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ABSTRACT 

 

This study aimed to explore the impact of the Places to Grow Plan 2006 on travel behavior of the 

work commuters living in GTHA. A comparative analysis was done between the year 2001 and 

2011 which represent the situations five year before and after the implementation of the Plan. 

Data were collected from Transportation Tomorrow Survey. The study revealed that in 2011, 

energy consumption by motorized vehicles increased in the Traffic Assessment Zones of GTHA 

around the Growth Centres designated by the Places to Grow Plan. Active transportation 

increased mainly in Toronto in 2011. It is apprehended that the intensification strategy of the 

Places to Grow Plan contributed in increasing the energy consumption of work commuters either 

by increasing the number of trips or length of trips made by motorized vehicles (including cars 

and different forms of transit) which also affect the Greenhouse Gas emissions in the 

atmosphere. 

Key words: Motorized Vehicles, Active Transportation Mode, and Energy Consumption. 
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Chapter One: Introduction 

1.1 Background 

Movement in the urban areas originate for various purposes. People commute for work, 

education, leisure and many other reasons. Commuting involves different transportation modes 

and leads to emission of Green House Gases (GHG). Work commute is important because for 

obvious reasons, the frequency of occurrence and geographic area covered by such trips are 

extensive. According to National Household Survey 2011, about 15. 4 million Canadians 

commute to work and about 74.4 percent of commuters used private vehicles. Public transit users 

constituted only 12 percent of the commuters in 2011.According to the same survey only 5.7 

percent commuters walked to work in 2011 and 1.3 percent cycled (Statistics Canada, 2012). 

Modal choices for commuting are related with population and concentration of employment 

opportunities in urban areas and bear an important influence on air quality. The Greater Toronto 

and Hamilton (GTHA) area having a population of six million, is a fast growing area which 

include two single-tier municipalities (Toronto and Hamilton) and four regional municipalities 

(Durham, Halton, Peel and York). Another 24 lower-tier municipalities are also tied to planning 

decisions taken for GTHA (Metrolinx, 2008). Plans and Policies are therefore directed towards 

sustainable development of areas falling under GTHA. The Places to Grow: Growth Plan for the 

Golden Horseshoe 2006 was prepared under the Places to Grow Act 2005, to accrue the positive 

impacts of growth which will naturally emerge and manage the negative aspects linked with 

growth such as traffic congestion, deterioration of air and water quality, and disappearance of 

agricultural lands and resources (Ontario Ministry of Infrastructure. 2013). The plan identifies 

selected urban areas as future Urban Growth centres which will experience greater population 

and economic growth (Figure 1.1 and 1.2). 

1 
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Figure 1.1 Places to Grow Plan Area            Figure 1.2 Urban Growth Centres 

Source: Ontario Ministry of Infrastructure, (2013).        Source: Ontario Ministry of Infrastructure, (2013). 

 

 

The Places to Grow Plan envisioned that the Growth Centres will attract population and 

employment opportunities as an outcome of the intensification strategy (Ontario Ministry of 

Infrastructure, 2013). One of the expected outcomes of this plan was that people would travel 

less or use alternative transportations  mode, potentially leading to an overall reduction in the 

transportation related environmental pollution.  Transportation is the second most dominant 

sector emitting GHG in the atmosphere (Environment Canada, 2014) (Figure 1.3) and among 
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various transportation modes, road transportation is the prime emitter of CO2 (Environment 

Canada, 2014) (Figure 1.4). 

 

 

 

 

 

 

 

Figure 1.3. Canadian GHG Emissions Breakdown  

 

 

 

 

 

 

 

 

 

Figure 1.4. Canada`s GHG Emission by Transportation Sector  

 

 

With the growing trend of population and required facilities to support these population, need for 

transportation to commute for work is emerging as a planning issue (Ontario Ministry of 

Infrastructure, 2013.; Metrolinx, 2012). The present study intends to focus on the travel 
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behaviour related with work commute occurring in the GTHA. The results will indicate the 

modal choice and explore the amount of energy used through fossil fuel burning by motorized 

vehicle users and carbohydrate burning by active transportation users in the study area. 

 

1.2 Objectives of the Study 

The objectives of this proposed study are: 

(i) To explore the short term impact of intensification strategy of "Places to Grow: The Growth 

Plan for the Greater Golden Horseshoe, 2006" on the travel behaviour of work commuters living 

in GTHA. The impact will be identified in terms of modal choice and Vehicle Kilometer 

Travelled by the commuters. A comparative analysis will be done on situations 5 year before and 

after the implementation of the plan. 

(ii) To estimate energy consumption that can be attributed to commuting to work, and explore 

spatial patterns of this commute related emissions. The scale of analysis will be the Traffic 

Assessment Zones (TAZs). 

 

1.3 Expected Contribution to Knowledge 

Energy used by motorized transportation and active transportation bear two different types of 

implications. Energy used for active mode of transportation (i.e., carbohydrate) has important 

health benefits (Toronto Public Health, 2012B). It also contributes in sustaining the air quality by 

not adding more GHG gases to the atmosphere while the motorized transportation generated 

harmful GHG gases and contributes to climate change (Frank, et.al, 2010).  The present study 

will explore average energy consumption by motorized vehicles and active transportation in the 
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TAZs in GTHA. The final results will graphically show the pattern of energy consumption 

across the GTHA as well as the change in travel behavior of people living in GTHA between 

2001 and 2011. The findings from this study will enable policy makers to explore the 

sustainability of transportation practice and intensification strategy of Places to Grow Plan. 
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Chapter Two: Literature Review 

2.1 Introduction 

In recent years movement of pedestrians and the walking environment is getting attention of 

many researchers. Vehicular movement account for a very significant part of GHG emission 

(Environment Canada, 2014). Researchers are now turning to active transportation which 

includes any form of human-powered transportation – walking, cycling, using a wheelchair, 

skating or skateboarding as a means to offset carbon foot print at the neighbourhood level. 

