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Abstract

Amid global energy demand escalation, renewable energy intermittency, and electric
vehicle (EV) charging demand concentration exacerbating power grid supply—demand
contradictions, Vehicle-to-Grid (V2G) emerges as a solution, yet EV users’ V2G acceptance
and participation willingness lack in-depth exploration. This study aims to fill this research
gap by investigating Chongqing EV users’ V2G acceptance, behavioral intention, and
influencing mechanisms to provide support for V2G promotion. It targets EV owners in
Chonggqing’s downtown areas, collecting 295 valid questionnaires, covering users’ demo-
graphics, travel-charging habits, and subjective attitudes. Based on technology acceptance
and usage theories, it constructs a structural equation model (SEM) with perceived useful-
ness, ease of use, economic viability, and technological risk as latent variables to analyze
their impacts on behavioral intention. Results show that perceived usefulness, perceived
ease of use, and economic benefits positively affect behavioral intention, while technology
risk perception exerts a negative effect; users with fixed commutes, low-range anxiety, and
home charging piles are more receptive, and 70% support V2G but worry about battery
wear and plug-in duration. Its innovation lies in integrating EV charging—discharging
and travel patterns into the analysis, and its findings enrich new energy technology accep-
tance theory and provide a theoretical basis for transportation-energy system coordinated
planning and V2G development.

Keywords: V2G; EV user acceptance; behavioral intention; structural equation model

1. Introduction

”

Under the guidance of achieving the global “carbon peaking and carbon neutrality
goals, energy transition has become an inevitable trend and a crucial path to achieve sustain-
able development. As the share of renewable energy keeps rising, its inherent intermittency
and instability impose higher demands on both the stability and accommodation capacity
of the power grid. Meanwhile, as the concept of green travel takes firm root among the
public, new-energy electric vehicles (EVs) have been promoted and used more extensively
in practice. The global stock of EVs has experienced explosive growth. As their charging
demand becomes concentrated, the supply—demand contradiction in the power grid has
been further aggravated. In response, the significance of energy storage technology has
become more prominent, and Vehicle-to-Grid (V2G) technology has thus emerged to meet
the needs of the era. V2G technology regards EVs as mobile energy storage units. By
enabling bidirectional energy conversion between electric vehicles and the power grid, it
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provides a new solution for the accommodation of renewable energy and the regulation of
power grid load.

Among the existing implementation forms of V2G, the distributed V2G for the public
has the greatest peak-shaving potential. It is no longer restricted to social service vehicles
such as buses and ride-hailing cars that need to cooperate with power grid dispatching.
Instead, the scope of application is expanded to all electric vehicles. Vehicle owners can
charge their cars during the low-load periods of the power grid, and discharge electricity
to the grid during peak-load periods. This not only reduces the electricity cost but also
enables them to obtain additional income through energy trading. The distributed V2G
for the public provides vehicle owners with more flexible charging options. Meanwhile, it
can effectively integrate renewable resources, reduce the impact of their intermittency and
volatility on the power grid, and improve the stability of the power grid.

In-depth tests and evaluations have shown that V2G can effectively integrate the
energy storage capacity of electric vehicles with power grid regulation requirements, en-
hance the accommodation of renewable energy, reduce dependence on traditional fossil
energy, and lower power grid operating costs. Similar initiatives have been implemented
in other regions. Wuxi (China) e-Park Vehicle Network Interactive Center uses advanced
V2G technology and an intelligent management system to achieve efficient vehicle-grid
interaction [1]. By charging vehicles during low-load periods and discharging during
peak-load periods, it eases the power supply-demand contradiction in the grid, improves
the economic efficiency and reliability of grid operation, and offers vehicle owners con-
venient charging services and economic compensation. Furthermore, the first integrated
demonstration station for photovoltaic, energy storage, charging, and discharging energy
management of Chongqing buses combines photovoltaic power generation, energy storage
systems, and V2G technology [2]. This achieves multi-level energy utilization and optimal
allocation. On top of meeting the charging needs of buses, it combines vehicle energy stor-
age with grid regulation via V2G technology, boosts energy utilization efficiency, and cuts
down bus operating costs. These pilot projects, across diverse application scenarios, fully
demonstrate that V2G technology significantly contributes to regulating the power grid
supply-demand balance, improving energy utilization efficiency, and promoting renewable
energy accommodation. This lays a solid foundation for its widespread adoption.

Though V2G technology has been validated by global pilots for its value in grid bal-
ance and energy efficiency, the large-scale promotion and application of public-focused
distributed V2G still hinge on public acceptance and active participation. Currently, the
public’s understanding of V2G technology is still insufficient, and there exists wide vari-
ation in their acceptance of this emerging vehicle-grid interaction model. Additionally,
quantifying and predicting users’ psychology and behavioral decisions related to V2G
participation presents certain challenges, which in turn makes the feasibility of user in-
volvement and the widespread popularization of the technology remain unclear. Unlike
prior V2G acceptance studies that focus narrowly on attitudinal determinants in isolation,
this study makes a novel contribution by systematically integrating EV users’ travel behav-
ior patterns, charging—discharging characteristics, and infrastructure conditions into the
Technology Acceptance Model (TAM) framework, thereby providing a more contextual-
ized understanding of V2G behavioral intention. Furthermore, by situating the empirical
analysis in Chongqing—a rapidly urbanizing megacity in southwestern China with unique
topographical and infrastructure constraints—this study extends the geographical scope
of V2G acceptance research beyond the predominantly studied contexts of developed
countries and eastern Chinese cities. Therefore, investigating EV users’ V2G participation
willingness and behavioral decision making is of profound significance. The findings of
this study may serve as a theoretical basis for the government to advance the promotion
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and development of V2G, aligning with the practical needs of public-oriented distributed
V2G popularization discussed earlier.

2. Literature Review
2.1. Characteristics of EV Charging Behavior

With the popularization of EVs, understanding the spatiotemporal characteristics of
users’ charging, discharging, and travel behaviors has become crucial for the optimization
of smart grids and the coordinated planning of transportation-energy systems. Regarding
charging behavior, Fang et al. have analyzed vehicle travel record datasets and found that
charging behavior on weekdays shows a “double-peak” pattern, occurring at 9 am and
5 pm [3]. Sun et al. have discovered that most EV drivers charge their vehicles at night [4].
Yang has explored the charging and discharging potential of EVs in different functional
areas [5]. It has been found that the discharging response potential peaks between 14:00 and
16:00 in work areas and reaches its lowest level between 0:00 and 3:00. In residential and
commercial areas, the discharging response potential is relatively high from 18:00 to 22:00.

