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Abstract: The transition toward sustainable urban mobility in emerging economies requires not only technological
innovation but also a deeper understanding of market adoption dynamics. This study examines the behavioral
determinants of the adoption of solar-assisted micro-mobility among micro, small, and medium enterprises
(MSMEs) in urban Indonesia. Positioned at the intersection of renewable energy integration and sustainable
transportation systems, the research investigates how environmental concern, performance expectancy, operational
cost, and price shape users’ attitudes and subsequently influence adoption intention. A quantitative approach was
employed using survey data collected from 300 MSME operators, and the relationships among constructs were
analyzed using Partial Least Squares Structural Equation Modeling (PLS-SEM). The results indicate that attitude
serves as a central mediating mechanism through which environmental, technological, and economic factors are
significantly associated with adoption intention. Among the predictors, performance expectancy emerges as the
most influential driver, followed by environmental concern, while operational cost and price play supporting but
significant roles within a value-based evaluation framework. The findings highlight that adoption of solar-assisted
mobility is primarily driven by perceived functional benefits and sustainability value rather than cost
considerations alone. This study contributes to the sustainability literature by advancing a holistic behavioral
adoption model for renewable energy-based mobility in emerging urban contexts. The results provide practical
implications for policymakers and industry stakeholders in designing strategies to accelerate the diffusion of low-
carbon mobility solutions, particularly among resource-constrained MSMEs.

Keywords: Sustainable urban mobility; Solar-assisted micro-mobility; Renewable energy integration; Micro,
small, and medium enterprises; Technology adoption; Behavioral intention; Partial Least Squares Structural
Equation Modeling; Emerging economies

1. Introduction

The rapid growth of urban economies in developing countries has significantly increased the demand for
efficient and sustainable mobility solutions (Kumar & Alok, 2020). In Indonesia, particularly in metropolitan
regions such as Jakarta, Bogor, Depok, Great Tangerang, and Bekasi, urbanization has intensified transportation
challenges, including traffic congestion, rising greenhouse gas emissions, and heavy reliance on fossil fuels (Yang
et al., 2026). These issues not only threaten environmental sustainability but also directly affect the operational
efficiency of micro, small, and medium enterprises (MSMES), which depend on flexible, low-cost transportation
systems for daily business activities (Pereira et al., 2025). Empirical evidence indicates that urban transportation
is a major contributor to environmental degradation while simultaneously shaping economic productivity at the
micro-enterprise level (Hardman et al., 2018).

Electric vehicles (EVs) have emerged as a promising solution to mitigate these challenges by reducing emissions
and improving energy efficiency (Kumar & Alok, 2020; Rezvani et al., 2015). However, despite global
advancements, EV adoption among MSMEs in developing economies remains relatively low (Luthra et al., 2015).
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High initial investment costs, limited charging infrastructure, and uncertainty regarding operational performance
continue to hinder widespread adoption. For MSMEs, which typically operate under tight financial constraints, the
decision to adopt new mobility technologies is strongly influenced by economic feasibility, reliability, and
immediate business benefits rather than environmental considerations alone (Hackbarth & Madlener, 2013).

In response to these limitations, hybrid solar-electric mobility solutions have been introduced as an alternative
innovation pathway. The Hybrid Solar-Electric Cart (HSEC), as a prototype technology, integrates photovoltaic
energy systems with electric propulsion, offering a cost-efficient, low-emission, and infrastructure-independent
transport solution. This hybrid configuration allows partial energy self-sufficiency, reducing reliance on external
charging systems while maintaining operational flexibility. Such characteristics make the technology particularly
relevant for MSMESs operating in dense urban environments with limited access to charging infrastructure.

While hybrid solar-electric mobility shares certain characteristics with conventional EVs, its adoption context
differs fundamentally. Unlike passenger EVs, which are primarily acquired for personal transportation, the HSEC
is intended as a productive business asset supporting income-generating activities among MSMEs. Consequently,
adoption decisions are not merely consumer choices but operational investment decisions in which business
productivity, operational continuity, environmental sustainability, and financial feasibility are evaluated
simultaneously. This distinction suggests that the behavioral mechanisms underlying HSEC adoption may differ
from those commonly reported in the broader EV adoption literature, where private consumption motives dominate.
By positioning renewable-energy-assisted micro-mobility within an MSME operational context, this study extends
the discussion of sustainable transportation beyond household mobility toward business-oriented urban mobility
systems.

Despite the growing body of research on electric mobility adoption, several important theoretical and empirical
gaps remain. First, previous studies have predominantly examined passenger EVs, private consumers, or
commercial fleet operators, whereas renewable-energy-assisted micro-mobility designed for MSMESs has received
very limited scholarly attention. As a result, existing behavioral adoption models have been developed largely
within consumer-oriented contexts and may not adequately explain technology adoption decisions made for
productive business purposes.

Second, MSMEs evaluate transportation technologies differently from household consumers. For mobile and
semi-mobile business operators, mobility functions simultaneously as a production resource, a logistics instrument,
and a source of competitive advantage. Therefore, adoption decisions are expected to integrate environmental
considerations with operational performance, business continuity, and economic efficiency. This operational
decision-making perspective remains largely absent from the current sustainable mobility literature.

Third, previous studies generally investigate renewable mobility technologies after they have become
commercially available. Comparatively little attention has been devoted to understanding behavioral intention
toward prototype-based renewable-energy innovations before market commercialization. Examining purchase
intention at this pre-commercialization stage is particularly important because technological feasibility alone does
not guarantee market acceptance.

Finally, although attitude has frequently been incorporated into technology adoption models, relatively limited
research has investigated its role as a psychological mechanism through which environmental, technological, and
economic evaluations are transformed into purchase intention within business-oriented renewable mobility
systems operating in emerging economies.

From a theoretical perspective, this study argues that renewable-energy-assisted micro-mobility adoption among
MSMEs represents a distinct behavioral setting compared with conventional consumer technology adoption.
Because the technology functions as an operational business resource rather than solely as a transportation product,
users are expected to evaluate sustainability attributes alongside productivity enhancement, operational efficiency,
and long-term economic value. Accordingly, the present study positions HSEC adoption within a business-oriented
technology adoption perspective, thereby extending the applicability of established behavioral adoption theories
to an emerging renewable mobility context characterized by resource-constrained entrepreneurial decision-making.

Based on the identified gaps, the central problem addressed in this study is the limited understanding of how
MSME actors in urban Indonesia form purchase intentions toward hybrid solar-electric mobility innovations.
Specifically, it remains unclear how environmental, technological, and economic factors interact to shape attitudes
and ultimately influence behavioral intention in a context characterized by resource constraints and infrastructural
limitations.

Although hybrid solar-electric technologies offer clear advantages in terms of sustainability and operational
efficiency, their adoption cannot be assumed without a comprehensive understanding of market perception. The
absence of empirical evidence on the behavioral drivers of adoption creates uncertainty for policymakers,
manufacturers, and innovators seeking to promote such technologies. Therefore, a systematic investigation is
required to identify the key determinants influencing purchase intention and to understand the underlying
psychological mechanisms driving adoption decisions.

This study aims to examine the behavioral determinants associated with MSMEs’ intention to adopt a HSEC in
urban Indonesia by integrating environmental, technological, and economic perspectives within a business-
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oriented technology adoption framework. Using Partial Least Squares Structural Equation Modeling (PLS-SEM),
the study evaluates how environmental concern, performance expectancy, operational cost, and price are
associated with attitude and subsequently with purchase intention toward a renewable-energy-assisted mobility
innovation designed for productive business use.

This study makes three principal contributions to the sustainable mobility literature. First, it introduces
renewable-energy-assisted micro-mobility for MSMEs as a distinct empirical context that differs conceptually
from conventional consumer EV adoption. By emphasizing productive business mobility rather than private
transportation, the study expands the scope of sustainable mobility research toward enterprise-oriented
applications.

Second, the study extends behavioral technology adoption literature by demonstrating that established
constructs, including environmental concern, performance expectancy, operational cost, price, and attitude,
operate within a different decision-making environment where mobility technologies function simultaneously as
operational assets and sustainability innovations. This perspective provides a richer understanding of technology
adoption among resource-constrained MSMEs in emerging economies.

Third, the study contributes to the commercialization literature on renewable-energy innovation by providing
empirical evidence regarding market acceptance at the prototype stage. Rather than examining an already
commercialized technology, this research investigates behavioral intention before market diffusion, thereby
offering practical insights for innovation commercialization, product development, and sustainable urban mobility
policy.

By integrating sustainable transportation, renewable-energy innovation, and business-oriented technology
adoption, this study seeks to bridge the gap between technological feasibility and market acceptance, thereby
contributing to a more comprehensive understanding of sustainable urban mobility transitions in emerging
economies.

2. Literature Review
2.1 Solar-Assisted Micro-Mobility and Sustainable Urban Transportation

The rapid urbanization of developing economies has intensified the need for sustainable and efficient
transportation systems, particularly in densely populated metropolitan regions. Urban transportation is widely
recognized as a major contributor to greenhouse gas emissions and environmental degradation, making sustainable
mobility a central component of low-carbon urban development. Electric mobility has emerged as a key solution,
offering significant potential to reduce emissions and improve energy efficiency in urban transport systems
(Figueiredo & Baptista, 2025).

However, the adoption of conventional EVs faces several structural barriers, particularly in emerging economies.
These include high initial investment costs, limited charging infrastructure, and uncertainty regarding
technological reliability. These constraints are especially pronounced among MSMEs, which typically operate
under financial and operational limitations. As a result, alternative mobility solutions that reduce dependence on
centralized infrastructure have become increasingly relevant.

In this context, solar-assisted micro-mobility represents an emerging innovation pathway that integrates
renewable energy with localized transport systems. Hybrid solar-electric mobility solutions enable partial energy
self-sufficiency by utilizing photovoltaic systems to supplement electric propulsion. This decentralized energy
approach aligns with broader trends in distributed renewable energy systems, which have been shown to enhance
accessibility, reduce operational dependency on centralized grids, and support inclusive economic development
(Scheja & Kim, 2024).

From a sustainability perspective, solar-assisted micro-mobility offers a dual advantage. First, it contributes to
environmental sustainability by reducing reliance on fossil fuels and lowering emissions. Second, it enhances
economic sustainability by providing cost-efficient mobility solutions tailored to small-scale business operations.
These characteristics make hybrid solar-electric mobility particularly relevant for MSMEs operating in urban
environments with infrastructure constraints.

Despite its potential, empirical research on solar-assisted micro-mobility remains limited. Most existing studies
focus on passenger EVs or large-scale transport systems, leaving a significant gap in understanding the adoption
dynamics of small-scale, renewable-energy-based mobility innovations. Therefore, examining solar-assisted
micro-mobility within a behavioral and market readiness framework is essential to bridge the gap between
technological innovation and real-world adoption.

Unlike conventional passenger EVs, solar-assisted micro-mobility for MSMEs is embedded within productive
economic activities rather than personal transportation. Consequently, mobility decisions are evaluated not only
in terms of environmental sustainability but also in terms of business continuity, revenue generation, operational
flexibility, and logistics efficiency. This distinction suggests that the behavioral logic underlying technology
adoption among MSMEs differs fundamentally from household vehicle adoption. Sustainable transportation in
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this context therefore represents an intersection between environmental transition and small-business
competitiveness, providing a theoretically distinct setting for examining technology adoption.

