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Citizens’ acceptance and use of
new technology: the case of
Improved fuel in Ulaanbaatar

Undrakh Batkhuyag*

Laboratory of Global Environmental Policy, Graduate School of Global Environmental Studies, Kyoto
University, Kyoto, Japan

Introduction: In accordance with the government'’s pollution reduction policy,
this study examines the acceptance and usage of improved fuel in a mandatory
situation among citizens in Ulaanbaatar, Mongolia. The city struggles with air
pollution due to high coal consumption, especially in its Ger districts.

Methods: Utilizing the Unified Theory of Acceptance and Use of Technology
(UTAUT) model, the research explores the determinants influencing the
behavioral intention and actual use of improved fuel. The study integrates
additional factors, namely environmental impact, risk perception, and
autonomous as well as controlled motivation, into the UTAUT framework. Data
was collected through a cross-sectional online survey of 198 adult residents.

Results: The study identified performance expectancy, effort expectancy, and
social influence as significant predictors of intention to adopt improved fuel.
Performance expectancy had the strongest positive effect, while social influence
negatively impacted intention, reflecting citizens’ disapproval of improved fuel.
Intention significantly predicted actual usage, but facilitating conditions were
insignificant, likely due to the mandatory context. Autonomous motivation
positively influenced intentions, highlighting the importance of understanding
benefits. Controlled motivation, environmental impacts, and risks showed no
significant effects.

Conclusion: The findings underscore the importance of targeted policies and
public awareness in enhancing the adoption of cleaner technologies to mitigate
air pollution and improve public health in the city.
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1 Introduction

Despite being the most carbon-intensive fossil fuel, coal remains a crucial source of
global energy production, supplying over a third of the total electricity generation. It
is also a crucial energy source in the iron, steel, and cement industries (International
Energy Agency, 2022). Due to its abundant availability, coal has historically played a
pivotal role in global economic development. The latest data from 2022 shows that global
coal prices reached a record level. Coal consumption continued to increase, amounting
to 161 exajoules (EJ), the highest consumption level since 2014 (Energy Institute, 2023).
China and India mainly triggered this increased demand. Global coal production reached
a record high of 175 EJ in 2022, with China, India, and Indonesia being the major coal
producers (Energy Institute, 2023). The share of coal consumption in various sectors differs
and has changed over the past decades. While the residential sector was the top coal
consumer roughly up until the end of the 90s, the sector’s share in coal consumption has
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reached its minimum in recent years. For example, the global share
of the residential sector in coal consumption in 2019 was 6.4%,
compared to 19.6% in 1973 (International Energy Agency, 2021a).
However, its adverse impacts on public health and the environment
have become increasingly evident in recent years. In fact, coal
combustion pollutants contribute to climate change, compromise
air and water quality, and are linked to human morbidity and
mortality (Hendryx et al., 2020).

Given the environmental and health risks associated with coal
consumption, expanding access to clean fuels and technologies
is crucial to mitigate household air pollution and safeguard
public health. Targeted policies are crucial in low- and middle-
income countries, where air pollution disproportionately affects
populations. By addressing sources like fossil fuel combustion, such
policies can significantly improve air quality and public health
while also advancing climate change mitigation goals (WHO,
2022).

Coal is the dominant energy source in Mongolia, accounting for
60% of primary and 95% of secondary energy (Asian Development
Bank Institute, 2018). Forty one percent of final coal consumption
belongs to the residential sector in the country (International
Energy Agency, 2021b), making it the most significant fossil
fuel the households rely on for their daily activities. One of
the latest policy countermeasures by the Mongolian government
is Resolution No. 62, “Prohibition of the Use of Raw Coal)
enacted in 2019. This policy prohibits raw coal and mandates
the adoption of improved fuel (hereafter IF), which can play
a significant role in Mongolia’s environmental pollution control
measures. The policy significantly reduced PM2.5 and PM10 fine
particles in air pollution, approaching the standard level specified
by the Mongolian Agency for Standard and Metrology (Air
Quality General Technical Requirements MNS4585:2016), which
was previously three times higher. There was minimal change in
CO pollution parameters; however, SO levels increased from 1.2
to 2.5 times the standard level (Mongolian Department against Air
and Environmental Pollution, 2022).

Despite the potential benefits of new technologies, such as the
introduction of IF, they can prompt diverse public responses, owing
to the profound influence of energy within economic, political,
and social frameworks, coupled with the extensive ramifications of
energy-related decisions on ecological balance and public health.
Understanding these responses and their underlying determinants
is paramount, given their potential to shape the acceptance and
utilization of novel technologies (Boudet, 2019). Scholars have
voiced concerns regarding the fragmented nature of research
findings in this domain, attributing this to the diverse theoretical
underpinnings employed by researchers investigating perceptions
of citizens and reactions to new energy technologies (Frankowski
and Herrero, 2021; Boudet, 2019). This fragmentation impedes
the development of a cohesive theoretical framework, as most
studies tend to be descriptive rather than theoretically grounded
(Frankowski and Herrero, 2021; Kang et al., 2022). Therefore, this
research aims to explore Mongolian citizens’ acceptance of the
IF policy. To the author’s knowledge, no previous literature has
investigated this policy’s acceptance levels and determinants as a
direct government intervention aimed at citizens and individuals.
Studying the acceptance of improved fuel after more than 5 years of
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its mandate is crucial for several reasons. First, mandates do not
ensure genuine acceptance. Understanding ongoing compliance
and satisfaction helps assess if the policy benefits are sustained over
time. Second, negative perceptions, such as concerns over quality
or health impacts, highlight areas for improvement. This study’s
insights from this study can guide enhancements to improve public
satisfaction and compliance. Finally, lessons from this study can
inform future policies and help shape more effective strategies for
pollution reduction initiatives.

