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1.0 Introduction

Introductory note to be provided by Alberta Transport.

1.1 Overview of the Guide

This guide is intended to provide Alberta transit system operators with the basic tools necessary to accurately and credibly calculate the greenhouse gas (GHG) emissions and potential emission reductions of transit projects that they may implement.  Approaches presented herein draw heavily on accepted industry best practices and standards, which have been expressed in a way that is tailored to the needs of transit system operators while remaining generic enough to apply to a broad range of transit project types.  

The guide begins with introductory sections that provide a brief background on greenhouse gases, when you would want to quantify them, and standard ways of doing so.  The guide then moves to more transit-focused sections, culminating in the presentation of a step-wise approach to calculating GHG emissions and emission reductions tailored to transit projects in Section 6.0.  Finally, appendices are included which provide standard emission factors and assumptions, more detail on specific methodologies, and other supporting information that may be useful for a transit system operator.

1.2 What is a Greenhouse Gas?

Certain atmospheric gases have the ability to trap energy within the earth’s atmosphere when solar energy is reflected off of or otherwise radiated by the earth.  These gases, called greenhouse gases (GHGs) due to their namesake’s ability to retain heat, take many forms and result from both natural and man-made (anthropogenic) processes.  While these gases play a central role in earth maintaining a climate warm enough for life, recent increases in the rate of anthropogenic emissions of GHGs are generally recognized as contributing to an overall warming of the climate.

Most GHGs fall into one of six categories noted below:

	Type
	Typical Emission Sources

	Carbon dioxide (CO2)
	Fuel combustion (carbon-based fuels such as fossil fuels)

	Methane (CH4)
	Fuel combustion (due to incomplete combustion of carbon-based fuels); anaerobic degradation (landfill gas)

	Nitrous Oxide (N2O)
	Fuel combustion in a nitrogen atmosphere (e.g. ambient air)

	Hydrofluorocarbons (HFCs)
	Leaking cooling systems (HFCs are typically used as refrigerants)

	Perfluorocarbons (PFCs)  
	Aluminum production; specialty applications

	Sulfur Hexafluoride (SF6)
	Leaking electrical transformers / switch-gear (SF6 is used as an insulator in these devices)


Of these six gases, the first three, CO2, CH4, and N2O are the most common and tend to be released as a result of chemical processes such as fuel combustion and breakdown of organic wastes under anaerobic (de-oxygenated) conditions (e.g. in landfills, waste water treatment, etc.).

All GHGs are not, however, created equal.  Because each has a different molecular structure and it is this structure that affects the ability to absorb energy, some GHGs are more potent than others.  Additionally, molecular structure also influences how long a molecule of a particular compound remains in the atmosphere before being transferred to other media (e.g. absorbed by plants, the ocean, soils, etc.) or destroyed.  

The potency of different GHGs is typically expressed in terms of an equivalent amount of CO2 (carbon dioxide equivalent, or CO2e) over a 100-year period, and is referred to as a GHG’s 100-year global warming potential (GWP).  For instance, methane is currently considered to be 25 times more potent than CO2 (GWP = 25), and nitrous oxide is considered to be 298 times more potent that CO2 (GWP = 298)
.  Other GHGs can be many thousands of times more potent than CO2.  The GWP of CO2 is 1.

1.3 Overview of GHGs in the Transportation Sector

In the transportation sector, tailpipe emissions are the main source of GHGs, due to combustion of vehicle fossil fuels, including gasoline and diesel.  Additionally, “upstream” emissions related to production of those vehicle fuels, as well as generation of grid electricity for electric vehicles, are also important, though lesser, contributors to overall emissions
.  In the case of public transit systems, emissions are also associated with operating transit infrastructure, such as providing power and heat to terminals, stations, and other buildings and equipment.

The greenhouse gases released from transit vehicles are primarily in the form of carbon dioxide (CO2), but smaller levels of methane (CH4) and nitrous oxide (N2O) also are emitted depending on the fuel and engine technology used.

Of course, while public transit activities result in GHG emissions, the alternative – use of cars and trucks – generally emits significantly greater quantities of GHGs per passenger transported.  Thus, sustainable transit initiatives can reduce vehicle transportation emissions through increasing the efficiency of existing fleets, and by reducing the number of less efficient cars and trucks on our roads through increasing transit ridership.  

For more details on transport sector GHG emission sources, please see Section 4.0.

2.0 Who Monitors, Calculates, and Reports on GHG Emissions?

GHG monitoring, accounting and reporting can occur at many levels.  Regardless of the level of reporting, it is always important to consider the intended audience for the GHG emission calculations and results as this will have an impact on the associated level of effort required.  For instance, emission reduction estimates for an internal corporate audience might not need to be prepared at the level of accuracy required for applying for external project funding or for generating tradable emission reduction credits that could be sold to other companies.

With that in mind, three common levels of GHG reporting are described below. 

National-Level

At the national level, Canada has a legal obligation to submit an inventory of its GHG emissions to the United Nations Framework Convention on Climate Change (UNFCCC) on an annual basis.  Detailed GHG emissions data at national, provincial, and sectoral levels are submitted to the UNFCCC in Canada’s National Inventory Report (NRI).
  The report also includes an analysis of emission trends, factors affecting those trends, and detailed descriptions of the methods, models and procedures used to develop and verify the data.  

The data assembled in the NRI represents a “top-down” approach to emissions monitoring and reporting, which means that it is generated using high-level economy-wide modeling of emissions based on a sample of relevant data across Canada versus by summing up emissions from each and every emitting entity / facility (which would be “bottom-up”). 

The responsibility for preparing this report falls under the mandate of Environment Canada, and is done in consultation with a range of stakeholders. 

Facility / Organizational-Level
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Facilities emitting the equivalent of 100,000 tonnes (100kt) or more of greenhouse gases (in CO2 equivalent units) per year are required to submit an annual report as part of Environment Canada’s GHG Emissions Reporting program.  This is legislated under the Canadian Environmental Protection Act, 1999 (CEPA 1999).  The Province of Alberta also has emission reporting requirements as part of it’s Specified Gas Emitters Regulation.  Other facilities or organizations may also choose to calculate their emissions, referred to as an emissions inventory, for various purposes.

Data for facility / organizational reporting is typically gathered using a detailed bottom-up approach, and is usually compared against emissions from a previous year (i.e. the “base year”) to assess progress over time.  Organizations conduct a detailed analysis of their emission sources, and estimate emissions based on measured parameters.

Projects

Public or private organizations may also monitor, account and report on their GHG emissions at the project level.  GHG projects are specific undertakings designed to achieve emission reductions, and reporting for projects differs from the total inventory approach described above for the facilities case.   The aim of monitoring, accounting and reporting here is to zero in on what the emissions would have been had the project not been implemented, which involves comparison against a hypothetical “baseline” case that never actually happens (because the project is implemented) instead of comparing against emissions from a previous year.  It is also not necessary to consider total emissions in this case (unlike the facility / organizational-level approach described previously) – instead, focus is placed on activities with emissions that change between the project and baseline case.

Project monitoring, accounting, and reporting may be done for a variety of reasons, such as  to quantify a project’s emissions benefits as a requirement for obtaining funding; to quantify emissions reductions to sell as a carbon offset in a carbon market.

3.0 How do you calculate Project-Based GHG Emissions?

A considerable amount of general GHG quantification guidance is now available to help guide transit system operators and others engaged in GHG emission reduction projects.  Highlights from current best practices and standards are noted below, and should be kept in mind when employing the transit-focused approaches documented in Section 6.0.

3.1 Use Accepted GHG Quantification Approaches

A number of different approaches, described below, are commonly used to quantify GHG emissions for a particular emission source.
 

Monitoring and direct measurement 

This type of method uses equipment to directly measure quantities of pollutant emitted as a result of an activity.  This may involve continuous emission monitoring systems (CEMS) (where emissions are recorded over an extended and uninterrupted period), predictive emission monitoring (correlates measured emission rates to process parameters) or source testing (e.g. stack sampling).  This method is the simplest from a calculation perspective and generally most accurate, as quantities of GHGs are directly assessed; however, it typically requires costly monitoring equipment and analysis that is only necessary in specific cases.

Mass balance 

This type of method applies the law of conservation of mass to a facility, process or piece of equipment.  The accumulation and depletion of a substance is considered when taking the difference in the input and output of a unit of operation to determine emissions.  For example, the amount of carbon input in a fuel minus carbon in solid wastes (e.g. ash) from fuel combustion would give the amount of carbon released to the atmosphere during combustion.

Engineering estimates 


Engineering estimates may involve estimating emissions from engineering principles and judgment, knowledge and understanding of the physical and chemical processes and laws involved, as well as the design features of the source.  

Emission factors 

This method uses standard emission factors (EFs) to estimate the rate at which a pollutant is released into the atmosphere (or captured) due to a process activity or unit throughput, and is the most common quantification approach. 

An emission factor is expressed as the ratio of the amount of GHG emission, typically expressed in mass units such as kg CO2e, per level of a given activity, where the activity could be liters of fuel consumed, km driver, hours operated, or any other metric relevant to a particular process or emission source.  A particular emission factor would initially be developed based on one of the other methods listed in this section, but would then be made available for use by others, for instance in government, industry, or in scientific or other publications.  They are usually obtained by taking the average of all available data of acceptable quality, are generally assumed to represent long-term averages, and as such are used to estimate future emissions.

The general equation for emissions estimation using this methodology is: 

Equation 1: Emissionpollutant = Activity Levelprocess * Emission Factorpollutant       
3.2 Compare Your Project To A Baseline

One of the most fundamental concepts with respect to project-based emission quantification is that to determine the net emission reductions resulting from a particular project, project emissions must be compared against those of an appropriate baseline case.  In its idealized form, the baseline represents the hypothetical case of what would have happened in the absence of the project.  For instance, in the absence of the project, we would have … continued to operate the old buses; purchased new industry standard buses (versus the more advanced project buses); etc.

This relationship is described in the following equation:

Equation 2: GHG reductions = GHG emissions project – GHG emissions baseline

Where project emissions are less than baseline emissions, a negative value will result from applying Equation 2, representing the net decrease in emissions due to the project.

In identifying the baseline, it is important to consider the services provided by the project (e.g. moving passengers, heating a building, manufacturing a particular product, etc.) and ensure that the baseline provides equivalent types and levels of service.

3.3 Adhere To Quantification Standards 

As concern regarding GHG emissions and climate change has increased over the years, effort has been directed at developing standardized ways of calculating GHG emissions that allow for accurate comparisons between different projects, companies, organizations and countries.  Most standardized approaches, including the internationally recognized ISO 14064 series of standards and the WRI/WBCSD
 GHG Protocol, include a consistent set of steps and requirements for developing a GHG project quantification report.  The methodology provided in section 6.0 is consistent with approaches outlined in quantification standards.
3.4 Follow Quantification Principles 

To enhance the credibility and usefulness of GHG project quantifications, it is recommended that the following principles, common to most GHG quantification standards such as ISO 14064 and the WRI GHG Protocol, are adhered to regardless of the methodology chosen.

· Relevance: your quantification should be prepared considering the needs of the intended audience for or user of the results (note: the intended user needs to be determined by the project developer).

· Completeness: Attempts should be made to thoroughly consider all relevant sources of GHG emissions, and all supporting information should be transparently documented.

· Consistency: This is required in order to ensure meaningful comparison of GHG-related information. In particular, like emissions need to be compared in baseline and project scenarios using consistent approaches, and where a project developer undertakes multiple projects, resulting emissions should be calculated using consistent approaches to facilitate comparisons.
· Accuracy: you should strive to prepare emission quantifications that are as accurate as possible and with minimum uncertainty, considering the intended uses of and audiences for the results.

