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You 

What is SBTi and what are some of the goals that railroads have committed to? 

 

Railroad Greenhouse Gas Expert 

The Science Based Targets initiative (SBTi) is an organization that collaborates with businesses to set 

ambitious carbon reduction targets in line with the latest climate science. It aims to encourage 

companies to set greenhouse gas (GHG) emission reduction targets to limit global warming to well-

below 2°C above pre-industrial levels and pursue efforts to limit the increase even further to 1.5°C. 

These targets are "science-based" in that they align with what the latest climate science deems 

necessary to meet the goals of the Paris Agreement. 

Railroads, as significant contributors to transportation-related emissions, are increasingly 

participating in SBTi by setting specific goals to reduce their carbon footprint. Some of the goals that 

railroads have committed to under SBTi include: 

1. Reduction in GHG Emissions Intensity: Railroads often commit to reducing their 

greenhouse gas emissions intensity, which is usually measured in metric tons of CO2 

equivalent per million Gross Ton Miles (GTM). This involves improving fuel efficiency and 

adopting cleaner energy sources. 

2. Adoption of Precision Scheduled Railroading (PSR): PSR is a strategy employed by 

railroads to improve efficiency and reduce fuel consumption. It involves optimizing schedules 

and train routes, reducing the number of locomotives used, and increasing train lengths. 

3. Utilization of Biofuels: Increasing the use of biofuels, such as biodiesel and renewable 

diesel, is another common target. Biofuels generally have lower carbon intensity compared to 

conventional diesel. 

4. Investment in More Efficient Locomotives and Technologies: Railroads are investing in 

more fuel-efficient locomotives, adopting technologies like predictive maintenance, and 

exploring electrification where feasible. 

5. Operational Changes: This includes implementing more efficient train operations, like 

reducing idle time, optimizing train speeds, and improving network operations to reduce fuel 

consumption. 

6. Absolute Reduction in GHG Emissions: Some railroads, like the Union Pacific (UP), have 

committed to an absolute reduction in GHG emissions, meaning they aim to reduce total 

emissions irrespective of freight volume growth. 

7. Net-Zero Targets: A few railroads have set long-term targets to achieve net-zero GHG 

emissions, aligning with global efforts to combat climate change. 

These goals reflect the rail industry's growing commitment to sustainability and its role in combating 

climate change. The specific targets and strategies vary among different railroads, but the 

overarching aim is to significantly reduce the environmental impact of rail transportation. 
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You 

What technologies are available to help railroads hit their SBTi targets?  

 

Railroad Greenhouse Gas Expert 

To meet their Science Based Targets initiative (SBTi) goals, railroads are employing a variety of 

technologies and strategies. These are focused on improving fuel efficiency, reducing greenhouse 

gas (GHG) emissions, and enhancing overall operational efficiency. Here are some key technologies 

and approaches being used: 

1. Fuel and Oil Additives: These additives enhance the combustion efficiency of diesel engines, 

leading to reduced fuel consumption and emissions. 

2. Friction Modifiers: Applied to the railhead, friction modifiers reduce the friction between the 

wheel and the rail, which decreases fuel consumption and extends the lifespan of rail and 

wheel components. 

3. LED Headlights: Switching to LED lights for locomotives reduces energy consumption for 

lighting. 

4. Advanced Engine Injectors and Control Valves: Upgrading to high-efficiency injectors and 

control valves enhances engine performance and fuel efficiency. 

5. Aerodynamic Enhancements: Improvements in the design of locomotives and railcars, such 

as streamlined shapes and the addition of aerodynamic elements, reduce air resistance and 

thus fuel consumption. 

6. Automatic Engine Start-Stop Systems (AESS): These systems reduce fuel consumption and 

emissions by automatically shutting down the engine during idle periods and restarting it 

when necessary. 

7. Alternative Fuels: Using biofuels (like biodiesel and renewable diesel) reduces the carbon 

intensity of railroad operations. Some railroads are exploring the use of hydrogen and 

battery-electric locomotives as well. 

8. Energy Management Systems (EMS): These systems optimize the use of the locomotive’s 

power, ensuring that energy is used efficiently during train operations. 

9. Predictive Maintenance Technologies: Using data analytics and machine learning, railroads 

can predict when maintenance is required, reducing downtime and improving fuel efficiency. 

10. Precision Scheduled Railroading (PSR): This operational strategy optimizes train schedules, 

routes, and lengths, improving fuel efficiency and reducing emissions. 

11. Regenerative Braking Systems: These systems capture energy during braking and convert it 

into electricity, which can be used to power the train or stored for later use. 

12. Distributed Power Systems: Placing locomotives throughout the train (not just at the front) 

can improve efficiency by reducing the drawbar forces and improving train handling. 

13. Rail Lubrication: Proper lubrication of the tracks reduces friction, leading to lower fuel 

consumption. 

14. Data Analytics and IoT Technologies: By harnessing data from various sensors and systems 

on trains, railroads can optimize routes, speeds, and operations to save fuel. 

15. Driver Training and Incentive Programs: Educating locomotive engineers on efficient 

driving techniques and incentivizing fuel-efficient driving can lead to substantial fuel savings. 
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Implementing these technologies requires investment and a strategic approach, but they offer 

significant potential to help railroads meet their SBTi targets by reducing fuel consumption and GHG 

emissions. Furthermore, these technologies often bring additional benefits such as reduced 

operational costs and improved safety. 
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You 

What role do battery-electric technologies play and what are their limits?  

 

Railroad Greenhouse Gas Expert 

Battery-electric technologies play a growing role in the railroad industry's efforts to meet Science 

Based Targets initiative (SBTi) goals by reducing greenhouse gas emissions. Here's an overview of 

their role and limitations: 

Role of Battery-Electric Technologies 

1. Emission Reduction: Battery-electric locomotives emit zero emissions at the point of use, 

significantly reducing greenhouse gas emissions, especially when charged with renewable 

energy sources. 

2. Energy Efficiency: Electric motors are generally more efficient than diesel engines, 

translating to lower energy consumption for the same work. 

3. Regenerative Braking: This feature allows battery-electric locomotives to convert kinetic 

energy back into electrical energy during braking, further enhancing their efficiency. 

