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Abstract: In 2015, the National Energy Policy Council (NEPC) approved the latest Alternative Energy
Development Plan (AEDP) 2015–2036, targeting electricity generation from biomass, biogas, and
municipal solid waste by 2036 towards the Thailand 4.0 policy. The small biomass power plants are
intensively promoted, contributing to many more public concerns. Therefore, this study provided
new insight using the readiness and resilience in the communities near the biomass power plant
generation in Southern Thailand. The community readiness model (CRM) and community health
impact assessment (CHIA) were adopted using mixed methods during January–November 2019.
A total of 999 respondents replied to the questionnaires, 153 informants were interviewed, and the
panel was discussed and analyzed by descriptive statistics and content analysis. Findings illustrated
that all stakeholder sectors strengthened community-driven development based on the average
community readiness (3.01 ± 0.11) in a vague awareness stage, only with participation in information
giving (75.38%) and having an impact pain point score of 7.64 ± 0.54, which was a highly intense
level used to develop the public policy towards biomass power plants. Recent advanced community
tools offered new insights for the first time about community strategic plans for sustainable biomass
power generation, to achieve community security and values of democracy in Southern Thailand.

Keywords: biomass power plant; community mobilization; renewable energy; public policy; Thailand 4.0

1. Introduction

Since 2011, the Kingdom of Thailand had stepped up from a lower middle-income
economy to an upper-income category country. Currently, the Thai royal government is
trying to move from this economic trapping to the high income range status. Consequently,
Thailand 4.0, a national strategy driving beyond the limit, has been developed for the new
economic model. It started from Thailand 1.0 to 3.0., which were agricultural, light industry,
and heavy industry, towards an innovation-based economy or value addition. After the
Thailand 4.0 initiative emerged in 2016, this has challenged all sectors towards a value
added-driven economic country [1] by transforming to eco-efficiency [2], a healthy and
wealthy society [3], raising human security, and protecting the environment [4]. Not only
the industry but also renewable energy is a key priority for innovation in this era. Currently,
the Thai total energy consumption rapidly increased between 2000 and 2013, slowed down
from 2013 to 2019, and dropped by 8% in 2020 due to lockdown measures and transport
restrictions. Since 2016, crude oil production has been slightly decreased (−4%/year) in
Thailand. Currently, there are 69.9 million Thai population, 51.3% energy independence,
and 3.69 tCO2/capita CO2 emissions in 2020. However, energy diversification is a priority
to ensure enough supply within the country. Energy has a critical role in economic devel-
opment [5]; it is, therefore, the priority to move beyond the economic traps to become the
bioenergy hub in the Southeast Asia region. The national energy policy council has also
approved the power development plan (PDP 2018–2037)—renewable energy power gener-
ation since 2019, consisting of solar, biomass, hydropower, wind, solid waste, and biogas in
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15.5 GW, 4.7 GW, 3.1 GW, 3 GW, and 1.8 GW, respectively. After launching the renewable
energy policy, the domestic and foreign investments have dramatically increased, resulting
in circular economic performance and a strong potential to serve regional markets. As
energy transition is a key priority, this model also promotes renewable energy policy by
shifting from fossil fuels to depleted oil and gas reserves, towards green energy efficient
sources and strengthening long-term greenhouse gas emission reduction in 2050 [6]. This
is also known as Thailand’s low carbon society (LCS) initiative, emerging to reduce carbon
dioxide (CO2) emissions in the country [7]. The AEDP has increasingly driven alternative
energy usage and energy import reduction, such as solar, wind, hydro, waste, biomass,
and biogas power. Due to domestic energy consumption rising sharply in the last decade,
Thai AEDP 2015–2036 has systematically planned to promote renewable energy power
generation [8], including biomass power plants, from 2452 MW in 2014 to 5570 MW in
2036, including Southern Thailand [9].

