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ABSTRACT

Vehicle emission models enable transportation planners to evaluate the environmental
implications of alternative transportation policies and assist decision makers in selecting
the most cost effective strategies to improve urban air quality. Travel activity is an
important determinant of vehicle emissions. Traditionally, travel demand models were
developed separately from vehicle emission models. Today, the need exists for better
model integration.

In this research study, a set of tools was developed to predict vehicle emissions in
Canada’s National Capital Region using output from the regional travel demand model
implemented in EMME/2. Travel characteristics are computed within the EMME/2
environment and summarized in an output file. This file is then read into the Emission
Calculator, a Visual Basic program developed to estimate criteria pollutants using the
U.S. Environmental Protection Agency’s MOBILES model. The Emission Calculator is
also capable of estimating greenhouse gas emissions using fuel consumption equations
and greenhouse gas emission factors supplied by the user. Emissions can be summarized
according to the link classification scheme, or formatted into a file suitable for importing
into EMME/2 for visual display of emission results.

As part of the research effort, input data specific to Ottawa-Carleton was collected,
including estimates of intra-zonal travel, temperature, operating mode fractions, fleet
characteristics, and commercial vehicle traffic. Sensitivity tests were conducted to
determine the sensitivity of emission estimates to changes in input data. Results of the
study suggest that vehicle emissions in Ottawa-Carleton will grow by approximately 50%
between 1995 and 2021 unless policy changes are implemented or technological solutions
can be found.
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INTRODUCTION

1.1 TRANSPORTATION AND THE ENVIRONMENT

Transportation is central to our modern way of life; the well being of our nation depends
on our ability to move people and goods efficiently, quickly, and economically. Private
automobiles enhance our mrobility, allowing people to participate in a wide range of
activities essential to human existence. Our desire for mobility, independence, and status
has created a society that is dependent on personal vehicles, a dependency that has shaped
our urban landscape, and influences our quality of life, health, and relationship to the

natural environment.

Transportation systems are an integral part of our communities, our economy, our
heritage and our future. The benefits of such systems are significant, yet the negative
consequences of automobile dependency cannot be ignored. Indeed, the impact of
transportation on the environment has gained increasing attention as air pollution in urban
areas continues to affect human health. Transportation is a major source of air pollution;
efforts are currently underway to reduce vehicle emissions and improve the quality of
urban life. However, the success of such efforts depends on the ability of transportation
planners and policy-makers to understand the relationship between vehicle emissions and
travel activity. While technological solutions will certainly play a role in reducing vehicle
emissions, technology alone is unlikely to solve the problem. Air pollution exists now;

the technology and political willpower to eliminate air pollution does not.
Checkel (1996) describes the extent of the problem:

Although vehicle emission rates have been dramatically reduced over the
past two decades, the urban air quality problems have not disappeared,
particularly in large cities with sensitive climatic conditions like Los
Angeles. Other large urban areas (including many Eastern and Midwestern
American cities as well as Vancouver and Toronto) have also suffered
notable deterioration in air quality, despite tightened vehicle emission
standards. This occurs because of the increasing size of urban areas. Large
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cities generate more traffic ... so the total amount of pollutants
increases... (2)

The cost of air pollution is significant. The Ontario Medical Association estimates that
smog costs Ontario more than $1 billion a year in lost productivity, health care costs, and
premature deaths (Duffy 2000; DSS Management 2000). Each year in Ontario, air
pollution is responsible for 13,000 emergency room visits, 9,800 hospital admissions, and
47 million sick days for Ontario employees. In Ottawa, over 100 people die each year
from poor air quality. Medical costs from air pollution reach $23 million annually, while

lost production costs the city nearly $29 million.

Environment Canada (2000c) estimates that air pollution contributes to the premature
death of over 5000 Canadians each year. A recent study of the effects of urban ambient
air pollution on daily mortality rates in Canadian cities found an increase in the death rate

when smog is most severe (cited in ACPH 1999).

The Federal, Provincial, and Territorial Advisory Committee on Population Health (1999)
notes that environmental pollution is a “significant and fairly consistent worry for the
majority of Canadians” (69). Indeed, each year between 1987 and 1996, over two thirds
of Canadians have reported that they are very concerned about air quality, while one

quarter believe that their health is affected “a great deal” by pollution (ACPH 1999, 69).