Compared with fuel-powered vehicles, EV users also exhibit certain differences in
travel patterns. Yang X. et al. have used trajectory data to describe the mobility patterns of
EV users and found that EV users, possibly limited by driving range and energy replen-
ishment, tend to be more active in a relatively small geographical area [6]. In addition,
charging demand shows a certain aggregation in spatial distribution. Zheng et al. identified
that charging demand is higher in residential and commercial areas but lower in the work
area [7]. Notable differences also emerge in the temporal distribution of charging demand
across various functional areas. Specifically, charging demand in work areas is concen-
trated before noon, while in shopping and entertainment areas, it clusters from afternoon
to evening [8]. In terms of vehicle usage patterns, Harris, C. B. and Webber, M. E. identified
notable differences in day-night driving patterns between weekdays and weekends [9].
Furthermore, the charging demand of electric vehicles (EVs) tends to be higher during the
power grid’s peak consumption periods—aligning with the earlier noted “double-peak”
charging pattern (e.g., 5 p.m.) that overlaps with grid peaks.

2.2. Influencing Factors of Users’ Participation in V2G

As efforts to promote vehicle-grid integration progress, the technical dimensions of V2G
charging and discharging have reached a relatively mature stage. Yet, challenges remain on
the front of user acceptance—consistent with the earlier noted gaps in public awareness and
participation willingness. The level of awareness of V2G technology among the public EV
users, as well as the resulting transformation of travel habits, are becoming obstacles to the
further popularization of V2G. Users’ habitual preferences, attitudes and perceptions towards
V2G play a crucial role. They affect users’ acceptance and participation in V2G.

Studies have found that users exhibit high sensitivity to V2G-related limitations. On
one hand, positive attitudes toward V2G services and recognition of its value boost users’
V2G usage intention; on the other hand, the potential risks posed by V2G technology un-
dermine their willingness to participate in V2G [10]. Additionally, EV users take multiple
factors into account, which fall into two distinct categories: one is the inherent attributes
of EVs themselves—including environmental sustainability, driving range, charging con-
venience, and charging costs; the other is their subjective perceptions of V2G technology,
such as its social recognition, influence, and development pace [11].

Case studies conducted in the Nordic region indicate that users” willingness to adopt
V2G is influenced by factors such as personal income level, political inclination, urbaniza-
tion degree, and geographical location [12]. Separately, other studies note that familiarity
with EVs and social influence also shape users’ relevant choices [13]. For EV users deciding
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whether to engage in V2G, economic value is another important factor—they typically
expect two key elements: optimized V2G charging and discharging strategies and appro-
priate economic compensation [14,15]. Also, users voice concerns regarding two key issues:
the high costs of V2G technology, and uncertainties stemming from new technologies (e.g.,
the ambiguous internal rate of return related to V2G) [16]. Furthermore, several factors can
influence users” willingness to pay for V2G participation including the amount of battery
energy owners consent to share [17], the number of monthly mandatory plug-in hours, the
guaranteed minimum battery level, and street-level V2G availability [18].

2.3. Analysis Methods of User Participation Intention

EV users’ participation in V2G—a new energy interaction model—largely depends on their
acceptance of this model within a specific technical and social context. This could fall under
the research scope of behavioral psychology. Proposed by Davis et al. in 1989, the Technology
Acceptance Model (TAM) is a user behavior theoretical model that focuses on explaining and
predicting users’ acceptance and adoption of new technologies [19]. Later, Venkatesh et al.
expanded on the TAM by integrating several key theoretical models: the Theory of Planned
Behavior (TPB), the Task-Technology Fit model (TTF), the Innovation Diffusion Theory (IDT),
and the Theory of Reasoned Action (TRA). On this basis, they further proposed the Unified
Theory of Acceptance and Use of Technology (UTAUT) [20]. To align with varied organizational
environments, usage stages, and user groups, the TAM has introduced more research variables
over time, with these variables explicitly addressing how user characteristics, environmental
factors, and time-related factors influence technology acceptance. Such refinements have
subsequently resulted in the formation of extended TAMs [21].

These studies noted above have established a research basis for understanding new
technology acceptance behavior. In response to the unique attributes of V2G technology
and the socioeconomic backgrounds of the regions hosting empirical cases, scholars have
further sought to incorporate additional influencing factors into models, thereby improving
the models’ accuracy and targeted applicability. To explain the acceptance of autonomous
vehicles more comprehensively, Zhang et al. applied the UTAUT model and supplemented
it with two key variables which are risk expectation and consumer innovativeness [22].
Their research employed a hybrid method combining Structural Equation Modeling (SEM)
and the Artificial Neural Network (ANN) to validate the model. To validate the feasibility
of factors with potential impacts on smart charging acceptance, Will and Schuller adopted
Structural Equation Modeling (SEM) and applied the Partial Least Squares (PLS) method
for analysis [23]. To explore how V2G capabilities and broader potential energy benefits
influence consumers’ preferences for electric vehicles, Philip et al. adopted a mixed logit
model to analyze the stated preferences of 500 Australian consumers [24].

2.4. Summary

As EVs gain rapid popularity, research on EV charging behavior has achieved substan-
tial accumulation. Existing studies have revealed distinct peak charging patterns across
urban functional areas and identified key determinants of V2G participation willingness,
including user attitudes, economic incentives, and perceived technological risks. However,
two important limitations persist. First, despite the centrality of discharging behavior to
V2G’s operational logic, few studies have analyzed how EV users’ discharging patterns
interact with their travel routines to shape V2G acceptance. Second, most existing Technol-
ogy Acceptance Models applied to V2G rely on conventional TAM or UTAUT frameworks
without integrating transportation-specific variables such as commuting patterns, parking
availability, and charging infrastructure access, which are critical contextual factors for
V2G feasibility. This study addresses these gaps by constructing a V2G-specific Technology
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Acceptance Model that incorporates both subjective attitudinal dimensions and objective
travel-charging behavioral patterns.

Building on the above, this study integrates EV users’ charging and discharging behav-
ior patterns, their daily travel patterns and charging—discharging needs, and V2G-related
infrastructure and social environmental factors into a unified analytical framework. It
assesses EV users’ acceptance of V2G technology and explores their future participation
willingness, thereby providing a more comprehensive theoretical foundation for the coordi-
nated planning of transportation-energy systems and the advancement of V2G adoption.

