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ABSTRACT

With the growth of technical innovations in road freight automation, the transportation sector is undergoing
fundamental change. In response to the increasing problems of congestion, environmental effect, and labor
shortages in the freight business, these innovations aim to increase efficiency, decrease prices, and improve safety.
The data gathered from the road freight industry's surveys and case studies was analyzed using a quantitative
technique. The rates of automation technology adoption are the primary focus of the study. Results show a dramatic
drop in accidents, with autonomous trucks reducing incidents by 75%. Fuel efficiency increased by 15%, delivery
time decreased by 1.4 hours, and operating expenses per mile dramatically decreased, all indicating a major
improvement in operational efficiency.
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INTRODUCTION

The road freight industry is seeing the most noticeable shift as a result of automation in the global logistics and
transportation scene. Road freight, which connects manufacturing hubs with end users, is a major player in the global
economy. Its job is to move commodities from one country to another. Nevertheless, this sector is not new to difficulties,
such as growing operational expenses, driver shortages, environmental worries, and the ever-increasing need for more
efficient and quicker delivery. A wave of automation that is fundamentally changing the way road freight runs is being
driven by technological innovations that have emerged as the solution to these problems. The fundamental idea behind road
freight automation is to improve efficiency, safety, and sustainability via the use of cutting-edge technology like Al, ML,
robots, and the IoT. Automated warehouses, self-driving trucks, predictive maintenance solutions, and real-time fleet
tracking are just a few examples of the technologies that are strengthening the supply chain ecosystem while
simultaneously increasing operational efficiency. In today's world, where transportation of commaodities must be swift,
precise, and environmentally friendly, this trend toward automation is more than simply a passing fad.

Driverless cars are one of the key innovations that is causing this shift. The autonomous trucks developed by industry
leaders Tesla, Waymo, and Embark are prepared to take on long-distance freight routes. While solving the problem of a
chronic lack of qualified drivers, these vehicles also promise to streamline delivery schedules, decrease fuel consumption,
and minimize human error. Nevertheless, there are still many obstacles to overcome on the road to complete autonomy,
such as ethical considerations, legislative difficulties, and the necessity to update infrastructure significantly. Autonomous
trucking's success demonstrates the enormous promise of automation to transform the sector, notwithstanding these
challenges. The Internet of Things (IoT) and artificial intelligence (Al) are revolutionizing fleet management, and not only
because of self-driving vehicles. In order to reduce downtime and optimize efficiency, fleet operators may use real-time
data on vehicle health, fuel usage, and position provided by sensors installed in vehicles. Improving the dependability of
road freight operations is possible with predictive maintenance, which is driven by Al algorithms. This type of maintenance
identifies potential faults and fixes them before they become expensive repairs.

Warehouse operations, which are a crucial component of the road freight ecosystem, have been simplified by innovations in
robotics and automation. Warehouse operations, product sorting, and transportation have all been transformed by Al-driven
inventory management systems, robotic arms, and automated guided vehicles (AGVs). In addition to reducing the need for
manual labor, these technologies improve precision and speed, guaranteeing that items arrive at their destinations
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punctually. The field of sustainability is another important one where new technologies are causing shifts. Automation is
assisting the road freight sector in becoming more environmentally conscious in response to rising worries about the
industry's impact on the environment. To lessen their impact on the environment, electric and hydrogen-powered trucks are
quickly replacing older, more polluting diesel trucks. In addition, systems that optimize truck routes using artificial
intelligence make sure that vehicles use the least amount of gasoline possible and lessen the industry's impact on the
environment. Acceptance of automation in the road freight industry is fraught with difficulties, notwithstanding the benefits
of automation. Overcoming obstacles such as high implementation costs, reluctance to change, and the need to reskill a
large portion of the workforce is essential for firms. In addition, there is still a lot of back-and-forth concerning the moral
weight of autonomous cars, especially in the event of an accident or system failure. To overcome these obstacles and
establish a framework that guarantees the fair and secure incorporation of automation into road freight operations,
lawmakers, IT developers, and industry stakeholders must collaborate.

REVIEW OF LITERATURE

Callefi, Mario Henrique et al., (2022) The function of technology adoption in road freight transportation has been the
subject of several academic investigations; these investigations have focused mostly on ICTs and ITSs. The authors are not
unaware of any studies that have attempted to catalog technology-enabled capabilities in road freight transportation
systems, nor have they come across any studies that have examined various groups of technologies within this domain,
particularly those associated with the rise of Industry 4.0, such as the Internet of Things (IoT), blockchain, or augmented
reality. In order to address this need, our article surveys road freight transportation for technology-enabled capabilities and
assesses their readiness level (RL). In our multi-method approach, we first conduct a systematic literature review (SLR) to
catalog the technological capacities; then, we examine secondary sources to confirm the RL of each capability included in
the SLR; and lastly, we have experts validate the data. The results show that road freight transportation systems have 32
capabilities that are enabled by technology. These capabilities are categorized into six groups. In addition, for 28 of these
skills, we discovered instances of their practical usefulness. By giving experts and scholars a bird's-eye perspective of the
possibilities made possible by technology, this research adds to the literature on road freight transportation. In addition,
stakeholders from various levels of road freight transportation (e.g., shippers, carriers, regulators) can gain insight into
which capabilities are ready for operational adoption and which ones still need research funding to reach a commercial
level from the discussion of the RL of these capabilities.

