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ABSTRACT

The thesis develops a model to estimate heavy truck energy use and emissions using new

knowledge bases and practical scenario-based analysis techniques. The model is designed

to analyze I ) contemporary energy use and emissions and 2) efficiency improvements over

time by heavy trucks under regulatory change and emission reduction initiatives. Heavy

trucks are tractor trailer semi-combination units operating on non-congested rural highways

in Western Canada.

New knowledge bases are developed from ten Prairie-based carriers and from industry

officials. These knowledge bases are applied to the Manitoba Heavy Truck Energy and

Emissions rnodel using a rational methodology comprised of the consecutive determination

of four variables: 1) truck kilometres of travel as a description of activity; 2) truck

characteristics; 3) fuel consumption rates expressed as a function of gross vehicle weight

and season, based on a survey of actual travel containing 272 mlllion miles of travel and 39

million gallons of diesel from the period between May 1999 and September 2004, and 4)

emission factors based on analytical assessment of the literature. The developed fuel

consumption relationships are:

Metric Units (kilometres per litre and gross vehicle weight in tonnes)

Winter

Spring

Fuel Consumption (km / L):
Fuel Consumption (krn / L) :

0.0264 x GVW

0.0268 x GVW

3.252

3.417

1V



Summer

Fall

Spring / Fall

Annual

Fuel Consumption (km / L) :
Fuel Consumption (km / L) :
Fuel Consumption (km / L) :
Fuel Consumption (km / L):

3.501 -0.0260 x GVW

3.11,3 -0.0327 x GVW

3.698 -0.0343 x GVW

3.468 -0.0278 x GVW

Comparing the seasonal and annual relationships shows:

a seasonal differentiation exists, the winter season having the lowest fuel efficiency

relative to past relationships fuel efficiency has improved by approximately 1

percent per year

fuel efficiency decreases at a rate of 0.0278 km / L per metric operating tonne

The Manitoba Heavy Truck Energy and Emissions Model is applied to the Manitoba

section of the Trans-Canada highway between Winnipeg and Portage La Prairie. The

contemporary relationship applies to year 2002 and is compared to a survey developed for

year T982 based on a similar methodology. The results compare fuel use and emissions

along the study section for 1982 and 2002 and show that fuel economy is improving by

approximately I percent per year and that greenhouse gas emissions are reducing as a

function of freight movement. Total emissions are increasing due to increases in heavy

truck kilometres of travel.

Scenario-based analysis is developed and shows the sensitivity of fuel use and emissions

production to both heavy truck size and weight limits and idting. The average recorded

heavy truck operating weight is below the GVW limits for 5-axle 3-S2s, 6-axle 3-S3s and

8-axle B-trains on the Manitoba section of the Trans-Canada highway between Winnipeg

and Portage La Prairie. Analysis shows that trip reduction from increased payload

capabilities related to increased maximum GVW limits is a successful measure to reduce

o
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emissions. The impacts of the Royal Transportation Association of Canada Memorandum

of Understanding (RTAC MoU) on the introduction of a 6-axle 3-S3 fleet in Manitoba are

assessed by increasing the GVIV limit shows that COz emissions are reduced by as much as

13 percent for single tractor semi-trailer combination trucks. One carrier has detailed

idling data, which is used to estimate a fuel consumption rate during idling operations.

This estimate is 0.787 gal lIv.

The knowledge bases obtained in the research are developed and show that 1) diesel tax

revenue in the Province of Manitoba estimated along the study section for years 1982 and

2002 is decreasing over time in constant dollars, 2) Prairie-based carriers employ emission

reduction initiatives, and 3) the energy content of biodiesel is lower than petroleum diesel

and would introduce fuel economy penalties and increase emissions. Greenhouse gas

emissions generated from renewable fuels are not accounted for in emission inventories.

Increasing truck kilometres of travel (tkt) in the province of Manitoba is causing increases

in fuel use and greenhouse gas emissions, meaning that environmental obligations like the

Kyoto Protocol are not being met. Future research and emission modelling can determine

the impacts of new regulation options and emission reduction initiatives.

VI
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CHAPTER 1

INTRODUCTION

1.1 THE RESEARCH

The thesis develops a model to estimate heavy truck energy use and emissions using new

knowledge bases and practical scenario-based analysis techniques. The model is

designed to analyse 1) contemporary energy use and emissions and2) efficiency

improvements over time by heavy kucks under regulatory change and emission reduction

initiatives. Heavy trucks are tractor semi-trailer combination units operating on non-

congested rural highways in Western Canada.

The model uses a rational methodology comprised of the consecutive determination of

four variables: 1) truck kilometres of travel as a description of activity, 2) truck

characteristics, 3) fuel consumption rate, expressed as a function of gross vehicle weight

and season, and 4) emission factors based on analytical assessment of the literature. New

knowledge bases were developed from ten Prairie-based carriers and industry officials

based on a survey of actual travel containing 272 mlllionmiles of travel and 39 rnillion

gallons of diesel over the period between May 1999 and September 2004.

Using a scenario-based approach, the model analyses the base case and the sensitivity of

effìciency changes due to variations in truck size and weight, regulatory limits, and

idling. Knowledge bases explain the impact of initiatives designed to reduce energy use



and emissions. The initiatives are: 1) emission reduction initiatives centred on industry

education and demonstration projects, 2) diesel taxation by federal and provincial

governments and, 3) biodiesel fuel as an alternative to petroleum diesel. The model is

generic and can be applied to simulate other highway networks by calibrating the

defining variables.

1.2 RESEARCH NEED AND BACKGROUND

Reducing heavy truck energy consumption is important for many reasons: 1) diesel is

finite and non-renewabl,e,2) carbon dioxide emissions relate directly to fuel

consumption, and 3) improved efficiency results in cost savings (Volvo, 2004).

The Government of Canada has made reducing greenhouse gas emissions a national

priority (Environment Canada,2004) and has ratified the Kyoto protocol, agreeing to

reduce its anthropogenic greenhouse gas emissions by 6 percent of 1990 levels by 2012

(Climate Change Canada, 2005).

Heavy trucks produce three types of greenhouse gases, namely carbon dioxide, methane

and nitrous oxide (Environment Canada,2004). [n Canada, the transportation sector is

the largest emitter of greenhouse gases, and of those emissions, commercial trucks are

responsible for over 27 percent (Transport Canada, 2004). Recent advances thatproduce



efficiency gains in heavy truck movement in Canada are being surpassed by increases in

activity (Natural Resources Canada, 2005).

Modelling energy use and greenhouse gas emission production by heavy trucks is an

important tool for forecasting and for isolating eff,rciency responses relative to emission

reduction initiatives. Knowledge bases on actual heavy truck travel are used to determine

how Kyoto obligations can be met under the current regulatory environment and

increasing freight demands.

1.3 OBJECTIVES AND SCOPE

Specific objectives of the research are to:

. Design and conduct an environmental scan relevant to the research, consisting of a
literature assessment and a survey of industry experts.

. Formulate and describe a pragmatic model for estimating fuel use and emissions of
heavy truck operations on major highways in western Canada operating under non-
congested free-flow conditions.

" Desigt and conduct a survey of fuel use by western Canadian-based carriers that
derives relationships describing heavy truck fuel economy as a function of operating
gross vehicle weight and season of operation.

" Develop practical heavy truck fuel economy relationships based on survey results,
and compare and contrast the results with other similar relationships. Identify
relevant emission factors for use in converting fuel use to emission production.

. use a scenario-based analysis technique and real data from actual highway operations
in Manitoba to apply the model to estimate:

o changes in energy use and emissions from heavy truck size and weight
limits

o the impact of idling on heavy truck emission production

" Develop knowledge bases to understand:



o energy use and emission sensitivity to emission reduction initiatives
centred on driver education

o how diesel tax revenue has changed over time through the combination of
efficiency improvements and increases in activity

o the impacts of using biodiesel as an alternative to petroleum diesel on
efficiency.

. Discuss research findings in relation to Canadian governmental targets concerning
fuel use and emissions.

I.4 RESEARCH CONSIDERATIONS

The research objectives are aided by the author's involvement in activities consisting of

the:

. Development of a basic model concept to estimate heavy truck emissions as part of
an undergraduate thesis.

. Conduct of research projects with Manitoba Transportation and Govemment
Services on diesel fuel quality and emission modelling tools.

. Development of a fuel consumption survey for the Manitoba Climate Change Action
Fund.

" Interviews of and informal meetings with, carrier fuel managers, general managers
and key figures in the trucking industry.

" Attendance at national and international conferences and meetings.

. Preparation and analysis of results of a heavy truck fuel consumption survey for
Battelle Memorial Institute.

o Participation as a member of the Manitoba Biodiesel Advisory Council. The council
hosted presentations by experts and participated in a two-day site visit to Iowa to
understand the existing research and processing technology.



1.5 THESIS ORGANIZATION

The thesis consists of eight Chapters. Chapter 2 exarnines energy use and emissions by

heavy trucks in Canada. It investigates changes in energy demand and details the

regulation and emission reduction initiatives relevant to the research objectives.

Chapter 3 defines the model and its variables. The variables are 1) truck kilometres of

travel as a measure of activity, 2) gross vehicle weight as a sunogate for truck

characteristics, 3) fuel consumption rate as a function of energy use, and 4) emission

factors that relate fuel use to emissions by relating truck operations to emissions

production.

Chapter 4 describes the knowledge bases and methodology used to develop fuel

consumption relationships as a function of gross vehicle weight and season of operation.

The relationships are developed and compared and contrasted with other relationships.

Analytical assessment of emission factors obtained from leading research agencies

determines the factors most appropriate for use in the research.

Chapter 5 applies the model to a Manitoba segment of the Trans-Canada Highway.

Emissions and energy use estimates are developed for years 1982 and2002 and changes

are discussed.



Chapter 6 uses a scenario-based analysis technique to isolate the efficiency effects of

idling and truck size and weight regulation limits. Knowledge bases are described and

used to understand the potential impacts of a family of emission reduction tools, diesel

taxation and biodiesel as an alternative to petroleum diesel.

Chapter 7 analyses the potential of how biodiesel blends utilization may lead to a

reduction in emissions.

chapter 8 concludes the research and suggests areas for future research.



CHAPTER 2

HEAVY TRUCK ENERGY USE AND EMISSIONS

This Chapter summarizes the environmental scan based on the literature review and

interviews with industry experts. Current heavy truck energy demand and emissions

production on Canadian highways is discussed as well as reduction initiatives employed

by government and industry to target fuel consumption and emissions.

2.I HEA\¡Y TRUCK ENERGY USE

In Canada, domestic and cross-border freight moves predominantly by commercial

trucking [Nix, 2003). Diesel engines are chosen over gasoline engines in commercial

freight movement for their superior fuel economy (Owen and Coley, 1995). The trucking

industry utilises approximately 24 percent (The Centre for Sustainable Transportation,

2004) of Canada's annual diesel consumption of 13 trillion litres (Statistics Canada,

2004). Further, the trucking industry, since 1990, has increases its diesel demand at a

rate of approximately 4.6 percent per year while the total energy increase in Canada is 1.6

percent (Nix,2004).



Fuel efficiency by heavy trucks is improving and is anticipated to continue improving

(Nix, 2004). The main factor behind increases in heavy truck fuel use is activity growth

(Centre for Sustainable Transportation, 2004).

,) HEA\¡Y TRUCK EMISSIONS

Greenhouse gas emissions from the heavy trucking industry are increasing over time

(Nix, 2004). The heavy trucks considered in the research are tractor semi-trailer

combinations having five or more axles. Greenhouse gas emission rates are estimated for

various types of transportation. Figure 2.1 shows that emissions for trucks over 14,970

kg, which is the class most relevant to the research, have almost doubled in the period

between 1990 and 2002.

Figure 2.1: Heavy Truck Greenhouse Gas Emissions over Time
Source: Office of Energy Effi ciency, 2005
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Table 2.1 shows the specific types of pollution produced by heavy diesel trucks,

including their production mechanisms, impacts and reduction strategies.

Table 2.1: Pollution from Heavy Duty Diesel Trucks

Sources: [l] Environment Canada

[2]Owen and Coley, 1995

[3] Trucks and Air Emissions

[4] Control of Emissions of Air Pollution from Highway Heavy Duty Engines
[5] Environmental Protection Agency (a)

[6] Environmental Protecrion Agency (b)
[7] Office of Energy Efficiency
[8]Centre for Sustainable Transportation
[9]Nix,2003
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Carbon dioxide is the principal GHG emission by weight produced by heavy trucking,

and its production is linked with fuel consumption (Environment Canada,2003a).

Increases in energy consumption are not expected to be equalled by efficiency

improvements, meaning Kyoto obligations are not expected to be achieved in the heavy

trucking sector (Nix, 2004 TA).

2.3 TRUCKING REGULATIONS

This Section describes specific regulations impacting heavy truck travel. Two specif,rc

types of regulation are considered: l) changes aimed at emissions, and 2) truck size and

weight relaxation.

2.3.1 Environmental Regulation

In the early 1960s there were no emission controls for vehicles in Canada (Environment

Canada, 2004b). The Federal Govemment has authority over heavy truck regulation

through the Canadian Environmental Protection Act (Environment Canada, 2003a). In

February 200L, the Canadian Minister of the Environment announced plans for the

development of an official agenda on cleaner vehicles, engines and fuels (Canada

Gazette,200Ia). The approach included integrating consideration of fuel and engine

regulations and aligning measures with the United States (Canada Gazette,200la).

10



Regulations requiring the introduction of engine hardware were implemented in October

2002. New heavy trucks were mandated to be equipped with exhaust gas recirculation

systems or advanced filters. The implementation of these systems is to reduce NOx

emissions which contribute to the formation of smog which in turn is harmful to human

health (EPA, 1996). The fuel consumption effects of this change were unknown, with

some predictions of increases ranging between 2.5 - 4 percent (Pollution Probe). Such a

change would correspondingly increase greenhouse gas emissions. Changes are

proposed for the heavy duty diesel truck industry for years 2006 and2007. The changes

involve reducing sulphur in fuel paired with further reductions of particulate matter and

Nox emissions through additional engine hardware (Transport canada, 2004).

2.3.2 Truck Size and Weight (TS&W) Relaxation

On February 12, 1988 the Canadian provinces and territories signed the Royal

Transportation Association of Canada Memorandum of Understanding (RTAC MoU),

creating a designated network of primary highways with standardized truck size and

weight regulations. In almost all cases, the network involved the relaxation of truck sizes

and weights (Nix, 1988). Federal jurisdiction over highways consists of the national park

roadways and involvement in major highway improvements. The basic weight limit on

RTAC highways is 62,500 kg.