In order to analyze acceptance, this research will use the
Unified Theory of Acceptance and Use of Technology (UTAUT).
The key benefit of the UTAUT model is that it is already
highly integrative, synthesizing eight disciplines and concepts, and
quantitative studies have confirmed its predictive or explanatory
power. Integrative theory can minimize bias, best fit a research
topic or question, and tighten concepts through critical thinking
(Sovacool and Hess, 2017). Other relevant theories lack such
comprehensiveness. For example, the Technology Acceptance
Model focuses primarily on perceived usefulness and ease of use
but does not incorporate social or facilitating factors (Marikyan and
Papagiannidis, 2023). Similarly, the Diffusion of Innovation theory
emphasizes the characteristics of innovation but lacks a strong
focus on individual behavioral intention (Dwivedi et al., 2019).
Also, the Theory of Planned Behavior incorporates social norms
and perceived behavioral control. However, it does not account for
the role of performance or effort expectancy, which are key drivers
in technology acceptance (Venkatesh et al., 2003).

Therefore, this research objectives (1) assess the level of public
acceptance of the IF policy (Resolution No. 62) among Mongolian
citizens, (2) identify the determinants influencing the acceptance of
the IF policy in Mongolia, using the extended UTAUT framework,
and (3) contribute to the development of a theoretical framework
for understanding public responses to energy policy interventions
in low- and middle-income countries. The research questions
include: (1) What is the current level of public acceptance of the IF
policy among Mongolian citizens? (2) How do the key constructs
of the UTAUT model (performance expectancy, effort expectancy,
social influence, and facilitating conditions) and the newly added
variables influence Mongolian citizens” acceptance of the IF policy?
(3) How can findings on public acceptance and determinants of IF
adoption inform the design and implementation of future energy
policies in Mongolia and similar contexts?

This research contributes to technology acceptance literature
in three key ways. First, it extends the UTAUT model by
incorporating additional variables such as environmental impacts,
risk perception, and motivation (autonomous and controlled),
tailored to a mandatory policy context. Second, the findings
challenge traditional assumptions within the UTAUT, such as
the positive influence of social influence on behavioral intention,
by revealing its negative impact in this specific setting. This
highlights the need to consider cultural and situational factors
in technology adoption frameworks. Finally, the study provides
empirical evidence from a developing country context, offering new
insights into how socio-economic and policy-driven factors shape
public acceptance.

Section 2 discusses the theoretical framework and hypotheses
development, providing an overview of the UTAUT model and
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its extensions for this study. Section 3 outlines the methodology,
including the survey design, data collection, and analytical
techniques used. Section 4 presents the results, focusing on the key
findings from the structural equation modeling analysis. Section 5
provides a discussion of the findings in light of existing literature,
emphasizing theoretical and practical implications. Finally, Section
6 concludes the study by summarizing the key insights, highlighting
limitations, and suggesting directions for future research.

2 The UTAUT model and research
hypotheses

Venkatesh et al. (2003) reviewed and compared eight major
technology acceptance models to create a unified perspective
on user acceptance of technology. Through a thorough analysis
of these models, they developed the UTAUT. This new model
was designed to address the limitations of its predecessors
and demonstrated superior empirical performance. The original
UTAUT model distills the core factors in predicting behavioral
intentions as the main factor determining technology use. These
factors include performance expectancy, effort expectancy, social
influence, and facilitating conditions.

Performance expectancy, a core construct in the UTAUT
model, refers to the extent to which an individual believes using
a system will help them achieve desired outcomes (Venkatesh et al.,
2003). Studies on electric vehicle adoption (e.g., Abbasi et al., 2021;
Jain et al., 2022) or renewable energy adoption (e.g., Ahn et al,
2016; Kaur et al., 2024) have shown that perceived performance
benefits, such as fuel efficiency and environmental friendliness,
significantly impact consumer adoption intentions. In the context
of IF policy, this translates to the perceived benefits individuals
associate with adopting IF, such as improved health, reduced
emissions, or disease prevention. Based on this background, the
current study hypothesizes that:

H1I: Higher performance expectancy will have a positive effect on
behavioral intention to accept IF.

Venkatesh et al. (2003) hypothesize that the effect of
performance expectancy on intention will be moderated by gender
and age to make the effect stronger for younger males. Thus, this
study also assumes that:

Hila: The influence of performance expectancy on intention will
be moderated by age and gender, being stronger for younger men.

Effort expectancy refers to the system’s ease of use (Venkatesh
etal,, 2003). The significant effect of effort expectancy on intentions
has been supported in previous sustainability studies, such as the
study of Pak et al. (2023) on demand-responsive transportation and
Kaur et al. (2024) on solar water heater adoption. In the case of
IE, effort expectancy could relate to the perceived convenience of
accessing and using IF and the ease of integrating IF into existing
fuel infrastructure. Against this background, the current study
assumes that:

H2: Greater effort expectancy will have a positive effect on
behavioral intention to accept IF.

The influence of effort expectancy is moderated by gender,
age, and experience so that the effect will be stronger for younger
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females and at early stages of experience (Venkatesh et al., 2003).
The study thus assumes that:

H2a: This influence will be moderated by gender, age, and
experience, being stronger for younger women at their earlier stages
of experience.

