ORIGINAL RESEARCH
published: 08 December 2021
doi: 10.3389/fenrg.2021.792982

Evaluating Consumer Acceptance of
the Commercial Fleet of Methanol
Vehicles in China
Chengjiang Li 1,2, Michael Negnevitsky 3, Xiaolin Wang 3, Honglei Wang 1,2 and Yujie Hu 1,2*
1
School of Management, Guizhou University, Guiyang, China, 2Key Laboratory of “Internet+” Collaborative Intelligent
Manufacturing in Guizhou Province, Guiyang, China, 3School of Engineering, University of Tasmania, Hobart, TAS, Australia

Edited by:
Quande Qin,
Shenzhen University, China
Reviewed by:
Firoz Alam,
RMIT University, Australia
Jingzheng Ren,
Hong Kong Polytechnic University,
Hong Kong SAR, China
*Correspondence:
Yujie Hu
yjhu@gzu.edu.cn
Specialty section:
This article was submitted to
Sustainable Energy Systems and
Policies,
a section of the journal
Frontiers in Energy Research
Received: 11 October 2021
Accepted: 17 November 2021
Published: 08 December 2021
Citation:
Li C, Negnevitsky M, Wang X, Wang H
and Hu Y (2021) Evaluating Consumer
Acceptance of the Commercial Fleet of
Methanol Vehicles in China.
Front. Energy Res. 9:792982.
doi: 10.3389/fenrg.2021.792982

To enhance domestic energy security and reduce air pollution, China has accelerated the
deployment of alternative fuel vehicles including methanol vehicles since the 2010s.
Already completed pilot projects have demonstrated that methanol vehicles
(commercial ﬂeet) are economical, environmentally friendly, and technically mature.
Therefore, the Chinese government aims to continually deploy methanol vehicles in
coal-rich provinces. There are more than 20,000 methanol taxis in operation in China,
it is important to evaluate the existing consumer acceptance of such commercial ﬂeet
before commercialization in a wider range. This paper proposes a conceptual model to
identify consumer acceptance of methanol taxis. The model generates hypotheses that
have been tested using surveys completed by taxi drivers of methanol vehicles in the cities
of Xi’an (Shaanxi province) and Guiyang (Guizhou province). Results demonstrate that
market, economic, and technological concerns strongly determine the consumer
acceptance of the commercial ﬂeet of methanol vehicles in China.
Keywords: methanol, methanol vehicle, structural equation model, consumer acceptance, China

