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Regarding the environmental impact of Ridesharing integrated with AVs,
this paper examines the work done to identify substantial CO2 reductions
possible with AV use. Drawing on the trends in the shift to AV and on the
adoption of EVs, the paper estimates the potential green effects of
swapping ICE vehicles for autonomous electric ones. We also discuss
updates in AVs, infrastructure issues, solar power options for charging
stations, future forecasts of global CO2 emissions, and the felt
shortcomings of this study. The study shows that although AVs may hold
the key to the dramatic reduction in emission levels, their potential is only

as good as the infrastructure and policies in place, as well as a few
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I. INTRODUCTION

Transport, being one of the largest emitters of
greenhouse gases, contributed to about 23% of global
emissions (Akimoto, Sano & Oda, 2022). Traditionally
these emissions have originated from ICE vehicles,
those that use gasoline and diesel as sources of energy.
These engines emit large volumes of CO2 and other
emissions, such as NOx and PM emissions from diesel
engines. The emissions in question also contribute to
climate change, and also to the deterioration of the air

quality in population-dense metropolises.

As a result of such environmental changes, the use of

electric vehicles (EVs) has received attention as

perhaps the most significant way of eliminating the
sector’s reliance on polluting energy sources. The
analysis showed that EVs have extremely low tailpipe
emissions thus reducing local air pollution, and play a
role in lowering global CO2 emissions (Yu et al., 2017).
Nonetheless, their environmental potential is only
achieved where the electricity utilised to fuel them is
generated from renewable sources. Moreover, EVs,
complemented by the modern level of autonomy in
AVs and shared mobility patterns, including ride-
hailing, enhance the impact (Silva et al., 2022). It may
be noted that AVs can help in setting efficient driving
rhythms and patterns, reducing sheer traffic densities
on the road and increasing vehicle use efficiency and

variability, hence lowering emissions manifold.
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In this paper, a focus is placed on analysing the effects
that transportation that is provided by AVs has on the
environment, especially as it is adopted in the
development of ridesharing services. In this paper,
specific case studies and an extrapolation of trends in
the industry estimate the potential CO2 savings that
could be achieved through widespread AV use.
Furthermore, it discusses the technical, physical, and
policy challenges that must be addressed to capture
the full measure of this revolutionary technology for
the environment. The objectives that the study aims
to fulfill are given as:

the of AV
Adoption: Assess the ability to increase the use of

o  Assess Environmental Benefits
AVs in ridesharing applications to reduce CO2
emissions and local air pollutants emissions.

e  Analyse the Role of Shared Mobility Models: The
following study aims to explore how pairing AVs
with ridesharing apps improves vehicle turnover
and thus helps decrease greenhouse gas emissions.

e Identify Key Challenges: the
technological, regulatory

Discover
infrastructural, and
barriers to the widespread utilisation of AVs.

e Provide Policy Recommendations: Create policy
recommendations to integrate AV technology
effectively into urban transport systems and gain
maximum benefit.

Environmental Benefits of Autonomous Vehicles and
Shared Mobility Services
The ecological benefits of Autonomous Vehicles (AVs)
and shared transport services have received much
attention in the recent past. A series of studies have
pointed to synergies between AV technology and
models, such as the use of EVs and shared mobility
approaches for sustainable development that would
reduce CO2 emissions and improve energy use.

Energy Efficiency Improvements

Generally, these were useful and highlighted AVs as

one of the major ways of benefiting the environment

since they shall help to enhance how energy is used
and traffic shall be intelligent. AVs can point and click

because they utilise software that minimises human

design flaws, which include overspeeding, excessive
stalling, and frequent jerking. Scientific research has
shown that these capabilities can enhance fuel
economy by 23-39 per cent, as propounded by Yin et
al., (2018). Due to the fact that AVs adjust routes in
real-time and have less interruption in traffic flow,
they are efficient in reducing energy loss, much so in
urban areas that experience traffic jams often.
Incorporating together with the EV technology
system, AVs receive an additional layer of
environmental benefits since fist beat emissions
completely through removing the pipeline extent due

to carbon drawbacks.

