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1 ABSTRACT

Electric cars, also known as Electric vehicles (E\f®ssess a smaller ecological footprint compaeced
traditional internal combustion engine vehiclesE¥&). While certain aspects of their production rhaye
comparable, reduced, or different environmentalaotp, they have the advantage of emitting minimald
tailpipe emissions. Furthermore, they help redetance on petroleum, decrease greenhouse gas@msiss
and mitigate the health effects caused by air amvit@hmental pollution. In recent years, there haen a
noticeable research focus on incorporating EVs srt@rt cities, as they offer a means to reducenurba
carbon dioxide (CO2) emissions. Consequently, @donnumber of studies have sought to enhance the
widespread integration of EVs in order to promotevimnmental sustainability and contribute to the
advancement of the built environment. Consequehttystudy aims to explore existing literature giing

to the impact of electric vehicles in promoting ustainable urban transportation system and fosteam
environmentally friendly ecosystem. To accomplibls,tthe study will employ the Prisma methodology,
which involves extracting relevant information frgmeer-reviewed journals and conference papers. The
outcomes of this research endeavor will yield vlbleapolicy implications, aiding policymakers and
decision-makers in their efforts to combat climelb@nge and enhance the efficiency of the elecaitcle
market.
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2 INTRODUCTION

Transportation stands as a pivotal pillar withind®n civilization, serving as both a catalyst fooomic
progress and a generator of employment opportgnifirishna, 2021). Yet, despite its undeniable
significance and the advantages it brings, thergbhiens of Ritchie (2020) underline an alarminglitg:
the transportation sector emerges as one of tgedaand swiftest contributors to carbon dioxidéssians,
accounting for a substantial 16.2 percent of ti& global CO2 emissions in 2020. This disconcgrtnend
exacts a toll on human well-being and the envirames highlighted by Degirmenci and Breitner (2017

In response to this pressing challenge, Sendekgwdty(2019) emphasizes the necessity of addressing
pollution concerns and reducing the overreliancecaide oil for road transportation. Achieving this
transformation necessitates the adoption of inmexamobility concepts aligned with principles of
sustainable socioeconomic advancement. On an atienal scale, countries grapple with the impegmativ
curtail carbon emissions originating from the t@oration sector. Alternative energy sources hamerged
as promising candidates to supplant fossil fuelschvcurrently power nearly 92 percent of transgtioh
fleets/vehicles (Khalili et al., 2019).

Within this landscape, electric vehicles (EVSs) emeerms a beacon of promise, providing nations the
opportunity to shift away from fossil fuel-dependeahicles towards more environmentally friendlyesgy
alternatives like electricity. By doing so, theyfeetively address the adverse consequences of telima
change that grip the global stage. Sun et al. (R0B8erscore the predominant focus on limiting alien
change to below 2°C, spurring nations to enacsfaamative measures. To significantly reduce greesh
gas emissions, including CO2, a widescale embradéewecarbon technologies across all sectors besome
paramount (Lamb et al., 2021). While progress atritbrward in certain sectors such as electrigitg,
transportation domain confronts formidable hurd(®s et al., 2021). Research by Hao et al. (2016)
accentuates road vehicles as the primary emissionice, projecting a doubling of the passengerclehi
fleet by 2050. As all energy sectors grapple with demand for decarbonization, addressing emis&ions
transportation emerges as particularly pivotalegiits substantial contribution to greenhouse gassons.
Consequently, adopting alternative modes of tramidge electric vehicles, which do not rely on $ds
fuels, becomes a compelling imperative.
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An electric vehicle (EV) is characterized by itpdadence on one or multiple electric motors to erdfp
drawing power from stored electrical energy withiatteries or alternative storage systems (Rudatyo &
Tresya, 2021). With the potential to address magngnvironmental, economic, and energy challenges
within transportation—ranging from air quality téncate change and urban expansion (Haddadian ,et al.
2015)—electric vehicles stand out for their miniedzemission of greenhouse gases and pollutants in
comparison to traditional gasoline or diesel vedsgEhrenberger et al., 2019). Moreover, the iatidmn of
electric vehicles holds the potential to bridge divdde between the energy and transportation sgcidis
integration generates a wealth of data within smiéigs, ushering in fresh prospects and businextets for
forward-looking enterprises. Thus, companies embgaEVs not only enhance their competitive edge but
also fortify their strategic standing. The cruxair study revolves around dissecting the role etteic
vehicles in sustainable planning, while simultarsiypyinpointing the barriers obstructing their tphant
integration.