INTRODUCTION
With economic growth and the development of the automobile industry, the number of vehicles in
China is constantly increasing. However, as the largest automobile market, China faces energy
security and environmental challenges (Ji et al., 2019). From an energy security perspective, China
imported 507-million-tons of crude oil and 132-billion-cubic meters of natural gas in 2019 to meet its
massive energy demand (BP, 2020). From an environmental perspective, over 240 million
conventional vehicles using gasoline or diesel contributed more than 36-million-tons of the total
vehicle pollutants (Ministry of Ecology and Environment of China, 2019).
To strengthen domestic energy security and protect the atmospheric environment, the Chinese
government has issued a series of policies for the development of alternative fuel vehicles (AFVs)
(Zhang and Qin, 2018; Li et al., 2019a). Although China has already promoted electric vehicles (EVs)
nationwide, other types of AFVs, and such as methanol vehicles, have also been deployed considering
the adaption of regional natural resources (Li et al., 2020).
Methanol is mainly produced globally based on coal and natural gas (Hao et al., 2017). Since
China’s coal production accounts for 47.6% of the world’s total, about 78% of China’s methanol is
made from coal through gasiﬁcation and synthesis processes (BP, 2020). Methanol vehicles refer to
vehicles that use pure methanol or blended with gasoline in different proportions based on minor
modiﬁcations to internal combustion engines (Olah, 2005; Dolan, 2008). Compared with vehicles
that use gasoline or diesel, methanol vehicles have fewer exhaust emissions (Wang et al., 2015). Also,
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the low price of methanol fuel and the low cost of “methanolized”
conventional vehicles make methanol vehicles competitive from
an economic perspective (Su et al., 2013; Li et al., 2020).
Therefore, deploying methanol vehicles in coal-rich regions
not only reduces energy imports and urban pollution but also
achieves socio-economic beneﬁts (Li et al., 2017). Considering
that methanol vehicles are particularly competitive in coal-rich
regions, their deployment can further diversify the AFV market
(Shih et al., 2018; Yao et al., 2018).
In 2012, the Ministry of Industry and Information Technology
(MIIT) launched ten pilot projects to comprehensively test the
implementation of methanol vehicles (MIIT, 2012). The
completed pilot projects demonstrated that methanol vehicles
are technically mature, economic, and environmentally friendly
(MIIT, 2019). With the success of pilot projects, the Chinese
government aims to expand the deployment of methanol vehicles
in coal-rich regions (MIIT, 2019). By 2019, more than 20,000
methanol passenger vehicles operate on the road, and all of them
are taxi ﬂeets (Li et al., 2020). Before issuing policies to expand the
scope of methanol vehicles, it is important to evaluate the current
user acceptance of such methanol vehicles from a consumer’s
perspective. This paper investigates consumer acceptance of the
commercial ﬂeet of methanol vehicles and considers policy
implications for the further deployment of methanol vehicles
in China. The rest of this paper is structured as follows: Review of
Consumer Acceptance Models reviews consumer acceptance
models; Proposed Conceptual Model and Hypotheses
demonstrates the proposed conceptual model and hypotheses;
Methodology details methodology for testing hypotheses; Results
and Discussion provides results and discussion; the last section is
conclusions and policy implications.

2012; Chen, 2018). Although TAM3 has been mainly
applied in IT implementation, its constructs, and such as
objective usability and perception of external control, and
were also introduced to evaluate the acceptance of AFVs
(Globisch et al., 2018).
Although TAM and its extended models are useful,
numerous efforts have been made to improve their
explanatory power. The Uniﬁed Theory of Acceptance and
Use of Technology (UTAUT) was developed as an integrated
model to enhance the understanding of technology adoption
based on traditional TAM models (Venkatesh et al., 2003). Its
constructs, including facilitation conditions, efforts
expectancy, performance expectancy, and social inﬂuence,
enable UTAUT to directly address the intent to use
technology (Sovacool, 2017). To improve the original
UTAUT, UTAUT2 which includes additional variables
such as hedonic motivation, price value, and habit was
formulated (Venkatesh et al., 2012). In addition to mobile
and computer technology industries, UTAUT and its
extended models have also been used to examine the
adoption of AFVs (Khazaei and Khazaei, 2016; Sovacool,
2017). The constructs of TAM and its extended models
including TAM2, TAM3, UTAUT, and UTAUT2 are
illustrated in Figure 1.
The Theory of Planned Behavior (TPB) has been developed to
predict the user’s intentions. According to TPB, this intention is
determined by constructs including attitude toward behavior,
subjective norm, and perceived behavior control to predict the
intention of various behaviors (Ajzen, 1991; Leonard et al., 2004).
As an effective model for explaining behavioral intention, TPB
has been used to analyze AFV’s acceptance and purchase
intentions (Mohamed et al., 2016; Afroz et al., 2015;
Barbarossa et al., 2015; Wang et al., 2018; Xu et al., 2019). By
comparing TAM and TPB in predicting the user’s intention,
Mathieson (1991) concluded that both theories are appropriate.
The former model is easy to implement, while the latter can
capture most aspects of an individual’s belief through more
variables (Chuttur, 2009).
Although TPB and TAM-related models are indeed popular
when predicting the acceptance of new technology, they have
limitations in terms of construct consideration. According to Will
and Schuller (2016), it is difﬁcult to develop conceptual models
solely based on TPB or TAM-related models since consumers
maybe lack hands-on experience in operating AFVs. Therefore,
apart from existing normative variables, domain-speciﬁc
constructs such as environmental or economic factors that
also inﬂuence an individual intention should be considered
(Burton-Jones and Hubona, 2006; Donald et al., 2014). To
increase the comprehensiveness, many studies regarding AEV
acceptance improved the original TAM or TPB models by
introducing new constructs such as environmental concern
(Barbarossa et al., 2015; Mohamed et al., 2016; Wu et al.,
2019) and policy support (Zhang et al., 2018; Xu et al., 2019).
In addition, other conceptual models which are independent of
TPB or TAM-related models have been proposed for assessing
the acceptance of AFVs (Kang and Park, 2011; Lai et al., 2015;
Degirmenci and Breitner, 2017; Han et al., 2017; She et al., 2017;