Air pollution also impacts the environment. In a comprehensive investigation of the
social costs of motor vehicle use in the United States, Delucchi (1998) estimates that air
pollution cost Americans between $35 billion and $500 billion in 1990-1991. Of this
cost, between $3.3 and $5.7 billion was associated with damage to agricultural crops.

Damage to forests was estimated at between $0.2 and $2 billion.

Air quality in Canada has improved significantly since the 1970’s due to environmental
regulations aimed at reducing air pollution (Environment Canada 2000a). However, the
trend over the past decade is more difficult to interpret. While Environment Canada’s

National Environmental Indicator Series shows a decrease in average carbon monoxide

and nitrogen dioxide concentrations between 1990 and 1996, the rate of decrease has



slowed considerably compared to previous years (Environment Canada 2000d). At the
same time, ground-level ozone concentrations have increased, and airborne particulate
concentrations have remained virtually unchanged. The number of ground-level ozone
violations has fluctuated between 1990 and 1996; it is difficult to predict how air quality

will change in the future based on recent trends.

In Ontario, volatile organic compound (VOC) emissions decreased between 1990 and
1997 (Ontario MOE 1999). However, carbon monoxide and nitregen oxide emissions
have remained relatively stable since 1993. Over this same interval, nitrogen dioxide and
airborne particulate concentrations have changed only marginally. Mean annual ozone
levels have increased, yet the number of air quality advisories shows no discernable trend.
In 1997, Ontario’s air quality rating was reported as ‘good’ or ‘very good’ 95.5% of the
time (Ontario MOE 1999). Although improvements have been made, air quality remains
a concern in urban areas across Canada. As Environment Canada (1997b) writes:
“Despite the reduction of national levels of common pollutants, poor air quality remains a
problem in large urban areas where ... [pollutant] concentrations occasionally reach

unacceptable levels” (1-3e).

Numerous human activities contribute to air pollution. However, emissions from motor
vehicles are a major source, accounting for over 30% of carbon monoxide emissions,
15% of VOC emissions, and 30% of nitrogen oxide emissions in 1995 (Environment
Canada 1998a). According to Environment Canada (1997b), automobiles produce
approximately half the pollutants that combine to form ground-level ozone, the primary

ingredient in smog.

Automobiles are also a major source of man-made carbon dioxide (CO-) emissions:
emissions that contribute to the greenhouse effect and global warming. The 1998
Foundation Paper on Climate Change reports that approximately 11.3% of greenhouse
gas emissions in Canada are produced by passenger cars. An additional 3.8% are
produced by passenger trucks, while commercial trucks produce nearly 6.2%
(Transportation Table 1998). Overall, the transportation sector accounts for 27% of all

greenhouse gas emissions in Canada. These emissions have the potential to change local



precipitation patterns, alter ecosystems, and raise sea-levels, affecting crop yields, forests,

and water supplies.

Transportation systems provide many benefits, yet the social, economic, and
environmental impacts of such systems are far-reaching, and difficult to predict. Careful
planning and design is critical to ensure that human and environmental needs are
balanced against the need for increased mobility. Policies must be enacted to encourage
the development of sustainable urban communities. Such communities can only be

achieved if the impacts of transportation are explicitly considered and addressed.

1.2 PROBLEM DEFINITION

As air pollution harms our communities and greenhouse gas emissions threaten our global
environment, the ability to model vehicle emissions has become more and more
important. Such models allow planners and transportation engineers to quantify the
change in vehicle emissions associated with a particular transportation or land use policy.
Although policy decisions are rarely based on one criterion alone, information concerning
the environmental impacts of alternative policies enables decision makers to make more
informed decisions: decisions which not only consider economic costs and benefits, but
environmental and social costs and benefits as well. Since vehicle use is expected to
increase significantly during the coming decades, automobile pollution will only grow
worse unless solutions can be found. This implies that the ability to predict future travel

patterns is important in order to derive accurate emission estimates.

Emissions from motor vehicles are a major cause of urban air pollution. Thus, any effort
to improve air quality must address vehicle design and operation, as well as travel
demand, and driver behaviour. Models have been developed to compute vehicle
emissions as a function of travel activity and vehicle characteristics. Such models include
emission factor models which are able to forecast nitrogen oxide, hydrocarbon, and
carbon monoxide emissions on a regional scale, as well as fuel consumption and

greenhouse gas models.



