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Abstract. As Malaysia faces rising urban congestion and greenhouse gas emissions,
micromobility solutions—such as e-scooters—present promising opportunities for
sustainable transport. This study, conducted under the Low Carbon Mobility Blueprint
(LCMB) 2021-2030, examines the potential of integrating micromobility into
multimodal urban transportation networks. Through a multi-method approach
involving stakeholder engagement, user perception surveys, infrastructure assessments,
and emissions modelling, the research explores user behavior, infrastructure readiness,
and policy implications. Findings reveal that micromobility, when supported by
adequate infrastructure and governance, can significantly reduce private vehicle
dependence, lower emissions, and enhance first- and last-mile connectivity. Scenario
modelling projects up to a 39% reduction in traffic volume under higher adoption rates.
Additionally, environmental analysis shows considerable CO: savings potential,
despite current adoption primarily replacing shorter trips. The study underscores the
need for coordinated policy reforms, infrastructure investment, and public engagement
to maximize the role of micromobility in advancing Malaysia’s climate and urban
mobility goals.

Keywords: Sustainable Urban Mobility, Multimodal Transportation, First- and
Last-Mile Connectivity.

1 Introduction

In Malaysia, the transport sector contributes significantly to greenhouse gas (GHG)
emissions [1], and the need for effective first-mile and last-mile (FMLM) connectivity
remains a critical barrier to public transport adoption [2]. As urban populations are
projected to grow significantly in the coming decades, the demand for innovative
transportation solutions has become more urgent than ever [3] [4].
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The escalating urgency of climate change and urban congestion has placed sustain-
able urban transport at the core of policy and planning discussions worldwide. As cities
strive to meet national and international climate targets, micromobility—referring to
lightweight, often electric-powered transportation modes such as e-scooters and e-bi-
cycles—has emerged as a promising solution for short-distance urban travel [5] [6] [7]
and first- and last-mile trip [8] [9] due to the flexibility and accessibility [10].

Driven by concerns over uncontrolled use, the Malaysian Transport Ministry (MOT)
officially prohibited certain micromobility vehicles from public roads starting Decem-
ber 17, 2021, with the introduction of the Road Traffic (Prohibition of Use of Certain
Micromobility Vehicles) Rules 2021. To create suitable regulations and observe public
reactions to micromobility options, MOT, along with other related stakeholders, is con-
ducting real-world testing in a controlled environment, often referred to as a micromo-
bility sandbox project [11]. Under this sandbox project, local authorities may apply for
exemptions from the Ministry of Transport (MOT) to deploy micromobility services at
certain period within their jurisdictions, subject to specific criteria and requirements
[12]. An evaluation of the sandbox program’s effectiveness was also conducted during
that period.

This paper presents findings from a comprehensive study conducted under Low Car-
bon Mobility Blueprint (LCMB) 2021-2030, focusing on the role of micromobility in
promoting low-carbon, safe, and efficient urban transport in Malaysian cities. Through
a multi-method approach—comprising stakeholder consultations, infrastructure inspec-
tions, user perception surveys, shared services ridership and emission scenario model-
ing, this study explores the feasibility, impact, and policy implications of integrating
micromobility into the existing transport ecosystem.

Drawing on data from key pilot at selected cities in Malaysia, the research reveals
that when supported by adequate infrastructure and regulation, micromobility can re-
duce private vehicle dependence, lower GHG emissions, and enhance urban mobility
resilience. The study also highlights the importance of coordinated governance, user
safety, and equitable access in scaling up micromobility as a sustainable transport
mode. These insights provide critical guidance for policymakers, urban planners, and
mobility stakeholders aiming to implement data-driven, climate-conscious mobility
strategies across Southeast Asian cities.