2.2 Hybrid Solar-Electric Cart as a Market-Oriented Renewable Energy Innovation

The HSEC represents a novel form of renewable-energy-based micro-mobility that integrates photovoltaic
energy systems with electric propulsion. Unlike conventional EVs, which rely heavily on external charging
infrastructure, the HSEC offers a hybrid energy configuration that allows partial independence from grid-based
energy systems. This feature is particularly advantageous in urban environments where charging infrastructure is
limited or unevenly distributed.

From an innovation perspective, the HSEC can be classified as a market-oriented technological innovation,
where technical feasibility must be complemented by user acceptance and economic viability. The diffusion of
such innovations depends not only on engineering performance but also on how potential users perceive the
technology in terms of usefulness, affordability, and relevance to their daily activities. This aligns with broader
research on renewable energy adoption, which emphasizes that technological advancement alone does not
guarantee market acceptance.

From an innovation diffusion perspective, the HSEC differs from conventional EVs because its value
proposition extends beyond transportation (Uddin et al., 2024). For MSMEs, the HSEC functions simultaneously
as a mobility platform, an income-generating asset, and an operational production resource. Consequently,
adoption is expected to depend not only on perceived technological superiority but also on whether the innovation
supports business productivity while reducing operational uncertainty (Purwanto et al., 2024).

This business-oriented positioning also distinguishes HSEC commercialization from consumer-oriented green
technologies. Whereas private consumers often evaluate EVs through lifestyle preferences, environmental values,
or personal mobility convenience, MSME operators are more likely to evaluate technology through return-on-
investment considerations, operational reliability, and long-term business sustainability. Therefore, market
acceptance of HSEC should be understood as organizationally embedded decision-making occurring at the micro-
enterprise level rather than purely individual consumer behavior.

Studies on green technology adoption consistently highlight the importance of perceived value in shaping
adoption decisions. For instance, perceived usefulness, environmental benefits, and economic advantages have
been shown to significantly influence consumer attitudes and behavioral intentions toward sustainable
technologies (Zhao et al., 2024). In the context of EV adoption, performance-related attributes and perceived
benefits are critical in determining whether users are willing to transition from conventional technologies.

Furthermore, renewable energy technologies often face a “commercialization gap,” where promising prototypes
fail to achieve widespread adoption due to insufficient understanding of market dynamics. This gap is particularly
relevant for MSMEs, where adoption decisions are highly pragmatic and influenced by immediate operational
benefits rather than long-term environmental considerations.

Therefore, positioning the HSEC as a market-oriented innovation requires an integrated understanding of
technological, economic, and behavioral factors. It is not sufficient to demonstrate that the technology works; it
must also be perceived as useful, cost-effective, and aligned with the operational needs of potential users. This
perspective underscores the importance of incorporating behavioral models into the study of renewable energy-
based mobility innovations.

2.3 Behavioral Intention and Green Technology Adoption

Understanding the adoption of renewable-energy-based mobility innovations requires a behavioral perspective
that explains how individuals form intentions to adopt new technologies. Behavioral intention is widely recognized
as the most immediate predictor of actual behavior, making it a central construct in the study of technology
adoption.

Several theoretical frameworks have been developed to explain technology adoption behavior. The Theory of
Planned Behavior (TPB), the Technology Acceptance Model (TAM), and integrated models combining behavioral
and technological factors have been extensively used to analyze adoption decisions in the context of EVs and
sustainable technologies (Figueiredo & Baptista, 2025). These frameworks emphasize the role of cognitive
evaluations, perceived usefulness, social influences, and control factors in shaping behavioral intention.

A key construct within these models is attitude, which represents an individual’s overall evaluation of a
technology. Empirical studies consistently show that attitude plays a central role in determining adoption intention.
For example, research on EV adoption indicates that positive attitudes toward the technology significantly increase
the likelihood of purchase intention and actual adoption behavior (Stockkamp et al., 2021). Similarly, consumer
awareness and perceived benefits have been found to positively influence attitude, which in turn affects intention
to adopt sustainable technologies (Lashari et al., 2021).

Moreover, recent studies highlight that behavioral intention toward green technologies is influenced by a



combination of environmental, technological, and economic factors. Environmental concern reflects individuals’
awareness of ecological issues and their willingness to support sustainable solutions. Performance expectancy
captures the perceived usefulness and functional benefits of the technology. Economic factors such as operational
cost and price represent the financial considerations that influence adoption decisions. These multidimensional
drivers interact to shape attitude, which then acts as a mediator between perception and intention.

Although behavioral adoption theories such as the TPB, TAM, and Unified Theory of Acceptance and Use of
Technology (UTAUT) have been extensively validated across diverse technological contexts, most empirical
applications focus on household consumers or organizational employees. Comparatively little attention has been
devoted to micro-enterprises that simultaneously act as individual decision-makers and as business organizations.
This dual role introduces a more complex decision-making process in which personal attitudes are closely
intertwined with operational and economic considerations. Consequently, established behavioral adoption theories
require contextual extension when applied to renewable-energy-assisted mobility designed for MSMEs.

Importantly, the role of attitude as a mediating variable has gained increasing attention in recent research. Rather
than acting solely as a direct predictor, attitude serves as a psychological mechanism that translates perceptions
into behavioral intention. This mediating role is particularly relevant in the context of emerging technologies,
where users must first develop a favorable evaluation before forming a concrete intention to adopt.

2.4 Environmental Concern and Attitude Toward Hybrid Solar-Electric Cart

Environmental concern reflects the degree to which individuals are aware of environmental issues and are
willing to support environmentally sustainable solutions. In the context of green technology adoption,
environmental concern has been widely recognized as a significant psychological driver influencing individuals’
evaluation of eco-friendly innovations.

Prior studies demonstrate that individuals with higher environmental awareness tend to develop more favorable
attitudes toward low-emission technologies, including EVs and renewable energy systems. For instance, research
in sustainable mobility shows that environmental concern significantly enhances positive evaluations of EVs as a
means to mitigate climate change and urban pollution (Buhmann et al., 2024; Rezvani et al., 2015). Similarly,
findings from the studies confirm that environmental consciousness positively shapes attitudes toward green
technologies by aligning product attributes with pro-environmental values (Stockkamp et al., 2021).

However, in emerging economies, environmental concern often interacts with economic rationality. MSMEs
may acknowledge environmental benefits, but their attitudes are strengthened only when such benefits are
accompanied by practical utility and cost efficiency. In the case of the HSEC, environmental concern is expected
to positively influence users’ attitudes by reinforcing the perceived ecological value of solar-assisted mobility.

Within household EV adoption, environmental concern often reflects personal ecological values and
environmental responsibility. However, among MSMEs, environmental concern may operate differently because
environmental commitment is evaluated alongside business viability. Entrepreneurs are unlikely to adopt
environmentally friendly technologies solely because they reduce emissions; instead, environmental value must
be compatible with operational performance and economic sustainability. Accordingly, environmental concern is
expected to strengthen favorable evaluations of HSEC only when the technology is simultaneously perceived as
supporting business operations.

H1: Environmental concern positively influences attitude toward the HSEC.

2.5 Performance Expectancy and Attitude Toward Hybrid Solar-Electric Cart

Performance expectancy refers to the extent to which individuals believe that a technology will enhance their
performance or productivity. Within the UTAUT, performance expectancy is consistently identified as a primary
determinant of technology adoption. Empirical evidence from the EV literature shows that perceived usefulness,
reliability, and functional performance significantly influence users’ attitudes and adoption decisions (Jansson et
al., 2017; Li et al., 2016; Purwanto & Irawan, 2024). Users are more likely to develop favorable attitudes when
they perceive that the technology can improve efficiency, reduce operational constraints, and deliver tangible
benefits.

For MSMEs, performance expectancy is particularly critical because mobility solutions directly affect business
operations. The HSEC must be perceived as reliable, efficient, and capable of supporting daily business activities.
Therefore, performance-related perceptions are expected to be the strongest predictor of attitude formation.

Performance expectancy is expected to play a more dominant role among MSMEs than among conventional
household consumers because mobility directly affects productive business activities. Delays, reduced carrying
capacity, limited operational range, or unreliable performance may directly influence daily income generation.
Therefore, expected performance is not merely a convenience factor but an operational necessity. This theoretical
distinction provides a strong rationale for expecting performance expectancy to become the strongest antecedent
of attitude toward HSEC adoption.
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H2: Performance expectancy positively influences attitude toward the HSEC.
2.6 Operational Cost and Attitude Toward Hybrid Solar-Electric Cart

Operational cost represents the perceived expenses associated with using a technology over time, including
energy consumption, maintenance, and repair costs. In the context of MSMEs, operational cost is a crucial
consideration because business sustainability is closely linked to cost efficiency. Research on electric mobility
adoption indicates that lower operating costs significantly enhance users’ attitudes and adoption intentions
(Hackbarth & Madlener, 2013; Mesquita et al., 2025). Electric and hybrid vehicles are often perceived as
economically advantageous due to reduced fuel consumption and lower maintenance requirements compared to
conventional vehicles.

The HSEC offers potential cost advantages through reduced reliance on fossil fuels and partial energy self-
sufficiency. These characteristics are expected to positively influence users’ attitudes by enhancing the perceived
economic value of the technology.

For resource-constrained MSMEs, operational expenditure constitutes a recurring component of business
profitability. Unlike household transportation decisions, reductions in fuel consumption and maintenance expenses
directly affect operating margins. Consequently, operational cost should be interpreted not merely as a financial
attribute of the vehicle but as a determinant of enterprise sustainability. This perspective differentiates MSME-
oriented mobility adoption from conventional consumer EV studies.

H3: Operational cost positively influences attitude toward the HSEC.

2.7 Price and Attitude Toward Hybrid Solar-Electric Cart

Price reflects the perceived initial investment required to acquire a technology. Unlike operational cost, which
focuses on long-term usage, price represents the upfront financial commitment and is often a critical barrier in
emerging markets. Studies in technology adoption consistently show that perceived price fairness and affordability
significantly influence attitudes and purchase decisions (Egbue & Long, 2012; Li et al., 2016). High upfront costs
can discourage adoption, even when long-term benefits are substantial. Conversely, when users perceive the price
as reasonable relative to the expected benefits, they are more likely to form a positive attitude. In the case of the
HSEC, price is expected to influence attitude by shaping users’ perception of affordability and investment
feasibility. This is particularly relevant for MSMEs, which often operate under financial constraints.

Although purchase price is widely recognized as an important determinant of technology adoption, MSME
investment decisions frequently involve broader value assessments rather than simple cost minimization.
Entrepreneurs may accept relatively higher acquisition costs when the technology is expected to improve
operational efficiency, reduce long-term expenditures, and increase business productivity. Therefore, price is
conceptualized within this study as one component of overall value evaluation rather than an isolated financial
barrier.

H4: Price positively influences attitude toward the HSEC.

2.8 Attitude and Intention to Purchase Hybrid Solar-Electric Cart

Attitude is defined as an individual’s overall evaluation of a technology, encompassing both cognitive beliefs
and affective responses. In behavioral intention models such as TPB and TAM, attitude is a key predictor of
intention and subsequent behavior. Empirical studies consistently confirm that a positive attitude toward green
technologies significantly increases the likelihood of adoption (Megha, 2024; Paul et al., 2016). In the context of
EVs, users with favorable attitudes are more likely to express an intention to purchase and adopt the technology.
In this study, attitude toward the HSEC is expected to be the primary determinant of purchase intention. As users
evaluate the technology based on environmental, technological, and economic considerations, their overall attitude
becomes the decisive factor influencing their adoption decision.

In the present study, attitude is conceptualized as a business-oriented evaluative judgment rather than merely an
affective preference toward green technology. Because the HSEC functions as an operational business asset,
attitude reflects respondents’ integrated assessment of environmental benefits, expected operational performance,
economic efficiency, and investment feasibility. This broader conceptualization positions attitude as a cognitive
integration mechanism linking multiple dimensions of evaluation to subsequent purchase intention.

