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CHAPTER 1

Driving school bus fleet
maintenance forward

The safety and reliability of school buses is critical for smooth, secure student
transportation. Millions of children nationwide depend on these vehicles to safely
transport them to and from school daily. Yet, behind this seemingly routine operation
lies a complex web of maintenance challenges that school districts and transportation
departments must navigate. A data-driven approach to school bus fleet maintenance is
necessary when budget constraints collide with ever-increasing safety standards.

This ebook explores why a proactive, technology-enabled strategy is critical for school
bus fleet maintenance programs. We'll explore what makes school bus maintenance
unique. You'll learn how shifting from a reactive to a proactive approach can enhance
safety, improve efficiency and optimize resource allocation. This transition is powered
by technology like telematics and data analytics. This guide will give you the tools to
revolutionize your maintenance practices, empowering you to optimize the safety and
efficiency of every school bus in your fleet.

.1, Didyou know?

The U.S. school bus fleet is the nation’s largest

- ~ public transportation fleet, at two and a half times
the number of vehicles of all other forms of mass
transportation combined.
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CHAPTER 2

Under the hood of school bus
fleet maintenance

Maintaining a school bus fleet is a unique challenge that combines strict safety rules,
schedule considerations and the realities of tight budgets. These factors make school
bus maintenance different from any other type of vehicle upkeep. Let's explore how
safety concerns, school schedules and financial limitations shape school bus
maintenance and operations.

Safety first

The stakes are incredibly high for school bus fleet maintenance programs, as these
buses transport our most precious cargo: Children. A safety-first approach necessitates
rigorous inspection schedules, strict compliance with regulations and zero tolerance
for defects. Even minor issues that might be acceptable in other vehicles can ground a
school bus, creating unique pressure on maintenance teams to stay on top of issues
and keep buses healthy.

Seasonal demands and usage patterns

School bus usage follows a distinct pattern that significantly impacts maintenance
needs. Buses face intense use during the school year, particularly during morning and
afternoon runs, followed by extended idle periods during summer breaks and holidays.
This cycle creates unique challenges, from managing wear and tear during peak times
to addressing issues that arise from long periods of inactivity. Additionally, maintenance
programs must prepare buses for various weather conditions, from scorching heat to
severe cold and snow.
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01 Driving school bus
fleet maintenance

forward Balancing budget, technology and community expectations

02 Under the hood of School bus maintenance programs must perform a delicate balancing act. Here are the unique factors that require constant attention:

school bus fleet
maintenance

— /SNI @ Tight budgets —=—b Diverse fleets — New technology

N—

Limited resources often restrict s Fleets are increasingly varied, Integrating advanced tools like GPS

03 Transforming student

transportation with investment in new equipment including alternative fuel vehicles tracking, student ridership software
: : - . 11

data-driven fleet and skilled technicians. and special needs buses that and other safety features adds

management require specialized care. another layer of complexity.

bus fleet savings

04 Data can drive school % Community Environmental

and safety expectations concerns
D School districts face intense There is a growing demand for
05 Effortless public scrutiny and high more school districts to adopt
implementation: expectations for safety and more environmentally conscious
:Zvr\]'aﬂgeee;ent on-time performance. fleet management practices.

solutions power your
data-driven school
bus maintenance
program

These factors create a complex landscape in which maintenance programs must strive for
maximum efficiency while meeting the highest safety and reliability standards. Data-driven
maintenance promises to revolutionize school bus fleet management.
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07 The lasting impact of
smarter school bus - > The State of Utah's fleet was able to save $90,000
fleet maintenance on work order costs annually with Geotab.

/4 |
£D

N

é The essential guide to school bus fleet maintenance 3 GEDTAE .



https://www.geotab.com/white-paper/rolling-out-telematics-in-government-fleet/
https://www.geotab.com/white-paper/rolling-out-telematics-in-government-fleet/
https://www.geotab.com/

01

02

03

Driving school bus
fleet maintenance
forward

Under the hood of
school bus fleet
maintenance

Transforming student
transportation with
data-driven fleet
management

04

05

06

07

Data can drive school
bus fleet savings
and safety

Effortless
implementation:
How fleet
management
solutions power your
data-driven school
bus maintenance
program

Geotab: Your
partner in predictive
school bus fleet
maintenance

The lasting impact of
smarter school bus
fleet maintenance

CHAPTER 3

Transforming student transportation
with data-driven fleet management

School bus fleet management has traditionally relied on reactive maintenance and standard preventative
schedules. While these approaches have served their purpose, they often fail to address the unique
challenges school transportation systems face.