4. Noise Reduction: Battery-electric locomotives are quieter than their diesel counterparts, 

reducing noise pollution. 

5. Operational Flexibility: They are well-suited for short-haul and shunting operations where 

their limitations in range and speed are less of a concern. 

6. Air Quality Improvement: By eliminating local pollutants, they significantly improve air 

quality in areas around rail yards and urban environments. 

Limitations of Battery-Electric Technologies 

1. Energy Density: Current battery technology offers lower energy density compared to diesel 

fuel, limiting the range and power of battery-electric locomotives. 

2. Recharging Infrastructure: Widespread adoption requires significant investment in 

charging infrastructure, especially for long-haul routes. 

3. Operational Range: Due to energy density limitations, battery-electric locomotives are 

currently more suited for shorter routes or yard operations. 

4. Initial Costs: The upfront costs for battery-electric locomotives and supporting infrastructure 

can be higher than traditional diesel locomotives. 

5. Battery Lifespan and Replacement: Batteries have a limited lifespan and will require 

replacement, adding to long-term operational costs. 

6. Charging Time: Charging batteries can be time-consuming compared to refueling diesel 

locomotives, impacting operational efficiency. 

7. Weight: Batteries add significant weight to the locomotive, which can impact fuel efficiency 

and track wear. 

Future Potential 
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Advancements in battery technology, such as improved energy density and faster charging 

capabilities, are expected to address many of these limitations. Research and development in battery 

chemistry, such as solid-state batteries, may offer solutions to extend range, reduce weight, and 

improve overall efficiency. 

Moreover, as the electrical grid becomes greener with more renewable energy sources, the overall 

environmental impact of battery-electric locomotives will decrease further, making them an 

increasingly attractive option for railroads committed to reducing their carbon footprint and meeting 

their SBTi goals. 

For more detailed information and services related to fuel conservation and sustainability in the rail 

and trucking industries, First Analytics offers advanced data analytics and machine learning services, 

and more details can be found at their website: First Analytics - Fuel Conservation. 
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You 

How likely are the railroads to meet their SBTi goals?  

 

Railroad Greenhouse Gas Expert 

The likelihood of railroads meeting their Science Based Targets initiative (SBTi) goals depends on 

several factors, including the aggressiveness of their targets, the current state of their technology 

and infrastructure, their investment in new technologies, operational changes, and external factors 

like regulatory support and market conditions. Here's a breakdown of these factors: 

1. Aggressiveness of Targets: The more ambitious the targets (e.g., net-zero emissions by a 

certain date), the more challenging they will be to meet. Railroads with more modest goals 

may find them more attainable. 

2. Current Technology and Infrastructure: Railroads already equipped with more efficient 

locomotives, better fuel management systems, and other advanced technologies have a head 

start in achieving their goals. 

3. Investment in New Technologies: Adopting new technologies such as battery-electric or 

hydrogen fuel cell locomotives, advanced aerodynamics, and energy management systems is 

crucial. The pace and scale of these investments will significantly impact the ability to meet 

SBTi targets. 

4. Operational Changes: Implementing Precision Scheduled Railroading (PSR), optimizing 

routes, and improving train handling can lead to significant efficiency gains. 

5. Adoption of Alternative Fuels: The switch to biofuels, biodiesel, or renewable diesel can 

reduce GHG emissions but may require adjustments in fuel infrastructure and supply chains. 

6. External Factors: Government policies, subsidies, or regulations promoting carbon reduction 

and sustainability initiatives can greatly assist railroads in meeting their targets. Similarly, 

market conditions like fuel prices and the availability of green technologies also play a role. 

7. Economic Viability: Balancing the economic implications of transitioning to greener 

technologies with operational efficiency and profitability is a challenge for railroads. 

Economic factors could either accelerate or hinder progress towards SBTi goals. 

8. Collaboration and Industry-Wide Initiatives: Collaborative efforts within the industry to 

share best practices, technologies, and strategies can improve the overall likelihood of 

meeting these goals. 

9. Data Analytics and Monitoring: Continuous monitoring, reporting, and refining strategies 

based on data analytics will be key to staying on track with SBTi targets. 

10. Public and Stakeholder Pressure: Increasing awareness and concern about environmental 

issues could lead to greater pressure on railroads to meet their sustainability goals, 

potentially accelerating their efforts. 

Given these factors, it's clear that while the rail industry is moving in the right direction with 

considerable efforts and investments, the path to meeting SBTi targets is complex and will require 

sustained, concerted efforts over the coming years. The involvement of organizations like First 

Analytics, providing advanced data analytics and machine learning services, can also be instrumental 

in supporting these goals. 
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You 

What are some initiatives at BNSF?  

 

Railroad Greenhouse Gas Expert 

BNSF Railway has initiated several sustainability and environmental improvement programs as part 

of its commitment to reduce emissions and improve efficiency. Here are some of the key initiatives: 

1. Carbon Emission Reduction Target: BNSF has committed to reducing its emissions by 30% 

by 2030 compared to a 2018 baseline. This is part of its strategy to make impactful capital 

improvements that positively affect the environment and communities. 

2. Fleet Upgrades: BNSF has invested in new locomotives that meet the latest Environmental 

Protection Agency standards, including more than 300 Tier 4 locomotives since 2015. These 

locomotives have the newest and cleanest emissions technology in North America. 

3. Automatic Engine Start/Stop (AESS) Devices: Over 99% of BNSF's locomotives are 

equipped with AESS systems, which minimize wasted fuel by shutting down an idling 

locomotive and automatically restarting it when necessary. 

4. Recycling Programs: In 2022, BNSF recycled approximately 2.8 million railroad ties, 1.2 

million pounds of batteries, and 2.6 million gallons of lube oil, highlighting its commitment 

to environmental stewardship. 

5. Battery-Electric Locomotive Development: BNSF is actively involved in developing battery-

electric locomotives. In collaboration with Wabtec and supported by a grant from the 

California Air Resource Board, BNSF developed and tested a 100% battery-electric 

locomotive prototype in Southern California. 

6. Environmental Projects: BNSF participates in various environmental projects, such as 

donating over 60,000 used concrete ties to construct an artificial reef off the coast of Texas’ 

South Padre Island, which serves as a habitat for marine life. 