H5: Attitude positively influences intention to purchase the HSEC.

2.9 Mediating Role of Attitude in Purchase Intention

Recent advancements in technology adoption research emphasize the importance of mediating mechanisms that
explain how perceptions are translated into behavioral intention. Attitude is increasingly recognized as a central



mediator linking cognitive evaluations to behavioral outcomes. Studies have shown that factors such as perceived
usefulness, environmental concern, and economic benefits often influence purchase intention indirectly through
attitude (Wang et al., 2016). This suggests that individuals do not directly translate perceptions into intention;
instead, they first form an overall evaluation of the technology, which then drives their behavioral decision.

Previous studies provide empirical support for the mediating role of attitude in green technology and EV
adoption. In the context of EV adoption, Jaiswal et al. (2021) found that attitude partially mediates the effects of
perceived usefulness and perceived ease of use on adoption intention, confirming that cognitive evaluations of
technology are translated into intention through users’ favorable evaluation of the vehicle. Similarly, a study
showed that attitude mediates the relationship between perceived usefulness and adoption intention, highlighting
the importance of attitude as a psychological mechanism in EV decision-making (Chanda et al., 2024).

Prior studies indicate that environmental awareness and ecological consciousness influence EV adoption
through evaluative mechanisms such as attitude, perceived value, or resistance attitude. Wu et al. (2021) found
that ecological consciousness promotes EV purchase intention, while value perceptions and resistant attitude
mediate this relationship. Other study further demonstrated that environmental awareness significantly predicts
EV adoption and contributes to perceived value formation, which subsequently leads to adoption intention (Wu et
al., 2021). These findings support the argument that environmental concern does not automatically become
purchase intention; rather, it must first be internalized into a favorable evaluation of the technology.

Studies grounded in technology acceptance and UTAUT perspectives show that performance-related beliefs are
among the most important antecedents of EV adoption. Higueras-Castillo et al. (2023) examined EV adoption
intention across India and Spain and included performance expectancy as a key determinant of adoption intention.
Other study also extended the UTAUT framework in the EV adoption context and incorporated performance
expectancy as a critical determinant of adoption (Ajao et al., 2025). More directly, Jaiswal et al. (2021) and Chanda
et al. (2024) found that perceived usefulness influences adoption intention through attitude, providing strong
support for the mediating logic proposed in H6b.

Previous studies emphasize that operational cost and perceived economic value are important in shaping
attitudes and adoption intentions toward EVs. Research on EV adoption consistently identifies operating cost,
perceived savings, and economic value as central considerations for potential adopters. A study found that
perceived sacrifices, including cost-related concerns, influence perceived value, which then affects EV adoption
intention (Mustafa et al., 2026). Other study also highlight operating costs as an important economic factor in EV
ownership dynamics (Gutjar et al., 2025). These studies support the assumption that perceived operational cost
efficiency strengthens purchase intention when it contributes to a more favorable evaluation of the technology.

Prior research shows that purchase price and affordability remain major barriers or determinants in EV adoption.
The study found that EV purchase cost is a barrier to adoption, while positive emotions and environmental concern
support adoption behavior (Salari, 2022). Another study reported that stakeholders identify purchase price as a
determinant in EV purchase decisions (D’Adamo et al., 2023). Similarly, a study found that although attitudes
toward EVs may be positive, relatively high purchase price remains a major issue in sustainable mobility adoption
(Balassa & Koteczki, 2026). These findings support H6d by indicating that price affects purchase intention not
only as a financial constraint, but also through its influence on users’ evaluative attitude toward the technology.

In the context of the HSEC, environmental, technological, and economic factors are expected to influence
purchase intention through attitude. This mediating role is particularly important for emerging technologies, where
users must develop confidence and positive evaluation before forming adoption intentions.

The mediating role of attitude is expected to become particularly important in prototype-based renewable-
energy innovations because prospective adopters have little or no direct experience with the technology. Under
such conditions, objective technical information alone is insufficient to generate purchase intention. Instead,
individuals first synthesize environmental, technological, and economic evaluations into an overall attitudinal
judgment before considering adoption. This cognitive integration process may be even more pronounced among
MSMEs because purchasing decisions involve business investment rather than routine consumer consumption.
Accordingly, attitude is theorized to function as the principal psychological mechanism through which diverse
perceptions are translated into purchase intention.

H6a: Attitude mediates the relationship between environmental concern and intention to purchase.

Héb: Attitude mediates the relationship between performance expectancy and intention to purchase.

Héc: Attitude mediates the relationship between operational cost and intention to purchase.

H6d: Attitude mediates the relationship between price and intention to purchase.

2.10 Research Framework and Theoretical Positioning
Collectively, the preceding literature suggests that renewable-energy-assisted micro-mobility adoption among
MSMEs constitutes a theoretically distinct behavioral context. While the study adopts constructs that have been

extensively examined within technology adoption literature, their interaction is expected to differ because the
technology functions simultaneously as a sustainability innovation and an operational business resource.
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Consequently, the proposed framework positions environmental concern, performance expectancy, operational
cost, and price as complementary dimensions influencing business-oriented evaluative judgment (attitude), which
subsequently predicts purchase intention (see Figure 1). This framework extends previous consumer-oriented EV
adoption studies by emphasizing enterprise-level decision-making within resource-constrained urban
environments.

 E—
Environmental

Concern

 —
Performance

Expectancy

Attitude to HSEC Intention to
Purchase HSEC

Operational Cost

— S

Figure 1. Conceptual framework
Note: HSEC = Hybrid Solar-Electric Cart.

3. Methodology
3.1 Prototype Description of the Hybrid Solar-Electric Cart

The object evaluated in this study is a prototype HSEC specifically developed to support sustainable urban
mobility among MSMEs. The prototype integrates photovoltaic energy generation with battery-powered electric
propulsion to reduce dependence on fossil fuels while maintaining sufficient operational performance for daily
commercial activities. As illustrated in Figure 2, the HSEC integrates photovoltaic panels with battery-powered
electric propulsion to support sustainable urban mobility.

Figure 2. Prototype of the Hybrid Solar-Electric Cart (HSEC)

Unlike conventional electric motorcycles that depend entirely on external charging infrastructure, the HSEC
incorporates roof-mounted photovoltaic panels that continuously recharge the battery during daylight operation.
This hybrid energy configuration extends operational range, reduces electricity consumption from the grid, and
improves energy self-sufficiency during routine business activities.

The prototype was designed primarily for mobile and semi-mobile MSME operators such as street food vendors,
beverage sellers, traditional market traders, and other small businesses requiring daily transportation of goods
within urban environments. The vehicle emphasizes low operating cost, minimal maintenance requirements, and
environmental sustainability while maintaining adequate payload capacity for commercial use.

Table 1 summarizes the principal technical specifications of the HSEC prototype presented to respondents
during the survey. The prototype was designed to provide an environmentally sustainable and economically viable
mobility solution for mobile and semi-mobile MSMEs operating in urban environments. Its compact dimensions,
pedal-assisted electric propulsion, adequate payload capacity, and relatively long driving range make the HSEC
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suitable for daily commercial activities while reducing dependence on fossil fuels. During the survey, respondents
were provided with standardized photographs, video, and technical specifications of the prototype to ensure a
consistent understanding of the technology before completing the questionnaire.

Table 1. Technical specifications of the Hybrid Solar-Electric Cart (HSEC)

Specification Description
Vehicle Type HSEC
Overall Dimensions Length: 200 cm x<Width: 70 cm xHeight: 150 cm
Propulsion System Electric motor with pedal-assisted drive
Battery Type Lithium-ion battery
Battery Capacity 64V, 22.5 Ah
Maximum Payload
Capacity 160kg
Maximum Speed 35 km/h
Driving Range Up to 60 km per full battery charge
Battery Charging Time Approximately 5 hours (full charge)
Primary Energy Source Battery-powered electric propulsion supported by roof-mounted photovoltaic (solar) panels
Intended Users Mobile and semi-mobile Micro, Small, and Medium Enterprises (MSMESs)
Street food vendors, beverage sellers, traditional market traders, and other mobile urban

Intended Applications businesses

Table 2 shows that the HSEC offers several practical advantages compared with conventional motorcycle
commonly used by MSMEs. Although both vehicles require an initial investment, the HSEC has a lower estimated
purchase price of IDR 20,000,000 compared with IDR 25,000,000 for conventional motorcycle. In addition, the
HSEC uses electricity and solar energy, resulting in lower energy costs, zero tailpipe emissions, lower noise levels,
and reduced environmental impact. Its 160 kg payload capacity and 60 km driving range indicate that the prototype
is practically suitable for daily mobile and semi-mobile MSME activities. The comparison suggests that the HSEC
may provide a more sustainable and cost-efficient mobility alternative for urban MSMEs, particularly for
businesses seeking to reduce fuel dependence and operating expenses.

Table 2. Comparison between the Hybrid Solar-Electric Cart (HSEC) and conventional mobility used by micro,
small, and medium enterprises (MSMES)

Feature HSEC Conventional Motorcycle
Purchase Price IDR 20,000,000 IDR 25,000,000
Energy Source Electricity + Solar Energy Gasoline

Fuel/Energy Cost Low Moderate to High
Tailpipe Emissions None High
Maximum Payload 160 kg Lower for cargo transport

Driving Range 60 km Depends on fuel tank
Maintenance Cost Low Moderate
Noise Level Low High
Environmental Impact Low-carbon mobility Fossil-fuel dependent

3.2 Research Design

This study employed a quantitative, cross-sectional research design to investigate the behavioral factors
associated with MSMESs’ intention to adopt the HSEC in urban Indonesia. Because the HSEC remains at the
prototype stage of technological development, the research focused on measuring prospective purchase intention
rather than actual adoption behavior.

The conceptual model integrates environmental, technological, and economic factors influencing attitude and
subsequent purchase intention. PLS-SEM was selected because the study emphasizes prediction-oriented analysis,
simultaneously estimates multiple latent constructs, and is well suited for evaluating behavioral models involving
emerging technologies.

3.3 Population and Sampling Technique

The target population of this study consists of MSME actors engaged in mobile or semi-mobile business
activities in urban areas, particularly in the Jakarta, Bogor, Depok, Tangerang, and Bekasi region. These include
street vendors and informal business operators who rely heavily on flexible transportation systems for daily
operations, such as food vendors (e.g., satay sellers, meatball vendors, fried rice vendors), beverage sellers, and
other itinerant traders.
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Given the absence of a comprehensive sampling frame for MSMESs operating in informal and mobile sectors,
this study employed a non-probability sampling technique, specifically convenience sampling. Respondents were
selected based on their accessibility, availability, and willingness to participate in the survey. This approach is
widely used in exploratory and behavioral research, particularly when the population is difficult to enumerate or
lacks formal registration. A total of 300 valid responses were collected, which satisfies the recommended sample
size requirements for PLS-SEM analysis. The sample size is considered adequate for ensuring statistical power
and model stability, especially given the number of constructs and indicators included in the study.

3.4 Data Collection Procedure

Data were collected through a structured questionnaire distributed directly to respondents in selected urban areas.
The survey was conducted through face-to-face interactions to ensure that respondents clearly understood the
concept of the HSEC, given that it is a prototype technology not yet widely available in the market. Before
completing the questionnaire, respondents were provided with a brief explanation and visual illustration of the
HSEC concept, including its key features such as solar-assisted energy systems, electric propulsion, and intended
use for MSME mobility. This step was necessary to ensure that responses were based on an informed
understanding of the innovation.