· Conservativeness: When in doubt, make choices, assumptions, etc. that under-estimate rather than over-estimate emission reductions.

· Transparency: clearly document your calculations, assumptions and decisions in a clear, upfront manner that facilitates review by interested parties, auditors, etc.

For more insight into these principles and how to apply them, please see Annex A of ISO 14064-2.
3.5 Reference Reliable Data Sources

Overview of main / typical data sources for transit projects will be provided (to be completed once we finalize the contents of the appendices).

4.0 Typical Transit Emission Sources

The main function of any public transit system is the physical transporting of passengers between destinations.  A transit system’s direct and related emission sources will emerge from the activities that allow this primary function to be successfully executed.  Figure 1, below, captures common emission sources applicable to all transit project types that would occur on an on-going basis as a transit system operates.    These sources include both emission sources directly related to transit system operations, such as vehicle use, as well as emission sources related to transit system operation, such as generation of electricity or production of fossil fuels at remote locations not controlled by a transit system operator but that are nonetheless essential for operation of the system.

[image: image1.emf]
Figure 1: Potential Transit System Emission Sources

In addition to emission sources pictured here, other potentially relevant, though typically less significant, emission sources would include those related to manufacturing vehicles, building infrastructure, decommissioning equipment, and other similar activities that happen only once versus on an on-going basis.  Please note that this list of on-going and one-time emission sources is not intended to be exhaustive, but rather to serve as a starting point for fully identifying emission sources that are potentially relevant to a transit project.  

To assist with identifying emission sources for your project, common emission sources are described below.  These emission sources have been categorized based on their typical magnitude relative to other emission sources, though these categorizations should only be used as a rule of thumb, and would ideally be re-evaluated based on project-specific circumstances.  For approaches to calculating associated emissions, please see Section 6.6.

4.1 Primary Transit Emission Sources 

The primary emission sources described below all involve the conversion of primary energy sources (typically carbon-intensive fossil fuels) to secondary forms of energy (e.g. heat, electricity, mechanical energy) used in transit vehicles and facilities.  These emission sources are also all linked to direct provision of transit services – namely the transport of passengers from one point to another.

Vehicle Fuel Combustion

This emission source results from the combustion of fuels during operation of vehicles in various capacities including: 

· Combustion of fuel during transport of passengers 

· Combustion of fuel while idling

· Combustion of fuel while driving with an empty vehicle, where such driving is a direct result / requirement of transporting passengers (e.g. moving to and from a garage, to and from maintenance facilities, etc.)

These “tailpipe” emissions are the main source of transit project GHGs given the carbon-intensive nature of most vehicle fuels, namely fossil fuels such as gasoline and diesel.  Emissions from fuel combustion are quantified through applying an appropriate emission factor to quantities of fuel combusted.  The emission factor translates quantities of fuel combusted into amounts of CO2e emitted through the combustion process.  Different emission factors exist for different fuel types, and for different vehicle categories (e.g. light duty passenger vehicle, public transit buses etc.).

In the project case, emissions from transit vehicles need to be considered.

In the baseline case, emissions from vehicles that would have been used in the absence of the new transit project need to be considered.  Vehicles to be considered include cars, trucks, and potentially existing transit vehicles.  
Grid Electricity Generation for Electric Vehicles

This emission source results from activities requiring electricity consumption in vehicles.  Electric vehicles do not directly emit GHGs, however the generation of electricity required to power them does.  

The amount of GHGs emitted to generate the electricity required depends on how the electricity is generated.  For example, coal plants produce higher levels of GHGs than do hydro projects.  Power generated through wind, solar or other green technologies produces virtually no GHGs.  

For transit projects in Alberta, it is recommended that standard, provincially accepted grid emission factors be used to convert electricity consumed into GHGs.  Two potential approaches include using the average emissions intensity of existing grid-connected generators (as published in Canada’s GHG Inventory, 2006 value for Alberta) and using a more conservative factor determined by considering both existing and potential new generators (e.g. current value: 0.65 tonnes CO2e/MWh).  An exception here would be projects that derive their power from green sources.

Transit Facility Operation

This relates to all activities associated with the operation of buildings, facilities, or any other infrastructure involved in a transit system (e.g. park and ride terminals, bus stations, offices).

· The operation of transit facilities result in GHG emissions through:

· On-site combustion of fuels for heat, steam, operation of electrical generators, etc.

· On-site combustion of fuels to operate equipment

· Off-site generation of grid electricity used in a facility for heat, cooling, lights, mechanical systems, equipment, etc.

Methodologies to quantify GHGs are the same as for fuel combustion and electricity generation in the vehicle case, though different emission factors may apply.

4.2 Secondary Transit Emission Sources 

The following secondary emission sources tend to be smaller in magnitude than primary sources, and are associated with supporting activities versus activities that directly provide primary transit services.  With the exception of fuel extraction and production, for most transit projects, these emission sources could be excluded from consideration without having a major impact on the overall accuracy of emission reduction calculations.  However, to enhance accuracy and credibility of emission reduction calculations, this assumption should be re-evaluated based on project-specific details.

Fuel Extraction and Production 

This emission source includes all activities associated with the extraction and production / refining of fossil fuels or other feedstocks (such as biomass in the case of biodiesel blends) that are subsequently combusted in transit vehicles or used to heat/cool transit facilities.  Because fuel extraction and production is itself an energy-intensive activity that typically consumes significant quantities of fossil fuels, and since the amount of fuel required is directly linked to on-going provision of primary transit services, this is the one secondary transit emission source that tends to be relatively significant – it would not be surprising for these emissions to represent 15% or more of emission associated with combusting the produced fuels.  As a result, these emissions are often quantified as part of transit emission reduction projects.

As with generation of grid electricity, emissions resulting from fuel extraction and production are referred to as indirect, upstream emissions.  Indirect, upstream emissions are generated from an activity that is required as an input to the project, but are not directly controlled by the transit system operator.    

Emissions from fuel extraction and production are calculated through the application of an emission factor to quantities of fuel consumed in the transit system.

Fuel Transportation

This emission source is due to the transport of fuel from a production facility to the end use location. Transportation can involve various modes, including truck (e.g. gas, diesel, propane) and pipeline (e.g. natural gas, crude oil prior to refining). 

This emission source is another example of an upstream, indirect emission.  Emissions produced from fuel transportation could be calculated through the application of an emission factor to quantities of fuel consumed.

However, because transport distances are likely similar for project and baseline and the project would typically see a decrease in fuel consumption and related transport, excluding it will underestimate project benefits a little bit and is thus conservative.  These emissions are also usually small compared to other sources, so their exclusion should not have a significant impact on overall emission reductions.

Vehicle maintenance 

This includes all activities associated with maintaining vehicles in operational condition. These activities include: 

· Routine maintenance

· Minor repairs 

· Fluid, filter and minor component replacement

· Major repairs / overhauls 

These activities would not typically represent a significant emission source.  Additionally, where transit vehicle maintenance were to increase due to increased ridership, one would expect a corresponding decrease in maintenance required for cars, trucks or other vehicles that are used less often.

Transit Facility Construction

This includes all activities associated with the construction of transit facilities (such as transit terminals) that would be required in order to facilitate an increase in passenger transport due to a new transit project. 

Emissions resulting from transit facility construction are most likely negligible over a transit project’s lifetime when compared to key fossil fuel combustion emission sources.  As such the exclusion of this emission source from most quantification projects is likely justified.  However, this element may be included if it is felt to be significant and relevant quantification data is available.

Facility and Vehicle Decommissioning

This includes all activities associated with the end-of-life decommissioning, recycling and disposal of facilities and equipment (such as transit facilities, buses, rail cars, etc.) that would be required in order to facilitate an increase in rail transport due to the project. 

Emissions resulting from facility and vehicle decommissioning are most likely negligible over a transit project’s lifetime, and little difference between project and baseline cases would be expected.  As such the exclusion of this emission source from most quantification projects is likely justified.

Transport Infrastructure Construction

This includes all activities associated with building new roads, rail track, bridges, and related infrastructure necessary for passenger transportation.

While such activities can involve significant energy use and associated emissions, particularly for larger capital projects, when contrasted with emissions that transit projects might also avoid, such as those associated with constructing new highways, etc. these emission are often excluded from consideration.  When such emissions are spread over the lifetime of the infrastructure, their significance is reduced further.  

For larger capital projects, transit system operators may wish to estimate associated emissions by focusing on production of key types of materials required (e.g. concrete, steel, asphalt) and expected operation and associated fuel use of construction equipment.

Transport infrastructure maintenance

This includes all activities associated with periodic maintenance of road and transit infrastructure necessary for passenger transportation. This would include routine maintenance as well as major overhaul / replacement of key infrastructure components (e.g. track, bridges, road surfaces, etc.).  

This would not be expected to be a significant emission source, particularly since one would expect that increases in maintenance due to increased public transit use would be offset by reduced maintenance due to personal vehicle use.

5.0 Scope and Approach of the Guide

5.1 Scope and Applicability

This guide provides a generalized approach to calculating the GHG emission reductions that occur from a wide variety of transit projects.  While data gathering and monitoring is likely easiest when limited to only one transit system or jurisdiction, the guide may nevertheless be applied to transit projects that span multiple jurisdictions, such as enhanced/new service between cities.


The main activity in any public transit system is the movement of passengers between locations using transit vehicles.  It then follows that the primary elements to consider in transit projects which aim to reduce GHG emissions are either the transit vehicles used, and/or the number of passengers served.  Generally speaking, transit GHG reduction projects will fall into one or both of the following two categories: efficiency projects and modal shift projects.

5.1.1 Efficiency Projects 

Efficiency projects are solely based on improvements to transit vehicle or facility efficiency in terms of GHG emissions per level of service provided, and as such result in GHG reductions irrespective of changes in transit ridership levels.  

Vehicle Efficiency Projects

In the case of vehicle improvements, GHG reductions occur through the introduction of one or more transit vehicles utilizing a lower carbon content fuel or operating with improved fuel economy in comparison to the transit vehicles that would have operated in absence of the project vehicles.  Examples of potential projects include, but are not limited to:

· Upgrading existing vehicles with more efficient fuel consumption technologies;

· Purchase of new transit vehicles to replace existing transit vehicles of the same type (e.g. bus, train, etc.); and

· Adjustment of operating practices resulting in reduced fuel consumption without changing the vehicles themselves

Some features that would create improvements in fuel-efficiency include:

· Multi-valve engines, lean burn engine technology, improved transmissions, and new lightweight, high-strength materials (all available fuel technologies that could help make the average vehicle meet increased fuel efficiency levels);

· reduction in vehicle and/or engine size; reduction of energy consumption by design considering reduction of drag, improved tire pressure, etc., and

· Use of hybrid power trains.  

Transit Facility Efficiency Projects

In the case of transit facility efficiency projects, GHG reductions occur through improving the energy efficiency of various building systems and sources of energy demand, including building heating and cooling systems and other equipment.  Potential projects include, but are not limited to: 

· Replacement of aging furnaces with high-efficiency furnaces

· Switching to green electricity alternatives (e.g. use of solar panels, purchasing electricity from green services providers etc.).

A pictorial representation of a sample efficiency project is provided in the diagram below.
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Figure 2: Illustration of Sample Efficiency Project
5.1.2 Modal Shift Projects 

Modal shift projects result in emission reductions due to shifting passengers from more to less emissions-intensive forms of transportation (such as from cars to buses, or from buses to cleaner transit alternatives).  Potential transit modal shift projects could include:

· Programs to increase ridership on existing transit fleets (e.g. divert car use to existing transit services)

· Transfer of ridership to new transit services (e.g. from cars / buses onto a new commuter rail line)

· The construction of transit facilities that encourage modal shift, such as the construction of new park and ride and regional transit terminals.

