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There are no clean vehicles...only “cleaner” vehicles
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Options should be examined in the context of total energy utilized from well to wheels and environmental impact from cradle to grave

Context for Understanding Fuel Cells, New Technologies, and Success

· Technologies

· Issues

· Paths to success

· Timelines, policies, and economics

· Are buses an ideal platform?
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(2) Methane; GWP relative to carbon dioxide = 21 (100-year value).

(3) Nitrous oxide; GWP relative to carbon dioxide = 310 (100-year value).

(4) CO2 equivalent, with methane and nitrous oxide weighted by GWPs.

Greenhouse Gas Emissions Rates for Light-Duty 

Vehicles Using Gasoline and Long-Term Alternative 

Fuel/Engine Technology Combinations

Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, 

January 2000, using assumptions reported in Table 1.  See Appendix Table A-5 for greenhouse gas emission 

rates of individual light-duty vehicle classes.

Fuel

(1) Carbon dioxide; used as numeraire to express "Global Warming Potential" (GWP) of other GHGs.

Vehicle Operation

Full Fuel Cycle

GHG Emissions Rates (grams/vehicle-mile)


Why Buses

The Case for Fuel Cell and AFV Buses

· Buses present a unique niche market that is highly suitable to take advantage of the FC and address the numerous challenges associated with a shift to a hydrogen economy

· Offer an opportunity to replace 75,000 transit vehicles.  A shift from some of the “dirtiest” vehicles to “cleanest”

· Immediate and profound impact on congested urban centers and population
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Environmental Concerns of Diesel ICE Buses

· Cancer agents from emissions

· Smog and ozone

· Quality of life

· Concentrated exactly where people are
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The figure shows emissions data from NYCT bus fleet.

Energy Demand
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Our demand is only increasing while fuel economy is not.
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The figure shows U.S. Energy consumption by medium and heavy-duty vehicles.  Energy consumption has increased from 3 quadrillion BTU in 1970 to over 6 quadrillion BTU in 1997.

The figure shows energy intensity of automobiles and transit buses. Transit bus fuel intensity has increased slightly from 80% of 1990 intensity in 1970 to 110% of 1990 intensity in 1997, while automobile energy intensity has decreased from 150% of 1990 [image: image11.jpg]


intensity in 1970 to 95% of 1990 intensity in 1997.

Bus Fuel Cost

· Diesel accounts for approx. 5% of total annual operating cost of a transit bus

· Gaseous fuel: large upfront capital cost.  Potentially cheaper on a dge basis

· Transit agencies are subsidized

[image: image12.jpg]



What is a Fuel Cell?

· Fuel cells make electricity directly from chemical reactions, like batteries, but:

· Are refueled like engines

· Don’t need recharging

· Spacecraft has used fuel cells since the 1960’s

· Fuel cells are quiet, efficient, and have very low emissions, however:

· Most use hydrogen for fuel (energy)

· Fuel processors (reformers) to convert gasoline and other fuels into hydrogen are still in development

· [image: image13.jpg]


Fuel cells are still too costly for mass-produced vehicles

Schematic of a Fuel Cell

Proton Exchange Membrane (PEM) Fuel Cell

Single Membrane Electrode Assembly (MEA)

[image: image14.png]


The figure shows a diagram of a fuel cell.  Hydrogen gas enters at one node and undergoes a chemical reaction (facilitated by a catalyst) with oxygen at a membrane, forming and releasing water and oxygen gas.
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(2) Methane; GWP relative to carbon dioxide = 21 (100-year value).

(3) Nitrous oxide; GWP relative to carbon dioxide = 310 (100-year value).

(4) CO2 equivalent, with methane and nitrous oxide weighted by GWPs.

Greenhouse Gas Emissions Rates for Light-Duty 

Vehicles Using Gasoline and Long-Term Alternative 

Fuel/Engine Technology Combinations

Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, 

January 2000, using assumptions reported in Table 1.  See Appendix Table A-5 for greenhouse gas emission 

rates of individual light-duty vehicle classes.
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(1) Carbon dioxide; used as numeraire to express "Global Warming Potential" (GWP) of other GHGs.
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PEM Fuel Cells

Today’s Fuel Cells have higher power, are cheaper, and more compact.
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The pictures are photographs of fuel stacks and assemblies.


FTA Fuel Cell Buses


The picture is a photograph of a 40 foot methanol fuel cell bus.


The picture is a photograph of a 30 foot fuel cell bus.

The picture is a photograph of a phosphoric acid FC engine.


Energy Solution

Thinking outside the wall

The key to the Fuel Cell’s Value

Conventional Approach and Fuel Streams

Hydrocarbons --> Hydrogen via reformation or electrolysis --> Renewables --> New Hydrogen Stream or Energy Storage


Advantages of the Bus as a Fuel Cell Platform

· Well defined duty cycle

· Centralized fueling and maintenance infrastructure

· Dedicated maintenance staff

· Trained operators

· Risk mitigation
· Size

· Proximity to people

· Performance improvement vs ICE

· Can attract new “white collar” users

· Technology platforms can be applied to other medium and heavy duty vehicles

Pathways to Success

Eliminating the “Chicken and Egg Complex”

· Bridging Technologies-Myths and Realities

· Hybrid

· Natural Gas

· Other Fuels

· Centralized vs. Decentralized Fueling Infrastructure

One chasm...many bridges  --> Buses address all of these issues.

Technical Challenges

· On-board energy storage

· Fuel

· Electricity

· Materials limitations of the fuel cell (Approx. 80% of Cost)

· Platinum

· Nafion (“remember this...Plastics”)

· FC sensitivity to impurities

· In the Fuel Stream

· From the Environment

· Limited life – the disposal vehicle?


Zero Emissions?

· Well-to-wheels (Hydrogen production can be energy-intensive)

· But renewables are clean, right?

· Emissions displacement
· Does offer the potential



The figure shows estimated 2025 GHG emissions from light-duty vehicles with exclusive gasoline use and 50% alternative fuel replacement: internal-combustion fleet.


Technology Policy Options

For RC Buses and Vehicles

· Decide the monetary value of having cleaner air and a reduction in petroleum consumption

· Sensible financial incentives designed to achieve specific objectives and goals in conjunction with...

· Legislative action that promotes these objectives and goals

· Support

· Basic R&D

· Demonstration programs

· To date only partially effective

· Need sustainable, long-term commitments and plans


In Conclusion

Buses using current alternative fuel and propulsion technology offer a significant improvement to air quality, but are best justified as a pathway to fuel cell propulsion.