Before questionnaire administration, respondents received a standardized five-minute explanation regarding the
HSEC. The explanation included: (1) standardized photographs; (2) a short demonstration video illustrating how
the HSEC operates in real-world business activities; (3) technical specifications; (4) operational characteristics; (5)
expected business applications; (6) advantages; and (7) current prototype limitations. The demonstration video
was presented uniformly to all respondents to ensure a consistent understanding of the vehicle’s operating
mechanism, mobility functions, and intended commercial use before completing the questionnaire.

To minimize interviewer bias, all enumerators received identical training and followed the same presentation
script throughout the survey. The same visual materials, including photographs, the demonstration video, and
technical specifications, were presented to every respondent in the same sequence to ensure consistency in the
information provided. Respondents were informed that the HSEC remained a prototype under development and
that their responses would not influence future purchasing opportunities. Participation was voluntary and
anonymous.

3.5 Procedures to Reduce Response Bias

Several procedural measures were implemented to reduce potential response bias. First, all respondents received
identical visual materials and standardized verbal explanations to ensure consistent understanding of the prototype.
Second, enumerators followed a predetermined interview protocol and were instructed not to provide additional
opinions or promotional statements regarding the HSEC. Third, respondents were explicitly informed that the
technology was still under development and that both advantages and current limitations should be considered
when evaluating purchase intention. Finally, anonymity and confidentiality were emphasized to reduce social
desirability bias.

3.6 Measurement of Variables

All constructs in this study were measured using multi-item scales adapted from prior studies on green
technology adoption and EV research. The measurement model includes six latent constructs: environmental
concern, performance expectancy, operational cost, price, attitude toward the HSEC, and intention to purchase.
Each construct was operationalized using reflective indicators measured on a five-point Likert scale, ranging from
1 (“strongly disagree”) to 5 (“strongly agree”). The use of a Likert scale allows for capturing respondents’
perceptions, attitudes, and behavioral intentions in a structured and quantifiable manner.

Environmental concern reflects respondents’ awareness of environmental issues and their support for
sustainable solutions. Performance expectancy measures perceived usefulness and expected functional benefits of
the HSEC. Operational cost captures perceived cost efficiency related to energy consumption and maintenance.
Price reflects perceived affordability and initial investment considerations. Attitude represents respondents’
overall evaluation of the HSEC, while intention to purchase measures their willingness to adopt the technology in
the future.

3.7 Data Analysis Technique
Data analysis was performed using PLS-SEM implemented in SmartPLS. The analytical procedure consisted

of two sequential phases. The first phase focused on assessing the measurement model by examining indicator
reliability via outer loadings, internal consistency via composite reliability, convergent validity via the average
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variance extracted (AVE), and discriminant validity via both the Fornell-Larcker criterion and the heterotrait—
monotrait (HTMT) ratio. The second phase involved evaluating the structural model by estimating path
coefficients, coefficients of determination (R¥, effect sizes (f5, predictive relevance, and the statistical significance
of the proposed relationships using a bootstrapping procedure. PLS-SEM was selected because it is well suited to
prediction-oriented research, accommodates models involving multiple latent constructs, and provides reliable
parameter estimates even when survey data deviate from multivariate normality.

4. Results
4.1 Respondent Characteristics

A total of 300 valid responses were included in the final analysis. The respondents consisted of micro and small
business operators engaged in mobile and semi-mobile commercial activities across the Greater Jakarta
metropolitan area (Jakarta, Bogor, Depok, Tangerang, and Bekasi). Table 3 summarizes the demographic and

business characteristics of the respondents.

Table 3. Respondent characteristics (N = 300)

Variable Category Frequency Percentage (%)
Male 255 85.0
Gender Female 45 15.0
<26 years 70 23.3
26-35 years 89 29.7
Age 36-45 years 90 30.0
46-55 years 36 12.0
>56 years 15 5.0
Senior High School or equivalent 289 96.3
Education Diploma 6 2.0
Bachelor’s Degree 5 1.7
<IDR 5 million 196 65.3
Monthly Income IDR 5-10 million 94 31.3
>IDR 10 million 10 3.3
Tangerang 123 41.0
Jakarta 63 21.0
Residence Bogor 55 18.3
Bekasi 39 13.0
Depok 20 6.7
Food vendors 167 55.7
Business Sector Beverz?\ge vendors 66 22.0
Retail/Grocery 2 0.7
Other MSMEs* 65 21.6

Note: MSMEs = micro, small, and medium enterprises.

The sample was predominantly male (85.0%), reflecting the demographic composition of mobile street vendors
and informal transport-dependent businesses in Indonesia, while 15.0% were female. Regarding age, respondents
were relatively mature and economically active, with the largest groups aged 3645 years (30.0%) and 2635 years
(29.7%), followed by those under 26 years (23.3%), 46-55 years (12.0%), and over 56 years (5.0%).

The respondents generally possessed a modest educational background. Most had completed senior high school
or equivalent (96.3%), while only a small proportion held a diploma (2.0%) or bachelor’s (1.7%) degrees. This
profile is consistent with the educational characteristics commonly observed among informal MSMESs operating
in urban Indonesia.

In terms of economic conditions, approximately 65.3% of respondents reported monthly incomes below IDR 5
million, whereas 31.3% earned between IDR 5-10 million, and only 3.3% reported monthly incomes exceeding
IDR 10 million. These figures indicate that the surveyed MSMESs generally operate within resource-constrained
environments where investment decisions are highly sensitive to operational efficiency and long-term economic
benefits.

Geographically, the respondents were distributed across the Greater Jakarta metropolitan area, with the largest
proportion located in Tangerang (41.0%), followed by Jakarta (21.0%), Bogor (18.3%), Bekasi (13.0%), and
Depok (6.7%). The respondents represented diverse business sectors, including street food vendors, beverage
sellers, traditional market traders, mobile retailers, and other informal businesses requiring daily mobility for
commercial operations.

The respondents represented a diverse range of MSME business sectors. As shown in Table 3, the majority
operated in the food vending sector (55.7%), followed by beverage vendors (22.0%). A smaller proportion
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comprised retail and grocery businesses (0.7%), while 21.6% comprised other informal MSMEs, including mobile
snack vendors, household product sellers, and various small-scale trading activities. This distribution reflects the
dominant composition of transport-dependent informal enterprises operating in urban Indonesia, where food and
beverage businesses constitute a substantial proportion of mobile commercial activities.

The predominance of food and beverage vendors is particularly relevant to this study’s objectives because these
businesses require frequent daily mobility to transport products, serve customers, and conduct business across
multiple urban locations. Consequently, transportation functions not merely as a means of travel but as an essential
operational resource supporting business continuity and income generation. This respondent profile therefore
provides an appropriate empirical context for investigating behavioral intention toward the adoption of the HSEC
among urban MSMEs.

4.2 Measurement Model Assessment

4.2.1 Indicator reliability

Figure 3 presents the measurement model evaluation for the proposed behavioral framework of purchase
intention toward the HSEC. The model specifies six reflective latent constructs: environmental concern,
performance expectancy, operational cost, price, attitude toward the HSEC, and intention to purchase.
Conceptually, the model positions attitude as the central psychological mechanism through which environmental,
technological, and economic perceptions are translated into purchase intention. This structure is appropriate for
examining market readiness because adoption of an emerging renewable-energy-based mobility innovation is not
determined merely by technical feasibility, but also by how potential users cognitively and affectively evaluate the
innovation before forming purchase intention.

The measurement model indicates that the constructs are operationalized through multiple indicators, allowing
each latent variable to capture a broader behavioral domain rather than relying on single-item measurement. This
is particularly important in the context of solar-assisted micro-mobility adoption, where purchase intention may
be shaped simultaneously by perceived environmental benefits, expected performance, cost efficiency,
affordability, and users’ overall evaluative attitude. Therefore, Figure 3 confirms that the study does not treat
market acceptance as a purely economic decision, but as a multidimensional behavioral process involving
sustainability awareness, utility perception, and financial rationality.
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Figure 3. Measurement model evaluation
Note: ENVC = Environmental Concern, PE = Performance Expectancy, P = Price, OP = Operational Cost, ATT = Attitude to HSEC, ITP =
Intention to Purchase.

Table 4 reports the outer loading values for all indicators used to measure the latent constructs in the model.
The results show that all indicators have loading values above the commonly accepted threshold of 0.70, indicating
satisfactory indicator reliability. The attitude construct is measured by nine indicators, with loadings ranging from
0.811 to 0.862. These values demonstrate that all attitude indicators contribute strongly and consistently to
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explaining respondents’ evaluative disposition toward the HSEC. The relatively narrow loading range also
suggests that the attitude construct is internally stable and not dominated by a single item.

Table 4. Indicator reliability

Construct Indicator Outer Loading
ATT1 0.862
ATT2 0.859
ATT3 0.861
ATT4 0.852
Attitude to HSEC ATT5 0.862
ATT6 0.820
ATT7 0.820
ATTS 0.824
ATT9 0.811
OP1 0.889
OP2 0.881
Operational Cost OP3 0.857
OP4 0.898
OP5 0.905
P1 0.793
Price P2 0.848
P3 0.902
ITP1 0.854
ITP2 0.810
ITP3 0.788
Intention to Purchase ITP4 0.837
ITP5 0.870
ITP6 0.859
ITP7 0.813
ENVC1 0.836
ENVC2 0.838
ENVC3 0.748
Environmental Concern ENVC4 0.877
ENVC5 0.861
ENVC6 0.851
ENVC7 0.881
PE1 0.860
PE2 0.894
Performance Expectancy PE3 0.892
PE4 0.873
PE5 0.873
PE6 0.848

Note: HSEC = Hybrid Solar-Electric Cart.

Environmental concern is measured by seven indicators with loadings ranging from 0.748 to 0.881. Although
Environmental Concern (ENVC) 3 has the lowest loading among the environmental concern indicators, its value
remains above the recommended minimum threshold, confirming its adequacy for retention. This indicates that
respondents’ environmental concern is captured reliably across multiple dimensions, including awareness of
environmental problems and support for cleaner mobility alternatives. The high loading of ENVC?7 indicates that
one aspect of environmental concern may be particularly salient in shaping perceptions of solar-assisted mobility,
although the construct as a whole remains balanced.

The intention to purchase construct also demonstrates strong indicator reliability, with seven indicators ranging
from 0.788 to 0.870. These results indicate that purchase intention is consistently reflected across different
behavioral intention items, including willingness, interest, and readiness to consider the HSEC as a future mobility
solution. This finding is important because purchase intention toward prototype-based innovation may often be
unstable; however, the strong loadings suggest that respondents” intention is measurable with adequate consistency.

Operational cost shows the strongest indicator reliability profile, with five indicators ranging from 0.857 to
0.905. This suggests that cost-related considerations are highly coherent in respondents’ evaluation of the HSEC.
In the MSME context, this is theoretically meaningful because business actors often assess mobility innovation
through operational efficiency, fuel savings, maintenance implications, and daily cost reduction. The high loadings
imply that operational cost is a clearly understood and behaviorally relevant construct for the target market.

Performance expectancy is measured by three indicators with loadings between 0.793 and 0.902, confirming
that respondents consistently evaluate the technology based on expected usefulness and performance benefits. The
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strongest loading within this construct indicates that perceived functional performance may play a particularly
important role in shaping acceptance of the HSEC. For an emerging mobility prototype, this is crucial because
users must be convinced that the technology can support actual business operations, not merely represent an
environmentally friendly concept.