Social norms, opinions of peers, and endorsements from
influential figures can sway individual attitudes and behaviors
(Venkatesh et al., 2003). Social influence has been consistently a
significant predictor of technology adoption intentions (e.g., Pak
et al., 2023; Kaur et al., 2024; Dwivedi et al., 2022; Liu et al., 2023).
For IF adoption, social influence could manifest as community
support for environmentally friendly fuel options or endorsements
from trusted individuals. Thus, it is hypothesized that:

H3: Favorable social influence will have a positive effect on
behavioral intention to accept IF.

The effect of social influence on intention is moderated by all
four variables, such that it will be stronger for elder women in
a mandatory setting and at early stages of experience (Venkatesh
etal, 2003). Thus:

H3a: This effect will be moderated by gender, age, and experience,
being stronger for older women with experience in using IF.

Facilitating conditions refer to the degree to which an
individual believes that there are supporting infrastructures to use
the system (Venkatesh et al,, 2003). This can include access to
information, training, technical infrastructure, or organizational
support. Studies have shown that strong facilitating conditions can
overcome adoption barriers and accelerate the diffusion of new
technologies (e.g., Jain et al., 2022; Abbasi et al., 2021). Thus:

H4: Good facilitating conditions will have a positive effect on
actual usage to accept IF.

Facilitating conditions are more impactful for older,
experienced users who rely on established routines (Venkatesh
et al, 2003). Therefore:

H4a: This effect will be moderated by age and experience, being
stronger for older users with more experience.

Despite the vast applicability of the UTAUT model in
different contexts, the low external validity of the model has
motivated researchers to further extend it by including additional
determinants of behavior (Marikyan and Papagiannidis, 2023). The
present study adapts the UTAUT model based on its objectives.
As mentioned in the previous sections, IF was introduced in
response to the heightened concerns about the environmental
risks attributed to coal consumption. It is expected that IF would
result in environmental and health benefits. Therefore, the present
study assumes that expected environmental benefits will affect the
IF adoption intention and adds the new variable “environmental
impact” to the original UTAUT model:

H5: Lower negative environmental impacts associated with IF
will positively affect the adoption intention for IF.

Additionally,
importance of risk and safety perception in deterring the

several previous studies point out the
adoption of new technologies (e.g., Widyanti et al, 2024; Jain
et al, 2022; Abbasi et al, 2021). Considering the significant
increase of SO, emissions in IF (Mongolian Department
against Air and Environmental Pollution, 2022), it is assumed
that such health risks might negatively affect the adoption

intention of IF:
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Hé6: In the adoption of IF, higher risk will negatively
influence acceptance

According to the UTAUT model, behavioral intention is a
directly predicts of actual usage (Venkatesh et al., 2003). Thus:

H7: Behavioral intention to use IF significantly and positively will
affect the actual use of IF.

Finally, based on research conducted by Guo (2022) in a
similar mandatory context, this study adds autonomous and
controlled motivation variables to understand how motivations,
either controlled reasons or self-governed reasons, affect the
intention. Autonomous motivation, a central concept in Self-
Determination Theory (SDT; Deci and Ryan, 2000), refers
to engaging in a behavior because it aligns with one’s values,
interests, or sense of self. This contrasts with controlled
motivation, where behaviors are driven by external pressures
self-
determination theory, has been linked to higher acceptance

or rewards. Autonomous motivation, aligned with
of mandatory policies when individuals understand and internalize
the benefits (Guo, 2022; Deci and Ryan, 2000). Controlled
motivation, while less impactful than autonomous motivation,
can influence intentions in settings with external contingencies
like fines or rewards (Hagger et al, 2014). Thus, the study
hypothesizes that:

H8: Autonomous motivation will have a significant positive effect
on intention.

H9: Controlled motivation will have a significant positive effect
on intention.

Figure 1 extended UTAUT model

depicts the study’s

and hypotheses.

3 Methods and materials

3.1 Case study: Ulaanbaatar city

The capital city of Ulaanbaatar contains more than 40% of the
country’s total population. The city consists of a dense downtown
core area and a ring of quasi-informal dwellings called Ger (around
60% of the city’s population; Carlisle and Pevzner, 2019). The city
is renowned as the world’s coldest capital, positioned in a high-
latitude basin at an altitude of 1,320 meters. It experiences extreme
seasonal temperature variations, with winters averaging —25°C
and summers reaching 30°C. The city grapples with prolonged,
cold, and dry winters, contrasted by brief cool summers, with
an average annual rainfall of 242.7mm and 69% humidity. The
geographical and climatic factors significantly impact air quality,
especially in winter, due to the influence of the Siberian High on air
circulation, resulting in stagnant and polluted air in the urban basin
areas [National Statistics Office of Mongolia (NSO), 2024]. Over
the years, coal has been the city’s predominant source of energy
provision, being burned at three levels: at centralized power plants,
smaller heat plants and heat boilers, and hundreds of thousands of
individual dwellings (Carlisle and Pevzner, 2019). Consequently,
the air pollution problem due to the use of coal is severe in
Ulaanbaatar. In fact, in 2015 and 2016, coal-dependent cities like
Ulaanbaatar ranked as the most polluted city globally, surpassing
industrialized metropolises like Beijing and New Delhi (Battulga
and Dhakal, 2024). The primary source of winter air pollution is
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categorized into four main contributors. Approximately 80% of the
air pollution stems from the annual consumption of 1 million tons
of coal by stoves in the Ger districts and 3,000 heating stoves owned
by enterprises. Another 10% comes from 238,000 vehicles using fuel
for over a decade, 6% from coal in thermal power plants, and 4%
from other sources [Unified Legal Information System (Mongolia),
2024]. The current toll of air pollution-related illnesses in Mongolia
is dire, with 300 deaths annually, including 240 children under
5 years old. This stark statistic underscores the disproportionate
impact of air pollution on children, highlighting the urgent need for
action to protect their health (UNICEF Mongolia, 2023). Given the
challenges faced, addressing Ulaanbaatar’s heat supply and energy
concerns is imperative to mitigate the impacts of severe winter
conditions (National Statistics Office of Mongolia, 2024).