1.1  Transport sector and greenhouse gas emissions

The transport sector's emissions grew at a relatively rapid annual average of 1.7% be-
tween 1990 and 2022. This rate of increase was faster than any other end-use sector
except for industry [13]. Transport emissions have continued to rise over the years,
mainly due to more vehicle ownership, urbanization, and economic growth, especially
in developing countries [14] [15].
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The steady increase in transport emissions is a major challenge for global climate
goals [16]. However, it also creates opportunities for new solutions. Strategies to reduce
transport emissions include improving fuel efficiency, using low- and zero-emission
vehicles, building better public transport, and encouraging shifts from cars to greener
options like bicycles or buses [17].

Micromobility, which includes lightweight and often electric-powered vehicles such
as e-scooters and e-bicycles, offers one such solution [18]. By replacing short trips that
would normally be made by cars, micromobility can help reduce greenhouse gas emis-
sions in cities [19].

1.2 Definition and categories of micromobility in Malaysia

Varying regulatory frameworks and the distinct policy priorities of different regions
have led to a non-uniform classification of micromobility vehicles on a global scale
[20] [21]. At its core, micromobility encompasses lightweight, low-speed transport
modes intended for short urban trips. While some countries define micromobility
strictly—limiting it to shared electric scooters and bicycles—others adopt a more in-
clusive scope, recognizing additional forms such as pedal-assist bicycles, electric skate-
boards, and compact electric vehicles [22]. These definitional differences influence
how jurisdictions regulate usage, infrastructure provision, and safety requirements.

In Malaysia, micromobility vehicles are typically classified into three categories:
mopeds, personal mobility devices (PMDs), and personal mobility aids (PMAs), each
tailored for distinct user needs. Mopeds are two- or three-wheeled vehicles powered by
either electric motors or small internal combustion engines (up to 50 cm), capable of
reaching speeds up to 50 km/h with a maximum unladen weight of 150 kg. PMDs
include both human-powered and motorized devices—such as scooters and
skateboards—designed for short-distance travel, generally restricted to speeds of 25
km/h and a weight limit of 50 kg. These devices are operated via handlebars or through
limb and body movement. PMAs are mobility solutions intended to aid individuals with
physical disabilities. They can be powered by human effort, electric motors, or small
engines and typically adhere to the same weight and speed parameters as PMDs [12].

1.3  Study objectives and scope

This study aims to assess infrastructure readiness, user acceptance, and policy frame-
works for the integration of micromobility, with a particular focus on e-scooter usage
in major cities in Klang Valley. Through surveys, stakeholder engagement, and an anal-
ysis of current micromobility ridership trends, the paper explores the feasibility of
adopting micromobility as a mainstream mode of urban transportation.

By examining the distance travelled per trip, this study aims to understand typical
usage patterns and identify the potential of e-scooters in replacing short-distance car
trips. The analysis also supports the estimation of greenhouse gas emissions and savings
by providing key input data for the distance-based emission model. Variations in
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average and total trip distances across locations and time periods are highlighted to
capture both spatial and temporal travel behaviours.

2 Methodology

This study adopted a mixed-method approach to comprehensively assess the potential
for micromobility integration, particularly focusing on e-scooter usage in urban envi-
ronments. The methodology consisted of three main components: stakeholder engage-
ment, public survey analysis, and scenario-based modelling. Together, these methodo-
logical components enabled a multidimensional understanding of micromobility's read-
iness and impact, supporting evidence-based decision-making for future urban mobility
planning.

2.1 Data

The data used in this study comprise both primary and secondary sources. Primary data
were obtained through surveys and stakeholder engagement activities, while secondary
data were derived from shared micromobility ridership records provided by service
operators.

2.2 Shared micromobility ridership

This study analyzes shared e-scooter trip data obtained from the service providers col-
lected from three regions—Klang Valley areas—across two timeframes: four specific
weeks in 2022 (Week 6 in February, Week 19 in May, Week 34 in August, and Week
48 in November), and the first week of February, May, August, and November in 2024.
These time points were selected to capture seasonal variation throughout the year and
to reflect both early and late-month usage patterns. This sampling strategy provides a
comprehensive view of temporal trends in micromobility usage. Each trip record
includes detailed information such as origin and destination coordinates, trip duration,
distance travelled, and the complete route represented by a series of timestamped
coordinates.

