $                12,000,000   0%  0% 

Industrial  Low  ‐  New 
High Efficiency 

           
14,194,000          51,328,000 

        
65,522,000  

              
109,000  

                
2,879,000  

                 
2,989,000    $                93,000,000   2%  2% 

Industrial  Low  ‐  Existing 
High Efficiency 

           
13,466,000          51,464,000 

        
64,930,000  

              
104,000  

                
2,887,000  

                 
2,991,000    $               390,000,000   0%  2% 

Industrial  Low  ‐  Existing 
Ultra High Efficiency 

           
13,507,000          47,853,000 

        
61,360,000  

              
104,000  

                
2,685,000  

                 
2,788,000    $              470,000,000   7%  9% 

Industrial  Low  Density  ‐ 
New  Ultra  High 
Efficiency 

           
13,448,000          46,973,000 

         
60,420,000  

              
103,000  

                
2,635,000  

                 
2,739,000    $              131,000,000   2%  11% 

Residential Low Density ‐ 
Pre  1940s  Existing  High 
Efficiency 

           
13,466,000          45,849,000 

         
59,315,000  

              
104,000  

                
2,572,000  

                 
2,676,000    $               43,000,000   2%  13% 

Commercial Office ‐ New 
Ultra High Efficiency 

           
13,459,000          45,824,000 

        
59,283,000  

              
103,000  

                
2,571,000  

                 
2,674,000    $               24,000,000   0%  13% 

Institutional Low Density 
‐ New High Efficiency 

           
13,426,000          45,622,000 

        
59,047,000  

              
103,000  

                
2,559,000  

                
2,663,000    $              171,000,000   0%  13% 

Commercial Retail  ‐ New 
High Efficiency 

           
13,394,000          45,276,000 

        
58,670,000  

              
103,000  

                
2,540,000  

                 
2,643,000    $                52,000,000   1%  14% 

Residential Low Density ‐ 
Pre  1940s  Existing  Ultra 
High Efficiency 

           
13,354,000          45,109,000 

         
58,463,000  

              
103,000  

                
2,531,000  

                 
2,633,000    $                92,000,000   0%  14% 

Institutional High Density 
‐ New High Efficiency 

           
13,352,000          45,083,000 

        
58,435,000  

              
103,000  

                
2,529,000  

                 
2,632,000    $                173,000,000   0%  14% 

Photovoltaic ‐ small scale 
           

10,110,000          45,083,000 
        

55,193,000  
              

78,000  
                

2,529,000  
                 

2,607,000    $          4,241,000,000   1%  15% 

Biomass 
              

7,408,000          45,083,000 
        

52,492,000  
              

57,000  
                

2,529,000  
                 

2,586,000    $          4,711,000,000   1%  16% 

Wind ‐ large scale 
              

6,868,000          45,083,000 
        

51,951,000  
              

53,000  
                

2,529,000  
                 

2,582,000    $          4,883,000,000   0%  16% 
Photovoltaic ‐ ground 
mounted 

              
3,626,000          45,083,000 

        
48,710,000  

              
28,000  

                
2,529,000  

                 
2,557,000    $            8,482,000,000   1%  17% 
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Scenario 4 Maximum reduction of consumption of fossil fuels including transportation 
 
Requires maximum building and transportation energy efficiency, maximum use of renewables and replacement of fossil fuels for space and 
water heating with electrically powered heat pumps and electricity sourced from low fossil fuel generation. 
 
