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Executive Summary
In today’s evolving railway landscape, the 
integration of innovative technologies has 
become paramount to enhance efficiency, 
reduce emissions, and comply with 
stringent environmental regulations. This 
whitepaper delves into the transformative 
power of the SmartStart Automatic Engine 
Stop-Start (AESS) system. By analyzing the 
challenges of manual engine management 
and the potential of AESS, this document 
underscores how SmartStart delivers 
unparalleled fuel savings, emissions 
reduction, and operational advancements. 
The findings presented herein illuminate the 
pathway toward a greener, more efficient 
railway industry.

Introduction
The modern railway industry finds itself at a critical 
juncture where the confluence of innovation 
and sustainability has become imperative. With 
escalating fuel costs, heightened environmental 
consciousness, and increasingly stringent 
regulatory pressures, there exists a pressing need 
for advanced solutions that not only mitigate 
emissions but also bolster fuel efficiency. In this 
context, the SmartStart Automatic Engine Stop-
Start (AESS) system emerges as a groundbreaking, 
proven and transformative technology that 
promises to revolutionize the railway landscape.

Rail transportation, a vital pillar of global commerce 
and connectivity, has long been dependent on 
traditional engine management methods. However, 
these methods, which largely rely on human 
intervention, often fall short of achieving optimal 
results in terms of emission reduction and fuel 
efficiency. The inherent limitations of manual 
shutdown and startup procedures introduce 
errors and inconsistencies, leading to suboptimal 
efficiency gains.

If not equipped with monitoring systems, 
quantifying the precise extent of fuel and 
emission reductions has remained a significant 
challenge.  This limitation not only hampers 
effective communication with regulatory bodies 
but also undermines efforts to demonstrate the 
organization’s commitment to environmentally 
conscious practices.

Automatic Engine Stop-Stop-Start (AESS) 
technology represents a transformative leap 
forward in the realm of railway operations, 
offering an array of invaluable benefits. The 
SmartStart AESS has been an industry leader in 
AESS technology. This whitepaper explores the 
applications of an AESS system and multifaceted 
capabilities of the SmartStart system, offering an 
in-depth analysis of its potential to redefine the way 
locomotives are managed. 
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Challenges and Considerations

Complex Ecosystem & Diverse Fleet
The railway landscape is characterized by a diverse fleet of locomotives, each with its own intricacies 
and specifications. Implementing a uniform engine management strategy across this heterogeneous 
ecosystem is a complex task. Different locomotive types, models, ages, and manufacturers require tailored 
solutions that can accommodate these variations while ensuring consistent performance improvements. 
Finding a system that can seamlessly integrate with this diversity is a challenge that demands innovative 
solutions and adaptability.

As the railway industry grapples with these multifaceted problems, the SmartStart AESS system emerges 
as a beacon of hope, promising to address these challenges head-on. The following sections delve into 
how SmartStart’s innovative features and capabilities offer comprehensive solutions to these longstanding 
problems, setting the stage for a more efficient, sustainable, and forward-looking railway ecosystem.

Manual Engine Management: 
A Limiting Paradigm

The conventional approach, characterized 
by human intervention and reliance on operator 
judgment, has inherent limitations that prevent 
the achievement of optimal fuel savings 
and emissions reduction. Human errors, 
variability in execution, and lack of standardized 
protocols often lead to suboptimal outcomes. 

Inefficient Emission Reduction
With the global push for environmentally 
responsible practices, railways are under 
increasing pressure to minimize their carbon 
footprint. However, manual shutdown and 
startup procedures do not offer the precision 
and consistency required to achieve optimal 
emission reductions. Inconsistencies in timing 
and execution often result in unnecessary idling 
periods, leading to excessive fuel consumption and 
emission generation. These inefficiencies not only 
hamper railways’ efforts to comply with stringent 
emission regulations but also hinder their ability to 
demonstrate proactive environmental stewardship.

Uncertain Quantification 
of Benefits
Accurately quantifying the benefits of fuel 
savings and emissions reduction has long 
been a challenge in the industry. The absence 
of robust monitoring systems that can track 
and analyze data in real-time prevents railways 
from providing concrete evidence of the impact 
of their initiatives. As a result, efforts 
to communicate achievements to regulatory 
bodies, stakeholders, and the public 
are hindered. The lack of data-driven insights 
not only complicates compliance reporting 
but also undermines railways’ ability to make 
informed decisions for further improvement.

