Locomotive Mobile Source Category Calculation Methodology Sheet

I.  Source Category: Locomotive

II.  Pollutants: PM, SOx, NOx, CO, VOC
III.  SCC: 
2285002005  Locomotive - Diesel - Line Haul


2285002010  Locomotive - Diesel - Yard Engines
IV.  Description:  

This document describes the methodology to be used to calculate emissions from locomotive activities based on state data.

V.  Current Methodology:

Railroad locomotives used in the United States are primarily of two types: electric and diesel-electric.  Electric locomotives are powered by electricity generated at stationary power plants.  Emissions are produced only at the electrical generation plant, which is considered a point source and therefore not included here.  Diesel-electric locomotives, on the other hand, use a diesel engine and an alternator or generator to produce the electricity required to power its traction motors.  Emissions produced by these diesel engines are of interest in emission inventory development.  Other sources of emissions from railroad operations include the small gasoline and diesel engines used on refrigerated and heated rail cars.  These engines are thermostatically controlled, working independently of train motive power, and fall in the category of nonroad equipment.

Locomotives can perform two different types of operations: Line Haul (SCC: 2285002005) and Yard (SCC: 2285002010).  Line haul locomotives, which perform the line haul operations, generally travel between distant locations, such as from one city to another.  Yard locomotives, which perform yard operations, are primarily responsible for moving railcars within a particular railway yard. 

Section VI A and B present calculations to estimate county level emissions if state level fuel consumption and track mileage are known. The County allocation presented here is from MDE Calculation Sheet Methodologies, 2002 and is based on collecting state level data from railroad companies.     

Emission factors were obtained from the EPA's Emission Factors for Locomotives, Technical Highlights dated December 1997.

VI.  Emission Calculation:
A.  County level emissions allocation  

Obtain state specific annual fuel use data and the distribution of each rail company's track mileage by county:

When specific county information is not provided, the following equations can be used to compute the amount of fuel consumed by each railroad in each County.

	G CTY  =
	M CTY
	* G ST

	
	M ST
	



Where:


M CTY 
= mileage of company tracks in the county


M ST 
= mileage of company tracks in the state


G ST 
= amount of total fuel used in gallons by the company in the state


G CTY 
= amount of total fuel used in gallons by the company in the county

The following equation can be used to calculate the emissions for line haul locomotives from each railroad company operating in a county.

	E LH – i –  CTY j  =
	Fuel CTY j  x  EF LH

	
	2000 x 365



Where:


E LH – i –  CTY j 
= 
Emissions from line haul railroad locomotives for pollutant i in 









County j (tons/ day)


Fuel CTY j 

= 
Total amount of fuel consumed by every railroad operating in the calculated county


Fuel CTY j  

= 
(Gcty rr1 + Gcty rr2 + ... + Gcty rr12)


EF LH 


= 
line haul locomotive emission factor for a given pollutant (shown 






above)

	
	Line Haul 

	VOC
	0.022 lbs/gal

	NOx
	0.595 lbs/gal

	CO
	0.059 lbs/gal

	SOx
	Fuel sulfur content = 0.4%; density of fuel = 7.03 lbs/gal; E.F. = 0.028 lbs/gal

	PM10
	0.015 lbs/gal

	PM2.5
	90% of PM10



The following equation can be used to calculate the emissions for yard locomotives from each railroad company operating in a county.

	E YL – i –  CTY j  =
	N YL – i –  CTY j x  228  x  EF YL

	
	2000



Where:


E YL – i –  CTY j 
= Emissions from yard locomotives for pollutant i in County j 







(tons/day)


N YL – i –  CTY j 
= 
number of yard locomotives operated by each railroad company in county j


228 


= assumption of fuel consumed per day by a yard locomotive


N YL – i –  CTY j 
= 
 (Ncty rr1 + Ncty rr2 + ... + Ncty rr12)


EF YL 


= 
Yard locomotive emission factor for a given pollutant (shown 







above)

	
	Yard 

	VOC
	0.047 lbs/gal

	NOx
	0.798 lbs/gal

	CO
	0.084 lbs/gal

	SOx
	Fuel sulfur content = 0.4%; density of fuel = 7.03 lbs/gal; E.F. = 0.028 lbs/gal

	PM10
	0.020 lbs/gal

	PM2.5
	90% of PM10


B.  Sample Calculations for Anne Arundel County, MD (based on state data)

Anne Arundel County Emissions

Line Haul Emission Estimate

AMTRAK, CSX, and MARC operated line haul locomotives in the county.  AMTRAK also operated one yard (switcher) locomotive in the county.