Traditional maintenance methods often fall short. Reactive maintenance (fixing issues as they occur)
can lead to unexpected breakdowns, disrupted schedules and safety risks. Standard preventative
maintenance, based on fixed schedules or mileage, may result in unnecessary servicing, or worse:
Missed issues between checks.

The limitations of these traditional methods become even more apparent in the context of school bus
fleets. Unlike fleets that operate consistently year-round, school buses have intense periods of activity
followed by extended dormant times. This irregular usage can accelerate wear and tear in unexpected
ways. For example, engine components might suffer more during short, frequent stop-and-go routes than
on long highway trips, a detail that fixed mileage schedules can miss. This makes it difficult for standard
maintenance plans to keep pace.

Enter data-driven fleet management: A more intelligent approach that leverages technology to transform
how bus fleets are maintained and operated. By collecting and analyzing real-time data from various
sensors and systems on each bus, fleet managers can gain unprecedented insights into their vehicles'
actual condition and performance. This approach allows for more predictive maintenance, identifying and
addressing potential issues before breakdowns occur or they escalate into more serious repair needs.

Data-driven fleet management goes beyond just maintenance. It can help your district improve fuel
efficiency, enhance safety measures and even contribute to better budgeting decisions. Providing a
comprehensive view of the fleet's performance enables your district to make informed decisions: Ones that
keep buses running smoothly, improve overall transportation efficiency and prioritize student safety.
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CHAPTER 4

Data can drive school bus
fleet savings and safety

Traditional school bus fleet maintenance often relies on reactive repairs and fixed
schedules, leading to unexpected breakdowns and inefficient resource use. In contrast,
data-driven maintenance leverages real-time information to predict and prevent issues
before they occur. This proactive approach offers numerous benefits that significantly
improve the efficiency, safety and cost-effectiveness of school bus fleet maintenance.

Reduced downtime

Data-driven maintenance dramatically reduces vehicle downtime by identifying potential
issues early. Instead of waiting for a bus to break down, maintenance teams can
address problems during scheduled service times. This proactive approach maximizes
bus availability, reducing disruptions to school schedules and transportation routes.
Additionally, by reducing the risk of major breakdowns, data-driven maintenance helps
avoid the lengthy repair times often associated with reactive repairs.

Lower repair costs

By catching problems early, data-driven maintenance often prevents minor issues from
snowballing into major, more expensive repairs. This approach allows for more cost-
effective maintenance interventions and reduces the need for expensive emergency
repairs or replacements. Over time, these savings can significantly impact a school
district's transportation budget, allowing for better resource allocation to other

critical areas.
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Did you know?

A survey by School Transportation News Magazine revealed that
annual maintenance costs per school bus vary based on fleet size:

- Fleets with over 100 buses: $5,670 per bus
- Fleets with under 100 buses: $6,970 per bus
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Improved safety

Safety is paramount in school bus fleet maintenance, and data-driven approaches significantly
enhance it. Monitoring vehicle systems and components can enable your fleet managers to
promptly identify and address potential safety issues. This proactive approach to safety helps
buses meet or exceed regulations, reassuring parents, students and school administrators.

Extended vehicle lifespans

The aging of school bus fleets across the United States presents another significant challenge for
school districts and transportation departments. With large buses typically remaining in service
for an average of 16 years and smaller buses for nearly 15 years, maintaining these vehicles
safely and efficiently is becoming increasingly complex. This challenge is further compounded by
the growing ratio of school buses to full-time technicians, which has risen to 22:1 in recent years,
up from 20:1 just two years prior. A data-driven approach helps maintenance teams manage this
increased workload more effectively by allowing them to prioritize repairs based on real-world
data, not just the calendar.