3. Research Methods
3.1. Key Hypothesis

Based on existing theories, latent variables including perceived usefulness, perceived
ease of use, economic viability, and perceived technological risk have a significant impact
on users’ behavioral intentions. Specifically, the Technology Acceptance Model (TAM)
identifies perceived usefulness—defined as users’ perception of the extent to which a
technology improves efficiency—and perceived ease of use, which refers to users’ judgment
of how convenient a technology is to operate, as the core factors influencing technology
acceptance behavior. Judging from the research results of the acceptance behavior of new
technologies, economic viability (i.e., cost-benefit trade-off) and perceived technological
risk (users’ concerns about the potential negative consequences of a technology) also shape
users’ decisions. Accordingly, the following hypotheses are proposed. It should be noted
that this study adopts a parsimonious model focusing on four core constructs (PU, PEU,
EB, and TRP) to test direct effects on behavioral intention as a first-stage investigation of
V2G acceptance. While additional constructs such as trust, social influence, environmental
concern, and policy support may also influence V2G adoption, their inclusion would
substantially increase model complexity. The current four-construct model provides a
focused and theoretically grounded baseline; the examination of mediation and moderation
effects involving these additional variables is reserved for future research.

H1. Perceived Usefulness (PU) has a significant positive impact on behavioral intention (BI). Specif-
ically, the more useful users perceive V2G technology to be, such as its ability to improve energy
utilization efficiency or bring daily convenience, the stronger their intention to participate in V2G.

H2. Perceived Ease of Use (PEU) has a significant positive impact on behavioral intention (BI). That
is, the simpler and more user-friendly the operation of V2G technology (e.g., charging—discharging
control, platform interaction), the higher the users’ willingness to participate.

H3. Economic Benefit (EB) has a significant positive impact on behavioral intention (BI). When users
perceive more obvious economic benefits from V2G technology (such as reduced charging fees) and
additional revenue (e.g., discharging compensation), they will be more inclined to participate in V2G.

H4. Technology Risk Perception (TRP) has a significant negative impact on behavioral intention
(BI). The stronger the users’ perception of the risks associated with V2G technology (e.g., concerns
about battery reliability, data security, or charging—discharging safety), the lower their intention to
participate in V2G.

3.2. Model and Indicator Construction

The indicator system of this study is constructed based on existing research theories and the
hypotheses proposed above. It integrates objective information and subjective scale information
to systematically collect users” acceptance of and willingness to participate in V2G.
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In the dimension of objective information, users’ basic characteristics are included,
such as age, gender, educational level, and income level. This is because cognitive and
receptive abilities to new technologies vary across groups with different demographic char-
acteristics, making these variables fundamental influencing factors for technology accep-
tance. Meanwhile, this study also collects information related to users’ EV usage, including
daily average driving distance, commuting mode, driving range, charging frequency, and
charging location. Such information directly reflects users’ daily usage scenarios and habits,
which are relevant to the adaptability and application feasibility of V2G technology.

In the dimension of the subjective scale, based on existing research and the hypotheses
proposed previously, investigations are conducted across five aspects: perceived usefulness
(PU), perceived ease of use (PEU), economic benefit (EB), technology risk perception (TRP),
and behavioral intention (BI). The purpose of this research design is threefold: first, to collect
users’ perception of the practical utility of V2G technology and their subjective experiences
regarding the difficulty of technical operations; second, to understand users’ judgment
on the economic rationality of V2G-derived benefits and measure their psychological
perception of V2G’s potential risks; third, to determine users’ subjective participation
tendencies through the expression of behavioral intention. Integrating objective behavioral
backgrounds with subjective psychological cognition, this subjective indicator system
explores the mechanism by which various factors influence users’ acceptance of and
participation in V2G from a multi-dimensional perspective. Drawing on the hypotheses
proposed earlier, the influencing path of variables on V2G user behavioral intention is
constructed as Figure 1.

( Perceived Usefulness

\ (PU)

)\H

( Perceived Ease of Use )
: \ (PEU) H2
)——Hi

1

Behavioral Intention
(BI)

[ Economic Efficiency
(ECO)

H4
: (Technulogy Risk Perception
\ (TRP)

Figure 1. Influence path construction.

Since users’ subjective attitudes are unobservable latent variables, they need to be de-
rived from observable indicators. Guided by the path-hypothesis analysis above, the study
designs measurement items as follows: perceived ease of use [25], economic benefits [15],
and technology risk perception [26], and 4 items were set to evaluate behavioral intention.
All items adopted a 7-point Likert scale (1 = strongly disagree, 7 = strongly agree), with
higher scores reflecting stronger user acceptance and participation willingness toward
V2G. Details of these items are shown in Table 1. The measurement items for perceived
usefulness (PU) and perceived ease of use (PEU) were adapted from Rahman et al. [25].
Items for economic benefit (EB) were adapted from van Heuveln et al. [15], and items for
technology risk perception (TRP) were adapted from Im et al. [26]. Behavioral intention
(BI) items were developed by the authors based on the TAM framework. A pilot test was
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conducted with a small group of EV users (N = 30) to assess item clarity and face validity,
and minor wording adjustments were made accordingly before the main survey.

Table 1. Subjective attitude measurement items.

Latent Variables Observed Variables Code Explanation
Think that V2G is useful pPU1
Perceived Usefulness Think that V2G can shave peaks PU2 The cognitive ability to reflect the
(PU) . and fill valleys perceived usefulness of the overall
Think that V2G can utilize surplus PU3 value of V2G.
electric energy
Think that V2G is very easy to use PEU1
Perceived Ease of Use Think. that V2G faasily PEU2 The p.e@eptfion of the operational
(PEU) ‘ brings benef'lts ’ simplicity of V2G can enhance the
Think that V2G easily brings PEU3 perceived ease of use.
convenience to life
Think that the benefits can EB1
meet expectations
Economic Benefits Think that the fluctuation of Good econ.opnic perfor.n?anc.e
(EB) electricity prices is within an EB2 reflects positive recognition in
acceptable range terms of economy.
Think that the battery cost and wear EB3
are within an acceptable range
Think that the technology is not TRP1
safe and reliable enough
Technology risk perception Thi'nk that the information TRP? The lower the trust in the safety of
(TRP) protection measures are not sound the techr.lology, the. hlgher the
Think that the reputation of the perceived technical risk.
operator is not relatively TRP3
high enough
Assuming that V2G is put into use, BI1
I will plan to use it
Assuming that V2G is put into use, BD
Behavioral Intention I want to use it f'requer.ltly The degree of willingness to accept
(BI) Assuming that V2G is put into use, BI3 and participate after V2G is put
I'will recommend others to use it into use.
Assuming that V2G is put into use,
I want to buy an electric vehicle Bl4