While fuel cells offer the promise of “clean” transportation, significant technological, economic, and policy hurdles remain.

Buses offer a good platform for initial technology deployment and testing.

Timeframe: 5-10 years before initial non-prototype deployment.

For More Information:

William P. Chernicoff

Advanced Vehicle Technologies Division

Phone: (617) 494-2756

Fax: (617) 494-2961

Email: chernicoff@volpe.dot.gov
http://www.volpe.dot.gov

Hybrid Propulsion

· Platform for developing systems integration...but only goes so far

· Platform to use battery or other electrical charge devices

· Exposure and experience with high voltage systems

· Technology is beyond initial prototype

· Can use much of the existing infrastructure

Hybrid vs. Conventional System

The figure shows a large IC engine and mechanical transmission.

The figure is a schematic of a hybrid propulsion system.  It shows a small IC engine generator electric drive motor and energy storage system controller.


Natural Gas

· Possibility of providing hydrogen backbone

· Experience with high pressure gas

· Some infrastructure compatibility with hydrogen

· Immediate “interim” solution

· Technology is mature

· Already in use and deployed

· Well developed Codes, Standards, and Best Practices

· Transfer knowledge and experience to hydrogen systems


Hydrogen Production Paths

· Electrolysis

· Hydrocarbon reformation

· On-board methanol

· On-board gasoline or diesel

· Off-board natural gas

· Other
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Table 1

		Table 1.  Summary of Key Assumptions Used in Study

		Assumption		Date		Light-Duty Vehicles

		VMT Growth		2000-2010		2.5% per year

				2010-2025		2.1% per year

		VMT Mix		2000		Passenger Cars: 63%

						Small Light Trucks: 27%

						Large Light Trucks: 10%

				2010		Passenger Cars: 55%

						Small Light Trucks: 33%

						Large Light Trucks: 12%

				2025		Passenger Cars: 47%

						Small Light Trucks: 39%

						Large Light Trucks: 14%

		Baseline Fuel		2010		70% Conventional/30% Federal Phase 2 Reformulated Gasoline (1)

				2025		70% Conventional/30% Federal Phase 2 Reformulated Gasoline (1)

		Baseline Engine Technology		2010		Spark Ignition Internal Combustion

				2025		Improved Spark-Ignition Internal Combustion

		Baseline Energy Efficiency Improvement (2)		2000-2010		Vehicle: 1.2%

						Full Fuel Cycle: 1.2%

				2010-2025		Vehicle: 4.0%

						Full Fuel Cycle: 3.8%

		Alternative Fuel Use (% of VMT) (2)		2010		10%

				2025		25%

		(1) Sulfur content reduced in compliance with provisions of EPA "Tier 2" rule on gasoline sulfur content.

		(2) Average for all light-duty vehicle travel, consisting of assumed mix of vehicle classes shown above.





Table 2

		Table 2.  Energy Efficiency of Gasoline Baseline and Near-Term Alternative Fuel/Engine Technology Combinations for Light-Duty Vehicles

		Fuel		Feedstock		Engine Technology (1)		Energy Efficiency (Btu/vehicle-mile)

								Vehicle Operation		Full Fuel Cycle

		Gasoline		Petroleum		Spark-Ignition ICE		6,065		7,659

		Ethanol (E85)		Corn		Spark-Ignition ICE; Flexible-Fuel Vehicle		5,822		9,071

		CNG		Natural Gas		Spark-Ignition ICE: Bi-Fuel Vehicle		6,739		8,293

		CNG		Natural Gas		Spark-Ignition ICE: Dedicated Vehicle		6,522		8,026

		LPG		Petroleum/      Natural Gas		Spark-Ignition ICE: Dedicated Vehicle		6,065		6,936

		Diesel		Petroleum		Compression-Ignition ICE		4,493		5,372

		Bio-Diesel (B20)		Petroleum/Soy		Compression-Ignition ICE		4,493		5,562

		Electricity		Projected U.S. Mix		Battery-Powered Electric Motor		4,683		6,596

		(1) ICE indicates internal combustion engine.

		Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, January 2000, using assumptions reported in Table 1.  See Appendix Table A-1 for energy consumption rates of individual light-duty vehicle classes.





Table 3

		Table 3.  Greenhouse Gas Emissions Rates for Light-Duty Vehicles Using Gasoline and Near-Term Alternative Fuel/Engine Technology Combinations

		Fuel		GHG Emissions Rates (grams/vehicle-mile)

				Vehicle Operation								Full Fuel Cycle

				CO2 (1)		CH4 (2)		N2O (3)		Total (4)		CO2 (1)		CH4 (2)		N2O (3)		Total (4)

		Gasoline		449		0.085		0.031		460		558		0.814		0.039		588

		Ethanol (E85)		99		0.130		0.031		111		365		0.669		0.206		443

		CNG		402		0.867		0.019		426		504		2.332		0.020		559

		CNG		389		0.867		0.025		414		488		2.284		0.026		544

		LPG		434		0.113		0.031		446		498		0.762		0.032		524

		Diesel		361		0.013		0.021		368		428		0.479		0.021		444

		Bio-Diesel (B20)		367		0.013		0.021		374		441		0.385		0.024		457

		Electricity		0		0.000		0.000		0		416		0.599		0.003		430

		(1) Carbon dioxide; used as numeraire to express "Global Warming Potential" (GWP) of other GHGs.

		(2) Methane; GWP relative to carbon dioxide = 21 (100-year value).

		(3) Nitrous oxide; GWP relative to carbon dioxide = 310 (100-year value).

		(4) CO2 equivalent, with methane and nitrous oxide weighted by GWPs.

		Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, January 2000, using assumptions reported in Table 1. See Appendix Table A-2 for greenhouse gas emission rates of individual light-duty vehicle classes.