3 CONCEPTUAL SYNOPSIS

In recent years, a discernible research trajedtasyemerged focusing on the integration of Ele&ehicles
(EVs) within smart cities. This strategic movemestems from the potential of EVs to contribute
significantly to the mitigation of urban carbon xie (CO2) emissions, thus aiding in the reductidn
environmental impact.

3.1 Historical Development of Electric Vehicles

In the study conducted by Anderson and Andersa?0ib, the evolutionary trajectory of electric vedic
(EVs) becomes apparent, tracing their developmerat eollaborative endeavor involving diverse scatsit
each contributing significantly to their progressidhe historical timeline of EVs can be segmented
three distinct periods: an initial era spanningrfrd890 to 1929, marked by their early dominancéiwithe
market from approximately 1895 to 1905; an interimsdphase from 1930 to 1989; and the contemporary
years from 1990 to the present day. The origins\¢d are rooted in the emergence of batteries, wimaitks
the inception of their early history. In 1821, tBaglish chemist Michael Faraday introduced the @srl
inaugural electric motor, followed closely by thegtical application of Faraday's motor to rotateheeel by
the English mathematician and physicist Peter Bailo 1822. The creation of "the Faraday disc," the
world's pioneering dynamo by Faraday in 1831, thi&lfoundation for generating electrical energytigh
mechanical means.

This forward momentum persisted with notable innioves such as the construction of an electric motor
powered drifter in New England, United States, 833, and the introduction of an electric locomotive¢he
public in 1838. In 1841, Davidson devised the lar@alvani locomotive; however, due to the prohiksti
cost of disposable batteries and resistance frdroad workers, the invention failed to thrive. Gonrently,
between 1832 and 1839, Robert Anderson concepddadibattery-powered horseless carriage. Regrngttabl
the absence of rechargeable batteries hindered itkisntion from reaching the market. A pivotal
breakthrough arrived with the efforts of Dutch cli&ny professor Sibrandus Stratingh, who develoged
more efficient and practical battery-powered caeiaWhile it displayed enhanced performance, iskes
noise, smoke, and discomfort persisted. Over tBedgian scientist Gaston Plante addressed theeciua|
of recharging batteries, effectively overcoming timeitation of their inability to recharge post-depon.
This led to the successful creation of the first fivered by rechargeable batteries in 1881.

Thus, the evolution of electric vehicles (EVs) empassed a series of crucial contributions fromrdists
and inventors, culminating in the realization afhrargeable battery-powered automobiles. In 188%tdve
Trouve introduced a three-wheeled EV to the publiErance. Subsequently, in 1882, an English compan
emerged to produce rechargeable batteries, whitem@k Edison in America worked on an innovative
battery type employing nickel-iron. Between 1910 4825, substantial advancements in battery teoggol
materialized: battery storage capacity increase@3%p, service life improved by 300%, and mainteeanc
costs plummeted by 63%. EVs proved to be cleardmless, quieter, easier to initiate, less intd¢cand
more convenient in comparison to horse-drawn agegaor internal combustion engine vehicles (Burton,
2013). In 1894, the collaboration of Henry MorrisdaPedro Salom yielded an "electrobat,” a two-perso
transportation vehicle. Recognizing its potentighac Leopold Rice, president of the Electric Sjera
Battery Company of Philadelphia, proposed a joianture with Morris and Salom. Subsequently, the
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Electric Vehicle Company (EVC) was established,cemtrating on the manufacture of both batteries and
EVs. The first commercially viable EV was produ@dhe Columbia factory in Hartford, Connecticuida
unveiled in May 1897. Shortly after, a service istatfor charging infrastructure was inaugurated in
Newport. From 1897 to the summer of 1899, Columhgaufactured several hundred EVs for both domestic
and international markets.

