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I. The High Cost of Inaction: Understanding the Financial Impact
of Heavy Truck Accidents

The commercial trucking industry serves as the backbone of the U.S. economy, yet it
faces persistent challenges related to road safety. For fleet operators, particularly
smaller enterprises managing Class 7 and Class 8 heavy-duty trucks and trailers, the
financial repercussions of an accident can be severe, extending far beyond immediate
repair costs. Understanding the statistical landscape of these incidents and their true
financial burdens is the first step in recognizing the profound value of investing in
advanced safety technologies.

A. The Landscape of Heavy-Duty Truck Accidents: Key Statistics and Trends

The scale of heavy-duty truck accidents in the United States remains a significant
concern. In 2023, 5,375 large trucks were involved in fatal crashes.' While this
represented an 8.4% decrease from the previous year, it alarmingly marked a 43%
increase over the preceding decade.’ This long-term upward trajectory highlights a
growing risk environment that demands proactive safety interventions. Furthermore,
114,552 large trucks were implicated in crashes resulting in injuries in 2023. Although
this was a 4.7% decrease from 2022, the number of trucks involved in injury crashes
has risen by 12% since 2016." Annually, the Federal Motor Carrier Safety
Administration (FMCSA) reports approximately 500,000 accidents involving large
trucks.?

These figures paint a sobering picture. Large trucks constitute 9% of all vehicles
involved in fatal crashes and account for 10% of total vehicle miles traveled
nationwide." The persistent high number of incidents, despite some year-over-year
fluctuations, suggests that baseline safety levels achieved without widespread
adoption of advanced technological interventions are struggling to curb the overall
problem. The decade-long increase in fatal crash involvement is particularly troubling,
indicating that existing regulations and fundamental safety practices alone are not
sufficient to reverse this trend. For smaller fleet operators, the implications are stark:
even a single major incident can have catastrophic operational and financial
consequences. While large trucks' involvement in fatal crashes is somewhat
proportional to their miles traveled, the sheer mass and size of these vehicles mean



that when they are involved in an accident, the severity is often far greater. This is
evidenced by the fact that 72% of fatalities in large-truck crashes are occupants of
other vehicles.! Consequently, the societal impact and potential liability costs borne by
trucking companies are magnified, making accident prevention an even more critical
imperative.

B. Quantifying the True Costs: Direct and Indirect Financial Burdens of
Accidents

The financial toll of a heavy-duty truck accident is multifaceted, encompassing both
direct, easily quantifiable costs and a range of indirect, often underestimated,
expenses. Data from the FMCSA for 2022 provides a stark illustration of these costs,
which include economic impacts such as lost productivity, medical expenses, legal
and court costs, emergency service responses, insurance administration, traffic
congestion, property damage, and workplace losses, as well as the societal cost of
lost Quality Adjusted Life Years (QALY).?

According to the FMCSA's 2022 figures, the average comprehensive cost per large
truck crash is as follows *:

o Fatal Crash: $14,578,771
e Injury Crash: $383,168
e Non-Injury (Property Damage Only - PDO) Crash: $46,765

These figures represent a substantial escalation from earlier estimates. For instance,
FMCSA data from 2005 cited the average cost of a large truck fatality crash at $3.6
million and an injury crash at nearly $200,000.* Other industry analyses also
underscore the immense financial devastation; CRC Group, for example, notes that a
fatal trucking accident can cost $7.2 million, with this figure increasing exponentially if
multiple individuals are injured.” The dramatic rise in these average crash costs
between 2005 and 2022 far outpaces general inflation, suggesting that the financial
risk associated with not investing in safety is growing rapidly. This escalation is likely
fueled by factors such as larger litigation awards (often termed "nuclear verdicts"),
increased medical expenses, and the rising complexity and cost of repairing
technologically advanced vehicles.® This escalating financial risk landscape makes the
ROI on safety technologies, which are designed to prevent these high-cost events,
increasingly compelling and urgent.

Beyond these direct costs, the indirect financial burdens of an accident can be
staggering, estimated to be four to ten times greater than the visible costs.? These



hidden expenses include:

e Immediate and ongoing loss of revenue due to vehicle downtime and lost
customer confidence.®

e Extensive administrative costs related to accident reporting and management.®

e Workforce costs, including salaries paid to employees involved in the accident,
lost work time, and the expense of hiring and training replacement personnel.®

e Equipment expenses such as accelerated depreciation of damaged vehicles and
the cost of replacements.®

e Legal proceedings, fines, and penalties.®

e Damage to company reputation and potential loss of future business.’

The multiplier effect of these indirect costs means that even an apparently minor PDO
incident can have a far greater financial impact than just the initial repair bill. A PDO
crash with a direct cost of approximately $47,000 could, in reality, cost a company
between $188,000 and $470,000 when indirect costs are factored in. This
significantly amplifies the ROI calculation for safety systems that can prevent these
seemingly less severe, yet cumulatively damaging, incidents. For smaller fleets, where
financial reserves are often limited, understanding the full spectrum of these direct
and indirect costs is paramount for appreciating the true value of preventative safety
measures.

Table 1: Average Comprehensive Cost of Large Truck Crashes (2022 USD)

Crash Severity Average Comprehensive Cost per Crash
Fatal $14,578,771

Injury $383,168

Non-Injury/Property Damage Only (PDO) $46,765

Source: FMCSA ®

C. The Ripple Effect: How Accidents Impact Insurance, Operations, and
Reputation for Smaller Fleets

For smaller trucking fleets, the consequences of an accident extend far beyond the
immediate financial outlay, creating ripples that can affect insurance costs,
operational stability, business reputation, and driver retention. Rising accident rates



and their associated severity directly contribute to increased insurance premiums,
which can become a significant financial burden.” Commercial vehicle accidents cost
businesses an average of $91,000 per incident, a figure that can escalate into millions
if injuries are involved.” With claim costs becoming almost twice as likely to exceed
$100,000 as accident frequency rises, the pressure on insurance rates is immense.’
For smaller fleets, a poor safety record leading to escalating insurance premiums can
initiate a detrimental cycle: higher fixed costs strain already tight budgets, making it
more challenging to invest in newer, safer equipment or advanced safety
technologies, potentially perpetuating a higher risk profile and further increasing
costs.

Operational disruptions are another critical consequence. Vehicle downtime due to
damage ?, delays in cargo delivery ', and the substantial administrative effort required
to manage the aftermath of an accident can severely hamper a smaller fleet's ability
to function effectively. Unlike larger corporations, smaller businesses often lack the
spare capacity—both in terms of vehicles and personnel—to absorb such disruptions
without a significant impact on revenue and customer service.

Reputational damage can also be particularly acute for smaller companies.® These
businesses often rely heavily on local relationships, word-of-mouth referrals, and a
strong community standing to compete. A significant accident, especially if it receives
local media attention or results in serious community impact, can erode trust with
customers and the public, potentially leading to lost contracts or difficulty in acquiring
new business. This can affect long-term viability far beyond the immediate financial
costs of the incident itself. Safety technology, by preventing accidents, serves to
protect this crucial intangible asset.

Finally, a fleet's safety record and its perceived commitment to driver well-being
significantly influence driver morale and retention.” The trucking industry already
grapples with high driver turnover, with the average cost of replacing a single driver
estimated at $8,234."® A workplace culture that does not prioritize safety, or fails to
equip drivers with tools that enhance their safety, can exacerbate this issue, leading
to further costs associated with recruitment, onboarding, and training new personnel.

ll. Transforming Safety from Expense to Investment: An Overview
of Key Technologies
The decision to invest in advanced safety technologies is a strategic move that can

shift a fleet's approach from reactive damage control to proactive risk mitigation. By
understanding the specific types of vehicles in operation and the common risks they



face, fleet operators can identify technologies that offer the most significant safety
and financial returns.

A. Defining Class 7 & Class 8 Trucks and Heavy-Duty Trailers: Scope of Analysis

This report focuses on safety technologies applicable to Class 7 and Class 8
heavy-duty trucks, as well as the trailers they pull. These vehicle classifications are
defined by their Gross Vehicle Weight Rating (GVWR) by the U.S. Department of
Transportation (DOT) and the Federal Motor Carrier Safety Administration (FMCSA).

e Class 7 Heavy-Duty Trucks: These vehicles have a GVWR ranging from 26,001
to 33,000 pounds.” They typically feature six or more tires and include large
delivery trucks, some smaller tractor-trailer combinations, city transit buses,
street sweepers, and smaller furniture trucks."

e Class 8 Heavy-Duty Trucks: These are the heaviest trucks on the road, with a
GVWR of 33,001 pounds or more."” This category encompasses most
tractor-trailer combinations, refuse trucks, construction vehicles, motor coaches,
cement mixers, dump trucks, and the "big rigs" commonly associated with
long-haul freight transportation.”®

e Heavy-Duty Trailers: While trailers are not assigned GVWR classes in the same
manner as trucks, their safe operation is intrinsically linked to the Class 7 and
Class 8 tractors that pull them. This analysis will consider safety technologies
applicable to trailers themselves, such as roll stability control (RSC), tire pressure
monitoring systems (TPMS), aerodynamic enhancements, and improved
conspicuity measures.”