Active transportation has multi-dimensional community benefits (Ontario Professional Planners 

Institute, 2011). It is an option for physical activity which can influence the traveller’s health and 

wellbeing. Active transportation is a sustainable transportation mode which can help reduce 

GHG emissions by reducing dependency on motorized vehicles. It has been found that each 

Canadian makes an average of 2,000 trips of less than 3 km each year.(Ontario Professional 

Planners Institute, 2011). A modal shift  towards active transportation, coupled with public 

transit and the use of  transportation demand management programs (e.g. carpooling) may 

increase the capacity and efficiency of transportation system in terms of financial and 

environmental benefits (Ontario Professional Planners Institute, 2011). 

 

2.2 Growth Planning and Travelling in GTHA:  

"Places to Grow: The Growth Plan for the Greater Golden Horseshoe, 2006" offers the guiding 

principles of regional development in the GTHA. The Growth Centres that are proposed in the 

plan, are made a part of Official Plans of concerned Municipalities of GTHA and are the focal 

areas of investment in region-wide public services as well as commercial, recreational, cultural 

and entertainment uses so that they can accommodate and support major transit infrastructure 
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(Ontario Ministry of Infrastructure, 2013). They are also expected to serve as high density major 

employment centres that will attract provincially, nationally or internationally significant 

employment uses. It is expected that by 2031, these Growth Centres will attain a growth density 

of 400 residents and jobs combined per hectare for each of the Growth Centres in the City of 

Toronto and 200  residents and jobs combined per hectare for the Growth Centres located in the 

Downtowns of  Brampton, Burlington, Hamilton, Milton, Oshawa, Pickering, Richmond 

Hill/Langstaff Gateway, Kitchener,  Markham Centre, Mississauga City Centre, Newmarket 

Centre, Midtown Oakville, , Vaughan Corporate Centre, and Uptown Waterloo. 

 

The plan also raises a concern about the growing number of automobiles and longer commutes. 

This plan supports transit-supportive densities and a healthy mix of residential and employment 

land uses. It suggests a transportation network that would link urban growth centres through an 

extensive multi-modal system anchored by efficient public transit, together with highway 

systems for moving people and goods. In this plan walking and cycling is considered as a 

practical element of urban transportation system. With revitalization of growth centres, 

intensification of existing built up areas, intensification corridors, major transit station areas, 

Brownfield and grey-fields sites, urban areas are expected to become more accommodating for 

mixed-use and transit supportive development. The term "Transit Supportive” is used to refer to 

compact, mixed use development that has a high level of employment and residential densities to 

support frequent transit service. From urban design perspective it refers to design principles that 

make urban development more accessible to transit users, such as roads laid out in a grid 

network rather than a discontinuous network; pedestrian-friendly built environment along roads 

to encourage walking to transit; reduced setbacks and placing parking at the sides/rear of 
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buildings; and improved access between arterial roads and interior blocks in residential areas 

(Ontario Ministry of Infrastructure, 2013).The Plan envisioned that with proposed minimum 

gross density targets of residents and jobs in the in the growth centres, more people will be 

walking, cycling and using transit for day to day transportation. The plan supports multi modal 

use if and where possible. In order to reduce trip distance and time, and increase the modal share 

of alternatives to the automobile, municipalities are encouraged to incorporate transportation 

demand management policies (Ontario Ministry of Infrastructure, 2013). 

 

2.3 The Big Move: Transforming Transportation in the Greater Toronto and Hamilton 

Area 

This is a Regional Transportation Plan (RTP) to create a common vision for transportation. This 

plan is proposed under the Greater Toronto Transportation Authority Act Section 6 (2). It will 

help to revitalize neighbourhoods where residents can take transit, ride a bicycle or walk to fulfill 

their day’s activities, and where children can walk to school. Over 7,000 km of new lanes, trails 

and pathways for pedestrians and cyclists will make walking and cycling safe and encourage 

healthy lifestyles. The plan suggested integrated walking and cycling networks for the GTHA 

which will bring every GTHA urban resident within a maximum of one kilometre of a dedicated 

bicycling facility. It also proposed a transitioning from free to paid parking to encourage transit 

and active transportation use. The plan envisions a significant reduction of automobile use as a 

result, and speculatively, GHG emission per resident will decline, which will result a cleaner air. 

(Metrolinx, 2012). 

The RTP and the Places to Grow Plan have a common interest- both are made to serve GTHA 

and one of the objectives of the plans is to develop a sustainable transportation plan. The RTP 
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aims to achieve a transportation system which is effective, integrated and multimodal, which is 

also supported by the Places to grow plan.  

2.4 Land-use Planning, Active Transportation and Transit Use: 

Use of alternative mode of transportation to commute, other than private vehicle largely depend 

on land-use pattern (Mitra & Buliung, 2011). In order to promote active transportation, planners 

are now emphasising on walkability. The term walkability indicates the design, accessibility, 

security of the space which is used by the pedestrians. In order to estimate the walkability of a 

neighbourhood, different metrics are used which include flow capacity, multimodal connections, 

sense of place and aesthetics, civic engagement, public health and active living (Lo, 2009). All 

these metrics are tied to land-use planning. 