A biomass power plant is recognized as renewable energy derived from organic
materials, such as plants, animals, and waste residues. When those materials are burned,
the energy is released as heat and distributes carbon-neutral electricity. It has also claimed
to have the potential to reduce greenhouse gas emissions greatly, depending on electricity
generation sizes. The community biomass power plant project is usually a VSPP—an
extremely small power plant biomass (<10 MW) called a small-scale biomass power plant,
located in a community. It has been confirmed to reduce environmental impacts [10]
due to its CO2, CO, and soot emission being less than the larger ones [11]. In Thailand’s
electrical energy market, private sector participation has also been allowed under the
Independent Power Producer (IPP) scheme, such as a minimal power producer (VSPP)
biomass power plant that produces no more than 10 MW of electrical power. In contrast,
this energy transition is a dilemma between energy security, affordability, sustainability,
and other securities, such as food, environment, health, and human security, due to its
drawback impacts, including hazardous air pollutants [12], climate change [13], and public
acceptance [14]. Moreover, a life cycle approach reported sustainable bioenergy from
residual biomass, depending on site allocation [15] and feedstock type [16].

In Southern Thailand, biomass power plant expansion is well interested in domestic
and foreign investment due to increasing demand, abundant agricultural waste resources—
para rubberwood-based [17]—and attractive incentives, such as loans at concessionary
rates, reduced tax rates, including subsidized infrastructure, or fundamental services. A
community biomass power plant project has also been designed to bring about extraneous
household income for residents nearby through agricultural-based material selling and
sustainable energy. On the other hand, public opposition has gradually emerged due
to its health risk impacts, both in residential and occupational settings at the same time.
Public perception, acceptance, and engagement towards biomass power generation have
been globally emphasized critical roles in influencing sustainable energy security [18,19].
Moreover, community mobilization and capacity building based on community-driven
development (CDD) have long been recognized for empowering government, private
sectors, civil society, and community networks in Thailand [20]. Particularly, community
participation in the decision-making process is also well described elsewhere [21–23].

For decades, the community approach tools, particularly the community readiness
model (CRM) and community health impact assessment (CHIA), have long been intro-
duced to community members in order to gain insights and understanding in dealing
with challenging projects. Briefly, a five-dimension CRM is a crucial strategic tool to
build readiness, a coalition [24], resilience, and recovery in community efforts to respond
to both threatening issues and to opportunities [25]. It consists of six dimensions, and
each dimension can be categorized into nine levels that are well-described elsewhere [26],
while CHIA has a critical role in contributing to the strong commitment to public pol-
icy [27], based on various community stakeholder engagements in the decision-making
step through pain point analysis, strategic management plan, implementation, monitoring,
and evaluation in all policy implementation [28]. CHIA is the most significant instrument
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for the community to promote their learning and responsibility for health equity through
health-determinant understanding. Since the advent of healthier and wealthier societies,
people’s pleasurable earnings and well-being in Southern Thailand have been considered
part of people’s security, including food, environmental, and human security. To become
important contributors to the essential energy transition, communities need to obtain three
things: community capacity-building transformation, positive community mobilization
changes, and community basic needs relying on those securities.

To date, the engagement of the community towards renewable energy policy has
not been adequately strengthened, and there has been limited study for those health
equity tools in Thailand. Therefore, this study focused on exploring CDD with the specific
community approaches of CRM and CHIA, both before and during the small-scale biomass
power plant generation which affects the lives of those in the community, with a proper
control in the era of Thailand 4.0.

2. Materials and Methods
2.1. Conceptual Framework

The conceptual framework for community capacity-building mobilization towards
energy transitions in the era of Thailand 4.0 focused on (1) critical processes using CRM
and CHIA (readiness assessment and collaborative mobilization plan), (2) community
capacity-building transformation in 2 periods: before and during biomass power gen-
eration (targeted collective action and responsibility), (3) main outcomes (public policy
for community efforts and changes), and (4) long distant outcomes (food, environmental,
human, and health security). This framework indicates the critical role of social tools for
promoting community health and sustainability, as presented in Figure 1.

Figure 1. A Framework for community mobilization to promote public policy.

(1) CRM serves the fundamental status of the community, such as readiness, engagement,
and impact-related pain point levels.

(2) CHIA explores how to mobilize and strengthen community capacity in learning and
resilience towards challenges. It consists of 3 steps: plan, action, and evaluation.