The operational characteristics within these vehicle classes are diverse, ranging from
long-haul interstate transport, predominantly undertaken by Class 8 tractor-trailers,
to regional and urban delivery and vocational applications (like refuse collection or
construction) that utilize both Class 7 and Class 8 chassis.” This diversity is an
important consideration, as the specific risks encountered and, therefore, the
potential ROI of different safety technologies, can vary based on the operational
profile. For instance, systems designed to mitigate highway-speed incidents might
offer a greater return for long-haul carriers, whereas technologies enhancing
low-speed maneuverability and pedestrian detection could be more critical for
vocational trucks operating in dense urban environments. Fleet operators should,
therefore, assess their unique operational risks when prioritizing investments in safety
technology.

B. The Proactive Approach: How Modern Safety Features Mitigate Common



Risks

A significant majority of truck accidents—approximately 87% according to some
studies—are attributed to driver error.? The Large Truck Crash Causation Study
(LTCCS) identified key driver-related critical reasons for crashes, including recognition
errors (such as inattention, distraction, or inadequate surveillance, accounting for
28.4% of critical reasons assigned to the truck) and decision errors (like driving too
fast for conditions or misjudgment of speed or distance, accounting for 38% of critical
reasons).*® Non-performance issues like fatigue also play a role.*

Vehicle condition is another contributing factor. Brake problems, for instance, were
coded for nearly 30% of trucks involved in the LTCCS crashes.* Data from the Fatal
Accident Complaint Team (FACT) program in Michigan showed tire violations in 14.5%
of inspected trucks and lighting or marker violations in 23.1%.*

Modern safety technologies are engineered to directly address these common risks
and crash types:

e Advanced Driver Assistance Systems (ADAS): This suite of technologies,
including Forward Collision Warning (FCW), Automatic Emergency Braking (AEB),
Lane Departure Warning (LDW), Lane Keeping Assist (LKA), and Blind Spot
Warning (BSW), uses sensors to perceive the driving environment. These systems
can provide timely warnings to drivers or, in some cases, actively intervene (e.g.,
by applying brakes or making steering adjustments) to prevent an accident or
lessen its severity.*® They aim to compensate for human limitations in perception,
decision-making, and reaction time.

e Telematics and Dash Cameras: Telematics systems provide a wealth of data on
vehicle operation and driver behavior, including speed, braking patterns, and
location.* Dash cameras capture video evidence of the road ahead and,
optionally, the driver.*? Together, these technologies enable fleet managers to
monitor for risky behaviors, provide targeted driver coaching, and offer irrefutable
evidence in the event of an incident, which can be crucial for exoneration and
reducing litigation costs.*®

e Enhanced Visibility Systems: Backup cameras and 360-degree surround-view
camera systems significantly reduce blind spots, improving situational awareness,
especially during low-speed maneuvers common in yards, loading docks, and
urban settings.**

e Vehicle Stability Control: Electronic Stability Control (ESC) and Roll Stability
Control (RSC) systems monitor vehicle dynamics and can automatically intervene
to prevent loss of control and rollovers, which are among the most severe and



costly types of truck accidents.*

The high prevalence of driver error as a primary cause of accidents strongly suggests
that technologies focused on driver support, behavior monitoring, and active
intervention are likely to yield the most significant safety returns. This represents a
shift from a purely mechanical view of vehicle safety to a more integrated
driver-vehicle system approach. Furthermore, while vehicle condition issues like brake
problems are critical, many advanced safety systems such as AEB and ESC depend on
the proper functioning of these foundational components. The adoption of such
advanced technologies can, therefore, indirectly encourage more robust maintenance
practices for core vehicle systems. This creates a synergistic effect: the direct safety
benefit from the advanced technology is complemented by the indirect benefit of a
better-maintained, and thus inherently safer, base vehicle, potentially leading to
longer component life and fewer unexpected mechanical failures.

lll. Deep Dive: Analyzing the ROI of Specific Safety Technologies
for Heavy-Duty Fleets

Investing in safety technology requires a careful evaluation of both costs and benefits.
This section provides a detailed analysis of key safety systems, outlining their
functions, typical costs, documented effectiveness in reducing crashes, and the
various components that contribute to their return on investment (ROI) for Class 7 and
Class 8 fleet operators.

A. Advanced Driver Assistance Systems (ADAS)

ADAS encompasses a broad range of technologies designed to assist drivers by
automating certain tasks, providing warnings, or intervening to prevent collisions.®
These systems typically utilize sensors such as cameras, radar, and occasionally
LiDAR to monitor the vehicle's surroundings and the driver's state.* The Insurance
Institute for Highway Safety (IIHS) has estimated that currently available ADAS
technology could potentially prevent or mitigate the impact of 1.8 million crashes
annually in the U.S., possibly saving up to 10,000 lives across all vehicle types.* Given
that human error is a factor in approximately 87% of large truck crashes, ADAS holds
significant promise for the heavy-duty sector.?

The cost of ADAS can vary considerably. Factory-installed comprehensive ADAS suites
on new Class 8 trucks can range from $10,000 to $30,000, depending on the level of
automation and the number of features included.*® For ongoing maintenance, ADAS
sensors require periodic recalibration, particularly after events like windshield



replacements, collisions, or suspension work.”' These calibration services can cost
between $250 and $500 per event.” While the sensors themselves are generally
designed for an automotive lifespan exceeding 10 years, they must be kept clean and
unobstructed to function correctly, and their performance can be affected by harsh
environmental conditions common in trucking operations.>* The cost of aftermarket
ADAS calibration equipment for repair facilities is also substantial, with packages
ranging from a few thousand to nearly $30,000, indicating that specialized service is
often required for ADAS-equipped vehicles.>

The wide array of ADAS features allows fleets to tailor their investments. While a
complete suite represents a significant outlay, individual ADAS components have
demonstrated strong ROI. The key for fleet operators, especially smaller ones, is to
strategically select and implement ADAS features that address their most prevalent
and costly risks. This targeted approach, rather than an all-or-nothing strategy, is
more likely to maximize the return on investment.

Table 2: Overview of Key ADAS Features for Heavy Trucks

Braking (AEB)

to
prevent/mitigate
forward collision

ADAS Feature Primary Targeted Crash | Estimated Cost Key
Function Types Range per Effectiveness
Truck Stat (Source)
(New/Retrofit)
Forward Alerts driver to Rear-end $70 - $2,300 *° 44% reduction
Collision impending in rear-end
Warning (FCW) front-end crashes (IIHS) ©'
collision
Automatic Automatically Rear-end $70 - $316 41% reduction in
Emergency applies brakes (incremental) %° rear-end

crashes; >50%
impact speed

reduction (IIHS)
61

Lane Departure
Warning (LDW)

Warns driver of
unintentional
lane drift

Single-vehicle
roadway
departure,
Sideswipe,
Head-on

$295 - $1,500 °°

30-47.8%
efficacy for
relevant crashes

(AAA/VTTI) ©°




Lane Keeping
Assist (LKA)

Provides
steering
assistance to
keep vehicle in
lane

Single-vehicle
roadway
departure,
Sideswipe,
Head-on

Part of LDW
system costs,
often bundled

Enhances LDW
effectiveness by
active
intervention

Blind Spot Alerts driver to Lane change, $200 - $700 © 14% reduction in
Warning (BSW) vehicles in blind Sideswipe lane-change
spots crashes (IIHS,
passenger cars);
5% for trucks
(UMTRI) “°
Adaptive Cruise Maintains set Rear-end $300 - $400 Primarily
Control (ACC) speed and (assists (add-on to comfort/fatigue
following FCW/AEB), cws) 8 reduction;
distance, Fatigue-related supports
adjusting to FCW/AEB
traffic effectiveness;
potential fuel
savings '’
Electronic Prevents Rollover, Loss of $1,800 - $2,400 40-56%
Stability Control rollovers and Control 60 reduction in
(ESC) loss of control untripped

Control (RSC) -
Trailer

rollovers

(depending on
ABS) %

through rollovers; 14%
braking/engine LOC reduction
torque (NHTSA) *
reduction
Roll Stability Prevents Rollover $800 - $1,600 37-53%
Control (RSC) - rollovers (subset 60 reduction in
Tractor of ESC) rollovers
(NHTSA)
Roll Stability Prevents trailer Trailer Rollover $440 - $1,500 Similar

effectiveness to
tractor RSC for
trailer-specific
events

1. Forward Collision Warning (FCW) and Automatic Emergency Braking (AEB)

FCW systems provide audible, visual, or haptic alerts when a forward collision is




imminent, while AEB systems, which typically incorporate FCW functionality, will
automatically apply the vehicle's brakes if the driver fails to take sufficient corrective
action.” These technologies are primarily designed to prevent or mitigate rear-end
collisions.