11



Truck size and weight regulations are evaluated for their impacts on the environment,

pavement costs, safety and operational stability. The relaxation of truck sizes and

weights directly impacts the productivity of commercial operations (Montufar,1999)-

Truck size and weight impact truck travel pattems; in Manitoba, the Winter Weight

Premium (W!VP) policies attract truck traffic to the winter months by allowing 3-S2s to

operate at higher GVW, and B-train operations at basic RTAC MoU weights on several

low-grade highways (Tang, 2003).

US TS&W regulations govern the weight and dimension characteristics for trucks

operating between the US and Canada. The principal example is PTH 75, which

connects to the I-29Ln North Dakota. The US-related truck operations on this route are

constrained by US Federal Bridge Formula B, and for trucks operating to/from Minnesota

and beyond, the basic maximum GVW limit is 80,000Ibs (Tang, 2003).

The RTAC MoU has resulted in a significant relative decline in S-axle 3-S2s and 8-axle

A-trains, compared with a significant increase in the usage of 6-axle 3-S3s and 8-axle B-

trains (Tang, 2003). Truck size and weight relaxation lowers fuel use per unit payload

(Nix,2004).

Additional research relating truck size and weight regulation to the environment is

required. Future research should consider 1) the impacts of air resistance of trucks of

double-trailer configuration at high speeds, and2\ freight transfer from rail to truck due

to reduced unit costs from relaxed TS&W (Battelle, 1995).
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2.4 EMISSIONREDUCTIONINITIATIVES

Research suggests that opporfunities exist to reduce greenhouse gas emissions and

improve fuel efficiency by developing carrier driving skills and adopting existing

technologies (Caceres and Richards, 2005). This Section outlines existing and potential

activities by government and the Manitoba trucking industry to improve fuel economy

and reduce greenhouse gas emissions. Programs to improve fuel efficiency at the Federal

level are led by th¡ee main Federal agencies: Natural Resources Canada, Transport

Canada and Environment Canada.

2.4.1 Kyoto Protocol

The Kyoto Protocol is a multi-lateral agreement among many nations to reduce

anthropogenic impacts on the environment. Canada's specific commitment is to reduce

greenhouse gas emissions by 6 percent relative to i990. Canada ratihed the Kyoto

Protocol in 2003 and outlines its implementation plan in a Climate Change Planþr

Canada. Seven key areas are identihed in the document to reduce emissions, and

transportation is among these. Canada's accountability regarding its Kyoto obligations

involves tandem goals of reducing emissions and reporting the reduction. International

requirements on emission reporting entail developing modelling approaches to produce

detailed emission inventories on an annual basis (Government of Canada, 2004). Public

reporting is scheduled to occur bi-annually.
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2.4.2 Diesel Pricing

Pricing tools are necessary to promote and achieve fuel economy and reduce emissions

(World Energy Council, Nix). Excise tax and provincial diesel taxes are one tool

available to Canadian governments to affect the costs of trucking. Provincial taxes paid

on diesel purchased in Manitoba increased in 2004 from 10.9 to 1 1 .5 cents / L. The

increase is reportedly not associated with efficiency (Manitoba Taxation, 2005).

2.4.3 Government of Canada Programs

The Government of Canada targets heavy trucking and greenhouse gas emission

reductions with the following programs:

. FleetSmart is a program run by NRCan which addresses heavy trucking emissions
production. This program offers toolkits and workshops on emission-sensitive
driving, promotes anti-idling and offers support for anti-idling equipment purchases.
Natural Resources Canada also reinforces some of Transport Canada's initiatives.
Fuel Efficiency Benchmarkíng in Canada's Trucking Industry was released in March,
2000. This report estimates fuel consumption rates along major trade routes and
states that additional fuel consumption data is needed to advance knowledge of
heavy truck fuel performance (FleetSmart, 2000).

o Transport Canada addresses climate change and greenhouse gas emissions from the
freight and trucking sector through its program called The Freight Efficiency and
Technology Initiative. There are three components to this plan:

1) Freight Sustainability Demonstration Program: provides an opportunity for
Canadian carriers to investigate innovative technologies and operational
initiatives. The five-year program provides up to $ 4.5 million to reduce
emissions from freight modes. Examples of truck-related funded projects
include in-cab heaters and other anti-idling approaches.
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2) Voluntary Performance Agreements: this program is scheduled to develop
voluntary agreements between the Federal Government and various modes of
freight movement to lower emission production.
3) Training and Awareness: The aim of this program is to promote efficiency
through education. To date this program has not addressed commercial trucking
(Transport Canada, 2004).

Environment Canada operates the National Pollutant Release Inventory and is
responsible for much of the greenhouse gas emission modelling at the Federal level.
The National Pollutant Release Inventory is a publicly accessible database on air
emissions from industry and govenunent (Environment Canada).

2.4.4 ManitobaPrograms

some of the activities in Manitoba targeted towards improving heavy truck fuel

efficiency and reducing greenhouse gas emissions are:

The Manitoba climate Change Action Fund provides funding for projects and
studies in four areas: 1) Education and outreach; 2) Adaptation practices; 3)
Research, and 4) Altemative energy (Manitoba Climate Change Action Fund, 2004).

The Manitoba Trucking Association co-hosted a workshop called Fuel Management
101 with FleetSmart in February 2005 (Manitoba Trucking Association, 2005).

Transportation and government services is researching and developing a modelling
tool for greenhouse gas emissions from heavy trucking (Government of Manitoba,
2002).
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CHAPTER 3

MANITOBA IIEAVY TRUCK ENERGY AND EMISSIONS MODEL

The research develops the Manitoba Heavy Truck Energy and Emissions model based on

a basic model concept by Malzer (2001) to estimate emissions by Prairie-based carriers.

The model and its four variables are shown in Figure 3.1 within the context of the

commercial heavy trucking industry and its environmental outcomes consisting of fuel

use and emissions. The specific variables are: 1) truck travel, 2) truck characteristics, 3)

fuel consumption rate, and, 4) emission factors.

-\ ..
:

_____t Economic
i Acrivity /

-----t Intermodal
i Systent

Fuel Use
and

Emissions
Oulcomes

..,...,-t-

¡

i-t
l--*
;

\ ll

: ùyJLenl :

-t'"

Figure 3.1: Manitoba Healy Truck Energy and Emissions Model

The rneaning of a model in the case of MH-TEEM is a tool that describes a complicated

system using parameters that are representative yet obtainable. Parameters may be

inaccessible for technological or economic reasons. A model also helps explain the inter-

relationships between parameters providing insight into not only the model outcomes but

also how those outcomes are defined by the individual parameters.
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The input to the model, represented by economic activity and the intermodal system in

Figure 3 . 1 , consists of the factors of demand for freight movement and factors that decide

mode choice. Some examples are the RTAC MoU, spur-line abandonment in the

Prairie-region, and the North American Free Trade Agreement. Freight movement is

impacted not only by economic activity but also by urbanization and resource protection

laws. The different types of freight, regulation and taxes can impact the mode chosen to

transport a certain good. Freight characteristics can also determine the vehicle

configuration within the trucking industry. Based on the input, a certainamount of

freight is transported by heavy truck involving emission and fuel use outcomes.

The Manitoba Heavy Truck Energy and Emissions model is a pragmatic tool that can be

calibrated by modifying the variables to consider:

. highway segments or networks

. current, past or future timeframes

. mân! or single classes of vehicles

. emissions of interest

Applying the variables develops estimates on two key environmental outcomes: fuel use

and emissions. The variables can be applied using carrier data to build inventories on

emission by classes of vehicles, and can also be applied to possible scenarios to measure

the expected impacts of technological improvements or policy decisions that impact the

four variables. This is accomplished with an in-depth understanding of the four

variables, their relative importance, and inter-relationship. The four variables are

described as:
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1) Truck travel is a measure of activity within the study road segment or network.

Truck kilometres of travel (tkt) is the particular measure of trucking activity used in this

research and is the amount of travel on a highway in a given year. TKT is determined by

applying the average annual daily truck traffic (AADTT) to the length of a considered

highway segment over a year period. Tkt is shown by equation 3.1:

TKT: AADTT x Highway Segment x 365 (3-I)

Truck Kilometres of Travel

Traffic data in the province of Manitoba is generated from 73 permanent count stations,

and approximately 2000 coverage count stations. Truck volume estimates are developed

using Automatic Vehicle Classifiers and Weigh-in-Motion devices. In2002there were

30 Automatic Vehicle Classif,rer stations, 6-combined Automatic Vehicle Classifier-

Weigh-in-Motion stations and 1 Weigh-in-Motion station (UMTIG, 2003). The truck

kilometres of travel on the Manitoba highway network in2Q02 were 749 million

kilometres (Tang, 2003; Malbasa, 2005).

2) Key truck characteristics describe performance regarding freight movement.

Some of these characteristics are:

. Number of trailers

. Number and spacing of axles
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Truck characteristics also impact the environmental. Fuel use and emissions vary by the

environmental technology used in the engine and higher tare weight requires greater

power.

The trucks relevant to the thesis are of tractor semi-trailer combination. Three particular

classes are considered in applications of the model. These are five-axle (3S-2), six-axle

(3S-3) and eight-axle B-train (B-train) configuration trucks. The research uses gross

vehicle weight as the surrogate parameter for truck characteristics in analysis. In

Manitoba, heavy truck gross vehicle weights and axle weights are estimated using static

and dynamic data collection programs. There are three static weigh scales in Manitoba in

addition to the Weigh-in-Motion devices (Tan, 2002).

3) The fuel consumption rates used by the model describe the amount of energy

required to travel a certain distance. Fuel consumption rates are often expressed in L /

100 km; however, in the research they are expressed in either kilometres per litre (km / L)

or miles per gallon (mpg). Fuel consumption estimates used for modelling by

Environment Canada are determined by standard laboratory tests and / or are set to

recommended values by intemational agencies. Studies have shown that laboratory

estimates may vary by as much as 25 percent from the actual fuel consumption rates

(Environment Canada, 2004b\.

Contemporary fuel consumption relationships are developed in the research and are

applied to the model. These relationships are developed using actual carrier datasets
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from Prairie-based Sources. The relationships are a function of gross vehicle weight and

operating season and are shown in equation 3.2:

Fuel Consumption Rate (distance / fuel) : a - b x GVW (weight) (3.2)

Contemporary Fuel Consumption Relations hips

Where a is the base fuel consumption rate, and b is the rate at which the basic fuel

consumption rate decreases with increasing GVW.

4) Measuring emissions is a recent priority (Environment Canada,2004). There are

currently very few opportunities to directly measure emissions produced by point sources

(Environment Canada). Emission factors are a tool to estimate emissions based on either

an amount of activity or the energy required to support the particular activity. In the case

of heavy trucking, emission factors relate emissions to fuel use or distance travelled.

These two emission factors can be expressed as:

n weight of emissions per unit of travel (g / mi)

. weight of emissions per volume of consumed fuel (g / L)

Emission factors are developed using four methodologies. These are summarised for

heavy truck operations in Table 3.1 (Environment Canada, 2004).

20



Table 3.1: FueI Emission Factor Development Methodologies

Sou¡ce: Environment Canada

The emissions estimated in the research are greenhouse gas emissions and are:

. carbon dioxide (COz),

. nitrous oxide (N2O), and

. methane (CHa).

The emission factors for these are developed based on the mass balance methodology,

meaning the production of the greenhouse gas emissions is a direct function of fuel use.

Direct

Measurement

GHG emission measurements apply to point sources almost

exclusively.

Mass Balance

Emissions are determined from the difference between the amount

of the component (e.g., carbon) contained in the fuels and that

contained in process wastes, or non-emitted residuals.

Technology-

Specific Emission

Factor Calculations

company-specific emission factors can be used to estimate the rate

at which a pollutant is released into the atmosphere (or captured) as

a result of some process activity or unit throughput. Factors may be

used to build a bottom-up inventory.

Average or

General Emission

Factor Calculations

Top-down inventory using general activity and population data to

calculate emissions.
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CIIAPTER 4

FUEL ECONOMY AND EMISSION FACTORS

This Chapter develops contemporary, or 2002, fuel consumption relationships based on

analytical tools and actual carrier datasets. Fuel consumption rates are estimated and

analysed first by unit, second by carrier and third to develop relationships in a combined

database. The relationships are a function of operating gross vehicle weight (GWV) and

season, and are developed using SAS computer software. The combined carrier

relationships are shown in Appendix C while the individual carrier relationships are in

Appendix D. Comparisons are made between the contemporary data findings and past

surveys using a similar methodology. Section 4.4 shows the results of an analytical

assessment of emission factors. Emission factors relevant to the research are identified

and then selected for use in applications of the Manitoba Heavy Truck Energy and

Emissions model.

4.1 FUELCONSUMPTIONRELATIONSHIpS: METHoDoLoGy

Fuel consumption relationships are developed based on the acquired raw datasets. The

data is recorded using any one or a combination of on-board computers, satellite

downloads and manual accounts. The steps used in the preparation of carrier data and all
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subsequent analysis are presented and described. Additional process details and the

conversion factors utilised in the analysis are available in Appendix B.

A summary of the necessary data of participating carriers is shown in point I below and

later described. Additional data of interest provided by some carriers are shown under

point2. The majority of the data shown in point 2 are included to demonstrate the

variables that may be part of a future survey.

1) Data from all carriers:

. Trip timeline or season

. Truck configuration (principally 5- and 6-axle; double-trailer, B-trains in particular)

. Miles travelled (principal unit is miles)

" Fuel consumed (principal unit is imperial gallons)
. GVW (actual or estimated)
. Fuel consumption rate (derived from mileage and fuel use estimates)

2) Additional data capabilities:

. Detailed idling characteristics

. Model year

. Fuel use at increasing speeds

Preparation of the data is achieved in five steps. They are listed first and then detailed

below:

a) Normalising the data

b) Scanning and filtering of extreme outliers

c) Assigning seasons

d) Developing carrier-specific fuel consumption relationships

Ð Combining carrier-specific and seasonal fuel consumption relationships
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To combine the datasets and develop sector-wide estimates of fuel consumption, the data

from carriers was normalized by miles travelled. Weighting fuel consumption values by

miles was accomplished on a per 1000 miles basis. An algorithm was written to produce

the fuel economy data in this normalized form, which produced one data point for every

thousand miles of travel. Weighted data is used in all evaluations. In limited cases, the

data described urban operations, charactenzed by extremely poor fuel consumption rates

and low kilometres. Errors attributed to recording also exist within the datasets, such as

fuel consumption rates of over 2000 mpg. Data was deleted from the dataset in cases of

extreme outliers. Outliers were deleted based on selection and identification by SAS

software which uses the box plot approach. In total, less than 200 points were deleted.