REVIEW OF CONSUMER ACCEPTANCE
MODELS
As an AFV that has not been commercialized in China,
methanol vehicles are regarded as new technology from
the consumer’s perspective. The Technology Acceptance
Model (TAM) was developed to explore the public
acceptance of new technologies (Davis, 1989). TAM
explains how perceived usefulness (relative advantage) and
ease of use subsequently inﬂuence adoption decisions and
personal behavioral intentions (Davis, 1989; Petschnig et al.,
2014; Wu et al., 2019). Based on TAM, TAM2 is proposed,
which includes more constructs such as social inﬂuence
processes (subjective norm, voluntariness, and image) and
cognitive instrumental processes (job relevance, output
quality, and result demonstrability) (Venkatesh and Davis,
2000). Both TAM and TAM2 have been widely applied to
assess the acceptance of various new technologies, including
AFVs (Dudenhöffer, 2013; Pfoser et al., 2018; Wu et al.,
2019). In addition, Venkatesh and Bala (2008) introduced
new constructs such as computer self-efﬁcacy and computer
anxiety, and thereby improving TAM2 (Lai, 2017). As
another theoretic framework for analyzing user behavior
and acceptance, TAM3 was developed (Hameed et al.,
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FIGURE 1 | Technology acceptance model-based models and their constructs.

TABLE 1 | Constructs and models used for investigating AFV’s acceptance.
Reference

Type

Constructs

Wu et al. (2019)
Xu et al. (2019)
Globisch et al. (2018)

EVs
BEV
EVs

Park et al. (2018)
Pfoser et al. (2018)
Wang et al. (2018)

EVs
GVs
EVs

Zhang et al. (2018)
Degirmenci & Breitner (2017)
Han et al. (2017)

EVs
EVs
EVs

She et al. (2017)
Khazaei & Khazaei (2016)
Mohamed et al. (2016)
Wang et al. (2016)
Will & Schuller (2016)
Afroz et al. (2015)

EVs
EVs
EVs
HEV
EVs
EVs

Barbarossa et al. (2015)
Penerbit (2015)
Zhou et al. (2015)
Lai et al. (2015)
Petschnig et al. (2014)
Dudenhöffer (2013)
Kang & Park (2011)