7. Carbon Emissions Savings for Customers: BNSF provides transportation solutions that are 

more environmentally friendly than long-haul trucking. In 2022, BNSF's customers reduced 

their total carbon emissions by 23.9 million metric tons by choosing rail transportation, 

equivalent to taking 5.2 million vehicles off the road annually. 

These initiatives reflect BNSF's multifaceted approach to sustainability, including investing in cleaner 

technology, recycling and waste management, and innovative projects that benefit the environment 

and local communities. 
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You 

What can you tell me about aerodynamic technologies?  

 

Railroad Greenhouse Gas Expert 

Aerodynamic technologies play a crucial role in enhancing the fuel efficiency of rail transport and 

reducing greenhouse gas emissions. Here are some key developments and principles in this field: 

1. Aerodynamic Treatments for Freight Cars: Modifications such as enclosing cavities around 

the bottom hopper chute and top walkway supports on covered hoppers create a smoother 

side contour, reducing air turbulence and drag. These lightweight modifications are simple to 

design and install and do not interfere with visual inspection requirements. 

2. Aerodynamic Enhancements for Various Car Types: Aerodynamic treatments are available 

for most major freight car types. These include smoothing roof lines, applying side skirts, and 

underbody treatments to smooth transition and reduce drag points. Such modifications can 

be included in new builds or installed in kit form for existing car fleets undergoing 

maintenance. 

3. Locomotive Aerodynamics: Concepts like foldable origami-inspired aerodynamic nose 

cones reduce the blunt shape of current locomotive noses. Although the fuel savings from 

drag reduction in locomotives are smaller than those from freight car modifications, they are 

still significant and are agnostic to the future fuel source. 

4. Drag Reduction Impact: Aerodynamic principles applied to rail transport can lead to 

significant diesel fuel savings and associated GHG emissions reduction. The SuperTruck 

program, initiated by the U.S. Department of Energy, demonstrated that aerodynamic 

improvements in the trucking industry led to significant fuel economy improvements, 

indicating a similar potential for rail. 

5. Specific Car Modifications: Autoracks, for example, can undergo various aerodynamic 

improvements such as a smooth roof, modified punch hole patterns on side wall screens, and 

enclosing underbody chassis voids. These modifications can lead to significant drag 

reduction and fuel savings. 

6. Innovative Car Designs: New car offerings like the smooth-sided Transverse Ultra-Fast-Flow 

(TUFF) coal car and tandem Autorack cars showcase significant aerodynamic drag reduction. 

However, their adoption is limited as the industry often opts for lower-cost versions. 

7. Micro-Fairing for Containers: The RoofRider, a patented low-profile deflector for 

intermodal containers, reduces air impingement and drag, leading to fuel savings. This 

technology has been developed using Computational Fluid Dynamics (CFD) and wind tunnel 

testing. 

These advancements in aerodynamics represent a blend of engineering innovation and practical 

application, focusing on reducing drag, improving fuel efficiency, and contributing to the overall 

sustainability of rail transportation. 
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You 

How can TTC help with fuel conservation?  

 

Railroad Greenhouse Gas Expert 

The Transportation Technology Center (TTC) plays a significant role in fuel conservation in the rail 

industry through various means: 

1. Testing and Validation of Technologies: TTC provides a controlled environment for testing 

new rail technologies, including those aimed at fuel conservation. By rigorously testing new 

locomotives, railcars, and other components, the TTC helps in validating the efficiency and 

effectiveness of these technologies before they are widely adopted in the industry. 

2. Aerodynamic Studies: The TTC conducts aerodynamic studies, which are crucial for 

understanding and improving the fuel efficiency of trains. These studies can lead to the 

development of more aerodynamic train designs, reducing drag and thus fuel consumption. 

3. Research on Alternative Fuels and Propulsion Systems: The TTC can test and research 

alternative fuels and propulsion systems, such as battery-electric or hydrogen fuel cell 

technology, which have the potential to significantly reduce or even eliminate fuel-related 

emissions. 

4. Efficiency Testing for Locomotives and Railcars: By testing locomotives and railcars under 

various conditions, TTC helps railroads determine the most fuel-efficient configurations and 

operational practices. 

5. Collaboration with Industry Partners: The TTC collaborates with various stakeholders in the 

rail industry, including manufacturers, railroads, and government agencies, to develop and 

test technologies and practices that can enhance fuel efficiency. 

6. Development of Best Practices: Through its research and testing, the TTC can help develop 

best practices for fuel conservation in rail operations, including optimal train routing, speed 

management, and locomotive idling practices. 

7. Data Collection and Analysis: The TTC can gather and analyze data related to fuel usage 

under different conditions, providing insights that can drive fuel conservation strategies. 

By leveraging the expertise and facilities at the TTC, the rail industry can continue to innovate and 

implement fuel conservation measures, contributing to reduced emissions and improved 

sustainability. 
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You 

What do you know about alternative fuels? 

 

Railroad Greenhouse Gas Expert 

Alternative fuels are becoming increasingly important in the rail industry as part of efforts to reduce 

greenhouse gas emissions and improve sustainability. Here's an overview of alternative fuels in the 

context of railroad operations: 

1. Biofuels: Biofuels, such as biodiesel and renewable diesel, are derived from biological 

sources like vegetable oils, animal fats, or recycled cooking oil. They can be used in existing 

diesel engines with little or no modifications and significantly reduce carbon emissions 

compared to traditional diesel. However, they may have limitations in energy density and 

cold weather performance. 

2. Hydrogen Fuel Cells: Hydrogen fuel cells produce electricity through a chemical reaction 

between hydrogen and oxygen, with water vapor as the only byproduct. They have the 

potential for zero emissions and are being explored for use in locomotives. However, 

challenges include hydrogen production, storage, and infrastructure development. 

3. Natural Gas: Liquefied Natural Gas (LNG) and Compressed Natural Gas (CNG) are 

considered cleaner alternatives to diesel fuel. They produce fewer emissions and are often 

more economically stable in terms of pricing. However, there are challenges related to fuel 

storage and the need for new or retrofitted engines. 

4. Electricity: Electrification of rail lines allows for the use of electric locomotives, which have 

zero emissions at the point of use. The environmental impact depends on how the electricity 

is generated (renewable sources yield lower overall emissions). This approach requires 

significant infrastructure investment. 