The seasons of analysis were:

a

a

e

a

Winter: December - February
Spring: March - May
Summer: June - August
Fall: September - November

Five of the ten carriers provided data in monthly intervals. In the cases where carrier data

was not recorded on a monthly basis, the data was assigned to the above seasons. This

was performed using two methods:

1) Bi-weekly carrier data was grouped monthly where suitable. Periods that

overlapped seasons were grouped under the season with the highest number of

days for that specific trip.
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2) In cases where the carrier data was reported quarterly, the starting period is

January. To fit with the above seasons, the data is lagged by one month to be

included in analysis among the other carriers.

Additional steps are required to prepare one of the datasets. This particular Source

operates B-train units. A methodology is developed to convert two-way data,

representing a combined fuel consumption rate for weighted and unloaded operations.

Specifically, conversion factors to predict the forehaul and backhaul fuel consumption

rates are developed. The development of forehaul and backhaul conversion factors is

basedonatareweight of 42.1, kips(19.1tonnes)andamaximumweightof 137.8kips

(62.5 tonnes). Theoretical fuel consumption rates for the backhaul and forehaul trips are

determined using fuel consumption relationships from the other nine carriers. The

conversion factors are estimated by dividing the annual rates by the roundtrip annual

rates and are calculated as:

" Backhaul:1.462
. Forehaul:0.936

FUEL CONSUMPTION RELATIONSHIPS: DATA

This Section characterises the individual carrier datasets and the combined database used

to develop fuel consumption relationships. In total, more than 30 carriers were contacted

to participate in the survey. Twelve carriers were interested in participating but only l0

4.2
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had the minimum data requirements and sufficient recording capabilities. Outlines of the

Sources are shown below.

Source 1 is a western-Canadian based, national and international for-hire carrier that

specialises in general freight transport. The fleet is comprised principally of 5 and 6-axle

tractor-semi trailer combinations with dry vans and some temperature controlled

equipment. Thirteen months of data was received in the period starting from July,2002

to August, 2003.

Source 2 is a western-Canadian based national and international carrier that specialises in

general freight movement using dry vans. The equipment includes 5-axle tractor semi-

trailer combinations. Data received from Source 2 was downloaded from satellite

tracking systems in approximately bi-weekly intervals. Data was received between June,

2001 and September, 2003.

Source 3 is a large national and intemational for-hire carrier that transports many

different types of freight mainly using flat decks. The equipment consists of 5-, 6- and 8-

axle trucks. Data received from Source 3 was downloaded from satellite tracking

systems in quarterly intervals. Twelve months of data was provided with the starting

period being January, 2002.

Source 4 is principally a westem-Canadian carrier with national and international

operations that specialises in bulk commodity movement. The equipment consisted of 5,
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6 and 8-axle trucks. Data received from Source 4 was downloaded from satellite tracking

systems in monthly intervals and was provided between December, 2002 andAugust,

2003 (not including June, 2003).

Source 5 is principally a western-Canadian carrier with national and international

operations specializing in liquid and industrial freight movement. The equipment

includes 5 and 8-axle trucks. Data received from Source 5 was obtained from fuel tax

receipts in quarterly intervals. Data was provided between July and December, 2002.

Source 6 is a national and international carrier that specialises in general freight

movement. The equipment consisted mainly of 5-axle trucks. Data received from

Source 6 was downloaded from satellite tracking systems in approximately monthly

intervals and was provided between January and September,2002.

Source 7 is a large, national private carrier. The fleet is principally 5 and 6-axle tractor-

semi trailer combinations and most equipment is temperature controlled. Data received

from Source 7 was downloaded from on-board computers in monthly intervals. The data

was provided between December, 2000 and December 2001 and between August, 2002

and July, 2003.

Source 8 is a westem-Canadian based national carrier that specialises in heavy freight

movement using 8-axle tractor semi-trailer combinations. Data received from Source 8

was recorded by unit following each delivery, consisting of trip distance and fuel used.
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The provided data was recorded consecutively from as early as }i4.ay 1999 through March

2004 and timelines vary by unit.

Source 9 is a westem-Canadian based principally, national carrier that specialises in

cube-out and weight-out movement using dry vans. Data was downloaded using satellite

technology and organized by survey seasons by the carrier. Equipment used is 5-axle

tractor semi-trailer combinations. Twelve months of data was received between June

2003 and May 2004.

Source 10 is a western-Canadian based national and international carrier that specialises

in general freight movement using dry vans. The equipment includes S-axle tractor semi-

trailer combinations. Data received from Source 2 was downloaded from satellite

tracking systems in approximately bi-weekly intervals. Data includes an advanced

breakdown of engine moving time and engine running time. This information is utilised

as the basis for a fuel consumption estimate during idling operations. Twelve months of

data was received between October, 2003 and September, 2004.

The predominant equipment types used are five- and six-axle tractor semi-trailer

combination trucks. Differentiation between these unit types and B-trains is maintained

by evaluating fuel consumption as a function of GVW. Table 4.1 shows the participation

of the ten Prairie-based carriers for each of the months that data was provided. In total,

the Sources provided 14.5 years of operational data between May 1999 and September

2004.
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Table 4.1: Source Data by Month and Year

Month sl s2 s1 S4 S5 S6 s7 s8 s9 sl0
Mav-99

¡¡¡!_åitrËìlìïi:,t4 :?l:¿.i,:ix-ill:; j jlil ?ft1!;,::::!) :,:;j:'î,ltli t:li¡/|:a:,'íi fr:rÍti?äll;
Oct-00
Nov-00
Dec-00
Jan-0 I

Feb-O I
Mar-O1
Anr-O1

Mav-01
Jun-01
Jul-01
Auq-01
Sep-0
Oct-01
Nov-0
l)ec-0
Jan-02 {
Feb-02
Mar-02
Anr-02
Mav-02
Jun-02
Írl-O?

Aus-02
Seo-02
Ocr02
Nov-02
Dec-02 V
Jan-03
Feh-03
Mar-03
Aor-03
Mav-Oi
Jun-03
Jul-03

Aus-03
Sep-03
Oct-O3
Nov-03
Dec-03
Jan-04
Feb-04
Mar-04
Apr-04 J
May-04
Jun-04
Jul-04

Aue-04
Sept-04

Tables 4.2 and 4.3 describe the total fuel use and acfual kilometres of travel by the ten

Sources respectively. Fuel consumption is evaluated by dividing the fuel used in each
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trip or time period by the number of kilometres operated. Each fuel consumption record

is weighted and combined to develop the fuel consumption relationships.

Table 4.2:N.Iileage by Source and by Season

Source Mileage (Total Miles of Travel in million miles)

Winter Spring Summer Fall Total

Source I 5.1 5.5 8.9 s.6 25.0

Source 2 24.7 26.9 28.0 25.0 t04.6

Source 3 0.1 0.1 0.2 0.9 1.3

Source 4 0.9 0.8 0.4 No data 2.1

Source 5 No data No data 1.0 1.0 2.0

Source 6 4.8 8.0 10.9 3.0 26.8

Source 7 1.0 0.9 1.0 0.9 3.7

Source 8 0.9 0.9 0.9 1.0 3.6

Source 9 Il.2 13.0 8.1 10.6 42.9

Source 10 15.5 16.6 t6_1 12.7 60.9

Total 63.9 72.9 7 5.5 60.6 272.9

The greatest mileage contributions are from Source 2 with 104.6 million miles and

Source 10 with 60.9 million miles. Similarly the greatest fuel use contributions are from

Source 2 and 10 as shown in Table 4.3.

Table 4.3: Fuel Used by Source and by Season

Source Fuel Used (Imperial gallons in thousands)

Winter Spring Summer Fall Total

Source I 843.0 848.3 1305.8 861 .3 38s8.4

Source 2 35 1 5.1 3725.4 3698.6 3341.2 14280.3

Source 3 27.6 25.1 41.9 178.9 279.5

Source 4 187.3 149.8 82.2 No data 4t9.3

Source 5 No data No data 146.6 1 53.1 299.1

Source 6 855.9 1426.5 i788.1 505. I 4s75.6

Source 7 180.0 163.5 157.4 148.1 649.0

Source 8 180.4 181.7 152.9 191 I 706.t

Source 9 1621.1 1790.2 1040.s 1401.0 5858.8

Source 10 2250.3 2322.3 2t41.9 1722.8 8443.3

Total 9666.7 r0632.8 10567.9 8502.6 39370.0
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Figure 4.1 shows the contribution of normalised mileage by Source and by season. The

Figure shows that the survey database is not evenly distributed by carrier. Five carriers

(Sources I,2, 6,9 and 10) represent approximately 95 percent of the entire database

mileage.

I Source 1

I Source 2

@ Source 3

I Source 4

M Source 5

I Source 6

tr Source 7

n Source 8

I Source 9

H Source 10

Figure 4.1: Mileage Data by Source and by Season
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Figure 4.2 shows database distribution by the number of carrier datasets per month.

Figure 4.2: TniIT by Season (million miles)

Figure 4.2 shows the distribution of the 174 carner months of data. Analysis of the

distribution shows that two-thirds of the Source data was provided for the period between

August 2001 and August 2003. Based on the distribution of the database, the fuel

consumption research is considered relevant to year 2002.
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FUEL CONSUMPTION RELATIONSHIPS

The combined datasets from the l0 Sources represent over 272 million miles of travel

and 39 million gallons of diesel. Using SAS software, the fuel consumption relationships

are developed. The carrier-specific fuel consumption relationships are shown in

Appendix D and the combined fuel consumption relationships are shown in Appendix C.

The relationships are developed by season, and for comparison purposes a Spring / Fall

relationship is developed to compare with past surveys. An annual fuel consumption

relationship is developed using the aggregate, or entire, database. The fuel consumption

relationships are:

Metric Units (km / L and GWV in tonnes)

Winter

Spring

Summer

Fall

Spring / Fall

Annual

Winter

Spring

Summer

Fall

Spring / Fall

Annual

Fuel Consumption (km / L) : 3.252

Fuel Consumption (km / L) : 3.417

Fuel Consumption (km / L) : 3.501

Fuel Consumption (km / L) : 3.713

Fuel Consumption (km / L): 3.698

Fuel Consumption (km / L) : 3.468

0.0264 x GVW

0.0268 x GVW

0.0260 x GWV

0.0327 x GVW

0.0343 x GWV

0.0278 x cVV/

Imperial Units (mpg and GVW in kips)

Fuel Consumption (mpg) :
Fuel Consumption (mpg) :
Fuel Consumption (mpg) :
Fuel Consumption (rnpg) :
Fuel Consumption (mpg) :
Fuel Consumption (mpg) :

9.081

9.278

9.485

10.090

9.439

9.48s

- 0.0316

- 0.0309

- 0.0295

- 0.0384

- 0.0324

- 0.0324

x GVW

x GVW

x GVW

x GVW

x GVW

x GVW
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Figure 4.3 shows fuel consumption relationships for Sources 1 to 10. This Figure shows

that fuel consumption by season can differ from the annual relationship by as much as 0.5

mpg.
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Figure 4.3: Seasonal Fuel Consumption Relationships: Sources I - 10

Comparing the seasonal and annual relationships shows:

. a seasonal differentiation exists, the winter season having the lowest fuel efficiency

. fuel efficiency decreases ataÍate of 0.0278 km / L per metric operating tonne

Comparison is made between the Source i to 10 relationships and past relationships and

shown in Figure 4.4. The Pro-Trucker and DriveSave / TruckSave (Nix) relationships
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were developed in a competition setting. Trips were driven on a specific highway using a

carriers best driver and truck to achieve the highest fuel consumption rate possible. The

rates are then expressed in a relationship that shows higher efficiency than the Source I

to 10 relationships. The Pro-Trucker and Drivesave / TruckSave relationships

demonstrate that there are still opportunities for the heavy trucking industry to achieve

efficiency improvements. Comparison with the Nix 1981 - 1984 relationship shows that

fuel efficiency has increased by approximately I percent per year. Industry estimates

heavy truck fuel consumption has improved by approximately 30 o/o since i980 (Volvo,

2004).

----r-- NLx (Pro-Trucker 1990)
----u- N ix (DriveSave / TruckSave I 989)
---*- N ix (C layton I 98 I - I984)
-_X- Nix (Wison 1975-1976)

-Maher

I

-r, ) ¿.

o
Q 1.6
o
t\

1.2

l0 15 20 2s 30 35 40 4s 50

Gross Vehicle Weight (tonnes)

Figure 4.4: Past and Current Fuel Consumption
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4.4 EMISSION FACTORS

This Section shows emission factors from research and governmental agencies and

compares the various factor sets in 4.3.2. Analytical assessment of the factors is used to

select emission factors applicable for use by the model in the research.

4.4.1 Industry Emission Factors

The research analysed is from Canadian agencies: Environment Canada and Natural

Resources Canada, and from US agencies: Environmental Protection Agency (EPA),

California Air Resource Board (CARB), and International company: Volvo.

Table 4.4 is from Environment Canada and shows emission factors for COz, CH¿, and

N2O, and for different levels of engine-emission control. This Table show.s that the

production of COz is independent of engine controls. This point is also made in Chapter

3. The Figure also shows that CH+ is more sensitive to engine control than is NzO.

Table 4.4: Emission factors by Level of Engine Control

Heavy-Duty
Diesel Vehicles

IHDDVs)

Greenhouse Gas Emissions
(s. / L\

COz CH¿ NzO
Advanced Control 2730 0.12 0.08
Moderate Control 2730 0.13 0.08

Uncontrolled 2730 0.1s 0.08
Source: Environment Canada, 2004 (c)
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Table 4.5 shows emission factors utilised by the California Air Resources Board. These

factors provide estimates in g / mi for five types of emissions produced during heavy

truck travel. The factors were developed for three classes of heavy trucks. The heaviest

category consists of trucks with GWV exceeding 33,000lbs (15 metric tonnes) and is the

class that is most applicable to this research. Table 4.5 shows that all emissions except

CO2 per mile of travel are decreasing over time.

Table 4.5: Federal [USAI Heavy-Heavy Diesel Fuel Emission Rates (Ymi)

Table 4.6 shows the emission factors (in g / mi) used in GHGenius emission modelling

software. The source data for this model was developed and obtained from Natural

Resources Canada. The data presented below is a selection of the total emission factors

developed in the model. This subset is relevant to heavy trucks operating with diesel

containing a maximum of 0.050 percent sulphur, which is the current limit on sulphur in

diesel.

