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Electric vehicle (EV) adoption is critical for achieving low-carbon urban mobility and mitigating greenhouse gas 
emissions. This study assesses the readiness of Chiang Mai, Thailand, for EV deployment by integrating qualita-
tive interviews with 10 key organizations and quantitative survey data from 400 participants (200 EV users and 
200 potential users). Findings indicate that 82% of respondents identified environmental concerns – particularly 
reducing PM2.5 air pollution – as their top motivation for EV adoption. This was followed by expectations of 
long-term cost savings (78%) and confidence in EV performance standards (74%). In contrast, 67% of non-users 
indicated high upfront costs as the primary barrier, 62% reported inadequate access to charging infrastructure in 
suburban and rural areas, and 58% exhibited limited awareness of EV incentives and policies. Policy evaluation re-
vealed critical gaps in the implementation of Thailand’s “30@30” target, including delays in financial incentives and 
insufficient regional infrastructure planning. To address these challenges, the study recommends targeted finan-
cial support for middle-income households, strategic expansion of charging networks in underserved areas, and 
increased public-private collaboration. The integration of smart grid technologies and renewable energy sources 
is also proposed to enhance grid efficiency and reduce long-term operational costs. By linking EV adoption to 
measurable environmental and economic outcomes, this research provides actionable insights for policymakers 
and a replicable framework for secondary cities in Thailand and comparable global contexts.
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Introduction
Electric vehicles (EVs) are a cornerstone of global ef-
forts to transition towards sustainable mobility, of-
fering a viable solution for reducing greenhouse gas 
emissions and improving urban air quality. As cities 
worldwide grapple with the dual challenges of climate 
change and worsening air pollution, EV adoption has 
become integral to achieving environmental sustain-
ability goals (International Energy Agency, 2024). EVs 
not only reduce reliance on fossil fuels but also con-
tribute to healthier urban living conditions by curbing 
pollution from internal combustion engines (Marwa 
Ben Ali, 2022; Pamidimukkala et al., 2023; Tokito and 
Nakamoto, 2025; Umair, 2024; Zaino et al., 2024). De-
spite their potential, the adoption of EVs varies signif-
icantly across regions due to differences in infrastruc-
ture (Adamashvili and Thrassou, 2024; Klungsida et al., 
2024; Pamidimukkala et al., 2023; Zaino et al., 2024), 
policy (Pamidimukkala et al., 2023; Umair, 2024; Zaino 
et al., 2024), and socio-economic factors (Marwa Ben 
Ali, 2022; Umair, 2024). Region-specific studies are es-
sential to understanding these variations and design-
ing effective interventions. Thailand is an important 
country in Southeast Asia, with Chiang Mai being a key 
city in the northern region, located 696 kilometres from 
Bangkok. Covering an area of 20 107.057 square kilo-
metres, Chiang Mai is the largest province in the north 
and the second-largest city. It is known for its high po-
tential and serves as a gateway to neighbouring coun-
tries, playing a central role in economic, industrial, and 
tourism development. The province with a population 
of 1 746 840 people, 785 999 households, and a pop-
ulation density of 86.88 people per square kilometre 
presents a compelling case for such an investigation. 
Known for its unique blend of urban growth and envi-
ronmental challenges (Insan et al., 2022; Sathyan et al., 
2024; Souissi et al., 2024), including severe seasonal 
air pollution from agricultural burning and vehicular 
emissions, Chiang Mai serves as an ideal setting to ex-
plore the dynamics of EV adoption in a rapidly develop-
ing city. The city’s efforts to balance economic growth 
with sustainability objectives highlight the importance 
of tailored strategies that address localised barriers 
and drivers of EV adoption.

This study aims to assess Chiang Mai’s readiness for 
EV adoption by identifying key factors influencing cur-
rent and potential EV users. It integrates qualitative and 

quantitative approaches to provide a comprehensive 
understanding of the barriers and enablers within the 
local context. Specifically, the research seeks to:
1	 evaluate the motivations and preferences of current 

EV users and intended adopters;

2	 identify critical challenges, such as limited charging 
infrastructure and financial barriers;

3	 examine the effectiveness of existing policies, in-
cluding Thailand’s “30@30” initiative, and propose re-
gion-specific improvements.

By addressing these objectives, the study contributes 
to the broader discourse on sustainable urban mobil-
ity and provides actionable insights for policymakers, 
industry stakeholders, and community leaders. The 
findings aim to guide the development of targeted 
strategies that not only promote EV adoption but also 
enhance the quality of life for Chiang Mai’s residents. 
Additionally, the research offers a framework that can 
be adapted to similar urban contexts, facilitating the 
global transition to cleaner transportation systems.

Chiang Mai’s case underscores the need for a holistic 
approach to sustainable mobility – one that integrates 
technological innovation, robust policy frameworks, 
and active stakeholder engagement. By focusing on 
localised solutions, this study emphasises the critical 
role of regional insights in overcoming the barriers to 
EV adoption and achieving long-term environmental 
and societal benefits.

Electric vehicle adoption trends
EVs have emerged as a pivotal component of glob-
al strategies to combat climate change and promote 
sustainable transportation. Worldwide, EV adoption 
has experienced a rapid increase, driven by policy in-
centives, technological advancements, and growing 
consumer awareness of environmental issues. For in-
stance, countries such as Norway and the Netherlands 
have pioneered EV adoption through comprehensive 
policy frameworks, including subsidies, tax exemp-
tions, and extensive charging infrastructure. China and 
the United States also lead in EV market growth, sup-
ported by their robust manufacturing capabilities and 
strategic investments in renewable energy integration 
with EV infrastructure (International Energy Agency, 
2024). However, disparities in EV adoption persist due 
to factors like economic development levels, policy 
readiness, and public acceptance.
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In Thailand, the promotion of EVs as a sustainable 
transportation solution began in 2015 with the Nation-
al Reform Council’s resolution to advance EV adop-
tion. The Energy Efficiency Plan (EEP) 2015–2036 set 
a national target of deploying 1.2 million EVs by 2036, 
complemented by the development of 690 EV charging 
stations nationwide (Techakanont et al., 2019). Despite 
these efforts, the local adoption rate remains mod-
est, largely constrained by high vehicle costs, limited 
charging infrastructure, and public hesitancy.