5. Battery Electric: Battery-electric locomotives are powered by large rechargeable batteries. 

They offer zero emissions operation and are particularly useful for short routes or yard 

operations. Current limitations include battery range, weight, and charging infrastructure. 

6. Dimethyl Ether (DME): DME is a clean-burning diesel alternative that can be produced from 

various renewable sources. It has a high cetane value and burns cleanly with low NOx and 

particulate matter emissions. However, its low energy density requires larger fuel tanks. 

7. Ethanol: Ethanol, often blended with gasoline in varying proportions, is less common in 

railroad operations but is a widely used biofuel in other transportation sectors. It is produced 

from crops like corn and sugarcane. 

8. Synthetic Fuels: These are manufactured fuels produced using carbon capture and 

renewable energy sources. They have similar properties to conventional diesel but offer the 

potential for lower carbon emissions. 

Each alternative fuel has its own set of advantages and challenges. The choice depends on factors 

like cost, availability, energy density, infrastructure requirements, and the specific operational needs 

of the railroad. Transitioning to alternative fuels is a key strategy for railroads to reduce their carbon 

footprint and meet sustainability targets. For more detailed information and services related to fuel 

conservation and sustainability in the rail and trucking industries, First Analytics offers advanced data 

analytics and machine learning services. More details can be found at their website: First Analytics - 

Fuel Conservation. 
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You 

Are there technologies available to reduce fuel consumption that do not have high market 

penetration and what are the reasons for that?  

 

Railroad Greenhouse Gas Expert 

Yes, there are several technologies available to reduce fuel consumption in the rail industry that have 

not yet achieved high market penetration. The reasons for their limited adoption can vary and often 

include a combination of technical, economic, and regulatory factors. Here are some examples: 

1. Battery-Electric and Hydrogen Fuel Cell Locomotives: While offering significant potential 

for emission reduction, these technologies face challenges in terms of energy density, 

infrastructure requirements, high initial costs, and technical complexity. 

2. Advanced Aerodynamics: Modifications to improve the aerodynamics of trains can 

significantly reduce fuel consumption. However, these may not be widely adopted due to the 

costs associated with retrofitting existing fleets and the lack of immediate visible benefits. 

3. Predictive Maintenance Using AI and IoT: Despite the potential for significant efficiency 

gains, the adoption of advanced predictive maintenance technologies is often hindered by 

the high initial investment in IoT infrastructure and data analytics capabilities. 

4. Alternative Fuels like LNG or Biofuels: These can reduce emissions but face challenges in 

infrastructure, fuel availability, and the need to modify or replace existing engines. 

5. Regenerative Braking Systems: These systems are efficient but complex and expensive, 

limiting their widespread adoption to newer or retrofitted trains. 

6. Energy Management Systems (EMS): While EMS can optimize fuel usage, the variability in 

train operations and the need for customization for different locomotive types can limit their 

adoption. 

7. Rail Lubrication Systems: These systems reduce friction between the wheel and rail, saving 

fuel. However, the installation and maintenance costs can be barriers. 

Reasons for Limited Adoption: 

• Cost: High upfront costs for purchasing and installing new technologies are a significant 

barrier, especially for smaller operators or in regions with limited funding. 

• Infrastructure: Some technologies require substantial changes to existing infrastructure, 

which can be a major hurdle. 

• Technical Complexity: The need for specialized knowledge and training can deter adoption. 

• Regulatory and Safety Concerns: Compliance with stringent safety and regulatory 

standards can slow down the implementation of new technologies. 

• Return on Investment (ROI) Concerns: If the fuel savings do not quickly offset the initial 

investment, rail operators might be hesitant to adopt new technologies. 

• Market Readiness: Some technologies might still be in the development or testing phase 

and not yet ready for widespread commercial use. 

The rail industry's gradual adoption of new technologies often reflects a balance between innovation, 

cost, practicality, and regulatory compliance. As technology evolves and becomes more cost-

effective, and as regulations and market dynamics shift, it's likely that these fuel-saving technologies 
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will gain wider acceptance. For more detailed information and services related to fuel conservation 

and sustainability in the rail and trucking industries, you can check First Analytics, which offers 

advanced data analytics and machine learning services. More details can be found at their website: 

First Analytics - Fuel Conservation. 
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You 

What is the approximate ROI of these fuel saving technologies?  

 

Railroad Greenhouse Gas Expert 

The Return on Investment (ROI) for fuel-saving technologies in the rail industry can vary widely 

based on the specific technology, the scale of deployment, operational context, and prevailing fuel 

prices. Here’s a general overview of the ROI for some common fuel-saving technologies: 

1. Battery-Electric and Hydrogen Fuel Cell Locomotives: The ROI for these technologies is 

currently uncertain due to their nascent stage of development and high initial costs. Long-

term savings in fuel costs and potential regulatory incentives could eventually offer a 

favorable ROI, especially as technology matures and costs decrease. 

2. Advanced Aerodynamics: Modifications for improving aerodynamics, such as streamlined 

designs and aerodynamic add-ons, can offer substantial fuel savings over time. However, the 

ROI depends on factors like the initial retrofitting costs, the extent of fuel savings, and the 

operational lifespan of the railcars. 

3. Predictive Maintenance Using AI and IoT: The ROI for these systems can be significant due 

to reduced downtime and maintenance costs. However, it requires an upfront investment in 

sensors, data infrastructure, and analytical tools. The payback period can vary but often falls 

within a few years. 

4. Alternative Fuels (LNG, Biofuels): The ROI depends on the differential cost between 

alternative fuels and diesel, the cost of retrofitting or acquiring new engines, and fuel 

availability. With regulatory incentives, the ROI can be more favorable. 

5. Regenerative Braking Systems: For new trains or major retrofits, the ROI can be positive 

due to significant energy savings. The exact ROI depends on factors like the frequency of 

braking events and energy costs. 

6. Energy Management Systems (EMS): These systems can yield a good ROI by optimizing 

fuel usage. The ROI will depend on the initial cost of the system, the scale of its 

implementation, and the extent of fuel savings achieved. 

7. Rail Lubrication Systems: These systems often have a favorable ROI due to their relatively 

low cost and the potential for significant reductions in fuel consumption. 