3.2 Survey design and data collection

This research utilizes an observational, cross-sectional survey
method to assess the behavioral intention and actual usage of IF
among Ulaanbaatar residents who have experience using this fuel
type and reside in the Ger districts. The survey was designed using
Google Forms. Online surveys offer time efficiency, enabling faster
data collection and feasibility in situations with limited budgets.
Mongolia has a relatively high internet penetration rate among
urban populations, with the most significant coal consumption and
pollution levels. Therefore, conducting an online survey aligns well
with the study’s aim to capture views primarily from citizens most
impacted by the IF policy, particularly those residing in urban
areas like Ulaanbaatar, where the impact on air quality is most
apparent. Questionnaires were sent out through Facebook social
media networks to recruit respondents. The target participants
were Mongolian citizens over 18 years old who reside in the Ger
district and have had experience with IF. One hundred and ninety-
eight responses were collected from March 7th to April 6th, 2023.
There are various opinions about the proper sample size. Some
authors suggest a minimum of 100 (Boomsma, 1985 in Gana
and Broc, 2018) to 200 (Kline, 2016 in Gana and Broc, 2018)
participants for a non-complex model. Therefore, the study meets
the minimum sample size based on these suggestions and some of
the previous studies (e.g., Guo, 2022; Kang et al., 2022).

There were 2.5 million Mongolian Facebook users at the
beginning of 2022, accounting for 85% of the total population.
According to the 2020 population and housing census, 91.2% of
people aged six and older in Ulaanbaatar use mobile phones, 76.0%
use the internet, and the literacy rate for citizens over the age of
15 is 99.5%. The questionnaire included 13 demographic questions
and 33 theoretical questions covering dependent, independent,
and mediator variables. These questions were formulated based
on previous research (e.g., Venkatesh et al., 2003; Madigan et al,
2017; Guo, 2022) and specifically adapted for the case of IF. The
validity and reliability of the questionnaire were both above 0.70.
The questions were developed based on theoretical concepts and an
earlier UTAUT-based survey. Each item was rated on a five-point
Likert scale, where respondents expressed their level of agreement
with the statements from strongly agree (5) to strongly disagree
(1). Two independent translators did the first translation from the
source language into Mongolian. Bilingual translators translated
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Expectancy
[ Effort Expectancy Behavioral
Intention to Use
Social influence Improved Fuel
Improved Fuel
Actual Usage
Facilitating
Conditions
Environmental
Impact
Gender Age || Experience Autonomous Controlled
motivation motivation
FIGURE 1

Adapted UTAUT model. The solid lines represent direct hypothesized relationships (e.g., performance expectancy — behavioral intention, H1). The
dashed lines represent moderation effects (e.g., gender moderating performance expectancy — behavioral intention, H1a). Labels of moderating
effects are omitted from the figure to maintain a clean and uncluttered look for the figure.

CY ®)
m 18-29
m30-40
m Female m41-50
m Male
u51-60
m Over
60
©
m Elementary
school
2% 9%
= Middle school = Improved
fuel
= High m Electric
school/college heater
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graduate
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FIGURE 2
Demographic characteristics of the sample participants (%). (A) Gender. (B) Age. (C) Education level. (D) Household energy source.

the questionnaire into their native language to accurately capture An expert carefully assessed each version of the translation to
the complexity of the target language (Guillemin et al., 1993). Next,  ensure consistency in meaning, expression, and concepts compared
a third neutral bilingual translator who was not involved in the  to the original text. Disagreements were resolved collaboratively,
previous translation discussed and resolved disagreements between  resulting in the final translated questionnaire. Five individuals

the two translators.

Frontiers in Sustainable Energy Policy 05

tested this final version, also used to create a new questionnaire.
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Interviewers verbally prompted respondents to share their thoughts
on each item, ensuring clarity and fidelity to the original meaning
in the translated questionnaire.

3.3 Statistical analyses

Structural Equation Modeling (SEM) analysis was conducted
to examine the factors affecting the acceptance of IF. First,
following the suggestions of Anderson and Gerbing (1988),
Confirmatory Factor Analysis (CFA) was used to ensure the validity
of measures before testing the whole model. Additionally, in
order to further evaluate the reliability of the scales and construct
validity, several quantitative indicators including Cronbach’s alpha,
composite reliability (Hair et al, 2017), rho_a (Dijkstra and
Henseler, 2015), Average Extracted Variance (AVE) and the
square root of AVE (Fornell and Larcker, 1981), and Heterotrait-
Monotrait ratio (HTMT) of correlations (Henseler et al., 2015)
for assessing convergent validity and discriminant were calculated.
HTMT is a measure used to assess discriminant validity in
structural equation modeling (SEM). It compares the correlations
between constructs (heterotrait correlations) to correlations within
constructs (monotrait correlations; Henseler et al., 2015).