Existing infrastructure and policy frameworks
Thailand’s EV promotion policies include a three-phase 
Energy-Driven Mission Plan. Phase 1 (2016–2017) 
prioritized public transport electrification, focusing 
on infrastructure readiness. Phase 2 (2018–2020) ex-
panded public transport operations and prepared the 
groundwork for private EV adoption by introducing 
charging station standards, adjusting tariff structures, 
and incentivizing private investment. Phase 3 (2021 
onwards) targets scaling private EV adoption through 
enhanced infrastructure, smart charging systems, and 
vehicle-to-grid (V2G) integration.

In 2021, the National Electric Vehicle Policy Committee 
introduced the “30@30” policy, aiming for zero-emis-
sion vehicles (ZEVs) to comprise at least 30% of the 
total vehicle production by 2030, driving Thailand to-
wards a low-carbon future (Energy Policy and Planning 
Office, 2021). Announced on May 12, 2021, the policy 
set production and usage targets, including 440  000 
passenger cars and pickup trucks, 650  000 motor-
cycles, and 33  000 buses and trucks. It also outlined 
plans for 12  000 public fast-charging heads and 1450 
battery-swapping stations for electric motorcycles. To 
support this transition, measures were introduced to 
boost Thailand’s EV manufacturing sector and establish 
standards for vehicles and key components. Workforce 
development and business adaptation strategies were 
also included. As part of the policy’s implementation, 
the third/2021 and first/2022 committee meetings ap-
proved various EV promotion measures. On February 
15, 2022, the EV Tax Incentive Package was launched, 
leading to tariff reductions and customs duty exemp-
tions for fully assembled battery electric vehicle (BEV), 
announced on April 22, 2022, by the Ministry of Finance 
and the Excise Department. Additionally, on March 21, 
2022, the Industrial Works Department issued regula-
tions to support EV adoption in cars and motorcycles. 

These initiatives aim to make BEV more competitively 
priced against conventional vehicles (Energy Policy and 
Planning Office, 2021). 

Additionally, the EV3.5 scheme (2024–2027) offers fi-
nancial incentives, such as subsidies between 5000 
and 100 000 Thai Baht (THB) for imported EVs, reduced 
import duties, and excise tax reductions, conditional 
on manufacturers commencing local EV production by 
2026 (Apisitniran, 2024). Complementing these meas-
ures is the Master Plan for Thailand’s Smart Grid Sys-
tem (2015–2036), which supports energy management 
advancements essential for EV integration. The mid-
term phase (2025–2034) focuses on deploying distrib-
uted energy resources (DERs), energy storage sys-
tems, and EV charging networks, crucial for meeting 
Thailand’s carbon neutrality goals by 2050–2065.

Despite significant progress, gaps remain in integra- 
ting EVs within Thailand’s existing urban infrastructure. 
Inconsistent policy implementation and insufficient 
collaboration between stakeholders – government, 
private sector, and consumers – pose challenges. For 
instance, Kamkate’s feasibility study highlighted that 
financial and policy support are critical for the long-
term sustainability of EV infrastructure investments 
(Techakanont et al., 2019). Furthermore, consumer 
surveys indicate that while financial incentives can in-
crease EV adoption, they must be paired with acces-
sible charging networks and regulatory clarity (Kong-
klaew et al., 2021).

Region-specific barriers: the Chiang Mai context
Recent trends indicate a growing shift from internal 
combustion engine vehicles to electric alternatives, in-
cluding battery electric vehicles (BEVs), plug-in hybrid 
electric vehicles (PHEVs), and hybrid electric vehicles 
(HEVs). Collectively, these are often referred to as xEVs 
(a term encompassing all types of electric vehicles). 
Fig. 1 shows Thailand’s current electric vehicle status 
as of February 2024, with the number of xEV registra-
tions in 2024: PHEV 1834, HEV 26 134, and BEV 22 278. 
Fig. 2 shows an accumulated number of xEV registra-
tions in 2020–2024: PHEV 55  782, HEV 369  532, and 
BEV 154 027 (Electric Vehicle Association of Thailand, 
2024). Chiang Mai, a major northern province and eco-
nomic hub in Thailand, faces unique challenges in EV 
adoption. The city has experienced rapid urbanisation, 
population growth, and increasing vehicle ownership. 
From 2020 to 2023, vehicle registrations in Chiang Mai 
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grew from 1 534 472 to 1 777 237 – a monthly increase 
of approximately 7300 vehicles as shown in Table 1 
(Transportation Statistics Group Planning Division of 
Department of Land Transport, 2020, 2023a, 2023b, 
2023c). This rise has exacerbated traffic congestion and 
air pollution, with PM2.5 levels frequently surpassing 

Although Chiang Mai has been designated a model city 
for EV promotion, several barriers hinder its progress. 
High upfront EV costs, limited availability of charging sta-
tions, and consumer concerns about battery range remain 
significant obstacles. By 2023, at least three service pro-
viders will provide permanent cross-network charging 
services (Electric Vehicle Association of Thailand, 2024). 
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safe thresholds, particularly during the dry season. 
These environmental issues have ranked Chiang Mai 
among the world’s most polluted cities multiple times 
between 2019 and 2024 (Bank of Ayudhya Public Com-
pany Limited, 2024; Energy Policy and Planning Office, 
2021).

Fig. 3 shows the number of public EV charging stations in 
Thailand. It rapidly grew from 855 stations in June 2022 
to 2658 in December 2023 and 3176 in June 2024, not in-
cluding public EV charging stations that serve only specific 
EV owners, e.g., Tesla Super Charger, MG Super Charge, 
etc. About 4% of total charging stations are in Chiang Mai 
(Energy Policy and Planning Office, 2024).
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Additionally, the local EV market is dominated by high-
er-income demographics, limiting widespread adop-
tion. To address these issues, Chiang Mai requires 
targeted interventions, including expanded char-
ging networks, financial incentives for lower-income 
groups, and enhanced public awareness campaigns.

Chiang Mai possesses significant renewable energy 
potential, particularly in solar photovoltaic (PV). With 
high solar irradiance averaging 5.0–5.5 kWh/m²/day 
(DEDE, 2023) and based on this potential, an average 
PV array yield is 4.36–4.86 kWh/kW/day (Ketjoy et al., 
2013). Chiang Mai has a 10% proportion of using renew-
able energy to total energy (Pongruengkiat et al., 2023); 
only a small fraction of this is linked to EV infrastruc-
ture. Therefore, there is significant potential for growth 
and expansion in the coming years for PV rooftop in-
stallations on public buildings, charging stations, and 
residential properties that can support decentralized 
EV charging. A feasible pathway involves solar-pow-
ered EV charging stations, combining rooftop PV with 
battery storage systems (Kitworawut et al., 2023). As 
confirmed by simulation studies (Sriboon et al., 2016), 
a decentralised solar-based EV charging system with 
battery storage shows how local energy generation 
can reduce strain on the national grid. This enhances 
energy resilience, particularly for rural or peri-urban 
areas where grid reliability is an issue. It empowers 
communities to take part in clean energy generation, 
reinforcing energy democracy. These insights support 
the advancement of sustainable, localised energy sys-
tems that are critical for the widespread adoption of 
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EVs in secondary cities like Chiang Mai. Additionally, 
policies that encourage net metering and feed-in tar-
iffs for EV-related solar generation could promote pro-
sumer behaviour and reduce strain on the central grid 
(Krungsri Research, 2024; Leewiraphan et al., 2024a, 
2024b). The synergy between renewable energy and EV 
adoption enhances environmental performance and in-
creases local energy resilience, particularly important 
in a tourist-driven, mountainous region with logistical 
challenges.