· New transit systems that provide enhanced service to regional communities and reduce commuter traffic; and

· Light Rail Transit (LRT) and inter-city commuter rail systems or system extensions.

Fundamentally, modal shift projects can be distilled into one of the following scenarios:

· Increased transit ridership on existing transit modes

· Existing transit ridership on new transit modes

· Increased transit ridership on new transit modes

Programs that result in emission reductions due to improved technologies on the same vehicle type (e.g. replacing old technology buses with new technology buses) are considered in the Efficiency Project Type section above. 

A pictoral representation of a modal shift project is provided in the diagram below.
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Figure 3: Illustration of Sample Modal Shift Project

Quantifying project benefits tends to be more straightforward for efficiency projects than for modal shifting projects.  As a result proponents of modal shift projects should keep in mind the following two special considerations as they review the recommended quantification approach described below: 

Special Considerations for Modal Shift Projects

Transit Ridership
The fundamental driver and primary source of benefit for most modal shift projects is to increase public transit ridership levels (the exception being that some modal shift projects may be based on switching modes of travel while maintaining static ridership).  As such, successful quantification of emission reductions relies on assessments of changes in ridership between baseline and project cases.  This is perhaps the most challenging metric to quantify for modal shift project, and the one that will receive the most attention from stakeholders.  Approaches used to estimate ridership in various jurisdictions are summarized in Appendix 2: Various Approaches to Estimating Ridership.
Multiple Modes, Multiple Systems

The transport of passengers from origin to destination may require transfers between different types of transit vehicles / modes, possibly spanning multiple transit systems or jurisdictions.  To assess project benefits, each mode of travel needs to be considered separately as different modes will likely emit different levels of GHGs, and special effort may be required to track the movement of passengers across multiple jurisdictions with potentially different data collection systems.

5.1.3 Other Project Types 

Other transit projects can also offer GHG and other benefits; however, they are not discussed within the scope of this guide.  For instance, “enabling” projects such as strategic land acquisitions that do not result in immediate benefits but that set the stage for future GHG reduction initiatives would have benefits in the long-run, but those future benefits would not be quantified using the approaches presented in this guide.  

Detailed GHG quantification approaches for energy efficiency and modal shift projects are provided in Section 4.0.

5.2 Quantification Approach

Emissions for transit projects can in theory be determined using any of the approaches outlined in section Error! Reference source not found..  For example, it is possible to directly measure levels of CO2 emitted from the tailpipes of transit vehicles, however obtaining data using such an approach for an entire fleet is both expensive and impractical.  It is also virtually impossible to do so for vehicles that need to be included in emissions quantifications, but that are not part of a transit fleet controlled by the transit operator, such as in the case of personal use vehicles for baseline calculations.

As such, quantification methodology presented below is based on the use of emission factors.  Emissions for all transit project emission sources can then be calculated using the following generic equation:

Equation 3: GHG emissions emission source = Activity Levelprocess X Emission Factorpollutant
As previously discussed, the emission factor estimates the rate at which a pollutant is released into the due to a process activity.  The activity level could be liters of fuel consumed, km driven, hours operated, or any other metric relevant to a particular process or emission source. 
Emission factors for common vehicle types are included in Appendix 4 for use in transit project quantification.  However, projects may choose to include other vehicle types.  In this case, emission factors for any additional vehicle types would need to be considered as part of the transit project’s quantification exercise. 

The emission factor for electricity grid emission is typically based on a provincial average, as per data from Canada’s GHG Inventory.  This is provided in Appendix 4.   A combined margin approach where both the operating and build margins are considered is an alternative (in Alberta, the combined margin will result in a lower emission factor than the provincial average).

6.0 GHG Quantification Methodology 

A step-by-step approach to quantify emissions for Alberta’s transit sector is presented in the following sections. In addition to the steps presented below, it is recommended that transit operators adhere to the common GHG quantification concepts designed to increase the accuracy and credibility of the calculations that are discussed in Section 2.0.

The figure below summarizes the overall process for quantifying GHG emissions for transit projects.



Figure 4: Flow Diagram for Quantification Methodology

6.1 Step 1 – Describe the Project

The first step in quantifying emission reductions for any project is to describe the project undertaking and key activities involved.  This description will form the basis for confirming relevant emission sources, and will help others who review your quantification to understand and evaluate the appropriateness of the calculations.  Key elements of a project description can include, but are not limited to:

· The project’s purpose and objectives;

· How the project intends to reduce emissions;

· Any key technologies, products or services that will be used;
· Project location

· A project workplan / schedule
· Contact information for key project staff, including the person responsible for preparing the GHG quantification


6.2   Step 2 – Identify Project Emission Sources

Once the project is described, the next step is to identify potential emission sources.

The transit emission sources identified in Section 4.0 can be used as a starting point, but it is recommended that this list be refined based on the main project activities.  Ideally, a systematic approach will be used to ensure that a complete assessment of potentially relevant emission sources is conducted.  One potential approach, based on standard lifecycle assessment procedures, would include the following steps:

· identify the main activities that immediately provide for a transit system’s function (e.g. bus operation, LRT operation, transit facility operation, etc., which are typically controlled by the project proponent); 

· identify inputs and outputs (materials and energy) associated with these main activities (e.g. different types of fuel, electricity, etc.); 

· identify additional potentially relevant activities by tracking identified material and energy inputs/outputs upstream to their origins in natural resources or downstream along the life-cycle (these activities would not typically be controlled by the project proponent, but would still be related to project activities); and 

· review all activities and material and energy flows to ensure that all relevant activities have been identified. 

Use illustrative diagrams and tables wherever possible to help organize information and make the process more transparent.  Note that at this stage, you may end up identifying some emission sources that you later decide are not relevant and do not need to be calculated.  This is ok, and is better than omitting relevant emission sources.


6.3  Step 3 – Choose a Baseline

As noted previously in Section 2.0 of this guide, the baseline represents a hypothetical scenario that occurs over the same timeframe as the project, but represents what would most likely have occurred in the absence of the project.  The baseline is the comparison case against which changes in emissions due to the project are assessed.  

Functional Equivalence


It is critical that the project and baseline offer the same types and levels of service in order to ensure that a fair “apples-to-apples” comparison is performed.  This is referred to as functional equivalence. (i.e. the project and baseline need to be functionally equivalent).  In most transit project cases, the service provided will be the transport of passengers and baseline cases will naturally provide this function if they include various transport modes.

The concept of functional equivalence is also important for transit facility energy efficiency projects.  Transit facility energy consumption can be influenced by many factors beyond those that are the focus of a particular project.  For instance, energy consumption for building heating is dependant not only on the efficiency of the heating system, but also the climate for that particular year (e.g. colder winter = more heating required).  In the case of electricity use, building occupancy levels can affect electricity usage in addition to equipment energy efficiency.  This can create problems where a net emission reduction is determined by comparing current energy usage to historic usage.  To ensure functional equivalence, historic baseline data should be adjusted for any changes in key factors between the historic timeframe and the project timeframe.  Readers are referred to the International Performance Measurement and Verification Protocol (IPMVP), 2007 edition, for further details on how to address this issue.

Types of Baselines

The simplest approach to baselines is to assume that the conditions that existed prior to implementing the project (i.e. the historic case) would have continued into the future for the duration of the planned project.  For instance, for an efficiency project this could include an ageing fleet of buses that will be replaced by more efficient project buses, and for a modal shift project this could include personal car and truck travel from point A and B that was required prior to constructing a new project LRT line.

Continuation of past activities, however, is not always the most likely case in the absence of the project.  For instance, what if that ageing bus fleet was at the end of its serviceable life and needed to be replaced anyways (presumably with newer, more efficient vehicles)?  You could still calculate project emission reductions relative to the historic case, but this would likely overestimate the benefits of the project and may not be acceptable to key stakeholders.

As a result, the recommended approach to baseline selection is to consider a range of potential ways in which the project service could be provided in the absence of the project.  This would likely include the continuation of historic practices, but could also include a range of other options.  Ideally, the new project activity would also be considered as a potential baseline, to ensure that the planned project is not already considered “business-as-usual” and thus would not result in any new emission reductions beyond what would have happened anyways.  

Each identified baseline option would then be assessed against different criteria to determine which would be most likely to proceed in the absence of the project.  For example, potential barriers to different options proceeding (e.g. financial cost, customer service issues, complexity, etc.) could be used as criteria, and the option with the least barriers would be selected as the most likely scenario (this approach is referred to as a “barriers test”).

Some additional examples to help you with selecting an appropriate baseline are provided below.

Sample Scenario – Efficiency Project

Consider the case of a vehicle efficiency project that aims to retire aging diesel buses that have five years left before the end of their serviceable life and replace them with new hybrid diesel-electric buses with a life expectancy of 18 years.  For the first five years of the project, an historic baseline would probably be most appropriate since the old buses would still have been operated for 5 more years.  However, after the fifth year, the baseline would ideally be re-evaluated since various options would have been available in the absence of the project, including:

· Refurbishing / extending the life of the old buses

· Purchasing new diesel buses

· Purchasing new alternative fuel (i.e. lower emission) buses

· Etc.

As the project proponent, you might decide for simplicity to still use the old historic baseline in your calculations, even if the old buses would have likely been retired.  However, if more accuracy is required, these additional baseline options could be considered.  

Sample Scenario – Modal Shift Project 

Suppose a transit jurisdiction is considering extending an LRT line.  The existing LRT line currently serves 500,000 passengers per year. The addition of the new line segment is expected to result in servicing 50,000 additional passengers per year.  The new segment of the line is expected to have a life expectancy of 35 years.

A number of different baseline scenarios can be considered, such as:

Baseline 1 (Historic): The current transit configuration is maintained for the project duration.  This configuration is used to determine the GHG emissions that would result in the absence of the project.  In absence of the project, the current 500,000 passengers continue to use the existing transit system.  The 50,000 passengers that would have been served by the new LRT line segment continue to travel by their original mode of transport.

Because the 500,000 existing LRT passengers travel by LRT in both the project and the baseline case, there would be no change in their emissions between the project and baseline, and thus they do not need to be quantified (assuming that LRT emissions per passenger are not altered by the project).  Emissions calculations can thus focus on the change in ridership projected – namely the 50,000 new passengers.  All pre-project travel modes used by these new passengers need to considered.  For example, it might be determined that 70% drive, 25% take existing transit buses, 3% bike and 2% walk.  Emissions resulting from these baseline travel modes (such as those due to fuel combustion by transit and personal use vehicles) would then be projected out for the project duration of 35 years.

Baseline 2 (Projection): Perhaps it is not appropriate to assume that past conditions would have continued for the project duration.  For instance, if the transit system is expected to experience a steady rate of ridership increase even without the LRT extension, it might be appropriate to update the baseline modal breakdown over time during the project.  In this case, for instance, it might be appropriate to assume that the ridership on existing buses (25% at the start of the project) would increase by 2% per year (i.e. 25.5% in year 2, 26% in year 3, and so on) at the expense of the other modes, primarily cars and trucks.  This type of year-over-year adjustment is sometime referred to as a dynamic baseline.
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6.4   Step 4 – Identify Baseline Emission Sources

Once a baseline is selected, it is then possible to identify associated emission sources.  To again ensure that an “apples-to-apples” comparison is being performed, baseline emission sources should be identified in a manner consistent with the project.  Since both the project and baseline will be providing transit services, many of the emission sources will be the same (though their associated levels of activity will be different in some cases).  However, some differences will likely be present with respect to new vehicles or facilities included in the project but not the baseline case.