The cost for these systems can vary. The incremental non-retail cost for AEB on a new
truck has been reported by the U.S. Department of Transportation to be between
$270 and $290 ¢, with NHTSA finding an end-user incremental cost of $70.80 to
$316.18.% Standalone FCW systems or those bundled with side sensors have been
quoted in the range of $2,000 to $2,500 ¢°, though some FMCSA sources indicate a
much lower range of $70 to $316 for FCW and AEB, likely reflecting incremental costs
on new vehicles or very basic OEM systems.*’

The safety effectiveness of FCW and AEB in heavy trucks is well-documented. A
significant IIHS study focusing on Class 8 trucks found that FCW was associated with
a 22% reduction in all police-reportable crashes and a substantial 44% reduction in
rear-end crashes. AEB demonstrated a 12% reduction in all police-reportable crashes
and a 41% reduction in rear-end crashes.®' Critically, both systems were found to
reduce the impact speed by over 50% in the rear-end crashes that still occurred,
significantly mitigating their severity.®? NHTSA has estimated that AEB alone could
prevent over 11,000 crashes, 7,700 injuries, and more than 170 fatalities involving
heavy vehicles annually.”® Research from the University of Michigan Transportation
Research Institute (UMTRI) also found FCW reduced crashes by 14% “°, and the
Virginia Tech Transportation Institute (VTTI) noted that the latest generation of AEB
prevented 41% of rear-end crashes.”

The direct ROI from FCW and AEB is primarily driven by the prevention of costly
rear-end collisions. Given that an injury crash costs an average of $383,168 and a fatal
crash upwards of $14.5 million °, preventing even a small fraction of these incidents
yields substantial financial savings. Further financial benefits can arise from insurance
premium reductions, with some insurers offering discounts of 5-20% for fleets that
adopt and share data from such systems.® Indirect benefits include minor fuel and
brake wear reductions due to the smoother driving often encouraged by these
systems, and enhanced driver peace of mind which can contribute positively to
retention."”

One notable observation from the IIHS study is that FCW alone showed a slightly
higher reduction percentage for rear-end crashes (44%) compared to AEB (41%).°’
This might seem counterintuitive since AEB is an active intervention system. This could
suggest that for professional, experienced truck drivers, a timely and effective



warning is often sufficient to elicit the necessary corrective action. Alternatively, the
specific parameters or sensitivities of the AEB systems evaluated in that particular
study might have influenced this outcome. Regardless, the critical contribution of AEB
in significantly reducing impact speeds—even when a crash is not entirely
avoided—cannot be overstated, as this directly lessens the severity of injuries and
damage. For fleet owners, this implies that FCW is a highly valuable standalone
system, while AEB offers an additional, crucial layer of protection, particularly in
mitigating the severity of those crashes that do occur. The relatively low incremental
cost of AEB, often between $70 and $316 when specified on a new truck %, compared
to the immense cost of preventing even a single serious injury crash, presents an
exceptionally strong and rapid ROI. This makes AEB one of the most financially
compelling safety investments from a direct cost-avoidance perspective, likely
achieving payback within the first year or upon the prevention of the very first
significant incident.

2. Lane Departure Warning (LDW) and Lane Keeping Assist (LKA)

LDW systems monitor the vehicle's position relative to lane markings and alert the
driver if an unintentional lane drift occurs. LKA systems go a step further by providing
active steering input to help guide the vehicle back into its lane.*® These technologies
primarily target single-vehicle roadway departures, sideswipes, and head-on
collisions.

The cost for LDW/LKA systems typically ranges from $1,000 to $1,500 per truck.®® A
study by the AAA Foundation recommended an average cost of $1,000 per truck for
LDW systems for benefit-cost analyses.®® Some broader driver assistance packages
that include LDW have been cited with costs from $295 to $2,800, though these often
pertain to passenger vehicles or include a suite of other features.®

In terms of effectiveness, research from the AAA Foundation and VTTI indicates that
LDW efficacy in preventing relevant large-truck crashes (such as single-vehicle
roadway departures, sideswipes, and head-on collisions) can range from 13% to
53%.%°> An expert advisory panel recommended using efficacy rates of 30% and 47.8%
for benefit-cost analyses of these systems.®® UMTRI research found that LDW
reduced relevant crashes by 14%.%° For passenger vehicles, an IIHS study showed
LDW lowered rates of single-vehicle, sideswipe, and head-on crashes by 11% (all
severities) and by 21% for injury crashes of the same types, noting that benefits could
be higher if drivers consistently used the feature.®’



The direct ROI for LDW/LKA stems from preventing lane departure-related accidents.
The FMCSA has noted that lane departure events constitute about one in three
crashes, with an average cost of around $5,300.%° While this cost figure likely pertains
to more minor incidents or a specific dataset, the potential for lane departure crashes
to result in very severe outcomes (like rollovers or head-on collisions with average
costs in the hundreds of thousands or millions *) means that reducing even a fraction
of these can lead to significant savings. Insurance benefits associated with ADAS
adoption also contribute to ROL™® Indirectly, LDW can serve as an indicator of driver
fatigue or distraction, prompting necessary breaks or corrective actions, which can
enhance safety and potentially improve driver retention.

The wide observed range in LDW effectiveness (13-53%) ©° suggests that system
sophistication, the clarity of lane markings, driver attentiveness to warnings, and
specific operational conditions heavily influence the outcomes. LKA systems, by
providing active steering intervention, likely offer more consistent benefits compared
to warning-only systems, particularly in scenarios involving driver fatigue or
momentary distraction, potentially justifying a higher initial cost. The moderate cost of
LDW systems ($1,000-$1,500) ¢° means that preventing even a small number of
high-consequence lane departure crashes can yield a strong ROI. While the $5,300
average cost per lane departure event cited by FMCSA °° may underestimate severe
outcomes, it indicates that even less severe incidents carry costs that LDW can help
mitigate. The primary ROl communication should focus on the technology's potential
to prevent catastrophic events.

3. Blind Spot Warning (BSW) and Lane Change Assist (LCA)

BSW systems use sensors (typically radar) to detect vehicles in a truck's often
extensive blind spots and provide an alert to the driver.“° LCA systems may augment
this by offering steering assistance to help prevent the truck from merging into an
already occupied lane. These technologies are designed to reduce the occurrence of
lane change and sideswipe crashes.

The cost of BSW systems can be relatively low, with some estimates ranging from
$250 to $700 per truck.®® Other sources indicate a range of $200 to $395 for BSW,
with more comprehensive LCA systems (which often include BSW) costing
approximately $1,400.° More advanced BSW systems specifically designed for trucks
are cited in the $250 to $650 range.”

Regarding safety effectiveness, UMTRI research found that BSW systems reduced
relevant crashes in heavy trucks by 5%.%° For passenger vehicles, IIHS studies showed



BSW lowered all lane-change crashes by 14% and those involving injuries by 23%.°’
Industry guides also cite these 14% and 23% figures, suggesting that if all vehicles
were equipped with BSW, around 50,000 police-reported crashes could be avoided
annually.” However, it's noteworthy that NHTSA's Medium Truck Special Study (MTSS)
on fatal crashes found that blind spot technologies had a potential effectiveness of
less than 1% in the specific fatal crashes analyzed, a much lower potential impact than
braking technologies in that severe crash context.” This suggests BSW's primary
strength lies in preventing the more frequent, typically non-fatal, lane change
incidents.

The direct ROI for BSW/LCA comes from preventing sideswipe and lane change
accidents. While these incidents might, on average, be less costly than head-on
collisions or rollovers, their frequency can be high, leading to cumulative costs from
repairs, downtime, and potential minor injuries. As with other ADAS, adoption can also
contribute to insurance benefits.'® An indirect benefit is increased driver confidence
and reduced stress, particularly when maneuvering in heavy traffic.

The difference in reported crash reduction percentages between UMTRI's
truck-specific data (5%) “° and the IIHS passenger car data (14%) ¢ might be
attributable to several factors, including the professional training and rigorous
mirror-scanning habits of truck drivers, or perhaps variations in the sophistication of
BSW systems evaluated in trucks versus cars. Nevertheless, given the substantial blind
spots inherent to Class 7 and 8 vehicles, any technological assistance in these areas is
valuable. The relatively low cost of many basic BSW systems (e.g., $250-$700) ¢°
makes them an accessible entry point into ADAS for smaller, budget-conscious fleets.
The ROI can be achieved by preventing just a few minor sideswipe incidents or
through contributions to lower insurance premiums, positioning BSW as a sensible
"starter" ADAS.

4. Adaptive Cruise Control (ACC)

ACC systems maintain a driver-set speed and a pre-set following distance from the
vehicle ahead, automatically adjusting the truck's speed (including applying brakes,
though typically less aggressively than AEB) as traffic conditions change.*® While
primarily a driver comfort and fatigue-reduction feature, ACC's ability to manage
following distance and automatically slow the vehicle can contribute to preventing
rear-end collisions.

The cost to add ACC to a truck already equipped with a Collision Warning System



(CWS) is estimated at $300 to $400.°® Bundled packages of CWS and ACC are
reported to cost approximately $2,300.%° Standalone ACC systems, often referenced
in the context of passenger cars, can range from $500 to $2,500.7

Specific crash reduction percentages for ACC as a standalone feature in heavy trucks
are not prominently featured in the provided research, as it is frequently integrated
with FCW and AEB systems. Its safety benefit is often viewed as supportive of these
primary collision mitigation systems by helping to maintain safer, more consistent
headways.

The direct ROI from ACC includes its contribution to reducing rear-end crash risk by
managing following distances. It can also lead to insurance benefits when part of a
broader ADAS suite.'® More significant for ACC's individual ROI are the indirect
benefits. It can improve fuel efficiency by promoting smoother acceleration and
deceleration patterns compared to manual speed control in varying traffic. Perhaps
most importantly, ACC reduces driver workload and can mitigate fatigue on long-haul
routes, which can indirectly enhance overall safety and potentially improve driver
alertness and job satisfaction, contributing to better retention."