Land use pattern, density and mix of uses that minimize the length and number of vehicle trips 

and support current and future use of multimodal transportation system and active transportation. 

All these issues are prioritized for any development schemes (Ministry of Municipal Affairs, 

2014). 

In a recent study it has been found that Torontonians have strong preference towards walkable 

neighbourhood (Toronto Public Health, 2012A). It was revealed that people who live in more 

walkable neighbourhoods in the GTA use active modes of transportation more often than those 

who live in auto-oriented neighbourhoods (Toronto Public Health, 2012A). Active transportation 

is also dependent on accessibility to regional activities and job-housing balance, which 

significantly reduces vehicular travel. Walkability in particular is closely linked with density, 

land-use mix, street network, and street network design (Ozbil, 2010; Eriksson et al. 2012). 
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Some researchers also include accessibility to public transit as a governing factor for promotion 

of active transportation (Carr et al. 2010). 

 

2.5 Energy Consumption by Transportation Modes: 

It is generally conceptualized that if mixed land-use planning can be implemented and 

appropriate neighbourhood design and planning can be financially supported, then more active 

transportation can be encouraged which will reduce frequency and length of automobile 

travelling and lead to less fossil fuel consumption. This will ultimately curb the GHG emission in 

the atmosphere and support sustainable environment for urban areas (Frank. et.al. 2010)(Figure 

2.1). Transportation sector of Canada is the second dominant sector consuming energy and 

emitting GHG in the atmosphere. Among different modes, Passenger Transportation account for 

54 percent of all energy consumption (Natural Resources Canada, 2013). During the period of  

1990 to 2010, the total energy consumption for the transportation sector increased 38 percent, 

from 1,877.9 petajoules (PJ) to 2,595.0 PJ, and associated GHG emissions increased 36 percent, 

from 131.4 gegatons (Mt) to 179.2 Mt (Natural Resources Canada, 2013). 
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Figure 2.1. Conceptual Transport Energy Model 

In 2011, emissions from transportation sector (including passenger, freight, and off-road 

emissions) were the largest contributor to Canada’s GHG emissions, which represented 24% of 

overall GHGs (Environment Canada, 2013) . In 2012, CO2 emission constituted 79 percent of 

total GHG emission which mainly originate from combustion of fossil fuel (Environment 

Canada, 2013). Emission from Road Transportation rose by 35.8 Mt (37%) between 1990 and 

2012 (Environment Canada, 2013). As vehicles are becoming more fuel efficient, the rate of 

growth in emissions from Road Transportation has slowed, and emissions from this category 

have remained stable since 2008. The primary source of this net trend of rising emissions is the 

increase in the number of passenger-kilometres travelled i.e. more people are driving longer 

distances (Environment Canada, 2013). 

 

Rail transportation constitutes a major portion of urban transportation in GTHA. Consequently 

contribute in energy consumption and GHG emission. Compared to automobile travelling, both 
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diesel‐ and electric‐powered passenger rail services offer an efficient way of transporting people, 

with a net reduction in GHG emissions. GO contributes a fraction of the regional GHG emissions 

and therefore unable to make a notable difference towards climate change, electrifying the entire 

network could reduce GHG emissions by 319,000 tonnes per year, which will account for 

approximately 94% of the total GO Rail’s contribution toward GHG emissions. On the other 

hand faster transit times and the reduction in highway journeys by private car, a further 11,000 

tonnes of GHG per year can be saved (Metrolinx, 2013). 

 

Active transportation is considered as a sustainable transportation mode that produces no GHG 

or other air pollutants. In addition an increase in active transportation will ultimately result less 

wear and tear of road surface and thereby reduce maintenance cost and resource use. Active 

transportation is encouraged for short trips and be linked with transit systems to make longer 

trips (Ontario Professional Planners Institute, 2012). A healthy man of average weight of 175 

pounds and healthy woman of 140 pounds can burn 460 calories and 370 calories respectively by 

walking briskly (3.5 mph) or cycling (5.5mph) for an hour (Pace, 2000). The short term health 

benefits of such activity include a healthier heart, improved burning of calories, and increased 

endurance. The long term benefits include reduced risk of developing diabetes, high blood 

pressure and heart disease and obesity (Pace, 2000).The environmental benefits are obvious 

because pedestrians/cyclists do not use fossil fuel and thereby do not directly generate any 

Greenhouse Gases (EcoPlan, 2012). 

 

The Concept of Carbon Neutral Communities is therefore emerging and drawing attention of 

policy makers, NGOs, and citizens. A carbon neutral community is any place or neighborhood 
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where carbon produced by households through energy use, water use, solid waste, transportation 

use and high impact food consumption is reduced by taking certain measures resulting in neutral 

or net zero effect (Sommerhoff, 2003). Australia has taken several planned strategies to reduce 

its fossil fuel consumption by buildings and transportation- the major consumers of fossil fuel. A 

carbon neutral community is likely to still produce GHG emission although, almost inevitably, to 

a lesser degree than the state without any plan to curb the emission (Horne, et.al. 2007).  

 

The ambitious GHG reduction target of City of Toronto within its 2007 Climate Change, Clean 

Air and Sustainable Energy Action Plan suggests that it will reduce greenhouse gas emissions to 

80% below 1990 levels of 22 million tonnes per year, by 2050. (Toronto Public Health,  2012B). 