3.2 Overview of Electric Vehicle Adoption in the Develped and Developing Countries

Lambert (2022) posits that the advancement of ideathicles is gaining momentum across the majarit
developed nations worldwide. Presently, the glaobalds host a fleet of over 16 million electric \&és
(EVs), with a predominant 90 percent concentrabtserved in China, Europe, and the United States.
Notably, various countries, particularly those sifisd as developed, have demonstrated remarkable
progress towards the widespread adoption of EVauRa (2019) identifies the leading 15 nationseints

of EV market share, all of which are European coest Norway emerges at the forefront with an
impressive 82.7 percent market share in the fiedf bf 2021, followed by Iceland (55.6%), Sweden
(39.9%), Finland (28.3%), Denmark (26.8%), Germg@g.1%), Netherlands (19.7%), Luxembourg
(18.3%), Switzerland (18.2%), Austria (17.2%), FE@ar{(15.5%), Portugal (15.4%), Belgium (15.3%), the
UK (14.9%), and Ireland (13.4%). While the Unitetht8s (US) does not claim a spot within the top 15
countries in terms of EV market share, it standghasthird-largest market, trailing behind Chinadan
Europe. Notably, by 2020, Europe has supersededaChbolding the consistent record of dominating the
global electric vehicle market in terms of salesxgh since 2012 (Perkins, 2021).

Furthermore, the transition from internal combustiengine vehicles (ICEVS) to more ecologically
sustainable EVs has gained acceptance in numeexgoged nations across the globe. Scholars such as
Carranza et al. (2014), D’Egmont (2015), and OI&618) conducted studies on EV adoption in Norway,
revealing that while the country faced obstaclehsas elevated EV costs relative to ICEVs and figeaht
charging infrastructure, these challenges coulsusmounted through strategic incentives and a defihed
plan for establishing adequate charging networks.al study exploring electric mobility in Europe,
Biresselioglu et al. (2018) identified impedimetdsvidespread EV adoption, including a dearth afrging
infrastructure, escalating electric vehicle pricextended charging durations, heightened -elegtricit
consumption by EVs, and scarcity of battery rawearals. Greene et al. (2014) delved into the ttarsio
EVs in the United States and concluded that fadtdribiting the shift included uncertainties sumaling

EV technology and the limited influence of govermtad regulations. They also emphasized the impoetan
of forthcoming studies to address EV-related umdsties, thus providing a foundation for policy
formulation. Vassileva and Campillo (2017), in thenalysis of EV adoption barriers in Sweden, deduc
that the absence of a robust incentive structuiedass a potential hindrance. Overall, the trajgdtoclear:
the majority of developed nations are embarkinghan path of adopting electric vehicles as a prontine
alternative to fossil fuel-dependent vehicles.

3.3 Electric vehicles adoption in the Developing countes.

Between 2015 and 2020, the market share data eongenew electric vehicle (EV) sales in "other
countries" (excluding China, Europe, and the Unf¢ates) remained below 2%, underscoring the peaval
challenges that many countries, particularly thiosthe developing sphere, continue to encountehéir
quest for EV adoption (IEA, 2021). The insufficignof a well-established market structure, network
infrastructure, and robust economy stands as thef explanation for the lag in EV adoption within
developing nations, as elucidated by Asif et 202().

Prakash et al. (2018) delved into the impedimemised by India, a developing country, regarding
widespread EV adoption, identifying barriers that@mpassed, among other factors, inadequate clgargin
infrastructure, absence of governmental incentias] customer traits. Similarly, Asadi et al. (2021
undertook a study exploring factors influencing Edoption, revealing that range anxiety, post-sales
support, and a dearth of charging infrastructureeviike principal roadblocks to progress in Malagsig/
adoption journey. Bigot (2020) turned attentiorRigssia, uncovering the slow integration of EVsiariily
attributed to the elevated cost of EVs, harsh wintnditions, and a deficiency in charging infrasture.
Encouragingly, Bigot also revealed a promisingetiyry, as Russia's charging infrastructure is edipa,
poised to surmount this barrier in the future.
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Habich-Sobiegalla et al. (2018) concluded a studhbipg the intentions behind EV purchases in Brazil
pinpointing the elevated cost of EVs relative téeinal combustion engine vehicles (ICEVs) and the
inadequacy of public infrastructure to support tligiployment. Moeletsi (2021), in a survey exangnizV
barriers in Gauteng, South Africa, brought fortle frimary factors contributing to people's relucem
acquiring electric vehicles—namely, the elevatextipase price and steep battery expenses.