with reverse charging function

3.3. Model Selection

These latent variables cannot be directly observed and need to be measured indirectly
through observed indicators. Structural Equation Modeling (SEM) can handle both latent and
observed variables simultaneously, clearly defining the measurement relationships between
them, which meets the requirements of this study. In addition, SEM can integrate factor
analysis and path analysis to test the complex causal paths among multiple variables in one
go. For example, it can simultaneously explore the positive impacts of PU, PEU, and EB on
behavioral intention (BI), as well as the negative impact of TRP, avoiding the limitations of
traditional methods that require splitting the model. Meanwhile, SEM can assess the overall
goodness-of-fit of the model, examining the degree of fit between theoretical hypotheses and
the data. It provides a scientific and rigorous framework for verifying the relationships among
variables, ensuring the reliability and validity of research conclusions. Therefore, this study
selects SEM for subsequent research and analysis. In terms of the specific SEM approach, this
study adopts covariance-based SEM (CB-SEM) rather than partial least squares SEM (PLS-
SEM). This choice is motivated by the confirmatory nature of this research: the hypotheses are
derived from established theories (TAM and UTAUT), and CB-SEM is better suited for theory
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testing and confirmation, whereas PLS-SEM is more appropriate for exploratory research and
prediction-oriented objectives.

4. Empirical Analysis

This case study adopted a questionnaire-based data collection approach. Following
preprocessing and screening of the collected data, an SEM was built to examine the influence
paths between latent variables, with the core goal of verifying the hypotheses. More
precisely, the study sought to validate two key sets of relationships: first, the positive
impacts of PU, PEU, and EB on BI; second, the negative impact of TRP on BI. Through
this analysis, the inherent mechanism driving users’ V2G acceptance and participation
willingness could be revealed.

Questionnaire surveys are a commonly used method for researching users’ partic-
ipation behaviors and willingness. They offer flexible design, enabling questions to be
formulated from multiple dimensions such as participation frequency, depth, and motiva-
tion, thus ensuring comprehensive information collection. In terms of operation, compared
with interviews and observations, questionnaire surveys are more economical and conve-
nient. They can quickly cover many EV users through both online channels and offline
touchpoints, which not only enhances the representativeness and persuasiveness of the
results, but also facilitates the discovery of general patterns in user behavior and potential
individual differences across different user groups. The standardized process ensures that
respondents face consistent questions and response methods, reducing biases caused by
investigators or the environment, guaranteeing data objectivity, and facilitating statistical
analysis as well as the understanding of the relationship between users’ behaviors and
influencing factors. Anonymity can alleviate respondents’ concerns about privacy, improv-
ing the credibility of the data. In summary, due to their flexible design, wide coverage,
standardized process, and good anonymity, questionnaire surveys have become an ideal
choice for researching users’ participation behaviors and willingness.

4.1. Data Description

In this study, data were collected via online questionnaires, with the target area set as
the main urban area of Chongqing. Chongging features a dense distribution of EV charging
stations, sufficient on-street and underground parking facilities, and most local EV users
follow fixed commuting patterns. All these characteristics facilitate targeted questionnaire
distribution and help ensure the validity of the collected data. Survey respondents were
strictly restricted to current EV owners, and the questionnaire was structured into three
sequential sections.

Chongging was chosen as the study area for several reasons. As one of China’s
four municipalities directly under the central government and a major economic hub
in southwest China, Chongging has vigorously promoted electric vehicle adoption and
charging infrastructure development, rendering it a representative case for investigating
V2G acceptance in inland megacities. Moreover, its mountainous topography and high
population density generate unique travel and parking behaviors that differ notably from
those in coastal cities, where most existing V2G acceptance research has been concentrated.

The survey was distributed through Wenjuanxing (www.wjx.cn), a leading professional
online survey platform in China. Participants were recruited from EV owner groups on
WeChat and charging stations located in Chongqing’s main urban districts. To improve data
quality, the questionnaire incorporated attention-check questions, and duplicate responses
were filtered out via IP address and device fingerprint verification. Finally, only current EV
owners living in the main urban area of Chongqing were included in the valid sample.
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The questionnaire was administered in three sequential parts. First, respondents filled
out sections on personal basic information, including gender, educational background,
daily travel patterns (e.g., commute distance, frequency), and charging habits (e.g., weekly
charging times, preferred charging locations).

Second, a brief introduction to V2G technology was provided to ensure respondents
had a basic understanding. After that, respondents were asked to select their vehicle’s
driving range and their own “range anxiety threshold” (i.e., the minimum remaining power
they would reserve for daily use), and the questionnaire would automatically calculate their
expected income from V2G discharging based on predefined parameters. For reference,
a V2G charging station in Hefei, Anhui Province, can feed 30 kWh of electricity back to
the grid within 1.5 h, generating approximately 30 yuan in income [27]. To help users
intuitively grasp V2G-related earnings, this study simplified the calculation standard to 1
yuan per kWh. In the ideal scenario assumed for the calculation, after reserving power to
meet the range anxiety threshold, all remaining power (after the vehicle was fully charged)
was considered to be fed back to the grid to derive the expected income.

Third, after gaining a basic understanding of V2G technology and potential earnings,
respondents completed a self-designed subjective scale. This scale aimed to capture their
attitudes toward V2G, identify any concerns they had (e.g., about battery life or data
security), and clarify the key factors influencing their willingness to participate in V2G. On
average, the entire questionnaire took 5-8 min to complete.