City authorities are taking efforts to attain carbon neutral status to ensure environmental 

sustainability. It is important to note that there are significant difference between greenhouse 

neutral and zero emission. The Metropolitan area of Portland, Oregon has successfully reduced 

CO2 by implementing a strong land-use planning program that promotes compact development 

within an urban growth boundary which has created an efficient city that is easier to serve with 

non-automobile transportation modes. Dependable bus service, streetcar and light rail lines, 

combined with bicycle and pedestrian facility ensure that people who do not drive can take 

advantage of a variety of other travel options (Bradley and Associates, 2007). Areas with high 

rates of urban growth, investment in public transport systems and low-carbon infrastructure can 

avoid dependence on carbon intensive modes and prioritizing infrastructure for pedestrians and 

integrating non-motorized and transit services can create economic and social co-benefits  

(International Panel on Climate Change, 2014). 
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Chapter Three: Methodology 

The research methodology followed for this study is discussed in the following paragraphs. 

3.1 Justification of Research Topic 

Policy guidelines proposed in the Places to Grow Plan are expected to attract more people and 

employment opportunities in Growth Centres in GTHA. This will eventually increase 

commuting for work, school and recreation and other daily needs. The present study aims to 

explore the impact of policy guideline of intensification and compact and transit supportive 

development in the growth centres on commuting behaviour of working people ageing 18-65. 

Number of commuters and distance travelled impact upon the traffic volume on the roads. On the 

other hand, transportation mode chosen by the people who commute for work and other purposes 

directly impact environment. On an average Canadian workers have to commute for 26 minutes 

on regular days and people living in larger metropolitan areas have to travel a longer distance 

(Turcottee, 2011). For Toronto CMA the average commute time is 32.8 minutes and for 

Hamilton CMA it is 26.9 minutes (Statistics Canada, 2013).This generates GHG gases in the 

atmosphere and emission of GHG gases to air resulting from daily commute is a major policy 

concern. The modal choice is linked with how much energy consumption. Energy burned by 

motorized vehicles using fossil fuel has a direct impact on environment whereas active 

transportation users who do not have a direct impact on environment.  

 

The present study will attempt to estimate the nature of energy burned in kilocalorie by 

motorised vehicles and active transportation mode users in two reference years namely 2001 and 

2011. These two years are important because they present the scenario of five year before and 

after the introduction of Places to Grow Plan. The final aim of the study is to explore the impact 
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of intensification and Growth Centre Policy of Places to Grow Plan on change in traffic volume 

and its environmental impact. 

 

3.2 Data 

Data on trips are obtained from Transportation Tomorrow Survey (TTS). Data related with travel 

mode, no of trips, length of trips are derived from TTS data. TTS is the most comprehensive 

travel survey conducted in Greater Toronto and Hamilton Area. The First TTS was conducted in 

1986 which included completed interviews for a 4.2% random sample of all households in the 

GTA. After the first survey the Data Management Group was formed at the University of 

Toronto and was made responsible for management and distribution of TTS data. A small update 

of the survey was done in 1991. During 1991 survey, the survey area was expanded to include a 

band approximately one municipality deep surrounding the outer boundary of GTA in order to 

obtain more complete travel data in the fringe areas of GTHA. New surveys were conducted in 

1996, 2001, 2006 and 2011. In 1996, the survey area was expanded to include the Regional 

Municipalities of Niagara and Waterloo, the counties of Peterborough, Simcoe, Vicoria and 

Wellington, the Cities of Barrie, Guelph, and Peterborough and the Town of Orangeville. This 

survey included approximately 115,000 interviews representing a 5% random selection of 

households throughout the survey area. 2001 and 2006 survey was a repeat of 1996 survey. 2001 

survey included 137,000 completed interviews and the survey area was the same as in 1996 

except for the omission of the Regional Municipality of Waterloo and inclusion of City of Orillia 

and all of the County of Simcoe. 2006 survey included 150,000 completed interviews and the 

survey area was same as in 2001 with the inclusion of the Regional Municipality of Waterloo, 

the City of Brantford and the County of Dufferin. 2011 TTS survey included approximately 
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160,000 completed interviews and the survey area included a similar survey area as in 2006, with 

the addition of the County of Brant (Data Management Group, 2013). 

 

3.3 Data Analysis and Presentation 

Data Source: Transportation Tomorrow Survey provided data on trip lengths by different modes 

for different years. Data for 2001, 2006 and 2011 have been used for this study. Traffic 

Assessment Zones (TAZ) of 2001 were selected as the spatial unit of data generation and 

analysis. Data from 2001, 2006 and 2011 TTS survey was used to explore the trend of mode 

share, vehicle ownership, Vehicle Kilometre (VKT) travelled by Auto Drivers, GO Rail (only) 

users, Transit (excluding GO) users, commuters who walk and cycle to work. 2001 TTS and 

2011 TTS data were used to make a comparative analysis of average energy used by motorized 

vehicle users and active transportation users. These two years were selected because they 

represent a time or situation five year before and after the introduction of Places to Grow Plan.  

Travel data related to commuters aging 18-65 were retrieved from the TTS database. The data 

included home to work trips only. Data on TAZs of Toronto, Durham, York, Peel, Halton and 

Hamilton were taken under consideration only. Expansion Factor was considered while 

generating the data. 

 

TTS Data provides different trip lengths for each transportation mode. Frequency of data 

occurrence gradually decreases with increasing length of trip. As such the maximum length 

considered for this study was the length where cumulative percentage of 95.5 percent of trip 

occurrence ended. This level was selected since 5 percent of confidence level is valid for any 

statistical validity.  



17 
 

Energy Consumption (Per Km) By Different Modes: 

The following section will highlight upon the calculation methods which were used to estimate 

energy consumption methods (in Kcal) by different travel modes.  