Chiang Mai’s strategic location as a tourism and eco-
nomic hub offers significant potential for EV integration. 
The province hosts approximately 9.6 million tourists 
annually, generating significant revenue (Chiang Mai 
Provincial Office, 2019). Leveraging its tourism sector 
to promote EV adoption, such as implementing elec-
tric public transport or encouraging EV rental services, 
could yield substantial environmental and economic 
benefits.

Gaps in research on region-specific barriers
While global research has extensively covered EV 
adoption trends, region-specific studies, particularly 
in developing economies like Thailand, remain under-
explored. Comparative research in environmentally 
progressive countries, such as Vassileva and Campil-
lo’s study in Sweden, demonstrated that policy incen-
tives, renewable energy availability, and environmental 
awareness significantly influence EV adoption (Vassi-
leva and Campillo, 2017). These findings highlight the 
importance of tailoring strategies to regional contexts.
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In Thailand, existing studies focus predominantly on 
national-level policies and urban centres like Bang-
kok, neglecting the specific needs of secondary cities 
such as Chiang Mai. For instance, Sangaroon’s survey 
in Bangkok emphasized the role of financial incentives 
and infrastructure in driving EV adoption but did not 
account for regional disparities in public acceptance 
or environmental challenges (Kongklaew et al., 2021). 
Similarly, while Kamkate’s analysis provided insights 
into the economic feasibility of charging station in-
vestments, it did not explore localised barriers, such 
as consumer perceptions or geographic constraints 
(Techakanont et al., 2019).

Addressing these research gaps is critical for devi- 
sing effective EV promotion strategies. Studies must 
examine the interplay of environmental challenges, 
consumer behaviour, and infrastructure readiness in 
secondary cities. In Chiang Mai, integrating EV adoption 
with air quality management and urban planning could 
provide a model for sustainable development. More-
over, understanding consumer hesitancy through be-
havioural studies could inform targeted interventions, 
such as subsidy schemes for middle-income groups or 
public-private partnerships to expand charging infra-
structure.

EV adoption is integral to Thailand’s transition to a 
sustainable and low-carbon society. While significant 
strides have been made at the national level, regional 
challenges, particularly in secondary cities like Chiang 
Mai, must be addressed to realise the full potential of 
EVs. Existing policies and infrastructure frameworks 
provide a solid foundation, but targeted interventions 
and region-specific research are essential to overcom-
ing local barriers. By addressing gaps in infrastruc-
ture, enhancing public awareness, and tailoring policy 
measures to regional contexts, Thailand can accelerate 
EV adoption and achieve its sustainability goals.

Methodology
This study employs a mixed-methods approach, inte-
grating qualitative interviews with key stakeholders 
and quantitative surveys targeting electric vehicle (EV) 
users in Chiang Mai. This methodology is designed to 
provide a comprehensive understanding of factors in-
fluencing EV adoption, encompassing infrastructure, 

stakeholder collaboration, and consumer perceptions. 
The mixed-methods approach ensures the triangula-
tion of findings, enhancing the reliability and depth of 
the research.

Justification for selecting Chiang Mai
Chiang Mai was selected as the study site due to its 
unique combination of environmental challenges, ur-
banisation trends, and government-led sustainability 
initiatives. As a popular tourist destination and a re-
gional hub, the city faces significant air pollution is-
sues, particularly from PM2.5, which electric vehicles 
can help mitigate. According to a recent health impact 
assessment, long-term exposure to PM2.5 pollution in 
Thailand results in substantial public health risks (Mu-
eller et al., 2021). Additionally, increasing ambient tem-
peratures and reduced thermal comfort in urban out-
door environments have been documented in tropical 
regions, highlighting the compounded challenge posed 
by air pollution and heat stress (Sadakorn et al., 2025). 
Furthermore, Chiang Mai’s strategic plans for inte-
grating renewable energy and smart grid technologies 
align well with the study’s focus on EV infrastructure 
and sustainable mobility. This setting provides a rele-
vant and actionable context for exploring EV adoption 
in Thailand.

Data collection
The research employed two primary methods of data 
collection:

1. Qualitative interviews. Semi-structured interviews 
were conducted with representatives from government 
agencies, private sector organisations, and electricity 
service providers. The organisations were selected us-
ing purposive sampling to ensure their relevance to EV 
adoption efforts in Chiang Mai. The interviews aimed 
to gather insights into roles and responsibilities, in-
frastructure readiness, and challenges in promoting 
EV adoption. Table 1 summarises the organisations 
involved in the interviews. Pre-determined questions 
facilitated active engagement, covering the following 
areas:
•	 roles and responsibilities related to EV promotion;
•	 readiness to support EV services and demand;
•	 challenges and obstacles in developing EV 

infrastructure.
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A total of 10 stakeholders were interviewed, and the-
matic coding was employed to analyse the qualitative 
data, identifying recurring themes and highlighting op-
portunities for stakeholder collaboration.

2. Quantitative surveys. Surveys were conducted ran-
domly with 400 EV users and potential users residing 
in Chiang Mai province. Participants were identified 
through documentary and statistical data from the De-
partment of Land Transport. The survey was designed 
to explore six key areas:
•	 general demographics;
•	 knowledge and understanding of EV technology;
•	 behaviour and decision-making processes;
•	 factors influencing EV adoption.
•	 challenges experienced by EV users;
•	 future trends and intentions regarding EV use.