“Convergent validity is the degree to which multiple attempts
to measure the same concept agree. The idea is that two or
more measures of the same thing should covary highly if they
are valid measures of the concept” (Bagozzi et al., 1991, p. 425).
When the AVE value is greater than or equal to the recommended
value of 0.50, items converge to measure the underlying construct,
and hence convergent validity is established (Fornell and Larcker,
1981). “Discriminant validity is the degree to which measures
of different concepts are distinct. If two or more concepts are
unique, then valid measures of each should not correlate too
highly” (Bagozzi et al, 1991, p. 425). According to Fornell and
Larcker’s (1981) criterion, discriminant validity is established when
the square root of AVE for a construct is greater than its correlation
with all other constructs.

After evaluating the measurement models’ quality and validity,
the whole model’s predictive validity was assessed in the SEM stage
of the process. Statistical analyses were conducted in SmartPLS
version 4 (Ringle et al., 2021) and IBM SPSS Statistics version
28.0 (IBM Corp, 2021), utilizing Cronbachs Alpha (>0.70),
Composite Reliability (>0.70), Average Variance Extracted (>0.50),
and Heterotrait-Monotrait Ratio (<0.85) to confirm the model’s
goodness of fit.

4 Results

4.1 Descriptive statistics

Figures 2A-D  displays some main sample characteristics.
Around 80% of respondents were female. Fifty four percent of
respondents are between 30 and 40 years old, 20% are in their 40s,
14% are in their 50s, 8% are in their 20s, and 4% are over 60. The
sample is rather educated, with 50% of the respondents having a
high school education and around 40% having an undergraduate
or graduate level of education. In addition, a significant % of
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respondents, 96%, have experience using IF as their primary
energy source.

4.2 Measurement models

The measurement models were assessed to establish the
reliability and validity of the constructs (Table 1). First, the factor
loadings of all the items in the model have a value greater than
the minimum acceptable value of 0.50 mentioned in the previous
research (e.g., Hair et al, 2017). Although a factor loading over
0.7 is desirable (Esposito Vinzi et al.,, 2010), researchers frequently
obtain weaker outer loadings in social science studies. Rather than
automatically eliminating indicators, the effects of removing the
item on composite reliability, content, and convergent validity
should be examined. In the current study, items Social Influence
4 (SI4) and Controlled Motivation 1 (CM1) were eliminated
due to factor loadings lower than the acceptable amount of 0.5.
In addition, items Controlled Motivation 3 (CM3), Facilitating
Conditions 3 (FC3), and Performance Expectancy 3 (PE3) were
removed because their HTMT was higher than the suggested ratio,
implying that discriminant validity was not confirmed. Reliability
was assessed using Cronbachs alpha, composite reliability, and
rho_a. Statistics for the first two tests exceeded the recommended
value of 0.700 (Wasko and Faraj, 2005). The rho_a value was
between Cronbach’s alpha and composite reliability (Sarstedt et al.,
2022) and over 0.70, indicating good reliability (Henseler et al,
2016). Convergent validity was confirmed since the AVE for all
constructs was higher than 0.500. In addition, the square root of
AVE was higher than the correlations among the latent variables,
and the heterotrait-monotrait ratio (HTMT) of correlations was
below the (conservative) threshold of 0.85. Hence, discriminant
validity was also confirmed (see Tables 1, 2).

4.3 Structural model assessment

Table 3 shows the results of the SEM analysis. The results reveal
that performance expectancy (B = 0.431, t = 2.209, p < 0.05),
effort expectancy (B = 0.259, t = 1.738, p < 0.05), and autonomous
motivation (B = 0.464, t = 4.273, p < 0.05) have significant and
positive effects on behavioral intentions to accept the IF among
respondents. Therefore, hypotheses H1, H2, and H9 are supported.
While favorable social influence (B = —0.337, t = 1.715, p < 0.05)
was statistically significant, unlike hypothesized, its effect on the
intention was negative. Thus, H3 is not confirmed regarding the
direction of its effect. The effect of good facilitating conditions (B
= 0.115, t = 1.546, p > 0.05) is insignificant on actual usage, and
H4 is not confirmed.

The current study also added two factors, risk (B = 0.079, t =
1.039, p > 0.05) and environmental impacts (B = 0.012, t = 0.174,
p > 0.05), to investigate whether they can affect the intentions of
the respondents to accept the IF. The findings show that neither
of these two factors is significantly connected with intentions.
In other words, higher risks and environmental impacts do not
affect acceptance. Thus, H5 and H6 are not confirmed. Expectedly,
behavioral intention is a strong and significant predictor of actual
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TABLE 1 Results of reliability and validity analysis.

