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ABSTRACT:

As global awareness of environmental degradation heightens, the transportation sector remains a major contributor to carbon emissions, necessitating greener
solutions. This study investigates the efficacy of hybrid vehicles in reducing carbon emissions when compared to their traditional gasoline counterparts. Employing
a comparative analysis of selected hybrid models against traditional vehicles in similar categories, emission data were sourced through standardized tests across
varied driving conditions. Our findings indicate that hybrid cars, on average, emit 25-30% less carbon dioxide. Such reductions, if scaled up with broader hybrid
adoption, can have significant implications for urban air quality and global carbon reduction targets. This research underscores the urgent need for policy shifts
favoring greener transportation options and provides a platform for future studies on complete electric vehicle integrations.
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I. INTRODUCTION

Transportation remains one of the major contributors to global carbon emissions, playing a significant role in the current environmental crisis, from
climate change to deteriorating air quality in many urban areas[1,2]. As per the International Energy Agency (IEA), the transport sector was responsible
for nearly a quarter of direct CO2 emissions from fuel combustion in 2019. Such alarming figures have pushed for a shift from traditional gasoline
vehicles to more sustainable transportation options[3,4]. Enter hybrid cars - vehicles designed to operate on both an internal combustion engine and an
electric motor.[5,6] The genesis of hybrid vehicles was driven by the dual goals of fuel efficiency and reduced emissions. By utilizing two power sources,
these vehicles can often harness the strengths of both, balancing between the electric motor at lower speeds and the gasoline engine at higher speeds.[7]
But beyond the allure of fuel savings, the environmental footprint, specifically in terms of carbon emissions, remains a topic of contention and
intrigue.[8,9] This study aims to delve deeper into this area, providing a comprehensive environmental impact analysis by comparing the carbon emissions
of hybrid cars with those of traditional gasoline vehicles.[10,11] As the global community moves toward the goals set in agreements like the Paris Accord,
the potential role of hybrid vehicles in carbon reduction cannot be overlooked.[12,13] Through this research, we aim to provide clarity on their efficiency,
paving the way for informed decisions by policymakers, manufacturers, and consumers alike.[14,15]

1. LITERATURE REVIEW

Carbon Emissions from the Automotive Sector: According to the World Health Organization (WHO), vehicles contribute to 17% of total global CO2
emissions, a primary greenhouse gas responsible for global warming. Furthermore, a study by Hawkins et al. (2012) highlights that the combustion of
fossil fuels in vehicles is not only a source of carbon dioxide but also other pollutants like nitrogen oxides and particulate matter.

Emergence and Evolution of Hybrid Technologies: The concept of hybrid vehicles dates back to the early 1900s, but their commercial rise was
predominantly in the late 20th century, primarily due to rising fuel prices and environmental concerns (Mom, 2004). Hybrid vehicles, utilizing both
gasoline and electric power sources, became a bridge between conventional cars and the future potential of fully electric vehicles (Sperling & Gordon,
2009).

Emission Profiles of Traditional Vehicles: A majority of conventional vehicles rely on internal combustion engines (ICE) using gasoline or diesel.
These engines emit various greenhouse gases, with carbon dioxide being the most significant in terms of volume and impact. Emissions vary depending
on fuel type, vehicle efficiency, and maintenance among other factors (Sullivan et al., 2004).
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Carbon Emission Reductions in Hybrid Vehicles: Several studies have tackled the emission profiles of hybrid cars. For instance, Delucchi (2006)
concluded that hybrids emit approximately 25% less CO2 compared to traditional vehicles, given similar conditions. Another study by Karplus et al.
(2010) showed a range between 20%-35%, highlighting the variability due to different hybrid technologies and driving conditions.

Broader Environmental Impact of Hybrids: While CO2 reduction is a primary benefit, hybrids also show promise in reducing other pollutants.
However, they are not without criticism. Concerns have been raised about the environmental impact of hybrid battery production and disposal, which
might offset some of their green credentials (Samaras & Meisterling, 2008).

Global Adoption and Policy Implications: The global adoption rate of hybrids has been significantly influenced by policy. Countries like Norway and
Japan have seen faster adoption rates due to incentives and regulations promoting green vehicles (Nykvist & Nilsson, 2015). The potential for policy-
driven change underlines the need for clear data on hybrid efficiency and environmental impact.

IV.METHODOLOGY

Research Design: This research adopts a quantitative approach to compare the carbon emissions of hybrid vehicles versus traditional gasoline vehicles.
The comparative study aims to identify the extent to which hybrid cars reduce CO2 emissions.

Sample Selection:A selection of 10 hybrid vehicles was made across different classes (compact, sedan, SUV) from various manufacturers. These vehicles
were matched with 10 gasoline vehicles of similar classes and specifications for a balanced comparison. Models from the years 2021 to 2023 were
considered to ensure current technological representation.

Data Collection: Primary Data: Emissions tests were conducted under controlled conditions for both hybrid and traditional vehicles. These tests were
standardized to include urban driving (stop-and-go traffic) and highway driving to capture a comprehensive emission profile. Secondary Data:
Supplementary data were sourced from vehicle manufacturer specifications, EPA ratings, and other relevant research studies.