For further guidance on identifying baseline emission sources, see step 2, above.


6.5   Step 5 – Select “Relevant” Project and Baseline Emission Sources

Once a potential list of emission sources has been identified for a project and its baseline, it is important to decide which emission sources are relevant to calculating emission reductions and which could be excluded.  Obviously, eliminating irrelevant emission sources will simplify the quantification.  

The recommended approach is to compare project and baseline emission sources (for instance in a table, where similar project and baseline sources are placed side-by-side) and then apply criteria for determining relevance.

While specific criteria for determining relevance can vary and will depend on the intended uses of and audiences for the quantification, three common approaches are as follows:

1. No change between the project and the baseline case

Where a project does not result in a change to a particular emission source relative to the baseline case, there is no need to consider the associated emissions when calculating net emission reductions.  For instance, in the case of a project focused solely on improving transit vehicle efficiency, there would be no need to consider emissions associated with heating and lighting buildings, which would remain unchanged.
Sometimes it is not always clear whether or not there is a difference between a particular emission source in the project and baseline.  For instance, take the case of a modal shifting project involving expansion of an existing LRT line.  In this case, it might be tempting to exclude emissions from the existing portion of the LRT line since it is present in both the project and baseline case, and the project is focused on building a new section of LRT line.  However, if new transit riders in the project ride not only the LRT expansion, but also the original line as well, then there will be an impact on emissions from the old line relative to the baseline as additional fuel will be required to move these new passengers on the old line.  In this case, it would be recommended that emissions from the original LRT line be considered as relevant in both the project and the baseline.

However, in the same example, assuming that all new riders come from cars and trucks, it would be appropriate to only focus only on the cars and trucks driven by the passengers doing the mode shift, versus all cars and trucks on the road.  This is because the act of mode shifting doesn’t have any impact on the emissions from the other cars and trucks (unless reduction in traffic congestion were considered for very big projects), and thus there is no change between the project and baseline for those emission sources.    

2. Insignificant relative to other sources

Depending on the desired level of accuracy and available resources, it may be practical to restrict calculations to major emission sources that represent the majority of emissions, rather than calculating each and every emission source regardless of size.  If this approach is taken, it is recommended that for consistency and transparency a clear set of rules be established regarding how significance is determined, particularly since “significance” is a subjective term that means different things to different people.  For instance, a threshold could be established below which an emission source would be excluded from consideration – e.g. exclude emission sources that each represent less than 5% of total emission reductions, or that collectively represent less than 10% of emission reductions.  Another approach could be to decide that certain types of emission sources, for example one-time equipment and infrastructure manufacturing / construction / decommissioning emissions, could all be excluded since these sources are typically small in comparison to on-going emission sources.

3. Project emissions less than baseline emissions

An emission source that otherwise would be relevant based on criteria 1 and 2, above, could still be excluded from quantification where project emissions are less than baseline emissions for the particularly emission source.  This is because excluding such an emission source would result in a decrease in overall emission reductions, which would satisfy the conservativeness principle described in Section 3.4.  Excluding an emission source in this case might be warranted where the expected emission reductions due to that emission source were relatively minor compared with the cost or effort required to gather the necessary data for its quantification.

Regardless of the criteria used, the more transparently they are presented, the more credible your emission calculations will be.  The following example table illustrates these concepts.

Table 1: Emission Source Selection

	Project Source
	Baseline Source
	Relevant?
	Rationale

	Source 1
	Source 1
	No
	No change in emissions between project and baseline

	Source 2
	No equivalent baseline source
	No
	While project emissions are greater than baseline (no baseline emissions in this case), these emissions are expected to be < 0.5% of total emission reductions (see sample calculation) and thus are not considered relevant.

	Source 3
	Source 2
	Yes
	Significant change between project and baseline, should be quantified.

	Source 4
	Source 4
	No
	Project emissions < baseline emissions; will be conservatively excluded.


The table below provides an overview of common emission sources likely considered as part of transit efficiency projects and notes regarding relevance.  Quantification methodologies for the main project and baseline sources are provided in section 6.6 below.

Table 2: Transit Project Emission Sources

	Project Emission Sources
	Notes

	Vehicle Fuel Combustion
	Primary emission source for fossil fuel based vehicles.

	Grid Electricity Generation for Electric Vehicles
	Primary emission source for electric vehicles.

	Fuel Extraction and Production 
	Upstream emission source for vehicle operation and facility operation; can be significant, but much less than direct combustion emissions.  Project emissions likely < baseline emissions.

	Fuel Transportation 
	Upstream emission source.  Very small compared to fuel combustion and fuel extraction and production emissions; likely reasonable to exclude based on significance.  Project emissions likely < baseline emissions.

	Vehicle Decommissioning*
	Vehicle decommissioning is likely either equivalent to the baseline case or insignificant over the lifetime of the project.

	Vehicle Maintenance 
	Likely equivalent to baseline case and so can be justified for exclusion in most projects.

	Transit Facility Operation
	Primary emission source for facility-focused projects.  For projects where there is no change to facility operation (e.g. vehicle efficiency, modal shifting without enhanced facility infrastructure), likely no change between project and baseline and can thus be excluded.

	Transport Infrastructure Construction
	Likely negligible over a project’s lifetime, unless the project is focused on improving transport infrastructure.

	Transit Infrastructure Maintenance
	Likely equivalent to baseline case and so can be justified for exclusion.

	Transit Facility Construction
	Relevant for projects that include new transit facilities, however, likely negligible over a project’s lifetime compared to other emission sources.

	Facility Decommissioning
	Relevant for project and baseline scenarios including transit facilities, though any differences between project and baseline likely negligible over a project’s lifetime.


*In cases where vehicles or equipment being replaced are sold to other transit systems instead of being permanently retired, there is a chance that they will be operated instead of more efficient, newer vehicles or equipment, thereby diminishing the GHG emission reductions achieved by the project.  While a transit project developer would not reasonably be expected to account for these emissions in a detailed way for their project, the possibility of such a scenario should be considered and avoided wherever possible.


6.6 Step 6 – Quantify Emissions 

Quantifying emissions is the most involved step in the overall quantification process, and may seem overwhelming to those for whom this is a relatively new exercise.  It is perhaps helpful to consider that ultimately the endpoint of Step 6 will address the following questions:

· What emissions are quantified?

· When are emissions quantified?

· How are emissions quantified?

6.6.1 WHAT Needs To Be Quantified?

Emissions need to be quantified for:

· The project 

· The baseline

Emissions generated from each of the project emission sources selected as relevant in Step 5, above, need to be quantified for the project duration.  Total project emissions are then calculated as the sum of the emissions from each of the project emission sources selected, using the following equation.

Equation 4: Emissions project = Emissions source 1 + Emissions source 2 + … + Emissions source n
where n = the number of project emission sources to be quantified.

Similarly, emissions generated from each of the baseline emission sources selected in Step 5, above, need to be quantified for the project duration. Total baseline emissions are then calculated as the sum of the emissions from each of the baseline emission sources selected, according to the following equation, analogous to Error! Reference source not found..

Equation 5: Emissions baseline = Emissions source 1 + Emissions source 2 + … + Emissions source n
where n = the number of baseline emission sources to be quantified.

Modal Shift Projects: Quantifying the ‘Delta’
In the case of modal shift projects, it may be impractical to calculate total project and baseline emissions (i.e. emissions from all vehicles in all modes of public and personal transit affected by the project).  Instead, it might be simpler just to focus on emissions associated with the mode change(s).  

For example, consider an LRT extension project that is expected to service 50,000 new transit passengers a year by shifting them from other transport modes.  Rather than calculate emissions for the complete expanded LRT line (existing LRT plus the extension) plus all cars and trucks on the road for both the project and baseline, it may be simpler to calculate emissions for the new section of the line and those vehicles previously driven by the 50,000 new transit passengers only.  Don’t forget, however, that if emissions for the project are limited to the mode shift, then emissions for the baseline are also limited to the mode shift.  

If emissions are isolated to the mode shift, then calculations are based on the difference in activity levels directly attributable to the mode shift, in this case emissions due to the transport of 50,000 passengers:

· in the project case only those emissions resulting from the transport of the 50,000 new passengers on the LRT extension would need to be calculated.  

· in the baseline case, only the emissions due to the transport of those 50,000 passengers on baseline travel modes (which could be split between personal use vehicles, transit buses, bicycles etc.) need to be calculated.

If emissions calculations are not limited to the mode shift, but instead consider the entire project (i.e. the entire LRT line), then calculations will most often be more involved.

· In the project case, emissions resulting from the transport of all passengers on the entire line need to be calculated.

· In the baseline case, the baseline scenario would need to consider how the ridership for the existing LRT plus the new extension would have traveled, and then calculate emissions from those modes.


Note, however, that special care must be taken when performing emissions calculations based on the difference in activity levels, as the risk increases that either relevant emissions will be missed (for example if the baseline modes are not properly accounted for), or that emission changes may be inadvertently double counted.

Methodologies provided for mode shift projects below can be applied to entire projects, or to the component related specifically to the mode change only. 

6.6.2 WHEN Do Emissions Need To Be Quantified?

The quantification exercise is usually repeated several times over the course of a project:

· Before project implementation

· During a project’s lifetime

· At the end of a project’s lifetime.

The first time emissions are quantified is typically before project implementation.  In this case, numbers for most of the parameters will need to be estimated or calculated (though some actual baseline data may be available).  The results of this initial quantification exercise are used to assess the potential GHG benefit of a project.

Reductions can also be quantified periodically during a project’s lifetime, once a project is implemented.  Access to actual (monitored) data is expected to be more readily available and can be used to track how well a project is performing relative to expectations.  Interim reports would typically be prepared to summarize results to date.

Finally, the quantification exercise is repeated at the end of project.  A report is usually generated that will present the actual emission reductions that were realized, versus the emissions reductions that were estimated as part of the first quantification exercise.

6.6.3 HOW Are Emissions Quantified?

As described in section Error! Reference source not found., emissions are quantified by applying an emission factor to relevant activity levels for each of the project and baseline emission sources selected for quantification.

This guide provides calculation methods for the emission sources listed in Table 3 below.  Please see section 4.0 for a detailed description of each of the emission sources included.

Table 3: Emission Source Calculation Methods Included in this Guide

	Emission Source
	Vehicle Efficiency Projects
	Transit Efficiency Projects
	Modal Shift Projects



	Vehicle Fuel Combustion
	· 
	
	· 

	Grid Electricity Generation for Electric Vehicles
	· 
	
	· 

	Fuel Extraction and Production
	· 
	· 
	· 

	Transit Facility Operation
	
	· 
	· 


Emissions from the above sources are primarily generated as a result of three activities:

· fuel combustion, 

· electricity consumption,

· fuel extraction and production.

Methodologies to quantify emissions for these activities are the same regardless of whether the source of the emission is due to vehicle use, to fuel extraction and production, or to transit facility operation.  Only the emission factor that applies needs to be changed. 

Detailed methodologies for emissions resulting from fuel combustion, electricity generation and fuel extraction and production are provided in the sections below.  Note that the methodologies developed for modal shift projects are based on the following assumptions regarding trip length and ridership:

Assumptions for Modal Shift Projects

1. Trip lengths traveled on transit systems and personal travel routes are the same.

2. Changes to ridership are assumed to occur as a result of the transit modal shift project.  Changes to ridership levels due to external factors such as fuel price are not considered.

The following data (estimated, calculated or monitored) is also expected to be available as an input to the project quantification exercise for modal shift projects.  