Vehicle emission models are often used in conjunction with travel demand models, which
are able to forecast future traffic volumes given changes in the socio-economic
environment or transportation network. Although the output from travel demand models
becomes the input to vehicle emission models, the models were developed separately, for
widely different applications. As a result, model integration is largely nonexistent; it is

difficult to evaluate the change in vehicle emissions under different policy scenarios.

Consequently, the need exists to develop a set of tools to integrate travel demand models
with vehicle emission models, allowing modellers to investigate changes in vehicle
emissions from measures that influence travel behaviour. Such tools will enable decision
makers to select the most cost-effective means to improve air quality, and are thus

essential for developing sustainable communities.

To date, the Region of Ottawa-Carleton has not considered the impact of vehicle
emissions when evaluating transportation policies. However, there is a desire to build
new tools, which will allow planners to study the environmental implications of policy
decisions. The tools must be capable of interacting with the Region's travel demand

model, which has been implemented using the software, EMME/2.

To address the needs of both the Region of Ottawa-Carleton and the larger modelling

comimunity, a research study was undertaken. The goals of this study are outlined below.

1.3 GOALS AND OBJECTIVES

The ability to model vehicle emissions is essential if policy makers are to take effective
action to improve air quality and reduce greenhouse gases. Consequently, the overriding
goal of any transportation-vehicle emission study is to enhance the accuracy of the
modelling process, and increase the functionality of existing tools and methods. In
Canada, much effort has been focused on forecasting vehicle emissions at the provincial
and national level. Statistical techniques are then employed to produce emission estimates
at a finer level of detail (EEA 1999). However, considerable work remains to be done at

the urban level.



Given the lack of integration between travel demand models and vehicle emission
models, the primary objective of this study was to develop a set of tools to estimate
vehicle emissions from on-road mobile sources using output from the travel demand
model, EMME/2. The tools were developed using data for Canada’s National Capital
Region. Applying such tools, modellers will be able to investigate future vehicle
emissions under different transportation and land-use policies. Moreover, the relationship

between vehicle emissions and travel activity can be readily understood.
In general, the study had three main objectives:

e Develop a set of tools to estimate criteria pollutants and greenhouse gases
¢ Gather input data and compute vehicle emissions for the National Capital
Region

e Analyze the sensitivity of emission estimates to changes in input parameters
The emission estimation tools were designed to integrate the travel demand model,
EMME/2, with the vehicle emission model, MOBILES. In addition, the tools were
enhanced with the capability to model greenhouse gas emissions. Unlike emissions
affecting air quality, greenhouse gas emissions have generally been excluded from vehicle
emission models. However, as governments strive to meet greenhouse gas reduction

targets and avert global climate change, the ability to model greenhouse gas emissions has

grown increasingly important.

An additional objective of the research was to investigate methods to improve the
transportation modelling process. In particular, geographic information systems were used
to compute the trip length of intra-zonal trips in the National Capital Region, illustrating a
potential application of GIS technology in transportation planning. An attempt was also
made to account for the impact of commercial vehicles when assigning trips to the
transportation network in EMME/2. Traditionally, the congestion from commercial
vehicles has been ignored in the travel demand model for the National Capital Region. A
further outcome of the research was the development of travel distance and duration
values for each vehicle trip captured in the 1995 Origin-Destination Survey. This

information can be used for a variety of applications, and is an improvement over the



previous distance and duration values in the survey database, which did not account for

differences in travel characteristics throughout the day.

1.4 THESIS ORGANIZATION

This document describes the research effort that was undertaken to develop a set of tools
to estimate vehicle emissions in the National Capital Region using output from the
regional travel demand model, EMME/2. Chapter 2 provides background information on
vehicle emissions modelling, and also highlights the deficiencies of current modelling
practice. The research methodology for the study is presented in Chapter 3, along with a
description of the study area, and the regional travel demand model used to predict travel
activity. Chapter 4 describes the process of obtaining input data, including estimates of
intra-zonal travel, temperature, operating mode fractions, fleet characteristics, and
commercial vehicle traffic. The analysis periods selected for the study are also described,
as well as the road classification scheme. The tools developed to compute vehicle
emissions are presented in Chapter 5. A detailed summary table is provided, documenting

the data requirements of the emission calculation tools.

Since the input data used to compute vehicle emissions often involves assumptions,
numerous sensitivity tests were conducted to determine the impact on vehicle emissions
of changes in input data. The results of the tests are presented in Chapter 6. Chapter 7
describes the vehicle emissions that were computed for the Natidnal Capital Region for a
typical October day in 1995 and 2021. The results of a simple case study are also
included, to demonstrate the ability of the emission calculation tools to analyze the
environmental implications of alternative transportation policies. Finally, conclusions and
recommendations are presented in Chapter 8. Additional information is included in the

appendix of the report, including summary tables and computer source code.