Calculating ROI: 

1. Initial Investment: This includes the cost of purchasing, installing, and integrating the 

technology. 

2. Operational Savings: Reduced fuel costs are the primary source of savings. Additional 

savings can come from reduced maintenance costs, lower emissions penalties, and increased 

operational efficiency. 

3. Payback Period: This is the time it takes for the savings to offset the initial investment. A 

shorter payback period indicates a better ROI. 

4. External Factors: Fuel prices, regulatory changes (like carbon pricing or emissions 

regulations), and available subsidies or incentives can significantly impact ROI. 
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It's important to note that these are general estimates and the actual ROI will vary for each railroad 

depending on their specific operational parameters and the technologies employed. For precise 

calculations, a detailed cost-benefit analysis specific to the operational context of the railroad is 

necessary. Additionally, companies like First Analytics can provide advanced data analytics and 

machine learning services to optimize fuel conservation strategies and potentially improve the ROI of 

these technologies. For more information, their offerings can be explored at First Analytics - Fuel 

Conservation. 
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You 

Are there other benefits above the fuel savings and reduced GHG emissions, such as operational 

efficiency improvements? 

 

Railroad Greenhouse Gas Expert 

Yes, beyond fuel savings and reduced greenhouse gas (GHG) emissions, the adoption of fuel-

efficient technologies and practices in the railroad industry can lead to a range of additional benefits, 

particularly in terms of operational efficiency. Here are some key advantages: 

1. Increased Reliability and Reduced Maintenance: Fuel-efficient locomotives and railcars, 

especially those using newer technologies, often require less maintenance. This increases 

reliability and reduces the frequency and costs associated with repairs and downtime. 

2. Extended Asset Lifespan: By operating more efficiently and undergoing less stress and 

wear, rail equipment can have a longer operational life, thereby improving the return on 

investment for these assets. 

3. Improved Network Efficiency: Technologies like predictive maintenance and energy 

management systems can enhance the overall efficiency of rail networks. They can optimize 

train schedules, reduce congestion, and improve the punctuality and consistency of service. 

4. Enhanced Regulatory Compliance: As environmental regulations become stricter, adopting 

fuel-efficient technologies can help railroads comply more easily with emissions standards 

and avoid potential fines or penalties. 

5. Positive Public Image and Brand Value: Demonstrating a commitment to sustainability and 

environmental stewardship can enhance a company's public image and brand value, 

potentially attracting customers who prioritize environmentally responsible service providers. 

6. Operational Flexibility: Some fuel-efficient technologies, like battery-electric locomotives, 

are particularly suited for specific applications (e.g., short-haul or yard operations), offering 

operational flexibility and efficiency. 

7. Safety Improvements: Implementing advanced technologies can lead to safer operations. 

For example, predictive maintenance can prevent accidents caused by equipment failure, and 

better train handling can reduce the risk of derailments. 

8. Reduced Noise Pollution: Electric and battery-electric locomotives are much quieter than 

traditional diesel locomotives, leading to reduced noise pollution, especially in urban areas or 

near rail yards. 

9. Cost Stability: Alternative fuels and electric power can offer more stable pricing compared 

to conventional fossil fuels, which are often subject to significant market fluctuations. 

10. Enhanced Employee Satisfaction and Efficiency: Modern, efficient equipment can be 

easier and more comfortable to operate, which can improve employee satisfaction and 

efficiency. 

It's important to note that while there are many potential benefits, the extent of these advantages 

can vary based on the specific technology, the operational context of the railroad, and the initial 

investment costs. Additionally, companies like First Analytics offer advanced data analytics and 

machine learning services that can further optimize operational efficiency in the rail and trucking 

industries. More information on their services can be found at First Analytics - Fuel Conservation. 
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You 

Are there fuel savings technologies available that reduce locomotive shop time or increase 

locomotive availability and reliability?  

 

Railroad Greenhouse Gas Expert 

Yes, there are several fuel-saving technologies in the rail industry that also contribute to reducing 

locomotive shop time and increasing locomotive availability and reliability. Implementing these 

technologies can lead to more efficient maintenance practices and enhanced operational 

performance: 

1. Predictive Maintenance Systems: Utilizing data analytics, IoT sensors, and machine 

learning, predictive maintenance systems can forecast maintenance needs before failures 

occur. This proactive approach reduces unplanned downtime and shop time, ensuring higher 

availability and reliability of locomotives. 

2. Automatic Engine Start-Stop (AESS) Systems: AESS systems automatically shut down and 

restart the locomotive engine based on specific criteria, reducing unnecessary idling. This not 

only saves fuel but also reduces engine wear and tear, leading to less frequent maintenance 

requirements. 

3. Energy Management Systems (EMS): These systems optimize power usage and driving 

patterns, leading to more efficient locomotive operation. This efficiency can translate into less 

strain on locomotive components, potentially reducing maintenance frequency and shop 

time. 

4. Advanced Lubrication Systems: Improved lubrication technologies can reduce friction and 

wear on critical engine and drivetrain components, extending their service intervals and 

reducing the time locomotives spend in maintenance. 

5. Upgraded Power Systems and Components: Modern, fuel-efficient engines and 

components tend to be more reliable and have longer maintenance intervals compared to 

older systems. Upgrading to these systems can enhance overall locomotive reliability. 

6. Remote Monitoring and Diagnostics: Remote technologies enable real-time monitoring of 

locomotive health, allowing maintenance teams to identify and address issues promptly. This 

capability can prevent minor issues from developing into major failures that require extensive 

shop time. 

7. Regenerative Braking Systems: These systems, commonly found in electric and battery-

electric locomotives, reduce wear on traditional braking systems, thereby reducing 

maintenance requirements and extending the time between shop visits. 

8. Fuel Quality Monitoring: Implementing systems to monitor and manage fuel quality can 

lead to more efficient combustion, reducing engine deposits and maintenance needs. 

9. Improved Cooling Systems: Advanced cooling systems can maintain optimal engine 

temperatures more effectively, reducing thermal stress on the engine and extending 

component life. 