In this context, data-driven maintenance is a crucial solution to help extend the lifespans of
school buses. By addressing wear and tear issues early and maintaining optimal performance,
buses can remain in service longer, improving the return on investment for each bus.
Additionally, it enables school districts to free up funds for other educational needs by
postponing expensive fleet replacements.

~~~ Didyou know?

According to the NYSBCA, the average school bus
drives roughly 12,000 miles annually.
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Better resource allocation

With data-powered insights, fleet managers can make more informed decisions about
resource allocation. They can prioritize maintenance tasks based on actual need rather
than fixed schedules, optimize parts inventory and allocate staff more efficiently. This
improved resource management leads to better overall fleet performance and can result
in significant cost savings for your school district.

Enhanced compliance

Remaining compliant with local, state and federal regulations is crucial for school bus
fleets. Data-centric maintenance systems can automatically track and document all
maintenance activities, making it easier to demonstrate compliance during inspections.
This automated recordkeeping process saves time and reduces the risk of
non-compliance penalties, verifying that the fleet always meets the required standards
for student transportation. Digital bus inspection logs also can help you effectively stay
compliant by easily guiding your drivers through mandatory inspection processes.

By embracing data-driven school bus fleet maintenance, districts can transform their
approach from reactive to proactive, reaping substantial benefits in efficiency, safety
and cost-effectiveness. This modern fleet management method addresses the unique
challenges of school bus maintenance and paves the way for more intelligent, safer and
more reliable student transportation.
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CHAPTER S5

Effortless implementation:

How fleet management solutions power your
data-driven school bus maintenance program

School districts facing the challenge of maintaining aging bus fleets with limited resources will find that a data-driven approach to maintenance is not just beneficial; it's essential.
This necessity has led to the rise of comprehensive fleet management systems, powerful tools that transform how districts oversee their student transportation operations.

Modern fleet management systems

Implementing a data-driven maintenance program may seem daunting, but it becomes surprisingly straightforward with the right fleet management system. These systems simplify the

entire process, from data collection to action. A core component of these systems is telematics, the technology that gathers the data from your buses.

A comprehensive fleet management solution then takes that raw telematics data (like GPS location and deep engine data) and turns it into actionable insights for maintenance, safety

and efficiency. Here's how:

Seamless data collection

Modern telematics devices gather a wealth of data from
each bus in your fleet. This includes everything from
engine performance metrics to fuel consumption and
driver behavior.

~—1] Actionable insights
J —
X The system translates complex data into clear, actionable

insights, allowing maintenance teams to make informed
decisions quickly.

é The essential guide to school bus fleet maintenance 8

Automated analysis

Advanced algorithms process this raw data,
identifying patterns and potential issues that human
analysts might miss.

Integrated planning tools

Many systems include features for scheduling
maintenance, tracking parts inventory and managing work
orders, streamlining the entire maintenance process.
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School bus telematics

School bus telematics combines hardware and software tools that allow districts to collect data about their
vehicles’ daily activities. In addition to reporting school buses' GPS locations, telematics also provides fleet
managers with insights on how they’re being driven, their route histories and diagnostic information.

Let's explore 11 ways telematics can help extend the life of an aging school bus fleet through
preventative measures:

> 1. Real-time monitoring

N\
‘Dnnnﬂb Telematics systems enable you to get alerted in real-time if a mechanical issue is detected in one
o ° of your vehicles. Don't burn valuable time waiting for one of your drivers to report a problem first.

% Telematics systems provide continuous data on each bus's performance. Maintenance teams
can identify potential issues early, respond quickly to problems and reduce the risk of
unexpected breakdowns.

\,}' 3. Predictive maintenance

OrZe® o | . | o
Predictive maintenance involves analyzing continuous data from each bus to identify patterns
that signal a potential failure before it happens, while comparing it to the vast amount of vehicles
and data that Geotab has. For instance, a subtle change in engine temperature over several weeks
could trigger an alert to check the cooling system, preventing a future breakdown and allowing
for planned, not reactive service. Similarly, our electrical system rating (ESR) model looks at

sustained deviation away from normal cranking voltage patterns, allowing us to help determine
when your battery is likely to fail.

Monitor your vehicles for engine faults or other diagnostic problems digitally to provide faster
service and help avoid costlier repairs later.

2. Proactive maintenance

é The essential guide to school bus fleet maintenance 9
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4. Optimized maintenance schedules

Telematics allows for personalized maintenance schedules based on actual usage and condition.