The primary ROI for ACC in heavy trucks likely stems more from these indirect
benefits—fuel savings and driver fatigue reduction—than from independently
verifiable, direct crash prevention statistics. Its role is often synergistic with critical
safety systems like AEB. The common practice by manufacturers of bundling ACC with
FCW/AEB °® suggests an industry recognition of their complementary nature. For fleets
investing in comprehensive collision mitigation systems, ACC can be a relatively
low-cost addition that enhances the overall safety package, improves fuel economy,
and boosts the driver experience, thereby improving the total value proposition of the
safety technology investment.

B. Telematics and Fleet Management Systems

Telematics systems are a cornerstone of modern fleet management, utilizing GPS
technology and on-board diagnostics (OBD) to monitor a wide array of vehicle and
driver parameters. These include real-time vehicle location, speed, fuel consumption,
engine health diagnostics, and critical driver behaviors such as harsh braking, rapid
acceleration, and excessive idling.*’ The data collected is transmitted to a centralized
software platform where it can be analyzed, generating reports and actionable
insights. These systems often integrate with other technologies like Electronic Logging
Devices (ELDs) for Hours of Service (HOS) compliance and dash cameras for visual
context.”" A key component of many telematics offerings is the ability to facilitate



driver coaching based on monitored behaviors, providing feedback to encourage
safer and more efficient driving practices.”

The cost structure for telematics systems typically involves hardware, monthly
subscription fees, and potentially installation charges. Hardware costs can range from
$50 to over $200 per device, with basic GPS trackers at the lower end and more
advanced units with richer data capabilities costing more.®° Some providers may
charge a one-time fee of $100 to $300 per device, while others incorporate the
hardware cost into the monthly subscription.®” Monthly subscription fees average
between $10 and $50 per vehicle.® Basic plans offering core GPS tracking and
elementary driver behavior monitoring typically fall in the $10-$20 range. Mid-tier
plans, priced at $25-$40, often include more advanced features like engine
diagnostics, maintenance alerts, and detailed fuel usage monitoring. Premium plans,
costing $50 or more per vehicle, generally provide advanced analytics, real-time
reporting, and integration with sophisticated systems such as video telematics and
Al-driven coaching tools.* Installation costs can vary from $0 (for simple
plug-and-play devices or as part of long-term subscription packages) to $50-$200
per vehicle for more complex hardwired systems.®° Fleet operators should also be
mindful of potential hidden costs related to customer support, ongoing system
maintenance, software updates, or fees for additional specialized features.®

The safety effectiveness of telematics, particularly when combined with robust driver
coaching programes, is significant. By monitoring and providing feedback on risky
driving behaviors such as speeding, harsh braking, and aggressive acceleration, these
systems can lead to substantial improvements in driver performance. Studies have
demonstrated that telematics combined with coaching can reduce unsafe driving
events by nearly 50%."° Research by Hickman and Hanowski highlighted that onboard
safety monitoring (OSM) systems coupled with driver feedback and coaching resulted
in a 52.2% reduction in safety-related events.** The SAMOVAR DRIVE project in
Europe, a landmark study, showed a 28% reduction in overall crashes in fleets using
telematics monitoring.”” Beyond direct crash reduction, telematics systems are
instrumental in ensuring compliance with regulations such as HOS (via ELD
integration), IFTA fuel tax reporting, and vehicle inspection requirements.*’

The ROI for telematics systems is multifaceted, deriving from several key areas:

e Direct ROI (Accident Cost Savings & Insurance): The primary direct return
comes from a reduction in accident frequency due to improved driver behavior,
leading to lower overall crash costs. Furthermore, many insurance providers offer
premium reductions for fleets that implement telematics, especially when data is



shared to demonstrate proactive risk management. Discounts can range from 5%
to 20% ’, and telematics data has been shown to have more than twice the
predictive power of any other insurance rating factor.”

¢ Indirect ROI (Fuel Efficiency, Maintenance Savings, Driver Retention,

Operational Efficiency):

o Fuel Savings: By identifying and coaching drivers on fuel-wasting habits like
excessive idling, speeding, and aggressive driving maneuvers, fleets can
achieve fuel savings typically in the range of 13-16% *, with some reports
indicating potential savings up to 30%.%° GPS tracking also enables route
optimization, further contributing to fuel efficiency.' Fleets utilizing GPS
tracking saw their fuel savings nearly double from approximately 8% in 2021 to
16% in 2025.%

o Maintenance Savings: Telematics systems provide engine diagnostic data
and fault code alerts, enabling predictive maintenance. This proactive
approach can reduce overall maintenance costs by up to 20% and cut
unplanned vehicle downtime by as much as 50%.%” Addressing potential
mechanical issues before they escalate into major failures can save an
estimated 12-18% in annual repair costs.” It's important to note that a
roadside repair can cost up to four times as much as a repair performed
proactively in the shop.®® Case studies have demonstrated potential savings of
up to $2,000 per vehicle per year through predictive maintenance facilitated
by telematics.®

o Driver Retention: The objective data gathered by telematics can be used for
fair and transparent driver performance reviews and coaching programs. This
can improve driver satisfaction, demonstrate a commitment to safety, and
potentially enhance driver retention rates by as much as 52%."

o Operational Efficiency: Benefits include optimized routing, reduced idling
times, more efficient dispatching, and streamlined compliance processes, all
contributing to a more productive and cost-effective operation.”’

The comprehensive nature of telematics means its ROl extends far beyond direct
accident reduction. Significant returns are generated from operational efficiencies
(fuel and maintenance) and enhanced risk management (insurance and compliance).
This positions telematics not merely as a safety device but as a holistic business
optimization tool. However, the effectiveness of telematics is highly contingent on how
the collected data is utilized. Simply installing the hardware is insufficient; realizing the
full ROI potential requires active data management, consistent driver coaching, and
the integration of telematics-derived insights into performance metrics and
operational decision-making.” For smaller fleets, the scalable per-vehicle-per-month



cost structure of most telematics systems, combined with the potential for significant
percentage-based savings (e.g., a 15% reduction in fuel consumption or a 10%
decrease in insurance premiums), can make these systems particularly impactful.
While larger fleets might realize greater absolute dollar savings, the proportional
impact on a smaller fleet's typically narrower profit margins can be even more critical
for ensuring long-term financial health and competitive viability.

C. Dash Cameras (Road-facing, Driver-facing, and Multi-camera systems)

Dash cameras, which record video footage from a vehicle's perspective, have become
increasingly sophisticated. Systems range from simple road-facing units to
dual-facing cameras (capturing both the road ahead and the driver/cab interior) and
even multi-camera setups offering near 360-degree visibility by incorporating side
and rear external cameras.*> Modern dash cams often feature Al capabilities that can
detect high-risk events such as harsh braking, rapid acceleration, sharp turns,
collisions, and even driver distraction or fatigue, providing real-time in-cab alerts to
the driver and notifications to fleet management.™

The upfront cost for commercial dash cams can range from approximately $80 for
basic units to over $500 for more advanced systems with multiple channels or Al
features.” For example, a Rand McNally DashCam 100 (a basic road-facing unit)
might cost around $99.99 %, while a VSYSTO 4-channel system with a monitor is
available for about $199.99.” Recurring fees can also be a factor, particularly for
systems that offer cloud storage for video footage, Al-driven analytics, real-time
tracking, or integration with ELDs and other fleet management platforms.” However,
some providers note that modern systems with solid-state DVRs and cloud-based
storage can require minimal ongoing maintenance.’

Dash cameras offer compelling safety benefits and a strong ROI proposition through
several avenues:

e Accident Reduction and Severity Mitigation: Studies have shown a positive
impact on crash rates. A Virginia Tech Transportation Institute (VTTI) study found
that vehicles equipped with dash cams saw a 20% reduction in fatal crashes and
a 35% reduction in injury crashes.* Research published in the Journal of Safety
Research reported a 60% reduction in the number of safety incidents and an
impressive 86% reduction in the overall cost of vehicle crashes in the three years
following dash cam implementation compared to the three years prior.*®

e Driver Behavior Improvement: The presence of cameras and the use of
captured footage for coaching can significantly improve driver behavior.**



Al-enabled dash cams that detect risky driving in real-time allow for immediate
feedback and proactive coaching, helping to correct unsafe habits before they
lead to incidents.

Exoneration and Litigation Cost Reduction: This is a major ROI driver. Video
evidence is invaluable for accurately determining fault in an accident. Given that a
high percentage of multi-vehicle accidents involving trucks are not the fault of the
truck driver (some sources suggest up to 80% are caused by passenger vehicles
19), dash cam footage can quickly exonerate drivers and their companies from
false claims, significantly reducing legal fees, settlement payouts, and time spent
in litigation.” There are numerous case studies where fleets have saved
substantial amounts; for example, SAV Express reported saving over $1 million in
repairs and claims costs due to dash cam footage, and Lansberry Trucking
experienced an 84.5% reduction in claims costs.”