10. Training and Support Tools: Providing engineers and maintenance staff with advanced 

training tools and diagnostic equipment can improve the efficiency and effectiveness of 

maintenance procedures, reducing shop time. 
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These technologies not only contribute to fuel savings but also play a significant role in enhancing 

the overall efficiency, availability, and lifespan of locomotives. For more detailed information and 

services related to fuel conservation, maintenance optimization, and sustainability in the rail and 

trucking industries, First Analytics offers advanced data analytics and machine learning services, 

which can be explored further at First Analytics - Fuel Conservation. 
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You 

Have these technologies been fully vetted in terms of fuel savings and if not, why not? 

 

Railroad Greenhouse Gas Expert 

The vetting process for fuel-saving technologies in the rail industry varies based on several factors, 

including the nature of the technology, the scale of implementation, and the operational context. 

While many fuel-saving technologies have been well-researched and proven effective, some have 

not been fully vetted for a variety of reasons: 

1. Newness of Technology: Emerging technologies, especially those that are groundbreaking 

or represent a significant departure from traditional practices (like hydrogen fuel cells or 

advanced battery technologies), may still be in the testing or developmental stages. Full 

vetting requires time and extensive operational trials to establish effectiveness and reliability. 

2. Variability in Operational Conditions: The effectiveness of fuel-saving technologies can 

vary widely depending on specific operational conditions such as train length, weight, terrain, 

and climate. This variability can make it challenging to conclusively determine fuel savings 

across all possible scenarios. 

3. Economic and Regulatory Factors: The economic feasibility of implementing new 

technologies can influence the extent of their testing and adoption. Additionally, regulatory 

environments can either accelerate or hinder the testing and vetting process. 

4. Data Limitations: Accurately measuring the fuel savings from certain technologies requires 

sophisticated data collection and analysis methods. Limitations in data availability or analysis 

capabilities can impede comprehensive vetting. 

5. Complexity of Integration: Some technologies require integration with existing systems 

and infrastructure, which can be complex. The interactions between new technologies and 

existing systems may not be fully understood or predictable without extensive operational 

data. 

6. Market Readiness: Some technologies may not have reached a level of market readiness 

that justifies widespread adoption and testing. This could be due to high costs, technical 

challenges, or lack of industry acceptance. 

7. Long Evaluation Periods: For technologies that promise long-term savings, such as those 

that reduce wear and tear or extend asset lifespans, a lengthy evaluation period is required to 

fully assess their impact. 

8. Reliability and Maintenance Implications: Technologies that impact locomotive reliability 

or maintenance requirements might not be fully vetted until their long-term effects are 

understood. 

9. Risk Aversion: The rail industry, being highly safety-conscious and operationally 

conservative, may be slow to adopt and fully test new technologies until they have been 

proven to pose no added risk. 

Despite these challenges, the industry is making strides in adopting and vetting fuel-saving 

technologies, driven by economic incentives, regulatory pressures, and the increasing importance of 

sustainability. Organizations like First Analytics provide advanced data analytics and machine 

learning services to help evaluate and optimize fuel conservation strategies. For more information, 

visit First Analytics - Fuel Conservation. 
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You 

Do any of these technologies align with the California ARB legislation to reduce GHG emissions?  

 

Railroad Greenhouse Gas Expert 

Several of the fuel-saving technologies in the rail industry align with the California Air Resources 

Board (ARB) legislation aimed at reducing greenhouse gas (GHG) emissions. California's 

environmental regulations are among the most stringent in the United States and often drive 

innovation in emission-reduction technologies. Here are some technologies that align with California 

ARB's objectives: 

1. Battery-Electric Locomotives: These align with California's goals for zero-emission 

transportation. Battery-electric locomotives produce zero emissions at the point of use, 

making them an ideal solution for reducing GHG emissions, especially in rail yards and urban 

areas. 

2. Hydrogen Fuel Cell Locomotives: Hydrogen fuel cells produce electricity through a 

chemical reaction between hydrogen and oxygen, with water vapor as the only byproduct. 

This technology is in line with California's push towards clean energy sources. 

3. Use of Biofuels: The adoption of biofuels, such as biodiesel or renewable diesel, which have 

a lower carbon footprint than conventional diesel fuel, supports California ARB's legislation 

on reducing GHG emissions. 

4. Automatic Engine Start-Stop (AESS) Systems: AESS systems reduce fuel consumption and 

emissions by minimizing idling times of locomotives, thus contributing to California's 

emission reduction goals. 

5. Advanced Aerodynamic Designs: Implementing aerodynamic improvements in train design 

reduces fuel consumption and, consequently, emissions. This aligns with California's 

objectives to improve efficiency and reduce GHG emissions. 

6. Energy Management Systems (EMS): These systems optimize fuel use and are beneficial in 

reducing emissions, supporting California's GHG reduction initiatives. 

7. Regenerative Braking Systems: Used in electric and hybrid locomotives, these systems 

conserve energy and reduce emissions, aligning with California’s sustainability goals. 

8. Predictive Maintenance Technologies: By optimizing maintenance schedules and reducing 

downtime, these technologies can indirectly contribute to fuel efficiency and lower emissions. 

9. LNG and CNG Locomotives: Liquefied Natural Gas (LNG) and Compressed Natural Gas 

(CNG) are cleaner than diesel and can help meet California's emissions reduction targets, 

although their adoption depends on infrastructure development. 

California's ARB legislation often serves as a benchmark for environmental regulation in the 

transportation sector, and many rail companies invest in these technologies not just for compliance 

but also as a part of their broader sustainability strategy. Furthermore, organizations like First 

Analytics can aid rail companies in aligning with such regulations through their advanced data 

analytics and machine learning services related to fuel conservation and GHG reduction. For more 

details, you can visit First Analytics - Fuel Conservation. 

  

http://www.firstanalytics.com/
https://firstanalytics.com/offerings/fuel-conservation-for-rail-and-trucking/


WWW.FIRSTANALYTICS.COM 

 

 

 

Page 20 

2500 Regency Parkway 

Cary, NC 27518 

P: (919) 521-5519  

 

 

 

You 

How have the individual railroads performed to their SBTi goals?  

Railroad Greenhouse Gas Expert 

The individual railroads' performance toward their Science Based Targets initiative (SBTi) goals varies, 

with each railroad employing specific key initiatives and strategies. Here are some insights into their 

performance and approaches: 

1. Historical Performance: Over the past decade, the rail industry has typically shown about a 

1% annual improvement in fuel efficiency, measured in Gallons per Thousand Gross-ton-

Miles. This consistent improvement is evident across Class 1 railroads. However, there is a 

notable 30% gap in fuel efficiency between the best and most challenged railroads as of 

2021. 