10.3389/fsuep.2024.1508302

Item Factor loadings Alpha rho_a CR AVE
Performance PE1 0.901 0.781 0.782 0.901 0.820
expectancy (PE)
PE2 0.910
Effort expectancy EE1 0.845 0.723 0.776 0.839 0.638
(EE)
EE2 0.671
EE3 0.865
Social influence (SI) SI1 0.902 0914 0.924 0.946 0.853
SI2 0.935
SI3 0.933
Facilitating FC1 0.599 0.602 0.635 0.784 0.552
conditions (FC)
FC2 0.811
FC4 0.799
Risk (R) R1 0.947 0.870 0.876 0.939 0.884
R2 0.934
Environmental EIl 0.921 0.845 0.854 0.928 0.865
impact (EI)
EI2 0.934
Behavioral BI1 0.878 0.884 0.887 0.928 0.812
intention (BI)
BI2 0.893
BI3 0.931
Experience (EX) EX1 0.892 0.757 0.827 0.858 0.669
EX2 0.825
EX3 0.728
Autonomous AM1 0886 0.884 0.886 0.928 0.811
motivation (AM)
AM2 0.901
AM3 0.914
Controlled CM2 1.000 -
motivation (CM)
Actual use (AU1) AUl 1.000 -
Gender 1.000 -
Age 1.000 -

CR (Composite Reliability) and AVE (Average Variance Extracted). For the complete definition of each item, please refer to Appendix A: Survey Questionnaire.

usage (B = 0.676, t = 9.866, p < 0.05) and H7 is supported.
Experience (B = 0.094, t = 1.197, p > 0.05) and controlled
motivation (B = 0.059, t = 0.840, p > 0.05) are insignificant
predictors of intentions and H8 and H10 are not supported.

R? represents the variance explained in each endogenous
construct and measures the model’s explanatory power (Shmueli
and Koppius, 2011). The R? ranges from 0 to 1, with higher values
indicating a greater explanatory power. As a general guideline,
Cohen (1988) suggested that R? values for endogenous latent
variables are assessed as follows: 0.26 (substantial), 0.13 (moderate),
0.02 (weak). The results (Table4) show that the R? for all
the endogenous constructs is over 0.26, indicating a substantial
explanatory power. To better estimate the explanatory value of each
exogenous variable in the model, the effect size (f2) can be tested.
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The effect size measures the influence of each independent variable
on the dependent variable. The impact of the predictor variable is
high at the structural level if f2 is 0.35, medium if f? is 0.15, and
minor if 2 is 0.02 (Cohen, 1988). The results (Table 4) reveal that f2
effect size ranges from 0.000 (negligible) for ET on BI to 1.019 (high)
for BI on AU. Finally, Q? values for the endogenous constructs
were over 0; hence, predictive relevance was established (Hair et al.,
2017).

To assess a model’s predictive power, the root-mean-square
error (RMSE) values were calculated, and the LM benchmark
values were obtained by running a linear regression of each of the
dependent construct’s indicators on the indicators of the exogenous
constructs in the PLS path model (Danks and Ray, 2018). The
comparison between the RMSE and the LM values (Table 5) shows
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TABLE 2 Fornell-Larcker criterion.

10.3389/fsuep.2024.1508302

Matrix AUl Gender Age (¢ AM
PE 0.91

EE 0.61 0.8

Sl 0.48 0.43 0.92

FC 0.38 0.55 0.31 0.74

R 0.23 0.19 0.25 0.20 0.94

El 0.25 0.26 0.29 0.39 0.52 0.93

Bl 0.59 0.53 0.56 0.38 0.25 0.28 0.90

AU1 0.51 0.53 0.46 0.43 0.32 0.29 0.78 1.00

Gender i)l —0.03 —0.02 —0.02 —0.02 0.03 —0.04 —0.14 1.000

Age 0.07 0.02 0.07 —0.06 —0.00 —0.04 0.12 0.08 —0.102 1.00

EX 0.41 0.54 0.31 0.58 0.35 0.40 0.45 0.52 —0.09 0.02 0.82

AM 0.59 0.57 0.58 0.38 0.19 0.23 0.75 0.73 —0.027 0.10 047 0.90
CM 0.22 0.27 0.44 0.20 0.03 0.23 0.43 0.41 —0.074 0.06 0.22 0.54 1.00

TABLE 3 Direct relationship.

Hypothesis Beta coefficient Standard deviation T statistics P-values Results

PE -> BI 0.431 0.195 2.209 0.014 Supported

EE -> BI 0.259 0.149 1.738 0.041 Supported

SI-> BI —0.337 0.196 1.715 0.043 Supported

FC-> AUl 0.115 0.074 1.546 0.061 Not supported

BI-> AU1 0.676 0.069 9.866 0.000 Supported

R->BI 0.079 0.076 1.039 0.149 Not supported

EI-> BI 0.012 0.067 0.174 0.431 Not supported

AM -> BI 0.464 0.109 4.273 0.000 Supported

CM -> BI 0.059 0.071 0.840 0.201 Not supported
TABLE 4 Model's explanatory power.

Predictors Outcomes R Square f Square Q Square

PE BI 0.678 0.039 0.295

EE 0.023

SI 0.030

R 0.012

EI 0.000

FC AU 0.662 0.023 0.426

BI 1.019

that all indicators in the PLS-SEM analysis have lower RMSE
values than the naive LM benchmark. Hence, the model has high
predictive power.

4.4 Moderation analysis

Table 6 shows the results of the moderation analysis. Based
on this analysis, only two significant moderating effects were
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identified. First, results concerning the role of gender on the
relationship between SI and BI (p-value = 0.024) reveal that
without gender being included, 47.9% of the variance in BI
is explained by SI. After including gender in the analysis, the
explained variance increases to 65.7%. This analysis demonstrates
that social influence is a significant predictor of intentions, and this
effect is significantly stronger among female participants. Second,
age negatively and significantly moderates the relationship between
FC and AU (p-value = 0.034). In other words, the effect of FC
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TABLE 5 Model’s predictive power.

Dependent PLS-SEM/RMSE/

variables

BI1 1.158 1.068
BI2 0.991 0.958
BI3 1.106 1.020
AUL 0.937 0.905

on AU is stronger among younger participants. According to
Cohen’s (1988) rule of effect size (f?), results reveal that moderating
effects do not contribute significantly to explaining the endogenous
construct (Table 6).