Price is measured by six indicators with loadings ranging from 0.848 to 0.894. These high values indicate that
respondents interpret price-related considerations consistently. In an emerging market setting, price sensitivity is
expected to be highly relevant, especially among MSMEs with limited capital capacity. The strong indicator
loadings suggest that affordability, perceived price fairness, and purchase feasibility are central components of
market readiness.

Table 4 confirms that the measurement indicators are statistically reliable and suitable for further validity and
structural model assessment. The consistently high loadings across all constructs provide empirical support that
the model has a strong measurement foundation. Substantively, the results suggest that MSME purchase intention
toward the HSEC is grounded in well-defined perceptions of environmental value, performance utility, operational
efficiency, affordability, and attitudinal acceptance.

4.2.2 Internal consistency reliability

Table 5 presents the composite reliability values for all latent constructs in the measurement model. The results
indicate that all constructs exceed the recommended threshold of 0.70, confirming strong internal consistency
reliability. Attitude toward the HSEC records the highest composite reliability value of 0.956, followed by
performance expectancy at 0.951, operational cost at 0.948, environmental concern at 0.945, intention to purchase
at 0.941, and price at 0.885. These findings demonstrate that the indicators used to measure each construct are
highly consistent in representing their respective latent variables.

Table 5. Composite reliability

Construct Composite Reliability
Attitude to HSEC 0.956
Environmental Concern 0.945
Intention to Purchase HSEC 0.941
Operational Cost 0.948
Performance Expectancy 0.951
Price 0.885

Note: HSEC = Hybrid Solar-Electric Cart.

The high reliability of attitude is particularly important because attitude functions as the central mediating
construct in the model. A composite reliability value of 0.956 suggests that respondents’ evaluative perception of
the HSEC is measured with strong consistency. This strengthens the analytical foundation for examining whether
attitude can translate environmental, technological, and economic perceptions into purchase intention.

Similarly, the high reliability values for performance expectancy and operational cost indicate that respondents
consistently understood the functional and economic dimensions of the technology. This is significant in the
MSME context, where adoption decisions are typically shaped by practical usefulness and cost efficiency. The
reliability of environmental concern also confirms that sustainability-related perceptions are measured coherently,
while the reliability of intention to purchase shows that respondents’ behavioral readiness toward the HSEC is
captured with adequate precision.

Although price has the lowest composite reliability value among the constructs, its value of 0.885 remains well
above the acceptable threshold. This indicates that price-related indicators are still reliable and suitable for further
analysis. Table 5 confirms that the measurement model has strong internal consistency, supporting the robustness
of subsequent validity and structural model evaluation.

4.2.3 Convergent validity

Table 6 reports the AVE values for the constructs. All AVE values exceed the minimum threshold of 0.50,
indicating satisfactory convergent validity. Operational cost has the highest AVE value of 0.786, followed by
performance expectancy at 0.763, price at 0.721, environmental concern at 0.710, attitude toward the HSEC at
0.708, and intention to purchase at 0.695. These results indicate that each construct explains more than half of the
variance of its indicators.

The high AVE value for operational cost suggests that the indicators strongly converge in capturing respondents’
perception of cost efficiency. This finding is theoretically meaningful because MSMEs tend to evaluate mobility
innovation through its ability to reduce operating expenses and support business sustainability. The AVE value for
performance expectancy also confirms that expected usefulness and functional benefits form a coherent construct
in the adoption model.



Table 6. Average variance extracted (AVE)

Construct AVE
Attitude to HSEC 0.708
Environmental Concern 0.710
Intention to Purchase HSEC  0.695

Operational Cost 0.786
Performance Expectancy 0.763
Price 0.721

Note: HSEC = Hybrid Solar-Electric Cart.

The AVE value for price indicates that respondents consistently associate price with affordability and purchase
feasibility. This is important because renewable-energy-based mobility innovation may be perceived as desirable
but difficult to adopt if the acquisition cost is considered too high. Meanwhile, the AVE values for environmental
concern, attitude, and intention to purchase confirm that the psychological and behavioral dimensions of the model
are measured with acceptable convergence.

Table 6 provides evidence that the constructs possess adequate convergent validity. This means that the
indicators within each construct share sufficient common variance and accurately represent the intended theoretical
concepts. Together with the composite reliability results in Table 6, these findings confirm that the measurement
model is statistically robust and appropriate for evaluating the structural relationships among environmental
concern, performance expectancy, operational cost, price, attitude, and purchase intention toward the HSEC.

4.2.4 Discriminant validity

Table 7 presents the Fornell-Larcker criterion used to assess discriminant validity among the latent constructs.
The diagonal values represent the square root of AVE for each construct, while the off-diagonal values represent
correlations between constructs. The results show that each diagonal value is higher than the correlations with
other constructs: attitude = 0.841, environmental concern = 0.843, intention to purchase = 0.834, operational cost
= 0.886, performance expectancy = 0.874, and price = 0.849. This confirms that each construct shares more
variance with its own indicators than with other constructs in the model.

Table 7. Fornell-Larcker criterion

Construct ATT ENVC ITP OP PE P
ATT 0.841 -
ENVC 0.763 0.843 -
ITP 0.783 0.678 0.834 -
OoP 0.671 0.589 0.633 0.886 - -
PE 0.788 0598 0.747 0.603 0.874 -
P 0.666 0579 0.578 0.550 0.624 0.849
Note: ATT = Attitude to Hybrid Solar-Electric Cart (HSEC); ENVC = Environmental Concern; ITP = Intention to Purchase HSEC; OP =
Operational Cost; PE = Performance Expectancy; P = Price; “-” means redundant symmetric matrix entries that are not reported.

Substantively, these results indicate that the six constructs capture distinct dimensions of MSME market
readiness toward the HSEC. Attitude is empirically distinguishable from environmental concern, performance
expectancy, operational cost, price, and purchase intention. This is important because the model assumes that
attitude is not merely another form of intention, but a separate psychological evaluation that precedes purchase
intention.

The relatively high correlation between attitude and performance expectancy indicates that expected usefulness
is closely associated with positive evaluation of the HSEC. However, because the square root of AVE for both
constructs remains higher than their correlation, the two constructs remain empirically distinct. This supports the
argument that users may recognize the functional benefits of the technology, but such recognition still needs to be
transformed into a favorable attitude before purchase intention emerges.

Thus, Table 7 demonstrates acceptable discriminant validity and supports the conceptual structure of the model.
The constructs are sufficiently related to form an integrated behavioral framework, yet sufficiently distinct to
represent different theoretical dimensions of adoption behavior.

Table 8 reports the Heterotrait-Monotrait Ratio values as a more rigorous assessment of discriminant validity.
All HTMT values are below the conservative threshold of 0.90, indicating that discriminant validity is achieved
across all construct pairs. The highest HTMT value is found between performance expectancy and attitude at 0.835,
followed by attitude and intention to purchase at 0.832, and environmental concern and attitude at 0.810. Although
these relationships are relatively strong, they remain below the critical threshold, confirming that the constructs
are not redundant.
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Table 8. Heterotrait-Monotrait ratio (HTMT)

Construct ATT ENVC ITP OP PE P
ATT - - - - -

ENVC 0.810 -
ITP 0.832 0.728 - - - -
OP 0.713 0.629 0.680 - - -
PE 0.835 0.637 0.798 0.644 - -
P 0.762 0.670 0.665 0.634 0.715 -

Note: ATT = Attitude to Hybrid Solar-Electric Cart (HSEC); ENVC = Environmental Concern; ITP = Intention to Purchase HSEC; OP =

Operational Cost; PE = Performance Expectancy; P = Price; “-” means redundant symmetric matrix entries that are not reported.

The HTMT results strengthen the evidence obtained from the Fornell-Larcker criterion. In particular, the strong
but acceptable HTMT value between attitude and intention to purchase suggests that respondents” favorable
evaluation of the HSEC is closely associated with their willingness to buy it, but the two constructs are
conceptually and statistically different. This distinction is essential because the study aims to examine attitude as
a mediating mechanism rather than treating it as identical to purchase intention.

The HTMT value between performance expectancy and attitude also provides an important behavioral insight.
It suggests that perceived functional performance is one of the strongest sources of positive attitude formation. For
MSME users, this implies that the HSEC must be perceived as reliable, useful, and operationally relevant before
it can generate stronger market acceptance. Meanwhile, lower HTMT values involving operational cost and price
indicate that financial considerations are related to other adoption dimensions but do not overlap excessively with
them. Thus, Table 8 confirms that the measurement model has adequate discriminant validity under a stricter
criterion. This gives stronger methodological confidence that subsequent structural relationships are not distorted
by construct redundancy or measurement overlap.

4.3 Structural Model Assessment

4.3.1 Collinearity and common method bias assessment

Before evaluating the structural relationships, collinearity was assessed using the variance inflation factor (VIF).
Table 9 shows that all inner VIF values were below the recommended threshold of 3.3, indicating that
multicollinearity was not a serious concern in the structural model. Environmental concern had a VIF value of
1.910, operational cost 1.864, performance expectancy 2.078, and price 1.899 in predicting attitude toward the
HSEC. Meanwhile, attitude had a VIF value of 1.000 in predicting purchase intention.

Table 9. Inner variance inflation factor (VIF) values

Relationship VIF
Environmental Concern — Attitude  1.910
Operational Cost — Attitude 1.864
Performance Expectancy — Attitude  2.078
Price — Attitude 1.899

Attitude — Purchase Intention 1.000

These results indicate that the predictor constructs were sufficiently distinct and that the estimated structural
paths were not distorted by excessive collinearity. Although full collinearity VIF values were below 3.3, this
diagnostic approach primarily addresses structural bias and may not fully eliminate concerns regarding social
desirability or consistency-related response tendencies commonly associated with self-reported cross-sectional
surveys.

4.3.2 Coefficient of determination (RF

Table 10 presents the coefficient of determination values for the endogenous constructs in the structural model.
The R=3alue for attitude toward the HSEC is 0.777, with an adjusted R=f 0.773. This indicates that environmental
concern, operational cost, performance expectancy, and price collectively explain 77.7% of the variance in attitude.
This represents substantial explanatory power and suggests that the model captures the major determinants shaping
respondents’ evaluation of the HSEC.

This finding is theoretically important because it shows that attitude toward renewable-energy-based micro-
mobility is not formed randomly or merely through general interest in innovation. Instead, attitude is strongly
shaped by a combination of environmental awareness, perceived performance, operational cost efficiency, and
price perception. Among MSME actors, this implies that a positive attitude emerges when the technology is
perceived as environmentally meaningful, practically useful, economically efficient, and financially reasonable.



Table 10. R=and adjusted R=value

Construct R=2 R=Adjusted
Attitude to HSEC 0.777 0.773
Intention to Purchase HSEC  0.613 0.612
Note: HSEC = Hybrid Solar-Electric Cart.

The R=3value for intention to purchase is 0.613, with an adjusted R=of 0.612. This means that attitude explains
61.3% of the variance in purchase intention. The value indicates strong predictive relevance, especially for
behavioral research involving emerging technologies and prototype-based innovations. It demonstrates that
attitude is a powerful psychological predictor of market acceptance for the HSEC.

Substantively, this result suggests that commercialization efforts should not focus only on presenting the
technical specifications of the cart. Instead, innovators and policymakers need to build favorable attitudes among
potential users by communicating the technology’s operational usefulness, cost-saving potential, environmental
contribution, and affordability. When these perceptions are successfully integrated into a positive attitude,
purchase intention becomes substantially stronger. Thus, Table 10 confirms that the proposed model has high
explanatory capacity. The model explains both the formation of attitude and the development of purchase intention
with strong predictive strength, supporting its suitability for analyzing market readiness of solar-assisted micro-
mobility among urban MSMEs in Indonesia.