(i) Energy consumption by car: 

In general, a car requires to run 29 kW-hrs/100 mile = 29 kW-hrs/160.93km = 0.18020 kW-

hrs/km 

1 kilowatt-hour = 3412.14163 BTU  

Total BTU used by a car per 1 km = 0.18020 x 3412.14163 BTU/km = 614.86 BTU/km 

Then, a car uses 614.86 BTU/km (US Department of Energy, 2014). 

 (ii) Energy Burning (Per km) By Rail 

1 Imperial Gallon = 4.54609 litre.  Then, 1 litre = 0.219969 Imperial Gallon 

Total Train Mile per year  = 18960 mile = 18960 x 1.60934 km = 30513 km 

Total Diesel Consumption = 50410 Imp. Gallons = 50410 x 4.54609 litre = 229169 litre 

Fuel Consumption Rate = 229169/30513 litre/km = 7.51 litre/km = 7.51 x 0.219969 Imp 

gallon/km = 1.6519 Imp. gallon/km  

Generally, One Imp gallon gasoline produces equivalent to 114000 BTU. 

Total BTU used by a Rail  per 1 km = 1.6519 x 114000 BTU/km =188316.6 BTU/km 

Then, a Rail uses 188316.6 BTU/km (GO Transit, 2010). 

 

(iii) Energy Burning by Bus 

In general, a Bus uses 105.89 litre/100km = 0.10589 litre/km = 0.10589 x 0.264172 gallon/km = 

0.02797 gallon/km 

Here, 1 Litre = 0.264172 gallon 

One gallon gasoline produces equivalent to 114000 BTU. 

Total BTU used by a Bus per 1 km = 0.02797 x 114000 BTU /km = 3189 BTU /km 
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Then, a Bus uses 3189 BTU/km  

(Wolfarm, 2014. ; National Service Centre for Environmental Publications, 2014). 

 

(iv) Energy Burning (Per km) By Active Transportation 

Walking briskly (3.5 mph): Calories burned per hour by Men (Healthy Man) 175 Pounds  

= 460 Calories. By Woman (Healthy Woman) 140 Pounds =370 Calories. 

Cycling briskly (5.5 mph) Calories burned per hour by Men (Healthy Man) 175 Pounds  

= 460 Calories. By Woman (Healthy Woman) 140 Pounds =370 Calories. 

Average Calories burned by men and woman= 73.71 calories /km (Pace, 2000). 

(v) Calculation of Energy Consumption by Different Modes 

Average energy consumed by Auto Drivers, Go Rail users, Transit (excluding GO Rail)  users  

were   derived   by   using  Transportation  Tomorrow   Survey  and  energy burning standards 

described in the previous section. Similar data was generated for walking and cycling. Data on 

Auto Driver, Go  Rail  and  Transit  users  were  grouped  together  to represent average energy 

consumption by  commuters  using  motorised vehicles. Similar  procedure  was  followed  for 

walking and cycling which were grouped together as active transportation. 

 

Energy Consumption for Car 

Step 1. One car uses 614.86 BTU/KM 

Step 2. Total Energy consumed  (in BTU) in a TAZ= Total VKT X 614BTU/km 

Step 3. 1 BTU= 0.252164401 kilocalories 

Step 4. Total Kilocalories burned in a TAZ= Total Energy Burned in a TAZ X   0.252164401 

kilocalories 
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Energy Consumption for GO Train 

Step 1. GO Rail consumes 188316.6BTU/KM 

Step 2. Total Energy consumed  (in BTU) in a TAZ= Total VKT X188316.6BTU/KM 

Step 3. 1 BTU= 0.252164401 kilocalories 

Step 4. Total Kilocalories burned in a TAZ= Total Energy Burned in a TAZ  by GO Rail  X  

0.252164401 kilocalories 

Energy Consumption by Transit excluding GO 

Step 1. A Bus consumes 3189 BTU/KM 

Step 2. Total Energy consumed  (in BTU) in a TAZ= Total VKT 3189 BTU/KM 

Step 3. 1 BTU= 0.252164401 kilocalories 

Step 4. Total Kilocalories burned in a TAZ= Total Energy Burned in a TAZ  by Bus X  

0.252164401 kilocalories 

 

(vi) Map Preparation 

Maps were prepared on Average Energy Consumption by Motorized Transportation and Active 

Transportation for the year 2001 and 2011. These two years were chosen to evaluate the impact 

of  Places  to  Grow  Plan which  was  introduced  in  2006.  The two reference years represent 

scenarios 5 year  before  and  after  the plan. Average  data  were  categorized into four groups- 

each representing 25 percentile of the distribution. Visual analysis of the distribution of top and 

bottom percentile  for  two reference  years  have been used to describe the effect of the plan in 
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GTHA. Any change of top 25 percentile group by  motorized vehicles would indicate positive 

or negative  change  in  energy  use and GHG emission from 2001 to 2011. Similar approach is 

followed for active mode of transportation. A map of Growth Centres, as proposed in the Places 

to Grow  Plan  was  superimposed  on  the  2011  map  of  Average  Energy  Consumption   by 

Motorised Vehicles to explore the areas where changes are occurring. 

3.4. Limitations 

This research  has  several  limitations. There  are different  standers  for   energy consumption 

for   different  modes. There  is  no  compiled  source/ reference  where  a  consolidated  and 

standardized baseline data is available for energy consumption and carbon emission. 