The survey utilised a combination of Likert scales and 
open-ended questions, providing both quantitative 
and qualitative insights. Knowledge levels were cat-
egorised into three bands (low  =  1.00–2.40, modera- 
te = 2.41–3.40, and high = 3.41–5.00) based on a scor-
ing framework derived from the Wadecharoen method 
(Wadecharoen, 2017). Data were statistically analysed 
using regression models to examine the impact of en-
vironmental awareness, financial incentives, and infra-
structure availability on EV adoption. SPSS Statistics 
version 17.0 for Windows was employed for descriptive 
statistics and stakeholder response analysis

Data analysis
The study integrated qualitative and quantitative data 
to derive actionable insights:
•	 Qualitative analysis. Interview transcripts were the-

matically coded to identify patterns in stakeholder 
readiness, infrastructural challenges, and collaborative 
opportunities. The analysis highlighted critical barriers 

and enablers of EV adoption specific to Chiang Mai’s 
context.

•	 Quantitative analysis. Survey data were subjected to 
statistical tests, including regression analysis, to eval-
uate the significance of key factors such as environ-
mental awareness, financial incentives, and charging 
infrastructure availability. Results were used to test the 
study’s hypotheses and assess the relative importance 
of each factor.

•	 Integration. Findings from both methods were syn-
thesised to provide a holistic understanding of Chiang 
Mai’s readiness for EV adoption. This approach en-
abled the formulation of targeted recommendations 
for stakeholders.

•	 The content validity of the in-depth interviews, anal-
ysed using the Item-Objective Congruence Index (IOC) 
based on the opinions of three experts, showed an 
index value of 0.78. The content validity analysis for 
the questionnaires intended for electric vehicle users 
resulted in an IOC value of 0.96. Likewise, the content 
validity analysis for the questionnaires aimed at indi-
viduals interested in using electric vehicles also yielded 
an IOC value of 0.96.

•	 Reliability was assessed using the Cronbach alpha coef-
ficient. The reliability test for the questionnaire designed 
for electric vehicle users resulted in the Cronbach alpha 
value of 0.949. Similarly, the test for the questionnaire 
aimed at individuals interested in using electric vehicles 
yielded the Cronbach alpha value of 0.955.

Ethical considerations
The study adhered to rigorous ethical standards. Ap-
proval was obtained from the Human Subject Protec-
tion Committee (HSP) under the Naresuan University 
Institutional Review Board (IRB), COA No. 439/2021. 

Sector Organisations

Government
Chiang Mai Provincial Office, Chiang Mai Industrial Council, Chiang Mai Chamber of Commerce, Chiang Mai Mu-
nicipality, Region 10 Energy Office, Chiang Mai Transport Office, Nakhon Ping Energy Research and Development 
Institute, Chiang Mai University

Private sector
FOMM Asia Co., Ltd., SCP Motorsport Co., Ltd. (Thailand), Basella Motors Chiang Mai Co., Ltd., Charoen Motor 
Benz Co., Ltd., MG Sales (Thailand) Co., Ltd., Thai Electric Vehicle Association

Electricity Electricity Authority of Region 1 (Northern Region)

Table 1. Sample organisations for interviews
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All research activities conformed to the Declaration 
of Helsinki, The Belmont Report, CIOMS Guidelines, 
and the International Conference on Harmonisation in 
Good Clinical Practice (ICH-GCP). Participants provided 
informed consent, and their data were anonymised to 
ensure confidentiality.

By combining qualitative and quantitative insights, this 
methodology provides a robust framework for asses- 
sing EV adoption in Chiang Mai, addressing both infra-
structural and behavioural dimensions. The findings 
aim to guide policy and stakeholder strategies in ad-
vancing sustainable urban mobility in the region.

Results and Discussion

Stakeholder insights 
Interviews with 10 key stakeholders revealed three 
major themes: (1) perceived benefits of EV adoption for 
reducing urban pollution, (2) infrastructure and policy 
challenges, and (3) the importance of public awareness 
and incentives. First, most stakeholders agreed that 
EVs offer a promising solution to air quality issues, es-
pecially concerning PM2.5 emissions. Several respond-
ents referenced growing public concern over health 
impacts and environmental degradation. Second, chal-
lenges such as limited charging stations, unclear policy 
direction, and high upfront costs were frequently men-
tioned. Finally, stakeholders emphasised that public 
education campaigns and financial and non-financial 
incentives are critical for accelerating adoption. These 
insights are further elaborated below with representa-
tive quotes and observations from different stakehold-
er groups. 

Infrastructure limitations. A consistent concern among 
stakeholders was the limited availability of charging 
stations, particularly outside Chiang Mai’s central dis-
tricts. While some progress has been made in estab-
lishing basic charging infrastructure, suburban and 
rural areas remain underserved, creating a significant 
barrier to widespread adoption. Stakeholders also not-
ed the lack of advanced charging options, such as fast 
chargers, which limits convenience for EV users and 
raises concerns about range anxiety.

Policy and economic challenges. Stakeholders ex-
pressed concerns about inconsistencies in the im-
plementation of EV-related policies. While national 

frameworks such as “30@30” provide high-level tar-
gets, the lack of clear, localised guidelines reduces 
their effectiveness. Moreover, delays in providing sub-
sidies and tax incentives have discouraged investment 
in both EV infrastructure and consumer adoption. The 
high cost of EVs, driven largely by import duties and ex-
pensive components like batteries, was also identified 
as a major deterrent, particularly for middle-income 
groups.

Public awareness and perception. A recurring theme in 
the interviews was the low level of public understan- 
ding of EV technology. Stakeholders observed that 
many consumers lack awareness of the long-term 
benefits of EVs, such as lower operational costs and 
environmental advantages. Misconceptions about bat-
tery lifespan, maintenance costs, and the environmen-
tal impact of electricity generation further contribute 
to consumer hesitancy. Stakeholders emphasised the 
need for public education campaigns to address these 
gaps and build confidence in EV technology.

Opportunities for growth. Despite these challenges, 
stakeholders identified several opportunities to en-
hance EV adoption in Chiang Mai. Leveraging the city’s 
tourism sector was highlighted as a potential driver for 
EV uptake, with incentives for EV use in tourism-relat-
ed services, such as electric shuttles and rental cars, 
offering dual benefits of increasing visibility and redu- 
cing emissions. Furthermore, stakeholders empha-
sised the potential of public-private partnerships to ac-
celerate infrastructure development. Collaborative ef-
forts between government agencies, private investors, 
and energy providers could help distribute the financial 
burden of infrastructure expansion while ensuring ac-
cessibility in underserved areas.

Technology integration. Stakeholders also noted the 
importance of integrating emerging technologies to 
support the EV ecosystem. For instance, the adoption 
of vehicle-to-grid (V2G) technology and household 
solar rooftops were seen as promising solutions to 
enhance energy efficiency and reduce charging costs. 
Investments in local battery production and research 
and development for alternative battery technologies 
were also identified as long-term priorities to make 
EVs more affordable and accessible.