Insurance-Related Savings: Beyond direct litigation savings, dash cams can
lead to lower insurance premiums. Some insurers offer discounts of 5-15% for
fleets that implement video telematics and share data.” A survey found that 40%
of fleets reported lower insurance premiums after installing dash cams, 45%
lowered legal fees and litigation risks, and 41% reported a decline in claim
values.®

Indirect ROI benefits also accrue from dash cam usage:

Fuel Savings: Coaching based on observed driving behaviors (e.g., reducing
speeding or aggressive acceleration captured on video) can lead to fuel
consumption reductions, typically reported in the 5-8% range.’

Maintenance Reduction: Promoting less aggressive driving habits through
monitoring and coaching can extend vehicle component life and decrease the
frequency of repairs.’

Enhanced Driver Training: Real-world video footage provides powerful material
for targeted and effective driver training programs.*’

The most immediate and often most significant ROI for dashcams, particularly for
smaller fleets, frequently comes from their role in exoneration during not-at-fault
accidents. The ability to swiftly disprove liability can prevent crippling legal and
settlement costs from a single major incident. This immediate financial protection is a
powerful component of their value. Furthermore, the integration of Al into dashcams
is a transformative development, shifting these devices from being merely passive
recorders to proactive safety tools. Al-powered systems can identify risky behaviors
like distraction or fatigue in real-time, provide in-cab alerts for immediate driver
self-correction, and flag events for targeted coaching by fleet managers.*’ This



proactive intervention capability significantly enhances their potential to prevent
accidents before they occur, leading to greater overall crash reduction and associated
cost savings compared to using footage solely for post-incident analysis. This
evolution makes Al-equipped dashcams an even more potent investment.

Interestingly, driver acceptance of dashcams, which was initially a point of concern
due to privacy considerations, has notably improved as drivers have increasingly
recognized the technology's protective value in proving their innocence.*”* When
drivers perceive the technology as a tool for their defense rather than purely for
surveillance, they are more receptive to its use and the associated coaching, which
ultimately leads to better safety outcomes and a stronger ROI for the fleet. This
cultural shift is vital for the successful implementation and sustained effectiveness of
a dash cam program.

D. Enhanced Visibility Systems

Improving a driver's ability to see the environment around a large truck, especially in
traditionally hidden areas, is critical for preventing certain types of accidents. Backup
cameras and 360-degree camera systems are key technologies in this domain.

1. Backup Cameras

Backup cameras provide a live video feed of the area directly behind the vehicle,
displayed on an in-cab monitor. This is particularly crucial for Class 7 and 8 trucks
during reversing maneuvers, where direct rear visibility is often completely
obstructed.* While federal mandates require rearview cameras in new passenger
vehicles and other vehicles weighing less than 10,000 pounds since 2018 ¢, their
adoption in heavy trucks is typically voluntary but highly recommended.

The cost of backup camera systems for commercial trucks varies. Wireless systems,
which can simplify installation, generally range from approximately $120 to over
$560.* For instance, an eRapta wireless 1080p HD system with a 7-inch monitor can
be found for around $119.99 %, while a Rear View Safety SimpleSight™ wireless system
with a 5-inch monitor might start from $316.94.*

In terms of safety effectiveness, the IIHS found that backup cameras reduced backing
crashes by 17% in passenger vehicles.*® While this statistic is not specific to heavy
trucks, the fundamental benefit of improved rear visibility applies. NHTSA research on
medium straight trucks concluded that rearview video systems are an effective means
for the driver to see the area behind the vehicle, providing excellent image quality.”



These systems are particularly beneficial in preventing accidents involving
pedestrians, especially small children, who may be in the vehicle's rear blind zone.*

The direct ROI for backup cameras is primarily realized through the prevention of
low-speed backing accidents. These incidents commonly occur in yards, at loading
docks, and in congested urban environments. While often not high-speed events, they
can result in significant property damage to the truck, other vehicles, or facility
infrastructure, and tragically, can lead to injuries or fatalities if pedestrians are
involved. Indirect ROI can be seen in potentially faster and more confident reversing
maneuvers, which can improve operational efficiency in tight spaces, and a reduction
in minor damage to the fleet's own vehicles or to customer property.

The significantly larger blind zones of Class 7/8 trucks compared to passenger cars
suggest that the 17% crash reduction figure observed in cars “° could potentially be
even greater for heavy trucks. The primary ROI driver is the prevention of costly
property damage during yard and dock maneuvers and, most critically, the avoidance
of tragic low-speed incidents involving pedestrians. Preventing even a single serious
injury or fatality in a backing incident would yield an immense ROI, far surpassing the
camera system's cost. However, it's important to acknowledge the limitations of
backup cameras: their field of view is not all-encompassing, image quality can be
affected by dirt or weather, and there's a risk of driver complacency.*® This
underscores that while backup cameras are a valuable aid, they are not a standalone
solution. This reality points towards the potential benefits of combining them with
other systems, such as 360-degree views or rear-mounted ultrasonic sensors, for
more comprehensive rearward and peripheral awareness, albeit at an increased initial
investment.

2. 360-Degree Camera Systems (Surround View)

360-degree camera systems, also known as surround view or bird's-eye view systems,
employ multiple cameras strategically placed around the truck. The images from
these cameras are stitched together by software to create a composite, top-down
view of the vehicle and its immediate surroundings on an in-cab display.* This
technology effectively eliminates blind spots around the entire vehicle, providing
invaluable assistance during low-speed maneuvers in complex environments. Many of
these systems also incorporate Mobile Digital Video Recorder (MDVR) functionality,
allowing for the recording of events.

The cost for aftermarket 360-degree camera kits typically ranges from $600 to



$1,200, with professional installation adding another $300 to $500, bringing the total
installed cost to approximately $900 to $1,700 per vehicle.”°® Some simpler systems
or components might be available for less (e.g., Rear View Safety lists some 360°
systems from $227.40 "), while more comprehensive solutions like FleetVu 360°,
which can integrate other ADAS features, represent a higher investment.*

The primary safety benefit of 360-degree camera systems is the significant
enhancement of driver situational awareness, particularly in challenging environments
such as construction sites, crowded loading docks, and busy urban streets where the
risk of low-speed collisions is high.** Systems like Verizon Connect's Extended View
Cameras aim to provide near-360-degree coverage to reduce collision risk and aid
navigation in tight spaces.’®> While broad statistical data on overall percentage crash
reductions specifically for 360-degree cameras in heavy trucks is not as prevalent as
for systems like AEB or LDW, their effectiveness in preventing low-speed incidents,
scrapes, and collisions with stationary objects or pedestrians is widely
acknowledged.*’

Direct ROI from 360-degree camera systems is generated by a reduction in
low-speed collisions with fixed objects, other vehicles, or pedestrians, which are
frequent and can lead to substantial cumulative costs from property damage, vehicle
repairs, and potential injury claims. Reduced damage to tires, the truck body, and
customer or company property during tight maneuvering also contributes. Indirect
ROl includes improved operational efficiency due to faster and safer maneuvering in
confined areas, potentially reducing turnaround times at customer locations, and
decreased driver stress and increased confidence when operating in complex,
high-risk environments.

The ROI for 360-degree camera systems is most pronounced for fleets that operate
extensively in congested urban areas, navigate tight loading docks, or work on
complex job sites where low-speed maneuvering incidents are a frequent and costly
concern. For fleets engaged primarily in long-haul, highway-dominant operations with
limited exposure to such environments, the ROI might be less compelling compared to
ADAS features focused on highway speeds. However, the integration of MDVR
recording capabilities in many 360-degree systems *° adds a significant layer of value.
This provides comprehensive video evidence for incident analysis and driver
exoneration, similar to the benefits of dedicated dashcams, but with a more complete
visual record of the event from all angles. This dual benefit—enhancing maneuvering
safety and strengthening liability defense—significantly bolsters their overall ROI
proposition.



E. Vehicle Stability Systems (ESC/RSC for tractors and trailers)

Electronic Stability Control (ESC) and Roll Stability Control (RSC) are critical safety
technologies designed to prevent two of the most severe types of truck accidents:
rollovers and loss-of-control events. These systems use sensors to monitor a vehicle's
dynamics and can automatically intervene by selectively applying brakes to individual
wheels and/or reducing engine torque to help the driver maintain control.“° ESC
typically encompasses the functionality of RSC (which primarily addresses roll motion)
and adds yaw control to prevent skids and spins. These systems are available for both
tractors and trailers.

The cost of these systems varies. For tractors, ESC is estimated to cost between
$1,800 and $2,400 per truck, while RSC is estimated at $800 to $1,600 per truck.®®
For trailers, RSC systems have an OEM option book price of around $500, but often
require the trailer to be equipped with an Anti-lock Braking System (ABS) with traction
control capabilities, which could add approximately $500 if not already present. Thus,
the total cost for a trailer RSC system can range from about $440 to $1,101.%° Meritor
WABCO's RSSplus system for trailers is expected to cost end-users between $700
and $900 (a price that includes the ABS cost component), with retrofits potentially
costing $1,400 to $1,500 if the trailer's wheels are already equipped with ABS
sensors.”’