EVs
NGV
EVs
EVs
AFVs
EVs
FCEV

Green perceived usefulness, environmental concern, behavior intention, and perceived ease of use
Attitude, perceived behavioral control, subject norm, environmental performance, price value, and incentive policy
Subjective norms, image and tasks, objective usability, perceived usefulness, ease of use, external control, and
involvement
Perceived usefulness, ease of use and enjoyment, satisfaction, public attitude, and perceived cost
Accessibility, attitude, safety, usability, and usefulness
Technical level, performance, cost of ownership, charging services, marketing, perceived values and risks, and
innovative personality
Policy support, attitude, subjective norm, and perceived behavioral control
Environmental performance, price value, range conﬁdence, and attitude
Emotional value, social value, epistemic value, monetary value, performance value, convenience value, functional
value, and attitude
Vehicle performance barrier, infrastructure barrier, and the ﬁnancial barrier
Social inﬂuence, facilitating conditions, the anxiety of use, perceived enjoyment, and environmental concern
Environmental concern, attitude, subjective norm, perceived behavioral control, and personal moral norm
Environmental concern, attitude, subjective norm, perceived behavioral control, and personal moral norm
Monetary incentives, system effects, user-friendliness, data security, and the general attitude
Perceived behavioral control, subjective norms, attitudes, purchase intention, individual and environmental
consequences
Green self-identity, environmental consequences of using cars, green moral obligation, and attitude
Refueling station availability, initial modiﬁcation cost, petrol price, and refueling time for NGV
Technological readiness, market readiness, institutional readiness, testing and showing,
Environmental concern, perception of environmental policy and EVs, and reception of economic beneﬁt
Perceived innovation characteristics, personal norm, attitude formation, and subjective norm
Perceived ease of use, usefulness, subjective norm, affect, objective usability, experience,and price sensitivity
Acceptance, psychological needs, perceptions, and values, experiences

Wang et al., 2018). Previous studies regarding AFVs acceptance
using TPB, TAM-related, or independent conceptual models are
summarized as shown in Table 1.
As can be seen from Table 1, previous studies engaged
different constructs to develop models for assessing the

Frontiers in Energy Research | www.frontiersin.org

Model
TAM
TPB
TAM3
TAM
TAM
Independent
TPB
Independent
Independent
Independent
UTAUT2
TPB
TPB
Independent
TPB
TPB
Independent
Independent
Independent
TPB
TAM
Independent

acceptance or purchase intention of AFVs. However, no study
exists to date which is explicitly dedicated to the acceptance of
methanol vehicles. Therefore, to address this gap, this paper
proposed a conceptual model to investigate methanol vehicle’s
acceptance in China.

3

December 2021 | Volume 9 | Article 792982

Li et al.

Consumer Acceptance of Methanol Vehicles

FIGURE 2 | The proposed conceptual model for assessing methanol vehicle acceptance in China.

PROPOSED CONCEPTUAL MODEL AND
HYPOTHESES

methanol vehicles. Therefore, the second hypothesis is
proposed from the environmental point of view:

The proposed conceptual model is developed to investigate the
acceptance of methanol vehicles in China (Figure 2). This model
includes the following constructs: environmental, economic,
technological, market, infrastructural, and policy concerns. It
not only considers constructs from the TPB and TAM-related
models (i.e., environmental concerns) but also includes construct
from independent models that may affect consumer acceptance
of methanol vehicles (i.e., market concerns). The purpose of
enhancing the original models is to provide policy
implications for further adoption of methanol vehicles in
China. The rest of this section explains the selection of
constructs for the development of hypotheses.
Provision of sufﬁcient infrastructure such as refueling
stations or charging services directly affects consumer
acceptance of AFVs. Facilitating conditions and services
were considered when developing models for evaluating
the adoption of EVs (Khazaei and Khazaei, 2016; She
et al., 2017; Wang et al., 2018). Also, the availability of
refueling stations was included as the main construct in
the models for testing an individual’s intention to use gas
vehicles (Penerbit 2015; Pfoser et al., 2018). As the number of
methanol vehicles increases in pilot cities, the distribution of
refueling stations will inﬂuence the adoption of methanol
vehicles (Li et al., 2019b). Therefore, the ﬁrst hypothesis of
this study is proposed from the perspective of infrastructure:

Hypothesis 2 Environmental concerns positively determine
consumer acceptance of methanol vehicles.
Market concerns are related to the participation of methanol
vehicle manufacturers in the vehicle market. One of the main
goals of deploying methanol vehicles in China is to reduce its
dependence on oil and diversify the AFV market (Li et al., 2020).
Previous studies included market-related constructs when
assessing the acceptance of EVs (Zhou et al., 2015; Wang
et al., 2018). Considering that methanol vehicles may become
an important type of AFV in coal-rich provinces, it is necessary to
evaluate consumer’s concerns about the methanol vehicle market.
Therefore, the third hypothesis is proposed from the market
perspective.
Hypothesis 3 Market concerns positively determine consumer
acceptance of methanol vehicles.
When assessing consumer acceptance of AFVs, constructs
related to economic concerns were commonly included in
previous theoretical models. Speciﬁcally, price value was
regarded as a construct in TPB-based models to identify the
user’s intention to purchase EVs (Degirmenci and Breitner, 2017;
Xu et al., 2019). Similarly, cost-related constructs such as
perceived cost and price sensitivity were included in TAM or
independent models to understand the public attitudes towards
different types of AFVs (Kang and Park, 2011; Dudenhöffer,
2013; Penerbit 2015; Park et al., 2018). Because methanol vehicles
have price advantages in both vehicle and fuel, consumer’s
economic concerns will affect the acceptance of methanol
vehicles. Therefore, the fourth hypothesis is developed from an
economic perspective:

Hypothesis 1 Infrastructural concerns positively determine
consumer acceptance of methanol vehicles.
Due to the serve pollution caused by conventional vehicles,
Chinese people’s awareness of environmental protection is
increasing (Xu, et al., 2019). Therefore, the environmental
concern is directly relevant to the acceptance of AFVs by the
consumer (Wu et al., 2019). Previous studies have shown that
environmental awareness is important in terms of the
willingness to purchase EVs (Barbarossa et al., 2015; Lai
et al., 2015; Wang et al., 2016). Considering that the main
purpose of promoting methanol vehicles is to reduce air
pollution, environmental performance should be included as
a construct when determining consumer acceptance of
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Hypothesis 4 Economic concerns positively determine
consumer acceptance of methanol vehicles.
Because policy support plays an important role in
accelerating the deployment of AFVs in China, previous
studies included this construct when establishing
theoretical models. For example, policy incentives and
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policy support were selected as key constructs affecting the
adoption of EVs (Langbroek et al., 2016; Zhang et al., 2018;
Xu et al., 2019). Although there are currently not enough
ﬁnancial incentives to develop methanol vehicles in China,
other policy support such as no license plate restriction will
determine consumer’s intentions to use methanol vehicles (Li
et al., 2019b). Therefore, the ﬁfth hypothesis is proposed from
the perspective of policy:

taxis. Therefore, taxi drivers of methanol vehicles from Xi’an and
Guiyang were selected as respondents.
A small study with 50 responses was conducted to verify the
validity of the questionnaire. After this study, the questionnaire
was modiﬁed accordingly, and 600 ﬁnalized questionnaires were
distributed to two target groups of respondents through online
surveys. Speciﬁcally, 300 questionnaires were distributed to taxi
drivers of methanol vehicles in Xi’an, and the rest were given out
to taxi drivers in Guiyang.

Hypothesis 5 Policy concerns positively determine consumer
acceptance of methanol vehicles.

Procedure and Measures
The questionnaire designed based on the proposed conceptual
model includes three sections (Supplementary Table SA1). The
ﬁrst section explains the research aim and the guidelines of the
questionnaire. The second section includes the sociodemographic information of the respondents. The third
section demonstrates the measurement for scale items of
conceptual model constructs. The construction of the scale
items is based on TPB and TAM-related models using the
scale development procedures suggested in (Sweeney and
Soutar, 2001; Rossiter, 2002).
In total, 23 measurement items were applied to measure
seven constructs including six different aspects and methanol
vehicle acceptance. The respondents were invited to indicate
their level of agreement for the items based on a 7-Likert scale
ranging from 1 to 7, where 1 represents strong disagreement
and 7 represents strong agreement (Barbarossa et al., 2015;
Wu et al., 2019).