To better understand the nature of micromobility usage, e-scooter trip distances were
categorized into four distinct groups. This classification helps to identify the types of
trips typically undertaken using e-scooters, such as short errands or medium-range
commutes. The categories are summarized in the Table 1 below.

Table 1. Classification of micromobility ridership

Distance Range Mode chosen
0-0.4 Km Walking
0.4 -2.5Km Private cars and Walking
2.5-10 Km Private cars

>10 Km Not relevant. Removed from analysis
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Stakeholder engagement. To capture institutional perspectives and operational in-
sights, focus group discussions (FGDs) and in-depth interviews (IDIs) were conducted
with representatives from relevant stakeholders (see Fig. 1) such as local city councils,
transport agencies, micromobility service providers, non-government organization
(NGOs). These engagements aimed to identify existing regulatory challenges, infra-
structure gaps, safety concerns, and opportunities for public-private collaboration. The
qualitative data gathered were thematically analyzed to inform policy recommendations
and align them with ground-level realities.
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Fig. 2. Relevant stakeholders who are involved in this study

Public surveys. A structured questionnaire was developed and distributed to collect
quantitative data on travel behavior, current transport mode preferences, and public
attitudes toward micromobility adoption. The survey specifically aimed to assess the
willingness of respondents to shift from conventional transport modes—such as private
cars, motorcycles, and walking—to micromobility options, including shared services
like e-scooters for short-distance travel.

Participants were recruited through a combination of convenience and random
sampling methods. Surveys were administered both online and at selected public
locations, including areas with high foot traffic and public transport access points, to
capture a diverse mix of transport users, including both public and non-public transport
users. While the study was not limited to micromobility users, responses were filtered
to include individuals with some level of exposure or awareness of micromobility.
Efforts were made to ensure demographic diversity in terms of gender, age, and region.
However, potential sampling bias remains, particularly with respect to urban-centered
responses, and is acknowledged as a limitation of the study.

The analysis is guided by a set of research questions categorized under four main
criteria: Safety, Security, Comfort, and Economic considerations. The collected
responses were analyzed using descriptive statistics and cross-tabulation techniques to
examine relationships between socio-demographic characteristics and mode choice
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preferences, with a particular focus on differences between public transport users and
private vehicle users.

Traffic data. The traffic congestion scenario modelling related to micromobility
integration was informed by traffic volume data. The primary dataset used in this study
comprised real-world traffic volume information collected through Automated Number
Plate Recognition (ANPR) cameras strategically positioned at key entry points to Kuala
Lumpur’s Central Business District (KLCBD). These ANPR cameras utilized plate
recognition technology to accurately capture vehicle movement data, ensuring high pre-
cision in traffic volume estimation.

2.3  Scenario-based modeling

The emission analysis in this study is grounded in empirical data obtained from a mi-
cromobility shared service provider operating within the study area. Ridership trends,
including average trip distance, frequency, and user volume, were used as the basis for
estimating CO: savings. The model calculates avoided emissions by assuming that a
proportion of micromobility trips would otherwise have been made using private vehi-
cles, with an average emission factor of 192 g CO>/km for passenger cars in Malaysia.
Grid electricity emission factors (kg CO2/kWh) were sourced from national energy sta-
tistics. This real-world usage data enhances the reliability of the estimates and provides
a more realistic representation of micromobility’s environmental impact under current
conditions.

To evaluate the GHG reduction potential of e-scooters, a distance-based emission
model was developed. This model estimates emissions by multiplying the distance
travelled by each transport mode with its respective emission factor. Walking is
considered a carbon-free mode of transportation for the purposes of this study. In
contrast, e-scooters and private cars contribute to GHG emissions—e-scooters
indirectly through electricity consumption and private cars directly through the
combustion of petrol or diesel fuel.