The safety effectiveness of stability control systems is well-recognized. NHTSA
estimates that ESC can prevent 40-56% of untripped rollover crashes and 14% of
loss-of-control crashes in heavy vehicles.*” UMTRI research found that ESC reduced
relevant crashes by 19%.%° RSC systems are also highly effective in preventing
rollovers (estimated 37-53% reduction) but are less effective for general
loss-of-control incidents not primarily involving roll motion (around 2% reduction).*

The direct ROI for ESC and RSC is exceptionally high, primarily due to their
effectiveness in preventing catastrophic rollover and loss-of-control crashes. These
types of accidents frequently result in fatalities, severe injuries, extensive vehicle and
cargo damage, and lengthy road closures, all of which incur enormous costs.?
Preventing even a single such high-consequence event can generate an ROI that
covers the cost of equipping an entire fleet with these systems. Insurance providers
also recognize the significant risk reduction offered by stability control, which can
favorably impact premiums. Indirect ROl includes the protection of high-value cargo
that might be destroyed in a rollover and the reduction of societal costs associated
with major highway incidents, such as traffic congestion and emergency response.



Given the devastating financial and human costs associated with rollover and
loss-of-control accidents, the ROI for ESC/RSC systems is compelling. These
technologies target low-probability but extremely high-consequence events.
Preventing just one such incident over the operational lifespan of multiple trucks in a
fleet would likely pay for the stability control systems across that entire fleet many
times over, making them a critical investment for comprehensive risk mitigation. An
important consideration for trailer RSC is the prerequisite of an ABS, often with
traction control capabilities.?® This means that fleets with modern, ABS-equipped
trailers can add RSC at a lower incremental cost. Conversely, equipping older,
non-ABS trailers with RSC would entail a higher initial investment to include the
foundational ABS. This suggests that when acquiring new trailers, specifying them
with standard ABS and RSC is a cost-effective approach. For existing fleets,
retrofitting RSC onto trailers already equipped with suitable ABS systems can also be
a viable strategy.

F. Trailer-Specific Safety Enhancements

Beyond the tractor, specific safety technologies for heavy-duty trailers can
significantly contribute to overall fleet safety and operational efficiency. These include
systems for monitoring tire health, improving aerodynamics, and enhancing trailer
visibility.

1. Trailer Tire Pressure Monitoring Systems (TPMS)

Trailer TPMS are designed to continuously monitor the air pressure and, often, the
temperature of each tire on a trailer. These systems alert the driver to deviations from
optimal pressure levels, such as underinflation, or to sudden pressure drops indicative
of a puncture or impending blowout. Early warnings allow drivers to take corrective
action before a critical tire failure occurs, which can prevent accidents, tire fires, and
costly roadside service calls.

The cost of TPMS for trailers varies. Basic kits suitable for RVs or light trailers, often
with 4 to 6 sensors, can range from as little as $25 to around $170.% More robust
systems designed for commercial heavy-duty trailer applications, such as the
TireMinder i10, might cost $329.99 for a 6-transmitter setup or $479.99 for a
10-transmitter setup.”” The Owner-Operator Independent Drivers Association (OOIDA)
has cited a cost range of $339 to $1,200 for such systems.®°

The safety effectiveness of TPMS lies in its ability to prevent tire blowouts, which can



cause a driver to lose control of the vehicle, create dangerous road debris, and
potentially lead to serious multi-vehicle accidents or fires. Properly inflated tires also
ensure optimal vehicle stability and braking performance.

The direct ROI from trailer TPMS comes from avoiding the costs associated with
tire-related accidents and reducing the frequency and expense of emergency
roadside tire service. Indirect ROI is also substantial and multifaceted:

e Fuel Efficiency: Maintaining correct tire inflation minimizes rolling resistance,
which can improve fuel economy. Underinflated tires are a known contributor to
increased fuel consumption.®’

e Extended Tire Life: Consistently operating tires at their correct pressure reduces
uneven wear and heat buildup, significantly extending their usable lifespan and
reducing the frequency of costly tire replacements.

e Reduced Downtime: By preventing unexpected tire failures, TPMS helps
minimize vehicle downtime, keeping assets on the road and generating revenue.

The ROI for trailer TPMS is compelling due to this combination of safety benefits
(preventing potentially severe blowout-induced accidents) and significant operational
cost savings (improved fuel efficiency, longer tire life, and fewer roadside assistance
calls). This dual advantage makes it a highly attractive investment. The relatively low
cost of many TPMS units %, especially when weighed against the expense of a single
commercial truck tire blowout—which can include not only the tire itself
($400-$1000+), but also potential damage to the wheel, trailer components, cargo,
plus the costs of the service call and significant vehicle downtime—suggests a rapid
payback period. This makes TPMS a sensible and financially sound investment even
for smaller fleets looking to optimize both safety and operational budgets.

o Red Line: Cumulative system cost (e.g., $400 upfront per trailer, minimal
ongoing sensor battery replacement).
o Blue Line: Total Net ROI.

2. Aerodynamic Devices (Skirts, Tails, Fairings)

Aerodynamic devices for trailers, such as side skirts, "boat tails" (rear fairings), and
gap reducers (between tractor and trailer), are primarily designed to minimize
aerodynamic drag as the vehicle moves at highway speeds.*® By smoothing airflow
around the trailer, these devices reduce the energy required to propel the vehicle,
leading directly to improved fuel efficiency. While fuel saving is the main objective,
some aerodynamic improvements can also marginally enhance vehicle stability,



particularly in crosswinds, and reduce road spray.

The cost of these devices varies by type and manufacturer. Trailer side skirts are
commonly priced between $644 and $1,613 *°, with EPA documents citing a range of
$700 to $1,100."°“ Trailer tails, or boat tails, typically cost between $1,000 and
$1,600."°* Comprehensive aerodynamic packages that include components for both
the tractor and trailer, like the Aerotech Elite Package, can be around $1,612.94.%°

The primary benefit and ROI driver for aerodynamic devices is fuel savings. The EPA's
SmartWay program verifies aerodynamic technologies and categorizes them by fuel
saving potential; combinations of devices can achieve fuel savings of 9% or even
higher."*® Individually, trailer side fairings are estimated to improve fuel economy by
3-7%, while trailer tails can offer a 3-5% improvement.'”* For a long-haul truck
traveling 100,000 miles or more annually, these percentages translate into significant
dollar savings. For example, a 1% fuel saving might equate to roughly 100 gallons of
diesel saved per vehicle per year. For a fleet averaging 7 miles per gallon, driving
100,000 highway miles annually with fuel at $4.00 per gallon, a cumulative 9% fuel
saving from a combination of aerodynamic devices could yield savings of
approximately $5,140 per trailer per year.®

The direct ROl is almost entirely a function of these fuel savings, which are directly
proportional to miles driven and prevailing fuel prices. This makes the payback period
potentially quite short for high-mileage operations. Indirect ROI can include
contributions to environmental compliance through reduced greenhouse gas
emissions "% and potentially a higher resale value for trailers equipped with these
fuel-saving technologies. While the direct impact on crash reduction is generally
considered minimal, any improvement in vehicle stability, especially in adverse
weather conditions like high crosswinds, can be seen as an indirect safety benefit,
though this is not typically quantified in ROI calculations for these devices.

3. Enhanced Conspicuity (Reflective Tape, Advanced Lighting)

Enhanced conspicuity measures aim to make trailers more visible to other road users,
thereby reducing the likelihood of collisions, particularly in conditions of low light,
darkness, or adverse weather. The most common and federally mandated form of
enhanced conspicuity is the application of DOT-C2 retroreflective tape along the
sides and rear of trailers.*? Advanced lighting systems, such as brighter or more
numerous LED marker lights, or pulsating brake lights, can further improve a trailer's



visibility.

The cost of DOT-C2 reflective tape is relatively low. A 150-foot roll of 2-inch tape can
be purchased for around $52.50 *? or between $125 and $150 from other suppliers.*
This quantity is typically sufficient to mark multiple trailers according to federal
regulations. The cost of advanced lighting systems would be higher and vary based on
the specific technology chosen.

The primary safety benefit of enhanced conspicuity is the reduction of accidents
where other vehicles collide with the trailer due to an inability to see it clearly or judge
its dimensions or speed accurately. This is particularly critical in preventing severe
underride accidents, where a smaller vehicle passes under the trailer bed, and in
reducing side and rear impacts into trailers at night or during periods of poor visibility.
While specific percentage reductions in heavy trailer crashes due to conspicuity tape
were not detailed in the provided research snippets, its effectiveness is
well-established and underscored by federal mandates for its use.

The direct ROI from enhanced conspicuity, especially reflective tape, is exceptionally
high due to its extremely low cost compared to the potentially catastrophic costs of
the accidents it helps prevent. Preventing even one serious injury or fatality crash, or a
significant underride collision, would provide a massive return on the minimal
investment in tape for an entire fleet. Indirect ROI includes ensuring compliance with
federal conspicuity regulations (49 CFR 393.11) and the fact that clear and properly
maintained conspicuity markings can be a factor in determining fault if an accident
does occur. While DOT regulations mandate minimum levels of conspicuity tape, fleets
might consider going beyond these minimums with more extensive or brighter taping,
or investing in advanced lighting solutions. This could offer incremental safety benefits
and further enhance ROI, especially for fleets that frequently operate in high-risk
visibility conditions, such as extensive nighttime driving or in regions prone to fog or
other adverse weather. This positions basic conspicuity tape as a foundational,
high-ROI safety measure, with further enhancements offering additional, albeit less
easily quantified, returns.

