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Abstract

This study into the life cycle analysis, or LCA, of cars that run on gas and those that are
powered by electricity, explores their impact on the environment over ten years. In doing so, it
builds on a vast pool of previous studies, emphasizing the critical role of LCA for comprehending
how these types of vehicles affect our planet. By employing a method designed to collect data
from a variety of sources, it ensured the strength of the findings; processing and combining this
data allowed us to highlight key elements – including emissions harmful to the atmosphere, local
weather patterns, how power networks are set up, driving habits, and features specific to
different cars. Our results underscore that location matters greatly when considering if electric
cars are better for the Earth. This suggests that rules must change depending on the place to
work well. Even though our study has its limits, it paves the way for more research into other
ways cars can affect the environment and how changes in tech, energy use, and what people
want can shape the car industry.In short, our work aims to light the path towards making
transportation less harmful to our world by offering insights which - through clear examination
and careful discussion - may help those who make laws, those who build cars, and those who
buy them make choices that do less harm.

Introduction

The automobile industry is a major contributor to the increase in greenhouse gas
emissions. Life Cycle Analysis (LCA) provides a detailed framework to evaluate the
environmental impacts of products from their creation to their end-of-life, including raw material
extraction, manufacturing, usage, and disposal or recycling. This research endeavors to perform
a comparative LCA of gas-powered and electric vehicles over a ten-year period, aiming to shed
light on their environmental impacts comprehensively. By examining the life cycles of these
vehicles, we gain valuable insights that guide us towards making informed and environmentally
responsible decisions for a cleaner future. Our main research question asks: "What are the
greenhouse gas emissions and environmental impacts associated with gas-powered and
electric cars over a ten-year period?" The goal is to assess and contrast the environmental
consequences of these two types of vehicles throughout their life stages, from material
extraction and production to usage and end-of-life. However, this study does not cover other
forms of sustainable transport, such as hybrid or hydrogen fuel cell vehicles.

Literature Review

Life Cycle Analysis (LCA) has been instrumental in evaluating the environmental impacts
of vehicles, offering insights into the comparative footprints of gas-powered and electric vehicles
(EVs). It pulls back the curtain on both gas-fueled cars and Electric Vehicles (EVs); with work by
groups like the U.S. Department of Energy in 2019 suggesting that EVs typically generate lower
greenhouse gas emissions than gas vehicles during use. Yet, it's not so simple; the true value of
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EVs in protecting nature depends on many things - like where their power comes from,
advancements in battery technology, and disposal methods.

There are limitations, however, especially in considering about regional differences and
the fast-paced advancements in automotive technologies. With energy coming more from
sources like wind and sun, better battery technology, and people shifting towards sustainable
lifestyles, this field is always changing.

This landscape underscores the critical need for updated research to navigate the
transition to sustainable transportation effectively, considering the nuanced impacts of EVs
against the backdrop of global energy shifts.

Methodology

To ensure a robust and comprehensive analysis, a wide range of sources, such as
government databases—which supplied key info on emission rules, policy moves, and energy
types by region—played a role in collecting data for this study; further support came from car
industry reports and academic papers. These detailed reports and studies added to our
understanding by detailing tech progress, how cars are made, and the new trends on the
market. Schools and research bodies chipped in too, widening the view on how green transport
is changing.

The strength of this study comes from its detailed way of checking data; it helps make
sure the findings are solid and adds weight to the final report. In examining both gas cars and
electric ones, this work took a deep look into not just CO2 output but also how much energy
they use, air pollution, water use, and trash creation. The full life of a car—from getting materials
to making, using, and finally recycling or throwing away—was looked at to spot major
environment issues beyond just CO2. Such a deep dive aims at giving those who make policies,
those who build cars, and buyers a clear picture of how green each car type really is.

Data Processing and Availability

The life cycle analysis of gas and electric cars relies on a dataset obtained from diverse
sources.

Our study sourced data from a combination of government databases, industry reports,
and peer-reviewed scientific literature. Upon collection, the data underwent a thorough cleaning
process to remove any inconsistencies or incomplete entries. We normalized emissions data to
a common unit (CO2-equivalent per kilometer) to facilitate direct comparisons.The processed
data was analyzed to compare the total environmental impacts of gas-powered versus electric
vehicles. We employed a mix of descriptive statistics and multivariate regression models to
isolate the effects of key variables like energy source and vehicle usage patterns. We
acknowledge limitations in our dataset, particularly in the variability of emissions data across
different regions and the assumptions made regarding vehicle usage patterns. These factors
may influence the generalizability of our findings, necessitating cautious interpretation.Our
research strictly adhered to ethical guidelines concerning data collection and processing. No
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private or personally identifiable information was used at any stage of the study. All data sources
are publicly accessible or obtained with the necessary permissions.