Resistance to Change
Introducing new technologies and processes 
often faces resistance from within the industry. 
Railroad personnel accustomed to established 
methods may be hesitant to embrace change, 
disruptions to their routines 
and operations. Convincing stakeholders 
of the benefits and viability of advanced 
technologies can be challenging, slowing down 
the adoption of innovations that could significantly 
improve efficiency and sustainability. Overcoming 
this resistance and facilitating a smooth transition 
to more advanced engine management systems 
is a crucial challenge that must be addressed.
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Automatic Engine 
Stop Start (AESS) Systems
An Automatic Engine Stop-Start (AESS) system 
operates by intelligently managing the engine’s 
shutdown and startup processes in locomotives. 
Equipped with sensors that monitor crucial 
parameters such as battery charge, engine coolant 
temperature, air pressure, and operational status, 
the AESS system makes real-time decisions based 
on predefined criteria. When the locomotive is idling 
and certain conditions are met—such as appropriate 
temperatures, sufficient battery charge, and no 
impending use—the AESS initiates an automatic 
shutdown. 

Conversely, when the locomotive is needed for 
operation, or certain parameters meet a critical 
threshold, the system seamlessly restarts 
the engine. This automated cycle not only 
reduces unnecessary idling and associated fuel 
consumption but also ensures optimal engine 
performance and compliance with emissions 
regulations. 

AESS systems enhance operational efficiency while 
minimizing human intervention and errors, thereby 
contributing to fuel savings, emission reduction, and 
improved overall locomotive management.

AESS with Data Connectivity
In addition to the core functionality of Automatic 
Engine Stop-Start (AESS), the integration of 
data connectivity brings a new dimension to the 
efficiency and management of locomotives. AESS 
with Data Connectivity leverages real-time data 
analysis to provide actionable insights into engine 
performance, fuel consumption, and emissions. By 
harnessing the power of data, it not only automates 
engine processes but also provides a wealth of 
insights into fuel efficiency, emissions reduction, 
and overall operational performance. 

Following this exploration of AESS applications, 
the subsequent sections delve into the specifics 
of SmartStart AESS, highlighting its role as a 
pioneering solution in the realm of AESS technology. 
This includes a comprehensive analysis of its 

Solutions
features, benefits, and its advanced capabilities 
with the SmartStart SAVER (SmartStart Advanced 
Vehicle Enhancement and Reporting) system. 
While some of features and benefits mentioned 
below will be available in other AESS Systems, 
some features, benefits, and capabilities are 
available only with SmartStart AESS. 

SmartStart AESS: The most 
trusted AESS in the world
SmartStart® is an industry-leading Automatic 
Engine Stop-Start (AESS) that has excelled in 
reducing and managing locomotive idling to 
delivery exceptional fuel savings over its 30+ years 
of global history. Many major railroads across 
the globe trust SmartStart AESS and it has been 
installed on over 10,000 locomotives globally.

Fully Automated Operation: 

SmartStart AESS presents a paradigm shift from 
manual engine management to a fully automated 
solution. By eliminating the need for operator 
intervention, SmartStart ensures consistent and 
optimal engine shutdown and startup processes. 
This automated approach eradicates human 
errors and inconsistencies, resulting in precise 
timing that maximizes fuel savings and emission 
reductions.

Optimal Emission Reduction: 

Leveraging its advanced algorithms and real-time 
monitoring capabilities, SmartStart achieves 
optimal emission reduction. By analyzing 
various parameters such as engine temperature, 
battery charge, and safety systems, SmartStart 
ensures that engines are restarted before critical 
operating thresholds are breached. This proactive 
approach prevents situations where engine 
parameters dip to low levels, preserving battery 
life, and minimizing the risk of engine damage 
due to freezing. Starting the engine before these 
parameters drop to low levels also dramatically 
increases engine starting reliability.
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Universal Applicability: 

SmartStart’s versatility extends across the 
entire spectrum of locomotives. Regardless of 
manufacturer, model, age, or usage, SmartStart 
can be seamlessly integrated into a wide range 
of locomotives. This adaptability eliminates 
the need for extensive modifications, making 
it and ideal retrofit solution. Even though most 
modernized locomotives manufacturing in the last 
15 years have an integrated AESS, some don’t and 
SmartStart is designed as an optimal solution for 
those as well.