Table 4

		Table 4.  Year 2010 Greenhouse Gas Emissions with All-Gasoline Baseline and 10% Gasoline Replacement

		Fuel Mix		Total GHG Emissions				Change from Gasoline Baseline (Tg)				% change from Gasoline Baseline

				(Tg CO2 equivalent) (1)

				Vehicle Operation		Full Fuel Cycle		Vehicle Operation		Full Fuel Cycle		Vehicle Operation		Full Fuel Cycle

		100% Gasoline		1,373		1,752		--		--		--		--

		90% Gasoline, 10% Ethanol (as E85)		1,250		1,701		-122		-51		-8.9%		-2.9%

		90% Gasoline, 10% CNG (Bi-Fuel)		1,362		1,743		-10		-8		-0.8%		-0.5%

		90% Gasoline, 10% CNG (Dedicated)		1,359		1,739		-14		-13		-1.0%		-0.7%

		90% Gasoline, 10% LPG		1,368		1,733		-4		-19		-0.3%		-1.1%

		90% Gasoline, 10% Diesel		1,345		1,709		-28		-43		-2.0%		-2.4%

		90% Gasoline, 10% Bio-Diesel (as B20)		1,347		1,713		-26		-39		-1.9%		-2.2%

		90% Gasoline, 10% Electricity		1,235		1,705		-137		-47		-10.0%		-2.7%

		(1) Teragrams of CO2 equivalent, computed using 100-year GWPs of 21 for CH4 and 310 for N20.  One teragram equals 1012 grams, or one million metric tons.

		Source: calculated from Tables 1 and 3.





Table 5

		Table 5.  Criteria Pollutant Emission Rates for Gasoline and Near-Term Alternative Fuel/Engine Technology Combinations

		Fuel		Emission Rates

				(grams/vehicle-mile)

				VOC (1)		CO (2)		NOx (3)		SOx (4)		PM10 (5)

		Gasoline		0.257		7.297		0.410		0.044		0.034

		Ethanol (E85)		0.222		4.359		0.368		0.012		0.026

		CNG (Bi-Fuel)		0.144		6.011		0.416		0.002		0.022

		CNG (Dedicated)		0.064		5.811		0.389		0.002		0.022

		LPG		0.124		5.822		0.368		0.000		0.022

		Diesel		0.138		1.109		0.674		0.057		0.122

		Bio-Diesel (B20)		(6)		(6)		(6)		(6)		(6)

		Electricity		0.000		0.000		0.000		0.000		0.021

		(1) Volatile organic compounds.

		(2) Carbon monoxide.

		(3) Nitrogen oxides.

		(4) Sulfur oxides.

		(5) Particulate matter less than 10 microns in diameter.

		(6) Not available; assumed to be comparable to petroleum diesel.

		Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, January 2000, using assumptions reported in Table 1. See Appendix Table A-3 for criteria pollutant emission rates of individual light-duty vehicle classe





Table 6

		Table 6.  Energy Efficiency of Gasoline and Long-Term Alternative Fuel/Engine Technology Combinations for Light-Duty Vehicles

		Fuel		Feedstock		Engine Technology (1)		Energy Efficiency (Btu/vehicle-mile)

								Vehicle Operation		Full Fuel Cycle

		Gasoline		Petroleum		Spark-Ignition ICE		5,651		7,144

		Ethanol (E90)		Herbaceous Biomass		Spark-Ignition ICE; Dedicated Vehicle		5,181		12,724

		CNG		Natural Gas		Spark-Ignition ICE; Dedicated Vehicle		5,430		6,560

		LPG		Petroleum/     Natural Gas		Spark-Ignition ICE; Dedicated Vehicle		5,181		5,915

		Diesel		Petroleum		Compression-Ignition ICE		3,767		4,606

		Bio-Diesel (B20)		Petroleum/Soy		Compression-Ignition ICE		3,767		4,865

		Electricity		Projected U.S. Mix		Battery-Powered Electric Motor		0		4,445

		(1) ICE indicates internal combustion engine.

		Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, January 2000, using assumptions reported in Table 1.  See Appendix Table A-4 for energy consumption rates of individual light-duty vehicle classes.





Table 7

		Greenhouse Gas Emissions Rates for Light-Duty Vehicles Using Gasoline and Long-Term Alternative Fuel/Engine Technology Combinations

		Fuel		GHG Emissions Rates (grams/vehicle-mile)

				Vehicle Operation								Full Fuel Cycle

				CO2 (1)		CH4 (2)		N2O (3)		Total (4)		CO2 (1)		CH4 (2)		N2O (3)		Total (4)

		Gasoline		396		0.069		0.032		407		514		0.849		0.050		548

		Ethanol (E90)		60		0.103		0.032		72		34		0.318		0.240		115

		CNG		325		0.343		0.016		337		401		1.510		0.017		438

		LPG		371		0.075		0.032		382		426		0.631		0.032		449

		Diesel		304		0.013		0.021		311		367		0.413		0.022		383

		Bio-Diesel (B20)		249		0.013		0.021		256		367		0.413		0.022		383

		Electricity		0		0.000		0.000		0		297		0.444		0.004		308

		Hydrogen (Natural Gas)		0		0.000		0.000		0		221		0.504		0.002		232

		Hydrogen (Solar)		0		0.000		0.000		0		50		0.108		0.001		53

		(1) Carbon dioxide; used as numeraire to express "Global Warming Potential" (GWP) of other GHGs.

		(2) Methane; GWP relative to carbon dioxide = 21 (100-year value).

		(3) Nitrous oxide; GWP relative to carbon dioxide = 310 (100-year value).

		(4) CO2 equivalent, with methane and nitrous oxide weighted by GWPs.

		Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, January 2000, using assumptions reported in Table 1.  See Appendix Table A-5 for greenhouse gas emission rates of individual light-duty vehicle classes.





Table 8

		Table 8.  Year 2025 Greenhouse Gas Emissions with All-Gasoline Baseline and 25% Gasoline Replacement by Alternative Fuels

		Fuel Mix		Total GHG Emissions				% change from

				(Tg CO2 equivalent) (1)				Gasoline Baseline

				Vehicle Operation		Full Fuel Cycle		Vehicle Operation		Full Fuel Cycle

		100% Gasoline		1,648		2,217		--		--

		25% Ethanol (as E90), 75% Gasoline		1,271		1,731		-23%		-22%

		25% CNG, 75% Gasoline		1,577		2,107		-4%		-5%

		25% LPG, 75% Gasoline		1,623		2,117		-2%		-5%

		25% Diesel, 75% Gasoline		1,551		2,051		-6%		-8%

		25% Bio-Diesel (B20), 75% Gasoline		1,495		2,051		-9%		-8%

		25% Electricity, 75% Gasoline		1,236		1,975		-25%		-11%

		25% Hydrogen (from Natural Gas), 75% Gasoline		1,236		1,898		-25%		-14%

		25% Hydrogen (from Solar), 75% Gasoline		1,236		1,716		-25%		-23%

		(1) Teragrams of CO2 equivalent, computed using 100-year GWPs of 21 for CH4 and 310 for N20.  One teragram equals 1012 grams, or one million metric tons.