As the basic construct of TAM and its extended models,
technology-related constructs such as usability, usefulness, and
accessibility were often selected in previous studies investigating
AFVs acceptance (Dudenhöffer, 2013; Globsich et al., 2018; Wu
et al., 2019). Other technology-related constructs (such as
technical level and readiness) were also included in the
independent models used to test the adoption of EVs (Zhou
et al., 2015; Wang et al., 2018). Although the pilot projects
demonstrated that methanol vehicles are technically mature,
consumer’s technological concerns, including driving range
and the safety of using methanol as fuel, and still need to be
considered. Therefore, the last hypothesis is proposed from a
technical perspective:
Hypothesis 6 Technological concerns positively determine
consumer acceptance of methanol vehicles.

Structural Equation Model
METHODOLOGY

The structural equation model (SEM) is developed to analyze
the relationships among unobserved constructs (latent
variables) from observed indicators (She et al., 2017). In
general, SEM contains two sub-models: a measurement
model that describes the relationships of constructs (latent
variables) and their corresponding observed variables; a
structural model that illustrates the causal relationship
among the constructs (Bollen et al., 2014; Zhang et al., 2018).
SEM is a technique for reducing errors when measuring
subjective latent constructs and incorporating them into
hypothesis testing (Hair et al., 2010; Mohamed et al., 2016).
Therefore, SEM has been widely used in social science including
the examination of AFVs acceptance (Han et al., 2017; Wu et al.,
2019; Xu et al., 2019). Since methanol vehicles have not yet
found wide application in China, many features of consumer
acceptance of methanol vehicles cannot be described directly.
Because SEM represents a tool for testing the relationship
between variables, it is used for assessing the acceptance of
methanol vehicles in China. Partial Least Squares (PLS) is
selected to estimate the parameters of SEM. According to
Degirmenci and Breitner (2017), the PLS approach requires a
relatively small size of samples and is appropriate for the early
stages of research such as the adoption of methanol vehicles.
Based on the formula for sample size calculation (Afroz et al.,
2015), the number of valid questionnaires in this study is
acceptable for the application of structural equation modeling.

Survey Design: Study Area, Sample, and
Data Collection
A questionnaire survey method was applied to test the
proposed hypotheses. The survey was conducted in Xi’an
(the capital city of Shaanxi province) and Guiyang (the
capital city of Guizhou province) from June to July 2020.
Xi’an and Guiyang were selected for the following reasons: 1)
Xi’an and Guiyang are two major methanol vehicle pilot
cities, with the greatest number of methanol vehicles and
methanol refueling stations in operation. Each city has
approximately 10,000 methanol taxis which is far more
than other pilot cities. 2) Both Xi’an and Guiyang
municipal governments implement a list of policies to
deploy methanol vehicles and planned to commercialize
methanol vehicles in 2021 (Li et al., 2019a). 3) Both cities
also deploy gas and electric vehicles, which diversiﬁes their
AFVs market. Therefore, the respondents in Xi’an and
Guiyang could have a comprehensive and objective idea
when evaluating methanol vehicles.
Considering that our research objective is to examine
methanol vehicle’s acceptance, it is necessary to include the
respondents who have already used methanol vehicles. The
total number of methanol passenger vehicles has already
exceeded 20,000 in China. However, all of them are used as
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FIGURE 3 | The proposed structural equation model of methanol vehicles acceptance.

TABLE 2 | Results of the measurement model.
Construct

Items

Loading

Cronbach’s α

Composite reliability
(CR)

Average variance
extracted (AVE)

Infrastructural concerns

Inf1
Inf2
Inf3
Env1
Env2
Env3
Mkt1
Mkt2
Mkt3
Eco1
Eco2
Eco3
Pol1
Pol2
Pol3
Tec1
Tec2
Tec3
Acc1
Acc2
Acc3

0.770
0.614
0.742
0.896
0.691
0.679
0.899
0.924
0.871
0.887
0.847
0.684
0.842
0.810
0.683
0.870
0.871
0.855
0.821
0.893
0.881