SmartStart AESS: Benefits
Substantial Fuel Savings: 

The heart of SmartStart’s value proposition lies 
in its ability to deliver significant fuel savings. 
By reducing unnecessary idling time, SmartStart 
minimizes fuel consumption and associated costs. 
Studies indicate potential savings of 5,000 to 8,000 
gallons of fuel per locomotive annually, resulting in 
substantial financial benefits for rail operators.

Emission Reductions 
& Environmental Impact: 

By curbing unnecessary idling and fine-tuning 
engine restarts, SmartStart contributes to 
lowering the railway industry’s carbon footprint. As 
regulations tighten and environmental concerns 
intensify, SmartStart offers a concrete 
and actionable approach to meeting emission 
reduction targets. 

Safety and Workforce Well-being: 

SmartStart eliminates the need for personnel to 
physically interact with locomotives for shutdown 
and startup procedures. This reduction in hands-
on involvement minimizes the risk of workplace 
injuries and accidents, fostering a safer work 
environment.

Compliance & Reporting: 

With accurate and up-to-date data at their 
disposal, rail operators can easily demonstrate 
their adherence to regulatory requirements and 
corporate sustainability goals.

Operational Enhancements: 

Beyond fuel savings and emission reductions, 
SmartStart offers operational improvements. 
Features such as load shedding, battery saver, and 
automated notifications contribute to smoother 
operations and improved locomotive reliability. 

Future-proof Expansion: 

SmartStart’s expandable technology paves the way 
for ongoing enhancements. From extended fuel-
saving capabilities to compatibility with additional 
systems, SmartStart’s flexibility ensures that its 
benefits can evolve alongside changing industry 
demands.

20 automobiles taken off the road

88 acres of trees saved annually

80 tonnes of CO2 emissions reduced

6©2023 ZTR Control Systems, LLC. All Rights Reserved.

8,000 gallons of fuel per locomotive saved annually. 
This means:
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SAVER is an advanced feature of the SmartStart AESS system that offers a comprehensive set of benefits 
beyond the core automatic engine start-stop functionality. SAVER provides additional advantages for fleet 
management, fuel savings, and operational efficiency. Here are some key features and benefits of SmartStart 
SAVER:

1. GPS Location & Geofencing: 

SmartStart SAVER includes GPS technology 
that allows for real-time tracking 
and monitoring of locomotives equipped 
with the system. Geofencing capabilities 
enable the definition of virtual boundaries 
or zones, and notifications are triggered 
when a locomotive enters or exits these 
predefined areas.

2. Fleet Reports: 

SmartStart SAVER provides comprehensive fleet 
reports that offer insights into the performance 
of SAVER-equipped locomotives. These reports 
can include data on fuel consumption, emissions 
reductions, engine start-stop patterns, and other 
operational metrics. 

3. Automated Alarm Notification: 

SmartStart SAVER features automated alarm 
notifications that are sent via text message 
or email. These notifications provide real-time 
alerts about locomotive events, anomalies, 
or issues that require attention.

4. Operational Insights: 

By analyzing the data collected by SAVER, 
railroads can uncover patterns, trends, and areas 
for improvement in fuel efficiency, emissions 
reduction, and locomotive utilization. Some 
studies have shown that without visibility 
on locomotive issues preventing maximum 
returns, major railroads could be losing millions 
of dollars annually in unrealized savings.

SmartStart AESS: SAVER  
(SmartStart Advanced Vehicle Enhancement & Reporting) 



Reduced Engine Wear
By minimizing unnecessary idling, AESS helps to 
extend the lifespan of critical engine components. 
This reduction in wear and tear can lead to longer 
engine life and lower maintenance costs over the 
locomotive’s operational lifetime.

Improved Corporate Image 
& Partnership Opportunities
By visibly implementing technologies like 
SmartStart that actively contribute to emission 
reductions and environmental responsibility, rail 
operators can enhance their corporate image. 
This positive reputation resonates with shippers, 
investors, and communities, fostering goodwill 
and potentially attracting new opportunities and 
partnerships.