A total of 295 valid questionnaires were collected in the survey, and the statistical
results of objective information are shown in Figure 2. From the initial data collected, most
respondents have fixed commuting routes and dedicated parking spaces. Nearly half of the
respondents have home charging piles, and 96% of them charge their vehicles immediately
after parking. These habits indicate a high degree of regularity in their EV usage, which
provides favorable conditions for potential V2G participation (e.g., fixed time windows
for discharging). In terms of vehicle and range-related attributes, 82% of respondents’
EVs have a driving range of 300-600 km, and 90% report feeling range anxiety when the
remaining range drops below 100-150 km.

e S —
Academic Qualifications “@9" High School [ Bachelor Degree | Postraduate Degree |
Traveling Habits R fmm | Recreational Transportation I

Have fixed parking space

No |

Charging frequency “ Charging durin&:a:lech’icﬂy price Chargewhel}ltlls'l:frﬁe;?:rwlng poweris ]
Continuing driving range - 300km—400km | 400km—600km | :&f’v‘k_“;,
Anxiety range I' 75km | 100km I 150km |

Expected income — ¥35-50 | ¥50-65 #5—40

0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2. Statistical results of questionnaire objective information.
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The questionnaire further estimated the expected income each user could obtain
from participating in V2G. The results show that 58% of users would potentially earn
35-50 yuan per V2G discharging cycle. Notably, after receiving a brief introduction to
V2G from the research team and going through the questionnaire-filling process (which
included income estimation), respondents gained a preliminary understanding of V2G
technology and its benefits. Subsequently, 70% of them expressed a supportive attitude
toward V2G participation; this positive response ratio provides an initial indication of the
market acceptance potential for V2G in the Chongqing main urban area.

After filling out the objective information, the respondents proceeded to complete
the 7-point Likert scale added to the questionnaire, and the specific results of this scale
are presented in Table 2. According to the data, two key findings emerge from the data.
First, over 70% of the respondents indicated that once V2G technology is officially put
into use, they are not only willing to participate in V2G services themselves but also
intend to recommend V2G to other EV users (reflecting a relatively high level of initial
participation intention). Second, approximately 80% of the respondents recognized the
multi-dimensional value of V2G. They believed the technology can help smooth power
loads and alleviate grid pressure (from a social energy perspective), while also bringing
personal benefits such as convenience to daily life and additional income. Notably, after
learning about the specific expected income from V2G participation, most users expressed
relative satisfaction with this economic incentive.

Table 2. Statistical results of the scale.

Measurement Variable AVG SEM S.D Var Median Mode Mode Proportion “Agree” Proportion *
PU1 5.39 0.072 1.241 1.541 6 6 33.4% 78.0%
PU2 5.21 0.070 1.202 1.446 5 6 33.4% 74.7%
PU3 5.46 0.066 1.128 1.273 6 6 34.8% 81.4%

PEU1 5.17 0.073 1.253 1.569 5 6 32.1% 72.6%
PEU2 5.26 0.068 1.175 1.381 5 6 33.1% 76.7%
PEU3 5.30 0.063 1.086 1.180 5 6 37.2% 78.7%
EB1 5.57 0.069 1.183 1.398 6 6 32.8% 83.8%
EB2 5.73 0.069 1.180 1.393 6 6 35.1% 84.1%
EB3 5.65 0.069 1.190 1.415 6 6 38.5% 84.8%
TRP1 2.88 0.056 0.968 0.937 3 3 44.6% 81.4%
TRP2 3.09 0.058 0.994 0.989 3 3 41.9% 70.6%
TRP3 2.90 0.061 1.050 1.102 3 3 37.8% 75.3%
BI1 5.47 0.066 1.129 1.274 6 6 36.8% 84.1%
BI2 5.36 0.064 1.102 1.214 6 6 41.2% 79.4%
BI3 5.19 0.066 1.142 1.304 5 6 35.8% 73.6%
BI4 5.41 0.066 1.128 1.272 6 6 40.2% 81.1%

* “Agree” proportion refers to the cumulative percentage of scores of “5”, “6” and “7” in the statistical results of
the seven-level scale. Specifically, the “Agree” proportion of TRP is the cumulative percentage of scores “1”, “2”
and “3”.

However, the scale results also revealed lingering concerns among users toward this
emerging technology. About 20% of users perceived V2G operations as rather complex, in-
dicating a relatively low level of perceived ease of use. For this phenomenon, a preliminary
hypothesis is proposed that such low acceptance of V2G complexity may be associated
with two factors. One is respondents’ educational background (which may influence their
ability to understand and operate new technologies) and the other is their willingness to
participate in social public affairs (which may affect their motivation to engage with energy-
related public services like V2G). This hypothesis will be further verified and analyzed in
depth in subsequent sections of the study.

In addition, the scale results further highlight that most users harbor heightened
concerns about four critical issues directly related to V2G participation: battery wear-
and-tear (a top worry, as frequent charging—discharging may increase long-term vehicle
maintenance costs), plug-in time requirements (which could clash with their fixed daily
commuting or parking schedules, disrupting routine usage), residual driving range after
discharging (directly tied to their existing range anxiety, as insufficient remaining mileage
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may risk commute disruptions), and income stability (specifically regarding the consistency
of V2G compensation and timeliness of payment). The specific distribution of these
concerns across the surveyed user group is detailed in Figure 3, and these factors are
far from trivial; they are likely to be key determinants that exert a direct influence on users’
attitudes toward V2G, potentially overriding positive perceptions (e.g., of expected income)
and becoming barriers to participation.

Battery Depletion FITTITITITITTITITIRIRTOTITIOTRTNTOTOON 90%

Driving Range  TITITITITTTRTRTIRTITTIRITININT 63%

ooooooooooooooooooooooo

Stability of Returns  FTTTTITITITTITOITIRINNNT 53%

Plug-in Time Requirements TTFTTTFTTTTTTTITTTTTITTATTAACTAIM 77%

oooooooooooooooooooo

Environmentally Friendly wwwwwwwwwwwwwwwwwwww 47%
others §ifH' 10%
Figure 3. Other factors of greater concern to the interviewees.

4.2. Model Verification

To ensure data appropriateness, this study performed data cleaning and screening
prior to conducting validity analysis. Specifically, invalid questionnaires where respondents
selected identical options for all scale items were excluded, and subjective scale scores were
organized systematically. Ultimately, 295 valid datasets were retained for further analysis.

Internal reliability was first evaluated using Cronbach’s « coefficient and Composite
Reliability (CR). Cronbach’s « ranges from 0 to 1, with values above 0.7 indicating accept-
able internal consistency [28]. Similarly, CR values greater than 0.7 suggest satisfactory
reliability. Convergent validity was assessed using Average Variance Extracted (AVE),
where values above 0.5 imply that latent variables possess adequate explanatory power
over their indicators.

As shown in Table 3, Cronbach’s « coefficients for all constructs range from 0.827 to
0.895, well above the 0.7 threshold. All CR values exceed 0.7, and AVE values range from
0.503 to 0.672, meeting the criteria for good convergent validity.

Table 3. The results of measurement model, reliability and convergent validity.