0.613

0.753

0.507

0.667

0.803

0.581

0.880

0.926

0.806

0.738

0.851

0.657

0.684

0.824

0.611

0.832

0.898

0.748

0.833

0.899

0.749

Environmental concerns

Market concerns

Economic concerns

Policy concerns

Technological concerns

Acceptance

RESULTS AND DISCUSSION

The loading of each item is deemed to be acceptable because
its value exceeds the threshold of 0.6 (Anderson and Gerbing,
1988; Han et al., 2017; Pfoser et al., 2018). Similarly, Cronbach’s α
for infrastructural, environmental and policy concerns are
acceptable (>0.6). The values of the remaining constructs are
excellent (>0.7). The results of composite reliability (>0.7) and
average variance extracted (>0.5) also meet the recommended
thresholds (Anderson and Gerbing, 1988; Han et al., 2017; Pfoser
et al., 2018). In order to test the validity of data collection, the
discriminant validity is calculated (Table 3).
It can be seen from Table 3 that the values on the diagonal are
the largest in each column. Therefore, the results also
demonstrate the validity of data collection. The proposed

A total number of 354 validated questionnaires have been
collected, based on the statistics provided by an online survey
machine. The collected data is used as the input to the proposed
SEM model (Figure 3). The results are obtained using the PLS
algorithm.
According to the value of determination coefﬁcient R2 shown
in Figure 3, the examined constructs explained a total of 67.9% of
the variance, indicating that the proposed model is a well-ﬁtted
regression model (Kristal et al., 2010). Table 2 shows the
measurement results, including loading, Cronbach’s α,
composite reliability, and average variance extracted values.
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TABLE 3 | Discriminant Validity.
Acceptance

Acceptance
Economic concerns
Environmental
concerns
Market concerns
Infrastructural
concerns
Policy concerns
Technological
concerns

Economic
concerns

Environmental
concerns

Market
concerns

Infrastructural
concerns

0.866
0.721
0.630

0.811
0.591

0.762

0.756
0.486

0.678
0.492

0.716
0.422

0.898
0.555

0.712

0.483
0.749

0.361
0.740

0.595
0.631

0.537
0.761

0.287
0.563

Policy
concerns

Technological
concerns

0.781
0.547

0.865

TABLE 4 | Results of hypothesis testing.
Hypothesis

Path coefﬁcient

T-value (bootstrap)

p-value

Result

0.001
0.061
0.319
0.274
0.044
0.241

0.009
0.638
2.855
2.475
0.705
2.251

0.993
0.524
0.004
0.013
0.481
0.024

Rejected
Rejected
Supported
Supported
Rejected
Supported

H1
H2
H3
H4
H5
H6

TABLE 5 | Group comparison of hypothesis testing.
Group in
Xi’an

Guiyang

Hypothesis

Path coefﬁcient

T-value (bootstrap)

p-value

Result

H1
H2
H3
H4
H5
H6
H1
H2
H3
H4
H5
H6

0.046
0.028
0.324
0.309
0.020
0.229
0.004
0.099
0.286
0.277
0.035
0.238

0.570
0.290
2.652
3.075
0.257
2.022
0.044
0.898
2.482
2.262
0.508
2.050

0.568
0.772
0.008
0.002
0.797
0.043
0.965
0.369
0.013
0.024
0.612
0.040

Rejected
Rejected
Supported
Supported
Rejected
Supported
Rejected
Rejected
Supported
Supported
Rejected
Supported