4.3.3 Effect size (f5

Table 11 presents the effect size values used to assess the substantive contribution of each exogenous construct
to the endogenous constructs. The results show that attitude has a very large effect on intention to purchase, with
an f2value of 1.587. This indicates that attitude is not only statistically relevant, but also substantively dominant
in explaining purchase intention toward the HSEC. In behavioral terms, respondents’ willingness to purchase the
cart is strongly determined by whether they develop a favorable overall evaluation of the technology.

Table 11. Effect size (f<f values

Construct  ATT ENVC ITP OP PE P
ATT - - 1587 - - -
ENVC 0.312 - - - - -

ITP - - - - - -
OP 0.049 - - - - -
PE 0.360 - - - - -
P 0.034 - - - - -

Note: ATT = Attitude to Hybrid Solar-Electric Cart (HSEC); ENVC = Environmental Concern; ITP = Intention to Purchase HSEC; OP =
Operational Cost; PE = Performance Expectancy; P = Price; “-” denotes non-existent structural paths with no calculated effect size values.

For the predictors of attitude, performance expectancy has the largest effect size, with an f2alue of 0.360. This
indicates a medium-to-large effect and suggests that perceived usefulness and expected performance are the most
influential factors in shaping positive attitudes. This finding is highly meaningful in the MSME context because
business users are likely to evaluate the HSEC primarily through its practical contribution to daily operations,
mobility efficiency, and business productivity.

Environmental concern also shows a meaningful effect on attitude, with an f2value of 0.312. This indicates a
medium effect and confirms that sustainability awareness remains an important driver of attitude formation.
However, its effect is slightly lower than performance expectancy, suggesting that environmental motivation alone
may not be sufficient to create strong market acceptance unless the technology is also perceived as functionally
useful.

Operational cost has a small effect on attitude, with an f2value of 0.049. This suggests that cost-efficiency
considerations contribute to attitude formation, but their independent explanatory power is relatively limited
compared with performance expectancy and environmental concern. Price also has a small effect, with an f3salue
of 0.034. Although price matters, its effect size indicates that affordability alone is not the primary determinant of
attitude when respondents evaluate this type of innovation.

Table 11 reveals an important strategic insight: the adoption of the HSEC is primarily attitude-driven, and
attitude is shaped most strongly by perceived performance and environmental concern. Therefore, market
introduction strategies should emphasize the cart’s operational usefulness and sustainability value, while still
addressing cost and price concerns as supporting factors.

4.3.4 Predictive relevance assessment (Q<F

Predictive relevance of the proposed structural model was further evaluated using the Stone—Geisser Q33tatistic
obtained through the blindfolding procedure. According to Hair et al. (2017), Q=values greater than zero indicate
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that the structural model possesses predictive relevance for the endogenous constructs.

The blindfolding results demonstrate positive Q=values for both endogenous constructs. Attitude toward the
HSEC obtained a Q=value of 0.544, while intention to purchase achieved a Q=value of 0.417 (Table 12). Since
both values substantially exceed zero, the proposed model demonstrates satisfactory predictive relevance.

Table 12. Predictive relevance (Q

Endogenous Construct SSO SSE Q=2 Interpretation
Attitude Toward the HSEC 2349 1072.262 0.544  Strong predictive relevance
Intention to Purchase the HSEC 1827 1064.803 0.417 Strong predictive relevance
Note: HSEC = Hybrid Solar-Electric Cart; SSO = sum of squares of observations; SSE = sum of squares of prediction errors.

These findings indicate that the proposed behavioral model possesses not only substantial explanatory power,
as evidenced by the R=values, but also meaningful predictive capability for the endogenous constructs. Specifically,
the model effectively predicts both MSMEs’ attitudes toward the HSEC and their subsequent purchase intention.
The relatively high Q=3alues suggest that integrating environmental concern, performance expectancy, operational
cost, and price provides a robust basis for predicting behavioral evaluations of renewable-energy-assisted micro-
mobility among MSMEs.

The positive Q=values strengthen the robustness of the structural model and provide additional support for its
suitability as a prediction-oriented framework in accordance with the objectives of PLS-SEM.

4.3.5 Out-of-sample predictive assessment (PLSpredict)

To further evaluate the model’s predictive capability beyond explanatory performance, an out-of-sample
prediction assessment was conducted using the PLSpredict procedure. Following the recommendations of Hair et
al. (2017), the predictive performance of the PLS-SEM model was compared with that of a nawe linear regression
benchmark (LM) using the Root Mean Squared Error (RMSE) as the primary prediction error metric.

The comparison indicates that the PLS-SEM model generally outperformed the linear benchmark. Specifically,
14 of the 16 measurement indicators (87.5%) exhibited lower RMSE values under the PLS model than under the
linear model (Table 13). For the remaining two indicators, the prediction errors were very similar between the two
models, suggesting only marginal differences in predictive accuracy.

Furthermore, all indicators produced positive QJedict Values, providing additional evidence that the model
possesses meaningful out-of-sample predictive capability. Collectively, these findings indicate that the proposed
structural model not only explains the observed relationships among the constructs but also demonstrates
satisfactory predictive performance when applied to new observations.

Table 13. Summary of PLSpredict results

Construct Number of Indicators PLS RMSE < LM RMSE Interpretation
Attitude 9 9 High predictive power
Purchase Intention 7 5 High predictive power
Overall 16 14 (87.5%) High predictive power

According to the predictive assessment criteria proposed by Hair et al. (2017), because the majority of indicators
exhibit lower prediction errors in the PLS model than in the linear benchmark, the model demonstrates high
predictive power. These results complement the R=2and Stone—Geisser Q=statistics and further strengthen the
robustness of the proposed behavioral framework for explaining MSMESs’ adoption intention toward the HSEC.

4.3.6 Model fit assessment

Table 14 reports the model fit indices for both the saturated and estimated models. The SRMR value is 0.054
for the saturated model and 0.063 for the estimated model. Both values are below the commonly accepted cut-off
of 0.08, indicating acceptable model fit. This suggests that the discrepancy between the observed correlation matrix
and the model-implied correlation matrix is relatively low.

Table 14. Model fit

Fit Index Saturated Model Estimated Model
SRMR 0.054 0.063
duLs 2.079 2.834
de 1.199 1.238
Chi-Square 1,769.339 1,809.601
Normed Fit Index (NFI) 0.817 0.812
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The duLs and dg values provide additional information about model discrepancy. The estimated model shows
dus of 2.834 and dg of 1.238. These values should be interpreted cautiously in PLS-SEM because model fit
assessment in variance-based SEM is primarily complementary rather than definitive. Nevertheless, the reported
values do not contradict the earlier evidence of acceptable measurement quality and explanatory power.

The NFI value is 0.817 for the saturated model and 0.812 for the estimated model. Although this value is below
the conventional 0.90 benchmark often used in covariance-based SEM, it remains acceptable in exploratory or
prediction-oriented PLS-SEM studies, particularly when the model involves behavioral constructs and emerging
technology adoption. More importantly, the SRMR values indicate that the model has an acceptable level of
approximate fit.

Substantively, Table 14 supports the adequacy of the proposed theoretical structure. The model is sufficiently
aligned with the empirical data to justify further interpretation of the structural paths. This means that the
relationships among environmental concern, performance expectancy, operational cost, price, attitude, and
purchase intention can be interpreted with reasonable confidence. The acceptable fit also reinforces the argument
that the proposed behavioral framework is suitable for analyzing the market readiness of renewable-energy-based
micro-mobility innovation in urban Indonesia.

4.4 Hypothesis Testing

The structural model was evaluated using path coefficients, t-statistics, p-values, and bootstrapped confidence
intervals. Bootstrapping results indicate that all direct relationships were positive and statistically significant.
Attitude toward the HSEC was positively associated with intention to purchase (5 = 0.783,t = 31.724, p < 0.001),
indicating that respondents with a more favorable evaluation of the HSEC were more likely to report purchase
intention (see Table 15 and Figure 4).

Among the antecedents of attitude, performance expectancy showed the strongest positive association (5 = 0.409,
t =8.083, p < 0.001), followed by environmental concern (8 = 0.365, t = 8.439, p < 0.001). Operational cost (5 =
0.143,t=3.312, p = 0.001) and price (= 0.121, t = 2.598, p = 0.009) were also positively associated with attitude,
although their effect sizes were smaller. These findings suggest that MSME respondents evaluated the HSEC
primarily through expected functional usefulness and environmental value, while cost and price considerations
played supporting roles.

Table 15. Direct effects with confidence intervals

Hypothesis Relationship B t-Value p-Value 95% Confidence Interval
H1 Environmental Concern — Attitude  0.365  8.439 <0.001 0.277-0.447
H2 Performance Expectancy — Attitude  0.409  8.083 <0.001 0.310-0.508
H3 Operational Cost — Attitude 0.143 3.312 0.001 0.060-0.230
H4 Price — Attitude 0.121  2.598 0.009 0.026-0.210
H5 Attitude — Purchase Intention 0.783 31.724  <0.001 0.730-0.829
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Performance expectancy has the strongest direct effect on attitude, with a coefficient of 0.409, a t-statistic of
8.083, and a p-value of < 0.001. This result indicates that perceived performance is the most important predictor
of attitude among the four antecedent variables. In practical terms, potential users are more likely to develop a
positive attitude when they believe the HSEC can improve mobility efficiency, support operational needs, and
deliver reliable performance. This finding highlights the importance of demonstrating functional capability during
product testing, promotion, and commercialization.

Environmental concern also has a strong and significant effect on attitude, with a coefficient of 0.365, a t-
statistic of 8.439, and a p-value of < 0.001. This shows that respondents with greater environmental concern tend
to evaluate the HSEC more positively. The result confirms that sustainability value is relevant to adoption behavior,
particularly because the cart integrates solar energy and electric mobility. However, because the coefficient is
slightly lower than performance expectancy, the finding suggests that environmental benefits must be supported
by practical utility to generate stronger market acceptance.

Operational cost has a positive and significant effect on attitude, with a coefficient of 0.143, a t-statistic of 3.312,
and a p-value of 0.001. This indicates that perceptions of lower operating costs contribute to a more favorable
attitude toward the cart. For MSMEs, this result is important because mobility technologies are often evaluated
based on their ability to reduce daily business expenses. Although the effect is smaller than performance
expectancy and environmental concern, it remains statistically meaningful and indicates that cost-efficiency
communication should be included in commercialization strategies.

Price also has a positive and significant effect on attitude, with a coefficient of 0.121, a t-statistic of 2.598, and
a p-value of 0.009. This result suggests that perceived price fairness and affordability influence respondents’
attitudes toward the HSEC. However, the relatively smaller coefficient indicates that price is not the dominant
driver of attitude. This may imply that respondents are willing to consider the technology if they perceive strong
performance, environmental benefits, and operational cost advantages, even if price remains an important
consideration.

Table 15 demonstrates that all hypothesized direct paths are positive and statistically significant. The findings
provide strong empirical support for the proposed model. More importantly, the pattern of coefficients reveals a
clear hierarchy of adoption drivers: attitude is the strongest determinant of purchase intention, while performance
expectancy and environmental concern are the strongest antecedents of attitude, followed by operational cost and
price. This suggests that the market readiness of the HSEC depends on a combination of functional credibility,
sustainability value, economic rationality, and favorable user evaluation.

4.5 Mediation Analysis

The mediation analysis examined the indirect associations of environmental concern, performance expectancy,
operational cost, and price with purchase intention through attitude. The results show that all indirect effects were
positive and statistically significant.

