Train Resistance and Railroad Emissions and Efficiency

Mark Stehly
October 24, 2008



» Headquartered in Fort Worth, Texas; operates in
28 states and two Canadian provinces

« Employs more than 40,000 people nationwide,
with major Southern California operations in Los
Angeles, San Bernardino and Barstow

« BNSF is North America’s largest grain-hauling
railroad and also carries plastics, building and
construction materials and consumer goods.

« Moves more intermodal traffic than any other ralil
system in the world



One of the largest North
American railroads

32,000 route miles,
covering 28 states and two
Canadian provinces

Freight revenue and %
change from 2006

$ Millions
Ag
$2,722
Coal +12.2%
$3,279
+12.4%

2007 Total BNSF Freight
Revenue $15,349 +5.5%



» Train resistance
» Wheel/rail interaction and bearing drag
« Aerodynamic drag

o Criteria air pollutants from locomotives and railyards
» Non-attainment areas
« Locomotive contribution to inventories

» Fuel efficiency
» System efficiency and locomotive efficiency
» Greenhouse gas emissions



» Train resistance is a quadratic equation.

R=A + BV + CVsquared + curving + grade + acceleration

A is wheel bearing drag and wheel/ralil friction.

B is track bed deformation and is nearly zero.

C is aerodynamic drag having the velocity with respect to the
wind.

Ris in |Ibs force or Ibs force per ton of train weight.



» Bearings require that a torque be applied for movement.
Bearing drag with a rubbing seal typically is 10 |bs force per
bearing at a typical wheel size. This is 0.6 |Ibs force per ton of
train weight. Removal of the seal reduces bearing drag by 50%.
New labyrinth seals which are non-rubbing can reduce bearing
drag by 30% or more.

» Wheel/ralil friction on tangent track without lubrication typically
Is 2 Ibs force per ton of train weight.
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Five miles of continuous tangent track with 14 feet of rise

12



Top-of-Rail Lubrication
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C is the aerodynamic drag having the velocity with respect to
the wind.

C =% p X Cd X Af

p is the air density

Cd is the drag coefficient.

Af is the frontal area.

» Drag is often reported as Drag Area per 100 square feet of
frontal area.
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o Curving typically is 0.8 Ibs force per ton per degree of
curvature. A 5degree curve would resultin 4 Ibs force per ton
of train weight.

» Grade is the resistance due to gravity acting on the train mass.
The resistance is 20 Ibs of force per ton of train weight for a1
percent grade.

o Acceleration requires a force of 91 Ibs per ton per mile per hour
per second. A train accelerating at 10 miles per hour per
minute would require a force of 15 Ibs per ton. This is
equivalent to a 0.75% grade.
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Aerodynamics 30%

Rolling, Bearing, Curving 20%

Grade 40%

Acceleration 10%
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FUEL ENERGY USES AND LOSSES
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NOx Vs Combustion Temperature
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Capacity

Fuel Efficiency

NOx Emissions

VS.

1 double stack train equals volume of up to 280
trucks

Trains are 2-4 times more fuel efficient
than trucks on a ton-mile basis

Trains are 2-3 times cleaner than trucks on a
ton-mile basis
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PM Emissions (g/ton-mile)
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Green Goat® Locomotives
“Hybrid” light-medium duty switcher
« Reduces fuel consumption and atmospheric emissions by 60 percent
« Emits 80 to 90 percent fewer pollutants than conventional train engines

- Batteries recharged by 290 HP EPA off-road Tier 2 diesel gen set
(significantly exceeds EPA locomotive Tier 2 requirements)

Liquefied Natural Gas Locomotive

« BNSF operates the only four environmentally friendly liquid
natural gas locomotives that reduce emissions and fuel
consumption

« 1200 sustainable horsepower, spark ignited

Multiple Gen Set Switcher

« Powered by multiple diesel gen sets with truck-like engines
« 700 sustainable horsepower from each gen set

« Typically 3 engines per locomotive
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Nitrogen Oxides Particulate Matter Date required

Original Build Date Existing New Reg Existing New Reg

Uncontrolled 1975 13.1 0.3
Remanuf Tier 0 1973-1992 9.5 8.0 0.6 0.22 2008-10
Remanuf Tier 0 1993-2002 9.5 7.4 0.6 0.22 2008-10
Remanuf Tier 1 2003-2004 7.4 7.4 0.45 0.22 2008-10
Remanuf Tier 2 2005-2011 55 55 020 0.0  2008-13
Tier3  2012-2014 5.5