1. Baseline ridership levels (i.e. ridership in the absence of project).

2. Change in ridership due to modal shift project (i.e. number of new transit passengers due to project).

It is recognized that obtaining accurate data on ridership levels may pose a challenge.  An overview of approaches used to estimate ridership used in various jurisdictions is provided in Appendix 2
.  However, it is critical to note that the accuracy of a modal shift project’s GHG emissions quantifications is directly tied to the accuracy of ridership levels used in its calculations.
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6.6.4 Fuel Combustion

As described in section 6.6, emissions are quantified by applying an emission factor to relevant activity levels.  In the case of fuel combustion, the activity is the combustion of fossil fuels (as well as alternative fuels such as biofuels) resulting from vehicle use or transit facility operation.  The activity level is a measure of the amount of fuel combusted.  This is typically in liters but can also be in other volumetric measures such as cubic meters (as is usually in the case of natural gas), or non-volumetric units such as mass (e.g. kg, tonnes, etc.) and energy (e.g. gigajoules, BTU, etc.).

Different emission factors exist for different fuel types (e.g. diesel, gasoline, heating fuel), and for different vehicle categories (e.g. public transit buses, light rail etc.).  However, differences between vehicle categories using the same type of fuel are quite minor, since vehicle type does not influence the amount of CO2 emitted (representing the vast majority of combustion-related GHG emissions), but rather only the CH4 and N2O combustion emissions, which are influenced by individual vehicle emission control systems.


As such, calculations would need to be repeated for each relevant fuel type, and ideally for each relevant vehicle type in the project and baseline.

For completeness, quantities of fuel combusted for vehicle operation should include:

· Fuel combusted during transport of passengers 

· Fuel combusted while idling

· Fuel combusted while driving with an empty vehicle, where such driving is a direct result / requirement of transporting passengers 

Quantities of fuel combusted can be determined using a number of methodologies, based on different activity data sources.  Two potential methods are introduced below, and then described in more detail in the following sections.

· Method A: Monitored or estimated fuel consumption data

In Method A, quantities of fuel combusted are either monitored or estimated.  Monitored data on fuel consumption may be available for the baseline case, as well as for the project case once the project is implemented.  Monitored data is aggregated to provide a value for the time period that is being reported (typically annually).  Fuel consumption levels can also be estimated, usually based on historical consumption trends.  Note, however, that historical consumption levels may need to be adjusted to account for functional equivalence, as described above.  Data sources for fuel consumption data are provided in Table 4: Activity Data Sources, in Section 6.6.7.

· Method B: Derived fuel consumption based on distance (VKM, or PKM plus an assumption of typical vehicle occupancy) traveled and vehicle efficiencies.

In the derived fuel consumption method, distances traveled are multiplied by a vehicle fuel efficiency factor to determine quantities of fuel combusted.  Data sources for distances traveled are provided in Table 4: Activity Data Sources.

6.6.4.1 Description of Calculation Methods

As described above, emissions due to fuel combustion can be calculated using two methodologies, based on different activity data sources.  Please note that where volumetric units are specified in the methods that follow, mass or energy-based metrics could instead be used.
Method A: Calculations Based on Fuel Consumption Data

This method can be used to quantify emissions from vehicle fuel combustion and transit facility operation, if monitored or estimated fuel consumption data is available.  Emissions using this method can be calculated by completing the steps below.

1. Gather fuel consumption data. A detailed set of potential sources for fuel consumption data is listed in Table 4: Activity Data Sources, in Section 6.6.7.  In the case of fuel combustion due to transit facility operation, common potential data sources include heating bills and meter readings.  In the case of vehicle fuel combustion, data should be gathered by vehicle type and at minimum by fuel type. Potential sources may include fuel receipts, financial records of fuel expenditures, or direct measurements of fuel use.
 For both vehicles and facilities, fuel consumption data can also be estimated based on historical data, manufacturer claims on efficiency, etc, for example:

In the case of historical data, special care should be taken to ensure that:

· Functional equivalence is maintained between the project and the baseline.  One approach in this regard is to convert historic fuel consumption data to a fuel consumption rate per passenger-km transported, which then allows it to be scaled according to the amount of PKM transported in the project case.  For instance, the following equation could be used in a modal shifting example:

Equation 6: Fuel Consumption due to Modal Shift (L) = (Fuel Consumption for Baseline Transit Ridership (L) / Baseline Transit Ridership) X Increased Project Ridership
· Historic data is relevant during the project timeframe.  Prior to using historic data directly, it is necessary to ensure that it is still valid during the project timeframe.  For instance, Equation 6 would only apply where the increased ridership did not alter the fuel consumption of the baseline transit vehicles.  If, for instance in the case of a bus fleet, the increased ridership significantly increased the average bus occupancy, the amount of fuel consumed per PKM would decrease as a result of the project.

Regardless of the approach used, any assumptions made in the calculation process should be clearly  documented.  


2. Convert fuel consumption from Step 1 to GHG emissions by multiplying by the appropriate fuel-specific emission factor.  The following default emission factors are provided in Appendix 4: Default Data Tables:

· Heating fuel emission factors: Table 7
· Vehicle specific fuel combustion emission factors: Table 6
An appropriate emission factor and the fuel consumption value from Step 1 would then be used in the following equation to calculate emissions for fuel combustion.

      Equation 7: GHG emissions (kg CO2e) = ∑ type Fuel Consumption (L) X Fuel Combustion  

                          Emission Factor (kg CO2e / L)

      where

      Type = fuel type per facility or vehicle type

Method B: Derived Fuel Consumption Based on Distance Traveled and Vehicle Efficiency Factors
This method is not applicable to the transit facility operation emission source as it relies on distance.  This method can be used to quantify emissions from the vehicle fuel combustion emission source when monitored or estimated fuel combustion data is not available.  

In this case, the quantity of fuel combusted can be derived based on vehicle distances traveled and vehicle fuel efficiencies.

Emissions using this method can be obtained by completing the steps below.

1. Collect data on VKM traveled by vehicle type: since vehicle fuel efficiencies are typically reported in fuel consumed per km travelled, it is necessary to determine the number of VKM travelled by each vehicle type in order to calculate emissions using Method B. VKM can either be taken directly from monitored data, or it can be derived using various approaches, including based on PKM travelled and assumptions regarding typical vehicle occupancy, and trip length and number of trips.  

Regardless of the approach, care must be taken to ensure functional equivalence between project and baseline.  Where there is no change between project and baseline vehicle capacity, and thus the same number of VKM will be travelled in both the project and baseline case to deliver the same number of PKM (e.g. as could be the case in a vehicle efficiency project), then project VKM can be assumed equal to baseline VKM.  Otherwise, it would be necessary to estimate at minimum baseline VKM (and also project VKM if desired) based on PKM and occupancy assumptions for the vehicle types in question.

Potential approaches are described below.

1.1. Direct measurement of VKM travelled by vehicle type: if monitored records are available for VKM travelled by project vehicles (e.g. from odometer readings), these should be used.  It is, however, unlikely that monitored baseline data (e.g. historic records if appropriate) could be used directly since PKM travelled in the project would likely be different that PKM travelled in the past.  Thus, another option would need to be used for baseline VKM.

1.2. Calculate VKM traveled by vehicle type: This approach could also be used to determine project VKM in the absence of monitored km data.  However, the same limitation regarding the use of this method for baseline VKM as encountered in the direct measurement approach, above, applies in this case as well.  The formula below may need to be modified slightly to consider varying daily trips made depending on the day of the week, and may be difficult to implement for complex transit systems give the number of different routes and numbers of trips.

Equation 8: VKM  = ∑ transit  route Transit Trip Length (km) * (Number of Trips / Day) * 365 Days / Year

1.3. Derive VKM traveled by vehicle type based on PKM traveled and vehicle occupancy assumptions.  If a project involves switching to transit vehicles that carry different numbers of passengers than baseline transit vehicles, switching from non-transit to transit vehicles, or an increase in ridership, then PKM are used, at least in the baseline case and optionally for the project case, to determine the number of VKM traveled.  This approach is described below.  

1.3.1. Determine PKM traveled. Post project implementation, transit authorities may have monitored data on PKM traveled either for the entire project, or directly resulting from the modal shift (e.g. from passenger surveys). Table 4 below captures potential data sources for PKM.  If monitored data is not available (e.g. pre project implementation), then changes to ridership levels need to be estimated and translated into PKM.  See Appendix 2: Various Approaches to Estimating Ridership for an overview of approaches used to estimate ridership in a variety of jurisdictions.  The equation below is one way of estimating additional PKM traveled as a result of an estimated/monitored increase in ridership.  Data sources for trip length are included in Table 4 below. 

Equation 9: PKM due to mode shift = ∑ trip route Change in ridership (# new passengers) * Trip length (km)

1.3.2. Convert PKM to vehicle kilometers driven. Apply typical vehicle occupancy numbers to PKM to convert PKM into VKM.  In the case of transit vehicles, transit operators may have monitored data regarding average occupancy.  If not, typical occupancy numbers per transit vehicle type need to be estimated, and any underlying assumptions documented.  The number of PKM traveled in the project case needs to be carried over to the baseline case, and split out between the travel modes included in the baseline scenario.  Project PKM must equal Baseline PKM
.  Splitting baseline PKM across various vehicle modes will likely be made using assumptions on the % of ridership that formerly drove personal use vehicles and other forms of transit, versus non emitting sources such as walking.  Personal use vehicles can be further broken down into vehicle types typically used within a jurisdiction (light duty passenger vehicle, light duty passenger truck etc.). See Table 4 for activity data sources.  The following equation is used to determine VKM by vehicle type.

Equation 10: VKM vehicle type =     PKM vehicle type 





      Vehicle Occupancy

2. Convert VKM traveled from Step 1 into fuel combustion quantities based on vehicle efficiency factors.  This step needs to be repeated for each vehicle type in the project or baseline scenario being quantified (e.g. light duty passenger vehicle, hybrid diesel bus etc).  Fuel efficiency factors can be influenced by a number of variables such as vehicle type, age, load (i.e. # of passengers), and road and driving conditions.  Greater accuracy for this step can be obtained by applying tailored fuel efficiencies based on varying conditions using assumptions.  For example, varied fuel efficiencies based on assumptions regarding the percentage of driving time spent idling, driving in the city, or driving on the highway can be used.  Data sources for transit vehicle efficiencies can include company fleet records, including original fleet purchase records.
  A more complete list of possible data sources is provided in Table 4.  Alternately, a list of vehicle fuel efficiencies for a number of vehicle types can be found in Appendix 4.  The data source used needs to be reputable and well documented to maintain transparency. NEED TO INSERT Volume of fuel would then be calculated using the following equation.

Equation 11: Volume of Fuel Combusted (L) = ∑ vehicle VKM (km) * Vfe (L fuel/km)

where
· VKM represents the number of vehicle kilometers traveled, and

· Vfe represents the vehicle fuel efficiency.

3. Convert fuel consumption estimate from Step 2 to GHG emissions by multiplying by the appropriate vehicle-specific emission factor.  The final calculation is made using the following equation, analogous to Equation 7 from Method A, above.  Default emission factors are provided in Appendix 4: Default Data Tables, Table 6.

      Equation 12: GHG emissions (kg CO2e) = ∑ type Fuel Combusted (L) X Fuel Combustion  

                          Emission Factor (kg CO2e / L)

6.6.4.2 Fuel Switching

Projects involving fuel switching from one type of fuel to another (e.g. switching from diesel to less carbon-intensive natural gas) may need to account for the different energy content of the fuel types involved where baseline fuel consumption is estimated based on project consumption (or vice-versa) and non-energy fuel measures are being used.  This is because different fuels contain different amounts of energy per volume, and it is this energy (and not fuel volume) that is therefore directly related to moving passengers.  Thus, differing volumes of different fuels would be required to deliver the same amount of energy to a vehicle. 