(3) Public Policy (PP) results from both CRM and CHIA processes to provide the ultimate
goal(s) and the means to achieve them.
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2.2. Study Design

The mixed methods approach was carried out, relying on a quantitative and quali-
tative study, including a special case study to illustrate the community capacity-building
mobilization towards energy transitions in the era of Thailand 4.0 on biomass power plant
generation from January to November 2019.

2.3. Study Participants and Informants

The respondents and informants aged 20 years and over were community stakehold-
ers, individuals, and organizations that experienced or lived near Southern Thailand’s
biomass power plants. All 1200 interested parties were invited to participate as stakehold-
ers with purposive sampling. They responded affirmatively to joining this study, equal to
1152 persons.

2.4. Research Instruments and Data Collection
2.4.1. Quantitative Study

The main research instrument was questionnaires, composing both dichotomous (yes
or no) and rating scales for measuring the community readiness, engagement, and pain
points scores related to the community biomass power generation. The questionnaires
were administered to a total of 1200 residents, health professionals, public service workers,
and community leaders, and 999 responses were received (83.25% response rate). First,
the respondents were asked how much they could score for their readiness to respond
to the community biomass power plants in 6 dimensions. The score was ranged on a
scale of 1–10, with 1 being the minimum and 10 being the maximum. Second, they were
asked whether they had community participation experience in biomass power generation
projects at least once a year (yes or no) in seven levels of community engagement. Finally,
the researchers investigated the pain point score by measuring their concerns about the
current problems and the unintended consequences of the community biomass power
generation. The self-reported scores were ranged on a scale of 0–10, with 0 being the
minimum and 10 being the maximum.

2.4.2. Qualitative Study

The research tools consisted of interviews, and panel discussions. The participants
proposed plans for development through open-ended questions, using CHIA steps with
face-to-face interviews and panel discussions to provide a detailed public policy based on
a specific problem related to biomass power generation that residents or stakeholders were
experiencing. First, 84 community members were invited through the face-to-face interview
sessions to explore and gather data for their beliefs, understandings, perceptions, and
experiences on the direct and indirect impacts of the VSPP biomass in their communities.
Second, the 69 experts and key informants were divided into 3 groups to brainstorm
specific strategies to prevent and solve community biomass power plant projects. Third,
a total of 153 participants engaged in the panel discussion meeting to extract the current
problems, expected problems, and solutions together once again. This step also supported
the community decision-making process providing a critical bottom-up public policy. A
tape recorder was used, transcribed, and finally deleted after the study finished. Data from
different sources were triangulated and validated among research instruments, researchers,
and informants to ensure accurate meaning.

2.5. Analysis and Ethics Consideration

Quantitative data were analyzed using descriptive statistics, and qualitative data were
analyzed using content analysis. For ethics consideration, the Human Ethics Committee,
Public Policy Institute, Prince of Songkla University, Thailand, had approved the research
proposal before the study was conducted (Ref. No. 19/2559). Researchers had also
provided a study information sheet to each participant and details of ethics approval before
they obtained written informed consent.
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3. Results

This study described the process and the methods of using comprehensive community
tools, and both CRM and CHIA processes for the capacity-building mobilization towards
energy transitions in the era of Thailand 4.0 in Southern Thailand.

3.1. Background Characteristics of Respondents

The demographic characteristics of survey respondents and the percent distribution
between sex, age groups, education, and stakeholders are presented in Table 1. Briefly,
detailed sociodemographic data revealed that the respondents were predominantly well-
educated. The gender, age range, and distribution were equally typical for those respon-
dents. Regarding stakeholder type, 48.85% of the respondents were from civil society or
NGOs, while 33.23% were village representatives.

Table 1. Characteristics of respondents (N = 999).

Demographic Data Number Percentage

Sex

Male 488 48.85

Female 510 51.05

Age range (years)

20–40 495 49.55

41–60 504 50.45

Education

High School 133 13.31

Diploma 436 43.64

Higher 430 43.04

Stakeholder Type

Residents 231 23.12

Health providers 89 8.91

Lawyer/Consultants 15 1.50

Village representatives 332 33.23

Academic institutes 44 4.40

News reporters 29 2.90

Small businesses 58 5.81

Civil society/NGOs 488 48.85

3.2. Community Preparation Estimation

The respondents estimated their present readiness, engagement, and pain point expe-
riences towards the community biomass power plants. First, the researchers conducted
a community readiness assessment by asking the level of their efforts of action towards
the communities’ biomass power plants. This readiness score was categorized into six
dimensions, with each dimension consisting of nine levels, ranging from none to a high
level of belonging, as presented in Table 2.
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Table 2. Community readiness level in 6 dimensions (N = 999).