Reduced Vehicle Ownership and Fleet Size

These opportunities involve the potential for AVs to
revolutionise transport through shared mobility,
where ridesharing and carpooling will reduce car
ownership and the size of a fleet. This shift offers a
dual environmental benefit: First, it reduces the
population of cars that are required to be produced, it
lowers carbon emissions related to production; second,
it increases overall usage rates of the available cars,
the total car fleet is reduced. The analysis by Silva et
al., (2022) has identified that saving by shared
mobility models could be as much as 40% of the total
number of vehicles in the fleet. Such a reduction
would not only lead to lesser emissions of GHGs from
a smaller number of VMTs but also lessen the total
environmental impact of vehicle manufacture and
demolition, as well as related processes such as

extraction of new materials.

Emissions Reduction from Electrification

The use of AVS as EVS is a big opportunity for
greenhouse emission reduction. Sustainable changes
for transformative emissions per some amount of
travelled distance may be realised by shifting to self-
powered electric car fleets. According to research,
automated electric vehicles within fleets can reduce
emissions by 90% than regular ICE automobiles
(Pakusch, Stevens & Bossauer, 2018). This is very
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much the case in the urban setting, given that
acceleration  and
fuel

efficiency and augmented levels of pollutants. Besides,

congestion and  recurrent

deceleration have a higher consumption
there is no question that since EVs emit no pollutants
they help to enhance the quality of city air and
decrease the majority of health problems due to bad

air.

Challenges to Realizing Environmental Benefits
in fully

unleashing these environmental benefits of AVs, some

However, there are many difficulties
of which have been listed below. This means that the
value of AVs now relies on other elements, including
charging points for electric vehicles and intelligent
transport systems. Also, the consumers’ propensity to
use shared AV technology, aiming at optimal
utilisation of the technology, remains an essential
determinant of consumer behaviour (Akimoto, Sano &
Oda, 2022). Policymakers also have the task of coming
up with a policy framework which forms part of
transitioning to and embedding AV into society while
reducing impacts like high demand for travel or
energy usage (Tikoudis et al., 2021). More important,
as AV technology becomes more integrated into daily
life, it is critical that the technology is used in a
manner that achieves maximum sustainability rather
than providing positive environmental externalities

while having social costs.

Technological Advancements in Autonomous Electric
Vehicles (AVs)

The environmental potential of AVs lies in a process
the

development of AVs. New developments in machine

that has its technological background in
learning, energy storage devices, control systems, and
the integration of renewable energy in electric
networks make the AVs a game-changer in low-

carbon mobility.

Artificial Intelligence and Sensor Technology

Aviation depends on state-of-the-art artificial
intelligence (AI) and sensor technology for its core
functionalities. These systems help manage large
quantities of information to help AVs decide how to
operate, avoid pits, and generally drive safely (Jalali et
al., 2017). These systems utilise a combination of
cameras, lidar, radar and ultrasonic sensors to develop
a detailed picture of the vehicle’s environment. By
optimising travel itineraries, reducing time spent on
the road without productive tasks, and avoiding high-
AVs

markedly higher energy density with lower emissions

powered staccato movements, provide a
(Yu et al., 2017). Over time, further advancements in
algorithms in Al technology will enhance the driving
of AVs, the

enhancement of CO2 emissions and environmental

efficiency thereby leading to

impact.

Innovations in Battery Technology and Energy
Storage

The viability of AVs as a fundamental mode of
transportation is dependent significantly on the
development of battery technology. Existing lithium-
ion Dbatteries, although commonplace, present
restrictions in regard to energy density and mass and
their cycles (Yan et al., 2020). These problems have
been fought recently by innovations like the creation
of solid-state batteries. This type of battery, also
known as ‘dry cell’ batteries, holds more energy per
unit mass than comparable liquid electrolyte batteries.
It thereby enhances the driving range of EVs and
results in reduced vehicle weight and, thus, enhanced
energy efficiency (Chen et al., 2016). Further, the use
of materials in solid-state batteries makes the batteries
have a longer life than those of regular batteries and
are also less flammable and, hence, environmentally

friendly.

Vehicle-to-Grid (V2G) Technology
Vehicle-to-grid (V2G) technology is a significant

advancement in the effort to achieve the best
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environmental efficiency in AVs. The V2G systems
allow the electric vehicle to interact with the
electricity network of power and charging; the vehicle
dumps the chargers the extra stored energy during use
(Grahn, Qian & Hendrickson, 2023). This ability
ensures the effective incorporation of renewable
energy providers such as solar and wind by releasing
extra energy in use during low demand (Guo et al,,
2023). AVs are as much a mode of transportation as
they are energy storage devices for V2G technology,
making them even more efficient in terms of
externalities and creating a more sustainable energy

system.