This study contributes to the environmental science community by offering a
comprehensive dataset comparing the life cycle impacts of gas-powered and electric vehicles.
By elucidating the data processing steps and making our methods and findings accessible, we
aim to foster further research into sustainable transportation solutions.

Analysis and Findings

Recent research highlights the environmental benefits of electric vehicles (EVs),
particularly their lower life cycle greenhouse gas (GHG) emissions in cleaner energy regions like
urban counties in Texas, Florida, and the Southwestern US. However, in areas like the Midwest
and South, where electricity generation relies more on fossil fuels, the advantages of EVs
diminish (Green Car Congress, 2016; Tamayao et al., 2015). This underlines the significant
impact of regional electricity sources and vehicle use patterns on the environmental
performance of EVs (Yuksel et al., 2016).

Moreover, while focusing on GHG emissions, our study acknowledges the broader
environmental considerations, such as air pollution from tire and brake wear and the resource
depletion associated with battery production (U.S. Department of Energy, 2019; Ellingsen et al.,
2014). These factors highlight the necessity of a more comprehensive view of EVs'
environmental impacts, including the ethical and ecological implications of extracting critical
battery materials (Transport & Environment, 2021). The interplay between geographical
variations, driving patterns, and vehicle specifications is pivotal in understanding the broader
sustainability implications of the automotive landscape. This comprehensive analysis aims to
contribute valuable insights for policymakers, manufacturers, and consumers navigating the
transition toward greener mobility options.

Future research should aim to address these gaps by conducting in-depth lifecycle
analyses that consider the full spectrum of environmental impacts across different regions (Dai
et al., 2019). This approach will facilitate more informed policy-making and consumer choices,
steering us toward sustainable mobility solutions. This expanded investigation will provide a
holistic perspective on the environmental trade-offs of gas and electric cars. Such nuanced
insights are crucial for formulating effective and sustainable policies in the automotive sector
and guiding consumers toward environmentally conscious choices in their vehicle selections.
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“Nissan Leaf 2020 Carbon Footprint | 0.99kg CO2e.” Www.co2everything.com,
www.co2everything.com/co2e-of/nissan-leaf-2020.

Discussion and Interpretation

The findings' points out how key factors from the local area shape the positive effects
electric cars (EVs) do for cutting down on greenhouse gasses (GHGs). It's clear that many
things like the type of power in the area, the weather, how people drive, and which car models
they pick play a big part in why emissions change so much from place to place. This complex
mix shows we need plans that fit each case when we look at how EVs being used impacts the
environment.

The fact that where you are matters a lot goes past just talking about it. It shows why it's
important to think about these things when making detailed plans. People who make policies
have to see all the different ways places can affect how well we do at lowering GHGs and
change their plans to fit every unique situation. A single plan won't work everywhere because of
all this change. So, making rules should focus on getting people to choose plug-in electric
vehicles (PEV) but keep in mind each place's own story.

Aiming to get more PEVs on the road and really cut down GHGs is behind this careful
way of thinking. It lines up with bigger goals for keeping our transports going without harming
our planet and speaks to the need for understanding and taking care of local differences in
green policies.

Many different things affect if gas or electric cars are better for our air, such as local
weather and our power source. Additionally, the topic of EV’s efficiency on the road are essential
to understand to determine their positive or negative affects for the environment. Also, the
understanding of how cars get driven—heavy traffic versus open roads—brings in another twist
by affecting how well cars work and thus their smoke output.
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Temperature effects on vehicle efficiency present an additional dimension, with the
performance of gas-powered and electric cars being sensitive to climatic conditions. Cold
temperatures, for instance, can impact the efficiency of batteries in electric vehicles, altering
their overall energy consumption. Moreover, the distinctive characteristics of various vehicle
models contribute significantly to the observed variations in greenhouse gas (GHG) emissions.

Knowing these parts help us grasp why GHG output isn't the same between gas and
electric cars over various places; it tells us looking at everything around car choice is needed.
Anyone making decisions—those setting rules, those making cars, and buyers—should think
through these many sides to support travel ways that don't harm where we live, considering
what makes each place special.

Recognizing these factors as key drivers of the differences in GHG emissions between
gas and electric cars across different regions is instrumental. It underscores the need for an
approach in which we understand the environmental implications of vehicle choices.
Policymakers, industry stakeholders, and consumers should consider this intricate web of
influences to make informed decisions and formulate strategies that foster sustainable
transportation practices in diverse regional contexts.