However, although the pace of EV adoption in dgwi@lg countries is arguably sluggish, with resednch
this domain still scarce (Asif et al., 2021), seateveloping nations have set ambitious targedslamng-
term strategies for EV integration. For instancalid has set an audacious goal to replace all ICkis
EVs by 2030 (Chhikara et al., 2021; Das et al.,90Malaysia aims to establish 125,000 chargintcsta

by 2030, while Thailand has laid out an extensiwé folicy with the objective of having 1.2 million
operational EVs and 690 charging stations by 208éhi(@der et al., 2021). In Africa, South Africa is
ambitiously targeting to account for 1% of globalsE(Wilberforce, 2021). To conclude, it is evidehat

the pace of EV adoption within developing countriags behind that of their developed counterparts,
although various initiatives and strategic plangehiaeen set in motion to bridge this gap.

4 METHODOLOGY

The review on the role of electric vehicles (EMs)environmental sustainability and their potentiafriers

to adoption was conducted using the Prisma apprdacihather comprehensive information, the studywdr
upon the latest academic literature on the topid ampplemented it with case studies from selected
countries. These case studies served as cruciatesoof information for defining the methodologydan
identifying the main application testbeds. The priynobjective of the proposed multilayer approacts wo
assess the impact of EV adoption compared to weshialiant on fossil fuels, specifically focusing ibs
contribution to maintaining and achieving a greeaavironment. Additionally, the study explored the
prospects of EVs while also identifying the obstacnd challenges that hinder their widespreadtiatop

5 FINDINGS

This section presents information on the contrdngiof electric vehicles to the environment, itsspects
and challenges.

5.1 Prospects of Electric Vehicles in Greening the Enkdnment

Climate change and greenhouse gas emissions haneeincreasingly serious in recent years and
transportation has been identified as one of tkatgst contributor to this menance. While transjior is

an integral part of any country, it cannot be derieat it is also a significant contributor to gneeuse
gases. Based on this, there is need to identifysweéygurtailing these, especially in cities andrddes with
great automobile dependance. One of the ways ofvilys of reducing the reliance on cars that usssilfo
fuels which is one of the greatest contributor teinmental problems and increasing the greenintpe
environment is the use of electric vehicles. Bebme some of the Pros/ Prospects of Electric vehirie
achieving a green environment.

» Energy Savings: Electric vehicles are particulaffgctive in conserving energy at lower speeds and
in situations that involve frequent changes inidgvdynamics. This characteristic makes cities an
ideal target market for their adoption. As the gatien of electricity is expected to become greener
in the future, electric vehicles have the potertasignificantly reduce greenhouse gas emissions.
Given the ongoing global discourse on climate ckarfis becomes a crucial consideration.
Notably, the transportation sector accounts for @avéfth of the European Union's greenhouse gas
emissions and is the only sector experiencing aeomisgrowth. While there is still potential for
reducing emissions per kilometer driven through rmepments in internal combustion engines,
achieving emission reductions beyond 50% necessitdte implementation of new technological
solutions like electric vehicles. Compared to cartianal vehicles, electric vehicles exhibit
approximately 50% lower emissions based on theeatiraverage electricity supply. Moreover,
additional environmental benefits can be realizedttee carbon intensity of power generation
continues to decrease through the integrationedmgr and renewable energy sources.