		Source: calculated from Tables 1 and 7.





Table 9

		Table 9.  Potential Improvements in Energy Efficiency from Advanced Light-Duty Vehicle and Engine Technologies

		Fuel		Feedstock		Engine Technology (1)		Energy Efficiency (Btu/vehicle-mile)				% change vs. Gasoline in Conventional ICE

								Vehicle Operation		Full Fuel Cycle		Vehicle Operation		Full Fuel Cycle

		Gasoline		Petroleum		Advanced Spark-Ignition ICE		5,651		7,144		--		--

		Gasoline		Petroleum		Direct Injection ICE		4,521		5,715		-20%		-20%

		Gasoline		Petroleum		Hybrid ICE/Electric Vehicle		2,974		3,760		-47%		-47%

		Gasoline		Petroleum		Fuel Cell Vehicle		2,825		3,572		-50%		-50%

		Diesel		Petroleum		Compression-Ignition Direct Injection ICE		3,767		4,606		-33%		-36%

		(1) ICE indicates internal combustion engine.

		Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, January 2000, using assumptions reported in Table 1.  See Appendix Table A-4 for energy consumption rates of individual light-duty vehicle classes.





Table 10

		Table 10.  Criteria Pollutant Emissions for Gasoline and Long-Term Alternative Fuel/Engine Technology Combinations

		Fuel (1)		Engine Technology		Emission Rates

						(grams/vehicle-mile)

						VOC (1)		CO (2)		NOx (3)		SOx (4)		PM10 (5)

		Gasoline		Improved ICE		0.130		3.143		0.050		0.008		0.032

		Ethanol (E90)		Improved ICE		0.130		3.143		0.050		0.001		0.028

		CNG		Improved ICE		0.061		2.040		0.050		0.002		0.023

		LPG		Improved ICE		0.068		2.040		0.050		0.000		0.023

		Diesel		Improved ICE		0.070		4.221		0.107		0.010		0.036

		Bio-Diesel (B20)		Improved ICE		0.070		4.221		0.107		0.008		0.035

		Electricity		Battery-Powered Electric Motor		0.000		0.000		0.000		0.000		0.021

		Hydrogen (Natural Gas)		Proton-Exchange Membrane Fuel Cell		0.000		0.000		0.000		0.000		0.021

		Hydrogen (Solar)		Proton-Exchange Membrane Fuel Cell		0.000		0.000		0.000		0.000		0.021

		(1) Volatile organic compounds.

		(2) Carbon monoxide.

		(3) Nitrogen oxides.

		(4) Sulfur oxides.

		(5) Particulate matter less than 10 microns in diameter.

		Source: estimated using GREET 1.5a -- Transportation Fuel-Cycle Model, Argonne National Laboratories, January 2000, using assumptions reported in Table 1. See Appendix Table A-6 for criteria pollutant emission rates of individual light-duty vehicle classe





Table 11

		Table 11.  Estimated Capital Costs for Alternative Fuel Vehicle Production and Fuel Infrastructure

		Fuel		Engine Technology		Incremental Capital Cost per Vehicle (2000 $) (1)						Total Incremental Capital Costs (2000 $; billions)

						Vehicle Production		Fuel Infra-structure (2)		Total		Vehicle Production		Fuel Infra-structure (2)		Total

		Gasoline		Spark-Ignition ICE		$0		$0		$0		$0.00		$0.00		$0.00

		Ethanol (E85)		Spark-Ignition ICE; Flexible-Fuel Vehicle		$284		$128		$412		$8.3		$3.7		$12.0

		CNG		Spark-Ignition ICE: Bi-Fuel Vehicle		$2,104		$398		$2,502		$104.5		$19.8		$124.3

		CNG		Spark-Ignition ICE: Dedicated Vehicle		$1,914		$398		$2,313		$47.6		$9.9		$57.5

		LPG		Spark-Ignition ICE: Dedicated Vehicle		$741		$222		$963		$18.4		$5.5		$23.9

		Diesel		Compression-Ignition ICE		$2,500		$34		$2,534		$62.1		$0.8		$63.0

		Bio-Diesel (B20)		Compression-Ignition ICE		$2,500		$34		$2,534		$62.1		$0.9		$63.0

		Electricity		Battery-Powered Electric Motor		$4,100		$120		$4,220		$101.9		$3.0		$104.8

		(1) Source: see Appendix Table A-8 for original estimates and derivation of values.

		(2) Includes estimated investments for necessary storage, distribution, and retailing infrastructure.  Source: calculated from values reported in Appendix Table A-8 using procedure described in text.





Table 12

		Table 12.  Cost-Effectiveness of Near-Term Alternative Fuels in Reducing GHG Emissions from Light-Duty Vehicles

		Fuel		Annualized Incremental Cost for Assumed Alternative Fuel Use (2000 $; billions) (1)								Annual GHG Reduction   (Tg CO2 equivalent) (3)		Cost/Ton of Emissions Avoided (2000 $) (4)

				Vehicle Production (2)		Fuel		Fuel Infra-structure		Total

		Gasoline		$0.00		$0.00		$0.00		$0.00		--		--

		Ethanol (E85)		$0.9		$17.7		$0.3		$18.9		50.6		$370

		CNG (Bi-Fuel Vehicles)		$11.5		-$1.6		$1.7		$11.5		8.4		$1,380

		CNG (Dedicated Vehicles)		$5.2		-$2.0		$0.8		$4.0		13.0		$310

		LPG		$2.0		$5.7		$0.5		$8.2		18.9		$430

		Diesel		$6.8		-$4.8		$0.1		$2.1		42.7		$50

		Bio-Diesel (B20)		$6.8		-$2.9		$0.1		$3.9		38.9		$100

		Electricity		$11.2		$12.1		$0.3		$23.5		47		$500

		(1) Calculated from values in Table 14 and Appendix Table A-8 using procedure described in text.

		(2) Assuming 54 million vehicles capable of operating on alternative fuel (calculates as 20% of projected year-2010 light-duty vehicle fleet of 270 million vehicles).

		(3) Reduction over Full Fuel Cycle; calculated from entries in Table 4. One Teragram (1012 grams) equals one million metric tons.