conceptual model is in line with the acceptable levels of reliability
and is well-supported by the collected data.
The results of hypothesis testing with all data input are
presented in Table 4. According to previous studies, p-value
has been widely used to test hypotheses (Pfoser et al., 2018; She
et al., 2017). Based on p-value (>0.05), hypotheses 1, 2, and 5 are
rejected, which means that infrastructural, environmental, and
policy concerns have a negligible impact on the acceptance of
methanol vehicles. In contrast, hypotheses 3, 4, and 6 are
supported, meaning that market, economic, and technological
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concerns strongly determine the consumer acceptance of
methanol vehicles. Speciﬁcally, the path coefﬁcient of market
concerns is the highest, indicating that market-related items have
the greatest impact on the consumer acceptance of the
commercial ﬂeet of methanol vehicles in China. Due to the
lack of participation of manufacturers and the current
immature methanol vehicle industry chain, this result is quite
reasonable. Moreover, economic and technological concerns
which also have high path coefﬁcient values, greatly inﬂuence
the adoption of methanol vehicles. Considering that all
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respondents were taxi drivers, it was reasonable to expect that
they gave priority to items related to economic and technical
perspectives, and such as fuel price and driving range.
Since the survey was conducted in two cities, this study used
different data to compare the acceptance of methanol vehicles
between two groups of taxi drivers (Table 5).
According to the results shown in Table 5, consumers (taxi
drivers) in two cities had a very similar rate of acceptance of
methanol vehicles. Consumers in both Xi’an and Guiyang are
more concerned about items of market, economic, and
technological aspects than that of environmental,
infrastructural, and policy aspects. However, there are some
minor differences based on the comparison of p-values.
Speciﬁcally, economic concerns have a much greater impact
on taxi drivers of methanol vehicles in Xi’an (0.002) than that
of Guiyang (0.024). Since the diversiﬁcation of the AFV market in
Xi’an (gas vehicles), the price advantage of methanol fuel in Xi’an
is not as good as in Guiyang. Also, based on the comparison of
p-values for hypothesis 1, taxi drivers in Xi’an have more
concerns from an infrastructural perspective than drivers in
Guiyang. This is because the city of Xi’an is larger than
Guiyang, but the density of refueling stations is lower. In
general, there is no signiﬁcant difference in terms of the
acceptance of methanol vehicles between the two cities.

construction to ensure the smooth operation of methanol
vehicles in the whole country.
• From an economic perspective, considering that the
promotion of the commercial ﬂeet largely relies on
ﬁnancial support, and it is recommended that the
provincial and local governments continue to provide
subsidies for methanol fuel and vehicles. In regions
where the deployment of methanol vehicles is prioritized,
it is important to emphasize the price advantages of both
methanol fuel and methanol vehicles.
• From a market perspective, as only a few automakers are
making methanol commercial ﬂeet, and the government
should encourage automakers to participate in the
manufacture of methanol vehicles. As more and more
automakers enter the market of methanol vehicles,
consumers will have a choice in selecting an appropriate
model of methanol vehicles.
• From a technical point of view, the government should
further improve the technical standards of both methanol
fuel and methanol vehicles and strengthen the research and
development of methanol vehicles. Although the current
respondents are satisﬁed with the safety and reliability of
methanol vehicles, more data need to be collected to assess
whether there are technical problems in operation.

CONCLUSION AND POLICY
IMPLICATIONS
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Evaluating consumer acceptance of the commercial ﬂeet of
methanol vehicles is essential for the further deployment of
methanol vehicles in China. By interviewing consumers (taxi
drivers of methanol vehicles), the appropriate constructs that may
affect the adoption of methanol vehicles were investigated.
According to the results of the proposed structural equation
model, market, economic, and technological concerns greatly
determine the acceptance of methanol vehicles. However, the
impacts of environmental, infrastructural, and policy factors are
not so obvious. This paper compares data from two different
cities currently leading the deployment of methanol vehicles. The
results also demonstrate that taxi drivers in Xi’an are more
concerned with economic and infrastructural items than
drivers in Guiyang. Although the results are limited and based
on interviewing taxi drivers because they are currently
representing the only drivers of methanol passenger vehicles,
we can draw the following policy implications for decisionmakers in the central and provincial governments to formulate
policies for further deploying methanol vehicles in China:
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