Engholm, Albin et al., (2020) The road freight transport industry is interested in driving automation technology because
DL-trucks have the potential to boost truck utilization, decrease driver expenses, and improve road safety. Studies on the
potential future spread and effects of DL-trucks are few in comparison to passenger transport, despite the fact that these
vehicles may have far-reaching consequences for the transportation system. This research uses the technological innovation
systems (TIS) paradigm to examine the sociotechnical innovation system in Sweden as it relates to the development,
diffusion, and use of DL-trucks. The data for the study came from twenty-three expert interviews with members of sixteen
different Swedish DL-truck TIS organizations. Timeliness, operating capacities, infrastructural needs, and the regulatory
environment are all areas where the TIS research reveals substantial uncertainty about the broad deployment of DL -trucks.
The respondents are in agreement that DL-trucks provide a significant potential for the Swedish economy and industry. In
theory, DL-trucks should improve transportation systems' environmental performance, but it's not clear if this will really
happen or whether there will be any unintended consequences. New players from the telecom sector, the energy sector, and
developing truck technology businesses are joining the region and driving the development of DL-trucks. Incumbent
corporations in the truck manufacturing industry substantially impact this growth. In order to accommodate DL-truck
operations, the present, rather inflexible institutions for truck production and road freight transportation will have to
undergo considerable realignment in areas like rules and regulations, business models, and operational procedures. Future
DL-truck value chains may alter the road freight transport value chain by making certain current key actors, like traditional
road carriers, less important. A major unknown is who will be responsible for determining requirements, deploying, and
funding the digital infrastructure needed by DL-trucks.

Ghandriz, Toheed et al., (2020) There has been rapid progress in removing technical obstacles to automated driving
systems (ADS), allowing for the introduction of driverless cars on public roadways. Opportunities to enhance energy
efficiency, logistical planning, mobility, and productivity have emerged thanks to ADS. Increased transportation needs,
however, necessitate even more productivity and energy consumption gains to meet CO2-reduction targets. Automation and
electrification, when applied to the freight industry in particular, may fulfill the requirements of environmentally friendly
transportation. Battery electric heavy vehicles' (BEHVS) profitability is an ongoing issue, nevertheless. The research
concluded that BEHVs became viable after implementing ADS, and that profitability persisted even after increasing trip
ranges by a factor of four when compared to BEHVs piloted by humans. By fine-tuning the electric propulsion system and
infrastructure for a specific transportation requirement, BEHVs with ADS might achieve a total cost of ownership decrease
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of up to 20%. Then, unlike a BEHV operated by a person, the optimal propulsion system may be quite different. Findings
were derived by numerically minimizing total cost of ownership (TCO) for 3072 transportation scenarios. These scenarios
illustrated the impact of factors such as travel distance, road hilliness, average reference speed, and vehicle size on the
integration of electrification and automation, and were contrasted with conventional combustion-powered heavy vehicle
scenarios.

Kedzior-Laskowska, Malgorzata. (2019) Research on how technical and technological advancements affect service quality
in road freight transport is detailed in this article. One hundred thirty-four road transport businesses participated in the
research. Executives and company proprietors filled out the survey. The service quality was evaluated by the respondents
based on seven criteria. In order to establish the significance of a specific component for service quality, the data analysis
relied on the arithmetic mean and the dominant. Data on the sample's variability was supplied by the variability analysis.
Innovation affects quality, according to the study's findings. Intelligent transport systems, the capacity to notify the client
about the real position of the cargo (delivery time), and systems supporting the work of a professional driver were the top
ranking aspects supporting the quality of road transport services. Additionally, the essay highlighted several innovations
and tried to figure out how important they were for service quality improvement and how they affected the road transport
system.

Pernestal, Anna et al., (2020) A vital part of contemporary civilizations is the transportation of freight via road.
Concurrently, a considerable amount of pollution comes from freight transportation via road. Opportunities to enhance
efficiency, decrease costs, and boost service levels in road freight transport are presented by digitalization, which includes
automation, digitized information, and artificial intelligence. There is a chance that digitalization would potentially
drastically alter the sector's corporate ecology. This article uses Sweden as a case study to ask, "How will digitalization
change the road freight transport landscape?” and then uses that information to create four hypothetical futures. Input from
52 specialists formed the basis of the findings. We look at the potential prospects and challenges to a sustainable
transportation system in each of the four scenarios and analyze the effects on the road freight transport industry. Vehicle
kilometer traveled is expected to rise in all four scenarios, with three of the four scenarios also projecting substantial
increases in recycling and urban freight movements. Important societal development uncertainties that will have a
significant impact on the evolution of the digital freight transport ecosystem were brought to light throughout the scenario
creation process. An example of a recognized strategic uncertainty is the sustainability paradigm.