Latent Variable Measurement Variable Mean Standard Deviation Factoring Loading Cronbach’s Composite Reliability AVE
PU1 5.39 1.241 0.774
PU PU2 521 1.202 0.742 0.862 0.803 0.576
PU3 5.46 1.128 0.760
PEU1 517 1.253 0.733
PEU PEU2 5.26 1.175 0.749 0.875 0.777 0.537
PEU3 5.30 1.086 0.717
EB1 5.57 1.183 0.727
EB EB2 573 1.180 0.754 0.849 0.752 0.503
EB3 5.65 1.190 0.779
TRP1 2.88 0.968 —0.784
TRP TRP2 3.09 0.994 —0.752 0.828 0.790 0.557
TRP3 2.90 1.050 —0.700
BIl 5.47 1.129 0.864
BI2 5.36 1.102 0.820
BI BI3 519 1142 0781 0.895 0.891 0.672
BI4 541 1.128 0.812

Discriminant validity was examined using the Fornell-Larcker criterion, which re-
quires that the square root of AVE for each construct be greater than its pairwise correlation
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coefficients with other constructs [29]. As presented in Table 4, this condition is satisfied
across all latent variables, confirming satisfactory discriminant validity. For instance, the
square root of AVE for perceived usefulness (PU) is 0.759, which is higher than its corre-
lation with behavioral intention (BI, 0.628). Although the Heterotrait-Monotrait (HTMT)
ratio is increasingly recommended as a stricter criterion, this study relied on the widely
adopted Fornell-Larcker method. Future research may adopt both approaches for more
robust validation.

Table 4. Analytical results for discriminant validity.

Latent Variable AVE BI PU PEU EB TRP
BI 0.672 0.820
PU 0.576 0.628 0.759
PEU 0.537 0.648 0.523 0.733
EB 0.503 0.651 0.615 0.517 0.709
TRP 0.557 —0.709 —0.549 —0.530 —0.556 0.746

Since all data were collected through a single self-reported questionnaire at one time
point, the potential threat of Common Method Bias (CMB) was acknowledged. Proce-
dural remedies were applied, including respondent anonymity and separate sections for
independent and dependent variables. However, formal statistical tests such as Harman’s
Single-Factor Test were not conducted. Despite the satisfactory discriminant validity that
alleviates concerns about severe common method variance, the potential influence of CMB
is recognized as a limitation. Future studies are suggested to implement both procedural
and statistical controls for CMB.

4.3. Result Analysis

The structural model was employed to test the hypotheses proposed earlier, and the
results revealed a good model fit. Specifically, the key fit indicators yielded the following:
x2/df = 1.018, GFI = 0961, AGFI = 0.943, NFI = 0.972, RMSEA = 0.008. All
coefficients were found to be significant at the level of p < 0.001. Detailed model fitting
results are presented in Table 5. Although the reported fit indices (CMIN/DF, GFI, AGF],
NFI, RMSEA) all meet established thresholds for excellent model fit, additional commonly
reported indices such as CFI, TLI, and SRMR were not computed in this analysis. This is
acknowledged as a limitation, and future research should report a more comprehensive set
of fit indices for fuller model evaluation. Furthermore, the R? value for the endogenous
construct (BI) is not separately reported; given the model’s focus on path-level hypothesis
testing, the squared multiple correlations are embedded in the path coefficient estimates.

Table 5. Fitness of SEM.

Reference Value Range

Indicator Values in This Study
Excellent Fit  Acceptable Fit Poor Fit
CMIN/DF <2.0 2.0-3.0 >3.0 1.018
GFI >0.95 0.90-0.95 <0.90 0.961
AGFI >0.95 0.90-0.95 <0.90 0.943
NFI >0.95 0.90-0.95 <0.90 0.972
RMSEA <0.05 0.05-0.8 >0.08 0.008

Per statistical test criteria, a Critical Ratio (CR) exceeding 1.96 indicates that the
parameter estimate is statistically significant (p < 0.05), while a p-value below 0.001
confirms the passing of the significance test [30]. Table 6 presents the path coefficient
estimation results for the relationships between each latent variable including PU, PEU,
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EB, TRP, and BI. The standardized path coefficients of all these variables with respect to
the latent variable BI are positive, indicating a positive correlation between each of the
variables and BI. Furthermore, the CR of all the paths in the model is greater than 1.96,
and the p-value for each significance test is less than 0.001. These results confirmed that all
hypotheses proposed in this study passed the significance test. The final structure of the
model verification is illustrated in Figure 4.

Table 6. Path coefficient estimation results.

Effect Path Estimate SE CR* Hypothesis Verification
PU—BI 0.856 0.092 9.345 H1 is valid
PEU—BI 0.844 0.091 9.221 H2 is valid
EB—BI 0.850 0.089 9.518 H3 is valid
TRP—BI —0.747 0.075 9.949 H4 is valid
PU1—-PU 0.833 - - -
PU2—PU 0.802 - - -
PU3—PU 0.829 - - -
PEU1—PEU 0.843 - - -
PEU2—PEU 0.856 - - -
PEU3—PEU 0.813 - - -
EB1—EB 0.774 - - -
EB2—EB 0.812 - - -
EB3—EB 0.837 - - -
TRP1—TRP 0.827 - - -
TRP2—TRP 0.792 - - -
TRP3—TRP 0.737 - - -
BI1—BI 0.872 - - -
BI2—BI 0.826 - - -
BI3—BI 0.784 - - -
BI4—BI 0.810 - - -

* |CR| > 3.29 indicates statistical significant at p < 0.001.

PU1

Perceived Usefulness
(F) H1=0.86

PU3
Perceived Ease of Use .
(PEU) )—HZ‘O SA

PU2

T

Behavioral Intention

@

EB1
Economic Benifits
EB2
(EB) H3=0.85
EB3

H4=-0.75

Technology Risk Perception
(TRP)

T

Figure 4. Verification of the research model.