The traffic congestion scenario modelling related to micromobility integration was
informed by traffic volume data. The primary dataset used in this study comprised real-
world traffic volume information collected through Automated Number Plate Recog-
nition (ANPR) cameras strategically positioned at key entry points to Kuala Lumpur’s
Central Business District (KLCBD). These ANPR cameras utilized plate recognition
technology to accurately capture vehicle movement data, ensuring high precision in
traffic volume estimation.

This study explores three distinct scenarios: the Business-as-Usual (BAU) scenario,
which reflects the current situation with no micromobility usage, and Do-Something
(DS) scenarios, which assess the potential impacts of micromobility adoption on traffic
reduction under varying levels of user uptake and infrastructure support.



Integrating Micromobility into Multimodal Transport: Impacts on ... 257
3 Results and Discussion

A total of 1,041 respondents participated in this study. Among them, 2.1% were persons
with disabilities (OKU) who use wheelchairs, 67% were users of private vehicles such
as cars and motorcycles, and 33% were users of public transport, including e-hailing,
buses and rail systems.

The survey reveals (see Fig. 2) a strong reliance on private vehicles, with 47%
frequently using motorcar (car/MPV/van etc). Motorcycles are the second most
common mode, used by 30% of respondents. This shows a clear preference for personal
transport, likely due to convenience, flexibility, and a sense of safety [23] [24] [25].
Public transport (PT) usage is lower, with 23% only. This may point to issues such as
limited-service coverage or poor service quality and connectivity [25] [26] [27].

Walking and micromobility user are almost non-existent (0%), suggesting that the
urban areas may not be non-motorized-friendly [28] [29]. Micromobility options like
shared bicycles and e-scooters show the lowest use, with only 1 respondent using them
frequently. This highlights that micromobility is still at an early stage and needs better
infrastructure, more awareness, and pilot programs to encourage wider use [30].

Overall, the findings show a heavy dependence on private cars and motorcycles in
study areas, which could lead to more traffic congestion and environmental impact.
There is clear potential to improve public transport and promote sustainable travel
options like micromobility [31].

Pedestrian, 0% Public
transport

(bus/rail/taxi/e
-hailing), 23%

Micromobility
Vehicles, 0%

Motorcycle,
30%

Fig. 3. Predominant modes of transportation among respondents

3.1 Driven of micromobility adoption

Modal shift describes a transition in transportation choices, frequently away from pri-
vate vehicles towards more sustainable alternatives such as public transport, cycling,
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and walking. The emergence of micromobility devices is expected to drive a modal
shift from private cars to e-scooters, subsequently influencing both greenhouse gas
emissions and traffic congestion.

To understand the factors driving the adoption of micromobility, the study modeled
the relationship between average Likert-scale responses to various conditional scenar-
ios and a binary measure potential of high willingness (score >3 to 5). Predictor varia-
bles encompassed a range of series conditions and the respondent's current mode of
transportation (encoded for analysis). The results highlighted several key determinants
of a shift towards micromobility.

Notably, the perceived cost of micromobility services emerged as the strongest in-
fluence, underscoring the importance of affordability [10] [32] [33]. The presence of
dedicated infrastructure and facilities was also a critical factor, emphasizing the need
for urban planning that supports micromobility [34]. Furthermore, increased fuel prices
significantly boosted willingness to switch, suggesting an economic push towards al-
ternative modes [35] [36]. The ability to combine micromobility with public transport
[37] [38] and improvements in lane infrastructure for micromobility also played signif-
icant roles in encouraging adoption.