		(4) Equals annualized total cost divided by annual reduction in GHG emissions, expressed in metric tons.





Table 13

		Table 13.  Alternative Fuel Production Volumes Necessary to Replace 10% of Projected 2010 Gasoline Use

		Fuel		Form		Unit of Measure		Energy Density (Btu/unit) (1)		Fuel Energy (quadrillion Btu) (2)		Fuel Volume (billion units) (3)		% Increase from Baseline Production (4)

		Gasoline		liquid		gallon		114,540		0.0		0		0%

		Ethanol (E85)		liquid		gallon		81,780		2.04		25.0		851%

		CNG		gaseous		cubic foot		928		1.94		2,095		7%

		LPG		liquid		gallon		84,000		1.81		21.5		56%

		Diesel		liquid		gallon		128,500		1.34		10.4		18%

		Bio-Diesel (B20)		liquid		gallon		126,220		1.34		10.6		--

		Electricity		--		kWh		11,765		1.97		167.2		4%

		(1) Source: Wang, Michael,  GREET 1.5a -- Transportation Fuel-Cycle Model: Volume 1, Methodology, Use, and Results, ANL/ESD-39, Argonne National Laboratories, 1999, Table 3.3 (low heating values).

		(2) Calculated from forecast of light-duty vehicle travel reported in table 1 and energy efficiencies reported in Table 2.

		(3) Equals total alternative fuel energy use divided by energy density of fuel.

		(4) Equals total alternative fuel volume as a percent of production forecast for 2010 reported in U.S. Energy Information Administration, Annual Energy Outlook 2000 -- Reference Case Forecast, Appendix A, Tables A-1 and A-2. See Appendix Table A-9 for bas





Table 14

		Table 14.  Feedstock Demands for Alternative Fuel Production Volumes Necessary to Replace 10% of Projected 2010 Gasoline Use

		Fuel		Feedstock		Units of Measure				Fuel Volume (billion units) (1)		Feedstock Yield (fuel units per feedstock unit) (2)		Feedstock Demand (billion units) (3)		% Increase from Baseline Production (4)

						Fuel		Feedstock

		Gasoline		Petroleum		gallon		gallon		0		0.968		0		0%

		Ethanol (E85)		Corn		gallon		bushel		25.0		2.533		8.38		76%

		CNG		Natural Gas		cubic foot		cubic foot		2,095		0.872		2,404		7%

		LPG		Petroleum		gallon		gallon		21.5		1.381		16		6%

		LPG		Natural Gas		gallon		cubic foot		21.5		0.010		2,181		7%

		Diesel		Petroleum		gallon		gallon		10.4		0.850		12		5%

		Bio-Diesel (B20)		Petroleum/ Soy Oil		gallon		pound		10.6		0.130		16		72%

		Electricity		Projected U.S. Mix		kwh		various		167.2		--		--		4%

		(1) Source: Table 17.

		(2) Estimated from values reported in Wang, Michael,  GREET 1.5a -- Transportation Fuel-Cycle Model: Volume 1, Methodology, Use, and Results, ANL/ESD-39, Argonne National Laboratories, 1999, Tables 3.3, 4.3, 4.11, 4.25, and 4.28.

		(3) Equals alternative fuel volume divided by feedstock yield.

		(4) Equals feedstock volume as a percent of production forecast for 2010 reported in U.S. Energy Information Administration, Annual Energy Outlook 2000 -- Reference Case Forecast, Appendix A, Tables A-1 and A-2.  For biomass feedstocks, equals feedstock v





Table 15

		Table 15.  Alternative Fuel Production Volumes Necessary to Replace 25% of Projected 2025 Gasoline Use

		Fuel		Form		Unit of Measure		Energy Density (Btu/unit) (1)		Fuel Energy (quadrillion Btu) (2)		Fuel Volume (billion units) (3)		% Increase from Baseline Production (4)

		Ethanol (E90)		liquid		gallon		79,850		5.83		73		(5)

		Methanol (M90)		liquid		gallon		62,750		5.83		93		2000%

		CNG		gaseous		cubic foot		928		5.50		5,921		14%

		LNG		liquid		gallon		72,900		5.50		75		(5)

		LPG		liquid		gallon		84,000		5.24		62		140%

		Diesel		liquid		gallon		128,000		3.81		30		67%

		Bio-Diesel (B20)		liquid		gallon		125,820		3.81		30		(5)

		Electricity		--		kWh		11,765		4.50		382		8%

		Hydrogen		liquid		gallon		30,100		1.91		63		(6)

		Hydrogen		gaseous		cubic foot		274		1.91		6,957		(6)

		(1) Source: Wang, Michael,  GREET 1.5a -- Transportation Fuel-Cycle Model: Volume 1, Methodology, Use, and Results, ANL/ESD-39, Argonne National Laboratories, 1999, Table 3.3 (low heating values).

		(2) Calculated from forecast of light-duty vehicle travel reported in table 1 and energy efficiencies reported in Table 6.

		(3) Equals total alternative fuel energy use divided by energy density of fuel.

		(4) Equals total alternative fuel volume as a percent of production forecast for 2020 reported in U.S. Energy Information Administration, Annual Energy Outlook 2000 -- Reference Case Forecast, Appendix A, Tables A-1 and A-2. See Appendix Table A-10 for ba

		(5) Calculated percent increase is extremely large due to small projected baseline production.

		(6) No production anticipated in absence of use of fuel by transportation vehicles.





Table 16

		Table 16.  Feedstock Demands for Alternative Fuel Volumes Necessary to Replace 25% of Projected 2025 Gasoline Use

		Fuel		Feedstock		Units of Measure				Fuel Volume (billion units) (1)		Feedstock Yield (fuel units per feedstock unit) (2)		Feedstock Demand (billion units) (3)		% Increase from Baseline Production (4)

						Fuel		Feedstock

		Ethanol (E90)		Herbaceous Biomass		gallon		ton		73		103		0.71		(5)

		CNG		Natural Gas		cubic foot		cubic foot		5,921		0.959		6,177		15%

		LPG		Petroleum		gallon		gallon		62		1.519		41		14%

		LPG		Natural Gas		gallon		cubic foot		62		0.011		5,749		14%

		Diesel		Petroleum		gallon		gallon		30		0.934		32		11%

		Bio-Diesel (B20)		Petroleum/ Soy Oil		gallon		pound		30		0.025		241		799%

		Electricity		Projected U.S. Mix		kWh		various		382		(7)		(7)		(7)

		(1) Source: Table 20.