If fuel consumption data for vehicles providing the same level of service is separately available for the project and baseline, then the difference in energy content of the fuels will automatically be accounted for and does not need to be considered.  In this case the methodologies provided in section 6.6.4 can be directly applied. 

However, if fuel consumption data for the project needs to be estimated based on the amount consumed in the baseline (or vice-versa) in a fuel switching project, then you need to work in energy units versus volume units to ensure functional equivalence.

In the simplest case, where there are no changes in energy efficiency between project and baseline vehicles, this is done by multiplying the volume of fuel for the first fuel type by its heating value to convert it into an energy value (e.g. megajoules (MJ) or gigajoules (GJ)).  This amount of energy is then converted to an equivalent amount of the next fuel type using the second fuels heating value.  This process is captured in the following equations:

1. Convert the volume of fuel type 1 into an energy value.

Equation 13: Energy fuel type 1 (MJ) = Volume fuel type1 (L) X Heating Value fuel type 1 (MJ/L)  

2. The energy provided by both fuel types is the same (assumes no change in energy efficiency).

Equation 14: Energy fuel type 1 (MJ) = Energy fuel type 2 (MJ)

3. Convert the energy value of fuel type 2 into a volume.

Equation 15: Volume fuel type 2 (L) = Energy fuel type 2 (MJ) / Heating Value fuel type 2 (MJ/L)

Heating values for a variety of fuel types is provided in Appendix X
. 

Fuel volumes obtained in this manner can be used in the methodologies provided in section 6.6.4 in order to quantify associated emissions.

However, for projects involving both fuel switching and efficiency improvements, a slight modification nis required.  While conversion to energy units is still the first step, the energy requirement for the project and baseline would not be set equal in Step 2 of the above process.  Instead, the amount of energy for fuel type 2 would be calculated based on the fuel type 1 energy and expected changes in vehicle efficiency.  This resulting energy for fuel type 2 would then be converted back to volume units using Step 3, above, and the methodologies in Section 6.6.4 could then be applied as per normal.

6.6.5 Grid Electricity Generation 

The activity measured for the grid electricity generation emission source is the electricity that is required to power electric vehicles or transit facilities, typically measured in units of kilowatt-hours or megawatt-hours (kWh, MWh)

Two common approaches exist to develop emission factors for grid electricity generation, yielding slightly different values.  The most common approach is to take a provincial average of the emissions resulting from electricity generation.  In the Alberta case this emission factor is rather high given the amount of coal-fired electricity that is generated.  The Alberta grid average emission factor is provided in the national inventory and is listed in Appendix X.  This number is updated annually, but is published 2 years after the fact (e.g. in 2008, the most recent data is from 2006).

Alternatively, emission factors can be developed considering not only current generators, but also new generators that would be the next to be built but that might be avoided or delayed due to projects that reduce the demand for electricity.  In the regulated Alberta GHG Offset System, a combination of these two approaches has been taken, resulting in an emission factor that is lower than the provincial average – currently 0.65 tonnes CO2e/MWh.

Either emission factor can be used for quantification purposes, though a consistent approach should be used.  Note however, that where a project purchase electricity from a renewable / low emission energy source (e.g. through an electricity retailer), it may be appropriate to use a different electricity emission factor.

Once an emission factor is chosen, emissions from the source can be quantified using the equation below.

Equation 16: GHG emissions (kg CO2e) = ∑ vehicle type or facility Electricity Consumed (kWh) * Electricity Grid Emission Factor (kg CO2e/kWh)
The same formula is used to quantify emissions in both the project and the baseline case.  Total GHG emissions are equal to the sum of the emissions resulting from each vehicle type applicable in the case of vehicle efficiency / modal shift projects, or from transit facilities in the case of transit facility efficiency projects.

Methodologies to quantify the amount of electricity consumed are exactly the same as for the fuel combustion case in section 0 above.  Fuel Combustion Volumes are simply replaced with Electricity Consumption in the formulas, and the Fuel Combustion Emission Factor replaced with the Electricity Emission Factor.

Transmission Losses: Some electricity is lost during transmission from generators to final consumers in the form of heat, due to natural resistance in the wires.  Transmission losses are typically estimated at 5% of the consumed amount of electricity.  Where a project involves an increase in electricity consumption over the baseline, it is recommended that these losses be added to the amount of electricity consumption for project and baseline cases.  Where the project involves a decrease in electricity consumption, consideration of transmission losses is optional since it would be conservative to ignore them.

Note, however, that where electricity bills / meter readings are used as the electricity consumption data source, bill amounts may already include a loss-adjustment.  It is common for electric utilities to pass on the cost of this lost power to consumers, which then show up as an extra electricity consumption amount on a bill.  Prior to calculating transmission losses, electricity bills should be reviewed to see if a loss factor has already been applied.


6.6.6 Fuel Extraction and Production

Emissions from this source result from all activities associated with the extraction and production / refining of fossil fuels or other feedstocks (such as biomass in the case of biodiesel blends) that are subsequently combusted in transit vehicles or used to heat/cool transit facilities.  

The activity measured for the fuel extraction and production emission source is thus the combustion of fossil fuels (as well as alternative fuels such as biofuels) and the activity level is a measure of the amount of fuel combusted. This is typically in liters but can also be in other volumetric measures such as cubic meters (as is usually in the case of natural gas), or non-volumetric units such as mass (e.g. kg, tonnes, etc.) and energy (e.g. gigajoules, BTU, etc.).

Emissions are quantified through applying an appropriate emission factor to quantities of fuel consumed.  

The following equation is used.

Equation 17: GHG emissions (kg CO2e) = ∑ fuel type Fuel Combusted (L) X Fuel Extraction and   

                      Production Emission Factor (kg CO2e / L)
Methodologies to determine quantities of fuel combusted are identical to those presented in section 0.  Note that no additional work is required here – the values for the Fuel Combustion parameter used to calculate emissions from the fuel combustion emission source would be used here to calculate the emissions resulting from fuel extraction and production.  Only the emission factor used changes.

6.6.7 Activity Data Sources


The table below summarizes common data sources for the main parameters used in the calculation methodology sections above.

Table 4: Activity Data Sources

	Parameter


	Vehicle Data Sources
	Transit Facility Data Sources

	Fuel consumption data (by fuel type)
	· Fuel receipts, broken down by transportation fuel type; 

· Financial records of fuel expenditures
;

· Direct measurement records, including official logs of vehicle fuel gauges or storage tanks.

	· Metered fuel consumption records, by fuel type

· Heating bills

	Electricity Consumption
	· Direct measurement records, including official logs of vehicle electricity consumption 
	· Metered electricity consumption records

· Electricity bills

	VKM (by vehicle type)
	· Odometer readings
· Derived from transit route lengths or PKM
	

	Personal Use Vehicle Types in Baseline
	· Canadian Vehicle Survey

· Vehicle registration records

· Household Travel Surveys (e.g. CMA survey)
	n/a

	Vehicle Occupancy
	· Transit vehicles: estimates by transit operators

· Personal use vehicles: Canadian Vehicle Survey?
	N/a

	Vehicle Efficiency (by vehicle type)
	· Company fleet records that show data on fuel economy by vehicle type, including original purchase records
; or 

· Vehicle manufacturer documentation showing fuel economy by vehicle type; or

· GHG Inventory, by vehicle class (included in Appendix 4).
	n/a

	Trip Length
	· Transit route lengths (per route or combination of routes)

· Estimated based on assumed typical commuting distance, for example in CUTA transit fact book
	n/a

	Breakdown of Mode of Transport
	Statistics Canada Census of Population (provides numbers of people who drove, took transit, walked, biked for a number of jurisdictions – see Appendix)
	


Consumption data for project estimation purposes will likely need to be estimated based on project specific performance improvement assumptions.

6.6.8 Working Through Modal Shift Project Variations

Project VKM Considerations

Note: The VKM parameter for modal shift projects represents any additional VKM traveled due to the mode shift only.

Existing transit ridership on new transit modes: In this scenario, ridership levels due to not change.  Mode shift results due to replacing transit modes within a transit system (i.e. baseline transit vehicle mode(s) X with transit project vehicle mode(s) Y).  It follows that trip lengths in this situation should be relatively easy to quantify, as the transit routes affected by the project are likely known. 

Increased transit ridership on existing transit modes: If the increased transit ridership can be accommodated on the existing transit fleet (i.e. no extra trips or additional vehicles are required), then no additional VKM are incurred as a result of the project.  As a result, the volume of fuel combusted due to the project is 0, and the vehicle combustion emission source does NOT contribute to project emissions.

Increased transit ridership on new transit modes: Emissions in the project case will depend upon whether or not increased transit ridership levels will result in additional VKM traveled by the new transit mode, over the VKM that would have been traveled by baseline ridership levels.

It is assumed that data for the following parameters are known, or have been estimated:

· Number of passengers in the baseline transit ridership case

· Increase in transit ridership (# of new transit passengers)

· The number of annual VKM required by new transit mode vehicles to satisfy baseline transit ridership levels (VKMx)

· The additional number of annual VKM required by new transit mode vehicles to satisfy increased transit ridership levels (VKMy)

If the increased transit ridership will require additional VKM to be traveled by the new transit mode, the emissions in the project scenario result from emissions from the new transit mode traveling the necessary VKM required to accommodate the increased ridership level.

The VKM to be used in Error! Reference source not found. for this scenario is: 

Equation 18: VKM total = VKMx + VKMy
Note that the Vfe factor to be used in the project case is the Vfe for the new travel mode.

Baseline Quantification for Projects with Increased Ridership

Increased transit ridership on new transit modes
In the baseline case, original modes of transit vehicles would continue to serve the baseline transit ridership, and the new passengers the project would have attracted would continue to drive their vehicles.

The methodology to calculate the baseline emission reductions for this scenario is a combination of the scenarios above:

Equation 19: GHG emissions baseline = ∑ baseline transit mode VKM (due to new ridership) * Vfe * Baseline Transit Vehicle Fuel Combustion Emission Factor + ∑ baseline transit mode VKM (due to baseline ridership) * Vfe * Baseline Transit Vehicle Fuel Combustion Emission Factor

Step 7 – Calculate Emission Reductions

Baseline emissions quantified in Step 6 are subtracted from project emissions also quantified in Step 6 to obtain project emission reductions, as per the equation below, where a negative result indicates an emission reduction.

Equation 20: GHG reductions = GHG emissions project – GHG emissions baseline
Calculating project and baseline emissions independently, and only calculating net reductions at the end, is a common feature of GHG quantifications, and is designed to avoid errors and double counting of benefits.

6.7 Step 8 – Develop Monitoring Plans

Provide guidance on how to prepare a project monitoring plan.  Text below is just “raw material” that may be useful in this section.

To enhance the credibility and reduce the uncertainty of emission reduction calculations, as much monitored data as practical should be collected during/following project implementation to help replace estimates that may have been used prior to project implementation.  

In determining what to monitor, priority should be placed on data that have the most significant impacts on final results calculations, and that are the most uncertain.  For instance, for a modal shifting project, the number of pkm shifted between modes is the most significant variable and also carries a very large degree of uncertainty pre-project when estimates are made, since estimates involve trying to predict changes in human behavior.  Thus, it is recommended that some monitoring be conducted to either to replace the estimates, or at least to help assess the appropriateness of estimates/assumptions, and refine them.  For instance, taking some surveys of passengers post-project won’t entirely replace ridership estimates as you’ll still only be monitoring a small subset of total riders, but will help to refine them.