» Societal and environmental cost: A report by Tseh@l. (2013) stated that the overall emission
costs associated with the lifetime of a car encamthree primary sources of emissions: upstream
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production and disposal of car components, tailgpbaust, and upstream energy production.
Collectively, these three categories of emissiostcare commonly referred to as the societal and
environmental cost over the vehicle's lifespan.cBigally, tailpipe emissions during the driving
cycle contribute to the release of air pollutamiatthave detrimental effects on human health. A
comprehensive study conducted by Michalek et @112 focused on vehicular emissions across a
wide range of vehicle types based on gasoline ecopsan. The study revealed that, except for
electric vehicles (EVs), tailpipe emissions of gieeuse gases (GHGSs) constitute more than 50% of
the total lifetime GHG emissions for most vehiclgpds. Furthermore, these emissions have a
significant impact on health outcomes, includingrfality and morbidity, as well as adverse effects
on the environment such as reduced visibility, dags, forest degradation, depreciation of natural
resources, and material depreciation. Hence, #adrid vehicle is considered accounts for the least
in terms of societal and environmental cost.

Reductions in Noise Pollution: According to theeash conducted by Hatt et al. in 2020, electric
vehicles (EVs) offer distinct advantages over gasgred (internal combustion engine) vehicles,
providing benefits to their users. Notably, expémtgransportation and electricity, as highlighted
Noel et al. in 2018, have identified noise reduttand improved performance as the top three
advantages of EVs.

One significant benefit is the reduction in noisgdls associated with EVs. This attribute contebuib a
more pleasant driving experience for individuald helps maintain low noise levels within commurstiBy
minimizing noise pollution, EVs offer a quieter amabre peaceful environment for both drivers andimea
residents.

Lower Maintenance: Electric vehicles offer sigraint advantages compared to vehicles that rely on
fossil fuels, including reduced maintenance reguéets and economic savings. Studies by Egbue
and Long (2012) and Noel et al. (2018) highlighestla benefits. According to Lin and Sovacool
(2020), users of electric vehicles have reporteefomaintenance needs and reduced operating
costs, primarily due to the absence of fuel expease the availability of inexpensive electricity.

When electric vehicle owners were asked to as$essdvantages of their ownership, "less mainteriance
emerged as the second most popular benefit, asnslates to both monetary and time savings (Egbue
Long, 2012). The reduced need for maintenance niyt @ontributes to financial savings but also abow
owners to allocate their time more efficiently. Frohe foregoing, it can be asserted that electfdoles is
very vital in achieving a green environment throtlgg reduction in various environmental problemshsas
pollution and overall improvement in human health.

5.2 Barriers to the use/adoption of Electric Vehicles

Despite the role of electric vehicles in greenihg environment, there are numerous barriers in thah
developed and the developing countries of the wmildating its effective adoption. Below are sowfethe
barriers to its use:

High Cost of Acquisition: The substantial initialinghase cost stands as a major deterrent to the
widespread adoption of electric vehicles (EVs) asra global spectrum of countries. To illustrate,
Sidabutar (2020), in a study focusing on electéhiwgle utilization in Indonesia, highlighted thhet
typical purchasing capacity for cars in the coumasts around 200 million Rupiah. Comparatively,
the most affordable electric vehicle availableriddnesia, the DFSK Gelora E, carries a price tag of
480 million Rupiah—a sum surpassing the averag@uearhasing power by more than 200 percent.
Consequently, this fiscal discrepancy compels ocmess in Indonesia to lean towards internal
combustion engine vehicles as their preferred ehditie elevated cost of EVs primarily emanates
from the lofty battery prices, particularly prona@ad in developing nations that often rely on bgtter
imports from China— a pivotal constituent in EV raéacturing (Umah, 2021).

Insufficient amount of charging infrastructure/ tetas: The absence of a robust charging
infrastructure constitutes a substantial barrietht® widespread adoption of electric vehicles, as
underscored by Raksodewanto (2020). Serving adéldeock for providing the primary energy
source for electric vehicles, charging stationy jglia indispensable role in facilitating their adopt
However, the existing infrastructure remains famirattaining the envisioned goal of 25,000 gas
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stations by the year 2030. Presently, a mere 2@8€atipnal charging stations exist, revealing akstar
disparity due to the elevated installation coststipularly prominent in most developing countries,
with Indonesia serving as a prominent example.