Model
Year

Hydrocarbon
(g / mi)

Carbon
Monoxide
ls / mi)

Nitrous
Oxide
ls / mi)

Particulate
Matter
ls / mi)

Carbon
Dioxide
ls / mi)

Pre 1974 3.41 17.89 29.72 3.55 2119

974-78 3.4t t7.89 29.72 3.55 2t79
979-83 3.10 16.70 28.32 3.32 2r79
984-87 1.57 t0.42 21.04 2.11 2179

988-90 0_94 6.76 t7.76 t.39 2179

991-93 0.76 4.69 t7.57 0.98 2t79
994-97 0.71 3.07 20.42 0.65 2179

l 998 0.6s 2.24 24.21 0.48 2r79
1999-02 0.6s 2.24 t4.06 0.39 2179

2003 0.32 2.24 7.03 0.39 2t79
2004+ 0.32 2.24 7.03 0.39 2r79

Source: (California) Air Resources Board, 2003
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Table 4.6: NRCan Emission Factors (g / mi)

Emissions
ls / mi) 2000 2001 2002 2003 2004 2005 2006

fota CO, 1618.21 1677.61 1676.9t t1676.36 t67 5.71 167 5.0( 1674.6t
lota CH4 0.11 0.1I 0.11 0.11 0_11 0.11 0.i 1

lota N"O 0.0: 0.0, 0.0t 0.07 0.0, 0.0t 0.0t
lota CO 18.9¿ 18.91 18.8t 18.84 18.8( 18.7't 18.6:
lota NOx 28.5: 27.4( 26.3( 25.24 24.21 23.2: 22.19

fotal VOC,
Ozone-
ü/eishted) t.7f r.78 1.7', t.77 1.7't l -7', I _7(

lotal SOx 0.6( 0.6( 0.6( 0.66 0.6( 0.6( 0.1
fotal
IFCs+HFCs 0.00i 0.00, 0.00, 0.002 0.00i 0.00, 0.00,
fotal PM 1.0, 0.9', 0.91 0.85 0.8( 0.7: 0.7(

Source: NRCan, GHGenius Model

Table 4.7 shows emission factors from Environment Canada. The emission factors are a

function of fuel use and are expressed as g lL. The emission factors used in this table are

expressed in grams per litre, meaning that emissions are relative to fuel use.

Table 4.72 Canad.a's Greenhouse Gas Inventory Emission factors

Heavy Duty Diesel Vehicles:

Greenhouse Gas Emission g/L
Carbon Dioxide (COz) 2730

Methane (CHo) 0.13

Nitrous Oxide [NzO) 0.08

Source; Envi¡onment Canada, 2003

4.4.2 Comparing Emission Factors

This Section examines the different emission factors shown in Tables 4.4 to 4.9. In

particular, the impacts of expressing emission factors using different units are analysed.

38



Assessment is made of the difference in estimating carbon dioxide emissions using g/mi

emission factors versus g / L emission factors. Figure 4.5 shows two relationships

estimating emissions by a 36-tonne diesel truck per 100 kilometres between years pre-

I974 and post-2004. The first relationship uses the distance-based emission factor of

2179 gCOz lmi (1354.3 g / km) from Table 4.4 and the second relationship uses fuel-

based emission factor 2730 gCOz lL.
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Figure 4.5: Distance-Based vs. Fuel-Based Emission Factors (CO2)

Comparing the two relationships shows that estimates of emissions over time per 100

kilometres of travel remain constant with distance-based emission factors and diminish

with fuel-based emission factors. The rate emissions decrease is proportionate to

efficiency improvements, meaning this relationship follows the research in the thesis.

Research also shows that COz emissions are directly related to fuel use (Volvo ,2004).

Additionally, the research consulted indicates that fuel-based emission factors (expressed

in g / L) are considered more accurate since conversions are minimized in their

99-029879-83
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development (Environment Canada). Thus, emission factors used in applications of the

MH-TEEM model are those that relate emissions to fuel consumption directly. Emission

factors used in MH-TEEM applications in Chapters 5 and 6 are from Table 4.8.

Inspection of the emission factors in Tables 4.5 and 4.6 shows significant differences

befween the two sets. As an example, the emission factors for COz are 2179 glmi and

1678.2 g/mi respectively for year 2000. As shown in Figure 4.5, distance-based emission

factors need to be adjusted for changes in fuel economy in cases where emissions are

related to fuel use. COz is one such emission. Comparing the two sets shows that

information regarding fuel economy is needed to use distance-based emission factors.

The fleet used to develop the factors must have similar operating weight and efficiency

attributes as the research fleet.
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CHAPTER 5

ENERGY USE AND EMISSIOI\S IN MANITOBA: 1982 AND 2002

Chapter 5 applies the Manitoba Heavy Truck Energy and Emissions Model, developed in

Chapter 4, to the Manitoba section of the Trans-Canada Highway between Winnipeg and

Portage La Prairie. Estimates of fuel use and emissions are shown along this link for

years 1982 artd2002. The changes between the two years are discussed. Detailed

calculations are shown in Appendix E.

5.1 STUDY HIGHWAY SEGMENT

Chapter 5 applies the Manitoba Heavy Truck Energy and Emissions model to a particular

highway segment to estimate fuel use and emissions over time. The study section is the

Manitoba section of the Trans-Canada Highway between Wiruripeg and Portage La

Prairie and represents the highest trafficked route in the Province of Manitoba (Tang,

2003). Traffic volumes along the highway are described using data developed by

MHTIS. Activity modelling is accomplished by dividing the segment into shorter links

having similar counts. The section between Winnipeg and Portage La Prairie is made up

of th¡ee control segments. Analysis of the three segments is undertaken separately and

following, the respective emissions are added. The sum is representative of the total
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along the full highway section length. Figure 5.1 shows the study section between

Winnipeg and Portage La Prairie including length and AADTT for the three segments.

Figure 5.1: Truck Traffic Map @etween winnipeg and Portage La Prairie)

Source: Malzer and Jacobson, 2003

The lengths of the three control segments are 13.1 km,37.3 km and 14.8 km from east to

west. The entire study section is 65.2 km, and is a four lane divided highway with a 100

km / hr speed limit. Access is limited and the level of service is high, meaning travel is

non-stop and free flow.
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5.2 SEGMENT ACTIVITY

Heavy truck activity along the study section is measured in truck kilometres of travel (tkt)

and is based on AADTT records from the Province of Manitoba. Estimates for 2002 are

developed by Tang (2003) and are summarized by segment for 2002 in Table 5.1.

Table 5.1: Segment Activity (2002)

Segment AADTT Length
(kms)

TKT i
day

('000s)

919 PTH 1

Between: PTH lA-PTH 13
2290 14.8 33.89

920 PTH 1

Between: PTH 13 to PTH 26E
1950 Jt.) 72.74

921 PTH 1

Between: PTH 26 E to Perimeter Hwv
2060 13.1 26.99

Source: Malzer and Jacobson, 2003

Based on Tang (2003), the directional split of tnrck traffic on Truck Sequence 919 is 48

percent Eastbound and 52 percent Westbound. Truck Sequences are a naming system

used by the Province of Manitoba and the Manitoba Highway Traffic Information

System. In this analysis, it is assumed that the directional split of the Annual Average

Daily Truck Traffic (AADTT) is equal (50 percent Eastbound and 50 percent

Westbound).

AADTT in i982 on the three truck segments are back-estimated and are summarized by

control segment in Table 5.2.
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Table 5.2: Segment Activity (1982)

Segment AADTT Length
(kms)

TKT / day
('000s)

919 PTH 1

Between: PTH lA-PTH l3 1s40 14.8 22.79

920 PTH 1

Between: PTH 13 to PTH 26E
l3 10 37.3 48.86

921 PTH 1

Between: PTH 26 E to Perimeter Hwv
I 385 13.1 18.01

Source: Malzer and Jacobson, 2003

Tables 5.1 and 5.2 show that truck volumes, described by AADTT, are higher on the

outside control segments that lead to Winnipeg and Portage La Prairie. Summing tkt /

day along the entire study section shows an increase of approximately 49 percent in 20

years from just over 89, 000 tkt / day to over 133,000 tkt / day.

5.3 TRUCK FLEET AND WEIGHT

The research uses truck weights, or GWV, as a sutrogate for vehicle characteristics. The

fleet mix is determined and fuel consumption rates are developed by configuration using

average GVW. The average GVW rates are measured, recorded and averaged by the

Province of Manitoba, and fleet mix is also determined on highway segments including

the study section. Estimates of the truck fleet mix on this road section are shown below

in Table 5.3. While there are some small differences in the fleet mix by direction, for this

analysis it is assumed that each direction has the same mix. Table 5.3 also shows the

percent fleet mix for 2-,3-, and 4-axle unit trucks. These particular trucks are not
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considered part of the research and are not included in fuel use and emission estimates.

The units are however estimated by the Province and represent 15 percent of the fleet mix

in2002. The relative proportion of 3-S2s, 3-S3s and double semi-trailer combination

trucks in the fleet mix along the study section is determined in applications of the

Manitoba Heavy Truck and Emissions model.

Table 5.3: Fleet Mix

ndm: not directly measured by AVC

Source: Malzer and Jacobson, 2003

The information in Table 5.3 is developed from records collected at the Headingly weigh

scale and shows that the majority of truck travel in the considered configurations is by 3-

52 and that the share of travel using this particular unit diminished between 1982 and

2002. Over the same period use of 3-S3s and double-trailer combination trucks,

particularly B-trains, increased from close to zero percent to 19 and l2 percent

respectively. Table 5.4 estimates the operating GVW along the study section for 2002

and 1982 for the same truck configurations shown in Table 5.3.

Vehicle Type
2002

(percent)

2001

(percent)

t982

(percent)

3-S2s 50 54 77

3-S3s 19 18 1

6-7-8-9 axle double trailer combinations t6 15 t2

of which x percent are 8-axle B-trains (ndm) t2 0

2-3-4 axle units 15 l3 10
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able 5.4: ruck Opera ine Weishts
Vehicle Type Average GVW

Itonnes)
2002 r982

3-S2s
Eastbound 26.9 30.2
Westbound 26.6 30.2

3-S3s
Eastbound 32.6 30.2
Westbound 32.3 30.2

8-axle B-trains
Eastbound 52.9 lNol
Westbound 39.3 lNol

Other 6-7-8-9 axle double
trailer combinations

Eastbound 46.4 46.4
Westbound 46.4 46.4

[No] not operated

Source: Malzer, Jacobson, 2003

Figure 5.4 shows that the average GVW in 3-S2 units is lower in2002 than 1982 and that

higher GWV is being operated using 3-S3 and B-train configuration units. Table 5.5

shows the tare weights for studied truck classes for the study and base years. The 3-S2

units show an increase in tare weight while all larger units operated in both 1982 and

2002 expeienced decreases in tare weight.

Table 5.5: Tare Weights

Vehicle Type
Average Tare

(tonnes)

2002 1982
3-S2s 15.5 14.3

3-S3s 16.5 18.6

8-axle B-trains 19.1 lNol
Other 6-7-8-9 axle double trailer
combinations

17.1 18.4

[No] not operated

Source: Malzer and Jacobson, 2003
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Payload for the different truck configurations is derived by subtracting average tare

weight from the respective GWV. Payload is shown in Table 5.6 for years 1982 and

2002. The table shows a declining payload for 3-S2s and increasing payload for 3-S3s.

Table 5.6: Derived Payload Weights

FUEL CONSUMPTION RATE AND EMISSION FACTORS

Fuel consumption rates for years 1982 and2002 are determined using relationships that

estimate fuel consumption rate as a function of GVW. Fuel consumption rates are

approximated for each relevant vehicle class based on average operating weights. The

fuel consumption relationship used for year 2002 is from Chapter 4 based on Sources I -

10. The annual relationship is:

Fuel Consumption (km / L):3.47 - 0.0278 x GWV (tonnes)

5.4

Vehicle Type Average Payload
(tonnes)

2002 1982

3-S2s
Eastbound TT.4 15.9

Westbound 11.1 15.9

3-S3s
Eastbound 16.1 r 1.6

Westbound 15.8 11.6

8-axle B-trains
Eastbound 33.8 No
Westbound 20.2 No

Other 6-7-8-9 axle double
trailer combinations

Eastbound 28.7 28.0

Westbound 28.7 28.0
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The annual fuel consumption relationships used for year L982 is from Nix, 1984:

Fuel Consumption (km / L):2.65 - 0.0207 x GVW (tonnes) (5 2)

Table 5.7 shows the emission factors used to estimate greenhouse gas emissions using the

Manitoba Heavy Truck Energy and Emissions model. The factors are expressed in g i L

and are applied directly to the volume of diesel consumed along the study section for the

years 1982 and2002.

Table 5.7: Emission Factors

Emission glL

Carbon Dioxide (COz) 2130

Methane (CH+) 0.13

Nitrous Oxide (NzO) 0.08

Source: Envi¡onment Canada, 2003

5.5 APPLICATION RESULTS AND IMPLICATIONS

The Manitoba Heavy Truck Energy and Emissions model uses four variables to estimate

fuel use and emissions. The variables are estimated for the scenario years 2002 and 1982

on the Manitoba section of the Trans-Canada Highway between Winnipeg and Portage

La Prairie and are described in Sections 5.2 to 5.5. Truck activity, truck size and weight,

fuel consumption rate and emission factors are applied to develop the results. Total COz
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emissions increased from over 39 kilotonnes in 1982 to 45 kilotonnes in 2002

(approximately 14 percent). The findings are developed as a function of distance and

weight and are shown in Table 5.8. Detailed calculations are presented in Appendix E.

Table 5.8: Manitoba Heavy -Truck Energy and Emissions Model Application

Summary

Comparison r982 2002
Change

(percent)

Rolling gross tonne km / L ó3.8 81.3 +27.4

Rolling payload tonne km / L 34.5 39.4 +14.2

Payload tonne km / gross tonne km
þercent)

54 48 -11.1

Tare tonne km / gross tonne km (percent) 46 52 +13.0

Payload tonne km / tare tonne km t.113 0.939 -r9.9
Grams of COz emissions / thousand rolling
payload tonne km 79237 69329 -t2.5

Grams of CH¿ / thousand rolling payload
tonne km 3.77 3.30 -1,2.5

Grams of NzO / thousand payload gross
ton¡re km 2.32 2.03 -t2.5

Table 5.8 shows:

. efficiency gains in both rolling gross tonne kilometres and rolling payload tonne
kilometres per litre of diesel in2002 versus 1982

o greater efficiency gains in shipping gross vehicle weight than in moving payload (as a
function of rolling tonne kilornetres)

" the percent of tare movement relative to gross vehicle weight increased, meaning that
payload in2002 is less dense or that more trucks are travelling partially empty or
empty (11 percent change)

" a 12.5 percent decline in the production of greenhouse gas emissions CO2, CHa and
N2O as a function of payload and distance between years 2002 and 1982
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The results from Table 5.8 show that efficiency gains in fuel use and emissions along the

Manitoba section of the Trans-Canada Highway between Winnipeg and Portage La

Prairie were higher in2002 than in 1982. This is despite the finding that fuel use and

emissions were greater in2002 than in 1982 alongthe study segment. A decrease in the

average GVW of 3-S2 units would improve the fuel consumption rate estimated by the

relationships used in the model. Development of a greater B-train and 3-S3 fleetin2002

means that freight is being transported more in dedicated vehicles. Recorded GVW

varied depending on the direction of travel meaning that payload differed in density or

that trucks are travelling empty. Empty trucks would improve efficiency estimated by the

model; however, the increased tkt from the additional trips would impact the overall fuel

use and emissions levels. Investigation into changes to the value and tlpe of payload

from 1982 to 2002 would help answer changes in vehicle characteristics and tkt. The

modelling shows that efficiency gains are overtaken by increases in tkt.