CRM Dimension Level (Mean ± S.D) Readiness Stage

Knowledge 1.24 ± 0.05 No Awareness
Efforts 2.26 ± 0.09 Denial/Resistance

Knowledge of Efforts 3.35 ± 0.13 Vague Awareness
Leadership 3.09 ± 0.16 Vague Awareness

Climate 4.01 ± 0.16 Preplanning
Resources 4.08 ± 0.09 Preplanning

Overall Readiness Score 3.01 ± 0.11 Vague Awareness
Scores reported were on a scale of 1–10, with 1 being the minimum and 10 being the maximum. Cut-off score:
1–1.99 = No Awareness; 2.00–2.99 = Denial/Resistance; 3.00–3.99 = Vague Awareness; 4.00–4.99 = Preplanning;
5.00–5.99 = Preparation; 6.00–6.99 = Initiation; 7.00–7.99 = Stabilization; 8.00–8.99 = Confirmation/Expansion;
9.00–10.00 = High Level of Community Ownership.

The overall readiness score was 3.01 ± 0.11, which meant that the community was
vague about concerns and did not contribute much more to motivate and mobilize decision-
making. In six dimensions, the community climate and resources dominantly presented
the higher scores, which were 4.01 ± 0.16 and 4.08 ± 0.09, respectively.

3.2.1. Community Engagement

Second, to investigate the community participation in biomass power generation
projects, the respondents were asked their experiences at least once about joining the project
in Southern Thailand, as presented in Figure 2. The most engaged were the information-
giving step (75.38%) and passive participation (20.1%), respectively. Respondents reported
little engagement in consultation (3.02%) and material incentives (1.51%).

Figure 2. Percentage of respondents agreeing to the community participation experience (N = 999).

3.2.2. Pain Point Score

Third, the pain points score analysis measured the specific problems experienced in
the community using 0–10 rating scale questionnaires. These scores were grouped into five
levels: very mild, tolerable, very distressing, very intense, and excruciating unbearable. The
average overall pain point score was 7.64 ± 0.54, which meant a highly intense level. The
respondents most mentioned the pain points regarding environmental and health impacts
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as a result of the biomass power plants. The highest number of people also reported
an excruciating unbearable level for respiratory problems (9.99 ± 1.01) and air pollution
(9.98 ± 1.09) due to uncontrolled emissions. The first three rankings were 8.00–10.00,
excruciating unbearable; 6.00–7.99, very intense; 4.00–5.99, very distressing, respectively.
The respondents also reported other consequences of impacts in Table 3.

Table 3. Pain points score (N = 999).

Impact Consequences Mean ± S.D. Pain Points Level

Air pollutions /PM 2.5 9.98 ± 1.09 excruciating unbearable

Respiratory problems 9.99 ± 1.01 excruciating unbearable

Skin irritation 6.23 ± 0.15 very intense

Eye irritation 8.45 ± 0.49 excruciating unbearable

Sound/noise disturbing 6.62 ± 0.08 very intense

Odor/smell disturbing 7.31 ± 0.15 very intense

Dust/Cleanliness 7.35 ± 0.34 very intense

Water-soil source contamination 9.01 ± 1.02 excruciating unbearable

Community conflicts 8.99 ± 1.02 excruciating unbearable

Land use 9.02 ± 1.11 excruciating unbearable

Crowded traffic/Road accident 7.48 ± 0.86 very intense

Children safety 8.85 ± 0.86 excruciating unbearable

Community discipline 4.44 ± 0.08 very distressing

Unexpected criminal case 7.22 ± 0.57 very intense

Alcohol Tobacco and Drug
uncontrollable 4.54 ± 0.09 very distressing

Disease control and
public health problems 8.84 ± 0.57 excruciating unbearable

Illegal immigration 5.58 ± 0.33 very distressing

Overall Pain Point Scores 7.64 ± 0.54 very intense
Scores reported were on a scale of 0–10, with 0 being the minimum and 10 being the maximum. Cut-off
score: 0–1.99 very mild; 2.00–3.99 tolerable; 4.00–5.99 very distressing; 6.00–7.99 very intense; 8.00–10.00 excruciat-
ing unbearable.