The twin challenges of range anxiety and the deafrdequate charging infrastructure frequentlyesigr
stress and unease among electric vehicle (EV) @wiidre prospect of undertaking long-distance joggne
amplifies these concerns, especially when navigatieas beyond urban domains, a concern illuminaged
She et al. in 2017. The predicament intensifiesnnBé owners must rely on unfamiliar sites, suchaigls,
often necessitating appeals for access to chafguitifies, thereby compounding stress and unagstain
the context of Indonesia, the installed chargirfgastructure remains notably inconsequential in garison
to the sheer volume of gas stations. This imbal@nempts prospective Indonesian electric vehiclgebsito
deduce that the nation is yet to establish a congm&ve preparedness for transitioning to elestiticles
(Jati, 2021).

* The safety and performance of the lithium ion bgtiesed in EVs are both notable barriers to
purchasing and present a challenge once the EYdd@spurchased. One particular aspect that raises
concerns among individuals is the performance tbfuim-ion batteries in electric vehicles (EVs),
primarily due to the lengthy charging time compatedhe quick refueling process of gas-powered
vehicles (Lin and Sovacool, 2020). Charging a batie an EV may require several hours, posing a
potential inconvenience to users. In addition te ttharging time, safety represents another
significant apprehension associated with the adopaf EVs, primarily due to the inherent risks of
battery-related incidents. Instances of battergsfior explosions, particularly in the event of an
accident, have been identified as valid safety eors(She et al., 2017; Hatt et al., 2020). Engurin
the safety of EVs and their battery systems remaikey consideration for widespread acceptance
and adoption.

e The performance and reliability of an EV once pasdd are also a major barrier barriers to the
widespread adoption of EVs. For example, one asgiett has raised concerns among electric
vehicle users and experts is the durability of lla¢tery and the potential need for replacement,
particularly considering the high cost associatét veplacing the lithium-ion battery. In relatiom
this, Lin and Sovacool (2020) highlighted the issfereliability, particularly during the winter
season, as the battery might require more frequlenging and longer charging times.

» Lack of model diversity: Studies have shown thatelc vehicles face limitations in terms of price
range and available features, leading to a laakivadrsity. The options for consumers to customize
their EVs according to their specific needs aratéch For instance, certain EV models may be too
small and impractical for individuals with familiefgiling to meet their requirements. Additionally,
there is a noticeable absence of functional ditergarticularly for those who require towing
capabilities, as there are no current EV truck nwdeailable (Haddadian et al., 2015).

5.3 Sustainable Urban Mobility

Crafting a sustainable urban transport system epasses the enhancement of multiple facets, inajuulin

not limited to mobility, accessibility, affordaliyi social equity, efficiency, safety, security,neenience,
low carbon footprint, comfort, and harmonious ceemce with both people and the environment.
Achieving this vision necessitates a comprehensipproach to address diverse challenges, which
collectively encompass: the mitigation of urbanptution, grappling with climate change, curbiig toll

of road accidents, taming excessive motorizatioolstbring public transportation services, fostering
pedestrian and cycling culture, and acknowledgihg distinct requirements of marginalized urban
populations, women, the elderly, individuals witkabilities, youth, and children.

It remains pivotal to recognize that urban transpormobility, transcends mere isolation; its ditsi®ns are
intricately intertwined with various other aspeai$ urban existence. United Nations Environment
Programme (UNEP) (2010) underscores that the tomhspctor stands as the second-largest contrilboitor
global carbon dioxide (CO2) emissions stemming ffossil fuel combustion. Of this share, a significa3
percent of CO2 emissions emanate from transpontatigth road transport constituting a substantial 7
percent, trailed by international shipping and awra Paradoxically, transport's role in globalnwite
change mitigation initiatives remains disproporétaly limited in comparison to other sectors. Amaong
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prominent environmental concerns, urban air pahugmerges as a pervasive hazard, casting a shaaow

numerous locales.