As evident from the verification results in Table 6 and Figure 4, the impact path
coefficients of PU and PEU on BI are 0.86 and 0.84, respectively. This implies that a one
standard deviation increase in PU or PEU is associated with a 0.86 and 0.84 standard
deviation increase in B, respectively. This indicates a strong and significantly positive
relationship between these variables and BI. Similarly, the impact path coefficient of EB
on Bl is 0.85, also reflecting a significantly positive relationship. This result confirms that
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users’ consideration of the economic benefits brought by V2G directly influences their
intention to participate. Regarding TRDP, its impact path coefficient on Bl is —0.75, which
is significantly negative. Although the coefficient of TRP is slightly lower than those of
PU, PEU, and EB, it still clearly demonstrates that higher users” trust in V2G technology
corresponds to a stronger intention to engage in V2G services. It is worth noting that
the standardized path coefficients (0.84-0.86 for positive paths and —0.75 for the negative
path) are relatively high by conventional behavioral research standards. Several factors
may contribute to this observation. First, TAM-based studies frequently report strong
associations between core attitudinal constructs and behavioral intention, particularly
when constructs share a common theoretical foundation and are measured within the
same survey instrument. Second, the potential influence of common method variance, as
discussed in Section 4.2, may partially inflate the observed correlations. Third, the relative
homogeneity of the respondent sample (all EV owners in a single city) may reduce error
variance and yield stronger path estimates. Therefore, while the statistical significance and
direction of these paths are robust, the absolute magnitudes of the coefficients should be
interpreted as indicators of relative importance among the predictors rather than precise
effect-size estimates.

5. Discussion

This study employed Structural Equation Modeling (SEM) to verify the impact paths
of subjective attitudes. The results showed that perceived usefulness (PU), perceived ease
of use (PEU), and economic benefit (EB) exert positive effects on behavioral intention (BI),
while technology risk perception (TRP) exerts a negative effect on behavioral intention (BI).
Among them, the impacts of PU and PEU are more prominent. Thus, hypotheses H1, H2,
H3, and H4 are all validated. Drawing on the empirical analysis results, the subsequent
discussion is organized around three dimensions: (1) the influence paths of subjective
attitudes on V2G participation willingness, (2) the objective factors influencing subjective
attitudes, and (3) the group preference characteristics related to V2G adoption.

(1) The influence path of subjective attitudes

Users’ subjective willingness exerts a positive influence on their intention to accept
and participate in V2G services. Specifically, users who perceive V2G as useful, easy to use,
and capable of bringing convenience to daily life are more inclined to accept this emerging
technology. The stronger users’ perception of V2G’s usefulness and ease of use, the higher
their willingness to engage in V2G services. Notably, prior studies have also identified PU
and PEU as key factors shaping users’ technology adoption intention, a finding that aligns
with the results of this study [31].

These findings are broadly consistent with V2G acceptance studies conducted in
other regions. For example, Chen and Lai [10] found that perceived usefulness and ease
of use were significant predictors of V2G acceptance among Taiwanese EV users, and
van Heuveln et al. [15] reported similar patterns in the Netherlands, where economic ben-
efits emerged as a key driver. However, the present study extends these findings by
demonstrating that in the Chongqing context, the relative importance of economic benefits
(EB, p = 0.85) is comparable to that of PU and PEU, suggesting that financial incentives
may play a more central role in inland Chinese cities than in more developed coastal or
international settings. This observation carries practical implications for the design of
region-specific V2G incentive policies.

After users learned about the expected income from V2G participation, a higher level
of economic recognition toward V2G corresponds to a stronger willingness to accept and
engage in V2G services. Notably, EVs with a longer driving range and owners with a lower
level of anxiety threshold can secure a higher income from V2G. Excluding other interfering
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factors, the higher the income users stand to gain, the greater their interest in V2G. When
V2G offers more advantages in terms of economic benefits, users are more inclined to adopt
it. This conclusion aligns with the findings of previous studies cited earlier [15].

From a practical standpoint, these findings suggest several actionable strategies for
V2G promotion. First, public awareness campaigns should emphasize not only the environ-
mental benefits of V2G but also its concrete economic returns, as EB exerts a comparably
strong influence on behavioral intention. Second, charging infrastructure deployment
should prioritize residential areas and workplaces where users with fixed commuting
routes can conveniently plug in their vehicles, thereby lowering the perceived operational
complexity (PEU). Third, technology demonstrations and transparent safety certifications
can mitigate technology risk perceptions (TRPs), which, despite being ranked lower in
absolute coefficient magnitude, remain a statistically significant barrier to participation.
These practical implications contribute to the broader discourse on how behavioral insights
can inform infrastructure planning and energy policy.

Similarly, the maturity and safety of V2G technology, as well as the reputation of its
operators, collectively influence users’ trust in this technology. The higher users’ level of
trust in V2G technology, the greater their acceptance of V2G services. This conclusion is
consistent with the findings of existing studies [32].

(2) Objective Factors Affecting Subjective Attitude

Users’ PU of V2G (defined as the belief that V2G can create value and meet needs) and
PEU (referring to convenient operation) form the core logic underlying technology acceptance.
In terms of the mechanism of action, PU is directly tied to users’ pre-judgment of “technology-
driven value creation”. For instance, if V2G can deliver practical value to users, such as
convenience of off-peak electricity usage and ability to utilize excess electric energy, it will
reinforce the perception that “participating in V2G is beneficial“. By contrast, PEU reduces
users’ psychological resistance to new technologys; it helps users recognize that engaging in
V2G reverse charging requires only a simple process, allowing them to gain benefits and daily
convenience without incurring excessive learning or operational costs.

Notably, the Technology Acceptance Model (TAM) proposed by Davis has long con-
firmed that PU and PEU are core antecedent variables shaping users’ technology adoption
intentions [19]. This finding is also supported by research on Advanced Driver-Assistance
Systems (ADAS). Kaye S.-A. et al. found that consumers’ perceptions of ADAS’s PU and
PEU significantly and positively influence their willingness to use the system [33]. In
this study, as a branch of smart grid interaction technology, V2G similarly sees users’ PU
and PEU positively driving their participation intention, which aligns with the logical
assumptions of the classic TAM and its derivative studies.

When users are aware that V2G can generate benefits, their economic recognition
influences V2G acceptance through a “benefit—cost and trade-off” mechanism. Specifically,
EVs with long driving ranges paired with owners who have low-range anxiety create
a “high-benefit-potential scenario”, and ample range frees owners from concerns about
electricity price fluctuations, battery costs, and wear, allowing them to more easily perceive
the economic returns from discharging. Meanwhile, low-range anxiety lowers users’
“demand for risk compensation,” enabling them to focus more on whether the positive
benefits of V2G align with their expectations.