4.5 Respondents’ opinions on IF

Sixty-seven individuals left a comment on how they think
about IF. Fifty-three respondents believed that burning produces
excessive soot and ash, which affects the air quality and causes
inconvenience and health concerns. Twenty people raised the issue
of poor combustion, noting that the fuel neither ignites well nor
burns completely, causing excessive smoke. Among these groups,
some even mentioned that fuel quality has deteriorated. Twenty-
five respondents reported headaches and respiratory issues due to
the unpleasant fuel odor and expressed concerns about persistent
colds and irritation of the lungs. Eleven people expressed concern
for carbon monoxide poisoning or other dangerous effects from
the fuel, mentioning symptoms like dizziness and nausea. There
was significant concern that the fuel might be a silent danger in
their homes. Six users suggested that traditional coal, despite its
environmental drawbacks, was more efficient and less problematic
for health and daily use. Finally, 18 users suggested that the IF needs
better quality control and further research. They believed that the
fuel composition could be adjusted to address the issues of soot,
odor, and combustion efficiency. These opinions reflect a significant
dissatisfaction with the IF among the participants.

5 Discussion

This study analyzed the factors influencing Ulaanbaatar
citizens’ acceptance of the IF using the UTAUT model. The
findings indicated that the model could explain around 68%
of the variance in behavioral intentions and 66% in actual
usage in a mandatory situation. Performance expectancy, effort
expectancy, and social influence were all significant predictors of
adoption intention. While the former two factors were positively
connected to intentions, the latter negatively affected the intentions.
The study also confirmed that intention is the significant and
direct predictor of actual usage; however, facilitating conditions
were insignificant. These factors have been commonly, but not
consistently, mentioned as significant predictors of intentions in
other sustainability research areas (e.g., Dwivedi et al., 2022; Pak
et al.,, 2023; Liu et al., 2023; Kaur et al., 2024).
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5.1 Theoretical implications

This study advances the UTAUT model by incorporating
variables specific to sustainability and policy-driven contexts,
such as environmental impacts, risk perception, and motivation
(autonomous and controlled). These additions address gaps in
the literature by refining the model’s applicability to mandatory
settings and developing countries. The negative impact of social
influence on behavioral intention provides a novel insight,
challenging the UTAUT’s assumption that social pressures always
positively influence adoption. This finding underscores the need to
consider cultural and contextual factors in technology acceptance
models. Furthermore, the strong role of autonomous motivation
in a mandatory policy scenario highlights the importance of
intrinsic factors, expanding the theoretical basis for understanding
behavioral responses in sustainability research.

Koh et al. (2010) argue that in mandatory settings, people will
pay more attention to the usefulness of the new system. Therefore,
performance expectancy has a greater effect on intentions than
effort expectancy. Similarly, in the current study’s mandatory
context, the effect of performance expectancy was more significant
than that of effort expectancy. Social influence had a negative
effect on intentions to adopt IF. This finding is intriguing as it
contrasts with most previous studies and the assumption of the
UTAUT model. Sledgianowski and Kulviwat (2009) find a negative
relationship between normative pressure and the intent to use.
They discuss that normative pressure might only be influential in
the initial stages, or sometimes, pressure from significant others can
result in a reverse effect. Opinions expressed by over one-third of
the respondents in the present study show that many people are
concerned about the impacts of the IF and are not content with the
current quality of the fuel. This might imply that citizens generally
disapprove of the IF and its adoption. Consequently, people’s
significant others’ disapproval might decrease an individual’s
motivation and intention to engage in the behavior and lead to
the negative effect of social influence on the adoption intention of
the IF.

In this study’s mandatory situation, autonomous motivation
significantly and positively influenced behavioral intentions to
use the IF. This result shows that respondents with autonomous
motivation recognize the benefits of using IF better, even
as a mandatory behavior, and respond more positively to
this mandatory policy. A similar result regarding the role of
autonomous motivation was found in Guo (2022) in a study
about factors influencing students” acceptance of sports apps in a
mandatory situation. Similar to some previous studies (e.g., Hagger
et al, 2014; Leo et al.,, 2022), controlled motivation had no effect
on intentions to use IF. According to the self-determination theory
(Deciand Ryan, 2000), individuals who engage in certain behaviors
for controlled reasons feel pressure and obligation and are likely
to persist with the behavior as long as the external contingency,
such as a fine or punishment, exists. Thus, the effect of controlled
motivation on intentions is smaller than that of autonomous
motivation. The results of this study also align with the premises
of self-determination theory.

Facilitating conditions had no significant effect on the actual
use. This might be due to the fact that the situation is mandatory,
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TABLE 6 Results of the moderation analysis.