Infrastructure Challenges and Opportunities for AVs
Moreover, the literature demonstrates that AVs offer
the

application of these vehicles raises infrastructure

numerous environmental possibilities, but
issues that need to be resolved for an optimal level of
AV exploitation (Silva et al.,, 2022). This is where
infrastructure development will come into bat as
driving the key steps to push for the widespread
uptake of AVs through such developments as the
establishment of charging infrastructure backwards,
integration of renewable sources of energy and

modernisation of road infrastructure, among others.

Charging Networks

The provision of greater and more convenient EV
charging points is critically important for success in
the case of AVs. One of the largest problems people
encounter when attempting to use EGVs is the need
for charging stations available for their vehicles,
especially in rural and suburban regions (Grahn, Qian
& Hendrickson, 2023). It is essential to underline that
big cities make consistent efforts to charge their
networks while less populated areas still need to catch
up. This could slow down the rate at which AVs are
owned in these regions, thereby reducing the number
of benefits that the environment will derive from
them (Tikoudis et al., 2021).

To decongest the market and meet the increasing
demand for AV charging, governments, private
companies, and utility providers must come up with a
combined effort to improve the network (Jalali et al.,,
2017).

convenient long-distance travel; stations offering

Fast charging is necessary for allowing
charging at a rate of below 30 minutes for an EV
battery should be adopted. Further, promoting private
home charger installations and smart charging
practises, which allow for charging during low grid
load times, can also help dictate demand on the grid

and provide an optimal experience for the user.

Smart Road Infrastructure
The driving of self-driven cars depends highly on
which

include sensors, cameras, and connected traffic lights,

engineered road networks. Smart roads,
are an important area to allow AVs to perform safe
and efficient operations (Yan et al., 2020). These
systems help to set up interaction between the car and
other objects, which will help to minimise accidents
and improve road traffic.

Intelligent traffic management systems are important
for the enforcement of environmental gains of Nobels.
The ability of vehicles to communicate in real-time
with the infrastructure base means that the conditions
for traffic organisation in cities can be significantly
improved, and there are fewer stops and inefficient
fuel consumption (Golbabaei, Yigitcanlar & Bunker,
2021). A few of such features include intelligent traffic
lights that change in accordance with the traffic flow
and AV lanes

enhancing fuel economy and thus lowering emissions.

for optimised journeys, greatly

Solar-Powered Charging Hubs

One solution for achieving this is through location
charging facilities which can be powered fully by solar
system innovation applicable in the AV execution.
These hubs rely on solar panels in order to harvest
clean, renewable energy to power the EVs and reduce
the carbon emissions resulting from the production of

electric power (International Energy Agency, 2023).
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During low demand, any excess energy that has been
generated at these hubs can be returned to the power
grid, hence enhancing its reliability as compared with
fossil-based power generation.

The utilisation of hubs for charging the solar Kite
the

producers, ministries & private firms. Government

necessitates cooperation  between power
grants and tax credits should indeed promote their
construction and consequently speed up the rate of
such structures’ use (Grahn, Qian & Hendrickson,
2023). Finally, these hubs may have long-term
the the

transportation industry to rely fully on renewable

significance  in transformation  of

power, hence avoiding the effects of climate change.

Methodology

This study employs a rigorous methodology by
combining the case study of Autzu's Ridesharing
Model with an empirical study of the Impact of
Ridesharing and Autonomous Vehicle (AV) Adoption.
Examining AVs in the ridesharing context using this
two-pronged approach provides an in-depth
understanding of both practical applications and
broader implications of deploying AV technology.
Autzu is a case study for a pioneering ridesharing
platform that utilizes autonomous electric vehicle
technologies. The analysis studies multiple aspects of
Autzu's operations, such as how Autzu optimizes fleet
utilization, reduces idle time, and increases route
efficiency using real-time Al-driven analytics. A
critical assessment of Autzu's approach to minimizing
vehicle miles travelled (VMT), and emissions by
dynamically allocating fleet vehicles are conducted.
Additionally, this study determines the platform's
utilization of renewable energy resources while
charging its AVs and calculates the emissions avoided
due to this model. Furthermore, Autzu integrates
policy incentives, as well as forms of partnerships
with local governments, with the aim of increasing
Stakeholder

interviews, operational data from Autzu, and a review

autonomous ridesharing adoption.

of industry reports and academic literature provide
the data for the case study.