Tonhauser, Michal et al., (2021) As it continues, the fourth industrial revolution will radically alter our daily lives and the
jobs we do for a living. There are certain fields where innovations are readily apparent. Other areas, such as transportation
safety, are more conventional and thus move at a far slower pace. In this article, we take a look at how the introduction of
new tech and automation has changed road transport safety. Not only can we employ these technologies to make
transportation safer, but they can also make it more efficient and less harmful to the environment. We looked at previous
successful implementations of new technology and specific instances of its use in transportation to highlight the pragmatic
aspect of introducing new technology. Nevertheless, the central emphasis of this research is the correlation between the
introduction of new technology and automation and an increase in security, as measured by the number of lives saved, on
the flip side.

RESEARCH METHODOLOGY

Research Approach
In this study, numerical data is collected and analyzed using a quantitative methodology.

Data Collection
Surveys and case studies performed within the road freight industry provided the data utilized in this research.

Data Analysis Approach

The analysis focuses on three key aspects:
e Technology Adoption

o  Safety Analysis

e  Operational Efficiency Analysis

Statistical Tools and Techniques

e Descriptive Statistics:In order to describe the adoption rates and accident reductions, metrics such as median,
percentage of adoption, and mean are utilized.
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e Paired t-test:The paired t-test is employed to examine how automation affects operational efficiency, which includes
fuel economy, delivery time, and operating expenses. A statistically significant difference between the parameter
means before and after the installation of automation technologies are assessed using the t-test.

DATA ANALYSIS AND INTERPRETATION

Table 1: Types of Technologies Adopted in Road Freight Automation

Technology Percentage of Adoption (%)
Autonomous Trucks 45
Internet of Things (1oT) 30
Artificial Intelligence (Al) 25
Machine Learning (ML) 20
Advanced Telematics Systems 35
Automated Cargo Handling Systems 10

In the road freight industry, different automation systems have different adoption rates, as seen in the table. With 45% of
the market share, autonomous trucks are clearly the most popular technological advancement in this sector. Then, 35
percent of businesses have used advanced telematics systems, which proves their usefulness in enhancing data analytics and
fleet management. The increasing significance of the Internet of Things (loT) in facilitating real-time tracking and
connection is reflected in the 30% adoption rate. The fact that 25% of businesses have implemented Al shows how
promising it is for improving processes and decision-making. The fact that 20% of organizations have implemented ML
indicates that it is starting to play a role in areas like process automation and predictive analytics. Finally, with just 10%
acceptance, automated cargo handling systems are still in their early phases of deployment, despite the enormous benefits
they bring.

Table 2: Effect of Automation on Safety

Pre-Implementation Post-Implementation Reduction in
Type of Technology Accidents Accidents Accidents (%)
Autonomous Trucks 40 10 75
Al and ML-Driven Systems 30 12 60
loT-Enabled Telematics 25 15 40
Advanced Cargo Handling 35 30 14
Systems

The table shows that the autonomous trucks are the most improved, with a 75% decrease in accidents, from 40 before
installation to 10 after. From 30 accidents pre-implementation to 12 post-implementation, a 60% reduction, as shown by Al
and ML-driven systems. From 25 to 15, the number of accidents decreased by 40% thanks to telematics provided by the
Internet of Things. Finally, there was a little 14% drop in accidents, from 35 before to 30 after the installation of modern

cargo handling equipment, which is still a good outcome.

Table 3: Impact of Automation on Operational Efficiency

Parameter Before Automation (Mean) After Automation (Mean) t-Statistic p-Value
Fuel Efficiency (%) 55 70 6.52 0.000
Delivery Time (Hours) 5.2 3.8 4.28 0.000
Operatlng(ggit per Mile 25 18 372 0.001

The table shows that when automation was put in place, operational efficiency increased significantly. With a t-statistic of
6.52 and a p-value of 0.000, there was a very significant increase in fuel economy from 55% to 70%. The delivery time was
significantly improved, going from 5.2 hours to 3.8 hours, with a t-statistic of 4.28 and a p-value of 0.000. Also, with a t-
statistic of 3.72 and a p-value of 0.001, operational expenses per mile went down from 2.5 to 1.8 rupees.
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CONCLUSION

There have been several beneficial outcomes stemming from the use of automation technology in the road freight industry.
Both operational efficiency and safety have been greatly improved by the use of technologies like autonomous trucks, Al,
ML, the Internet of Things, and advanced telematics systems, according to the report. The sector is now more cost-effective
and productive thanks to automation, which has greatly improved fuel economy, decreased delivery time, and decreased
operational expenses. These results demonstrate how automation may revolutionize the road freight industry by enhancing
safety and optimizing operations, leading to a safer and more sustainable industry overall.
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