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Model Inputs

The model is based on vehicle miles traveled and fuel consumption data for most major modes of public transportation: bus, heavy rail, light rail, commuter rail, and trolley bus.  The data was collected from the American Public Transportation Association 2001 Fact Book, which reports data collected from transit agencies by the Federal Transit Administration of the Department of Transportation.  Information about alternative fuel vehicles in use was only available for buses, and was not very in-depth.  Data on the quantity of alternative fuel consumed was not accessible either, except in a general category of Other.  We also collected the number of unlinked passenger trips, and the number of active vehicles, although this data did not weigh in significantly in the actual projection.  All of the above data was collected for years 1990-2000, and annual rates of change were computed in order that we could witness any recent trends or shifts that might indicate future trends.  

A typical rate of growth for vehicle miles traveled was estimated based on the average rate of growth from 1990-2000.  An average fuel consumed per mile of travel (for both liquid fuels and electricity) was calculated by estimating the percentages of national VMT totals driven by vehicles of each fuel type and dividing the total fuel consumed for the mode by the appropriate percentage of miles traveled by vehicles of each mode.  

The other data that went into the model were the emissions produced per unit of fuel.  Diesel, gasoline and electricity were the only fuels whose quantities of consumption were specified in the FTA and APTA dataset.  Using the GREET model discussed elsewhere in this report, we calculated that burning a gallon of diesel results in the emission of 27.824 pounds of carbon equivalents, and a gallon of gasoline results in the emission of 24.116 pounds of carbon equivalents.  The Energy Information Administration estimates that the national average emissions of carbon equivalents from a kilo Watt hour (kWh) of electricity results in the emission of 1.384 pounds of carbon equivalents.  These numbers were used to calculate the emissions generated from burning the amount of fuel consumed by each mode each year.

Making Projections

There are four scenarios of projections calculated for each mode.  The four projections are Typical VMT Growth and Technology, High VMT Growth with Typical Technology, Typical VMT Growth with Advanced Technology, and High VMT Growth with Advanced Technology.  For each scenario the end calculation is the amount of emissions generated up to 2020 and 2040 for each mode.  The emissions for each mode within each scenario are then summed.  Because we are projecting the amount of emissions reduced with the use of Advanced Technologies, we subtract the advanced technology total emissions for 2020 and 2040 from the typical technology emissions.  The result is an estimate of the amount of emissions that could be avoided if there was widespread adoption of advanced transit technologies in both typical VMT and high VMT growth scenarios.  

As an example, here are the first five years of projections for bus emissions:

Typical VMT Growth and Technology, Buses

	lbs CO2/gal or kWh
	 
	27.824
	1.3484
	3.39
	 
	 

	Percent of 2000 fleet VMT
	 
	93.0%
	0.009%
	6.991%
	 
	 

	 
	Annual Growth
	gal/mile
	kWh/Mile
	gal/mile
	 
	Tg/lb

	 
	1.5%
	0.30
	5.42
	0.42
	 
	4.54E-10

	Year
	VMT
	Diesel Consumption
	Electricity Consumption
	CNG Consumption (Includes other fuels)
	Carbon Equivalent Emissions
	Carbon Equivalent Emissions

	 
	millions
	gallons
	kwh
	gal
	lbs CE
	Tg or Mt CE

	1999
	2275.900
	618204000
	965000
	52070000
	17378726602
	7.885

	2000
	2314.780
	635160000
	1128500
	67361000
	17902567299
	8.123

	2001
	2349.502
	644687400
	1145428
	68371415
	18171105809
	8.245

	2002
	2384.744
	654357711
	1162609
	69396986
	18443672396
	8.368

	2003
	2420.515
	664173077
	1180048
	70437941
	18720327482
	8.494

	2004
	2456.823
	674135673
	1197749
	71494510
	19001132394
	8.621

	2005
	2493.675
	684247708
	1215715
	72566928
	19286149380
	8.751


The 1999 and 2000 values are from data gathered, not modeled.  But beginning in 2001, all of the fields are calculated using basic assumptions.  The formulas, using 2001 as an example, are:  

2001 VMT = 2000 VMT * (1+1.5%growth) 

2001 fuel consumption = 2001 VMT * 93% diesel fleet * 0.30 gallons per mile traveled  

2001 electricity consumption = 2001 VMT * .009% electric fleet * 5.42 kWh per mile travelled

2001 pounds of carbon equilvalents = (gallons of diesel * 27.824 lbs CE/gal) + (kWh electricity * 1.384 lbs CE/kWh)

2001 Mt (Mega tons) or Tg (Tera gram) = 2001 lbs CE * 4.54E-10 Tg/lb 
The same method is used to calculate all of the fields up through 2040.  The Mt of CE are then summed from 2000-2020 and 2000-2040.

The same process is used to calculate VMT for each of the four scenarios with changes in the percent of annual growth.  In the high growth VMT scenarios, the rate of growth is double the typical growth rate.  For buses, then, the high growth rate is 3%, making the multiplier 1.03.

The other variable in the projection is the implementation of technologies or fuels that would decrease greenhouse gas emissions.  For this variable it is necessary to make assumptions about the potential use of fuels and technologies up to 40 years in the future.  Because the task is to compare a best case scenario against a no change scenario, the assumptions we have made about the availability, and particularly the market penetration, of fuels and technologies are optimistic, assuming that transit agencies are quick to implement low-emissions vehicles.

There are a number of technologies and fuels for buses that reduce greenhouse gas emissions both currently available and in development.  The challenge for buses (and demand response and vanpool vehicles) is estimating the relative market share of each new type of vehicle or fuel.  The assumptions we use in the model are listed below.  

Bus

Our model projects that increases in diesel and electric efficiency due to light weight frames, hybrid engines, regenerative braking, and green power purchases result in a 25% relative decrease in fuel consumption (hybrids can reduce fuel consumption by 15-30%). In addition we project the increased adoption of electric buses to 1.5% of the national VMT in 2002-2004, 5% in 2005-2016, and 20% in 2017-2040.  We project the adoption of biodiesel, in the form of B20, starting in 2003 and continuing on at 10% of the national VMT through 2040.  We project the increased use of CNG buses to 7.5% of the national VMT in 2001-2003 and 10% in 2004-2016, at which time we project CNG will be completely replaced by other alternatives.  Finally, we project a 5% adoption rate for hydrogen fuel cells--where the hydrogen is generated by electrolysis—in 2010-2016, increasing to 20% in 2017-2027 and increasing again to 40% in 2028-2040.  The adoption of these alternative technologies displaces fossil fuel diesel as a percentage of VMT.

Rail 

Emissions reducing technologies for rail are still in early stages of development, and there are no studies that estimate the potential market availability of new technologies for transit rail.  One emissions-reducing option that is available to transit agencies today, however, is the purchase of electricity that is generated from renewable, no-emissions sources such as wind, solar and hydroelectric.  For this model we assume that starting in 2015 rail systems will be operating in a way that reduces emissions by 25%, either through fuel saving technologies, or powering by green electricity.  This assumption is based on there not being any technology for rail transit that will be widely available in the next 10 years.  However, it is possible that regenerative braking and energy storage research being done on freight rail could be adapted for transit rail.  The freight rail technologies are predicted to be available starting in around 8 years or 2010.  An additional five years of research and development is an appropriate estimate for applying technology for transit rail.  In order to minimize the impact of an inaccurate estimate of technology introduction, we are assuming that transit agencies operating rail will either adopt technologies that cut electric consumption by 25% or purchase 25% of their power from green sources, or a combination of the two, adding up to a 25% decrease in net emissions beginning in 2015. 

