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A (Very) Brief Overview of the Rail Industry



1797: high-pressure steam 
engine invented

1827: 1st railroad in N.A.
1830: 1st U.S. 

passenger service
1869: Transcontinental railroad

1893: Train goes 
>100 mph 

1936: Intermodal is born

1970: Amtrak

Early Rail

AAR-Chronology-Americas-Freight-Railroads-Fact-Sheet.pdf

1980: Staggers Rail Act

https://www.aar.org/wp-content/uploads/2020/07/AAR-Chronology-Americas-Freight-Railroads-Fact-Sheet.pdf


Rail Infrastructure
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American high-speed rail: The 5 projects taking shape in the U.S. - The Washington Post

Freight Network with Commodity Weighting Amtrak Service and High-Speed Rail Proposals

Freight Rail Overview | FRA (dot.gov). Image created by FRA, Office of Railroad Policy and 
Development, based on Surface Transportation Board’s 2018 Carload Waybill Sample.

https://www.washingtonpost.com/transportation/2023/08/30/us-high-speed-rail-projects/
https://railroads.dot.gov/rail-network-development/freight-rail-overview


Locomotive Emissions Standards

• Last updated in 2008
• In 2023 EPA allows states to set and enforce stricter 

standards for non-new locomotives

X ultrafine 
particle 
(<100 nm 
diameter) 
standards

X GHG 
emissions 
standards



Locomotive Emissions & Impacts



Big Picture Benefits of Rail – Passengers
In brief*:
• 69% reduction in CO2 

operational emissions 
when going from 
single-occupancy 
vehicle to diesel 
passenger rail

• 85% reduction in CO2 
operational emissions 
(from electric grid) 
when going from SOV 
to electric passenger 
rail (i.e., NEC)
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Figure from: Carbon Dioxide Emissions from Four Real World Inter-City Passenger Trips: A Comparison of 
Rail, Air, and Road Travel Modes by City Pair | FRA (2022)

*Comparison between MOVES4 
calculations and reported rail emissions in 
Miller (2021) J&AWMA, 71(12), 1458–147. 

https://railroads.dot.gov/elibrary/carbon-dioxide-emissions-four-real-world-inter-city-passenger-trips-comparison-rail-air
https://railroads.dot.gov/elibrary/carbon-dioxide-emissions-four-real-world-inter-city-passenger-trips-comparison-rail-air
https://www.tandfonline.com/doi/full/10.1080/10962247.2020.1837996


Big Picture Benefits of Rail – Freight
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Diagram from: Truck vs. Train Emissions Analysis | California Air Resources Board.

Ton-miles per gallon fuel

Fuel Efficiency by Mode

Plot from: TTI (2022). A Modal Comparison 
of Domestic Freight Transportation Effects 
on the General Public: 2001-2019.

https://ww2.arb.ca.gov/resources/fact-sheets/truck-vs-train-emissions-analysis
https://www.nationalwaterwaysfoundation.org/file/28/TTI%202022%20FINAL%20Report%202001-2019%201.pdf
https://www.nationalwaterwaysfoundation.org/file/28/TTI%202022%20FINAL%20Report%202001-2019%201.pdf
https://www.nationalwaterwaysfoundation.org/file/28/TTI%202022%20FINAL%20Report%202001-2019%201.pdf


CARB Analysis – Truck vs. Train Emissions
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From: Truck vs. Train Emissions Analysis | California Air Resources Board
CARB = California Air 
Resources Board

https://ww2.arb.ca.gov/resources/fact-sheets/truck-vs-train-emissions-analysis


U.S. 2020 Locomotive Fleet
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Plots created with data from 2020 National Emissions Inventory: Locomotive Component (epa.gov)

https://www.epa.gov/system/files/documents/2023-01/2020_NEI_Rail_062722.pdf


PM2.5 Impacts of Rail

12

Projected primary PM2.5 from rail in 2025 (µg/m3) Projected secondary PM2.5 from rail in 2025 (µg/m3)

Zawacki et al. (2018) Atmos. Environ. https://doi.org/10.1016/j.atmosenv.2018.04.057  

https://doi.org/10.1016/j.atmosenv.2018.04.057


Justice40 Rail Explorer – Railyard Emissions
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Image created by U.S. DOE National Renewable Energy 
Laboratory (NREL).