These insights reveal that while Chiang Mai faces sig-
nificant challenges in its journey toward EV adoption, 
strategic initiatives and collaborative efforts among 
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stakeholders can address these barriers. Key areas for 
improvement include expanding charging infrastruc-
ture, streamlining policy implementation, and impro- 
ving public awareness, all of which are crucial for crea- 
ting a supportive ecosystem for EVs in Chiang Mai.

Quantitative survey results 
Survey responses from 400 participants (200 EV users 
and 200 potential users) provided critical insights into 
consumer behaviour and preferences as follows. 

Demographic trends. Fig. 4 shows that the majority 
of respondents were men (74.5%), and Fig. 5 shows 
that the largest age group was 30–40 years (33.0%), 
followed by 41–50 years (28.5%). In Fig. 6, most were 
married (50.0%), while 47.0% were single. Regarding 

education, 62.0% held a bachelor’s degree, 20.5% had 
lower qualifications, and 17.5% had higher degrees, 
as seen in Fig. 7. Fig. 8 demonstrates that the largest 
occupational group consisted of private company em-
ployees (34.5%), followed by business owners (24.5%) 
and civil servants (15.0%). Income distribution in Fig. 9 
showed that 40.5% earned between 20 000 and 40 000 
THB per month, 25.5% earned less than 20  000 THB, 
and 34.0% earned more than 40 000 THB. Fig. 10 shows 
that most participants resided in Mueang Chiang Mai 
District (54.0%), while 39.0% lived in suburban dis-
tricts within 15 km, such as Mae Rim, San Sai, and 
Hang Dong. Only 7.0% lived in outer districts more than  
15 km away. Additionally, most users were using EVs 
for one to five years without encountering any issues.

Fig. 4. Number of respondents classified by gender (author’s survey, 2024)

Fig. 5. Number of respondents classified by age (author’s survey, 2024)

Fig. 6. Comparison of EV users and Intentions classified by respondent status (author’s survey, 2024)
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widespread adoption. Stakeholders also noted the lack of advanced charging options, such as fast chargers, which 4 
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the lack of clear, localised guidelines reduces their effectiveness. Moreover, delays in providing subsidies and tax 8 
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Public awareness and perception. A recurring theme in the interviews was the low level of public 12 
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rooftops were seen as promising solutions to enhance energy efficiency and reduce charging costs. Investments 27 
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These insights reveal that while Chiang Mai faces significant challenges in its journey toward EV adoption, 30 
strategic initiatives and collaborative efforts among stakeholders can address these barriers. Key areas for 31 
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public awareness, all of which are crucial for creating a supportive ecosystem for EVs in Chiang Mai. 33 

 34 
Quantitative survey results  35 

 36 
Survey responses from 400 participants (200 EV users and 200 potential users) provided critical insights 37 

into consumer behaviour and preferences as follows.  38 
Demographic trends. Fig. 4 shows that the majority of respondents were men (74.5%), and Fig. 5 shows that 39 

the largest age group was 30–40 years (33.0%), followed by 41–50 years (28.5%). In Fig. 6, most were married 40 
(50.0%), while 47.0% were single. Regarding education, 62.0% held a bachelor’s degree, 20.5% had lower 41 
qualifications, and 17.5% had higher degrees, as seen in Fig. 7. Fig. 8 demonstrates that the largest occupational 42 
group consisted of private company employees (34.5%), followed by business owners (24.5%) and civil servants 43 
(15.0%). Income distribution in Fig. 9 showed that 40.5% earned between 20 000 and 40 000 THB per month, 44 
25.5% earned less than 20 000 THB, and 34.0% earned more than 40 000 THB. Fig. 10 shows that most 45 
participants resided in Mueang Chiang Mai District (54.0%), while 39.0% lived in suburban districts within 15 46 
km, such as Mae Rim, San Sai, and Hang Dong. Only 7.0% lived in outer districts more than 15 km away. 47 
Additionally, most users were using EVs for one to five years without encountering any issues. 48 
 49 

 50 
Fig. 4. Number of respondents classified by gender (author’s survey, 2024) 51 
 52 

152

149

48

51

0 50 100 150 200 250

EV users

Intention

No. Respondents
Male Female

 1 
Fig. 5. Number of respondents classified by age (author’s survey, 2024) 2 
 3 

 4 
Fig. 6. Comparison of EV users and Intentions classified by respondent status (author’s survey, 2024) 5 
 6 

 7 
Fig. 7. Percentage of respondents by education level (author’s survey, 2024) 8 
 9 

22

78

68

21

11

52

66

57

23

2

0 20 40 60 80 100 120 140 160

Lower 30 years

30-40 Years

41-50 Years

51-60 Years

More than 60 years

No. Respondents
EV users Intention

Married ; 
108; 54%Single; 69; 

34%

Widowed/divorced/
separated; 23; 12%

EV USERS 

Married ; 
100; 50%Single; 94; 

47%

Widowed/divorced
/separated; 6; 3%

INTENTION

24

133

43

41

124

35

0% 20% 40% 60% 80% 100%

Undergraduate

Bachelor's degree or Equivalent

Postgraduate

Percentage of Education LevelEV users Intention

 1 
Fig. 5. Number of respondents classified by age (author’s survey, 2024) 2 
 3 

 4 
Fig. 6. Comparison of EV users and Intentions classified by respondent status (author’s survey, 2024) 5 
 6 

 7 
Fig. 7. Percentage of respondents by education level (author’s survey, 2024) 8 
 9 

22

78

68

21

11

52

66

57

23

2

0 20 40 60 80 100 120 140 160

Lower 30 years

30-40 Years

41-50 Years

51-60 Years

More than 60 years

No. Respondents
EV users Intention

Married ; 
108; 54%Single; 69; 

34%

Widowed/divorced/
separated; 23; 12%

EV USERS 

Married ; 
100; 50%Single; 94; 

47%

Widowed/divorced
/separated; 6; 3%

INTENTION

24

133

43

41

124

35

0% 20% 40% 60% 80% 100%

Undergraduate

Bachelor's degree or Equivalent

Postgraduate

Percentage of Education LevelEV users Intention



42 Environmental Research, Engineering and Management          2025/81/3

Fig. 7. Percentage of respondents by education level (author’s survey, 2024)

Fig. 8. Percentage of respondents by occupation (author’s survey, 2024)

Fig. 9. Comparison of EV users and Intentions classified by respondent’s average monthly income (author’s survey, 2024)

Fig. 10. Number of respondents classified by residential area (author’s survey, 2024)
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Key motivators. The study highlights several critical 
motivators for electric vehicle (EV) adoption among 
current users and potential adopters in Chiang Mai.
1	 Environmental concerns. Environmental benefits, par-

ticularly the reduction of PM2.5 pollution and noise 
pollution, emerged as top motivators. Over 80% of re-
spondents prioritised these factors, with mean scores 
of 4.04 for potential users and 3.97 for current users. 
The perception of EVs as environmentally friendly and 
a tool for improving Chiang Mai’s air quality strongly 
influenced interest.