At a broader scale the environmental impact of
ridesharing and ridesharing with AV adoption is
investigated in the empirical study. Secondary data
sources, such as published case studies, government
reports, and industry analyses, are used to collect and
analyse the data. Insights into consumer preferences
and potential barriers to AV adoption are gathered by
using surveys. To estimate increased ridesharing
adoption environmental impacts for various scenarios,
including vehicle utilization rates, fleet size, and
emissions per mile, a simulation model is constructed.
Using traditional internal combustion engine (ICE)
vehicles as a baseline, this analysis compares the
environmental benefits of AV-based ridesharing. It
also discusses Vehicle to Grid (V2G) technology and
the contribution it makes to emissions reduction and
to stabilizing the grid.

The study cross-references findings with published
research, and to validate simulation outcomes, it uses
real-world operational data from Autzu and other
platforms. Notwithstanding, limitations that include a
lack of real-world AV deployment data and changes in
infrastructure and policy support in different regions
may undermine the generalizability of results.

This methodology integrates Autzu's insights into its
ridesharing model with broader empirical analyses to
equip Provence with a robust framework for assessing
the environmental benefits and challenges of AV
adoption. The results seek to provide pointers to
policymakers, technology developers, and users on

enhancing sustainable transportation systems.

Findings

Case Study: Autzu’s Ridesharing Model

A trailblazer in electric vehicle (EV) technology,
Autzu illustrates the powerful synergy of embracing
zero-emission vehicles and shared mobility. This case
study investigates how Autzu’s innovative business
model creates a positive ecological contribution to

sustainable environmental urban transportation. This
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fleet of fully electric vehicles is optimised for
ridesharing. The company’s approach aims to address
two major challenges in urban mobility: reducing
greenhouse gas (GHG) emissions and improving
vehicle utilisation. Powered by the synergy of cutting-
edge artificial intelligence (AI), advanced battery
technology, and a shared mobility framework, Autzu
has achieved a scalable model that dramatically
reduces CO2 emissions and significantly increases

resource efficiency.

Vehicle Utilization and Idle Time Reduction

Autzu's remarkable achievement is the highest vehicle
utilisation in the minimum possible idle time.
However, only approximately 5% of the time, vehicles
are used in traditional private ownership models,
consuming valuable resources while not providing
(OECD, 2022). The
inefficiency of this is fundamentally disrupted by

transportation  solutions
Autzu’s ridesharing platform, allowing each vehicle to
be shared between multiple users throughout the day.
Each Autzu EV is used by 3.2 drivers on average each
day, increasing time in the field used by 67% and
reducing idle time by 50%. This optimisation can
replace up to three privately owned vehicles for one
Autzu vehicle through a direct reduction of the
overall vehicles on the road. This shared model
reduces vehicle miles travelled (VMT), which in turn

cascades in emissions, fuel consumption, and urban

average of 70,000 miles per year, far higher than the

utilisation rates for privately owned vehicles,
approximately 12,000 miles per year. This is more
efficient utilisation and allows for greater
environmental benefit from electrification. Autzu
vehicles save an estimated 28.28 metric tonnes of CO2
annually per vehicle by eliminating tailpipe emissions
when compared to traditional internal combustion
engine (ICE) vehicles. The savings come the way that
they do because Autzu vehicles operate without
emissions at all and run entirely on electricity

provided by renewable energy providers whenever

possible.
. ICE Autzu .
Metric ] Reduction/Impact
Vehicle EV

Annual

] Increased
Miles 12,000 70,000 L

. Utilization
Driven
CO2 45 0
Emissions metric metric | -28.28 metric tons
per Vehicle | tons tons

congestion.
Metri Private | Autzu Reduction/I .
ri ion/Im
| Vehide | EV | T oocTomTmPAC
Drivers per . 3.9 +220% Utilization
Vehicle ' Rate
Idle Time 95% 47.5% | -50% Idle Time
Vehicles .
Fleet Size
Replaced N/A 3 o
Optimization
per EV