You can allocate maintenance resources optimally, preventing over- or under-servicing of vehicles.

5. Fuel efficiency tracking

Telematics monitors fuel consumption patterns, identifying buses with abnormal fuel usage.
Maintenance teams are alerted to potential engine or transmission problems that unexpected
increases in fuel consumption may indicate.

6. Remote engine diagnostics

Advanced telematics systems offer real-time engine fault code alerts and detailed remote
diagnostics information, allowing technicians to identify problems faster and more accurately
(sometimes without needing to physically inspect the bus first).

7. Usage-based maintenance

Accurate tracking of mileage and engine hours allows for timely, needs-based maintenance.
This approach can result in precise service intervals, reduced unnecessary maintenance and
extended lifespans of bus components.

8. Driver behavior monitoring for coaching

Telematics tracks behaviors like harsh braking or rapid acceleration, helping identify driving
patterns that cause excessive wear. Targeted driver training can be implemented to reduce
vehicle stress.

é The essential guide to school bus fleet maintenance 10
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9. Digital driver vehicle inspection reports (DVIRSs)

DVIRs can flag wear and tear not detectable by a telematics solution, such as worn out tire treads,
which could turn into a significant risk if neglected for too long. Digitizing the process reduces
manual workloads, improves compliance, and, most importantly, automates workflows to fix
potential issues before they put students and drivers at risk.

10. Risk analytics

Gauge the likelihood of one of your buses experiencing a collision with Al-enabled predictive
insights. Risk analytics use a variety of factors unique to your fleet to accurately forecast the
probability of a collision, enabling you to proactively devise new safety strategies.

11. Integration with maintenance software

Telematics data can seamlessly feed into maintenance management software. Achieve
automated work order generation, streamlined parts ordering processes and improved efficiency
in maintenance operations.

While telematics features are critical for optimizing student transportation, the industry’s technology landscape
has evolved. Fleet management solutions now build upon the foundational aspects of telematics, offering
advanced capabilities to help districts drive even more value. Fleet management solutions help you achieve
greater benefits for your school bus fleet than simple GPS tracking alone by allowing you to uncover deeper

actionable insights about your vehicles.
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03 Transforming student

transportation with Gone are the days of reactive maintenance and unexpected breakdowns. With Geotab's comprehensive school bus fleet management platform, school districts can harness predictive
data-driven fleet maintenance's power to help keep their buses in top condition and ready to safely transport students to and from school.
management

Predictive maintenance is an advanced approach to vehicle upkeep that utilizes data analytics and real-time monitoring to anticipate potential mechanical issues before they occur.

In school bus fleets, this methodology offers significant benefits for safety, efficiency and cost management.
04 Data can drive school
bus fleet savings

and safet - : -
' Key components of predictive maintenance
05 Effortless . .
mplementation: Data collection Data analysis
How fleet
mzvxagiement o Continuous operational data gathering from various bus Using sophisticated algorithms and machine learning
solutions power your systems and components through sensors and onboard techniques to process collected data and identify
data-driven school o :Z diagnostic systems. patterns indicative of potential issues.
bus maintenance
program
e : Ja N . .
Predictive modeling 3—3  Condition-based scheduling
06 S:riaaebr:izopt:rzdictive De\{elopment of models t.hat can forecast when /i/ Implementation of maintenance schedules based
school bus fleet maintenance will be rqulred., based on current on the actual condition of each vehicle, rather than
maintenance performance data and historical trends. predetermined intervals.
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Streamlining maintenance operations

Geotab's system continuously monitors engine diagnostic data, providing you with invaluable insights into the health of your buses. This real-time information allows you to address
potential issues before they escalate into significant problems, significantly reducing the risk of unexpected breakdowns and helping you keep your buses route-ready.

Fault Code Enrichment: Understanding the context

One of Geotab's standout maintenance features is our Fault Code Enrichment capability. This innovative tool provides deeper context around potential problems, empowering maintenance
teams to make more informed decisions about necessary repairs and preventative actions. By understanding the whole picture, teams can prioritize maintenance tasks more effectively,
improving efficiency and reducing downtime.

Fault Code Enrichment transforms complex vehicle data into actionable insights. It enables fleet managers to prioritize critical issues, access detailed repair recommendations and gain
a unified view of maintenance needs across all vehicle types. This powerful tool empowers fleets to prevent costly breakdowns, streamline maintenance operations and maximize vehicle
uptime.

For instance, instead of simply presenting a generic engine fault code, the user will also be presented with additional context describing the specific cause of the fault.
Additionally, It will present:

The possible impacts of the valve malfunction