2	 Economic savings. Fuel cost savings were rated as a 
major incentive, with mean scores of 4.05 for current 
users and 4.11 for potential adopters. Rising fuel pric-
es have heightened interest in EVs, particularly as re-
spondents recognised the long-term cost efficiency of 
EV ownership.

In addition to environmental motivations, econom-
ic incentives are crucial in influencing EV adoption 
decisions. In Thailand, BEV prices range between 
700 000 to 1.8 million THB, depending on the model 
and battery size. Government incentives introduced 
in 2022–2023, including direct subsidies ranging 
from 70 000 to 150 000 THB per vehicle and import 
tax reductions, have lowered the effective purchase 
cost. When comparing long-term ownership, BEVs 
offer significant savings in fuel and maintenance. For 
example, an average user driving 15  000 km/year 
may save approximately 20 000–25 000 THB annu-
ally on fuel and 8000–10  000 THB on maintenance 
compared with a gasoline vehicle. Over a 10-year 
period, the total cost of ownership (TCO) for BEVs 

becomes competitive or lower than that of conven-
tional vehicles, especially when subsidies and rising 
fuel prices are considered (Champeecharoensuk et 
al., 2025). However, high upfront costs and limited 
second-hand EV market options remain barriers. Ad-
ditional local incentives – such as parking privileges, 
toll waivers, or income tax deductions – could further 
improve the economic attractiveness for end users.

3	 EV quality and standards. The quality and reliability of 
EVs, including advanced manufacturing technology 
(mean: 3.99 for potential users, 3.88 for current users) 
and battery performance, were highly valued. Fea-
tures such as battery lifespan, engine performance, 
and supported charging systems were crucial in buil-
ding consumer confidence.

In addition to domestic policies and market incentives, 
international investments and collaborations, such 
as sister-city relationships and global trade agree-
ments, are increasingly seen as essential drivers for 
promoting sustainable urban transitions, including 
electric vehicle (EV) adoption. These partnerships of-
ten facilitate knowledge exchange, joint pilot projects, 
and co-investment opportunities in infrastructure and 
technology. For example, recent findings highlight 
how Thailand’s sister-city arrangements have not only 
strengthened diplomatic and cultural ties but have also 
supported environmental and smart city initiatives 
through technical cooperation and shared sustainabili-
ty goals (Prasittisopin et al., 2024). Such collaborations 
can help local governments access external funding 
and expertise, thereby accelerating innovation in mo-
bility and clean energy sectors.

Factors 
EV users Intention

SD Evaluation SD Evaluation

Policies and measures to promote the use of EVs 3.15 1.12 moderate 3.34 1.22 moderate

Awareness of pollution and environmental problems 3.97 1.07 high 4.04 0.92 high

Quality and standards of EVs 3.76 0.91 high 3.91 0.83 high

EV prices 3.42 0.87 high 3.66 1 high

Electric charging stations 3.34 0.98 moderate 3.52 1.14 high

Service from the manufacturer/ distributor/service centre 3.35 0.85 moderate 3.48 1.08 high

Overview 3.5 0.79 high 3.66 0.82 high

Table 2. Summary of survey-based factors affecting the choice of EV users and intention
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The collected scores represent stakeholder evalua-
tions using a 5-point Likert scale (1 = very low, 5 = very 
high). Depending on the question category, the scores 
reflect perceptions of importance, feasibility, or agree-
ment. The average scores indicate overall stakeholder 
consensus on each factor.

Table 2 shows the summarised stakeholder evaluation 
scores. It was revealed that the selection of EVs of the 
samples of EV users was at a high level, with an aver-
age of 3.50. When considering each side, it was found 
that the highest score was attributed to the factors in 
awareness of pollution and environmental problems, 
followed by quality and standards of EVs and automo-
tive prices. It is crucial to select EVs at a considerable 
level. The total mean was 3.97, 3.76, and 3.42, respec-
tively, while the factor of service from manufacturers / 
distributors / service centre electric charging stations 
and policies and measures to promote the use of EVs 
is important to the moderate selection of EVs. The total 
mean was 3.35, 3.34, and 3.15, respectively.

Barriers. Despite significant interest, the study identi-
fied several barriers impeding EV adoption in Chiang 
Mai:
1	 High vehicle costs. The cost of EVs was a major bar-

rier, particularly due to high import taxes and expen-
sive components like batteries. Current users rated 
the cost factor at a mean of 3.42, while potential us-
ers rated it at 3.66. Affordability concerns were ex-
acerbated by limited financial incentives and a lack 
of accessible financing options, such as leasing pro-
grams.

2	 Limited charging infrastructure. Accessibility to 
charging stations remains insufficient, particularly 
in suburban and rural areas. While charging station 
safety and convenience were rated highly (mean: 
3.70 for current users, 3.82 for potential adopters), 
the overall availability of charging facilities scored 
only moderately (mean: 3.34 for users, 3.52 for po-
tential users). This gap contributes to range anxiety, 
a key deterrent to adoption.

3	 Policy implementation challenges. Policies to pro-
mote EV adoption, such as tax reductions and pub-
lic-private collaboration, were rated moderately ef-
fective, with mean scores of 3.15 for users and 3.34 
for potential users. Stakeholders cited delays and 
inconsistencies in policy implementation as signif-
icant obstacles. The ambitious of “30@30” national 

strategy has led to policy instruments such as tax 
incentives, EV promotion packages (2022–2025), 
and industrial investment support via the Board of 
Investment (BOI). While these efforts have acceler-
ated EV production and sales – especially in Bang-
kok and the Eastern Economic Corridor (EEC) – lo-
calised adoption in cities like Chiang Mai remains 
modest. Interviews revealed a gap between national 
goals and local capacity. Chiang Mai currently lacks 
a formal municipal EV strategy or regulatory road-
map aligned with the “30@30” agenda. Infrastruc-
ture readiness, especially public charging stations, 
is limited. Additionally, stakeholders expressed con-
cerns over the lack of budget decentralisation and 
capacity-building programmes for provincial gov-
ernments. Therefore, while the “30@30” policy sets 
a clear vision at the national level, its translation into 
subnational action requires stronger coordination, 
tailored incentives, and regional pilot programs. En-
hancing provincial-level planning and encouraging 
public-private partnerships could help bridge this 
policy-implementation divide.