		(2) Estimated from values reported in Wang, Michael,  GREET 1.5a -- Transportation Fuel-Cycle Model: Volume 1, Methodology, Use, and Results, ANL/ESD-39, Argonne National Laboratories, 1999, Tables 3.3, 4.3, 4.11, 4.25, and 4.28.

		(3) Equals alternative fuel volume divided by feedstock yield.

		(4) Equals feedstock volume as a percent of production forecast for 2020 reported in U.S. Energy Information Administration, Annual Energy Outlook 2000 -- Reference Case Forecast, Appendix A, Tables A-1 and A-2.  For biomass feedstocks, equals feedstock v

		(5) No production anticipated in absence of efforts to promote use of fuel for transportation vehicles.

		(6) Calculated percent increase is extremely large due to small projected baseline production.

		(7) Various feedstocks projected to be in use.





Table 17

		Table 17.  Properties of Gasoline and Alternative Fuels Affecting Potential Safety and Environmental Hazards

		Fuel		Feedstock		Fuel Form		Boiling Point (oF at 1 atm.)		Vapor Pressure (psi)		Ignition Temperature (oF)		Explosion Limits (% gas in air)		Toxicity		Corrosiveness

		Gasoline		Petroleum		liquid		200-220		7-16 at 100oF		428		1.4-7.6		Low, but effect of additives uncertain		Low

		Ethanol		Biomass		liquid		172		2.3		793		4.3-19		Low, but affected by denaturant		Low

		Methanol		Natural Gas, Petroleum		liquid		149		4.6		867		7.3-36		High		High to some materials

		CNG, LNG		Natural Gas		gaseous or cryogenic liquid		-259		2,400		1,004		5.3-15		Low, but some impurities may be toxic		Not corrosive, but impurities can be

		LPG		Petroleum/     Natural Gas		liquid		-44		122 at 68oF		920-1,120		2.2-9.4		Low, but OSHA limits apply		Very low

		Diesel		Petroleum		liquid		443-492		0.2 at 100oF		445		0.6-6.5		Low, but effect of additives uncertain		Low

		Hydrogen		Natural Gas/Solar		gaseous or cryogenic liquid		-423		--		932		27,485		Not toxic, but asphyxiant		Embrittles metal alloys

		Sources: U.S. Department of Energy, Energy Information Administration, Alternatives to Traditional Transportation Fuels: An Overview, DOE/EIA-0585/0, June 1994; U.S. Department of Transportation, Summary Assessment of the Safety, Health, and Environmental






_1087892104.xls
Chart1

		1990 Actual		1990 Actual

		1999 Actual		1999 Actual

		Gasoline		Gasoline

		Ethanol (E90)		Ethanol (E90)

		Methanol (M90)		Methanol (M90)

		CNG		CNG

		LNG		LNG

		LPG		LPG

		Diesel		Diesel

		Bio-Diesel (B20)		Bio-Diesel (B20)

		Electricity		Electricity

		Hydrogen		Hydrogen



Vehicle Operation

Fuel Production

Tg (MMT) CO2 Equivalent

Estimated 2025 GHG Emissions from Light-Duty Vehicles with Exclusive Gasoline Use and 50% Alternative Fuel Replacement: Internal-Combustion Fleet

1999
Actual

1990
Actual

Cellulosic
Ethanol
(E90)

Methanol
(M90)

Bio-
Diesel
(B20)

Electricity

957.5

330.5428842871

1100.1

379.7704720671

1804.1056552159

622.8034327246

1061.6603689886

407.4345875796

1763.6949707924

618.4548936731

1649.4847601793

537.366039517

1639.8814278414

553.113327472

1750.2761174991

459.6142186653

1591.243350459

470.835904011

1468.6698831645

593.4093713055

902.052827608

998.0037071039

902.052827608

825.0243829534



Sheet1

		





Sheet1

		1990 Actual		1990 Actual

		1999 Actual		1999 Actual

		Gasoline		Gasoline

		Ethanol (E90)		Ethanol (E90)

		Methanol (M90)		Methanol (M90)

		CNG		CNG

		LNG		LNG

		LPG		LPG

		Diesel		Diesel

		Bio-Diesel (B20)		Bio-Diesel (B20)

		Electricity		Electricity

		Hydrogen		Hydrogen



Vehicle Operation

Fuel Production

Tg (MMT) CO2 Equivalent

Estimated 2025 GHG Emissions from Light-Duty Vehicles with Exclusive Gasoline Use and 50% Alternative Fuel Replacement: Internal-Combustion Fleet

Electricity

Bio-
Diesel
(B20)

Methanol
(M90)

Cellulosic
Ethanol
(E90)

1990
Actual

1999
Actual

957.5

330.5428842871

1100.1

379.7704720671

1804.1056552159

622.8034327246

1061.6603689886

407.4345875796

1763.6949707924

618.4548936731

1649.4847601793

537.366039517

1639.8814278414

553.113327472

1750.2761174991

459.6142186653

1591.243350459

470.835904011

1468.6698831645

593.4093713055

902.052827608

998.0037071039

902.052827608

825.0243829534



Sheet2

		





Sheet3

		






_1087889814.xls
Chart6

		1970		1970

		1971		1971

		1972		1972

		1973		1973

		1974		1974

		1975		1975

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996



Transit Bus

Automobile

Btu per Mile (%1990)