 “The project proponent shall establish and maintain criteria and procedures for obtaining, recording, compiling and analyzing data and information important for quantifying and reporting GHG emissions and/or removals relevant for the project and baseline scenario.  Monitoring procedures should include:

a) Purpose of monitoring;

b) Types of data and information to be reported, including units of measure;

c) Origin of data; 

d) Monitoring methodologies, including estimation, modelling, measurement or calculation approaches;

e) Monitoring times and periods, considering the needs of intended users;

f) Monitoring roles and responsibilities;

g) GHG information management systems, including the location and retention of stored data.”

The following table provides recommendations on parameters to be monitored.
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Table still needs to be completed based on quantification section

Table 5: Monitoring procedures
	GHG Source
	Parameter / Variable
	Unit
	Estimation / measurement approach


	Frequency of measurement
	Notes

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	




.

6.8 Step 9 – Develop Data Quality Procedures

Add guidance around data quality management for GHG projects

7.0 Documenting and Reporting Your Project

Provide general guidance on how to go about documenting and reporting on your project, how to increase the credibility of your emission reduction claims, how auditing/verification fits in, etc.

NOTE: appendices currently a work in progress, and will be populated and finalized as work on the Guide proceeds.

Appendix 1: Terms and Definitions

Provide a table of terms and definitions used in the document.

Appendix 2: Various Approaches to Estimating Ridership

A number of approaches can be used to estimate ridership.  The approach chosen may rely on the reason ridership quantification is required.  For example, predicting ridership to determine revenue as a result of fare changes or for general budgetary planning purposes usually requires system-wide predictions.  Predicting ridership (and consequently revenue) as a result of service changes can usually be isolated to route-level predictions.  The implementation of sustainable transit projects will typically fall into the latter category (i.e. service changes) and as such the methods presented here are tailored to route-level (short run) prediction methods.
 

Some of the more common route-level prediction methods include: 

· Professional judgment

· Survey-based methods

· Cross-sectional models

· Time-series models

Professional Judgment

Based on experience and local knowledge, this method is quite commonly used, especially when: there is a lack of faith in formal models; and/or when the development of formal models is not viable due to lack of data, and/or the expertise required to develop the models.  The largest drawback of this approach is that the accuracy of predictions obtained using this method can not be verified or reproduced.

Survey-Based Methods

Passenger surveys are an important data-gathering tool.  However, survey content and methodology will influence the quality of the data gathered.

In non-committal surveys, the responses of potential riders regarding how they would react to a service change are extrapolated to a larger ridership population.  An adjustment factor, which can range from 0.05 to 0.50, is applied ridership figures to account for the “non-committal bias".  This survey method is not generally recommended.

Stated preference surveys are seen as a more viable statistical tool for evaluating responses to proposed transportation system changes.  In this case, the surveys are based on rigorous design and data analysis.

The US Federal Transit Administration’s slide dec, Travel Forecasting for New Starts
, provides an overview of best practices in survey design.  Issues discussed include questionnaire design (layout, readability, and avoidance of round-trip reporting) and the capture of key data items and trip characteristics (such as origin and destination purpose, access mode etc.).

Cross-Sectional Models

Cross-sectional models use route and demographic data to understand ridership.  A number of methods can be used, including similar route methods and aggregate route regression models.

Time-series models

These models include elasticity methods, in which elasticity values are assigned to key variables such as fare and total travel time, and time series regression.   Time series regression is quite rarely used due to its technically demanding nature and high data needs – furthermore the improvement of results offered relative to simpler methods is not proven.

Other

Hiawatha Light Rail Transit Line (HLRT) operates an open boarding system Light Rail Transit Line (HLRT) from downtown Minneapolis to Fort Snelling.  Obtaining ridership data is challenging due to the fact that there is no access to fare data.  As such the agency relies on the following method to project ridership.

· “Personnel were interviewed from various areas of Metro Transit, including Revenue and Ridership, Service Development and the Police Department.

· Observations and counts of riders boarding HLRT trains were conducted by Program Evaluation and Audit in October of 2006.

· Additional observation and ridership count data was obtained from the Service Development saturation counts of ridership conducted in November 2006.

· Data from Program Evaluation and Audit, Service Development, and Revenue and Ridership were reviewed, compared and analyzed.

· Fare compliance devices were tested for timeliness, accuracy and reliability.

· Data collection and reporting practices of other light rail agencies were researched.” 

A number of light rail agencies in the US have estimated ridership based on existing and projected travel patterns, combined with the experiences of operators of similar commuter rail services.  Agencies that have used this method include Salt Lake City Light Rail Project in 1999, Nashville Light Rail Project in 1999, and Rochester Light Rail Project in 1998, as well as Sonoma-Marin.

The Sonoma-Marin plan was based on a number of key assumptions to allow for the definition of specific target markets:

· “Current congested conditions on the US 101 corridor during peak hours would persist indefinitely.

· Potential riders would be willing to drive up to 10 minutes from their homes to a station, or to take transit for the same distance.

· Upon arriving at their destination stations, riders would be willing to take either shuttle buses (provided by employers) or transit, or would walk to their workplaces.

· Riders would be willing to ride 10 minutes in a shuttle bus or transit, or walk about a half mile, from the stations to their workplaces.

· Peak ridership would account for 80 percent of total riders.

· Off-peak ridership would account for 20 percent of riders.

· San Francisco bound rail ridership (peak and off-peak) would comprise a 5 percent diversion of existing Golden Gate Transit (GGT) bus ridership.”

The methodology used to predict ridership on the rail line was as follows:

1. Develop figures for the universe of potential riders by determining the number of home-based work trips within proposed transit area:

a) Plot 3 circles around each proposed station: the first captures the area within a 10 minute drive to a station; the second captures the area within a 10 minute shuttle ride to work; and the third captures the area within a 0.5 mile walk to a station

b) Review traffic analysis zone data available through Metropolitan Transportation Commission (MTC) to calculate number of home-based work trips from one zone to another
c) Overlay two data sets to determine segment of population that satisfied assumptions (ie within assumed 10 minute drive proximity to proposed station etc.)
2. Determine Capture Rate (percentage of potential riders who might actually be attracted to rail service)
a) Obtain and consolidate opinions of: other commuter rail operators offering similar service to understand their capture rate; ridership consultants with relevant experience; relevant staff at transpo commissions etc
b) A number of variables considered, including concentration of jobs/major employers within a 5 mile radius of a station, an analysis of how difficult the general areas around the stations are to reach by car now due to recurring congestion etc.
3. Apply capture rate to universe of targeted work trips.

Appendix 2: Various Approaches to Estimating VKT

Manitoba: 

For passenger/commercial vehicles: 

· for avg km traveled per vehicle class, Canadian Vehicle Survey, Transportation Canada Annual Report

· for number of vehicles in each class: vehicle registration data from Manitoba Public Insurance

For fleet: City of Winnipeg

Edmonton:

For passenger/commercial vehicles: 

· Registry for info on passenger cars (CMA vehicle registrations)

· Fuel sale data available for Calgary, Edmonton

· Edmonton: counts traffic on road

· 2005 – Edmonton Census Metropolitan Area (CMA) Household Travel Survey

“VMT data needs to be matched to a corresponding MOBILE 6 emission factor and

mapped according to speed, roadway type, vehicle type, and time period. Emissions

are calculated by multiplying the VMT data by an emissions factor as shown in the

following equation.

Emissions = VMT * EF * K

where: Emissions = emissions in tons by roadway type and vehicle type

VMT = vehicle miles traveled by roadway type and vehicle type

EF = emission factor in grams/mile by roadway type and vehicle type

K = conversion factor”

http://www.epa.gov/apti/course419b/studentmanual/sm_chapter_3.pdf
Trip length:

TransDEC model uses avg values for bus/light rail/commuter rail etc.  trip lengths based on Canadian Urban Transit Association “Canadian Transit Fact Book: Operating Data” 1999.
http://www.tc.gc.ca/programs/environment/urbantransportation/transitstudies/docs/Cost-Benefit.pdf p. 39 (note a 2006 version exists for CUTA members for $30 at http://www.cutaactu.ca/en/publications_cuta_members_only)

Appendix 3: Sustainable Transit Initiatives

The United States Department of Transportation’s Federal Transit Administration maintains a clearinghouse of transit agency sustainable practices.
 

Transit agencies featured include:

New York City Transit (MTA)

Massachusetts Bay Transportation Authority (MBTA) 

Los Angeles County Metropolitan Transportation Authority
Dallas Area Rapid Transit
Sound Transit 
Alameda-Contra Costa Transit (AC Transit)
Maryland Transit Administration (MTA)
Metro Transit
Appendix 4: Default Data Tables

Provide any default data here (e.g. emission factors, assumptions, etc.)

Table 6: Emission Factors for Energy Mobile Combustion Sources

	Mode
	Emission Factors (g/L fuel)

	
	CO2
	CH4
	N2O

	Road Transport

	Gasoline Vehicles

	Light-Duty Gasoline Vehicles (LDGVs)

	Tier 1
	23601
	0.122
	0.164

	Tier 0
	23601
	0.322
	0.665

	Oxidation Catalyst
	23601
	0.524
	0.202

	Non-Catalyst
	23601
	0.464
	0.0282

	Light-Duty Gasoline Trucks (LDGTs)

	Tier 1
	23601
	0.134
	0.254

	Tier 0
	23601
	0.214
	0.665

	Oxidation Catalyst
	23601
	0.434
	0.202

	Non-Catalyst
	23601
	0.562
	0.0282

	Heavy-Duty Gasoline Vehicles (HDGVs)

	Three-Way Catalyst 
	23601
	0.0684
	0.204

	Non-Catalyst Controlled
	23601
	0.292
	0.0472

	Uncontrolled
	23601
	0.492
	0.0842

	Motorcycles

	Non-Catalytic Controlled
	23601
	1.42
	0.0452

	Uncontrolled
	23601
	2.32
	0.0482

	Diesel Vehicles

	Light-Duty Diesel Vehicles (LDDVs)

	Advance Control
	27301
	0.0512
	0.222

	Moderate Control
	27301
	0.0682
	0.212

	Uncontrolled
	27301
	0.102
	0.162

	Light-Duty Diesel Trucks (LDDTs)

	Advance Control
	27301
	0.0682
	0.222

	Moderate Control
	27301
	0.0682
	0.212

	Uncontrolled
	27301
	0.0852
	0.162

	Heavy-Duty Diesel Vehicles (HDDVs)

	Advance Control
	27301
	0.122
	0.0822

	Moderate Control
	27301
	0.142
	0.0822

	Uncontrolled
	27301
	0.152
	0.0752

	Natural Gas Vehicles
	1.893
	9×10-32
	6×10-5 2

	Propane Vehicles
	15103
	0.642
	0.0282

	Off-Road

	Off-Road Gasoline
	23601
	2.72
	0.0502

	Off-Road Diesel
	27301
	0.152
	1.12

	Railways

	Diesel Train
	27301
	0.152
	1.12

	Renewable Fuels

	Ethanol
	14906
	**
	


Table 7: Emission Factors for Refined Petroleum Products

	 Source
	Emission Factors (g/L)

	
	CO2
	CH4
	N2O

	Light Fuel Oil

	Electric Utilities
	28301
	0.182
	0.0312

	Industrial
	28301
	0.0062
	0.0312

	Producer Consumption
	28301
	0.0062
	0.0312

	Residential
	28301
	0.0262
	0.0062

	Forestry, Construction, Public Administration, and Commercial/Institutional
	28301
	0.0262
	0.0312

	Heavy Fuel Oil

	Electric Utilities
	30801
	0.0342
	0.0642

	Industrial
	30801
	0.122
	0.0642

	Producer Consumption
	30801
	0.122
	0.0642

	Residential, Forestry, Construction, Public Administration, and Commercial/Institutional
	30801
	0.0572
	0.0642

	Diesel
	27301
	0.1332
	0.42


Notes: 

1 Jaques (1992).

2 SGA (2000).

N/A = not applicable

Statistics Canada’s Census of the Population can be used to gain some insight into how the employed labour force commutes to work.  See Table 8 below.