The study's policy implications align seamlessly with the identified factors influencing
variations in life cycle analysis results. The recognition that regionally-targeted vehicle-specific
strategies could be more efficient in achieving greenhouse gas (GHG) reductions resonates with
the complex interplay of regional climate, grid mix, driving conditions, temperature effects, and
vehicle model characteristics. The recommendation to optimize policy approaches by
considering the specific benefits and challenges of plug-in electric vehicles (PEVs) in different
regions reflects a nuanced understanding of the diverse dynamics shaping the environmental
impact of vehicles.

Limitations and Future Directions

However, it is noteworthy that the article refrains from providing specific
recommendations for a particular geographic region. Instead, it underscores the importance of
tailoring policies based on regional characteristics. This pragmatic approach acknowledges the
contextual nuances contributing to the observed variations in GHG emissions between gas and
electric cars. It emphasizes the need for a flexible and adaptive policy framework that can
respond effectively to the unique circumstances of each region, thereby maximizing the
environmental benefits of PEVs while addressing the challenges associated with their adoption.

In essence, the study's insights contribute to the academic understanding of life cycle
analysis results and have tangible implications for the formulation of effective and regionally
tailored policies. Policymakers are encouraged to delve into the intricacies of their specific
regions, considering the identified key drivers, to design strategies that promote electric vehicle
adoption and strategically contribute to meaningful GHG reductions in diverse geographic
contexts.
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Building on the foundation laid by this study, future research directions present exciting
opportunities to deepen our understanding of sustainable transportation practices. Further
exploration into the intricate factors influencing life cycle analyses is essential for refining our
comprehension of the environmental implications of gas and electric cars. Specifically, research
endeavors should extend beyond greenhouse gas emissions, considering additional
environmental metrics, such as air quality indices and resource depletion indicators. This holistic
approach will enable a more comprehensive assessment of the ecological footprint of
automotive choices.

Moreover, understanding the dynamic evolution of technology, energy sources, and
consumer behaviors in the automotive industry offers a rich avenue for future research. As
innovations unfold and societal preferences shift, staying abreast of these changes is critical for
anticipating the environmental impact of emerging trends in the automotive sector (Roberto,
2023). Researchers could explore the potential ecological benefits and challenges posed by
advancements like electric vehicle battery technology and integrating renewable energy sources
in the automotive infrastructure (Roberto, 2023).

The societal and economic dimensions of electric vehicle adoption present another fertile
area for exploration. Investigating the broader impacts, including the socio-economic
implications of transitioning to electric vehicles, will contribute valuable insights for policymakers,
industry stakeholders, and consumers. This multifaceted exploration will foster a comprehensive
understanding of the factors influencing the adoption of eco-friendly transportation and guide the
formulation of effective policies that align with broader sustainability goals.

Conclusion

In summary, this study has provided a comprehensive exploration into the life cycle
analysis of gas and electric cars, unearthing nuanced insights that deepen our understanding of
the environmental ramifications of each vehicle type. The crux of our findings lies in recognizing
significant regional variability in greenhouse gas emissions, unveiling a complex interplay of
diverse factors. These factors, encompassing regional climate, grid mix, driving conditions,
temperature effects, and vehicle model characteristics, collectively shape the ecological footprint
of automotive choices.

Electric vehicles (EVs) emerge as environmentally advantageous, exhibiting lower life
cycle greenhouse gas emissions in specific urban contexts. However, our analysis reveals
substantial regional disparities when compared with gas-powered vehicles. These findings
underscore the need for a targeted and region-specific approach to comprehensively assess
and address the environmental implications of automotive choices. As society navigates the
transition towards sustainable mobility, understanding these influential factors becomes
imperative for formulating informed policies and fostering the adoption of eco-friendly
transportation solutions.

This study significantly advances our understanding of the environmental implications
associated with gas and electric cars. By delving into the intricate web of factors shaping life
cycle analyses, it goes beyond a simplistic comparison of greenhouse gas emissions and
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emphasizes the regional nuances that play a pivotal role. The findings highlight the need for a
tailored and context-specific approach, contributing substantially to existing knowledge by
recognizing the importance of regional intricacies in pursuing sustainable transportation
practices. Moreover, the study contributes a pragmatic dimension by recommending regionally
targeted and vehicle-specific policy strategies, offering a framework that acknowledges and
addresses the diverse dynamics influencing the environmental impact of vehicles.
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