PM10 (ug/m3) SO(ug/m3) NQ (ug/m3)
WHO Air Quality Guidelines: 20 20 40
Beijing 89 90 122
Delhi 150 24 41
Tokyo 40 18 68
Seoul 41 44 60
Mexico City 51 74 130
Bangkok 79 11 23
London 21 25 77
New York 21 26 79
Paris 11 14 57
Shanghai 73 53 73
Santiago 61 29 81
Sao Paulo 40 43 83

Table 1: Air pollution in selected cities. Souréorld Bank, 2009

Table 1 presents the World Bank's comprehensivesasgent of air pollution levels across select sitie
both developed and developing countries worldwiflestriking trend emerges from the data: cities in
developing countries consistently exhibit highevels of various air pollutants in comparison toithe
developed counterparts. Despite this observatioly @ handful of cities manage to adhere to the
recommended thresholds established by the WorldttH€aganization (WHO) to ensure air quality. AGos
the global landscape of cities, the road transpector stands out as the primary contributor tamirair
pollutants, alongside elevated levels of carbon owmte and hydrocarbons, among other noxious
substances. Consequently, these emissions plapstastial role in triggering an array of respirgtand
cardiovascular afflictions. An array of epidemidly investigations have unequivocally linked ptdiuts
stemming from transportation to ailments like asthrbbronchitis, heart attacks, and strokes. Those
particularly vulnerable to the perils of urban aollution include infants, the elderly, and indivals
afflicted by chronic respiratory ailments. For arste, as reported by Majumdar (2010), a staggeh@
percent of children in Bangalore, India, experiehasthma between 1999 and 2009. Furthermore, angord
to the World Health Organization (WHO) (2008), pallution is implicated in nearly 2 million prematu
fatalities globally, with road transport emergirggasubstantial contributor to this grim toll doéts role in
exacerbating outdoor air pollution.

To effectively combat these issues, it is impegfior cities to recognize that concerted, collectctions
are essential, aligning with global mitigation altjees. Adopting a diversified array of measurdheathan
relying solely on a single approach yields manifatiyantages. This multifaceted strategy encompasses

Push and Pull approach:

Examining the predicament through the lens of "whandividuals should position themselves in thalre

of transportation—effectively where to "guide" therand discerning which modes warrant their
engagement, constitutes a methodological persgecéferred to as the "push and pull" approach. This
approach underscores the necessity for urban wansipategies to not only incentivize the pubdoopt for
public transport and nonmotorized alternativesds® to devise tactics that gently nudge them afinamy

the confines of automobiles and analogous modesaoisport. Attaining the "pull" dimension entails
delivering a commendable standard of service wiphiblic transport, erecting robust infrastructuratering

to public and non-motorized modes, and implemengiakicies that enhance the usability of these modes
Concurrently, achieving the scenario where indigiduare "restrained from car usage" necessitaes th
enactment of policies designed to discourage védncaliance. Such policies encompass the ternanadf
fuel subsidies, the establishment of fees assatiatiéh automobile ownership and operation, and a
comprehensive implementation of measures thatasctile overall costs incurred by utilizing thesmdes.
Critically, the revenue generated from these ctagh®uld be channeled to reinforce the sustainaiblan
transport alternatives.

Public Transport, Non-motorized transport, Transpdemand management, and Transit oriented
development: An alternative perspective on impleting sustainable urban transport hinges upon the
utilization of the four delineated measures. Publ@nsport represents a pivotal dimension of thjgr@ach,

necessitating the creation of robust public transpystems, encompassing the establishment of
comprehensive mass transit networks. Within thibigrnthe Bus Rapid Transit (BRT) system has emerged
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as a favored solution in recent years, celebravedts moderate implementation costs, expeditedpset
exceptional service quality, and impressive passengpacity, thereby translating to diminished velasir
congestion. Additionally, other rapid and ecolofficdbenign urban passenger transport systems ssch a
subways and light-rail configurations ought to bebeaced as supplementary transport modes, thereby
encouraging the establishment of multi-modal transgystems.

For instance, a notable 116 cities, predominanthated in industrialized nations, operate theimawetro
systems, catering to an estimated daily ridership6é million individuals. Furthermore, approximigtd00
light rail systems operate worldwide, with a staggge 200 additional systems currently in the plagni
phase. Many burgeoning megacities in developindonatare also directing investments toward the
establishment, enhancement, and expansion of ligfdrrail networks. Despite the formidable constian
and maintenance expenses associated with metrardad light-rail systems, they offer substantiak- f
reaching benefits across the economic, social, emdronmental spectrums. Non-Motorized Transport,
alternatively labeled as "Active Transport," encdgtes pedestrian and cycling modes, as well as the
associated infrastructure, policies, and educdtionifatives. In recent times, these modes havimegh
notable traction due to their pronounced meritsurbing transport emissions and bolstering humaih we
being (Godefrooji et al., 2009).