Based on survey findings and analysis, this section highlights key social factors re-
lated to the acceptance and impact of micromobility. Based on the average responses
from all participants (see Table 2). The findings reveal that comfort and security emerge
as the most influential criteria in encouraging users to shift to micromobility modes
[39]. High scores in the comfort category reflect a clear user preference for convenient
access to micromobility services, the availability of nearby transit stations, and the in-
tegration of micromobility with public transport systems [40] [41]. This suggests that
for users to consider adopting micromobility for short-distance travel, the experience
must be seamless, efficient, and tailored to their daily commuting patterns [39].

Similarly, security is also highly valued, highlighting the need for safe transit envi-
ronments, including surveillance (CCTV), designated spaces for micromobility vehi-
cles, and regulations [42] that enable their safe use within public transport infrastruc-
ture. Users appear to place considerable emphasis on protecting themselves and their
vehicles, especially during multimodal transfers or in shared urban spaces [43].

In contrast, while economic considerations—such as fuel prices, parking costs, and
micromobility rental fees—do influence behavior, they appear to be secondary drivers.
The relatively lower score in this category suggests that financial savings alone are not
sufficient to encourage modal shift unless comfort and security are already assured [44].
In other words, users are less likely to adopt micromobility solely based on cost incen-
tives if they perceive the system as inconvenient or unsafe.
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Table 2. Factor to shift for micromobility

Mean Score (out of
5

Category Interpretation

Comfort-related factors such as availability of

micromobility, proximity to bus/train stations, and
Comfort 3.14 fare-free access within public transport appear to be

most influential. Users highly value convenience

and accessibility.

Moderate concern for secure integration—like

CCTV, designated coaches, and permission to carry

Security 3.09 vehicles on transit—suggests users seek assurance
against theft and discomfort in mixed-use transport
spaces.

Well-lit, sheltered routes and clear regulations are
Safety 3.08 important, indicating wusers are attuned to
environmental safety while using micromobility.

Slightly lower emphasis is placed on cost-related
drivers like fuel price, parking charges, and rental
rates, suggesting economic factors matter, but only
after safety, security, and comfort needs are met.

Economic 2.98

3.2  Implication for traffic reduction

This study reveals that 56% of respondents are potentially willing to shift (score >3 to
5), leading to a 39% expected reduction in traffic. Figure 3 illustrates the projected
changes in traffic volume under two micromobility adoption scenarios. Scenario 1
serves as the baseline, assuming no policy changes and a steady 2% annual traffic
growth. Scenario 2 projects a 27% traffic reduction with moderate micromobility
integration, based on literature findings where micromobility complements but does not
replace conventional transport modes. Scenario 3, informed by a public opinion survey,
estimates a 39% reduction in traffic volume. This scenario assumes 56% of commuters
from various cities in Klang Valley entering the Kuala Lumpur CBD (KLCBD) would
shift to micromobility, based on current daily traffic volumes (328,357 vehicles).

The projection rests on two key assumptions: (a) micromobility can be supported by
existing infrastructure, discouraging private vehicle use, and (b) current public transport
systems (MRT, LRT, buses) have sufficient capacity to accommodate the shift [38].
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Fig. 3. Scenario-based traffic volume forecasts for 2030, 2040, and 2050

3.3 Environmental impact on micromobility implementation

As urban congestion worsens and the climate crisis deepens, micromobility solutions
such as e-scooters present a viable pathway to reducing dependence on carbon-inten-
sive modes of transportation. Malaysia ranks among the highest per capita polluters
globally, with an estimated 8.0 tons of CO: emissions per person, compared to the
global average of 4.8 tons [45]. In the face of accelerating global warming, micromo-
bility could serve as a critical tool for emission reductions. Beyond mitigating green-
house gas emissions, micromobility contributes to more livable cities by lowering air
pollution, reducing noise levels, and improving traffic flow [39]. Accordingly, the ex-
pansion of micromobility infrastructure and the development of supportive policies are
not merely advantageous but constitute essential elements of Malaysia’s broader cli-
mate change mitigation strategy.