Table 8: Employed labour force(1) by mode of transportation, both sexes, 2006 counts, for Canada, provinces and territories, and census metropolitan areas and census agglomerations of residence – 20% sample data
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	Employed labour force(1) by mode of transportation, both sexes, 2006 counts, for Canada, provinces and territories, and census metropolitan areas and census agglomerations of residence – 20% sample data

	Place of residence3
	Mode of transportation

	
	Total
	Car, truck or van as driver
	Car, truck or van as passenger
	Sustainable transportation4
	Other

	
	
	
	
	Total
	Public transit
	Walked
	Bicycle
	

	Notes:

1. Persons who, during the week (Sunday to Saturday) prior to Census Day (May 16, 2006): 

(a) did any work at all for pay or in self-employment or without pay in a family farm, business or professional practice

(b) were absent from their job or business, with or without pay, for the entire week because of a vacation, an illness, a labour dispute at their place of work, or any other reasons.

2. Place of work data are not available for percent distribution (1996) and percentage change (1996 to 2006). 

3. Place of residence: applies to the employed labour force with either a usual place of work or with no fixed workplace address. 

4. Sustainable transportation includes public transit, walking and cycling. 
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	Canada !
	14,714,260
	10,644,325
	1,133,150
	2,757,530
	1,622,725
	939,290
	195,515
	179,250

	Alberta !
	1,686,540
	1,253,085
	133,395
	274,505
	155,480
	99,725
	19,300
	25,555

	Brooks, CA !
	11,280
	8,785
	1,600
	780
	15
	640
	120
	110

	Calgary, CMA !
	584,505
	403,820
	43,965
	130,690
	91,370
	31,755
	7,565
	6,035

	Camrose, CA !
	7,445
	5,900
	650
	695
	30
	580
	85
	200

	Canmore, CA !
	6,880
	5,010
	420
	1,305
	40
	940
	320
	145

	Cold Lake, CA !
	6,690
	5,185
	860
	580
	25
	440
	110
	60

	Edmonton, CMA !
	546,070
	409,650
	42,740
	87,040
	52,990
	27,815
	6,235
	6,630

	Grande Prairie, CA !
	39,575
	32,830
	3,335
	2,940
	665
	2,070
	200
	475

	Lethbridge, CA !
	46,115
	37,800
	3,515
	4,255
	1,000
	2,600
	660
	540

	Lloydminster, CA !
	14,775
	12,380
	1,300
	910
	60
	755
	95
	190

	Lloydminster (Alberta part) 
	8,655
	7,350
	680
	530
	35
	430
	65
	90

	Lloydminster (Saskatchewan part) !
	6,125
	5,025
	620
	375
	20
	325
	35
	95

	Medicine Hat, CA !
	35,090
	29,525
	2,670
	2,345
	675
	1,385
	285
	545

	Okotoks, CA !
	9,015
	7,460
	710
	720
	260
	370
	90
	120

	Red Deer, CA !
	46,170
	36,525
	4,115
	4,820
	1,730
	2,485
	600
	710

	Wetaskiwin, CA !
	5,420
	4,215
	585
	560
	30
	450
	75
	65

	Wood Buffalo, CA !
	31,870
	16,660
	4,480
	6,250
	4,725
	1,465
	55
	4,480


Print-friendly format CSV (comma-separated values) file PRN (tab-separated values) file 

[image: image38.png]


Sources : Statistics Canada, censuses of population, 1996 to 2006. http://www12.statcan.ca/english/census06/data/highlights/POW/Table603.cfm?SR=1.
Table 9: Domestic sales of refined petroleum products (Alberta)

	Annual
	All refined petroleum products
	Motor Gasoline
	Diesel Fuel Oil

	1989
	10,129.80
	4,614.30
	2,809.80

	1990
	10,157.90
	4,603.10
	2,800.50

	1991
	9,454.80
	4,203.10
	2,589.70

	1992
	9,418.60
	4,257.90
	2,506.40

	1993
	9,926.80
	4,251.70
	2,764.70

	1994
	10,721.50
	4,428.10
	3,200.20

	1995
	11,000.30
	4,399.90
	3,372.40

	1996
	11,898.50
	4,490.30
	3,648.50

	1997
	12,985.10
	4,703.00
	4,192.30

	1998
	12,948.00
	4,906.80
	4,274.60

	1999
	12,962.20
	4,970.50
	4,318.60

	2000
	13,617.20
	4,953.80
	4,684.30

	2001
	14,152.90
	5,289.70
	4,804.20

	2002
	13,428.10
	5,302.90
	4,448.60

	2003
	14,251.20
	5,187.60
	4,925.60

	2004
	15,269.00
	5,320.70
	5,257.70

	2005
	15,781.60
	5,383.00
	5,604.80

	2006
	16,595.20
	5,593.20
	6,218.00

	Monthly
	 
	 
	 

	2007
	 
	 
	 

	January 
	1,457.00
	452.90
	607.8

	February
	1,396.00
	425.10
	572.1

	March 
	1,436.10
	476.60
	566.8

	April 
	1,198.80
	445.20
	437.6

	May 
	1,460.20
	504.40
	534.6

	June 
	1,499.10
	495.80
	527.8

	July 
	1,576.10
	546.90
	562.8

	August 
	1,627.80
	519.20
	627.6

	September 
	1,587.20
	475.60
	628.8

	October 
	1,667.40
	492.30
	673.7

	November 
	1,561.00
	474.10
	609.7

	December
	1,431.60
	486.70
	549

	Total 
	17,898.20
	5,794.80
	6,898.30

	Monthly
	 
	 
	 

	2008
	 
	 
	 

	January 
	1,568.40
	452.50
	622

	February
	1,495.90
	445.90
	660.5

	March 
	1,576.80
	473.10
	576.6

	April 
	1,348.50
	456.10
	512.5

	May 
	1,505.20
	527.90
	559.9

	June
	1,529.00
	503.10
	543.5

	Cumulative
	 
	 
	 

	2008
	9,023.80
	2,858.60
	3,474.90

	2007
	8,447.20
	2,800.00
	3,246.70
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Output from Step 9:


Documented data quality procedures. 





Output from Step 4:


List of potentially relevant baseline emission sources.






































Consistent System of Measurement


One specific aspect of consistency bears further mention.  Project developers should be especially diligent in ensuring that a consistent measurement system (metric is recommended, or alternatively imperial) is used for all calculations.  Inadvertent use of both types of systems simultaneously in calculations is a classic source of error that can occur in projects big and small.





Reminder:  The project and the baseline MUST measure the same thing.





The unit of measure for most transit projects will usually be in passenger-kilometers (PKM).





PKM project = PKM baseline (see note)





HOW those PKM are traveled will be different.  PKM traveled in the project case may be entirely on public transit vehicles, while PKM traveled in the baseline case will likely contain multiple modes of travel, including both transit and personal use vehicles.  SO, if a project is anticipated to increase ridership (and thus increase PKM), any historical monitored baseline data (e.g. fuel consumption) needs to be scaled to the project’s PKM levels to ensure the baseline measures emissions for the same PKM levels as the project.





For vehicle efficiency projects, where the number of PKM transported are the same in the project and baseline, vehicle-kilometers (VKM) traveled can be used to quantify emissions.  In this case:





VKM project = VKM baseline





Modal Shift Projects: Quantifying the Delta: For modal shift projects, project and baseline emissions calculations can focus on quantifying emissions resulting from the mode change only.





Output from Step 5:


List of relevant project and baseline emission sources selected for quantification.


Rationale for the exclusion of any emission sources.





Output from Step 3:


Baseline scenario selected.





Output from Step 6:


Quantified emissions for the baseline.


Quantified emissions for the project. 


Documentation of calculation methodology, including all assumptions.








In identifying the baseline, it is important to consider the services provided by the project and ensure that the baseline provides equivalent types and levels of service.  Baseline conditions will be extrapolated for the project’s lifetime in order to determine the emissions that would have occurred in the absence of the project.














Output from Step 8:


Documented procedures to monitor selected quantification parameters.


Post-project: data for monitored parameters collected adhering to data quality procedures. 





Emissions are quantified through applying an appropriate emission factor to electricity consumption, using the standard emission factor equation.





Output from Step 1:


Project description complete.











The accuracy of a modal shift project’s predicted GHG emissions reductions is directly tied to the accuracy of the ridership levels used in its calculations.  This includes baseline ridership levels, as well as ridership changes directly attributable to the mode shift.





This guide is targeted to transit operators seeking to quantify their emissions at the project level.











Output from Step 2:


List of potentially relevant project emission sources.











Reminder: Both baseline and project emissions are calculated over the same time period.  Baseline emissions will be subtracted from Project emissions in Step 7 to determine a project’s emission reductions.





Electricity consumption for transit facility efficiency projects can be influenced by many factors outside the focus of a particular project.  For instance, building occupancy / use levels can affect electricity usage in addition to equipment energy efficiency.  Readers are referred to the International Performance Measurement and Verification Protocol (IPMVP) 2007 edition document for further details on how to address this issue.





























8. Implement project, document and report results.





7. Develop Monitoring and Data Quality Plans





6. Quantify Emission Reductions





5. Select Emission Sources to be Quantified





4. Identify Emission Sources for the Selected Baseline





3. Identify and Select the Baseline Scenario(s)





2. Identify Emission Sources for the Project





1. Describe the Project





Establish Project Scope





The quantification methodology for modal shift projects assumes that approaches are available for assessing changes in ridership for all relevant vehicle types / modes








The use of standard emission factors is the most common way of quantifying emissions.





This guide is targeted at assisting transit operators with quantifying emissions for GHG transit projects.








The volume of fuel combusted for transit facility efficiency projects can be influenced by many factors outside the focus or control of a particular project.  For instance, energy consumption for building heating is dependant not only on the efficiency of the heating system, but also the climate for that particular year (e.g. colder winter = more heating required). Readers are referred to the International Performance Measurement and Verification Protocol (IPMVP), 2007 edition for further details on how to ensure functional equivalence and address this issue.





The quantity of fuel used in project calculations is the quantity of fuel combusted that is directly attributable to project implementation.  In the case of modal shift projects, the quantity of fuel used in calculations corresponds either to fuel combustion that occurs solely because of the mode shift or to the fuel combustion from the entire project, as long as functional equivalence is maintained.





Biofuels


CO2 emissions resulting from biofuel use are considered GHG neutral, because from a carbon cycle perspective, the carbon in the biofuel would naturally have been returned to the atmosphere in the decomposition process.  However, as with fossil fuel combustion, combustion of biofuels also results in the release of methane (CH4) and nitrous oxide (N2O), which would not have occurred in the natural decomposition process and thus need to be counted as GHGs.  This is done using the methodologies provided here and the emission factors provided in Table X.


Where the fuel used is a biofuel mix (e.g. E10, B20, E85), CO2 emissions resulting from the combustion of the non-biofuel component of the mix need to be calculated.
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�General To Do’s prior to finalizing the document:


Replace text-based equations with MS Equation equivalents to improve the look
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