0.867629001

1.5042859453

0.920893934

1.4580300825

0.9440881928

1.4766294679

0.9583321964

1.449296458

0.998799356

1.430373605

0.9986356318

1.3985120492

0.9974349879

1.2801229177

1.0299615248

1.2408216076

1.0578219227

1.2105773896

1.0358828826

1.1929484069

1.0234671324

1.1673944687

1.0604415095

1.1615720524

1.0879198843

1.1665857998

1.0521188638

1.1280931587

1.0675089366

1.0836163675

0.9982536088

1.0677664564

1

1

1.0079679101

0.9582726832

1.1043741643

0.9655507035

1.0643436025

0.9870612971

1.0942778399

0.9770338024

1.0962698174

0.9579492156

1.0725843862

0.9500242601



TIUS

		Truck Fuel Economy (mpg), per TIUS

		Class		Weight		1977		1982		1987		1992				1992/1977

		1		6000 and under		13.2		14.2		15		16.1				22%

		2		6,001-10,000		11.5		11.1		10.9		12.2				6%

		3		10,001-14,000		9.4		8.1		8.1		9.2				-2%

		4		14,001-16,000		6.9		7.5		7.5		8.5				23%

		5		16,001-19,500		7.6		7.2		7.1		8.1				7%

		6		19,501-26,000		6.1		6.9		6.4		7.2				18%

		7		26,001-33,000		5.3		6.2		6.1		6.8				28%

		8		33,001 and over		4.8		5.2		5.3		5.5				15%

		source:  Transportation Energy Data Book:  Edition 18-1998

		table 7.5





Passenger

				Btu per Vehicle-Mile																				Btu per Passenger-Mile

		Year		Automobile		Automobile		Light Truck		Transit Bus		Transit Bus		Intercity Bus		School Bus		Rail Transit		Amtrak				Automobile		Rail Transit		Amtrak		Transit Bus		Intercity Bus		School Bus				Transit Bus (million passenger-miles)		Intercity Bus (million passenger-miles)		School Bus (million passenger-miles)		Transit Bus (trillion Btu)		Intercity Bus (trillion Btu)		School Bus (trillion Btu)

		1970		9,301		150%		12,492		31,796		87%				17,857								4,896		2,453				2,472		1,051						18,210		25,300				44.8		26.6

		1971																								2,595

		1972																								2,540

		1973																								2,460		3,756

		1974																								2,840		3,240

		1975		9,015		146%		11,890		33,748		92%				17,040								4,745		2,962		3,677		2,814		976						18,300		25,400				51.5		24.8

		1976		9,130		148%		11,535		34,598		94%				17,051								4,805		2,971		3,397		2,896		996

		1977		8,961		145%		11,171		35,120		96%				16,983								4,716		2,691		3,568		2,889		961

		1978		8,844		143%		10,815		36,603		100%				17,018								4,655		2,210		3,683		2,883		953

		1979		8,647		140%		10,473		36,597		100%				16,980								4,551		2,794		3,472		2,795		963

		1980		7,915		128%		10,230		36,553		100%				16,379								4,166		3,008		3,176		2,813		1,069						21,790		27,400				61.3		29.3

		1981		7,672		124%		10,001		37,745		103%				16,385								4,038		2,946		2,979		3,027		1,155

		1982		7,485		121%		9,275		38,766		106%				16,296								3,939		3,069		3,156		3,237		1,149

		1983		7,376		119%		9,141		37,962		104%				16,236								4,098		3,212		2,957		3,177		1,174

		1984		7,218		117%		8,945		37,507		102%				14,912								4,010		3,732		3,027		3,204		1,247

		1985		7,182		116%		8,754		38,862		106%				16,531								3,990		3,461		2,800		3,421		1,324						21,161		23,800				72.4		31.5

		1986		7,213		117%		8,578		39,869		109%				15,622								4,007		3,531		2,574		3,512		869

		1987		6,975		113%		8,376		38,557		105%				15,615								3,875		3,534		2,537		3,542		939

		1988		6,700		108%		8,155		39,121		107%				15,585								3,722		3,565		2,462		3,415		965

		1989		6,602		107%		7,779		36,583		100%				15,575								3,668		3,397		2,731		3,711		963

		1990		6,183		100%		7,774		36,647		100%				16,368								3,864		3,453		2,609		3,735		944		838				20,981		23,000		74,200		78.9		21.7		62.2

		1991		5,925		96%		7,381		36,939		101%				16,419								3,703		3,727		2,503		3,811		978

		1992		5,970		97%		7,263		40,472		110%				16,386								3,731		3,575		2,610		4,303		978

		1993		6,103		99%		7,208		39,005		106%				19,093								3,814		3,687		2,646		4,257		972		872				20,247		24,700		94,200		86.2		24.0		82.1

		1994		6,041		98%		7,232		40,102		109%				20,591								3,775		3,828		2,351		4,604		876		1,066				18,832		28,100		85,000		86.7		24.7		90.6

		1995		5,923		96%		7,237		40,175		110%				13,680								3,702		3,818		2,314		4,650		816		720				18,818		27,700		95,000		87.5		22.6		68.4

		1996		5,874		95%		7,247		39,307		107%				13,680								3,671		3,444		2,389		4,512		816		691				18,860		28,300		99,000		85.1		23.1		68.4

						0.6315449952						1.2362246823

		Table 2.14, 11.10, 11.11
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Energy

		Year		Class I Rail		Domestic Waterborne Commerce		Single Unit Trucks		Combination Trucks		Single Unit Trucks (mpg)		Combination Trucks (mpg)		Class I Rail (mpg)		Class I Rail (Btu/ton-mi)

		1970		0.12		545		0.15		0.21		6.8		4.8		8.4		691

		1971				506		0.14		0.20		6.9		4.9				717

		1972				522		0.15		0.20		6.5		5.0				714

		1973				576		0.16		0.20		6.4		5.1				677

		1974				483		0.16		0.20		6.4		5.1				681

		1975		0.13		549		0.16		0.20		6.4		5.1		7.6		687

		1976				468		0.16		0.20		6.4		5.1				680

		1977				458		0.16		0.20		6.3		5.1				669

		1978				383		0.16		0.19		6.1		5.2				641

		1979				457		0.17		0.19		6.0		5.2				618

		1980		0.13		358		0.17		0.19		5.8		5.3		7.5		597

		1981				360		0.17		0.20		5.8		5.1				572

		1982				310		0.17		0.19		6.0		5.2				553

		1983				319		0.16		0.19		6.1		5.3				525

		1984				346		0.16		0.18		6.1		5.5				510

		1985		0.12		446		0.16		0.18		6.1		5.6		8.0		497

		1986				463		0.16		0.18		6.2		5.6				486

		1987				402		0.16		0.18		6.4		5.7				456

		1988				361		0.16		0.17		6.4		5.8				443

		1989				403		0.15		0.17		6.5		5.8				437

		1990		0.12		388		0.16		0.17		6.2		5.8		8.4		420

		1991		0.11		386		0.15		0.18		6.5		5.7		8.8		391

		1992		0.12		398		0.15		0.17		6.5		5.8		8.7		393

		1993		0.11		389		0.15		0.17		6.7		5.8		8.7		389

		1994		0.12		369		0.15		0.17		6.8		5.8		8.5		388

		1995		0.11		374		0.15		0.17		6.8		5.8		8.7		372

		1996				412		0.15		0.17		6.8		5.9				368

										0.813559322

		Table 7,1 11.4, 11.7
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		Year		Medium- and Heavy-Duty Vehicles		Other Transportation		Transportation				Automobiles		Light Trucks		Other Trucks		Buses		Water		Rail