From Presentation by the Moving Forward Network for the Spring 2023 MSTRS Meeting 
(epa.gov).  Maps created by Jose Acosta, Little Village Environmental Justice Organization.

https://www.transportation.gov/grants/dot-navigator/justice40-rail-explorer

https://www.epa.gov/system/files/documents/2023-07/MFN_MSTRS%20Meeting%205_11_2023%20Presentation.pdf
https://www.epa.gov/system/files/documents/2023-07/MFN_MSTRS%20Meeting%205_11_2023%20Presentation.pdf
https://www.transportation.gov/grants/dot-navigator/justice40-rail-explorer


(Select) Health Impacts of Rail
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Decrease in Cancer Risk from Transition 
to Tier 4 Locomotives

Thind et al. (2023). Environ. Sci. Technol., 57, 2, 884–895, https://doi.org/10.1021/acs.est.2c03646. 

>1,000 deaths attributed to rail-related AQ in 2011 – more than double the number of fatalities from at-grade rail crossings.
Davidson et al. (2020). Environ. Res. Lett. 15 075009, DOI: 10.1088/1748-9326/ab83a8.

https://doi.org/10.1021/acs.est.2c03646
https://iopscience.iop.org/article/10.1088/1748-9326/ab83a8/meta


Locomotive Technologies
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BNSF to pilot 4 battery electric 
locomotives (BELs) in SoCal – 
largest BELs in North America

CPKC showcases (Apr 2024) 
their 3rd generation hydrogen 
fuel cell line-haul locomotive 
in Calgary, AL (Canada)

• Battery-electric
• Hydrogen
 Combustion 

(transition strategy)
 Fuel cell

• Sustainable “Diesel”
 Biofuels
 Electrofuels (e-fuel)

• Hybrid-electric
 w/ biofuels or some 

other SRF
 Island catenary

Electrified (double-stacked) 
freight rail in India – could be 
applied to the U.S. either as 
end-to-end electrification or 
island catenary



Locomotive Emissions Comparison Tool (LECT)
• Developed for FRA’s Consolidated Rail 

Infrastructure and Safety Improvements 
(CRISI) Program

• LECT and supporting documentation 
publicly available on FRA website: 
https://railroads.dot.gov/elibrary/fra-
locomotive-emissions-comparison-tool 
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https://railroads.dot.gov/grants-loans/consolidated-rail-infrastructure-and-safety-improvements-crisi-program
https://railroads.dot.gov/elibrary/fra-locomotive-emissions-comparison-tool
https://railroads.dot.gov/elibrary/fra-locomotive-emissions-comparison-tool


Other Relevant Emissions Calculator Tools
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Toolkit - CMAQ - Air Quality - Environment - FHWA (dot.gov) Select Tools:
• Alternative Fuel Vehicles 

and Infrastructure
• Construction and 

Intermodal Equipment
• Diesel Idle Reduction 

Strategies
• Diesel Truck and Engine 

Retrofit & Replacement
• Freight Mode Shift
• Locomotive & Marine 

Engine Retrofit and 
Replacement

• Transit Bus Upgrades & 
System Improvements

• Transit Bus Service and 
Fleet Expansion

https://www.fhwa.dot.gov/environment/air_quality/cmaq/toolkit/index.cfm#sect3e


Looking Ahead



FRA Climate &
Sustainability Program
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• >40 locomotives upgraded to Tier 2 and better
• 15 battery-powered switchers

Locomotive Replacement Initiative

Modal shift literature review

Life cycle analysis of rail ties

• Developing criteria framework
• Seeking Railroad partner & funding mechanisms

Zero emissions railyard pilot assessment



(Select) Research Needs & Directions
• Non-diesel locomotive 

technologies / strategies,
and working through:
 Safety concerns
 Public perception
 Green premium
 Accessibility
 Infrastructure requirements

• Mode shift:
 How much additional capacity 

could be added to the network? 
 What % of trucks could be shifted 

to rail and what is the impact to 
surrounding communities? (e.g., 
AQ, blocked passages)
 What corridors to target for 

intercity passenger rail 
expansion?
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Questions? 

www.volpe.dot.gov

Matthew Simon, PhD
Environmental Engineer
U.S. DOT Volpe Center
matthew.simon@dot.gov

Michael Johnsen
Senior Advisor for Climate and Sustainability
Federal Railroad Administration
michael.johnsen@dot.gov

FRA Climate & Sustainability Program Team

FRA: Mequela Moreno

Volpe Center: Anjuliee Mittelman, PhD, Billy Chupp, Briana Litchholt,
Agnes Li, Travis Mast

http://www.volpe.dot.gov/
mailto:matthew.simon@dot.gov
mailto:michael.johnsen@dot.gov
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