Workforce Engagement
SmartStart allows railway personnel to focus on 
higher-value tasks that require human expertise, 
such as maintenance, troubleshooting, and 
safety assurance. The transition from routine 
tasks to more meaningful responsibilities can 
boost employee job satisfaction, and a sense of 
professional growth. 

up to 10%
Locomotive life
improvement by AESS systems, 
accroding to International Union 
of Railways (UIC) study, 2020

Reduced Noise Pollution 
& Community Impact
One of the ancillary advantages of SmartStart 
lies in its contribution to reducing noise pollution, 
especially in populated urban areas. SmartStart’s 
automated processes ensure that engines are 
restarted with precision, minimizing unnecessary 
idling and abrupt engine noises. 

Regulatory Readiness 
& Adaptability
The railway industry operates within a regulatory 
landscape that continually evolves to address 
environmental concerns and technological 
advancements. By adopting SmartStart AESS, 
rail operators position themselves as proactive 
participants in regulatory compliance. SmartStart’s 
ability to monitor, report, and optimize emissions 
aligns with existing and future emissions 
standards. 

Supplemental Benefits
While the core benefits of SmartStart AESS are evident in its fuel savings, emission reductions, and 
operational enhancements, there exists a set of supplemental and intangible advantages that further 
solidify its value proposition. These benefits extend beyond the quantitative metrics, enriching the overall 
impact of SmartStart on the railway industry.

8©2023 ZTR Control Systems, LLC. All Rights Reserved.



Factors to Consider
As promising as SmartStart AESS may be 
in revolutionizing the railway industry, it is essential 
to acknowledge and address a few items to ensure 
maximum returns and benefits.

Initial Investment 
& Implementation Costs
The adoption of SmartStart AESS requires 
an initial investment for rail operators. 
The installation of sensors, communication 
infrastructure, and control systems across 
the locomotive fleet demands capital expenditure.  
Considering the high returns 
from SmartStart these initial investments are 
legible, however given all projects must be 
budgeted and staffed for awareness is important.  

Transition 
& Workforce Training
The transition to SmartStart AESS necessitates 
a shift in workforce roles and responsibilities. 
However, rail personnel who were previously 
involved in manual shutdown and startup 
procedures can now focus and perform other 
important and urgent tasks

9©2023 ZTR Control Systems, LLC. All Rights Reserved.
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SmartStart AESS Adoption
Here’s a comprehensive strategy to ensure successful adoption:

1.Preliminary Assessment
Conduct a thorough assessment of your 

locomotive fleet to identify suitable candidates 
for SmartStart AESS implementation. 

Consider factors such as usage patterns, fuel 
consumption, emissions, and maintenance 

requirements.

3. Stakeholder Engagement
Identify key stakeholders who will be affected 

by the adoption, including locomotive operators, 
maintenance teams, fleet managers, and 

executives. Communicate the benefits of the 
AESS system and address any concerns. 

5. Comprehensive Training
Some of the strengths of SmartStart include 

its largely transparent operation and low 
maintenance.  In the events some instructions 
are required every kit includes detailed decals, 

LED indicators. However, given it is new it is 
always important to provide thorough training to 
locomotive operators and maintenance staff on 

how to use and maintain the AESS system.

7. Performance Monitoring & 
Optimization

Implement a robust monitoring system to track 
the performance of the AESS system in terms of 
fuel savings, emissions reduction, and other key 

metrics. Continuously analyze data to identify 
opportunities for optimization.

9. Communication & Reporting
Regularly communicate the progress and 

achievements of the SmartStart AESS adoption 
to stakeholders and decision-makers.

2. Setting Clear Objectives
Define clear objectives for the adoption of the 
SmartStart AESS system. These could include 
reducing fuel consumption, lowering emissions, 
enhancing operational efficiency, and achieving 
cost savings.

4. Customization & Integration
Work with ZTR team to customize the AESS 
system to match the specific requirements 
of your locomotives and operations. Ensure 
seamless integration with existing locomotive 
control systems.

6. Rollout
Roll out the SmartStart AESS system gradually 
across the fleet, starting with the locomotives 
that offer the highest potential for fuel savings 
and emissions reduction.