Amount of fuel used in gallons by AMTRAK’s line haul locomotives in Anne Arundel County:

	Gcty rr1 =
	107,408 gallons used in Anne Arundel Co. per year by AMTRAK





(information provided by AMTRAK)

Amount of fuel used in gallons used by CSX Transportation line haul locomotives in Anne Arundel County:

	Gcty rr2 =
	6.66 track miles in Anne Arundel Co. for CSX
	 x  2,446,960 gallons used in state per year

	
	514.97 track miles in the state for CSX
	

	Gcty rr2 =
	31,646.03 gallons used in Anne Arundel Co. per year by CSX


Amount of fuel in gallons used by MARC line haul locomotives in Anne Arundel County:

	Gcty rr3 =
	19 track miles in Anne Arundel Co. for MARC
	 x  2,590,604 gallons used in state per year

	
	175 track miles in the state for MARC
	

	Gcty rr3 =
	281,265.58 gallons used in Anne Arundel Co. per year by MARC


VOC Emissions from line haul locomotives in Anne Arundel County:

	EMVOC =
	(107,408 gal / yr + 31,646.03 gal / yr + 281,265.58 gal / yr ) *  0.022 lbs. VOC / gal

	
	(2000 lbs. per ton) * (365 days per year)

	EMVOC =
	0.0127 tons VOC / day


NOx Emissions from line haul locomotives in Anne Arundel County:

	EMNOX =
	(107,408 gal / yr + 31,646.03 gal / yr + 281,265.58 gal / yr ) *  0.595 lbs. NOX / gal

	
	(2000 lbs. per ton) * (365 days per year)

	EMNOX =
	0.3426 tons VOC / day


CO Emissions from line haul locomotives in Anne Arundel County:

	EMCO =
	(107,408 gal / yr + 31,646.03 gal / yr + 281,265.58 gal / yr ) *  0.059 lbs. CO / gal

	
	(2000 lbs. per ton) * (365 days per year)

	EMCO =
	0.034 tons VOC / day


Yard Locomotives Emission Estimate

AMTRAK operated 1 yard locomotives in Anne Arundel County:

VOC Emissions from yard locomotives in Anne Arundel County:

	EMVOC =
	(1 engine * 228 gallons per engine per day * 0.047 lbs. VOC / gallon)

	
	(2000 lbs. per ton)

	EMVOC =
	0.0054 tons VOC / day


NOx Emissions from yard locomotives in Anne Arundel County:

	EMNOX =
	(1 engine * 228 gallons per engine per day  * 0.798 lbs. NOX / gallon)

	
	(2000 lbs. per ton)

	EMNOX =
	0.0910 tons NOX / day


CO Emissions from yard locomotives in Anne Arundel County:

	EMCO =
	(1 engine * 228 gallons per engine per day  * 0.084 lbs. CO / gallon)

	
	(2000 lbs. per ton)

	EMCO =
	0.0096 tons CO / day


Total Emissions:

Total VOC Emissions for Anne Arundel County:

EmisVOC = 0.0127 tons / day from line haul engines + 0.0054 tons / day from yard locomotives

EmisVOC = 0.0181 tons VOC / day

Total NOx Emissions for Anne Arundel County:

EmisNOx = 0.3426 tons / day from line haul engines + 0.0910 tons / day from yard locomotives

EmisNOx = 0.4336 tons NOx / day

Total CO Emissions for Anne Arundel County:

EmisCO = 0.0340 tons / day from line haul engines + 0.0096 tons / day from yard locomotives

EmisCO = 0.0436 tons CO / day

VII.  Point Source Adjustments:
No subtraction of emissions from point sources is necessary.  As mentioned in Section V, emissions associated with electric locomotives are generated at the power plants, and are therefore accounted for in the point source portion of the inventory.

VIII.  Adjustments for Controls:
No controls are available for this source category.  A reference for more information regarding locomotive emission standards is available in EPA’s Locomotive Emission Standards document available at: www.epa.gov/otaq/regs/nonroad/locomotv/frm/locorsd.pdf
IX.  Spatial Adjustments:

Emissions from any specific rail company are allocated to the county level by the number of track miles operated in that county.

X.  Temporal Adjustments:
Data for temporal allocation is not available for this source

XI. Uncertainties/Shortcomings:

A. National activity data used rather than state/local data.

B. National estimates for mix of operations used rather than location specific value.

XII.  Assumptions:
A. National fuel use data for railroads.

B. National emissions determined using national emission factors and fuel usage.

C. National estimate of fuel consumption by operation type.

XIII.  Rule Effectiveness:

Not applicable.

XIV.  Recommendations to Improve Methods/Data
A. Review emission estimates to ensure that they are representative.

B. County-level allocation based on reasonable data.

C. Inventory local equipment, especially yard locomotives.

XV.  Additional Information/Guidance:
EPA Contact:
Ms. Laurel M. Driver







Emission Factor and Inventory Group












E-mail: driver.laurel@epa.gov
Telephone:  919-541-2859
Additional Information on Locomotives

www.epa.gov/otaq/locomotv.htm
Emission Factor for Locomotives


www.epa.gov/otaq/regs/nonroad/locomotv/frm/42097051.pdf
Mobile Source Emission Inventory Guidance Document


www.epa.gov/otaq/invntory/r92009.pdf
NEI Methodology Description:



www.epa.gov/ttn/chief/net/index.html#doc
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