The research study described in Chapters 2 to 8 is the result of over 12 months of work
conducted in collaboration with the Region of Ottawa-Carleton and Carleton University.
The research has encompassed several phases, including literature review, data collection,

computer programming, modelling, and analysis, with the ultimate goal of contributing to



the extensive knowledge-base of vehicle emissions modelling available in the literature.
The research seeks to improve upon existing methods and tools, but is subject to certain
limitations which will only be overcome with further research and investigation, as

members of the research community stretch the boundaries of understanding even further.



2 BACKGROUND

2.1 INTRODUCTION

While vehicle emissions modelling is mandated by law in the United States through such
acts as the Clean Air Act and the Intermodal Surface Transportation Efficiency Act,
Canada has no such legislative framework governing zir quality analyses. However, as
urban air pollution begins to exceed acceptable limits, modelling mobile source emissions
will grow increasingly important, not only to predict future levels of pollutants, but also
to evaluate alternative policies for mitigating transportation air quality impacts. To date,
Canadian attempts to model vehicle emissions have been largely dependant on American
technology, in particular, the MOBILE series of models produced by the U.S.
Environmental Protection Agency (EPA). Since the United States has a much longer
history of modelling vehicle emissions, in part because of more severe levels of urban air

pollution, much can be learned from the American experience.

This chapter is intended to provide a background to vehicle emissions and vehicle
emissions modelling. The most important mobile source pollutants are described,
including their health impacts and method of formation. In addition, the basic procedure
for modelling vehicle emissions is discussed, as well as deficiencies with current

modelling practice.

For more information, Environment Canada (1997b), Chevron (1996), U.S. EPA (2000b)
and Horowitz (1982) provide an excellent introduction to transportation related air
pollution, vehicle emissions modelling, and emission control measures such as alternative

fuels, inspection and maintenance programmes, and travel demand management.

2.2 VEHICLE EMISSIONS OVERVIEW

Vehicle emissions result primarily from the combustion of fossil fuels. Under ideal

conditions, fuel and air combine to form carbon dioxide, water, and nitrogen. However,
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under typical vehicle operating conditions, fuel combustion is incomplete, leading to the

combustion by-products illustrated in Equation 2-1.

Equation 2-1  Fuel + Air = Unburned Hydrocarbons (HC) + Nitrogen Oxides (NOx) +
Carbon Monoxide (CO) + Carbon Dioxide (CO,) + Water (H,O)

With the exception of water vapour, these combustion by-preducts are considered

pollutants: pollutants which impact human health, harm the environment, and degrade our
society's quality of life”. Although these pollutants are formed during combustion and are
emitted from the tailpipe as exhaust emissions, they result from widely different
mechanisms. Nitrogen oxides are formed during the high heat of combustion. At elevated
temperatures, reactions occur between the nitrogen and oxygen present in air. As a result,

excess oxygen in the combustion chamber increases nitrogen oxide emissions.

In contrast, carbon monoxide is formed due to incomplete combustion of organic fuels.
An intermediate product of combustion, CO is rapidly oxidized to CO, under ideal
conditions. However, if insufficient oxygen is present in the combustion chamber, it is
impossible to convert all the fuel carbon to carbon dioxide, leading to high levels of CO
in the vehicle exhaust. Carbon monoxide emissions are particularly high during
deceleration and idling. Under conditions of high power demand, enrichment of the fuel-
air mixture is required: a process which reduces the amount of oxygen available for
combustion, increasing CO emissions. Indeed, the rich fuel-air mixture required after
engine start-up contributes to incomplete combustion, causing CO emissions to be

highest during this phase of vehicle operation.

Not surprisingly, hydrocarbon emissions are also affected by the fuel-air mixture: the
more fuel vapour in the combustion chamber, the more unburned hydrocarbons that are
able to escape though the vehicle exhaust system. Although most fuel is burned in the
engine, between one and five percent escapes unburned, depending on the engine design,

operating temperature, air-fuel ratio, fuel system deposits, and engine condition.

" Nitrogen oxides, hydrocarbons, and carbon monoxide are commonly referred to as “criteria” pollutants
since they are regulated by the U.S. Federal Government under the Clean Air Act