CO: Savings from Vehicle Operation

A 100% electric fleet is proof of the commitment to

sustainability. The vehicles themselves operate at an

CO: Savings from Reduced Vehicle Manufacturing

Moving beyond just operational efficiencies,
ridesharing with Autzu means a drastically reduced
number of vehicles that need to be manufactured,
which is a huge environmental benefit.
Manufacturing vehicles is an energy and raw
material-intensive process. The high utilisation of
each Autzu vehicle displaces an average of 2.2
privately owned vehicles. The resulting reduction in
fleet size results in vast emissions savings with respect
to manufacturing. The CO2 emitted by the production
of each vehicle is about 7 metric tonnes, taking into
account emissions related to the extraction, processing
and assembly of this raw material. Reducing the need
for vehicle production, each Autzu EV avoids an

additional 8.25 metric tonnes of CO: every year.
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. Private Autzu .
Metric ) Reduction/Impact
Vehicles EV
Vehicles Reduced
2.2 N/A .
Replaced Manufacturing
CO2
) 36.53 i
Savings . Manufacturing and
N/A metric ]
per Operation
. tons
Vehicle
Total Annual CO: Savings

By focusing on savings in vehicle operation and
manufacturing, Autzu realises a total annual CO:2
reduction of 36.53 metric tonnes per vehicle. At a
fleet of 1,000 vehicles, that impact grows even larger:
the reduction in CO: emissions would be 36,530
metric tonnes annually. Our scalable model suggests
that EVs can actively fulfil the core decarbonising role

in urban transportation.

Fleet Size Total CO2 Savings (Metric Tons)
1 Vehicle 36.53

1,000 Vehicles 36,530

10,000 Vehicles 365,300

Key Insights from Autzu’s Model

Autzu’s case study emphasises the transformative
opportunity for EVs ridesharing. Leveraging shared
mobility, Autzu first cuts the carbon footprint of
individual vehicle use and secondly, tackles the
inefficiencies in the traditional transportation systems.
The novelty of business models like Autzu’s can help
pave the way to an eventual, or even partial,
realisation of a more sustainable, low-carbon future
for urban mobility. The case study also provides a
blueprint for policymakers and urban planners on the
construction of infrastructure supportive of EVs,
including charging stations and smart traffic systems,
to achieve maximal environmental benefits. However,
with the continued technological progress and
widespread availability of shared EV fleets, it is poised

to bring large global emissions reduction and establish

an  example for environmentally friendly

transportation solutions.

Conclusion

When integrated into shared mobility systems,
autonomous and electric vehicle (AV) technologies
the

environmental

have transformative potential to address

transportation  sector's  urgent
challenges. Using a detailed case study of Autzu's
innovative rideshare model, this study explores how
widespread autonomous vehicle adoption could result
in reductions in the order of millions of tonnes of
carbon dioxide (CO2) and numerous other resources.

Autzu's shared mobility framework illustrates many
environmental benefits of integrating EV technology
within the ridesharing environment. Optimisation of
vehicle utilisation, reduction of idle time and
replacement of multiple private vehicles with one
autonomous electric vehicle leads to a significant
reduction of emissions generated by the vehicle and
its manufacturer. Autzu's mainstream vehicle
generates a 36.53 metric tonne CO2 saving per year,
and fleet size will enable scalable benefits.
Additionally, the model evaluates how the use of
renewable energy sources and new technologies, such
as Vehicle to Grid (V2G) systems, can increase

environmental impact.

Nevertheless, we face significant challenges to realise

these benefits. Charging network infrastructure
development — this is critical. Grid demand, the
rebound effect, and potential job replacement will
require targeted regulations, economic incentives, and
workforce retraining programmes from policymakers.
In order to accommodate the efficient deployment of
AVs, urban planners must rework cities to leave space
for pedestrians, cyclists and other sustainable modes of

transport.

Finally, AVs provide an exceptional opportunity for
the transformation towards a clean, low-carbon

future of transportation. Stakeholders can realise the
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full environmental and social potentials of AVs by
synergistically integrating innovative technologies,
supportive policy and strategic AV plans. This study's
findings achieve the dual function of validating
current efforts towards sustainability and acting as a
roadmap for future advances regarding the strategies

for the global achievement of sustainability.
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