Aforementioned data sources were used to calculate energy consumption by motorized vehicles 

and active  transportation. In addition, in  an ideal  situation the method applied in this research 

could lead to the calculation of an Energy Index which would be a ratio of energy consumed by 

active  transportation  versus  energy  used  by  motorized  transportation. Since  TTS  does not 

provide individual travel data and the trip lengths are provided as straight line trip length, such 

index could not be developed. 
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Chapter Four: Findings 

4.1 Energy Consumption in GTHA 

The present section will highlight upon the travel behaviour of work commuters living in GTHA 

to explore the nature of mode share and finally discuss on average energy consumption by 

motorized and active transportation mode users. A comparative study of 2001 and 2011 will shed 

light on the impact of intensification of residential and employment facilities in the Growth 

Centre within GTHA. 

4.2 Mode Share  

Personal automobile users are the most dominant group in all three reference years. The 

proportion of automobile users shows an increasing trend of growth between 2001 to 2011. 

Proportion of Transit users significantly increased from 2001 to 2011. In 2001 24.34 percent 

commuters used transit excluding GO Rail 

which was 36.25 and 35.02 in 2006 and 

2011 respectively. Commuting using 

Walking and Cycling is a less popular 

option. In 2001 only 6.48 percent commuters 

used walking and cycling to commute to 

work which was 8.13 percent in 2006 and 

8.42 percent in 2011(Figure 4.1).  

       Figure 4.1 Mode Share in GTHA 
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4.3 Vehicle Ownership in GTHA 

 

 Ownership   of  two  cars  is common in all areas in all three reference years, except Toronto 

where households with one car are more dominant. Households with no cars are dominant in  

Toronto and Hamilton. Other areas show varying degree of proportional dominance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 4.2. Vehicle Ownership Trend 

Car Ownership Households with no car 

2001 Scenario 

2006 Scenario 

2011 Scenario 



23 
 

Ownership of car is important because these households have to depend on other modes to 

 Commute.  

 

4.4 Vehicle Kilometer Travelled by Various Travel Modes 

4.4.1 Commuting by Personal Automobiles  

 

Commuters who commute to work in personal vehicles as Auto Drivers are the most dominant 

group in GTHA in three reference years. Total length of trips (in KM) increased 3.85 percent in 

2006 from 2001 and in 2011 it increased only 0.42 percent from the 2006 level. The average 

length (Total VKT/ Total Population) of trips remained almost the same. Region of Peel, York 

and Halton show significant growth in travel during 2001-2006 period which slowed down 

during 2006-2011 period (Table 4.1). During both the periods Toronto shows negative growth. 

Highest negative growth occurred in Durham. Neighbourhoods of Toronto shows gradual 

decrease of total VKT by the commuters who travel as Auto Drivers (Figure 4.3). Auto 

dependency has increased in York and Peel region from the 2001 and 2006 levels. In Hamilton, 

Halton and Durham area, auto commuters have more or less stabilized. 

Table 4.1.  Growth of VKT by Auto Drivers 

Area                                        2001-2006                                   2006-2011 

 

Toronto                                    -8.34                                            -2.76  

Durham                                     7.45                                            -8.27 

York                                         10.79                                            5.58 

Peel                                            7.95                                             2.84 

Halton                                      12.52                                             2.22 

Hamilton                                   -3.27                                            0.64 
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Figure 4.3. Changes in Total VKT of Auto Drivers 

 

4.4.2 Commuting by GO Rail only 

Commuting by GO Rail play a significant role in Halton, Peel, York and Durham region. 

Though Toronto experienced about 20 percent growth, still Go rail is not a dominant mode 

there. Durham, York and Halton experienced significant growth of total VKT (Table 4.3). 

Highest number of commuters commutes from York region by GO Rail. Although Hamilton 

show the highest growth of commuters but the total number of commuters is very low from 

Hamilton. Total ridership in GO Rail has increased but different scenario is evident in 

different regions (Figure 4.4). York and Halton experienced highest change. Total VKT 

increased from 165326 to 468420 representing 64.71 percent increase in York and from 

275946 to 441721 representing 37.53 percent increase in Halton. 
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Table 4.2. Growth Trend of VKT by GO Rail Only 

Area                                        2001-2006                                   2006-2011 

 

Toronto                                       8.31                                                20.34                                            

Durham                                    -10.39                                                32.01                                     

York                                          36.50                                                44.42                                    

Peel                                            12.90                                                15.29                                                    

Halton                                         1.89                                                36.32                          

Hamilton                                   -569.78                                             67.53 

 

 

 

 

 

 

 

 

 

 

 Figure 4.4. VKT change for GO Rail only 

 

4.4.3 Commuting by Transit Excluding GO 

It is interesting to notice that transit users of Toronto have exacerbated the transit users in other 

regions (Figure 4.5). People living in Peel and York region also commute by transit excluding 

GO though the proportion is comparatively less that Toronto. VKT by this mode was 21, 41,932 



26 
 

in 2001 in Toronto which grew to 24, 49,525 in 2011 representing 12.51 percent increase. 

Commuters using transit have decreased considerably in Hamilton which experienced a negative 

growth. Only Toronto and Halton shows increasing growth. Durham, Peel and York have 

experienced decreasing growth during 2006-2011 than 2001-2006 periods (Table 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5. VKT change for Transit excluding GO Rail 

 

Table 4.3. Growth Trend VKT of Transit excluding GO 

Area                                        2001-2006                                   2006-2011 

 

Toronto                                       4.50                                               8.44                                                                   

Durham                                     34.13                                             23.22                                

York                                          33.10                                             14.65                                  

Peel                                            23.95                                               7.38                            

Halton                                        14.47                                             18.48                    

Hamilton                                    18.92                                             -0.09                 
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4.5 Commuting by Waking and Cycling 

 

Active transportation mode which predominantly include walking and biking is an option of 

commuting. Although only a limited part of work commute in GTHA is done through this modal 

option. Toronto Region experienced significant increase of active mode share for work commute 

(Figure 4.6). Significant difference is evident in the growth rate of this mode share during 2001-

2006 and 2006-2011 periods (Table 4.4).  