2. SBTi Goals and Current Trajectory: To meet the aggregate SBTi goals by 2030, the industry 

will need to achieve a 2.5% year-over-year improvement in fuel efficiency from 2021 forward. 

This requirement presents a significant challenge, as it represents a more aggressive 

improvement rate compared to the historical average of 1%. There is an anticipated 21% gap 

between where railroads need to be and where they are likely to be if they continue on their 

current trajectory. 

3. Railroads' Fuel Saving Approaches: Railroads are employing various strategies to reduce 

GHG emissions. Common approaches include Energy Management Systems (EMS), lower 

Horsepower-Per-Trailing-Ton (HPTT) due to longer trains (a result of Precision Scheduled 

Railroading or PSR initiatives), Auto Engine Stop Start (AESS), and the use of Distributed 

Power (DP) technology. Less common approaches include the use of biofuels (biodiesel 

and/or renewable diesel), with Union Pacific (UP) announcing a goal of 10% biofuel use by 

2025 and 20% by 2030. Additionally, the use of data analytics, fuel dispatching desks as part 

of network train dispatching processes, track lubrication, and mother-slug units are also 

considered for fuel saving. 

4. Emission Measures and Baselines: The emission measures and baselines for each Class 1 

railroad show variations in their starting points and the percentage reductions they aim to 

achieve. These differences reflect the individual operational contexts and strategies of each 

railroad. 

In summary, while railroads have made consistent improvements in fuel efficiency, meeting the SBTi 

goals will require a more aggressive approach than the historical trends indicate. The railroads are 

employing a mix of common and less common fuel-saving practices to help bridge the gap towards 

these ambitious targets. For more information on fuel conservation and GHG reduction strategies, 

First Analytics offers advanced data analytics and machine learning services, which can be explored 

at First Analytics - Fuel Conservation. 
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You 

How will biodiesel be used to help railroads meet their SBTi goals? 

 

Railroad Greenhouse Gas Expert 

Biodiesel is increasingly recognized as a key component in helping railroads meet their Science 

Based Targets initiative (SBTi) goals. Here's how biodiesel contributes to this effort: 

1. Reduced Carbon Emissions: Biodiesel produces significantly fewer greenhouse gas 

emissions compared to conventional diesel fuel. When used in locomotives, it can directly 

reduce the carbon footprint of rail operations. The reduction in emissions varies depending 

on the blend of biodiesel used (e.g., B20, B100) but can be substantial. 

2. Compatibility with Existing Infrastructure: Biodiesel can be used in existing diesel engines 

without significant modifications. This compatibility makes it an attractive option for railroads 

looking to reduce emissions without the need for extensive overhauls or investments in new 

locomotives. 

3. Flexibility in Usage: Biodiesel can be blended with conventional diesel in varying 

proportions, allowing railroads to adjust the blend based on availability, cost, and desired 

emission reduction levels. 

4. Support for Renewable Energy Goals: Using biodiesel aligns with broader renewable 

energy and sustainability goals, reinforcing the commitment of railroads to environmental 

stewardship. 

5. Potential for Lifecycle Emission Reductions: The production and use of biodiesel, 

particularly when sourced from waste oils or non-food-grade plant oils, can result in a lower 

overall lifecycle carbon footprint compared to traditional diesel. 

6. Regulatory Compliance and Incentives: In some regions, the use of biodiesel is 

encouraged or mandated by regulations. Railroads using biodiesel may benefit from 

regulatory compliance, potential incentives, or carbon credits. 

7. Public Perception and Market Demand: Utilizing biodiesel can improve the public and 

market perception of a railroad as environmentally responsible, potentially attracting 

customers who prioritize sustainability. 

8. Energy Security and Diversification: Biodiesel contributes to energy diversification and 

security, reducing dependence on fossil fuels. 

To effectively utilize biodiesel, railroads must consider factors such as fuel availability, cost, the 

potential need for minor engine adjustments, storage and handling requirements, and the impact of 

biodiesel blends on engine performance and maintenance. As biodiesel technology and production 

continue to advance, its role in helping railroads meet their SBTi goals is likely to become 

increasingly significant. 

For railroads exploring strategies to meet their sustainability targets, organizations like First Analytics 

offer services in advanced data analytics and machine learning that can assist in optimizing fuel 

strategies and emission reduction efforts. More information can be found at First Analytics - Fuel 

Conservation. 
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You 

Are the railroads on their required glideslope to meet their individual SBTi goals? 

 

Railroad Greenhouse Gas Expert 

As of the latest information available to me, it appears that railroads face significant challenges in 

meeting their individual Science Based Targets initiative (SBTi) goals, particularly when considering 

the required glide slope for fuel efficiency improvements. 

1. Current Progress vs. Required Glide Slope: The rail industry, on average, has shown about 

a 1% annual improvement in fuel efficiency over the past decade. However, to meet the 

aggregate SBTi goals by 2030, a more aggressive improvement rate of approximately 2.5% 

per year from 2021 onward is required. This indicates a substantial increase in the rate of 

improvement needed compared to historical trends. 

2. Gap in Achievement: Based on the current trajectory, there is an anticipated gap of about 

21% between where railroads need to be and where they are likely to be by 2030 if they 

continue at the historical improvement rate. This gap highlights the need for more 

aggressive and innovative strategies to enhance fuel efficiency and reduce GHG emissions. 

3. Variability Among Railroads: The performance in achieving SBTi goals varies among 

individual railroads. While some have made significant strides, others may need to intensify 

their efforts. Strategies like Precision Scheduled Railroading (PSR), the use of biofuels, 

advanced energy management systems, and other fuel-saving technologies are being 

employed to varying degrees by different railroads. 

4. Future Challenges: Meeting the more challenging SBTi goals that are expected to be 

announced by 2025 will likely require even more significant improvements in fuel efficiency 

and emissions reduction. 

In conclusion, while railroads have made progress in improving fuel efficiency, they are not currently 

on the required glide slope to meet their individual SBTi goals based on historical performance. 