Performance expectancy had the strongest indirect association with purchase intention through attitude (8 =
0.320,t=7.421, p < 0.001), followed by environmental concern (5 = 0.286, t = 8.477, p < 0.001). Operational cost
(8 =0.112, t = 3.249, p = 0.001) and price (8 = 0.095, t = 2.651, p = 0.008) also showed significant indirect
associations through attitude (see Table 16).

Table 16. Specific indirect effects

Hypothesis Indirect Relationship p Vr;ue Vgl-ue 95%| r(lit(;rrl\f/i;ence
H6a Environmental ConfﬁtrgnE;nAttitude — Purchase 0286 8477  <0.001 0.217-0.350
H6b Performance Expectzligtce);]gnAttitude — Purchase 0320 7421  <0.001 0.236-0.405
Hec Operational Cost > Allitude = Purchase 9112 3249 0.001 0.047-0.183
Héd Price — Attitude — Purchase Intention 0.095  2.651 0.008 0.023-0.165

Table 16 presents the specific indirect effects of environmental concern, operational cost, performance
expectancy, and price on intention to purchase through attitude toward the HSEC. The results show that all indirect
effects are positive and statistically significant, indicating that attitude functions as an important mediating
mechanism in the proposed model.

The strongest indirect effect is found in the relationship between performance expectancy and intention to
purchase through attitude, with a coefficient of 0.320, t-statistic of 7.421, and p-value of < 0.001. This finding
indicates that respondents’ belief in the cart’s functional usefulness does not merely influence their intention
directly in a mechanical way; rather, expected performance first shapes a favorable attitude, which then strengthens
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purchase intention. In the MSME context, this suggests that users must be convinced that the HSEC can support
business mobility, operational reliability, and daily productivity before they develop a stronger willingness to
purchase it.

Environmental concern also has a substantial indirect effect on intention to purchase through attitude, with a
coefficient of 0.286, t-statistic of 8.477, and p-value of <0.001. This result confirms that environmental awareness
becomes behaviorally meaningful when it is translated into a positive evaluation of the product. In other words,
concern for sustainability alone is not sufficient; it must be connected to the perception that the HSEC is a desirable
and relevant solution for cleaner urban mobility.

Operational cost has a positive and significant indirect effect on intention to purchase through attitude, with a
coefficient of 0.112, t-statistic of 3.249, and p-value of 0.001. This means that perceived operational savings
strengthen purchase intention by improving respondents’ attitude toward the technology. For MSMEs, this is
highly relevant because adoption decisions are often linked to daily cost efficiency, fuel savings, and long-term
operating benefits.

Price also shows a positive and significant indirect effect, with a coefficient of 0.095, t-statistic of 2.651, and p-
value of 0.008. Although this is the smallest indirect effect, it remains statistically meaningful. This indicates that
perceived price fairness contributes to purchase intention when it helps form a favorable attitude toward the HSEC.
Therefore, price should not be treated merely as a financial barrier, but as part of the broader value perception that
shapes user acceptance.

5. Discussion

This study contributes to the growing body of literature on sustainable mobility by examining the behavioral
mechanisms underlying the adoption of hybrid solar-electric micro-mobility among MSMEs in emerging urban
economies. Unlike conventional EV studies that focus on private consumers or policy-driven adoption, the present
findings highlight a multi-dimensional evaluative process in which adoption intention is shaped through an
integrated assessment of performance, sustainability, and economic feasibility.

5.1 Attitude as a Central Mechanism in Technology Adoption

The findings of this study highlight the pivotal role of attitude as a central mediating mechanism, rather than
merely a direct predictor of behavioral intention. This extends the traditional assumptions of the TPB and TAM,
where attitude is often treated as one of several parallel determinants. In the context of emerging mobility
technologies, however, users appear to rely more heavily on attitudinal evaluation to process uncertainty and
limited prior experience.

Recent empirical studies support this stronger conceptualization of attitude. For instance, Noor et al. (2025)
demonstrate that attitude significantly mediates the relationship between perceived benefits and purchase intention
in EV adoption, emphasizing its role as a cognitive integration mechanism. Similarly, Figueiredo & Baptista (2025)
show that urban mobility adoption behavior is strongly shaped by users’ evaluative judgments, particularly in
environments characterized by technological transition.

The findings indicate that attitude represents the strongest predictor of purchase intention toward the HSEC.
Rather than functioning merely as an affective evaluation, attitude appears to integrate environmental,
technological, and economic considerations into an overall judgment regarding the feasibility of adopting the
innovation. This finding is particularly relevant because respondents evaluated a prototype technology with which
they had no prior ownership experience. Under such circumstances, prospective adopters rely on their overall
evaluation of the technology before expressing behavioral intention.

The present findings extend previous technology adoption studies by demonstrating that attitude plays a
particularly important role within MSME decision-making. Unlike household consumers, MSME operators
evaluate transportation technologies not only as mobility solutions but also as productive business assets that
directly influence operational continuity and income generation. Consequently, attitude reflects a broader
assessment encompassing expected business benefits, operational feasibility, sustainability value, and investment
viability.

This interpretation aligns with recent research showing that attitude remains a critical predictor of EV adoption
in emerging economies. However, the present study suggests that within business-oriented mobility contexts,
attitude represents an entrepreneurial evaluation rather than merely a consumer preference. This distinction
contributes to the growing literature on sustainable mobility by extending behavioral adoption models from
household transportation toward enterprise-oriented renewable mobility systems (Adzhani et al., 2025; Lazuardy
et al., 2025).
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5.2 Performance Expectancy and Functional Rationality

The strong influence of performance expectancy reflects a functional rationality framework, particularly
relevant in MSME contexts. Unlike individual consumers, MSMEs evaluate technology primarily based on its
ability to enhance operational efficiency, productivity, and reliability.

This finding is consistent with recent studies emphasizing the importance of perceived usefulness in green
technology adoption. Rahmani & Zamani (2026) demonstrate that performance-related attributes significantly
influence both attitude and intention toward electric mobility adoption. Likewise, Zhao et al. (2024) confirm that
perceived functional benefits are among the most critical drivers of behavioral intention.

Performance expectancy emerged as the strongest antecedent of attitude, indicating that MSME operators
primarily evaluate the HSEC according to its expected ability to support business activities. This result differs
from many consumer-oriented EV studies, where performance is frequently assessed in terms of driving comfort,
convenience, or personal mobility. In contrast, respondents in the present study viewed vehicle performance
through an operational lens, emphasizing reliability, carrying capacity, travel range, and the ability to sustain daily
commercial activities.

This finding reflects the operational realities of Indonesian MSMEs, particularly mobile and semi-mobile
enterprises operating in dense urban environments. Street vendors, beverage sellers, traditional market traders, and
mobile retailers depend heavily on transportation to reach customers, transport merchandise, and maintain business
continuity. Consequently, any uncertainty regarding vehicle reliability or operational capability may directly affect
daily income. Under these conditions, technological performance becomes an essential business consideration
rather than simply a desirable product attribute.

The finding is also consistent with broader evidence that Indonesia’s electric mobility transition remains
concentrated in personal transportation, while commercial micro-mobility applications are still at an early stage.
This highlights the importance of demonstrating practical operational performance when introducing renewable-
energy mobility innovations for MSMEs. Product demonstrations, pilot projects, and field trials may therefore be
more effective than conventional promotional campaigns because they reduce uncertainty surrounding real-world
business performance

However, the present study extends these findings by showing that performance expectancy is not only
influential but also foundational. In the absence of proven functionality, other factors such as environmental
concern and price become less relevant. This aligns with task-technology fit theory, which posits that adoption
occurs only when technology capabilities match user needs.

5.3 Environmental Concern as Conditional Driver

Environmental concern plays a significant but conditional role in shaping adoption behavior. While users
increasingly recognize the importance of sustainability, their willingness to adopt green technologies depends on
the alignment between environmental benefits and practical utility.

Recent research supports this interpretation. Tolani et al. (2025) find that environmental awareness has a
significant influence on the adoption of sustainable mobility, particularly in developing economies. Similarly,
Rahman et al. (2025) demonstrate that environmental concern positively affects EV adoption, but its impact is
mediated by perceived usefulness and economic considerations.

Environmental concern also showed a significant positive association with attitude, indicating that sustainability
considerations contribute to favorable evaluations of the HSEC. However, its influence was slightly weaker than
performance expectancy, suggesting that environmental values alone are insufficient to motivate adoption among
resource-constrained MSMEs.

This finding reflects the practical realities faced by many Indonesian micro-enterprises. Although awareness of
environmental sustainability continues to increase, daily business survival remains the dominant priority.
Entrepreneurs operating within the informal economy frequently face uncertain income, limited access to formal
credit, fluctuating fuel prices, and highly competitive market conditions. Consequently, environmentally friendly
technologies are more likely to be accepted when environmental benefits are accompanied by tangible operational
and economic advantages.

Rather than contradicting previous research, these findings suggest that environmental concern functions as a
conditional driver of technology adoption. Sustainability becomes behaviorally meaningful when entrepreneurs
perceive that environmental responsibility is compatible with business productivity and long-term economic
resilience. Thus, environmental communication alone may have limited effectiveness unless accompanied by clear
evidence regarding operational and financial benefits.

5.4 Economic Considerations Within a Value-Based Framework

Economic factors, including operational cost and price, remain important but are not the primary drivers of
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adoption. Instead, they function as components of a broader value-based evaluation, where users assess cost
relative to expected benefits. This perspective is supported by recent literature. Tolani et al. (2025) highlight that
cost remains a barrier, particularly due to high initial investment requirements. However, Li et al. (2025) show
that perceived value, rather than absolute cost, plays a more decisive role in shaping adoption intention.

Operational cost and price were positively associated with attitude, although their standardized coefficients were
smaller than those of performance expectancy and environmental concern. These findings indicate that economic
considerations remain important but are evaluated within a broader value-based framework rather than as isolated
financial barriers.

For Indonesian MSMEs, transportation expenditure represents a recurring component of daily operating costs.
Reductions in fuel consumption and maintenance expenses directly improve operating margins and may enhance
long-term business sustainability. Nevertheless, respondents did not appear to evaluate the HSEC solely according
to its purchase price. Instead, they considered whether the technology could generate sufficient operational benefits
to justify the required investment.

This interpretation reflects entrepreneurial decision-making, where investment appraisal extends beyond initial
acquisition cost toward expected lifetime value. Therefore, policies aimed solely at reducing purchase prices may
not fully address adoption barriers. Financing mechanisms that reduce investment risk, such as lease-to-own
schemes, micro-credit programs, or cooperative financing, may prove more effective because they allow MSMEs
to realize operational benefits while gradually recovering investment costs.

5.5 Implications for Sustainable Urban Mobility in Indonesia

Beyond its theoretical contributions, this study provides practical insights for accelerating sustainable urban
mobility among MSMEs in Indonesia. Current national EV policies primarily emphasize passenger vehicles and
electric motorcycles, whereas renewable-energy-assisted commercial micro-mobility remains largely unexplored.
The findings suggest that commercialization strategies for technologies such as the HSEC should focus on
improving business productivity while simultaneously delivering environmental benefits.

At the local government level, pilot-scale demonstration projects in traditional markets, street-vendor centers,
and urban commercial districts could reduce uncertainty regarding the operational performance of renewable-
energy mobility technologies. Municipal governments could collaborate with universities, MSME cooperatives,
financial institutions, and private manufacturers to establish demonstration programs and shared solar-charging
facilities specifically designed for small businesses.