3.3. Community Mobilization Using CHIA

Improving community mobilization using CHIA was crucial in dealing with commu-
nity readiness, engagement, and pain points. The study was embedded in community
adherence to the biomass power plants in the panel discussions of the 153 participants
presented in Table 4. The participants were predominantly 66.67% male, and 54.25% were
in the age range of 41–60 yrs. Considering the type of community role, comparatively more
participants were 54.90% community members, 23.53% were health volunteers, and 77.12%
had been living in the community for more than 20 years.
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Table 4. Study participants in panel discussion (N = 153).

Demographic Data Number Percentage

Sex
Male 102 66.67

Female 51 33.33
Age range (years)

20–40 36 23.53
41–60 83 54.25
61–80 27 17.65
>80 7 4.58

Community Role
Leaders 6 3.92

Health volunteers 36 23.53
Government sector 11 7.19

Civil society 16 10.46
Community members 84 54.90

Length of residence (years)
<10 8 5.23

10–20 27 17.65
>20 118 77.12

Community capacity building and mobilization using the CHIA process attempted to
bring community participation before the biomass power plant investment and during its
power generation, in order to achieve sustainable development and community 4.0 security
in Southern Thailand. The following steps are plan, implementation, monitoring, and
evaluation. The panel recommendations were then interpreted in terms of collective action
and responsibility before the biomass power plant investment and power generation, as
demonstrated in Table 5.

Table 5. Overview of convening presentations and panel discussions for community capacity building
using the CHIA process (N = 153).

Community
Mobilization Steps

Collective Action and Responsibility

Before Investment During Power Generation

1. Strategic management plan

First
• Conduct a community

need assessment and map
community priorities.

• Evaluate the community
mobilization effort using an
appropriate framework.

Second • Enhance cooperation
cross-sectoral partnership.

• Promote the exchange of
best practices among
communities.

Third
• Stimulate people-centered

initiatives and approaches.

• Clarify the national and
regional levels
work together.
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Table 5. Cont.

Community
Mobilization Steps

Collective Action and Responsibility

Before Investment During Power Generation

2. Implementation

First
• Accelerate implementation

of the specific strategic
community plan.

• Raise awareness about the
impacts of biomass power
plants on community lives.

Second
• Integration of community

development into energy
power agendas.

• Investigate the impacts of
biomass power plants on
community lives
and benefits.

Third
• Encourage public-private

partnerships and
community engagement.

• Dialogue the lesson learned
among the community and
public-private partnerships.

3. Monitoring and evaluation

First
• Address the community

climate crisis that
may occur.

• Follow the policy and
regulatory frameworks.

• Mitigation and
adaptation strategy.

Second
• Monitor the right of

community participation in
decision-making processes.

• Reflect the political will and
societal awareness.

Third
• Critical appraisal of the

projects with transparency
and good governance.

• Celebrate achievements/
maintain renewable energy
for environmental protection
and sustainability, and
community resilience.

4. Discussion

This study attempted to present the common clues between environmental impact and
social acceptance to sustainable biomass power plants [29], including the limitations and
obstacles, similar to the others [30]. However, it is deeply intended to precisely describe the
social aspects and is community-driven in order to live in harmony with the biomass power
generation. Thailand’s energy 4.0 has occupied a challenging platform with switching to
low-carbon fuels in the power sector. Energy transition also has a crucial role in accelerating
countries’ decarbonizing climate ambitions and generating extra income for residents. The
growth of biomass power plants is essential in expanding the country’s economy, but those
have long been controversial for their drawbacks [31], including Thailand.

For the first time, this study attempts to answer a detailed description of commu-
nity approaches designed to empower the community capacity-building mobilization
to-wards energy transitions in the era of Thailand 4.0. The findings revealed that commu-
nity mobilization was significantly driven by the energy transition strategy, particularly
biomass power plants in Southern Thailand. The key metrics that need to be measured
before community mobilizations were community readiness, community participation,
and community pain points related to biomass power plants.