Compared with previous research on V2G economics, which often focuses on macro-
level costs (e.g., peak-shaving cost savings on the power grid side) or automakers” profit
models (e.g., benefits from cascaded battery utilization), this study centers on users” micro-
level decision making, highlighting the chain of “individual benefit perception, economic
recognition, participation willingness”. For example, when Sioshansi EP. studied the
V2G business model, the focus was on value distribution between the power grid and
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automakers [34]. By contrast, this study supplements the micro-mechanism of “benefit
perception driving participation” at the user end. The distinction represents a shift from
an industrial-ecosystem perspective to user-behavior segmentation, bringing the research
closer to addressing a core question in real-world V2G promotion, that is, how economic
incentives effectively activate user participation decisions.

The maturity of V2G technology, its safety performance, and the reputation of its
operators jointly shape users’ perception of “technology trust”. Specifically, technological
maturity dictates users” expectations of “technical risks”, for example, whether frequent
charging and discharging will damage the battery or cause system malfunctions. Safety,
on the other hand, encompasses the protection of users’ private data and prevention of
property loss or personal harm from electrical accidents. Operator reputation, meanwhile,
is closely tied to the guarantee of long-term economic returns from V2G participation.
These three dimensions together form a “trust pool” for users regarding V2G technology.
The higher the level of trust in this pool, the easier it is for users to overcome “unfamiliarity
with the technology” and “concerns about risk”, thereby strengthening their acceptance of
and participation in V2G.

In cross-field research, Mayer’s trust integration model proposes that trust comprises
three components, which are competence trust (technological maturity), benevolence trust
(operator reputation), and integrity trust (safety commitment) [35]. The impact path of V2G
technology trust identified in this study highly corresponds to this model, with all three
components jointly driving users to accept and participate in V2G.

This study replicates the logic of “technology trust to behavioral intention” in the
context of energy interaction. It not only verified the cross-scenario universality of the trust
mechanism but also supplements research details on cross-border technology trust in the
energy-transportation field due to the specificity of V2G involving “bidirectional power
flow and integration of transportation and travel needs”.

(3) Group Preferences Related to V2G Adoption

Further analysis of EV user group characteristics reveals that V2G technology is more
appealing to EV owners with fixed commuting routes and low-range anxiety. In an ideal
scenario, these two traits (fixed commuting patterns and low-range anxiety) enable this
user group to maximize the benefits of V2G applications.

Moreover, for EV users with access to battery-replacement service, who can enjoy free
battery replacement within a specified service life and when the mileage does not exceed
a certain threshold, their perception of battery-wear cost is significantly reduced. This
weakening of cost concerns exerts a positive influence on their decision to participate in
V2G. EV users equipped with home charging piles benefit from a more favorable electricity-
cost structure. They are less sensitive to electricity price fluctuations and can secure higher
returns through V2G reverse power supply, leading to a significantly higher willingness to
participate compared to users without home charging piles.

During the survey, it is notable that educational level exerts a positive moderating effect
on the public’s ability to understand V2G technical principles. Specifically, the highly educated
group not only demonstrates stronger cognitive competence in grasping the operational logic
of V2G systems but also exhibits a higher sense of responsibility when participating in social
public affairs. Additionally, this group tends to pay more attention to the actual effectiveness
of V2G technology in power grid load peak shaving and valley filling.

6. Conclusions

Drawing on theoretical frameworks including TAM and the UTAUT, this research
incorporates factors such as users’ attitudes, habitual preferences, economic compensation,
and perceived technological risks to construct a targeted structural equation model. By
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adopting quantitative analysis and statistical methods, this study not only validated the
model’s effectiveness but also offered in-depth insights into EV users’ discharge behavior
patterns. Furthermore, this study integrates users’ daily travel patterns, charging and
discharging needs, as well as V2G-related infrastructure and social environmental factors,
forming a comprehensive theoretical foundation. Ultimately, this work aims to provide
scientific support for the coordinated planning of the transportation-energy system and the
promotion and development of V2G technology.

This study has confirmed the potential for public acceptance of V2G technology.
However, several limitations should be acknowledged. First, the study was conducted
in a single city (Chongging), and the infrastructural, economic, and social conditions of
this inland megacity may not fully represent other regions of China or other countries.
The generalizability of the findings to coastal cities, rural areas, or international contexts
should therefore be approached with caution. Second, the survey design included a
brief introduction to V2G technology and an income estimation prior to the subjective
attitude scale, which may have introduced a positive anchoring effect on respondents’
attitudes. This potential response bias should be considered when interpreting the high
levels of reported acceptance. Third, although rich demographic and behavioral data
were collected (e.g., education level, charging habits, driving range, parking availability),
these variables were analyzed only descriptively and were not incorporated into the SEM
framework through multi-group analysis or moderation testing. The current model tests
only direct effects of four latent variables, and the examination of mediation and moderation
mechanisms involving these additional variables represents an important direction for
future research. Despite these limitations, the study provides valuable empirical evidence
on V2G acceptance and lays a foundation for more comprehensive investigations.

(1) Raise public awareness: Launch targeted publicity and educational initiatives to
improve the public’s understanding of V2G technology, thereby strengthening their
perception of its usefulness and ease of use.

(2) Optimize economic incentive mechanism: Design rational economic incentive schemes
to ensure users can secure expected benefits, thereby increasing their willingness
to participate.

(3) Strengthen technological trust: Showcase the maturity and safety of V2G technology
through technology demonstrations and pilot projects to alleviate public concerns and
enhance trust in the technology.

(4) Upgrade infrastructure: Expand and optimize the charging infrastructure network to
alleviate users’ concerns about plug-in duration and driving range, thereby improving
the overall user experience.

Building on the present findings, future research should pursue several directions.
First, an intermediate effect analysis model can be introduced to examine the indirect
influence paths of objective factors, such as expected benefits and travel patterns, mediated
by subjective perception variables, thereby constructing a more comprehensive mechanism
model for behavioral intention. Second, multi-group SEM or moderation analysis should
be employed to explore how demographic characteristics (e.g., education, income) and
behavioral patterns (e.g., charging habits, commuting mode) moderate the relationships
identified in this study. Third, subjective acceptance can be integrated with objective
infrastructure conditions and travel trajectories to conduct a holistic evaluation of V2G
implementation effectiveness. Geographic Information System (GIS) technology can be
utilized to identify urban areas suitable for prioritizing V2G implementation. Based on the
infrastructure status and user travel patterns of these areas, more targeted promotion strate-
gies can then be formulated. By combining research findings with practical application, we
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can better facilitate vehicle energy integration, improve energy utilization efficiency, and
contribute to the development of a sustainable energy system.
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