Strategies Electricity 

GJ/yr 
Gas 
GJ/yr 

Transportation 
fuels  
GJ/yr 

Total 
GJ/yr 

Electricity 
Tonnes 
C02e/yr 

Gas 
Tonnes 
C02e/yr 

Transportation 
Fuels 
CO2e/yr 

Total 
Tonnes 
C02e/yr 

% 
Contribution 

% 
Cumulative 
Contribution 

2031 Business as Usual 
Scenario 

              
14,287,000  

              
52,834,000  

                
12,450,000  

             
79,571,000  

             
110,000  

             
2,964,000  

                
866,000  

      
3,940,000   0%  0% 

New Building High 
Efficiency 

              
14,006,000  

              
49,711,000  

                
12,450,000  

             
76,168,000  

             
108,000  

             
2,789,000  

                
866,000  

      
3,763,000   5%  5% 

Existing Building Retrofit 
High Efficiency 

              
12,059,000  

              
46,723,000  

                
12,450,000  

             
71,232,000  

             
93,000  

             
2,621,000  

                
866,000  

      
3,580,000   5%  9% 

Transportation High 
Efficiency 

              
13,227,000  

              
46,536,000  

                
6,819,000  

             
66,581,000  

             
102,000  

             
2,611,000  

                
470,000  

      
3,183,000   10%  19% 

New Building Ultra High 
Efficiency 

              
13,152,000  

              
45,386,000  

                
6,819,000  

             
65,356,000  

             
101,000  

             
2,546,000  

                
470,000  

      
3,118,000   2%  21% 

Existing Building Retrofit 
Ultra High Efficiency 

              
13,002,000  

              
37,996,000  

                
6,819,000  

            
57,818,000  

             
100,000  

             
2,132,000  

                
470,000  

      
2,702,000   11%  31% 

Transportation Ultra 
High Efficiency 

              
12,655,000  

              
37,996,000  

                
3,674,000  

             
54,325,000  

             
97,000  

             
2,132,000  

               
248,000  

      
2,477,000   6%  37% 

Geoexchange 
              

12,655,000  
              

5,509,000  
                

3,674,000  
             

54,325,000  
             

97,000  
             

309,000  
                

248,000  
         

654,000   46%  83% 

Solar Hot Water 
              

12,655,000  
              
‐    

                
3,674,000  

             
16,329,000  

             
97,000  

             
‐    

                
248,000  

         
345,000   8%  91% 

Photovoltaic ‐ ground 
mounted 

              
9,617,000  

              
‐    

                
3,674,000  

             
16,329,000  

             
74,000  

             
‐    

                
248,000  

         
322,000   1%  92% 

Photovoltaic ‐ small 
scale 

              
6,580,000  

              
‐    

                
3,674,000  

             
10,254,000  

             
51,000  

             
‐    

                
248,000  

         
299,000   1%  92% 

Biomass 
              

4,049,000  
              
‐    

                
3,674,000  

             
7,723,000  

             
31,000  

             
‐    

                
248,000  

         
279,000   0%  93% 

Wind ‐ small scale 
              

3,543,000  
              
‐    

                
3,674,000  

             
7,217,000  

             
27,000  

             
‐    

                
248,000  

         
275,000   0%  93% 

Wind ‐ large scale 
              

3,037,000  
              
‐    

                
3,674,000  

             
6,711,000  

             
23,000  

             
‐    

                
248,000  

         
271,000   0%  93% 
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APPENDIX H ― EVALUATION CRITERIA FOR 
PRIORITIZING ACTIONS 

The Canadian Urban Institute, based on the development of Master 
Plans and Community Energy Plans for communities across Canada,  
has created general  evaluation and ranking criteria for the prioritization 
of actions. These criteria are intended to be broadly applicable and can 
be used to help evaluate a wide range of energy strategies and other 
supportive activities for a community.   The criteria can include, but is 
not limited to, scale, effectiveness, actors, local support and champions, 
and timeframe. 

Scale:  How extensive is the coverage of the strategy and does it need to 
be further broken down into more manageable areas for 
implementation? Scaling can assist with evaluating whether a strategy is 
better developed at a community, neighbourhood, block, building or at 
another other geographic scale.   
 
Effectiveness: Key questions to consider:   
• How hard is it? – The level of difficulty for advancing a strategy 

should be considered (high, med, low). This can be particularly 
relevant when addressing issues of ingrained cultural preference, 
such as car use. 

• Is it worth it? – Whether the level of effort for implementation is 
warranted or if some other action might be more  effective in terms 
of capital cost and staffing that might be required to implement the 
action is important.  

• What does it achieve? – The  degree to which it achieves an 
identified reduction in terms of energy, GHGs etc.  (high, med, low) 
or other relevant environmental factor. 

Actors:  Understanding who the primary beneficiary or customer is of the 
action is important for understanding the short, medium and long-term 
time-frame. Does the action operate at the individual level, the private 

sector level or is it an action that primarily involves government? Is this 
something that is likely to depend upon thousands undertaking it 
(building retrofits / investing in a new vehicle etc.) or is it one big move 
(government decision to spend or regulate).  
 
Local support and champions: A central consideration for any action is 
whether there is local support for advancing the activity, program, or 
policy. This support is usually best defined by the level of municipal 
council support for an action.   It is also important to assess who among 
government, corporations, community organizations or individuals is 
likely to assert the higher degree of influence on any particular action.  
 
Timeframe: Is the expectation that this is a onetime action or is it 
something that will have to be repeated many times? Are the results 
likely to be achieved in a short, medium or long-term time frame?  
 

Applying the above criteria should involve the use of a participatory 
approach with. The process might also involve having experts from local 
institutions and firms in a community available to advise and support.  

Once actions are evaluated, they should be listed into the form of an 
implementation table as identified in the figure below. 

 

Actions Level of 
Investment
Required

Lead
Agency

Cost 
($)
To 

Deliver

% of Total 
Annual 

Emissions 
Reduced 

Or 
Targeted

%Applied 
Across 

Hamilton 
Or Area of 
Focus

Priority

1 yrs 3‐5 yrs 5 + yrs



 

 

  



     
 

       

  



 

 

 