Table 3 and 4 below summarizes the estimated emission savings resulting from the
introduction of e-scooters in Malaysia, based on current shared micromobility ridership
data from service providers. Greenhouse gas emissions were estimated using a distance-
based modelling approach, whereby the total distance travelled by each vehicle type
was multiplied by its respective emission factor. For e-scooters, indirect emissions as-
sociated with electricity generation were calculated using a grid emission factor of
0.758 kg CO2/kWh for Peninsular Malaysia, corresponding to an operational emission
factor of 12.6 gCO2/km. Emissions from private cars—including petrol, diesel, and
electric vehicles (EVs)—were based on direct fuel combustion, with emission factors
of 214.942 gCO./km for petrol vehicles, 168.726 gCO2/km for diesel vehicles, and
127.334 gCOx/km for EVs. A weighted average emission factor for private cars was
determined based on the fleet composition data for Kuala Lumpur. Total emissions
were subsequently derived by multiplying the distance travelled by the applicable emis-
sion factors for each vehicle category.
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Table 3. Summary of emission savings results (2022)

Walk only Weighted Drive only Emissions Emissions Emission
Week Distance distance Distance Driving E-Scooter Savings
(km) (km) (km) (kg CO2) (kg CO2) (kg CO2)
6 544 14,388 35,256 4,357 634.0 3,723.0
19 454 11,405 21,103 2,441 416.4 2,024.2
34 623 16,107 11,381 1,071 355.1 715.7
48 843 19,800 10,662 1,041 395.5 645.6
Table 4. Summary of emission savings results (2024)
Walk only Weighted Drive only Emissions Emissions Emission
Week Distance distance Distance Driving E-Scooter Savings
(km) (km) (km) (kg CO2) (kg CO2) (kg CO2)
1 Feb 661 16,507 6,290 528.2 296.4 231.9
1 May 732 17,710 6,599 559.4 316.3 243.1
1 Aug 705 15,450 5,220 435.6 270.1 165.6
1 Nov 619 13,606 4,649 385.0 238.4 146.5

The results show that an average of 1,777 kg CO: could be conserved weekly based
on 2022 usage patterns and estimated e-scooter substitution rates in Malaysia, equiva-
lent to approximately 0.06 kg CO./km travelled. In 2024, the estimated conservation
drops to 197 kg CO: per week, or 0.0089 kg CO-/km, largely due to micromobility
replacing shorter trips that might otherwise have been completed by walking. Despite
this decline, the current outcomes are still below the optimal potential achievable
through enhanced implementation and greater public acceptance.

Realizing the full sustainability benefits of e-scooters requires a substantial behav-
ioral shift supported by coordinated actions at governmental, industry, and individual
levels, with government intervention being critical to driving sustainable travel behav-
ior through policy initiatives

3.4  The impact of route selection on ridership levels

Figure 4 below presents the aggregated flow patterns and clusters derived from user
trajectories, providing a comprehensive overview of hotspot areas across various re-
gions and the factors influencing route selection. By examining Points of Interest
(POIs)—including commercial areas, public transport stations, business areas, recrea-
tional and residential zones—located within a 100 m radius of shared micromobility
routes, user movement patterns and preferred destination types can be more clearly un-
derstood.
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In Klang Valley, several key hotspot areas emerge. Unsurprisingly, the KLCBD ar-
eas stand out as the primary hubs of activity. These locations are known for their high
concentration of entertainment venues, tourist attractions, and restaurants, making them
natural focal points for micromobility users [46]. The dense urban environment, com-
bined with the availability of pedestrian-friendly spaces, may also contribute to the
popularity of micromobility in these areas, allowing users to navigate busy streets with
greater ease [18].

Furthermore, the primary hotspot is centered around major shopping malls and
multiple MRT and LRT stations, highlighting micromobility's role as an essential last-
mile solution for commuters [33]. In some areas where the concentration of leisure and
entertainment venues encourages the use of micromobility for short trips between
attractions [46].