IV. Synthesizing the Gains: Calculating the Cumulative ROI for a
Safer Fleet
While analyzing individual safety technologies provides valuable insights into their

specific costs and benefits, a truly effective safety strategy often involves a
combination of systems. The synergistic effects of a comprehensive approach can



lead to greater overall risk reduction and a more substantial return on investment than
the sum of individual parts. Furthermore, providing fleet operators, especially those
managing smaller businesses, with a practical framework to calculate their own
potential ROl is crucial for translating general industry data into actionable business
decisions.

A. Beyond Individual Features: The Synergistic Effect of a Comprehensive
Safety Strategy

Modern safety systems are often designed to complement each other, creating a
layered defense against accidents. For instance, data gathered by telematics systems
can significantly enhance the effectiveness of driver coaching programs that are
initiated based on alerts from ADAS (like FCW or LDW) or events captured by dash
cameras. An AEB system, while critical for emergency intervention, relies on
well-maintained brakes to perform optimally; telematics can contribute to this by
providing predictive maintenance alerts for the braking system.

This "layered" safety approach, where multiple technologies address different facets
of risk or provide redundancies, can lead to a more profound reduction in both
accident frequency and severity. Consider a scenario involving potential lane
departure: an LDW system provides an initial warning, LKA may offer active steering
correction if the drift continues, and telematics can identify patterns of frequent LDW
alerts that might indicate chronic driver fatigue or distraction, prompting targeted
management intervention. Simultaneously, a dash camera could record such events,
providing valuable footage for subsequent driver coaching and training. This interplay
creates a more robust safety net than any single system could provide in isolation.

Investing in a platform or an integrated suite of safety technologies—such as a
telematics system that seamlessly integrates with dashcams and offers tools to
analyze ADAS event data—can yield a higher ROI than a piecemeal adoption of
standalone, disconnected systems. This is due to the benefits of data consolidation,
which allows for a more holistic view of fleet risk, streamlined operational workflows,
and more effective, data-driven interventions. Such a comprehensive strategy can
also foster a significant cultural shift within a fleet, moving from a reactive stance on
safety to one that is proactive and predictive. This cultural transformation, while less
tangible than direct cost savings, is itself a vital component of long-term ROI, leading
to sustained improvements in driver behavior, reduced risk-taking across the board,
and potentially lower operational costs over time.



B. Calculating Your Fleet's Potential ROI: A Practical Framework and Key Metrics

To assess the financial viability of investing in safety technologies, fleet operators can utilize
established ROI calculation methods. The basic formula for ROl is:

ROI(%)=Total Costs(Total Benefits-Total Costs)x100 105

Another useful metric is the Payback Period, which calculates the time it takes for the
cumulative savings or cash flow generated by an investment to equal the initial investment
cost:

Payback Period(Years)=Annual Net Cash Flow (or Annual Savings)Initial Investment 106

To apply these formulas, fleet managers need to identify and quantify several key
metrics :

e Costs:

o Upfront Investment: Hardware purchase and installation costs for each
technology.

o Ongoing Costs: Monthly or annual subscription fees (common for telematics,
dash cam cloud services), routine maintenance and calibration expenses, and
costs associated with driver and staff training time.

e Benefits (Quantifiable Annual Savings):

o Reduced Accident Costs: This is often the largest benefit. Estimate the
number and types of crashes likely to be prevented based on the
technology's effectiveness rates (e.g., AEB reducing rear-end crashes by 41%
). Multiply the number of prevented crashes by the average cost of those
crash types (using the fleet's own historical data if available, or industry
averages like those from FMCSA: Fatal $14.58M, Injury $383k, PDO $47k °).
Account for both direct costs (repairs, medical, legal) and indirect costs
(downtime, lost productivity).

o Lower Insurance Premiums: Obtain quotes from insurers for policies that
recognize the implemented safety technologies. If direct quotes are
unavailable, a conservative estimate of 5-15% reduction in annual premiums
can be used as a starting point, as suggested by industry reports for
technologies like dashcams and telematics with data sharing.™

o Fuel Savings: For technologies like telematics (with driver coaching) or
aerodynamic devices, calculate savings based on estimated MPG
improvement multiplied by annual miles driven and average fuel cost.
Telematics and coaching can yield 13-16% fuel savings.®

o Reduced Maintenance Costs: For systems enabling predictive maintenance
(often via telematics), estimate savings from fewer breakdowns, extended
component life (e.g., tires with TPMS, brakes with smoother driving habits),
and reduced reliance on costly emergency repairs. Predictive maintenance



can reduce overall maintenance costs by up to 20%.%’

o Lower Driver Turnover Costs: If safety technologies improve driver
satisfaction and retention ", calculate savings by multiplying the average cost
of driver turnover (approx. $8,234 '®) by the estimated reduction in the fleet's
turnover rate.

The FMCSA provides an example ROI calculation for a video-based ADAS system,
which can serve as a useful template.* In their example, for a fleet of 20 trucks, the
benefits per truck were $13,857 against costs of $2,725, yielding a benefit-cost ratio
of $5.09 and a payback period of just 12 months.*” This illustrates the strong positive
returns achievable.

It is important that ROI calculations are treated as dynamic assessments that should
be revisited periodically. External factors such as fluctuating fuel prices, changes in
the insurance market, evolving technology costs, and shifts in the fleet's own
operational profile or accident history can all influence the ROI over time. Therefore,
an ROl analysis conducted today might yield different results in the future. Fleet
operators should consider ROI analysis an ongoing process to ensure their safety
investments continue to deliver value and to identify new opportunities as conditions
change. When precise historical data is unavailable, particularly for smaller fleets,
using conservative estimates for benefits (e.g., the lower end of published
effectiveness ranges or cost savings percentages) is advisable. This approach builds
credibility and demonstrates that the investment is likely to be worthwhile even under
less optimistic scenarios. Fortunately, many safety technologies show a robust
positive return even with these cautious assumptions due to the inherently high cost
of the negative events they are designed to prevent.

C. Addressing the Concerns of Smaller Fleets: Affordability, Implementation,
and Scalability

Smaller fleet operators often face unique challenges when considering investments in
advanced safety technologies. Budget constraints, concerns about implementation
complexity, and questions about achieving a clear ROl are common.'*® However, these
technologies are increasingly accessible and offer compelling value propositions even
for smaller businesses.

e Affordability: While the upfront cost of some comprehensive ADAS suites can be
substantial *°, many effective safety technologies are available at more modest
price points. Dashcams, basic telematics systems, backup cameras, and trailer
conspicuity enhancements, for example, have relatively low initial costs and can
offer rapid payback, often through the prevention of a single incident or through



operational savings.* Financing options for equipment, potential grants (though
less common for private fleets), and a focus on a phased implementation
approach can make adoption more manageable. Crucially, the potential cost of
not investing—such as a single major accident leading to a multi-million dollar
liability—can far outweigh the expense of proactive safety measures.’
Implementation: The perceived complexity of implementing new technologies
can be a deterrent. However, many modern systems are designed with
user-friendliness in mind. Plug-and-play telematics devices, for example, require
minimal installation effort.®’ Choosing vendors that offer robust customer support,
thorough training, and straightforward integration with existing systems is key,
especially for fleets without dedicated IT personnel.®

Scalability: Most safety technology solutions, particularly telematics and
dashcam services, are priced on a per-vehicle basis, making them inherently
scalable to fleets of any size.* Smaller fleets can start by implementing
technology on a few vehicles as a pilot program. This allows them to test the
systems, gather initial ROI data specific to their operations, and refine their
implementation and coaching strategies before a wider rollout.’® This approach
minimizes initial risk and builds internal confidence in the technology's value.
Identifying Clear ROI: This is a significant challenge noted by small carriers.'®
This report aims to provide the data and frameworks necessary to make these
calculations more transparent and achievable. By focusing on quantifiable
benefits like reduced accident costs, lower insurance premiums, fuel savings, and
maintenance efficiencies, even small fleets can build a strong business case.
Leveraging Human Expertise with Technology: Smaller carriers often value a
blend of technology and human interaction, particularly for resolving problems
and customer communication.'®® Safety technology should be viewed as a tool to
augment and support skilled drivers and effective management practices, not to
replace them. Engaging drivers in the technology selection and implementation
process, and using the data for constructive coaching rather than punitive
measures, is vital for success."”

For small fleet owners, who are often intimately involved in the daily operations and
know their drivers personally, the "soft" ROI from safety technology can be as
significant as the direct financial returns. Reducing the stress associated with
potential accidents for both drivers and owners, improving driver morale, and
enhancing the overall safety culture contribute to a healthier, more stable, and
ultimately more profitable business environment. This peace of mind, while difficult
to quantify on a spreadsheet, is an invaluable return. Furthermore, the competitive
landscape among safety technology providers means that smaller fleets are



increasingly able to access sophisticated solutions at affordable price points, as the
technology matures and costs decrease due to wider adoption by larger fleets.* This
trend makes a positive ROl more attainable than ever for operations of all sizes.