5.6 SENSITIVITY ANALYSIS

Emissions modelling using the Manitoba Heavy Truck Energy and Emissions model

provides an opportunity for sensitivity analysis by calibrating the variables. This allows

the variables to be investigated for their impacts on fuel use and emissions on a specific

highway section. The results can later be investigated for their application to other

highway sections having similar conditions.
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Sensitivity analysis of tkt and GVW is performed on the Manitoba section of the Trans-

Canada Highway between Winnipeg and Portage La Prairie. Changes in fuel use and

emissions are recorded following changes to tkt and GWV individually. Two

relationships are developed based on the changes to fuel use from varying tkt and GVW.

Tkt and GVW are varied by increments of 10 percent and measured between plus and

minus 20 percent. The results are shown in Figure 5.2.

-10 0 10

Change from Analysis (Percent)

. TI(T _ cVVt/

Figure 5.2: Sensitivity of Fuel Use to Changes to TKT and GV\il

The relationships in Figure 5.2 show that fuel use is more sensitive to increases in tkt

versus GVW. The implication of the relationships is that efforts to improve fuel

efficiency and reduce emissions are best directed towards reducing tkt rather than

reducing GVW.
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CTIAPTER 6

SCENARIO-BASED ANALYSIS AND REDUCTION INITIATIVES

Chapter 6 applies developed knowledge bases and fuel consumption relationships to the

Manitoba Heavy Truck Energy and Emissions model to determine the impacts of the

western Canada environment and the emission reduction strategies on fuel use and

emissions. Scenario-based analysis is used to quantiff the impacts of idling and truck

size and weight limits. The knowledge bases are used to understand the impacts of

emission reduction initiatives and changes in diesel taxation revenue over time.

TRUCK SIZE AND WEIGHT RELAXATION

This Section develops scenarios to test the impacts of truck size and weight limits on

emissions from heavy truck operations in Manitoba. The most recent change in truck

size and weight regulation occurred following the signing of the RTAC MoU. Adoption

of relaxed weight limits in Manitoba occurred in 1988. Nationally this consisted of 1)

acceptance of axle-specific weight limits on a national RTAC network, 2) establishment

of a 6-axle, 3-S3 configuration truck, and 3) a 9-tonne GVW and payload advantage on

8-axle B-train trucks.

6.1
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Truck size and weight limits are important in determining the payload-handling

capabilities of a truck configuration. The thesis estimates the impacts of RTAC changes

on heavy truck fuel use and emissions by developing and applying models to two

scenarios. The two scenarios consider the potential fuel use and emission impacts from:

. the creation of a 3-S3 fleet on the principal Manitoba highway network (DT-network)

. B-train operations at varying payloads

The Manitoba Heavy Truck Energy and Emissions model is used to determine the

impacts in the two aforementioned scenarios. The model uses four variables to estimate

emissions: truck kilometres of travel, truck characteristics, fuel consumption rate and fuel

emission factors. The development of the variables for the two scenarios is described

below.

Truck kilometres of travel are estimated using volume data from the DT-network for year

2002. The DT-network is a planning network consisting of 14 principal highways

representing two-thirds of the total highway network and over 90 percent of the 1999

truck kilometres of travel. This network is segmented into 202highway links with

homogeneous truck travel characteristics (Tang, 2003), and is utilized in the analysis in

this Section. Figure 6.1 shows a map of the DT-network.
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Figure 6.1: DT-Network

Source: Tang,2003

Appendix F shows the traffic mix and AADTT at Manitoba automatic vehicle stations

using the FHWA vehicle classification system. The FHWA classification system is

54



shown in Appendix A. Applying the vehicle mix and the AADTT recorded in the same

control sections to the section length in kilometres gives the actual tkt of heavy trucks in

2002.

Gross vehicle weight (GVW) is used as a surrogate for truck characteristics for

applications of the Manitoba Heavy Truck Energy and Emissions model. Truck size and

weight limits preceding 1987 and following the RTAC MoU are shown by configuration

in Table 6.1. Changes in weight limits offered a 9-tonne weight advantage for six-axle

trucks over the previous limit and a 7-tonne advantage over the RTAC five-axle 3-S2. B-

train configuration trucks following the RTAC MoU were able to operate with an

approximate 16.8 percent gain in gross vehicle weight.

Table 6.1: Select Truck Size and Weight Limits in Manitoba

Source: RTAC, 1987
Motor Truck (2004)

Fuel consumption rates are estimated using the annual relationships developed in Chapter

4. The relationships express heavy truck fuel consumption as a function of gross vehicle

weight and season. This Section uses the truck weight limits from Table 6.1 in the

tll
l2l

Maximum G\rW (tonnes) Pre-1987 RTAC

5-axle tractor/semi (3-52) 37.5t1 39.5tzl

6-axle tractor/semi (3-S3) 37.5tt 46.5Ízl

8-axle B-train (3-S3-2) 53.5¡r 62.5t21
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analysis. Relationship I (Chapter 4) is developed based on the annual datasets from

Sources I to 10 and is:

Fuel Consumption (km / L):3.468-0.0278 x GVW (tonnes) (I)

The scenarios tested in this Section estimate the impacts of changes in truck size and

weight limits on energy use and carbon dioxide emissions. The emission factor of

2730 g/ L (shown in Chapter 4) is used in the analysis.

6.1.1 3-S3 Operations

Six-axle tractor semi-trailer combination trucks (3-S3) were not regularly operated in

Manitoba prior to the RTAC MoU. Relaxation of TS&W limits allowed greater payload

by weight on single trailers and led to the development of a 3-S3 fleet. This Section

estimates the potential fuel use and CO2 emission reductions associated with operating

3S-3 trucks following the RTAC agreement in the case where heavy trucks operate at

maximum gross vehicle weight only.

The analysis evaluates the fuel use and emissions of the actual 2002 3-S3 travel

(Appendix F) at maximum GWV. Comparison is then made to the pre-RTAC case where

3-S2s were the predominant single-trailer truck operated. Developing the pre-RTAC case

56



involves allocating the 3-S3 payload to 3-S2 trucks. The weight limit for pre-RTAC

single-trailer combination trucks is 37 .5 tonnes.

The scenario employs the Manitoba Heavy Truck Energy and Emissions model. The

model parameters are developed as follows:

. GVW data is from Table 6.1.

n Truck kilometres of travel is determined for the RTAC case by applyrng available
AADTT factors, truck mix, and segment length for each of the control sections
constituting the DT-network. TKT for the pre-RTAC case is estimated by factoring
the RTAC values by the difference in payload. This step adjusts the number of trips
required to move the RTAC freight relative to the pre-RTAC payload capabilities.

. Fuel consumption rate is established by applyrng the 3-S2 and 3-S3 GVW weight
limits to the relationship. Both the RTAC and pre-RTAC values are estimated.

. Carbon dioxide (COz) emissions are estimated using the emission factor of
2730 g/ L (Environment Canada).

Table 6.2 summarises the weight limits, approximated tare weights and derived payload

for 3-S3 trucks for both the RTAC and pre-RTAC scenarios. Tare weight estimates are

from Chapter 5. Fuel consumption rates are shown for the RTAC and pre-RTAC case

based on maximum GWV.

Table 6.2: Summary of RTAC and Pre-RTAC Parameters

J-ùJ

Scenario
Tare

(tonnes)
GVW Limit

(tonnes)

Derived
Payload
Itonnes)

Fuel
Consumptior

&m/L)
RTAC 16.s 46.s 30 2.175

Pre-
RTAC

15.5 37.5 22 2.426
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The information in Table 6.2 describes the performance of RTAC and pre-RTAC

vehicles. The four Manitoba Heavy Truck Energy and Emissions model variables are

applied to estimate the RTAC and pre-RTAC scenarios. Table 6.3 shows the difference

in payload carrying capacity and associated difference in fuel consumption rate between

RTAC and pre-RTAC 3-S3 trucks.

Table 6.3: RTAC Scenario Relative to Pre-RTAC Weight Regulations

Reduction in Payload:

Fuel

Consumption

Difference:

Truck

Configuration
Tormes Percent Percent

3-S3 8 36.4 tt.s02

As shown in Table 6.3, RTAC trucks c¿ury more than 36 percent of additional payload by

weight than their respective pre-RTAC trucks. Based on this, pre-RTAC vehicles would

need to operate an additional 36 percent trips to transfer the same payload as their

counterparts. The pre-RTAC AADTT is developed as follows:

AADTTp..-RrAC: AADTTnrec / (i00 - % Reduction Payload)

Application of the AADTT estimates along the DT-network for both the RTAC and pre-

RTAC scenario shows there is an emissions advantage to allowing greater GVW in

weight-out operations. Table 6.4 summarises these results.
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Table 6.4: Emissions Results: 3-S3 R.TAC & pre-RTAC Weight-out Operations

COz / year (megatonnes):

RTAC pre-RTAC Percent dif

107.46 122.21 13.73

COz/rolling payload tonne kms (kg)

RTAC pre-RTAC Percent dif

0.042 0.051 -22.43

Table 6.4 shows the carbon dioxide emission benefits associated with the truck weight

relaxation for 3-S3 configurations. Specif,rcally, there is a 13 percent reduction in overall

emissions and a reduction of over 22 percent by rolling payload tonne kms when weight-

out conditions are assumed to be prevalent.

6.1.2 B-trainOperations

Chapter 5 showed that the average GVW for 3-S2, 3-S3 and B-train travel along the

Manitoba section of the Trans-Canada Highway between Winnipeg and Portage La

Prairie were below the weight limits. Less restrictive GWV limits allow trip reduction by

combining payload in a single trip. This Section examines the production of carbon

dioxide emissions from B-train trucks as a function of increasing GVW. The analysis is
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intended to show the relative impact of trip reduction and changes in operating GVW

limits on efficiency improvements.

Parameters of the Manitoba Heavy Truck Energy and Emissions Model are developed to

show: 1) the percent of generated CO2 emissions used to move tare weight by increasing

GVW, and2) the COz emissions generated to move one million tkt as a function of

increasing GVW using B-trains in the province of Manitoba. The parameters are

developed as shown here:

. Emissions are shown as a function of tkt

. The GVW range considered in the analysis is between tare weight and the limit for
B-trains. The two weights are 19.1 tonnes and 62.5 tonnes respectively.

" Fuel consumption rate is developed by applying GVW estimates to the annual fuel
consumption relationship developed in Chapter 4.

n The emission factor used to convert fuel use to CO2 emissions is 2730 g / L.

The parameters are applied to estimate CO2 production associated with increasing GVW.

Comparison is made between the emissions at GVIV and at tare-only weight. The

comparison is used to produce the relationship shown in Figure 6.2. The relationship is

non-linear and shows CO2 production due to tare weight to be less sensitive at greater

payload weight. The average B-train GVW from analysis in Chapter 5 is 52.9 for

eastbound travel and 39.3 for westbound travel along the Manitoba section of the Trans-

Canada Highway between Winnipeg and Portage La Prairie in2002. The percent of

etnissions generated for tare movement for the eastbound and westbound GVW rates are

approximately 35 and 50 percent respectively.
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Figure 6.2: Percent COz Production Associated with Tare Weight with Increasing

Gross Vehicle Weight (B-trains)

Figure 6.3 shows the COz production for every million truck kilometres of travel by B-

trains by increasing payload. This Figure was developed using the Chapter 4 fuel

consumption relationships, and shows that the base emissions production level is over

900 tonnes of COz per million tkt. The CO2 emissions generated by B-trains per one

million tkt at the GVW limit are approximately 1600 tonnes.
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The relationship in Figure 6.3

are higher than the emissions

shows that emissions produced for two trips attare weight

produced by one B-train travelling fully loaded and that
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decreasing the number of trips made by trucks is a more important reduction initiative

than reducing GVW. Comparing travel at maximum GVïV to travel at tare weight

shows that the emissions generated attare weight are approximately 56 percent of the

emissions generated at the GVW limit.

6.2 EMISSION REDUCTION INITIATIVES

This Section investigates the impacts of operational change on fuel efficiency and

emissions production based on the priorities established by Prairie-based carriers

surveyed in the research. A two-page survey was distributed to participating carriers and

is shown in Appendix G. The practices surveyed in the research are being mirrored in

government demonstration programs and educational tool kits, meaning that Federal

policies to inform carriers on emission sensitive practices have a def,rnite role to play.

Specific measures reported by carriers as contributing most significantly to fuel

efficiency are:

Idling: Carriers indicated that they are beginning to purchase anti-idling technology
such as in-cab heaters. The benefit of heaters is that they reduce idling over long
periods such as ovemight stretches on long-distance trips.

Driver knowledge / skill: Carriers encourage emission-sensitive driving and provide
lessons on skills development. One example of an area where skills are developed is
shifting at specific rpm levels. Training by Prairie-based carriers involves in-class
sessions on theory, consultation based on on-the-road performance and practice on
simulators.

Driver consultations: In larger fleets, fuel managers evaluate on-the-road fuel
performance and meet with drivers. Fuel managers found such sessions to be
positive and encouraged drivers to make fuel efficiency a priority.
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6.3

Limiting speeding: All of the carriers interviewed restrict travel speeds by minor
engine modifications. This practice forces truck travel to be more efficient.

October 2002 regulations: The introduction of October 2002 regulations included
additional engine hardware. Anticipated with this new system were fuel economy
penalties of up to ten percent. Manitoba carriers delayed purchasing the new
regulation trucks by replacing units in their fleets before the deadline (October,
2002). Similar practices are reported more widely; Today's Trucking detailed that
the issue of pre-buying to avoid changes in regulations occurred across North
America.

TAXATION POLICY

The literature referenced in this thesis states that pricing tools are necessary to promote

and achieve fuel efficiency, and reduce emissions (World Energy Council, Nix). This

Section evaluates the collection of tax on diesel by the Governments of Manitoba and

Canada to determine whether carriers are influenced by way of taxes to improve

efficiency.