Overall, the findings offer important insights into the behavioral patterns of
micromobility users across various regions. A deeper understanding of these usage
trends and the factors influencing route choice can assist policymakers and urban
planners in optimizing infrastructure development, enhancing accessibility, and
promoting more sustainable transport alternatives within urban settings. By integrating
micromobility with existing transportation networks and addressing barriers to
adoption, cities can expand mobility options, reduce dependence on private vehicles,
and contribute to a more efficient and environmentally sustainable transportation
system.
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3.5 Policy Development

Successful integration of micromobility into urban transport systems requires both
physical infrastructure and supportive governance frameworks [47]. On the
infrastructure side, dedicated micromobility lanes, safe intersection designs, secure
parking and charging stations, and integration with public transport hubs are critical to
ensuring user safety and convenience [48] [49]. From a governance perspective, clear
regulatory definitions for vehicle types, operating zones, and speed limits are essential.
Local authorities must also coordinate closely with private micromobility providers to
manage fleet sizes, data sharing, and service standards. Moreover, public awareness
campaigns and inclusive policies are needed to promote equitable access, particularly
in underserved areas [18] [50] [51].

To account for uncertainty in key variables, a sensitivity analysis was conducted on
the estimated CO: savings across adoption scenarios. Parameters varied include the
projected micromobility uptake rate (ranging from 10% to 50%) and grid emission
factors (from 0.56 to 0.81 kg CO./kWh, based on regional variation). Results indicate
that emission savings can fluctuate by up to £35%, depending on these assumptions.
This highlights the need for ongoing monitoring of real-world adoption trends and
energy mix evolution to refine future impact assessments.

4 Conclusion and Recommendations

This study highlights the potential of micromobility, particularly e-scooters, to serve as
a key enabler of sustainable urban transport in Malaysia. By integrating micromobility
into existing multimodal transport systems, cities can significantly reduce traffic con-
gestion, lower greenhouse gas emissions, and enhance first- and last-mile connectivity.
The findings demonstrate that with 56% public potential to shift, a traffic volume re-
duction of up to 39% could be achieved, provided that infrastructure and regulatory
support are strengthened. Despite current challenges, including low usage rates and in-
frastructure gaps, micromobility offers promising opportunities to transform Malay-
sia’s urban mobility landscape into a more efficient, accessible, and environmentally
friendly system. Realizing these benefits, however, requires systemic changes at the
governmental, industry, and community levels to foster public trust, safety, and adop-
tion. Unlike scenario-based assumptions, the emission analysis in this study is anchored
in actual micromobility ridership data, enhancing the credibility of the CO: savings
estimate. Nevertheless, further research is encouraged to include more granular data on
user mode-shift behavior and charging patterns to refine emission projections

To support the effective integration of micromobility into Malaysia’s urban transport
system, several key actions are recommended. First, policymakers should formally
incorporate micromobility into national and local transport plans by establishing clear
regulations governing vehicle standards, operational zones, and user responsibilities.
Second, there is a need to invest in dedicated infrastructure, including safe
micromobility lanes, secure parking facilities, and seamless connections to public
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transport hubs, to ensure user safety and convenience. Third, public awareness
campaigns, incentive programs, and trial initiatives should be launched to encourage
behavior change and foster greater acceptance of micromobility. Fourth, the
institutionalization of real-time data collection and integration from micromobility
operators is crucial to support evidence-based urban planning, traffic management, and
environmental monitoring. Finally, greater collaboration between government
agencies, private sector players, and community stakeholders should be promoted to
co-develop innovative solutions and accelerate the widespread adoption of
micromobility services. Additionally, a sensitivity analysis suggests that projected CO-
savings are highly dependent on micromobility adoption rates and national energy mix
trends, emphasizing the need for dynamic modeling in future policy evaluations.
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