First, to deal with energy conflicts between governmental actors and the community,
the community readiness was considered a key element for engagement. Community
readiness level was the first parameter to be involved in community resiliency by engaging
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in advocacy and collaboration with those decision-makers who compromised among all
parties. Generally, the high community readiness scores significantly assist in predicting
the success rate of community mobilization [32]. Although this study’s overall score was
only a vague awareness level, it eventually scaled up community resilience due to a strong
community climate and resources. These two factors—the community climate reflected
the prevailing attitude of the community, while resources were available to support their
efforts to develop strategies.

Second, community engagement was an essential parameter to predict the good rela-
tionship between community and biomass power plants in the long run. Most respondents
reported their opinions on the statements related to participation at a superficial level only
in information-giving and passive participation in their community’s biomass power plant
initiatives. According to citizens, engagement played an important role in energy projects
promotion [33]; the shallow participation level in this study reflected the low opportunity
for the community to be consulted in the decision-making step. Since the energy transition
needs to drive together with stakeholder engagement [34], the Thai royal government and
local administrative organizations should support community-driven energy initiatives in
Southern Thailand.

Third, those community’s pain points also indicated a high level of dissatisfaction
with biomass power plants that needed to pay attention to their concerns and solve
the disturbances as fast as possible. This measuring of pain point severity was critical
to biomass power plant improvement priorities, and to understanding the impact of
promoting ecosystem and community-friendly projects. In general, the fewer pain point
levels indicated, the lower problems related to the community bio-mass projects. However,
no items were recognized as the lower score, such as 0–1.99 (very mild) and 2.00–3.99
(tolerable). In contrast, the first three levels were presented as 8.00–10.00 (excruciating
unbearable), 6.00–7.99 (very intense), and 4.00–5.99 (very distressing), respectively. Since
these pain points were both current and expected problems—unintended consequences
that occurred at the different levels of the respondent’s experiences in their community
biomass power plants—these problems needed to be considered and all negative impacts on
community living attempted to be lowered. Thus, the progress of energy transition requires
more sustainable solutions, particularly regarding pleasant and desirable community
attitudes towards biomass power plants.

Fourth, the application of the CHIA—the democratize empowered community approach—
played a crucial role in community mobilization through facilitated participatory learning,
particularly in rural settings, to identify their own needs due to biomass power plant projects to
improve environmental and health outcomes. Based on the community investigation mentioned
above, the proposed process was the strategic management plan, implementation, monitoring,
and evaluation to regulate the community-driven development of the biomass power plants in
their community.

Finally, all processes were well-designed for the community which lacks scientific
knowledge, low readiness, and partial engagement to biomass power plants, providing
system encouragement for ecological and socioeconomically value based on dwelling envi-
ronment, health, and well-being in rural Southern Thailand. In other words, community
readiness, engagement, and pain point scores were evidence for the decision-makers to
propose a community framework, public policy, and capacity building for the community.
The CHIA worked as a part of building blocks’ framework [35] with a democratizing
process to support the local community and population health through learning using
community-based data-sharing, developing stakeholder agreements, and decision-making
as partnerships in the context of determinants of health [36] to achieve health equity and a
sustainable environment.

5. Conclusions

For the first time, this study highlighted the novelty insight of community capacity-
building mobilization towards energy transitions in the era of Thailand 4.0, a case study on
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biomass power plants in Southern Thailand. First, CRM played a critical role influencing
the provision of the baseline data for community readiness, involvement, and their pain
points. Second, the CHIA process presents a crucial role based on community baseline data
to build the collaborative mobilization plan, implementation, monitoring, and evaluation
to achieve the public policy towards biomass power plants in Southern Thailand. The
new directions of future scientific studies in monitoring and evaluating energy transition
status in Thailand should simultaneously involve community learning tools, such as
CHIA, to detect and probe the impact timeframes for renewable energy by the community
themselves. The findings suggested that the policy recommendation should address social
determinants of health, engage stakeholders, and build community efforts in social and
scientific platforms to ensure community ownership, value addition, public acceptance,
and maintenance sustainability.
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