6.3.1 Government of Manitoba

This Section estimates tax collection by the Province of Manitoba from heavy truck

diesel consumption for years 1982 and 2002 based on estimated travel on the Manitoba

section of the Trans-Canada Highway between Winnipeg and Portage La Prairie. Tax

rates were provided by Manitoba Taxation Division and the 1982 rate is converted to

2002 dollars to compare changes over time. The tax rates are expressed in þlL and are
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applied to energy use estimates on the study highway section for the two study years as

shown in Chapter 5. As shown in Chapter 5, the energy use estimates for years 1982 and

2002 along the study section are 14.5 and 16.5 million litres respectively.

The earliest available diesel tax rate for the Province of Manitoba is 1984 and is 8.6 ølL

(Manitoba Taxation Division, 2003). A 1982 rate is estimated by factoring the 1984

diesel tax for inflation using the Bank of Canada Inflation Calculator. The estimated

value for tax on diesel for 1982 is 7 .93 þ/ L. In 2Q02 dollars this tax rate on diesel

isl4.26 þ/L. The actual2002 diesel tax rate is 10.9 þlL.

Total tax revenue for this highway section is determined by applying the tax rate to the

total fuel use estimated for years 1982 and2002- Results of the application are shown in

Table 6.7, and the total tax collected on heavy truck diesel use for years 1982 and2002

on the Manitoba section of the Trans-Canada Highway between Winnipeg and Portage

La Prairie is 2.06 and 1.80 million dollars respectively.
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Table 6.5: Heavy Trucking Diesel Taxes Paid to Manitoba for Travel on the Trans-

Canada Highway between Winnipeg and Portage La Prairie

Study Year Benchmark Year
1982

Study Year
2002

Fuel Tax (c/L)
(2002 dollars) t4.26 10.9

Litres of Diesel Consumed
(millions) 14.5 t6.5

Kilometres Travelled
(millions) 28.5 42.4

Collected Fuel Taxes
(2002 dollars)

(million dollars)
2.06 1.80

2002 Dollars determined using Bank of Canada Inflation Calculator

(Average A¡rnual Rate of Inflation Between 1982 and 2002 is 2.98 percent.)

The results of analysis shown in Table 6.7 indicate that despite increases in diesel use and

truck kilometres between 1982 and2002 for travel along the Trans-Canada Highway

Winnipeg and Portage La Prairie, tax collection by the Province of Manitoba declined by

13 percent. As a function of distance, taxes paid in 1982 represent approximately 7.2

f/km versus 4.25 (,kmin2002. As a function of emissions, taxes paid in 1982 represent

approximately 5.2 É,/kgCOz versus 2.2 þlkgCOz in 2002.
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6.3.2 Government of Canada

The review of the Canada Transportation Act examines policy options for the

Govemment of Canada in innovative road charging. One recommended strategy is to

impose an axle-weight kilometre charge. The purpose of the pricing solutions is to:

. mitigate increases in road use

. direct dollars towards externalities, particularly environmental impacts.

The Federal excise tax rate on diesel fuel has been 4 þlL since 1987. In 1986 the tax was

I.80 þ/L, in 1985 the tax was 1.2 þ/L and was zero in previous years (including the

benchmark year) (Transport Canada,2003). The results of applying the Federal tax rate

to travel in years 1982 and2002 are shown in Table 6.8.

Table 6.6: Heavy Trucking Diesel Taxes Paid to Canada for Travel on the Trans-

Canada Highway between Winnipeg and Portage La Prairie

Shrdy Year
Benchmark Year

(1e82)
Contemporary Year

(2002)

Fuel Tax (c/L)
(2002 dollars)

0.0 4.0

Litres of Diesel Consumed
(millions) 14.5 16.5

Kilometres Travelled
(millions)

28.5 42.4

Collected Fuel Taxes
(2002 dollars)

(million dollars)
0 0.66

The literature findings in Section 6.3.2 show that the Government of Canada is interested

in applying taxes by axle weight. The findings from Section 6.2 show that increasing
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GWV can reduce truck activity and correspondingly can reduce fuel use and emissions,

meaning that the two have contradictory efficiency effects. The results from Section 6.2

lean more towards increased GWV limits or to increased special permitting for

overweight trucks.

Chapter 5 estimated heavy truck greenhouse gas emission as a function of payload

movement relative to litres of diesel. The specific units used in analysis (Table 5.8) are

rolling payload tonne kilometres per litre. Developing a taxation rate as a function of

productivity and fuel use would better address both road use and effrciency in

combination.

6.4 IDLING

This Section uses a scenario-based approach to estimate fuel use and emissions

production due to periods of extended idling. The analysis uses the Source 10 dataset to

1) estimate fuel consumption rates during periods of idling, and2) correlate the resources

wasted during idling to in-service resource use.

Source 10 data includes idling time and fuel use records among its trip data. Specific

fields are:

. Engine time

. Time in motion

. Idling time
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Idling tuel

Figure 6.5 shows, seasonally, the average time spent idling by Source 10. The Figure

shows highest use of engine idling in the winter months. Source 10 is a long-distance

general freight carrier that operates 3-S2 configuration trucks. The idling characteristics

ofthis carrier are not necessarily representative ofother carriers.

Figure 6.4: Average Time Spent Idling by Season

A fuel consumption rate for idling operations is estimated by dividing the fuel used

during idling by the amount of time in hours spent idling. The estimate of the mean fuel

consumption rates by season is 0.814 gal /1'r. The average idling fuel consumption rate

based on the total fuel use during idling and the total time spent idling is 0.787 gal / hour.
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The latter rate differs due to the greatest idling hours occurring in the winter relative to

spring and fall. The power required to heat an engine and cab than to cool an engine and

cab. The latter rate is used in all analysis in the western Canada environment.

Time and fuel resources consumed during periods of idling are correlated to actual travel.

Two estimates are developed, specifically 1) average time spent idling as a function of

travel, and 2) the additional distance that could be travelled using fuel consumed during

idling. The two estimates are based on the Source 10 dataset consisting of a total of 1.86

million gallons of diesel and a total time of 2.36 million hours spent idling. The results

of these two estimates are first described and then shown in Table 6.9.

The average number of hours spent idling as a function of distance travelled is
determined by dividing the number of hours spent idling by the distance travelled
over the same period.

To determine an estimate of how many kilometres of travel could be fuelled by
reduced idling the following steps are taken:

" 1) determine the average fuel used during idling per kilometre of travel

" 2) divide the rate in 1 by the travel fuel consumption rate

The fuel consumption rates used to develop Table 6.9 are determined from the
relationships in Chapter 4. The rates are developed based on the maximum and the
average GV\V for the study highway section and based on the 3-S2 configuration of
the Source 10 truck fleet.
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Table 6.7: Evaluation of Idling by Source 10

Resources Used Durins Idlins
Idlins hours / 1000 km 25.25

Potential travel from idling fuel
(kms / actual km travelled)
(39.5 tonnes)

0.264

Potential travel from idling fuel
(kms / actual km travelled)
(26.5 tonnes)

0.245

Table 6.6 shows that if the fuel used during idling was instead used for freight movement,

Source 10 heavy trucks could travel an additional0.245 km per km of travel at a GVW of

26.5 tonnes. Applying this rate to the 3-S2 tkt for 2002 throughout the entire DT-

network would fuel approximately 60.9 million tkt assuming a 3-S2 tkt of 248.9 million.

70



CHAPTER 7

BIODIESEL

Altemative fuels are proposed as a means of reducing emissions production and

diminishing the demand for non-renewable and foreign petroleum oil resources (United

States Department of Energy, Volvo). This Chapter summarizes the literature and

interview findings on the use of biodiesel in highway trucking operations and provides

discussion on the potential impacts on emissions.

7.I BIODIESEL BASICS

Biodiesel is a renewable oil product of either animal- or vegetable-based resources.

Biodiesel and biodiesel-petroleum diesel blends are used in diesel truck applications. An

example of where pure biodiesel (also called 8100) is used, is Germany (Western

Economic Diversification Canada). Minnesota is planning to mandate that biodiesel will

make up two percent of all diesel fuel by the summer of 2005 (New Rules). Blends of up

to 20 percent biodiesel and 80 percent diesel (820) are common in North America

(ECD).

Biodiesel is made using a process called transesterification and is regulated under ASTM

D6751. Transesterification uses alcohol to separate biomass into vegetable or animal oil
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and glycerine. Glycerine may be used in the production of soaps and other by-products

which may decrease the costs of biodiesel (National Biodiesel Board).

Blends of up to 20%biodiesel (820) can be used in nearly all diesel equipment and are

compatible with most storage and distribution equipment (Biodiesel Canada).

The following is a list of the benefits of biodiesel over conventional petroleum diesel

(Biodiesel Canada):

. Easy to use: Biodiesel can be used with fuelling infrastructure and in all diesel
vehicles with little or no engine modification.

. Flexible: Biodiesel may be phased in and out of operation and is the only altemative
fuel that runs in any conventional, unmodified diesel engine. It can be stored
anywhere that petroleum diesel fuel is stored.

. Fuel Properties: Biodiesel has a relatively high cetane number and flash point, and
increases lubricity enhancing engine performance, safety, and fuel economy.

. Health impacts: Biodiesel is the only alternative fuel in the U.S. to complete EPA
Tier I Health Effects Testing under section 211(b) of the Clean Air Act. Biodiesel is
Ito/o oxygen by weight and contains no sulphur.

. Economic growth: Biodiesel can be made from domestically produced, renewable
oilseed crops such as hemp and canola.

. Tested: Biodiesel is a proven fuel with over 30 million successful U.S. road miles,
and over 20 years ofuse in Europe.

7.2 DISADVANTAGES OF BIODIESEL

This section summarizes the disadvantages of using biodiesel, with particular

consideration to operations in cold climate areas, based on available resources. General

72



findings relate 1) costliness, 2) biodiesel has a lower energy content than conventional

diesel, and, 3) cold weather operations pose problems.

1. NRCAN (200$:

Before biodiesel can become commercially viable in Canada, more research and

development must be done to find cost-effective ways to produce it and to make

sure it works in cold weather.

2. EPA (2001):

. The database employed to estimate emission contained no engines equipped with
exhaust gas recirculation (EGR), NOx adsorbers, or PM traps. In addition,
approximately 98% of the data was collected on 1997 or earlier model year engines.
The implication is predictions of biodiesel impacts may be less accurate for future
fleets.

. Biodiesel is also predicted to reduce fuel economyby I-2 percent for a20 volume
percent biodiesel blend.

. Table 7.1 shows the energy content of biodiesel blends and of conventional diesel.

Table 7.1: Energy Content: Diesel and Biodiesel Blends

Biodiesel Blend

Average Energy Content

100 % Biodiesel

(Btu / US gal)

Animal-based ll5,l20

Rapeseed/canola-b ased 119,208

Soybean-based 119,224

Conventional Diesel 138,000

Source: EPA (b)
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Biodiesel has a lower energy content than does conventional diesel fuel. Use of
biodiesel without alteration of the fuel injection system would result in a loss of
power. Research by Schumacher (1994) shows that energy penalties are low at or
below 850 blends.

Use of biodiesel may result in filter plugging which can lead to decreased operating
power. High quality biodiesel should not produce this effect.

National Biodiesel Board (2005):

Biodiesel, particularly in higher blends, gels faster than conventional diesel.
Particular cold flow properties are cold filter plugging point, cloud point and pour
point.

Precautions employed for petroleum diesel are: utllize lower blends, fuel heaters,
cold flow improvement additives and storage of the vehicle in or near a building.

7.3 ENERGY AND EMISSIONS IMPLICATIONS

Table 7.1 shows that the energy of biodiesel is lower than conventional diesel. The

implication is that fuel economy would decrease and greenhouse gas emission production

would increase according to the change in energy content. Biodiesel, however, is a

renewable energy source, meaning that under the current accounting system, the use of

biodiesel would help Canada meet its Kyoto commitment. Biodiesel also improves the

lubricity - the ability of distillate fuels to lubricate (Owen and Coley, 1995), even at low

blends like I percent (National Biodiesel Board). High lubricity benefits of biodiesel

could be used to improve the transition towards ultra-low sulphur diesel in2006.
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Figure 7.1 shows estimates of the impacts of biodiesel blends on particulate matter, NOx,

carbon monoxide and hydrocarbons from heavy truck highway operations. The figure

shows that production of all emission types except NOx is decreased by higher biodiesel

blends.
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Figure 7.1: Emission Production by Biodiesel Concentration

Source: EPA

7.4 BIODIESEL IN MANITOBA

The author's experience researching the production and utilization of biodiesel by

participation as a member on the Manitoba Biodiesel Advisory Council (MBAC) has
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provided a unique opportunity to the Thesis. This Section details the relevant findings

observed during the year 2004. The findings were later published in 2005 in a report to

the Government of Manitoba titled Biodiesel: Made in Manitoba.

7.4.1 MBAC Results

Increasing the use of biodiesel by heavy trucks in the province of Manitoba could occur

either by voluntary methods or by mandate using regulation. Increased production of

biodiesel would likely involve production of grain-based fuels as well as tallow, or

animal-based oils. Discussion with members of the Manitoba Biodiesel Advisory has

helped develop the following list of benef,rts to Manitoba and Canada from greater use

and development of biodiesel:

. Increased demand for Manitoba-produced canola

. Funding for cattle dead-stock following BSE and decreased sales from border
closures.

" Assures proper disposal of dead-stock, in particular that the contamination of
ground-water is avoided.

. Ofßetting the pollution associated with the production of petroleum diesel, in
particular the use of fresh water from tar sand sources.

. Decreases dependence on foreign oil reserves.

The use of biodiesel considered by the Manitoba Biodiesel Advisory Council is the

highway trucking industry. The following are concerns related to the development of a

biodiesel industry that could meet the demands of aB2 -P.20 blend:
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. Subsidization is necessary considering 1) funding from the agriculture sector is
unlikely, and2) the costs threshold for alternative diesel purchasing by carriers is
very small.

' The industry should be economically sustainable and should not operate on a grant
system.

o The provinces of BC, Ontario and Quebec have created a tax incentive for biodiesel
over petroleum diesel.

" Cold weather operations and the lowered cloud point caused by the addition of
biodiesel to diesel is ofgreatest concern regarding operating characteristics.

. The impacts of biodiesel production on crop prices are difficult to predict.

o It is possible carriers would avoid purchasing diesel in Manitoba

. Concern exists that funding for biodiesel would be diverted from road expenditures.

. Testing the impacts of biodiesel blends in trucking applications following the
introduction of 2006 &,2007 regulations should occur before production of biodiesel.

r { more detailed cost-benefit investigation of biodiesel is needed, including the costs
of implementing other environmental initiatives.
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CIIAPTER 8

DISCUSSION AND CONCLUSIONS

The thesis develops a model to estimate heavy truck energy use and emissions using new

knowledge bases and practical scenario-based analysis techniques. The model is

designed to analyze l) 2002 energy use and emissions arñ2) efficiency improvements

over time by heavy trucks under regulatory changes and emission reduction initiatives.