 

Table 4.4. Growth Trend of Active Transportation in GTHA 

Area                                        Walk                                                                   Cycle 

                               2001-2006          2006-2011                       2001-2006           2006-2011 

 

Toronto                    -8.92                    16.41                                -0.40                     47.20   

Durham                    -2.62                    -2.50                                17.57                     11.44 

York                          4.28                   11.30                                 22.31                     63.21         

Peel                           4.86                   19.89                                 12.21                     44.00     

Halton                     12.07                   18.08                                -41.53                     53.00         

Hamilton               -16.57                    -3.88                                   4.26                      -5.92    

 

Significant growth occurred in commuting by walking and cycling during 200-2011 period. 

Toronto experienced 16.41 percent growth for commuters who walk during 2006-2011 period 

from - 8.92 percent growth during 2001-2006 period. For cyclists, Toronto had 47 percent 

growth for 2006-2011 period which was only -0.40 percent during 2001-2006 period. York and 

Peel region also experienced similar growth in active transportation during 2006-2011 period. 
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Highest length of commuting by walking and cycling occurs in Toronto. Total number of people 

who walked and biked to workplace in 2011 was 64766 and 73165. The lowest figures occur in 

the case of Halton where the corresponding numbers are 3540 and 1419 only (Figure 4.4). 

Although the figures are comparatively less, still considerable length was commuted by walking 

and cycling in Peel and Hamilton (Figure 4.6). 

 

 

 

 

 

 

Figure 4.6. Increase of Active Transportation (KM Travelled) 

4.6 Average Energy Use by Motorized Vehicles (in BTU and Kilocalories) 

The energy consumption pattern of different transportation modes is different. Since personal 

automobile, GO Rail and transit excluding GO are the most dominant modes in GTHA, the 

current section will highlight upon the combined energy consumption of these three modes for 

motorized vehicle and calories burned by active transportation (walking and cycling). Figure 4.7. 

shows the distribution pattern of fossil fuel burned by motorized vehicles in 2001 and Figure 4.8. 

shows the same for the year 2011. Average energy consumption by the commuters are presented 

in kilocalories. These two reference years are chosen because they represent the situations 5 
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years before and after the implementation of the Places to Grow Plan. The maps indicate a 

growth trend of top 25 percentile of the energy consumers, namely fossil fuel in certain areas. 

Significant decrease is noticed for top 25 percent energy users in Caledon area between 2001 and 

2011. Large increase in top 25 percentile group is noticed in York and Durham region. In both 

the scenarios Toronto remained as the 50-75 percentile group. Significant expansion of top 25 

percentile area is noticed in specific areas. The top 25 percentile areas in 2011 are mostly located 

around the areas which are identified as future growth centres in the GTHA Growth Plan (Figure 

4.9).  Perhaps increase of population in the Growth centres has influenced the growth of 

commuters using motorized modes in these growth centres. If the Growth Centres continue to 

attract more people and employment opportunity then, it can be easily anticipated that TAZs 

around these growth centres would  generate more trips which may lead to more GHG emission 

through travelling. It should be noted here that data on trip origin attached to a TAZ are only 

presented here. Trip Data related with TAZs as destinations will definitely produce more 

complicated scenario. 

Interesting change is noticed for energy consumed by motorized vehicles. Several large TAZs in 

Caledon belonging to top 25 percentile category in 2001 transferred to 50-75 or 25-50 percentile 

group. Which indicate a modal shift. On the other hand, small as well as large TAZs located in 

Durham and York region which are also located along a belt of Growth Centres have shifted to 

top 25 percentile group. TAZs located around Ajax, Whitby and Oshawa downtown have 

transformed to top 25 percentile group in 2011 from a lower percentile group of 2001. In 2001 

almost entire Toronto belonged to 50-75 percentile group. In 2011, TAZs located at downtown 

and adjacent areas shifted to 25-50 percentile group, indicating a modal shift to more greener 

travel option. 
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Figure 4.7 Energy burned by Motorized Vehicles in 2001 
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Figure 4.8 Energy burned by Motorized Vehicles in 2011 
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Figure 4.9 Growth Centres and Energy burned by Motorized Vehicles in 2011 
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4.7 Energy Consumption by Active Transportation Modes 

Active transportation modes namely walking and cycling are considered to be green mode as 

they do not burn fossil fuel. Rather they burn energy from body fat which has certain health 

benefits. Figure 4.10 and 4.11 show the average energy use pattern of active transportation mode 

in the GTHA for the year 2001 and 2011. Areas located near Downtown Toronto, Mississauga, 

Oakville and Brampton and Hamilton seem to be more active transportation dependent for both 

reference years. Major concentration of this category is found in Toronto where concentration of 

Growth Centres is high. Some top 25 percentile areas of 2001 transferred to 50-75 percentile 

category in 2011. Some bottom 25 percentile areas transformed to 25-50 percentile group in 

2011.  The latter trend is a good indication of development of active transportation mode share in 

GTHA. 
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Figure 4.10. Energy burned by Active Transportation in 2001 
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Figure 4.11. Energy burned by Active Transportation in 2011 
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4.8 Growth Plan for GTHA and Average Energy Consumption  

 

The Places to Grow Plan of GTHA suggests that growth will be managed through directing new 

growth in built-up areas by intensification. The plan also emphasise on reducing dependence on 

the automobile through the development of mixed-use, transit-supportive, pedestrian-friendly 

urban environments which will likely provide convenient access to intra- and inter-city transit. 