10.3389/fsuep.2024.1508302

Relationship Standard deviation T-value f square

(moderating effect)

(Gender x PE) -> BI —0.292 0216 1.349 0.017 0.089
(Gender x SI) -> BI 0.465 0.235 1.980 0.051 0.024
(Gender x EE) -> BI —0.232 0.179 1.292 0.015 0.098
(Age x PE) -> BI —0.101 0.074 1.359 0.016 0.087
(Age x EE) -> BI —0.048 0.063 0.759 0.005 0.224
(Age x SI) -> BI 0.040 0.086 0.462 0.003 0.322
(Age x FC) -> AU1 —0.109 0.060 1.819 0.036 0.034
(EX x EE) -> BI 0.006 0.095 0.064 0.000 0.474
(EX x SI)-> BI 0.148 0.107 1.376 0.035 0.084
(EX x EC) -> AU1 0.049 0.037 1.338 0.011 0.091
(AM x SI) -> BI —0.027 0.087 0315 0.001 0.376
(CM x SI) -> BI —0.075 0.070 1.077 0.011 0.141

The bold numbers indicate the significant moderating effects.

and whether there are facilitating conditions or not, people are left
with no other choice. In addition, households are well-equipped
and familiarized with how to use the IF. Moreover, Venkatesh et al.
(2003) state that facilitating conditions are only significant when
the moderating effects of experience and age are also analyzed.
This study assessed the moderating effect of experience on the
relationship between facilitating conditions and actual use. Still,
the moderating effect was insignificant. Finally, this study did not
confirm any significant effects of the two newly added variables, i.e.,
environmental impacts and risks, on the intentions.

The study found that moderating effects, such as gender, age,
and experience, on the relationships between key predictors and
behavioral intention or actual usage were statistically insignificant.
This finding contrasts with previous research using the UTAUT
model (Venkatesh et al, 2003), highlighting these factors
moderating influence. Several contextual and methodological
reasons may account for these results. First, the mandatory
nature of the IF policy likely minimized the impact of individual
differences. In such contexts, citizens may have limited autonomy
in decision-making, reducing the variability in responses based on
gender, age, or experience. This aligns with findings from Koh
et al. (2010), which suggest that mandatory adoption diminishes
the influence of personal and demographic moderators. Second,
the sample’s demographic characteristics may have contributed
to the lack of significant moderation effects. The participants’
education and experience with IF were relatively homogeneous,
which could explain why these moderators did not show significant
variance. For example, nearly all respondents had prior experience
using IE limiting the potential impact of “experience” as a
moderator. Third, the theoretical framework of the UTAUT
assumes that moderating effects become more pronounced in
voluntary contexts where individual preferences play a larger
role. In this study, the mandatory adoption setting likely reduced
the salience of these moderators, as citizens were compelled
to adopt IF regardless of their demographic characteristics or
prior experience.
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5.2 Practical implications

The findings provide actionable insights for policymakers
aiming to increase citizen acceptance of mandatory environmental
technologies like IF. First, addressing citizens’ dissatisfaction with
the quality of IF is essential. Policymakers should implement
stricter quality control measures and provide transparent updates
on product improvements. Second, public awareness campaigns
focusing on IF’s environmental and health benefits can enhance
intrinsic motivation and reduce resistance. Additionally, tailored
interventions, such as targeted messaging for older citizens
accustomed to traditional fuels, can address demographic-specific
concerns. Finally, fostering autonomous motivation through
educational programs can align citizens’ values with policy goals,
ensuring greater acceptance and long-term compliance.

6 Conclusion

Coal is a major source of power production and fuels energy-
intensive industries globally despite its proven negative impacts
on climate change, air pollution, and subsequent health issues.
Mongolia has a long history of coal reliance, with the residential
sector being the top coal consumer. This dependence on coal has
led to severe environmental and health problems in Mongolia. In
the capital city of Ulaanbaatar, Ger dwellings burn over a million
tons of raw coal annually, the main contributor to severe air
pollution during the winter months.

To combat the issues arising from coal combustion, the
Mongolian government banned the use of raw coal in 2019 and
introduced IF. As energy policies are intertwined with many other
socio-economic variables, introducing IF can trigger various public
responses. Understanding the complexities of public response and
acceptance of new energy technologies is crucial for achieving
desirable policy outcomes. Thus, while such policies are significant
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steps toward environmental protection and climate mitigation, it is
also essential to investigate the social aspects of new energy policies.

The current study aims to understand citizens’ acceptance of IF,
which was not thoroughly investigated in the years following the
policy’s introduction. To achieve this objective, the research adopts
the UTAUT model. It extends it by incorporating environmental
impacts, risks, and autonomous and controlled motivations based
on the IF case in the Mongolian context. The results show that
performance expectancy, effort expectancy, social influence, and
autonomous motivation are significant predictors of the intention
to adopt IF.

Policymakers should ensure that the high standards of IE, or any
other energy-related technologies, are maintained to keep citizens
satisfied with new technologies’ performance and ease of use.
Additionally, fostering positive attitudes among citizens regarding
the benefits of IF can lead to better satisfaction and acceptance than
punitive measures, which might provoke resistance.

6.1 Limitations and future directions

This study provides valuable insights into the factors
influencing the acceptance and use of IF in Ulaanbaatar. However,
several limitations should be noted. First, the data were collected
using a cross-sectional survey, simultaneously capturing responses.
As aresult, the study cannot assess how perceptions and behavioral
intentions may change over time, particularly as citizens become
more accustomed to the mandatory use of IF. Future research could
employ a longitudinal design to examine these dynamics. Second,
while social media was a practical tool for survey distribution in
this study, it presents potential biases, including self-selection and
limited access to specific demographics. The high penetration
rate of Facebook in Mongolia mitigates some of these biases,
as most urban residents actively use the platform. However,
future studies could address this limitation by combining social
media surveys with alternative methods, such as in-person or
random sampling, to reach underrepresented groups and ensure
greater generalizability of the findings. Finally, the study did
not include other potentially relevant factors, such as trust in
government policies or perceptions of economic incentives. Future
research could incorporate these variables to provide a more
comprehensive understanding of citizens’ acceptance of IF and
other sustainable technologies.
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