Heavy trucks are tractor semi-trailer combination units operating on non-congested rural

highways in Western Canada.

8.1 MODEL DEVELOPMENT

Knowledge bases are developed from carrier operational practices and analysis of actual

datasets. Understanding the knowledge bases is accomplished using a rational

methodology to estimate energy use and emissions. The Manitoba Heavy Truck Energy

and Emissions model contains four variables and is shown in Figure 8.1. The

encompassing variables are truck travel, truck characteristics, fuel consumption rate, and

emission factors within the context of the heavy truck operating environment defined by

freight demand, intermodal competition, regulations, and energy and emission outcomes.
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The four model parameters are defined to represent the study highway, fleet and

environment, and are subsequently applied to estimate fuel use and emissions. The

Manitoba Heavy Truck Energy and Emissions model is generic and can be calibrated to

estimate heavy truck travel operating on other highway networks.

8.2 FUEL CONSUMPTION RELATIONSHIPS AND EMISSION FACTORS

The research involved designing and conducting a survey of fuel use by western

Canadian-based carriers. Carriers were contacted regarding their participation, which

included providing fuel use and travel datasets as well as describing their best practices

regarding efficiency. In total, ten datasets were obtained containing fuel use and distance

travelled data. Fuel consumption rates were derived from fuel use and distance travelled.

The data \¡/as norrnalizedby weighting the records for every i000 miles of travel,

meaning a tractor semi-trailer combination truck would be represented once for every
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1000 miles of travel in the data. Seasons were defined and linear relationships for each

season of operation were developed as a function of gross vehicle weight. A combined

annual relationship was also developed. The datasets behind the fuel consumption

relationships represent more than 272 million miles of travel and 39 million gallons of

diesel consumed by heavy trucks operating on non-congested rural highways from

Prairie-based carriers. Comparing the seasonal and annual relationships shows:

a seasonal differentiation exists, the winter season having the lowest fuel efficiency

that compared to past relationships fuel efficiency has improved by approximately 1

percent per year

fuel efficiency decreases at a rate of 0.0278 km / L per metric operating tonne

The research assessed emission factors used in North America and selected factors to be

used in the model. The principal finding is to use emission factors that link emissions to

fuel use versus distance travelled. Fuel-based emission factors are expressed in grams

per litre and the selected factors are from Environment Canada. The emission factor for

carbon dioxide (COz) is 2730 g / L.

8.3 SCENARIO-BASED ANALYSIS

The model was applied using scenario-based analysis techniques and real volume data

from actual highway operations in Manitoba. The model variables were adjusted to

consider the impacts of the introduction of certain policies or operational changes.

Specifically, the analysis shows 1) changes in energy use and emissions from changes in
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heavy truck size and weight limits, and2) the significance of idling in heavy truck

emission production.

The data describing truck travel on the Manitoba section of the Trans-Canada Highway

between Winnipeg and Portage La Prairie show that trucks on average do not travel at

maximum gross vehicle weight. Scenario-based study of tn¡cks operating on a larger

Manitoba highway network, specifically the DT-network, is used to test the full range of

emission reductions possible due to truck size and weight limit relaxation associated with

the 1987 RTAC MoU. Particular consideration was made of the introduction of 3-S3

travel and of the emissions used to move tare weight at different gross vehicle weight

scenarios for B-trains. Relaxation of truck size and weight limits has the potential to

reduce truck trips, which reduces emissions far more greatly than the additional

emissions to move heavier loads.

The research studied the significance of idling operations on fuel use and emissions.

Idling varies by season and by carrier operations. The Source 10 dataset has detailed

idling data. The estimated fuel consumption rate for idling operations based on this

Source is approximately 0.787 gallons / hour.
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8.4 EMISSIONREDUCTIONINITIATIVES

Knowledge bases are developed using a survey approach and are based on the operational

experience of participating carriers. The knowledge bases explain the use of emission

reduction initiatives and their effectiveness. Emission reduction initiatives are employed

by all participating carriers. Some of the most important initiatives identified are:

. reducing idling

. limiting speed

. educating drivers on emission sensitive driving techniques

Tax collected by the Province of Manitoba on diesel consumed by heavy trucks was

estimated based on the projected energy use along the Manitoba section of the Trans-

Canada Highway between Winnipeg and Portage La Prairie for the years 1982 and 2002.

Taxation rates were determined from Taxation Manitoba and rates for year 1982 are

adjusted for inflation. The analysis is conducted in2002 dollars. The results show that

tax collected for travel by 3-S2s, 3-S3s, and B-trains along the study section decreased in

constant dollars by 13 percent despite increases in truck kilometres of travel of 49

percent. Tax collected on diesel fuel by the Government of Canada has remained

constant at 4 c / L since 1987.

Biodiesel utilization as an altemative to petroleum diesel is considered in the research for

its potential impacts on energy use and emissions. Literature and interview fìndings

indicate that biodiesel contains less energy per unit than does petroleum diesel.

Emissions relating directly to fuel use would correspondingly be slightly increased. The
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8.5

emissions accounting system used in Kyoto inventory development does not include

emissions from renewable fuels, meaning the use of biodiesel can help in achieving

Canada' s environmental commitments.

EMISSION TARGETS

Changes in fuel efficiency over time are tested by applying the model to the Manitoba

segment of the Trans-Canada Highwaybetween Winnipeg and Portage La Prairie for the

years 1982 and2002. The application shows an annual improvement in fuel economy of

approximately 1 percent since 1982. The contemporary fuel consumption relationship

are compared against similar relationships developed in an idealized, competition setting.

In particular the results from the DriveSave / TruckSave relationships are approximately

1 1.7 percent more efficient in the 36 tonne range. This result suggests that fuel efficiency

will continue to improve.

The research estimates heavy truck emissions of carbon dioxide (COz), nitrous oxide

(NzO), and methane (CH+) by applying emission factors directly to the quantity of fuel

consumed. Contemporary Q002) emissions were determined for the Manitoba segment

of the Trans-Canada Highway befween Winnipeg and Portage La Prairie and were

compared to emission estimates for year 1982 using the same model. Over the Z}-year

period, gross CO2 emissions increased by approximately 14 percent and grams of COz

emissions per thousand rolling payload torure-kilometres decreased by 12.5 percent.
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The Thesis introduces new questions for research, some of these are:

Intermodal effects: Battelle proposes that the relaxation of truck size and weight
regulations prompt increases in freight movement by truck to the disadvantage of the
train industry (Environment and Truck Size and Weight Regulations). This pattern is
aided by falling unit costs that are passed on to consumers as a result of the fewer
shipments being required.

The model concept used to estimate emissions in this thesis employs fuel emission
factors that are based on fuel consumption. Such factors are not available for
estimating all emissions. The development of this tool would advance the research
in the Thesis.

Lowered speed limits: this thesis considered fuel consumption rates for heavy trucks
operating under free flow, high speed conditions. Discussions with participating
carriers conveyed the importance of operating at specific rpm levels to maintain fuel
efficiency. Capping travel speed is an important tool used by carriers and could be
supported by government agencies with increased enforcement.

Economic tools: according to Nix (Truck Activity in canada) fuel efficiency is
unlikely to improve substantially because diesel prices and taxes are not expected to
rise. Similarly, improvements in fuel economy wererealized after the Middle East
energy crisis in the 1970s (Automotive Fuels Reference Book). The implication is
that raising diesel prices is a tool that would help reduce greenhouse gas emissions.

Environmental zones: Sweden has established 'environmental zones' in the
downtown cores of three principal cities (Trucks and Air Emissions). The zones
limit the types of trucks that may enter the urban areas according to environmental
impacts. Another initiative is the SmartWay Transport Partnership between carriers
and shippers, which is a voluntary effort to take on projects that reduce emissions.
The carriers or shippers benefit by attracting contracts with environmentally-minded
companies. Such programs invite competition among carriers based on their
environmental record, stimulating improvements in fuel economy and emission
reductions.
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FHWA Vehicle Classifì

êø'@

cle

,¡¿uu\ ^ø@È.!ffir

@

rilcatlon S

FHWA Class I -Motorcycles

FHWA Class 2 - Passenger Cars (With l- or 2-
Axle Trailers)
FH\ryA Class 3 - 2 Axles,4-Tire Single Units,
Pickup or Va4 (With 1- or 2-Axle Trailers)
FHWAClass4-Buses

FIIWA Class 5 -2D - 2 Axles, 6-Tire Single Units
(Includes Handicapped-Equipped Bus and Mini
School Bus)

FHWA Class 6 - 3 Axles, Single Unit

FH\ryA Class 7 - 4 or More Axles, Single Unit

FHWA Class 8 - 3 to 4 Axles, Single Trailer

E

t"l:l

FHWA Class 9 - 5 Axles, Single Trailer

FHWA Class 10 - 6 or More Axles, Single Trailer

Source: http:,//manuals.doLstøte.&.us/dynaweb,/coltrsydtda/@Generic BookTextView/20168

FHWA Class 11 - 5 or Less Axles, Multi-Trailers

FHWA Class 12 - 6 Axles, Multi-Trailers

FHWA Class 13 -7 or More Axles, Multi-
Trailers
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The following steps were taken to normalize data between carriers. The data fields of
concern were distance travelled, fuel consumed, gross vehicle weight, and fuel
consumption rates.

Metric/imperial normalization of these data fields
following conversion factors :

Miles to Kilometres: 1.609
Imperial Gallons to Litres: 4.546I
Kips to Tonnes: 0.4536

Generally data was given in miles travelled and imperial gallons consumed; when given
in kilometres and litres the inverse factors are applied. Mile per gallon (MpG) ,rã1.r",
were calculated from mile and gallon values from the dataset; kilometre per litre (krr/l)
values were likewise calculated from kilometre and litre values.

Data fìelds were rounded

Distance:
Fuel Volume Used:
Weight:
Fuel Consumption rates:

Seasonal regressions by source were calculated from MpG
source regressions (by season and annually) were calculated
and from km/l vs. tonnes.

was accomplished by applying the

to the following accuracies:

0 decimals
2 decimals
3 decimals
4 decimals

vs. kip values. Combined
twice, from MPG vs. kips
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Response DistriÞution :

Link Function:

Sources 1 - 10: lmPerial Annual

I|rllatø

Curve Deg ree ( Polynomial )

'#Åwtrffi

Summary of Flt

OF

Model

Parametric Regression Fj-t

1

Mean square

'l
I

e. e*os I
I

33631 .7860

Sum of Squares

3. E+05

Analysis of Variance

DF

Error

33631.7860 i

3. E+05

aouoroon., 
I

Mean Square

:

Mean square j r stat 
i----.1-.-..

33631.7860 | 265.94

't 26.4650

R - Squ are

0 .001 0

F Stat

265.94

Pr>F

<.0001



MPG = GW KIPS

Response Distribution: Normal

Link Function: Identity

Sources 1 - 10: lmperial Fall

Curve Deg ree ( Polynomial )

'ffiIffiffiffi

Summary of Fit

DF

Model

Panametric Regression Fit

I

Mean Square

9600. 1 332

Sum of Squares

Analysis of Variance

OF

Error

9600. 1 332

32967764.1

32977364.3

6049s

Mean Square

Mean Square

544 - 9668

9600. '1332

544 .9668

R -Square

F Stat

0 .0003

17 -6'2

FStat 1 Pr>F

Pr>F

17.62 i <.0001



MPG = GW KIPS

Response Distribution: Normal

Link Function: Identity

MPG = 8.9143 - 0.0260 GW KIPS

Model Equation

Sources 1 - 10: lmperial Spring

Deg ree ( Polynomial )

Summary of Fit

Parametric Regression Fit

DF I Sum of Squanes

1 | 6195.7281

72913 I 526831.980

72s14 I s3ao27. 7oB 
I

Analysis of Variance

Mean Squane

MeanSquare I FStat

6195.7281 i 857.48

tlt.zzssl 
I1tti

0.0t't6

F Stat



Response oistribution:

Link Function:

GW_KIPS

Normal

Identity

Sources 1 - 10: lmperial Springfall

Source I DF I Sum of Squares

Summary of Fit

¡odel I 1l 17026.4374

il:rror j r.e*osl aoso66o8.1

ti
) Total I l.e*os , 33523634.s

Parametric Regressj-on Fit

17026.4374

Analysis of Vaniance

Mean Square

17026.4374

251 . 1 551

F Stat

67 79

Pr>F

<. 0001



Response Distribution:

Link Function:

GW-KIPS

Normal

Identity

Sources 1 - 10: lmperial Summer

Deg nee ( Polynonial )

Source i oo 
I

;;, -- I -;[

Summary of Fit

Error

C Total

Parametric Regression Fit

rl

Sum of Squares

AnaLysis of Variance

1 0069.9802

540682.494

550752.474

Mean Square

Mean Square

I 0069.9802

7 -1456

F Stat Pr > F



Response Distribution:

Link Function:

GW-KIPS

Nornal

Identity

Sources 1 - 10: lmperial Wnter

Curve Deg ree ( Polynomial )

,W{:ffiffiW*Êry}

Summary of Fit

DF

ModeI

Parametric Regression Fj.t

t

Mean Square

Total

6645. 0950

Sum of Squares

Analysj.s of Variance

DF

Error

6645. 0950

47947 6.59A

48612 f .693

64055

Mean Square

I

6645. o95o ì

7 .4854 )

l

;

I

I

7 .4454

R - Squa ne

887.74 i <.ooo1

0-o't37

F Stat

487.74

Pr>F

<.0001



KM_PER_L = ToNNES

Response Distnibution: Normal

Link Function: Identity

KM_PER_L = 3.4978 - 0.0282 TONNES

ModeI Equation

Sources 1 - 10: Metric Annual

hJlfr¡

Curve Deg ree ( Polynomial )

,ffiWW¿

Summary of Fit

DF

UodeI

irror

) Total

ModeI

Parametric Begression Fi

1

Mean Square

5869. 492s

Sum of Squares

Analysis of Variance

DF I Mean Square I R-Square

Error

g.e.osl 1s.B8o3l o.ooro

4343347 -Og

F Stat

369.61

Pr>F
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KMPEßL = TONNES

Response Distribution: Normal

Link Function: Identity

ModeI Equation

Sources 1 - 10: Metric Fall

Curve Deg ree ( Polynomial )

Summary of Fit

DF

Model

Parametric Begression Fit

1

Mean Square

1 955 .31 28

Sum of Squares

Analysis of Variance

DF

Error

.1955.3128

4126881.38

60495

Mean Square

¿1 zaaao. og I

68.2 1 86

R -Square

F Stat

0 . o005

F Stat

Pr > F

28.66

Pr > F

<.0001



KMPERL = TONNES

Response Distrlbution: Normal

Link Function: Identity

Model Equation

Sources 1 - 10: Metric Spring

Curve Deg ree ( Polynomial )

''WWæ

Sou rce

Summary of Fit

lodel

lrror

i Total-

DF

Model

Parâmetric ffegression Fit

1

Mean Square

1 283 . 948s

Sum of Squares

Analysis of Variance

DF

Error

.1283. 948s

71240.4133

72524.3619

72913

Mean Square

Mean Square

o.9771

I

o.gzzt 1

I

R - Square

FStat I Pr>r

o.0177

F Stet

1314.09

Pn>F

<.0001



Response Distribution:

LÍnk Function:

TONNES

No rmal

Identity

Model Equation

Sources 1 - 10: Metric Springfall

Deg ree ( Polynomial )

Source ; DF r Sum of Squanes

l-'--
,odel 1: 3338.r

i

Summary of Fit

:rrÕr ' I.E+05i
ri

: Total 1.8+05 
J

Parametric Regression Fit

Analysis of Variance

41 99661 .31

4203000.20

l¡ean Square F Stat



Response Distnibution :

Link Function:

Model Equation

Sources 1 - 10. Metric Summer

Curve Deg ree ( Polynonial )

' F.Qlßiffir#**

Source

Summary of Fit

DF

odel

rror

Total

ModeI

Parametric Regnession Fi

1

Mean Square

,ruuu i

I

zsosz I

1797.9128

Analysis of Vari.ance

DF

Error

75666

Mean square 
f

Mean Square

I

1797 -912a i
I

I

i

O.9172 |

I

I

I

o.9172

R -Square

0. 0253

1 960 .29

F Stet

Pr>F

I 960 .29

Pn > F

<. 0001



Response Distribution:

Link Function:

TONNES

Normal

Iden tit y

Model Equation

K

M

P

E

R

t

Sources 1 - 10: Metric Winter

Curve Deg ree ( Polynomial )

'WÅWffi

Sou rc e

Summary of Fit

DF

lodel

rroT

Total

Model.