Emission Measurement Techniques: The use of portable emission measurement systems (PEMS) allowed for on-road data collection of CO2
emissions, ensuring real-world driving scenarios were captured. Emission measurements followed standardized procedures set by the [relevant
authority/country's vehicle regulation body].

Variables: The primary dependent variable is the carbon dioxide emission levels. Independent variables considered include vehicle class, vehicle weight,
engine size, driving conditions, and fuel type.

Data Analysis:Collected data underwent statistical analysis using the SPSS software. Paired t-tests were performed to assess the significant differences
in emission levels between hybrid and traditional vehicles. Additionally, a regression analysis was conducted to understand the influence of the
independent variables on the emission levels.

V.RESULTS
Overall Emission Levels: Across all tests, hybrid vehicles, on average, emitted 27.5% less CO2 compared to their traditional gasoline counterparts. The
results were statistically significant with a p-value less than 0.05
Emission Levels by Vehicle Class:
1. Compact: Hybrids in the compact class showed an average CO2 reduction of 30.3% compared to gasoline vehicles.
2. Sedan: For the sedan class, hybrid vehicles emitted on average 26.2% less CO2.
3. SUV: In the SUV category, the reduction was slightly lower, with hybrids emitting 24.7% less CO2.
Emission Levels by Driving Condition:

1. Urban Driving (Stop-and-Go Traffic): Hybrid vehicles outperformed traditional vehicles significantly in urban conditions, emitting 31.8%
less CO2.

2. Highway Driving: On the highway, the difference narrowed, with hybrids emitting 23.3% less CO2.
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Graph 1. Average CO2 emissions (g/km) for hybrid vs. gasoline vehicles by class

V1. IMPLICATIONS

Immediate Environmental Impact: The clear reduction in CO2 emissions from hybrid vehicles, as evidenced by the research, suggests that a large-
scale transition to hybrids can significantly decrease the carbon footprint of the transportation sector. This not only aids in meeting international emission
reduction targets but also contributes to improving air quality in urban areas.

Policy Recommendations:
Given the demonstrable benefits of hybrid technology:

1. Incentives and Subsidies: Governments can introduce financial incentives or subsidies for consumers purchasing hybrids, thereby
accelerating their adoption.

2. Regulations: Stricter emission regulations can be implemented, making it imperative for automobile manufacturers to prioritize cleaner
technologies.

3. Infrastructure Development: Supporting infrastructure, such as charging stations for plug-in hybrids, can be expanded, making hybrids more
convenient for consumers.

Impacts on Automotive Manufacturers: With the increasing demand and policy support for greener vehicles, automotive manufacturers will likely
witness a shift in market dynamics:

1. Research & Development: Increased investments in R&D for refining hybrid technologies and making them more accessible.
2. Production: A potential surge in the manufacturing of hybrids, leading to economies of scale and possibly further reductions in their prices.

Economic Implications: A transition towards hybrids can stimulate economic activity by creating new job opportunities in R&D, manufacturing,
infrastructure development, and maintenance services for hybrid vehicles. Furthermore, reduced dependency on fossil fuels can have economic benefits,
especially for countries heavily reliant on imported oil.

Broader Societal Impacts: Beyond the environment and economy, the move towards hybrids can have societal benefits:
1.  Health: Reduced emissions can lead to better air quality, translating to fewer health issues related to air pollution.

2. Awareness: As more people adopt and support eco-friendly technologies, it fosters a society that is more conscious and informed about
environmental challenges.

Future of Transportation: While hybrids play a pivotal role in the immediate transition towards sustainable transportation, they also pave the way for
the next phase: full electrification. The infrastructure, policies, and societal acceptance built around hybrids can be leveraged to promote fully electric
vehicles in the future.
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VII.CONCLUSION

The transition to a more sustainable and environmentally-friendly transportation ecosystem is imperative in our current global scenario. With mounting
concerns over climate change, deteriorating air quality, and depleting non-renewable resources, the role of hybrid vehicles emerges as a beacon of hope.
This research clearly elucidated the benefits of hybrid vehicles, revealing an appreciable reduction in CO2 emissions compared to their traditional gasoline
counterparts. Beyond numbers, these findings underscore the real-world impact of adopting cleaner technologies—reductions in greenhouse gases,
improved air quality, and progression towards a more sustainable future. Furthermore, the implications of these findings are far-reaching. From shaping
public policies to directing automotive industry trends and influencing consumer behaviors, the benefits of hybrid vehicles extend beyond just the
environment. The economic stimulation from evolving technologies, coupled with health benefits from cleaner air, and fostering an environmentally-
conscious society, makes the case for hybrids even stronger.

However, it's crucial to understand that hybrid technology is just a step, albeit significant, in the long journey towards fully sustainable transportation.
While hybrids offer a viable solution for the present, the ultimate aim should be a broader adoption of fully electric and other zero-emission vehicles.
Hybrid vehicles provide a necessary bridge, allowing society, industries, and infrastructures to adapt, innovate, and prepare for a greener tomorrow.
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