		1970		3		15,286		15,289				8,527		1,540		1,503		109		753		558

		1971		3		15,908		15,911				8,970		1,686		1,569		108		698		560

		1972		3		16,917		16,920				9,547		1,895		1,722		106		703		583

		1973		3		17,781		17,784				9,836		2,105		1,902		109		827		619

		1974		3		17,057		17,060				9,332		2,083		1,904		113		804		624

		1975		3		17,299		17,302				9,321		2,386		1,939		119		851		563

		1976		4		18,357		18,361				9,844		2,605		2,046		129		1,001		585

		1977		4		19,041		19,045				9,940		2,799		2,268		132		1,103		595

		1978		5		19,997		20,002				10,140		3,022		2,539		135		1,311		589

		1979		5		20,060		20,065				9,629		3,057		2,644		137		1,539		613

		1980		5		19,275		19,280				8,798		2,976		2,651		139		1,677		596

		1981		5		19,011		19,016				8,695		2,964		2,706		143		1,562		565

		1982		5		18,506		18,511				8,695		2,839		2,707		146		1,290		488

		1983		5		18,640		18,645				8,814		2,995		2,757		145		1,187		482

		1984		5		19,263		19,268				8,857		3,202		2,846		154		1,251		523

		1985		5		19,631		19,636				8,954		3,422		2,842		161		1,311		487

		1986		5		20,152		20,157				9,162		3,636		2,903		154		1,295		423

		1987		5		20,652		20,657				9,179		3,827		2,990		157		1,326		485

		1988		5		21,264		21,269				9,180		4,096		3,117		159		1,338		498

		1989		5		21,557		21,562				9,251		4,173		3,196		163		1,376		501

		1990		5		21,651		21,656				8,707		4,467		3,329		163		1,487		492

		1991		6		21,248		21,254				8,048		4,793		3,396		174		1,567		463

		1992		6		21,919		21,925				8,188		5,134		3,460		182		1,641		476

		1993		6		22,413		22,419				8,389		5,375		3,567		192		1,473		513

		1994		6		22,989		22,995				8,494		5,530		3,772		202		1,414		546

		1995		6		23,559		23,565				8,519		5,717		3,950		179		1,522		565

		1996		6		23,959		23,965				8,622		5,909		4,014		177		1,460		578
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		Bus ID		Test Cycle		Configuration		Fuel		FE		CO2		NOX		NO2 as % of NOX		THC		CO		PM

										(mpg)		g/mile		g/mile		g/mile		g/mile		g/mile		g/mile

		NYCT  #6019		CBD		OEM		LSD		3.3		2942		25.6		0.4		0.18		1.8		0.21

		NYCT  #6019		CBD		OEM		ULSD		3.4		2948		25.6		0.5		0.06		1.2		0.16

		NYCT  #6019		CBD		CRT		ULSD		3.1		3236		26.4		3.8		0.03		0.16		0.04

		% Reduction Baseline to ULSD										-0.2		0.0				66.7		34.7		23.8

		% Reduction ULSD to ULSD & CRT										-9.8		-3.1				50.0		86.8		76.9

		% Reduction Baseline to ULSDn & CRT										-10.0		-3.1				83.3		91.4		82.4

		Bus ID		Test Cycle		Configuration		Fuel		FE		CO2		NOX		NO2 as % of NOX		THC		CO		PM

										(mpg)		g/mile		g/mile		g/mile		g/mile		g/mile		g/mile

		NYCT  #6019		NYBUS		OEM		LSD		1.5		6483		70.3		3.2		0.91		13		0.55

		NYCT  #6019		NYBUS		CRT		ULSD		1.4		7177		73.3		32.4		0.06		0.23		0.04

		% Reduction Baseline to ULSD & CRT										-10.7		-4.3				93.4		98.3		93.3

		Bus ID		Test Cycle		Configuration		Fuel		FE		CO2		NOX		NO2 as % of NOX		THC		CO		PM

										(mpg)		g/mile		g/mile		g/mile		g/mile		g/mile		g/mile

		NYCT  #6065		CBD		OEM		LSD		3.3		2897		23.3		0.4		0.26		2.1		0.18

		NYCT  #6065		CBD		OEM		ULSD		3.5		2884		25.1		0.5		0.04		1.6		0.12

		NYCT  #6065		CBD		CRT		ULSD		3.7		2679		23.8		3.0		0		0.09		0.01

		% Reduction Baseline to ULSD										0.5		-7.6				85.7		23.9		35.0

		% Reduction ULSD to ULSD & CRT										7.1		5.1				100.0		94.6		90.8

		% Reduction Baseline to ULSD & CRT										7.5		-2.1				100.0		95.9		94.0

										FE		CO2		NOX/10		THC*10		CO		PM *10

										(mpg)		Kg/mile		g/mile		g/mile		g/mile		g/mile

		CBD		Average emissions				BASELINE LSD		3.3		2.9		2.4		2.2		2.0		2.0

								ULSD		3.41		2.9		2.5		0.5		1.4083333333		1.4

								ULSD-CRT		3.39		3.0		2.5		0.2		0.1228030303		0.2

										FE		CO2		NOX/10		THC*10		CO		PM *10

										(mpg)		Kg/mile		g/mile		g/mile		g/mile		g/mile

		6019						BASELINE LSD		1.49		6.48		7.03		9.10		13.14		5.50

				NY BUS				USLD-CRT		1.39		7.18		7.33		0.60		0.23		0.37

										FE		CO2*10		NOX*10		THC		CO		PM

										(mpg)		g/mile		g/mile		g/mile		g/mile		g/mile

		Avg Reduction						BASELINE LSD to ULSD		0.00		1.34		-37.98		76.17		29.28		29.42

								ULSD to  ULSD & CRT		0.00		-13.24		9.70		75.00		90.69		83.83

								LSD to ULSD & CRT		0.00		-12.16		-26.35		91.67		93.63		88.20

										FE		CO2		NOX/10		THC*10		CO		PM *10

										(mpg)		Kg/mile		g/mile		g/mile		g/mile		g/mile

		NYCT  #6019		CBD		CRT		ULSD		3.07		3.24		2.64		0.30		0.16		0.37
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