Awareness levels. The study revealed moderate aware-
ness levels among respondents, with knowledge of 
EVs averaging 7.5 on a 13-point scale.
1	 Current users. Current users demonstrated relative-

ly higher awareness of EV technology, benefits, and 
functionality. They valued environmental and eco-
nomic advantages but noted gaps in understanding 
long-term maintenance costs and charging infra-
structure.

2	 Potential adopters. Potential adopters expressed in-
terest in EVs but highlighted limited knowledge as a 
barrier to purchase. Many were unfamiliar with the 
operational benefits, available incentives, and costs 
associated with EVs. This lack of information con-
tributed to hesitancy, particularly among middle-in-
come groups.

Environmental concerns, economic savings, and EV 
quality are the primary motivators for adoption in 
Chiang Mai. However, high costs, limited charging infra-
structure, and moderate awareness levels remain sig-
nificant barriers. Addressing these challenges through 
targeted educational campaigns, expanded charg-
ing networks, and pricing incentives will be crucial in 
boosting EV adoption. Enhancing consumer knowledge 
and addressing misconceptions about EVs can further 
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bridge the gap between interest and action, positioning 
Chiang Mai as a leader in sustainable mobility.

Barriers to adoption
Despite strong motivators for EV adoption, several sig-
nificant barriers hinder its widespread uptake in Chiang 
Mai:
1	 High vehicle costs. EVs are perceived as expensive, 

primarily due to high import taxes and costly com-
ponents like batteries, which account for 30–40% of 
the vehicle price. The mean scores of 3.42 for cur-
rent users and 3.66 for potential adopters highlight 
affordability as a key concern, particularly among 
middle-income groups. The lack of comprehensive 
subsidies or flexible financing options further ex-
acerbates this issue, restricting EV accessibility to 
a narrower demographic. However, EV prices could 
become more affordable if Thailand establishes a 
battery production base or invests in the research 
and development of alternative battery technologies. 
Such efforts would require collaboration between the 
government, private sector, and stakeholders in the 
automotive industry. Increasing global awareness of 
EVs and the adoption of clean energy alternatives are 
already being actively promoted worldwide, driving 
positive outcomes in reducing environmental im-
pacts (Lin and Tan, 2017). In Thailand, household so-
lar rooftops are becoming increasingly cost-effective 
and accessible (Leewiraphan et al., 2024a, 2024b), 
representing a significant factor in transitioning 
from conventional fuel-powered vehicles to EVs. 
The adoption of innovative technologies and alter-
native energy solutions is expected to lower battery 
costs, reduce charging times, and make EVs more 
practical and affordable in the near future (Manjula 
et al., 2022; Manutworakit and Choocharukul, 2022; 
Mohammadreza, 2021). These advancements un-
derscore the importance of enhancing Chiang Mai’s 
capacity for effective EV planning and deployment. 
By aligning with these technological and economic 
shifts, Chiang Mai can address affordability barriers, 
support widespread EV adoption, and position itself 
as a leader in sustainable urban mobility.

2	 Limited charging infrastructure. Inadequate charging 
station coverage, especially in suburban and rural 
areas, contributes to range anxiety and reduces the 
appeal of EVs. Current users rated charging station 
availability at a mean of 3.34, while potential users 

gave it 3.52. Key issues include the limited num-
ber of stations, uneven distribution, and insufficient 
support for various EV brands. Stakeholders also 
highlighted the need for fast-charging facilities to 
address user convenience.

3	 Policy implementation gaps. Policies promoting EV 
adoption, such as tax incentives and public-private 
partnerships for charging infrastructure, are not ful-
ly effective due to delays and inconsistent local exe-
cution. The moderate mean scores of 3.15 for users 
and 3.34 for potential users reflect a lack of clarity 
and accessibility in these initiatives. Stakeholders 
reported challenges in aligning national strategies 
with regional needs and ensuring policy awareness 
among consumers. 

4	 Knowledge gaps and misconceptions. Limited con-
sumer understanding of EV technology, benefits, 
and operational costs hinders adoption. Potential 
adopters cited concerns about battery performance, 
maintenance costs, and the environmental impact 
of electricity generation, which contributed to their 
hesitancy.

Oslo, Norway, is widely recognised as a global leader 
in electric mobility, where over 80% of new cars sold 
in 2023 were electric. Key drivers include generous in-
centives (e.g., tax exemptions, free parking, bus-lane 
access), a strong charging infrastructure network, and 
clear long-term policies (Budnitz et al., 2025). Impor-
tantly, Oslo’s success emphasises consistency in policy 
direction and coordinated urban planning – elements 
that Chiang Mai can adopt at a smaller scale. Phuket, 
Thailand, a major tourism destination in southern Thai-
land, has recently launched a pilot electric public trans-
port initiative through collaboration with private sector 
partners. The project includes electric tuk-tuks and 
shuttle buses in high-tourist-traffic zones, supported 
by targeted provincial subsidies and investment incen-
tives. This showcases the potential of leveraging tour-
ism-based demand and public-private partnerships – 
an approach also relevant to Chiang Mai.

These case studies demonstrate that effective EV 
adoption requires a combination of visionary policy, 
financial mechanisms, infrastructure planning, and 
stakeholder collaboration, all of which can be adapted 
and localized to suit Chiang Mai’s socioeconomic and 
environmental context.
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Recommendations 
To address the identified barriers and promote sustain-
able EV adoption, the following recommendations are 
proposed:

1. Reduce EV costs
•	 Subsidies and incentives: introduce targeted 

subsidies for EV purchases and reduce import duties 
and taxes on EVs and batteries; focus on incentivising 
middle-income groups to broaden adoption.

•	 Flexible financing options: develop affordable leasing 
programmes and low-interest loans to reduce the 
financial burden of EV ownership.

2. Expand charging infrastructure
•	 Phased deployment: prioritise high-traffic areas in 

the initial phase, followed by suburban and rural 
zones; collaborate with local governments and 
private investors to ensure balanced coverage.

•	 Fast-charging stations: increase the availability of 
fast chargers at key locations to reduce charging 
time and enhance user convenience.