Financial accessibility also represents an important policy consideration. Rather than relying exclusively on
direct purchase subsidies, financing mechanisms tailored to MSMEs, including lease-to-own arrangements,
cooperative financing, revolving micro-credit, or public—private partnership schemes, may reduce investment
barriers while maintaining commercial sustainability. Such approaches are particularly relevant in emerging
economies, where many informal entrepreneurs experience limited access to conventional financing.

Overall, the findings indicate that successful diffusion of renewable-energy-assisted micro-mobility requires
more than technological innovation. It requires an integrated ecosystem combining appropriate technology,
accessible financing, institutional support, and business-oriented commercialization strategies capable of
addressing the operational realities faced by urban MSMEs. These considerations may facilitate Indonesia’s
broader transition toward sustainable urban mobility while simultaneously strengthening the competitiveness and
resilience of the MSME sector.

5.6 Theoretical Contributions

The present study makes several theoretical contributions to the literature on sustainable mobility, renewable-
energy innovation, and technology adoption.

First, this study extends the application of established behavioral adoption theories to a business-oriented
renewable mobility context. Previous studies grounded in the TPB, the TAM, and the UTAUT have predominantly
examined the adoption of passenger EVs by individual consumers. In those contexts, technology adoption is
generally conceptualized as a personal mobility decision influenced by individual preferences, perceived
usefulness, environmental values, and economic considerations. By contrast, the present study demonstrates that
adoption of the HSEC among MSMEs represents a fundamentally different behavioral setting in which
transportation functions as an operational business resource rather than solely as a means of personal travel.
Consequently, the findings broaden the applicability of established technology adoption theories beyond consumer
mobility toward enterprise-oriented renewable mobility systems operating in emerging economies.

Second, the study provides empirical evidence that established behavioral constructs operate within a different
decision-making logic when mobility technologies are evaluated as productive business assets. Although
environmental concern, performance expectancy, operational cost, price, attitude, and purchase intention have
been widely investigated in previous EV studies, the present findings indicate that these constructs should not be
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interpreted identically across different adoption contexts. MSME operators simultaneously evaluate environmental
sustainability, operational productivity, investment feasibility, and long-term business continuity. This
multidimensional evaluation process suggests that technology adoption among entrepreneurs involves a broader
business-oriented assessment than conventional consumer-oriented adoption models generally assume.

Third, the study contributes to the literature by demonstrating the dominant role of performance expectancy
within resource-constrained entrepreneurial environments. While previous studies frequently identify purchase
price as one of the principal barriers to EV adoption, the present findings indicate that perceived operational
capability exerts the strongest influence on attitude toward the HSEC. This suggests that for MSMEs, technological
functionality and operational reliability outweigh initial acquisition cost because transportation directly affects
daily commercial activities and income generation. The findings therefore support the proposition that
entrepreneurial adoption decisions are driven primarily by expected business performance rather than solely by
financial affordability.

Fourth, this study advances understanding of attitude as a psychological integration mechanism within
prototype-based renewable-energy innovations. Rather than functioning merely as one predictor among several
behavioral determinants, attitude integrates environmental, technological, and economic evaluations before
purchase intention is formed. This mediating role becomes particularly important when users evaluate technologies
that remain in the pre-commercialization stage and therefore have limited market experience. The findings suggest
that prospective adopters first construct an overall evaluative judgment regarding the innovation before expressing
behavioral intention, highlighting the importance of attitude in the early commercialization of sustainable
technologies.

Finally, the study contributes to the commercialization literature on renewable-energy innovation by examining
purchase intention toward a technology that has not yet entered large-scale commercial deployment. Most previous
adoption studies investigate technologies that are already available in the marketplace and whose characteristics
are relatively familiar to consumers. In contrast, the present research evaluates behavioral intention toward an
emerging prototype specifically developed for urban MSMEs. By focusing on the pre-commercialization stage,
this study provides empirical evidence regarding the behavioral factors associated with early market acceptance
and offers a conceptual bridge between technological innovation and commercialization strategy. This perspective
contributes to a broader understanding of how renewable-energy-assisted mobility innovations may successfully
transition from technological prototypes to commercially viable sustainable transportation solutions.

Collectively, these theoretical contributions suggest that renewable-energy-assisted micro-mobility should not
be viewed simply as a smaller version of conventional EVs. Instead, it represents a distinct category of sustainable
transportation in which environmental objectives, technological performance, operational efficiency, and
entrepreneurial decision-making converge. Accordingly, future technology adoption research should increasingly
distinguish between consumer-oriented mobility and business-oriented mobility, as the behavioral mechanisms
underlying these two contexts may differ substantially despite employing similar theoretical constructs.

5.7 Future Research Directions

While the present study provides important insights into the behavioral determinants associated with the
adoption of renewable-energy-assisted micro-mobility among MSMEs, several opportunities remain for future
research.

First, future studies should investigate actual adoption behavior rather than purchase intention. The present
research examined prospective behavioral intention because the HSEC remains at the prototype stage and has not
yet been commercialized on a large scale. Consequently, respondents evaluated the technology based on its
expected characteristics rather than direct ownership or operational experience. As commercialization progresses,
longitudinal studies following MSMEs from initial evaluation through actual adoption and continued use would
provide a more comprehensive understanding of technology diffusion and post-adoption behavior.

Second, future research should expand the geographical scope beyond the Greater Jakarta metropolitan area.
Indonesia exhibits substantial regional diversity in terms of infrastructure availability, transportation systems,
business characteristics, and economic development. MSMEs operating in secondary cities or rural regions may
face different mobility requirements and institutional constraints that influence renewable-energy technology
adoption. Comparative studies across provinces or between urban and rural areas would therefore enhance the
external validity of the present findings.

Third, future research should incorporate additional constructs that are particularly relevant to business-oriented
mobility adoption. While the present study focuses on environmental concern, performance expectancy,
operational cost, price, attitude, and purchase intention, entrepreneurial adoption decisions may also be influenced
by factors such as business model compatibility, maintenance autonomy, perceived operational risk, financing
accessibility, government incentives, charging infrastructure availability, and organizational readiness. Integrating
these variables into existing behavioral adoption models may provide a more comprehensive explanation of
renewable-energy technology adoption among MSMEs.
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Fourth, future studies may adopt multi-group or comparative research designs to examine whether adoption
behavior differs across various types of MSMEs. Food vendors, beverage sellers, mobile retailers, logistics
providers, and service-oriented enterprises operate under different business conditions, carrying capacities, travel
distances, and daily mobility requirements. Understanding these sector-specific differences would help identify
market segments in which renewable-energy-assisted micro-mobility offers the greatest practical and economic
value.

Fifth, future investigations should consider evaluating the long-term economic and environmental performance
of the HSEC under real operating conditions. Combining behavioral research with engineering performance
assessments and life-cycle economic analysis would provide stronger evidence regarding the technology’s
commercial feasibility, operational reliability, maintenance requirements, and environmental benefits. Such
interdisciplinary approaches would facilitate a more comprehensive evaluation of renewable-energy-assisted
mobility systems and support evidence-based commercialization strategies.

Finally, comparative international research would further strengthen understanding of renewable-energy-
assisted micro-mobility adoption in emerging economies. Many developing countries share similar challenges,
including rapid urbanization, informal economic activities, limited charging infrastructure, and constrained access
to financing for small businesses. Cross-country comparative studies would enable researchers to distinguish
universal behavioral mechanisms from those shaped by local institutional, cultural, and economic conditions,
thereby contributing to the broader literature on sustainable urban mobility and renewable-energy innovation.

Collectively, these future research directions highlight that renewable-energy-assisted micro-mobility remains
an emerging research field with considerable theoretical and practical potential. As prototype technologies
progress toward commercialization, future studies integrating behavioral, engineering, economic, and policy
perspectives will be essential for advancing sustainable transportation systems that simultaneously promote
environmental sustainability, technological innovation, and inclusive economic development.

5.8 Study Limitations

This study should be interpreted in light of several limitations. First, the research employed a cross-sectional
survey design, which captures respondents’ perceptions at a single point in time. Accordingly, although the
proposed model identifies significant associations among the constructs, causal relationships cannot be inferred.
Longitudinal research following respondents throughout different stages of technology adoption would provide
stronger evidence regarding causal mechanisms and behavioral changes over time.

Second, the study utilized convenience sampling because a comprehensive sampling frame for mobile and semi-
mobile MSMEs was unavailable. Although this approach is commonly adopted in behavioral studies involving
informal business sectors, the findings should be generalized cautiously beyond the surveyed population.

Third, the respondents were drawn exclusively from the Greater Jakarta metropolitan area. Consequently, the
results may not fully represent MSMEs operating in other Indonesian regions with different transportation
infrastructures, economic conditions, or business environments.

Fourth, the study investigated purchase intention toward a prototype technology rather than actual adoption
behavior. Although respondents received standardized photographs, technical specifications, and a demonstration
video explaining the operation of the HSEC, their evaluations remained based on expected rather than experienced
performance. Actual user experience following commercialization may produce different behavioral responses.

Finally, all variables were measured using self-reported questionnaires administered during a single survey
period. Although several procedural measures were implemented to minimize common method bias, including
standardized presentation materials, identical survey procedures, and anonymous participation, some degree of
common method variance may still exist. Future studies incorporating objective operational data, longitudinal
observations, or multiple data sources would further strengthen the robustness of the findings.

6. Conclusions

This study provides empirical evidence on the behavioral mechanisms underlying the adoption of solar-assisted
micro-mobility as a pathway toward sustainable urban mobility in emerging economies. The results demonstrate
significant indirect relationships through attitude, highlighting its central mediating role in shaping purchase
intention. This indicates that users must first develop a coherent evaluative perception of the technology before
forming a concrete intention to adopt it.

Among the determinants, performance expectancy emerges as the most influential driver, highlighting the
centrality of functional reliability and operational usefulness in shaping adoption decisions. Environmental
concern also plays a significant role, confirming that sustainability awareness contributes to positive evaluations
when aligned with practical benefits. In contrast, operational cost and price, while statistically significant, function
as supporting factors within a broader value-based assessment rather than as primary decision drivers.

From a sustainability perspective, the study advances the understanding of how renewable energy-based
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mobility innovations can transition from technological feasibility to market acceptance. The results suggest that
successful diffusion of solar-assisted micro-mobility depends on integrating performance credibility,
environmental value, and economic feasibility into a unified user perception. This reinforces the importance of
aligning sustainability goals with real-world operational needs, particularly in resource-constrained MSME
contexts.

The study contributes to the literature by proposing a holistic behavioral adoption framework that integrates
environmental, technological, and economic dimensions within a unified evaluative process.

In terms of practical implications, policymakers should prioritize demonstration-based interventions, pilot
programs, and user education initiatives to strengthen perceived performance and build user confidence. Financial
incentives, such as subsidies or flexible financing schemes, should be designed to complement rather than
substitute functional value. For industry stakeholders, value-based communication strategies emphasizing
reliability, cost efficiency, and sustainability benefits are essential to accelerate adoption among MSMEs.

This study has several limitations. First, the use of a cross-sectional design limits the ability to capture dynamic
changes in user perception over time. Second, the reliance on intention-based measures may not fully reflect actual
adoption behavior. Third, the study focuses on urban MSMEs in Indonesia, which may limit the generalizability
of the findings to other sectors or geographical contexts.

Future research should adopt longitudinal approaches to examine the transition from intention to actual adoption
and incorporate real-world usage data. Comparative studies across different regions or types of users would
provide deeper insights into contextual variations in adoption behavior. Additionally, integrating policy,
infrastructure, and ecosystem-level variables into the analytical framework would further enrich the understanding
of sustainable mobility transitions.
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