Table 3: ROI Calculation Worksheet Template for a Specific Safety Technology

Financial Component Calculation/Notes Estimated Annual Value
(USD)

A. Initial Investment Costs

(Year 0)
1. Hardware Cost per Unit (Enter Cost)
2. Number of Units (Enter Number)

3. Total Hardware Cost (A1 x
A2)

4. Installation Cost per Unit (Enter Cost)

5. Total Installation Cost (A2 x
A4)

6. Total Initial Investment (Total Cost Year 0)
(A3 + A5)

B. Annual Ongoing Costs

1. Subscription/Service Fee (Enter Annual Fee)
per Unit per Year

2. Total Annual Subscription
Cost (B1x A2)

3. Annual (Enter Estimated Cost)
Maintenance/Calibration Cost
per Unit

4. Total Annual
Maintenance/Calibration Cost




(B3 x A2)

5. Total Annual Ongoing
Costs (B2 + B4)

(Annual Recurring Cost)

C. Annual Quantifiable
Benefits/Savings

1. Accident Cost Savings

(Est. Crashes Prevented x Avg.

Cost per Prevented Crash
Type)

2. Insurance Premium Savings

(Current Annual Premium x %
Reduction)

3. Fuel Savings

(Avg. Miles/Truck/Yr / Old
MPG - Avg. Miles/Truck/Yr /
New MPG) x Fuel Price x A2

4. Maintenance Savings
(Predictive/Reduced Wear)

(Estimated % Reduction x
Current Annual Maintenance
Cost)

5. Driver Turnover Cost
Savings

(Avg. Cost per Turnover x

Turnover Rate Reduction x No.

of Drivers)
6. Total Annual (Total Annual Savings)
Benefits/Savings (Sum C1 to
C5)
D. Annual Net Savings / (C6 - B5)
Cash Flow
E. Cumulative Net Savings (D - A6)

(Year 1)

F. Cumulative Net Savings
(Year 2 onwards)

(Previous Year's Cumulative
Net Savings + Current Year's
D)




G. Payback Period (Years) A6 / D (Simplified for
consistent annual savings)

H. ROI (e.g., over 3 Years) ((Sum of D for 3 Yrs - A6) / A6)
x 100

Data Sources: Fleet's own data, industry averages from this report.’

V. The Path Forward: Embracing Safety Technology as a
Cornerstone of Profitability and Sustainability

The evidence overwhelmingly indicates that strategic investments in advanced safety
technologies for Class 7 and Class 8 heavy-duty trucks and trailers yield substantial
returns, transforming safety from a perceived expense into a vital component of
operational efficiency, risk management, and long-term profitability. For smaller fleet
operators, understanding and leveraging these benefits is increasingly crucial for
navigating a competitive and demanding industry landscape.

A. Key Takeaways: Reinforcing Safety as a Strategic Investment

The journey through the data reveals a clear narrative: the cost of inaction in truck
safety is prohibitively high, while the benefits of proactive technological adoption are
compelling and multifaceted. Accidents involving heavy trucks impose staggering
direct and indirect financial burdens, capable of jeopardizing the viability of smaller
businesses.’ However, a range of proven safety technologies—from ADAS features like
AEB and LDW to telematics, dash cameras, enhanced visibility systems, stability
controls, and trailer-specific enhancements—demonstrably reduce crash frequency
and severity, directly mitigating these costs.*°

The core message for fleet operators is that safety technology should not be viewed
as a mere cost center or a compliance checkbox. Instead, it is a strategic,
profit-enabling investment. These systems protect a fleet's most valuable assets—its
vehicles, cargo, and, most importantly, its drivers. They reduce exposure to costly
liabilities, enhance operational performance through efficiencies in fuel consumption
and maintenance, and contribute to a more stable and professional workforce. The
long-term financial health and sustainability of any trucking operation, particularly
smaller enterprises, are inextricably linked to its safety performance and its
willingness to embrace proven technological solutions. Reports, such as one by IDC
indicating an average 815% ROI for organizations using fleet telematics and
video-based safety solutions °, and case studies like Decker Truck Line's reduction of



accident claims from $3 million to $760,000 through video safety '°°, underscore the
transformative financial impact possible.

Proactive investment in safety technology can also serve as a significant competitive
differentiator for smaller fleets. In an industry often grappling with driver shortages, a
demonstrable commitment to safety, evidenced by the adoption of modern
technologies, can help attract and retain skilled, safety-conscious drivers.'” Similarly,
shippers are increasingly scrutinizing the safety records and practices of their carrier
partners as part of their own supply chain risk management. A fleet that can
showcase a strong, technologically supported safety program may find itself better
positioned to secure and retain desirable contracts, thereby fostering long-term
growth and profitability.

Furthermore, the field of vehicle safety technology is continuously evolving, with
advancements in Al, sensor fusion, and vehicle-to-everything (V2X) communication
promising even greater capabilities in the future.*® Fleets that make foundational
investments in current-generation technologies are not only reaping immediate ROI
but are also better positioned to integrate these future advancements more
seamlessly and cost-effectively. This forward-looking perspective frames today's
safety investments as building blocks for sustained competitiveness and enhanced
safety performance in the years to come.

B. Recommendations for Phased Implementation and Maximizing Returns

For smaller fleet operators, adopting a comprehensive suite of safety technologies
simultaneously may seem daunting. A phased, strategic approach can make these
investments more manageable and help maximize returns:

1. Conduct a Fleet-Specific Risk Assessment: Begin by analyzing your fleet's
historical accident data, near-miss reports, and operational characteristics.
Identify the most frequent and costly types of incidents specific to your
operations (e.g., rear-end collisions on highways, backing accidents in yards, lane
departure incidents). This will help prioritize which technologies offer the most
immediate impact.

2. Prioritize High-Impact, Rapid-ROI Technologies: Consider starting with
technologies that offer a clear and often quick payback. For many fleets, this
might include:

o Dash Cameras: Their ability to provide exonerating evidence in not-at-fault
accidents can lead to immediate savings in litigation and insurance
settlements.” Al-enabled dashcams also offer proactive driver coaching
benefits.



o Basic Telematics: Monitoring driver behavior for unsafe practices (speeding,
harsh braking) and identifying opportunities for fuel savings through route
optimization and idle reduction can yield tangible returns relatively quickly.*

o Trailer Conspicuity: Ensuring all trailers meet or exceed DOT standards for
reflective tape is an extremely low-cost measure with a high potential to
prevent severe visibility-related accidents.*

3. Implement Pilot Programs: Before a full-fleet rollout of more expensive or
complex systems, test the technology on a small subset of vehicles.’”” This allows
the fleet to gather firsthand data on its effectiveness, refine implementation
processes, train a core group of users, and build a stronger internal business case
based on demonstrated ROI within its own operational context.

4. Emphasize Driver Engagement and Training: The success of any safety
technology is heavily reliant on driver acceptance and proper use. Involve drivers
in the selection process where feasible. Provide comprehensive training on how
the systems function, their benefits (including how they protect the driver), and
any new procedures required.” Frame technology as a tool for support and
protection, not just surveillance.

5. Establish Robust Data Management and Coaching Protocols: Safety
technologies generate a wealth of data. It is crucial to have processes in place to
regularly review this data, identify trends, and use it for constructive, non-punitive
driver coaching and performance management.** A commitment to continuous
improvement based on data insights is key to maximizing long-term benefits.

6. Choose Vendors Wisely: For smaller fleets with potentially limited in-house IT or
technical expertise, the quality of vendor support, training, and ease of system
integration is as critical as the technology itself.*® Select partners with a proven
track record and a commitment to customer success.

7. Regularly Review and Update the Safety Strategy: The technological
landscape, regulatory environment, and your fleet's operational needs will evolve.
Periodically reassess your safety technology strategy to ensure it remains
effective and to identify new opportunities for improvement.

A successful safety technology program is not merely a one-time purchase; it
necessitates a cultural shift towards data-driven decision-making and an unwavering
commitment to continuous improvement. This cultural evolution, supported by
tangible technological tools, is fundamental to achieving sustained safety
performance and maximizing the financial returns on these critical investments.

C. The Future Outlook: Evolving Technologies and Continuous Improvement

The domain of commercial vehicle safety technology is dynamic, with ongoing



advancements promising even greater capabilities. Trends indicate a move towards
more sophisticated Al algorithms for predictive analysis and real-time decision
support, enhanced sensor fusion (combining data from multiple sensor types like
cameras, radar, and LiDAR for a richer understanding of the environment), and the
development of Vehicle-to-Everything (V2X) communication systems.*° V2X will
enable vehicles to communicate with each other, with infrastructure, and with other
road users, potentially preventing a wider range of accidents by providing advance
warnings of hazards beyond the immediate line of sight of onboard sensors.

While fully autonomous Class 8 trucks are still in developmental and testing phases for
widespread deployment, the incremental advancements in ADAS are steadily
increasing the level of automation available to assist drivers, reducing workload and
mitigating human error. As these technologies mature and their costs potentially
decrease with wider adoption, their ROI will likely become even more compelling for
fleets of all sizes.

For fleet operators, this evolving landscape underscores the importance of viewing
safety technology not as a static, one-off purchase, but as an integral part of an
ongoing journey of continuous improvement. By embracing proven current-generation
technologies, fleets can achieve significant immediate returns in safety and financial
performance while also building a foundation to readily adopt future innovations. The
long-term vision is clear: a trucking industry that is substantially safer, more efficient,
and more sustainable, benefiting not only individual fleet businesses but also the
broader community and economy that rely on its vital services. The path to this future
is paved with strategic, data-driven investments in the safety technologies that
protect drivers, prevent accidents, and ultimately, drive profitability.
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