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!Abstract— Achieving carbon neutrality has become a critical
global objective, because of the urgent global challenge of
climate change. It promotes the integration of advanced
technologies to reduce greenhouse gas emissions. Among these,
Al has emerged as a transformation tool in accelerating
pathways towards carbon neutrality. Al can optimize energy
consumption, improve efficiency in Industrial processes and
support the integration of renewable energy sources. Through
predictive modelling, Machine learning algorithms can forecast
energy demands and reduce carbon footprints. Key
applications include Smart grid management, Predictive
maintenance, Climate modelling and Carbon footprint
tracking. Al enables policy making by analysing complex
environmental data and forecasting outcomes of mitigation
strategies. Furthermore, Al supports carbon capture and
storage (CCS) technologies by improving chemical process
efficiency and identifying optimal storage sites. In addition,
natural language processing and computer vision support
environmental monitoring by analysing satellite imagery and
sensor data to detect deforestation, methane leaks and other
emission sources. However, the widespread applications of Al
in carbon neutralization also presents challenges, including
high computational energy demands, ethical considerations
and the need for transparent, explainable models. Despite these
limitations, AI offers a powerful, scalable and adaptable
approach to driving climate action. By combining human
expertise, policy frameworks and technological innovation, Al
has the potential to serve as a cornerstone in global strategies
for achieving carbon neutrality and fostering long — term
environmental sustainability.

Booma Jayapalan
Associate Professor / ECE,
PSNA College of Engineering and Technology,
An Autonomous Institution, Dindigul, TamilNadu
boomakumar2005@gmail.com

Index Terms—Carbon neutrality, Climate change mitigation,
Renewable energy, Carbon footprint tracking, Environmental
sustainability, Machine learning.

[. INTRODUCTION

he escalating crisis of climate change necessitates

urgent and innovative solutions for decarbonisation across
all major sectors. Globally, the energy sector is the largest
source ~of Greenhouse Gas (GHG) emissions,
with transportation accounting for a significant and
growing portion. Road transport alone contributes
approximately 71.7% of the European Union's
transport-related CO2 emissions, underscoring the urgency
for technological intervention. Furthermore, transportation
accounts for roughly 16.2% of total global GHG emissions,
making it a critical area for climate action.

Artificial Intelligence (AI) has emerged as a powerful
technological enabler, shifting from a computational tool to
a "Digital Ally" in the fight against carbon emissions. Al's
core strengths—its ability to process vast, real-time datasets
and execute complex optimization models—are uniquely
suited to tackle the inefficiencies inherent in modern
transportation networks, such as traffic congestion and
sub-optimal routing. This paper focuses on the vital role of
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integrating Al within Intelligent Transportation Systems
(ITSs) to deliver -Enhanced Energy and Emission Reduction
(EER) in transport sector.

II. Al AND TRANSPORTATION EMISSION
REDUCTION

Al's potential in the transportation sector is realized
through several synergistic applications that collectively aim
to minimize fuel consumption and, consequently, carbon
output. McKinsey research suggests that Al-driven
technologies can cut CO2 emissions in businesses by up
to 10% and deliver 15% energy savings specifically in
transportation systems.

A. Real-Time Traffic Management and Flow Optimization:

1) Inefficient traffic flow, characterized by excessive

idling and frequent stop-and-go patterns, is a major
source of urban transport emissions.

2) Al-driven traffic control systems utilize sensors

(LiDAR, cameras, GPS) to gather real-time data on
traffic volume, speed, and density.

3) Machine Learning (ML) algorithms analyze this

data to dynamically adjust traffic light timings,

optimize intersection throughput, and manage

traffic flow, thereby minimizing stops and delays.
4) This direct action results in smoother vehicular

movement and reduced fuel consumption.

B. Logistics and Vehicle Route Optimization (VRO):

1) In freight and last-mile delivery logistics, Al
addresses the challenge of the Vehicle Routing
Problem (VRP)by calculating the most
fuel-efficient paths

2) Al algorithms, such as Genetic Algorithms

(GAs) and Neural Networks (NNs), integrate
variables like real-time traffic, delivery time
windows, and vehicle capacity to create dynamic
routes.

3) By doing so, they drastically reduce total travel

distance, time, and associated emissions.

4) Research on Al-based route optimization methods,

including Ant Colony Optimization (ACO) and
Hybrid  Genetic  Algorithms  (HGA), has
demonstrated significant environmental gains.
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Fig.1 Carbon Emission Reduction by Al Algorithms

C. Smart Fleet and Energy Management:

1) Al extends its role to proactive fleet management:

2) Predictive Maintenance: Al models analyze sensor

data from vehicle components to predict potential
failures, ensuring vehicles operate atpeak fuel
efficiency and minimizing unexpected downtimes.

3) Fleet

optimization models are crucial for Electric Vehicle
(EV) fleets. They determine optimal charging times
and locations based on real-time battery status, trip
schedules, and the carbon intensity of the electricity
grid, effectively reducing indirect CO2 emissions.

Electrification: Al-driven charging

III. MECHANISMS AND ENVIRONMENTAL IMPACT

The environmental impact of Al in transportation stems
from transforming an inherently static, reactive system into
a dynamic, adaptive one. The process involves a continuous
loop of data collection, intelligent decision-making, and
action.

A. The AI-Driven Optimization Workflow:
The fundamental mechanism for Al-driven emission

reduction in transportation can be visualized as a cyclical
process:
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Fig.2 Cyclical process for Al driven Emission Reduction
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B. Global Emission Context:

To appreciate the scale of Al's contribution, it is essential
to contextualize the transport sector's share of global GHG
emissions, which provides the baseline for potential
reductions.
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Fig.3 Global GHG Emission by Different Sectors

IV. CHALLENGES AND FUTURE WORK

Despite the promise, the full-scale implementation of Al in
transportation faces considerable hurdles:

A.Data Availability and Quality:

Al models are data-hungry. Sparse or siloed data,
especially in rural areas, can lead to routing errors and limit
performance. Addressing data privacy and encouraging data
sharing among stakeholders is critical.

B.Computational Cost:

Running complex, real-time optimization models (e.g.,
VRP solvers) requires high computational power and
significant initial investment. This computational demand
must be weighed against the Al model's own carbon
footprint.

C.Infrastructure Integration:

Integrating new Al-based ITS with legacy transportation
infrastructure requires considerable investment and complex
systemic integration.

D. Algorithmic Bias:

Biases in training data could lead to unequal service or
suboptimal routing for certain areas, which requires careful
ethical consideration.

Future research must focus on integrating Al with
complementary technologies like IoT and Blockchain for
enhanced traceability and verifiable carbon tracking.

Furthermore, developing Federated Learning techniques
could allow for collaborative model training without
compromising proprietary data, thus overcoming the
data-siloing challenge.

V. CONCLUSION

1) Al stands as a crucial digital ally in the global fight
against carbon emissions, offering sophisticated,
data-driven  pathways to decarbonize the
transportation sector.

2)  Through dynamic route and traffic optimization,
Al is already delivering measurable reductions in
fuel consumption and CO2 output, with specialized
algorithms showing over 20% efficiency gains in
logistics.

3) While challenges related to data infrastructure,
computational resources, and systemic integration
remain, the continuous advancement of machine
learning and its application in Intelligent
Transportation Systems provides a clear, actionable
roadmap for achieving asustainable and
low-carbon mobility future.

4) The commitment to overcoming these barriers is
not merely a technological imperative, but a
foundational step towards meeting global climate
targets.
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