A severity grade (ranging from low to critical) @ o = < @ Vehicle1 @ PersonalMode  Asset opions
. . . @ Dashboard 49 Assete Assel Maintenance Devices & Seltings Billing Camera sellings
A breakdown percentage risk (how likely the fault is to cause a breakdown) S = -
MAINTENANCE
- Recommended next steps to fix the issue Q) IR *
] Complience i Critical Work Requests View all = Work Orders View all =
%, Safety +
° oy ® Z2  Maintenance +
Dlgltlzed Work Order Management @ Ssustainability + Upcoming Work Requests View all = Last asset inspection
&, People L No defects found.
Geotab's digitized Work Order Management system removes the guesswork from maintenance scheduling.
. . . . . %5 Geotab Ace FAULTS
This feature helps to automate the scheduling, tracking and documentation of maintenance tasks based on M o
data-driven insights. Automating these processes helps school districts track and complete all O ottcatons o e el e
maintenance tasks, resulting in a more reliable and safer fleet. o 0 [Enghversolsrtmperaioneioanaon alou QIS
S? eprts * @ Insufficient coolant temp for closed loop fue... 70 times
Groups & Rules +
@ Ignition coil E primary control 86 times
FA Marketplace
*4 Geotab Ace
@ Help & Support
& System
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Predictive insights for optimized schedules

By analyzing both historical and real-time data, Geotab's platform can help you identify patterns and predict potential component failures ahead of time This predictive capability enables
school districts to optimize their maintenance schedules, reducing operational disruptions and providing service at opportune times for buses.

The adoption of predictive maintenance strategies offers significant advantages for school bus fleets. Districts can achieve substantial cost savings and operational efficiencies by
reducing unexpected breakdown risk, optimizing maintenance schedules and extending vehicle lifespans. Predictive maintenance school bus strategies enhance student and driver safety
while improving fleet reliability and on-time performance. As school districts face ongoing challenges, predictive maintenance emerges as a powerful tool for promoting safe, efficient and
cost-effective student transportation. Districts need robust data collection and analysis tools to implement these predictive maintenance strategies effectively.

Geotab’s comprehensive school bus fleet management solution combines Geotab GO devices with camera integrations and DVIRs to address all your bus fleet's needs. While video
telematics integrations and DVIRs simplify in-field safety, GO devices collect critical data that can help guide smarter, more cost-effective maintenance strategies for your buses.
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CHAPTER 7

The lasting impact of smarter
school bus fleet maintenance

Adopting a data-driven approach to school bus fleet maintenance is not just a short-term
fix. It's a long-term investment in student transportation's safety, reliability and efficiency.
School districts can transform their fleet operations by leveraging advanced technologies
and predictive maintenance strategies, moving from reactive problem-solving to
proactive management.

More reliable vehicles enhance student safety. Districts can realize significant cost
savings from reduced breakdowns and optimized maintenance schedules. Fleet
efficiency and on-time performance see marked improvements. Vehicle lifespans are
extended, maximizing the return on investment. Additionally, better resource allocation
and streamlined operations contribute to overall operational excellence.

By embracing this data-driven approach, your school district won't just maintain its buses;
it will help advance the future of student transportation as a whole. Create a safer, more
reliable fleet that serves your community more effectively and cost-efficiently,

LY -

~ AN Did you know?
- N Interstate Batteries was able to reduce maintenance

costs by roughly 10% in their fleet with telematics.
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bus maintenance
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partner in predictive
school bus fleet
maintenance

About Geotab

Geotab uses advanced data analytics and Al to serve over 3,000

public sector customers, helping them enhance fleet performance,

safety and sustainability. Our student transportation solution integrates
the robust vehicle data and fleet management capabilities of Geotab with
industry-leading student ridership and school bus routing solutions,
supporting streamlined and efficient student transportation operations.

With tools that enable staff to track detailed fleet information, including
driver and vehicle behavior, school districts can coach drivers based on
bias-free insights into behaviors that contravene policy. Detailed bus
performance insights also help district fleets increase maintenance
efficiency, reduce costs and equalize usage rates. Rich telematics data

additionally empowers school bus fleets to scalably transition to electric or

alternative fuel buses.

To learn more, please visit www.geotab.com and follow us @GEOTAB
and on LinkedIn.

This ebook is intended to provide information and encourage discussion on topics of
interest to the telematics community. Geotab is not providing technical, professional

The lasting impact of or legal advice through this ebook. While every effort has been made to ensure that the
smarter.school bus information in this ebook is timely and accurate, errors and omissions may occur, and the
fleet maintenance information presented here may become out-of-date with the passage of time.

©2025 Geotab Inc. All rights reserved. Geotab and the Geotab logo are trademarks of
Geotab Inc.
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