Transit Oriented Development: This concept pertéinan urban design strategy characterized by ipslic
that endorse intensified urban development alongsntieansit corridors (Cervero, 1998). The undegyin
logic driving this approach is rooted in the pot&inor substantial gains in energy efficiency @rehsport
efficacy achieved through urban layouts in whichssn&ransit networks enable swift connectivity ty ke
urban hubs encompassing residences, workplaces;atimhal institutions, recreational venues, and
healthcare facilities.

Avoid, Shift, Improve Framework:

* Avoid: The initial strategy centers on curtailingnecessary travel and minimizing trip distances.
This entails seamless integration of land use amasport planning, the promotion of mixed-use
developments, and leveraging information and comaation technologies (ICT) to curtail
individual travel frequency. Strategic implemerdgatican effectively augment accessibility, curbing
travel distances and durations. Achieving proximipgtween residences, workplaces, and
commercial centers through comprehensive urbanla@went master plans is a pivotal facet.
Furthermore, this approach capitalizes on the piaieof ICT to replace activities previously
mandating physical travel. Given its potential foofound social, economic, and environmental
benefits, the "Avoid" strategy takes precedencatsasomprehensive application can significantly
transform urban transport dynamics.

e Shift: The subsequent strategy is dedicated tdititaig a transition towards more sustainable
transportation modes. This entails encouragingraoibidle and motorcycle users to pivot towards
public and non-motorized alternatives. Leveragingaay of travel demand management tools, the
strategy orchestrates an enhanced developmenttbfibier-city passenger and cargo transport.
Moreover, it cultivates an environment that retaimgsting public and non-motorized transport
users, acknowledging their role in promoting sumthility. Properly executed, the "Shift" approach
ranks as the second most potent avenue for ingtatiatainable urban transport. When Avoid and
Shift strategies synergize within a city, the foatohn for transformative change is laid, although
continued enhancements remain feasible.

« Improve: The final strategy revolves around policteat seek to elevate transport practices and
technologies, embracing a technological perspedtvaddress urban transport challenges. This
encompasses refining fuel quality, enhancing vehiakl efficiency standards, instituting vehicle
emission regulations, introducing vehicle inspettiand maintenance (I&M) protocols, and
transitioning towards ‘intelligent transportatiorysems" capitalizing on information and
communication technologies for enhanced transpartagement. This strategy also underscores the
urgency of refining freight transport technologéesl logistics for comprehensive transformation.

Overall, even though the success rate of elecaiicles in achieving sustainable transportatiommilag is
enormous, there is a need to explore other meastries will promote sustainable planning, espegiall
the developing countries of the world where the cdtadoption and utilization of electric vehiclesow.
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6 CONCLUSION

Transportation stands as a pivotal conduit linkindjviduals, locations, commodities, and servidestering
community growth, augmenting quality of life, andrturing economic vitality. However, it concurrgntl
serves as a noteworthy contributor to greenhouseegassions. In response, the global arena isedgtiv
endeavoring to address these challenges by pivatingrds greener energy sources and transitiomorg f
fossil fuel-propelled vehicles to electric altefimes. Nevertheless, the widespread adoption oftretec
vehicles (EVs) remains an intricate challenge,ipalerly in developing nations. Obstacles encomipgss
inadequate charging infrastructure, elevated EMs¢@nd limited public awareness collectively hintle
swift embrace of EVs. By discerning the paramouwiblysts and impediments in electric vehicle adopti
these nations can strategically chart pathwaysutm@unt these barriers and bolster the integratibn
electric vehicles into their landscapes. Additibnadlternative sustainable transportation methsulsh as
such as integration of all modes of transport aglkhe use of active travel/public transport in boration
with other modes such as road, rail and air. Alsig,pertinent that to avoid total eradicationvehicles that
use fossil fuels on our roads, there is a nee@beate ways to adapt fossil fuel vehicles to digerewable
energy. This will allow road users/motorists tods®n diverse options instead of a single traclclvis not
beyond human ingenuity.
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