•	 Integration with renewable energy: promote solar-
powered charging stations to improve sustainability 
and reduce operational costs.

3. Strengthen policy implementation
•	 Streamline incentives: simplify the process for 

accessing tax benefits and subsidies, ensuring clear 
guidelines for eligibility and application.

•	 Public-private collaboration: establish dedicated 
regional task forces to align national policies with local 
infrastructure needs and ensure seamless execution.

•	 Enhance electric vehicle affordability through pricing 
strategies, including tax and non-tax incentives. 
Measures may include personal income tax 
deductions, corporate tax reductions, registration 
tax benefits, and special expressway or highway 
privileges.

•	 Develop smart grid plans, integrating IT-based 
electricity networks and smart meters to enable 
efficient vehicle-to-home (V2H) support. This serves 
as an added incentive for consumers to switch from 
fuel-powered to electric vehicles.

4. Enhance consumer awareness
•	 Educational campaigns: launch awareness initiatives 

focusing on the economic and environmental 
benefits of EVs. Use air quality issues in Chiang Mai, 
particularly PM2.5 pollution, as a key theme to drive 
public interest.

•	 Knowledge hubs: develop online platforms and 
workshops to provide detailed information about EV 
technology, maintenance, and available incentives.

•	 Success stories: showcase testimonials from 
existing EV users to build trust and confidence 
among potential adopters.

5. Foster stakeholder collaboration
•	 Public-private partnerships: encourage partnerships 

between government agencies, private companies, 
and energy providers to share the financial and 
operational burden of infrastructure development.

•	 Capacity building: provide training for local officials 
and stakeholders to improve their understanding of 
EV technologies and policies.

•	 Given shifting consumer behaviour influenced by 
economic and societal factors, as well as varying 
access to and acceptance of EV technology, 
comparative studies across age groups are essential 
to understand EV adoption.

•	 The shift to a fully electric vehicle industry will affect 
oil service stations and fossil fuel-based businesses. 
Studying adaptation strategies is key to supporting 
industries linked to EVs.

By adopting these strategies, Chiang Mai can address 
high costs, infrastructure gaps, and moderate aware-
ness levels, promoting sustainable EV adoption. These 
actionable insights offer a replicable framework for 
other cities facing similar challenges, advancing envi-
ronmental, economic, and public health goals globally.

While this study focuses on Chiang Mai, many of the 
key findings, such as the importance of stakeholder en-
gagement, infrastructure readiness, and cross-sector 
collaboration, are applicable to other cities facing sim-
ilar challenges. For instance, Bangkok, as Thailand’s 
capital, shares common issues with air pollution, traf-
fic congestion, and the need for EV infrastructure. The 
strategies identified in this study, such as incentivising 
private sector investment and leveraging international 
partnerships, could be scaled to fit Bangkok’s larger 
population and more complex governance structure. 
Similarly, Singapore offers a relevant comparison 
due to its emphasis on smart mobility, stringent en-
vironmental regulations, and regional leadership in EV 
adoption. Although Singapore operates under a differ-
ent policy regime and urban scale, the emphasis on 
integrating EV adoption with broader urban sustaina-
bility goals is aligned. Lessons from this study could 
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inform city-level strategies in Bangkok and Singapore, 
particularly in tailoring public awareness campaigns, 
urban planning, and incentive structures to local so-
cio-economic contexts.

To enrich the local findings, Chiang Mai’s EV adoption 
readiness is compared with other secondary cities in 
Southeast Asia, namely Khon Kaen (Thailand) and Da 
Nang (Vietnam). Khon Kaen shares similar socioeco-
nomic characteristics as a second-tier Thai city with a fo-
cus on smart city development (Chindaprasirt et al., 2024). 
While Chiang Mai is more advanced in tourism-driven 
EV adoption, Khon Kaen is ahead in integrating EVs into 
public transit systems, such as its Smart Bus project. Da 
Nang also faces seasonal air pollution and high tourism 
traffic. The Vietnamese government is supporting city-
wide electrification through partnerships with interna-
tional organisations (Van Dai, 2024). Da Nang’s incentive 
structure and charging infrastructure planning can serve 
as a reference for Chiang Mai. These comparisons sug-
gest that while Chiang Mai benefits from early adopter 
behaviours among tourists and certain public-private in-
itiatives, the city could learn from peers in terms of public 
transit electrification, integrated EV urban planning, and 
leveraging international partnerships.

Conclusion
This study assessed the readiness for electric vehi-
cle (EV) adoption in Chiang Mai, Thailand, through a 
mixed-methods approach combining stakeholder inter-
views and a survey of 400 EV users and potential adop-
ters. The findings underscore Chiang Mai’s considerable 
potential to transition toward sustainable urban mobili-
ty, while also highlighting the distinct regional challeng-
es that must be addressed to accelerate EV uptake.

Three primary drivers of EV adoption emerged: height-
ened environmental awareness, particularly concerning 

PM2.5 air pollution and rising urban temperatures, 
economic savings from long-term ownership, and im-
provements in EV technology and quality standards. 
However, these drivers are counterbalanced by signif-
icant barriers: high upfront vehicle costs, limited char-
ging infrastructure outside city centres, and moderate 
public awareness regarding EV benefits and incentives.

The study reveals a misalignment between nation-
al-level strategies, such as the “30@30” policy, and lo-
cal implementation in Chiang Mai. Stakeholders noted 
gaps in municipal-level planning, decentralised budg-
eting, and access to supporting infrastructure. This lim-
its the effectiveness of national initiatives in secondary 
cities and calls for tailored, region-specific policies and 
decentralised coordination mechanisms.

Importantly, the integration of renewable energy, par-
ticularly solar PV, with EV charging infrastructure was 
identified as a key opportunity to enhance environmental 
and economic sustainability. Chiang Mai’s solar potential 
and growing tourism sector present unique opportuni-
ties for developing solar-powered charging stations and 
green transport solutions in high-traffic zones.

International examples, such as Oslo and Phuket, 
demonstrate the value of consistent policy frame-
works, targeted incentives, and strong public-private 
collaboration. Drawing on these lessons, Chiang Mai 
can advance EV adoption through region-specific fi-
nancial incentives, fast-charging network expansion, 
public awareness campaigns, and integration with re-
newable energy systems.

While this research is localised, its insights offer broad-
er applicability to other urban areas facing similar en-
vironmental, infrastructural, and economic constraints. 
Future research should explore cross-regional compar-
isons and develop scalable, evidence-based models for 
sustainable transport in the context of rapidly urbanis-
ing secondary cities across Southeast Asia and beyond.
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