Priority is given to plans and investments to ensure a balance of jobs and housing in communities 

across GTHA to reduce the need for long distance commuting and to increase the modal share 

for transit, walking and cycling (Ontario Ministry of Infrastructure, 2013). 

 

After 5 years of implementation of the Growth Plan, TAZs located in and around Growth centres 

have started generating more and/or longer automobile trips (including cars and all forms of 

transit) as indicated by the increase of energy usage by motorized vehicles (Figure 4.5 and 4.6). 

If this trend continues in future, the TAZs located in and around Growth centres will use more 

fossil fuel and generate more GHG in the atmosphere. The intensification strategy of Places to 

Grow Plan could not reduce energy consumption and associated GHG emission in its first five 

years of implementation. 

 

Work commute by walking and cycling concentrate in the main urban areas. They are also the 

places located within close vicinity of Growth Centres. TAZs located in the sub-urban areas do 

not show much participation in commuting by active transportation and as such mainly belong to 

the bottom 25 percentile group in 2001 and 2011. This indicates that implementation of the 

Places to Grow plan could not bring significant positive change to active transportation which is 

also linked with transit ridership. 



37 
 

 

The Places to Grow Plan was introduced in 2006. The intensification strategy of the plan is 

embedded with municipal plans and regional transportations plans of the region now. The 

discussion presented in previous sections indicates that a noteworthy change has taken place 

around the Growth Centres which are mainly the Downtowns of the Urban Areas located within 

the GTHA. Growth Centres and places around the Growth Centres demonstrate considerable 

increase of motorized energy consumption which is an indication of more GHG emission. 

Despite the increase in the active transportation modes, sustainability of the transportation 

system could not be properly implemented which is apparent from the maps shown here.  
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5. Summary and Conclusion 

The Places to Grow Plan was introduced in 2006 to guide the development and growth of urban 

and suburban areas in GTHA. After five years of its introduction, the region has started enjoying 

the positive and negative impacts of this plan. 

 

Concentration of urban facilities and jobs in the growth centres within GTHA generate intra and 

inter urban movements. People commute for work and various other purposes. The current study 

focused on work commute only. Data generated by TTS has been used to understand the nature 

of work commute in GTHA. Two reference years namely 2001 and 2011 signifying the status of 

GTHA five years before and after implementation of the plan, were chosen to understand the 

influence of the Growth Plan on work commute and associated urban facilities. Data were 

analyzed at the scale of TAZs of residence within the GTHA. The ultimate goal was to explore 

average energy consumption pattern of motorized trips (which include automobile, GO Rail and 

Transit excluding GO) and trips made by active transportation (which include walking and 

cycling). 

 

Variations are observed in these two types of modal choices in between five years before and 

after implementation of the plan. It has been revealed through the study that personal vehicle is 

the most dominant mode of transportation used to commute for work. Auto dependency has 

increased in York and Durham regions. Toronto has experienced gradual decrease in this regard 

from 2001 and 2006 standards. With regards to the GO Rail users, Halton, Peel, York and 

Durham show growing trend. Hamilton show a significant decline and Toronto show moderate 
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increase of commuters using this mode. Work commuters in Toronto using transit has 

enormously increased from the year 2001 and 2006. Peel and York also show some positive 

change in this mode share.  

 

Active transportation mode use is most dominant in Toronto. Other areas show some positive 

trend but not as extensive as Toronto. During 2006-2011 period several municipal plans and 

policies were taken to increase the modal share of Active Transportation. These include Places to 

Grow Plan ,  Provincial Policy Statement , 2005, The Big Move: Regional Transportation Plan 

for GTHA and others. Bike facilities are being developed to facilitate biking in Toronto and 

adjacent areas in order to ensure safe commuting by cycle. 

 

Energy used by motorized vehicles show some interesting change between the period of five 

year before and after the implementation of Places to Grow Plan. Some top 25 percentile areas in 

located in Mississauga, Brampton and Milton area have shifted to lower percentile group in 

between 2001 to 2011, which is an indicative of modal shift to more sustainable  travel options. 

On the other hand, new areas have been added to top 25 percentile group in 2011 located in 

Ajax, Whitby and Oshawa. Similar trend is observed in York.   

 

An increase of motorized work commuters and energy consumption by them is noticed around 

the growth centres. TAZs located away from growth centres show less amount of energy 

consumption by motorized vehicles.  A significant shift to active mode of transportation is 
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noticed in 2011.  Regional Municipality of Toronto, Mississauga, Oakville and Brampton are 

more dominated by active transportation.  

 

The Places to Grow Plan of GTHA will lead to more population and job concentration in the 

growth centres located within GTHA. If the current trend of modal choice continues then it 

would lead to more fossil fuel use and energy burning in and around growth centres which will 

create negative impact on the atmosphere and human health. Results from this study the need for 

more emphasis on infrastructure and financial support for the promotion of active transportation 

and transit. Clearly defined and designed plan for transit supportive and active transportation 

based urban  development  will be the best way to curb the future fossil fuel consumption needs 

for work commute and purposes for trip making in GTHA. 
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