Parametric Fegression Fit

1

Mean Square

953.2781

Sum of

Analysis of Variance

DF

Error

9s3 .2 781

65066.9849

66020.2630

64055

Mean Square

Mean Square

1 .01 58

953.2781

1 .01 58

R-Square

F Stat

o .o1 44

F Stat

938.4s

Pr>F

<.0001
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Carrier Fuel Consumption Relationships
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Carbon diox¡de emissìons are estimated by multiply¡ng the fue¡ us€ per

used to estimate the greenhouse gas em¡ssion production.

2002
Page 5

Appendix E



Methane emissions are estimated by multiplyjng the fuel use per

Nitrous oxide em¡ssions ar€ estimated by mult¡plyin
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TKT per day is determined by multiply¡ng each segment lenglh
wilh the MDTT for each considered truck confiquration.

GVW, ¡s determined usi lected at the Headingly weigh scale
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load tonne km

Fuel consumption rate is derived from the fuel consumption
tionships developed by Nix and shown in Cha
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is determined

This table

fuel use value

:miss¡on hactors
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365 days per year.
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N20
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2730
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rs used lo est¡mate the greenhouse gas emission production.
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Carbon dioxide emissions are estimated by multiplying the fuel use per
by the emission factor for carbon d

Methane emissions are estimated by multiplying the fuel use per
the emission factor for

Page 7
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Nitrous oxide emissions are estimated by multiplying the fuel use per
factor for nitrous oxide in diesel.
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Table 8.2: 2002 Monthly Distribution Factors (MADTT/AÁ.DTT) for Trucks (Classes 5-13) at the 33

AVC Stations

Hwy
No.

itatiol
No.

I

55

6l*
62*
65*

\ADTT

2,060
920

1,280

2

Jan Feb Mar A.pr May Jun Jul Aug Sep Oct Nov Dec

ll
66

92

0.80 0.92 0.94 1.03

0.84 0.90 0.97 0.94
0.89 0.93 0.93 1.04
0.86 0.90 0.91 1.01

3

1 .580

220

160

140

l5
51

5

0.83 0.92 0.88 0.96
0.80 0.82 0.76 0.95
0.80 0.88 0.78 0.8s

49

54

6

160

280

82

88

200
200

0.74 0.89 0.85 l.16
0.18 0.80 0.84 1.02

2t
24

50

52

84

90

98

100

260

l0

0.83 0.88 0.87 0.86 t.2l
0.70 0.77 0.80 t.04 1.48

t1
04
10

1t

160

310

140

180

100

140

ll0

0.84 1.02 1.16 0.78
0.85 0.91 0.94 0.69

t2

11 l.t0 1.08 1.12

2t 1.18 1.07 1.06

05 1.08 1.01 1.02

03 1.04 1.03 1.08

0.96 0.16 0.77 0.97 t.49 t.t2 0.89 0.99
0.6s 0.66 0.84 t.02 1.50 1.08 0.99 1.09
1.19 1.40 t.07 0.64 0.91 0.81 0.88 0.89
t.zl t.4t 1.16 0.58 0.81 0.61 1.07 0.95
0.71 0.94 0.89 0.97 1.28 t.ot 1.10 1.04
1.26 1.41 t.t2 0.38 0.44 1.39 1.26 l.l1
0.68 0.97 0.80 014 0.82 t.45 r.26 0.98

13

.04

.34

.71

T4

l0
8l

t6

.r2 l.0l 1.06 1.31

.0i 0.98 l.l I 1.10

.01 094 l.0l 1.ll

8'.7

15

03

50

140

43

46

360

59

360

75

29 1.05 0.9 I I .06

15 1.13 1.07 1.22

83

0.87 0.97 0.93 0.85 1.05 1.16 1.01 1.01

490

600

0.85 t.25 1.23

0.84 1.28 t.l4

0.84 0.82 0.79 1.04 1.45 1.03 0.98 0.95

89

83

63*

13 1.10 1.01 1.04

10 0.81 0.87 1.39

0.80 0.90 0.94 t.12 l.l6 1.12 t.07 1.09

.07 0.90 0.83

.03 0.99 0.79

.04 1.02 0.84

.1 r 1.04 0.87

100

60

53

9l

0.91 0.94 0.94 1.00 1.16 1.10 1.06 1.04
0.79 0.94 0.95 1.05 1.20 1.15 1.09 1.09

101

320

n0

940

64

0.18 0.19 0.14 0.16 1.20 t.45 1.47 1.03

t40
110

Source: Tang, D.

86

0.81 0.87 0.79 0.92 t.t4 1.09 1.08 1.00

15 0.99 0.7s
48 1.00 0.69
t4 1.09 0.70

85

0.91 0.93 0.95 1.09 1.08 1.10 l.0l 1.05

1.070

1.10 1.26 0.91 0.70 l.16 0.88 0.92 0.95
0.86 0.89 0.82 0.95 1.18 1.02 0.93 0.98

I
I

870

L2

u

.10 1.06 0.19

.22 I.03 0.82

450

0.74 0.77 0.18 0.90 1.06 t.t3 1.19 l.l2

I

I

0.79 0.85 0.88 0.91 0.99 1.04 1.16 1.13

l3
t'1

20 1.07 0.83
59 0.90 0.67

0.7s 036 0.72 0.85 1.46 0.96 0.99 1.09

0.98 0.98 0.87
1.20 l.ot 0.83

.11 1.t2 1.05 0.8'7

.12 t.34 1.03 0.13

.91 1.01 1.35 0.92

.20 t.r4 t.t4 0.15

.04 1.08 1.06 0.81

.03 r.r 1 0.89 0.76

.34 1.33 1.05 0.72

AADTT andfactors are calculated based on AVC data only

.22 1.04 1.00 0.83
18 1.17 1.00 0:79
13 l.ls 0.87 0.67
04 I .02 1 .01 0.8 I
t4 0.94 0.95 0.13
21 t.t1 0.87 0.53
t 5 l.t9 1.10 0.87
I I 1.00 I .00 0.78
.12 t.t9 1.05 0.78
.2t 1.25 1.02 0.91
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.36 1.35 0.92 0.72

.31 1.23 0.96 0.17
20 t.46 t.04 0.1s



Hwy
No.

Station

Table 6.2:2002 Classification Mix at AVC Stations

1

55

61

62
65
S1

s17^

Class Class Class Cfass Class Class Class Class Class Class Class Class Class
12345678910111213

0.2 64.2 19.2 0.3
0.2 60.8 19.0 0.3
0.2 51 .9 16.9 0.3
0.0 59.7 15.9 0.3
0.2 43.6 14.6 0.3
2.9 55.3 18.6 0.3

2
11

66
s2

3

5

15
51

0.1

0.1

0.3

6

Mix of Total Traffic (Percentage)

49
54

66.5 20.9 0.1

63.7 25.7 0.1

59.9 27.4 0.1

0.2
0.1

82
88

0.9
0.7
0.8
1.0

0.8
1.3

0.1 60.1 29.3 0.2
0.1 60.8 30.2 0.1

63.8
72.4

21

24

50

52

84
90

95

9B

10

0.1 43.5 41.8 1.0

0.1 64.0 25.3 0.3

0.8
0.2
0.7
0.9
0.9
2.6

27.O 0.1
20.6 0.1

0.3 61.5 24.6 0.1

0.2 67.5 24.8 0.6
0.1 48.9 34.2 0.4
0.1 46.9 37.3 0.2

0.1 54.2 31.4 0.3
0.1 58.0 34.6 0.2
0.1 66.1 27.0 0.1

0.1 49.5 38.2 0.4

0.0
0.6
0.0
0.0
0.1

0.1

1.0

0.8
1.0

12

13

0.9 8.1

1.1 10.2
1 .6 15.6
0.6 12.8
1.2 21.6
2.4 8.9

14

1.4 0.0 1.0 4.1

0.8 0.0 0.9 3.9
1.2 0.0 1.2 4.0

0.8
1.1

10

16

81

0.8
0.8

87

1.6

43

46
s16

50

0.1 58.1 2s.7 0.6 0.8 1.2 0.0 1.4 10.7 1.1 0.1 0.0 0.2

1.1

1.2
0.8

3.0
3.9
6.4
5.0
8.9
3.9

0.2 45.3 22.0 0.0 1.2 1 .5 0.1 1 .6 16.6 5.6 0.1 0.0 5.8

1.0

1.2

59

0.0
0.0

0.3 60.3 18.8 0.4 1.3 1.7 0.1 1 .9 10.0 2.3 0.1 0.1 2.8

0.8
0.8
1.2

1.2

1.0

1.0
o.7
1.1

75

B3

0.2 54.1 19.0 0.2
0.2 58.6 23.1 0.2
0.1 44.8 19.5 0.2

1.1

0.6

0.2
0.1

0.2
0.0
0.6
0.3

0.0
0.0

78

B9

83

0.7
0.3

1.5

0.9
1.3

1.2

1.4

0.6
0.6
0.6

0.1

0.0

100

0.2
0.2
0.4
0.2
0.6
0.3

0.1 62.2 32.1 0.0 0.9 1.1 0.0 0.3 1.0 0.5 0.0 0.0 1.8

63

0.5
0.5

2.1

1.4

1.4

101

3.4
2.4

0.1 76.4 19.7

0.1 71.4 20.8

53
91

0.1

0.0
0.0
0.0
0.0
0.0

0.0
0.0

110

0.9
1.4

2.2
2.8
5.0
3.5
6.7
3.2

3.2

2.8

64

0.2 62.7 18.5 0.3 0.8 0.8 0.1 1.0 12.2 1 .6 0.4 0.1 1 .2

0.0
0.0
0.0

^ classification mix is calculated based on 2-week data in 2001
Source: Tang, D,

1.3
1.1

86

0.1 54.5 36.2 0.0
0.1 49.6 32.5 0.0

0.9

0.7
1.1

0.5
1.1

1.1

0.6

1.5

4.8
3.4

85

1.4

1.5

0.1

0.0
0.0

0.0
0.0

0.1 64.2 18.9 0.0 0.7 1.7 0.1 0.7 8.3 3.2 0.1 0.1 1.9

5.3
1.9

2.8
2.3

3.2

1.1

2.5
2.9

0.2 60.5 19.7 0.0 0.9 2.4 0.0 0.7 10.6 2.9 0.3 0.1 1.8

1.1

0.9
0.8

1.5
1.4

0.1

0.1

0.2 62.0 22.3 0.0 1.1 2.4 0.0 0.4 4.6 3.0 0.0 0.0 3.9

2.7
2.4
3.4

0.0

0.0
0.1

2.1

1.0

2.7
1.9

1.3

0.5
0.9
1.2

0.0

1.1 0.1

0.9 0.0
1.2 0.3

0.1

0.1

0.0

0.0

1.0
0.7

0.5
1.0

0.1

0.0
0.0
0.1

0.1

0.0
0.0
0.0

0.0
0.1

3.3
1.9

0.7
1.4

0.9
0.9

0.0
0.0

0.0

0.0

0.0

0.0

0.0
0.0

4.1

2.5

1.2 12.4
1.1 8.5
4.4 12.2

0.0
0.0

1.1

1.6

2.6
1.5

7.2
8.3
5.7
2.7
1.4
44

0.5

0.5

0.0
0.0

4.6 0.2 0.3
2.7 0.1 0.2
6.2 1.3 0.7

1.3

3.2

0.5
2.0
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6.4

0.0
0.0

1.1

3.5

5.4
3.5
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0.0
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0.1

0.1

0.5
0.4

0.0

0.1

4.3
3.2
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Confidential Survey: FueI Usage and Driver Training
UMTIG - University of Manitoba Transport Information Group

To better understand fuel consumption as it relates to Manitoba trucking practices,
isolating all possible relationships is essential. This survey is designed to capture the
priority areas of Manitoba trucking companies and act as the backbone of the fuel
consumption data as has been provided.
Your time spent completing this form is greatly appreciated.

Does your compøny provide the followíng:

l. Driver training related to fuel consumption?

1i¡

2. Driver training to reduce idling?

3. Driver consultations related to fuel consumed?

4. Driver consultations related to time spent idling?

5. Access to 'fuel efficiency' educational resources, such as FleetSmart?

6. Encourage drivers to limit speed, (what speed)?

7. Cap driver speed (what speed)?

8. What kind of winter grade fuel is typically used?
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9. What types of emission reduction technology do you use on most trucks?

10. What types of emission reduction technology do you use on your best-equipped

trucks?

11. Does your company own any tractors that are compliant to October 2002 EGR
regulations? Does their fuel consumption match pre-Octobet 2002 trucks?

12. On average, how many years' experience do your truck drivers have?

lYhich of the previous 12 elements do you feel contributes the most signíficøntly to fuel
consumption levels?

Further contntents,
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