0.10

Tier 4 2015 1.3 0.03
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» Drayage trucks
« Cargo handling equipment
« Cranes
» Yard Tractors
o Linehaul locomotives (Arriving & Depgidng trains) 10%
» Transportation Refrigeratioﬁ%its 10%
» Switch Engines
» Adjacent Mainline Freight
» Adjacent Commuter Rail

o Other 2%

10%5%
3%
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Electric Rail-Mounted Gantry (RMG) cranes
» Reduced air emissions, noise and light

LNG (or equivalent) yard hostler tractors
LNG, multi-engine or “hybrid” switch engines

Low-sulfur fuel and idle shut-down feature for road locomotives

Low emission drayage trucks
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«» Total fleet is 6800 locomotives

« Installed 3300+ locomotives with AESS
» Retrofit 2200 locomotives to Tier O

« Purchased 620 Tier 1 locomotives

« Purchased 880 Tier 2 locomotives

» Fleet average nitrogen oxides emissions reduced 30%
since 2000

e 2260 more locomotives to retrofit to Tier O

» 900 locomotives pre 1973 (not subject to retrofit)
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Year

1995

1999

2000

2001

2002

2003

2004

2005

2006

GTM/Gal

693.3
734.4
147.2
760.4
760.3
751.2
752.9
756.9

757.6

Fuel Volume Gal

1,080,878,000
1,187,305,000
1,172,949,000
1,177,144,000
1,148,682,000
1,213,409,000
1,344,000,000
1,402,000,000

1,478,000,000

Million Tons of CO2

12.10
13.29
13.13
13.17
12.86
13.58
13.98
14.75

15.02
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Reduce locomotive idling (install Idle Reduction Devices
Acquire new line haul locomotives (better fuel efficiency)

Acquire new switch locomotives (GenSet multi-engine, and hybrid
locomotives)

Improve train performance through engineer training and evaluation
programs
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» Promote the use of Low Torque Roller Bearings
» Continue to improve wheel and rail lubrication
» Improve intermodal loading methods to reduce aerodynamic drag

From 1995 and 2006
11,066,000 tons of CO2 reduction
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» Railroads are part of the environmental solution

« Railroads contribute to the problem and will
achieve large reductions in emissions

o Railroads do more than other mobile sources
« Railroads are addressing needs around our yards

o If stationary sources were mobile, they couldn’t
achieve their current reductions either
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	At the end of 2007 
	Figure
	System Fuel Efficiency 
	RR Industry BNSF RR 
	49 Locomotive Fuel Efficiency, medium duty cycle 0 2 4 6 8 10 12 14 16 net traction KWH per gallon of fuel 1955 1965 1980 1985 1990 1995 2000 2005 
	Road Locomotive Hybrid Concept 
	Diesel Engine Grid Resistors Power Electronics Wheels & Rail Traction Motor Alternator Rectifier Heat Braking Motoring Energy Storage G(s) Energy Management System 
	Greenhouse Gas Emissions 
	Year 
	Year 
	Year 
	GTM/Gal 
	Fuel Volume Gal 
	Million Tons of CO2 

	1995 
	1995 
	693.3 
	1,080,878,000 
	12.10 

	1999 
	1999 
	734.4 
	1,187,305,000 
	13.29 

	2000 
	2000 
	747.2 
	1,172,949,000 
	13.13 

	2001 
	2001 
	760.4 
	1,177,144,000 
	13.17 

	2002 
	2002 
	760.3 
	1,148,682,000 
	12.86 

	2003 
	2003 
	751.2 
	1,213,409,000 
	13.58 

	2004 
	2004 
	752.9 
	1,344,000,000 
	13.98 

	2005 
	2005 
	756.9 
	1,402,000,000 
	14.75 

	2006 
	2006 
	757.6 
	1,478,000,000 
	15.02 


	Reducing Greenhouse Gases 
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	Reduce locomotive idling (install Idle Reduction Devices 
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	Acquire new line haul locomotives (better fuel efficiency) 
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	Acquire new switch locomotives (GenSet multi-engine, and hybrid locomotives) 
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	Improve train performance through engineer training and evaluation programs 
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	Promote the use of Low Torque Roller Bearings 
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	Continue to improve wheel and rail lubrication 
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	Improve intermodal loading methods to reduce aerodynamic drag 


	Figure
	Reducing Greenhouse Gases 
	From 1995 and 2006 11,066,000 tons of CO2 reduction 
	Figure
	Summary 
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	Railroads are part of the environmental solution 
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	Railroads contribute to the problem and willachieve large reductions in emissions 
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	Railroads do more than other mobile sources 
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	Railroads are addressing needs around our yards 
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	If stationary sources were mobile, they couldn’tachieve their current reductions either 
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