8. Feedback Loop 
& Continuous Improvement
Establish a feedback loop with locomotive 
operators and maintenance teams to gather 
insights and suggestions for improvement. 
Collaborate with ZTR team to address any 
issues and implement enhancements.
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SmartStart AESS – Return on Investment
Investing in SmartStart AESS is not just a commitment to environmental sustainability but a strategic move 
for significant financial gains. With a moderate upfront cost ranging between US$10,000 - 15,000 per unit, 
the system offers a rapid return on investment (ROI).

Consider this: SmartStart’s proven ability to save 5,000 to 8,000 gallons of fuel per locomotive annually 
translates into substantial cost savings. With an average fuel cost of $4 per gallon, the financial benefits 
become evident.

This means that, on average, a rail operator can recoup the initial investment in SmartStart within 
the first year of implementation. The subsequent years bring not only continued financial savings but also 
contribute to long-term operational efficiency and environmental stewardship. SmartStart is not just 
an investment; it’s a strategic financial decision that pays off swiftly and sustains over the lifespan 
of the locomotive.

$10-15K

5-8K $20-32K

$3K
Implementation 

cost

Est fuel price: 
$4/gallon

ROI < 1 year Gallons of fuel 
Savings

Dollars of fuel 
Saving

Cost
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Path to Success
Several major rail operators around the world have already 
embraced SmartStart AESS and reaped its benefits. These 
success stories underscore the tangible and transformative 
impact of this innovative solution:

$28,000+
of annual savings per locomotive through 
the implementation of SmartStart, 
according to rail operators.

EPA 
Compliance: 

SmartStart meets the 
stringent locomotive emission 
requirements set forth by the 
Environmental Protection 
Agency (EPA). By aligning with 
these regulations, SmartStart 
offers a reliable path to 
compliance, shielding rail 
operators from potential 
penalties and ensuring 
a seamless transition to 
environmentally conscious 
practices.

Financial 
Gains: 

With a payback period in 
as little as six months, the 
financial benefits of reduced 
fuel consumption and optimized 
engine management become 
evident within a remarkably short 
timeframe.

Remote Reporting and 
Monitoring:
 
SmartStart’s connectivity 
capabilities extend beyond 
fuel and emissions reduction. 
The system facilitates remote 
reporting of key performance 
metrics, enabling rail operators to 
monitor their fleet’s efficiency and 
make informed decisions based 
on real-time data. This remote 
access enhances operational 
control and empowers rail 
operators with the insights 
needed to drive continuous 
improvement.
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Conclusion 
The development and implementation of SmartStart 
Automatic engine Start-Stop (AESS) technology 
represent a significant step forward in the railway 
industry’s journey towards operational efficiency, 
sustainability, and improved environmental 
stewardship. By automating and optimizing the 
engine start-stop process in locomotives, SmartStart 
AESS offers a range of benefits that encompass 
both economic and environmental dimensions. As 
with anything new, it is essential to approach this 
technology with a comprehensive understanding of 
its potential, acknowledging both its transformative 
potential and the considerations it presents.

As the global transportation sector continues to 
grapple with the need to reduce greenhouse gas 
emissions and enhance energy efficiency, SmartStart 
AESS emerges as a viable solution for the railway 
industry to contribute to these overarching goals. 
The potential for substantial fuel savings and 
emissions reduction aligns well with international 
efforts to combat climate change and create a more 
sustainable future.
As we move forward, the positive knowledge gained 
from the implementation of SmartStart AESS can 
serve as a blueprint for the integration of other 
innovative technologies in the railway sector and 
beyond. By addressing the challenges head-on and 
continuously refining the technology based on real-
world feedback, the industry can pave the way for a 
future where efficiency, sustainability, and progress 
coexist harmoniously.

In conclusion, SmartStart AESS stands as 
a testament to the industry’s capacity for 
transformation and adaptation. It is not merely 
a technological upgrade, but a reflection of the 
industry’s commitment to shaping a better and more 
responsible future for generations to come.

Learn more about SmartStart AESS

1(519)452-1233

railwayinfo@ztr.com

https://www.ztr.com/product/smartstart-aess
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