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ABSTRACT

The rapid growth of goods movement and increasing concerns with the health effects of diesel emissions have combined to move freight traffic to the forefront of energy and air quality policy debates. The three primary modes (highway, rail, and water) of freight transfers are reviewed in this report for fuel and emission efficiency acknowledging without investigation that pipelines are an important freight mode for gases and liquids. 

This presentation outlines typical freight efficiencies in terms of ton-miles per gallon of fuel consumed and the primary factors affecting freight efficiency for modes of freight transport. Current emission rates are compared for the three primary modes, and an overview of imminent emission standards is provided demonstrating the expected dramatic change to the emissions characteristics of freight movements. The emission rates are provided in terms of per engine and per ton-mile factoring in the efficiency of freight transfers by mode.

INTRODUCTION 

The current market share of freight modes in Table 1 indicates that highway (trucks) is the predominate mode of freight transfers at 32% of all freight transfers, up from 26% in 1993.  This gain in market share has been largely at the expense of water borne transfers down from 24% in 1993. Rail and pipeline movements have been gaining market share but less significantly than highway market share.

Table 1.  Comparison of freight movement modes in 2002 (BTS, 2004, EIA 2004).

	Freight Mode
	Market Share

(ton-mile)
	Freight Value

($/ton)
	Average Speed

(mph)
	Freight Efficiency

(ton-mile/gallon)

	Highway
	32.1%
	$724
	~50+
	~ 40 - 50

	Rail
	27.8
	$205
	20
	400

	Water
	16.3
	$370
	12
	350

	Pipelines
	16.7
	$172
	-
	-

	Air
	0.3
	$77,700
	-
	-

	Multimodal
	5
	$5,216
	-
	-

	Other 
	1.7
	$747
	-
	-


The choice of freight mode involves a number of considerations beyond energy and emissions efficiency.  The speed of shipments clearly affects the choice of mode with truck transfers significantly faster at least for shorter hauls where drivers can reach within a daily shift and move point-to-point where often rail and water shipment involve multimodal movements requiring truck movements at either end of the shipment. By contrast, rail transfers average over 800 miles per haul for the larger Class 1 railroads and 200 for regional railroads. One unique advantage for water transfers is that the water transfers can handle larger sized freight, but otherwise is a slower mode with vessel speeds limited to about 14 knots for barge movements. The typical system-wide average fuel efficiency (calculated as total freight movement by mode divided by fuel consumption) in Table 1 shows that rail holds a small advantage over water transfers, and both rail and water hold a dramatic advantage in terms of freight fuel efficiency. 

The water transfers were primarily from barge movements rather than deep draft vessels for several reasons. Because of the Jones Act, US cabotage law prohibits non US flagged vessel movements between US ports, so a deep draft vessel must be US flagged to provide such movements. Few US flagged deep draft vessels exist and primarily operate on the West Coast between Alaska and refineries and to and from Hawaii. Also, there are fewer ports that can handle deep draft vessels compared with barge traffic.

There are several factors affecting the efficiency of freight movements including primarily those below.

· Movements of empty trailers, containers, cars, or barges

· Duty cycle (extended idle, congestion, acceleration/braking events)

· Technology (aero and hydrodynamics including faring, trains length and car weight, ship design, transmission efficiency from engine to freight movement)

· Maintenance and good working order of engines and transmission into movement

The movement of empty freight is probably the most significant factor affecting freight efficiency where empty freight movement is considered a complete waste of energy to be avoided wherever possible. The second most likely factor is the duty cycle of the freight movement including engine-idle time at either end of the freight movement but also the losses due to idle and braking events while in transit. Other factors include technology improvements involved in engine and transmission efficiency and best practices in engine maintenance and proper lubrication.

Emission rates can be viewed in two manners: those related to the engine specific emission rates dictated by EPA and California; and those related to the freight movements accounting for the freight fuel efficiency. EPA (2004) has dictated improvements in engine specific emission rates (g/kW-hr) in a number of rulemakings affecting engine design for truck, locomotive, and marine engines. As shown in Table 2, the lower emission standards historically (fleet average in-use emission rates) and currently for truck engines do not entirely mask the lower freight efficiency of truck transfers. However, in 2007 new truck engines will begin to meet very strict emission standards more than compensating for the lower freight fuel efficiency for truck transfers.

Table 2.  Approximate NOx and PM emission rates by freight mode

	Mode
	Average In-use in 2004
	New Engine Standards 2004
	New Engine Standards 2007

	
	NOx
	PM
	NOx
	PM
	NOx
	PM

	Emissions (g/gallon)

	Truck
	85
	3.3
	36
	1.8
	4
	0.2

	Rail1
	199
	6.5
	136
	6.1
	102
	3.2

	Water (barge)
	202
	4.9
	173
	4.9
	142
	4.1

	Emissions (g/ton-mile)

	Truck
	2.02
	0.079
	0.85
	0.042
	0.08
	0.004

	Rail1
	0.49
	0.016
	0.33
	0.015
	0.25
	0.008

	Water (barge)
	0.57
	0.014
	0.49
	0.014
	0.40
	0.011


1 – Rail standards for 2007+ begin in 2005.

It will take many years of fleet turnover and in-use compliance for the emission advantage of truck engines to become apparent in terms of freight movements.  However, there will likely be increased pressure to improve the locomotive and marine engine emissions, but it is unclear if these engine types could meet truck-like engine emission standards.  The highway truck engine emission standards include significantly lower fuel sulfur levels, and aftertreatment devices, yet unavailable, are to be used. Aftertreatment devices pose a number of problems for locomotive and marine engines where a number of differences in operation will be encountered including packaging (especially for locomotives where little room exists on current locomotives) and other in-use concerns need to be addressed.
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