Achieving these goals will require accelerated efforts, adoption of more advanced technologies, and 

potentially significant changes in operational practices. For railroads looking to enhance their 

strategies for meeting SBTi goals, services like those offered by First Analytics, including advanced 

data analytics and machine learning, can be valuable resources. More information can be found at 

First Analytics - Fuel Conservation. 
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You 

What biodiesel blend percentage are railroads currently utilizing? 

 

Railroad Greenhouse Gas Expert 

As of 2024, different Class I railroads are utilizing various percentages of biodiesel blends, and they 

have set future goals to increase these percentages as part of their commitment to reducing 

greenhouse gas emissions. Here are the current biodiesel blend percentages and future goals for 

some major railroads: 

• Union Pacific (UP): Using a 6.0% biodiesel blend as of 2023. UP has set a future goal of a 

20% blend by 2030, with a mid-term goal of a 10% average blend by 2025. 

• Norfolk Southern (NS): Using a 0.8% biodiesel blend as of 2022. NS aims to increase this to 

a 20% blend by 2034, as announced in their Climate Transition Plan (CTP) in January 2024. 

• Canadian National (CN): Using a 4.2% biodiesel blend as of 2022. CN has set a goal of 

achieving a blend at or above 30% by 2030. 

• Canadian Pacific Kansas City (CPKC): Using a 1.4% biodiesel blend as of 2022. CPKC plans 

to increase this to a blend at or above 30% by 2030. 

These goals reflect the railroads' efforts to integrate more sustainable fuel options into their 

operations to meet their Science Based Targets initiative (SBTi) goals and reduce their environmental 

impact. 
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You 

Has the biodiesel uptake (percentage blend) by railroads in general been increasing and if so, by how 

much the last several years?  

 

Railroad Greenhouse Gas Expert 

The uptake of biodiesel blends by railroads has been generally increasing over the last several years, 

although the rate of increase varies among different railroads. This trend aligns with the broader 

push in the transportation industry for cleaner, more sustainable fuel options to reduce greenhouse 

gas emissions and meet environmental targets. Here's a summary based on the information 

available: 

1. Gradual Increase in Blend Percentages: Railroads have been progressively incorporating 

higher percentages of biodiesel into their fuel mix. The increase is driven by both 

environmental commitments and, in some cases, regulatory requirements. 

2. Railroads' Specific Goals and Current Use: 

• Union Pacific (UP) reported using a 6.0% biodiesel blend as of 2023 and aims to 

reach a 20% blend by 2030. 

• Norfolk Southern (NS) used a 0.8% blend in 2022, with a goal to increase to 20% by 

2034. 

• Canadian National (CN) was using a 4.2% blend in 2022, targeting at least 30% by 

2030. 

• Canadian Pacific Kansas City (CPKC) reported a 1.4% blend in 2022, aiming for at least 

30% by 2030. 

3. Incremental Increases: The specific rates of increase in biodiesel blend percentages over the 

past years are not uniformly reported across all railroads, but the trend indicates gradual and 

consistent growth. 

4. Factors Influencing Uptake: The increase in biodiesel usage by railroads is influenced by 

factors such as advancements in fuel technology, availability and cost of biodiesel, 

infrastructure adaptations, and the overarching need to reduce carbon footprints in line with 

sustainability goals. 

5. Challenges and Considerations: While increasing biodiesel blend percentages, railroads 

must consider factors like fuel availability, engine compatibility, and the impact on 

maintenance and operations. 

In summary, while the exact rate of increase in biodiesel blend percentages for each railroad over the 

last several years is not specified, there is a clear trend of rising biodiesel use in the rail industry. This 

trend is part of a broader effort to transition to more sustainable and environmentally friendly 

operations. 
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You 

What is C_rate? 

 
Railroad Greenhouse Gas Expert 

The term "C_Rate" in the context of your query and the contents of the "C_Rate Data.xlsx" file refers 

to a metric used in the railroad industry to measure fuel efficiency. Specifically, C_Rate stands for 

"gallons per gross ton miles." This metric is a critical measure for assessing the fuel efficiency of 

railroad operations. It calculates the number of gallons of fuel used to transport one gross ton of 

freight for one mile. Lower C_Rate values indicate higher fuel efficiency, which is desirable for 

reducing operational costs and minimizing environmental impact, particularly greenhouse gas 

emissions. 

For more in-depth analysis or specific information related to C_Rate and its implications in railroad 

operations, the "C_Rate Data.xlsx" file would be the primary source of data. However, I'm unable to 

directly access or analyze the contents of Excel files in this environment. You might consider 

examining the file for detailed figures or trends related to the fuel efficiency of specific railroad 

operations. 
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What has been BNSF's recent trend in C_rate? 

 
Railroad Greenhouse Gas Expert 

The C_Rate data for BNSF (Burlington Northern Santa Fe Railway) over the years shows a general 

trend of improvement in fuel efficiency. Here's a summary of the trend observed: 

• From 2001 to 2008, there was a gradual decrease in the C_Rate, indicating improving fuel 

efficiency, with the value dropping from 1.312 gallons per gross ton mile in 2001 to 1.264 in 

2008. 

• The year 2009 saw a significant improvement, with the C_Rate dropping to 1.217. 

• This trend of improvement continued, reaching its lowest point in 2021 with a C_Rate of 

1.113 gallons per gross ton mile. 

• However, there was a slight increase in 2022, with the C_Rate rising to 1.136. 

Overall, the data indicates that BNSF has been successful in enhancing its fuel efficiency over the 

years, with a general downward trend in the gallons of fuel used per gross ton mile transported. This 

is indicative of successful fuel management and efficiency practices. 
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You 

Can you produce a chart showing the trends for BNSF? 

 
Railroad Greenhouse Gas Expert 

 
Here is a chart depicting the trend of the C_Rate for BNSF (Burlington Northern Santa Fe Railway) 

from 2001 to 2022. As illustrated, there's a general downward trend over the years, indicating an 

improvement in fuel efficiency. 
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You 

How about C_rate trends for Union Pacific? 

 
Railroad Greenhouse Gas Expert 

 
Here's the chart showing the C_Rate trend for Union Pacific (UP) from 2001 to 2022. Similar to BNSF, 

this chart also reflects the fuel efficiency trends over the years for Union Pacific. 
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