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This study employed a one-group pretest-posttest design within a participatory
community empowerment program to evaluate the implementation of a portable solar
panel system in Jatirejo Village, Semarang Regency, Indonesia. The program integrated
educational sessions, hands-on training, practical demonstrations, and technology transfer
to improve participants' renewable energy knowledge and community engagement. Data
were collected from 20 community members using structured pre- and post-program
questionnaires, direct observations, and activity documentation. Descriptive statistics and
the Wilcoxon Signed-Rank Test were employed to evaluate program outcomes. The
proportion of participants who understood the basic functions of portable solar panel
systems increased from 30% to 85%, familiarity with system operation improved from
35% to 75%, interest in renewable energy increased from 45% to 90%, and active
participation increased from 25% to 80%. The Wilcoxon Signed-Rank Test confirmed a
statistically significant improvement in participants' overall questionnaire scores (Z =
—3.920, p < 0.001). The novelty of this study lies in integrating portable solar panel
deployment, participatory education, hands-on training, and technology transfer within a
single community empowerment framework, providing a practical model for promoting
renewable energy adoption and supporting Sustainable Development Goal (SDG) 7.

Contribution to Sustainable Development Goals (SDGs):
SDG 4: Quality Education

SDG 7: Affordable and Clean Energy

SDG 9: Industry, Innovation, and Infrastructure

SDG 13: Climate Action

1. INTRODUCTION

1.1.  Research Background

Access to affordable, reliable, and sustainable energy remains a

universal access to modern energy services. Despite significant
progress in renewable energy development, many rural and
underserved communities continue to experience limited access
to electricity due to inadequate infrastructure, geographic
constraints, and the high costs of grid expansion [1], [2]. Solar
photovoltaic (PV) technology has emerged as one of the most

fundamental challenge in achieving the Sustainable Development promising renewable energy solutions because of its

Goals (SDGs), particularly SDG 7, which aims to ensure

environmental sustainability, declining installation costs, and
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adaptability for decentralized electricity generation. Solar energy
contributes substantially to sustainable development by
simultaneously supporting environmental protection, economic
growth, and social welfare through the provision of clean and
reliable electricity [3]. Standalone solar-powered systems offer
practical and affordable solutions for communities lacking access
to conventional electricity infrastructure, particularly when
integrated with portable and low-maintenance technologies [4].

Beyond improving electricity availability, renewable energy
technologies have increasingly been recognized as instruments
for community development and socio-economic empowerment.
Community-based renewable energy initiatives not only provide
access to clean energy but also strengthen local capacities through
knowledge transfer, technical training, and participatory
involvement in technology adoption [5], [6], [7]. In many
developing countries, however, renewable energy programs
remain predominantly technology-oriented, focusing on system
installation while paying less attention to community
participation, local ownership, and long-term sustainability [8],
[9]. Consequently, numerous projects experience limited
utilization after implementation because local communities are
insufficiently prepared to operate, maintain, and maximize the
benefits of the installed technology [10].

Portable solar panel technology represents a practical
alternative for addressing energy accessibility challenges,
particularly in remote and rural areas where conventional
electricity infrastructure is unavailable or unreliable. Compared
with fixed photovoltaic installations, portable solar panels offer
greater flexibility, ease of transportation, rapid deployment, and
lower installation requirements, making them suitable for
community-based applications, disaster response, educational
activities, and small-scale productive sectors [11]. Successful
renewable energy implementation requires not only technological
innovation but also effective community coordination,
participatory engagement, and collective decision-making to
ensure sustainable utilization of shared energy resources [12].
These findings indicate that technological effectiveness is closely
associated with the social dimensions of energy adoption.

Recognizing these challenges, community service programs
integrating renewable energy technologies with participatory
empowerment approaches have gained increasing attention as
sustainable development strategies. Rather than solely
transferring technology, these initiatives emphasize capacity
building through education, hands-on training, demonstration,
and community engagement to enhance local knowledge and
encourage independent utilization of renewable energy systems
[13], [14], [15]. Such approaches are expected to improve
technology acceptance, strengthen energy literacy, and foster
long-term sustainability by enabling communities to actively
participate in the operation and maintenance of renewable energy
facilities.

Therefore, this study implements a community empowerment
program through the deployment of portable solar panel
technology in Jatirejo Village as an effort to improve sustainable
energy access and renewable energy literacy. The program
combines educational activities, practical demonstrations, hands-
on assembly, and direct technology utilization to strengthen
community capacity in adopting renewable energy solutions. By
integrating technological implementation with participatory
empowerment, this study is expected to contribute to sustainable
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community development and promote the wider adoption of clean
energy technologies at the local level.

1.2.  Literature Review

Renewable energy has become a primary driver of sustainable
development by providing environmentally friendly alternatives
to conventional fossil-fuel-based energy systems [16], [17], [18].
Among the various renewable energy technologies, solar
photovoltaic (PV) systems have received considerable attention
because of their scalability, declining installation costs, low
operational requirements, and suitability for decentralized
electricity generation in both urban and rural areas [19], [20]. As
part of the global effort to achieve Sustainable Development Goal
(SDG) 7, solar energy is expected to expand access to affordable,
reliable, and clean energy while reducing greenhouse gas
emissions and dependence on fossil fuels [21], [22]. Solar energy
contributes not only to environmental sustainability but also to
economic growth and social welfare by providing clean
electricity, creating employment opportunities, and supporting
sustainable development [3]. These findings indicate that solar
photovoltaic technology has evolved beyond electricity
generation and become an important instrument for promoting
sustainable community development [3].

Although  photovoltaic  technology  has
considerably, technological innovation alone does not necessarily
guarantee successful adoption and long-term utilization within
local communities. Recent studies increasingly recognize that
renewable energy implementation should integrate technological
deployment with community participation to enhance technology
acceptance and sustainability [23], [24]. Portable solar panel
technology has emerged as a practical solution because of its
flexibility, mobility, rapid installation, and suitability for off-grid
communities where conventional electricity infrastructure is
limited [25]. Standalone system integrating solar energy, UV-
LED water disinfection, and wireless positioning to improve

advanced

access to clean water in remote African communities [4]. Their
findings demonstrated the technical feasibility and effectiveness
of portable solar-powered systems for decentralized applications.
However, the study primarily emphasized system architecture
and technological performance, providing limited discussion
regarding community participation, capacity building, and long-
term technology adoption.

The growing emphasis on community participation has
shifted renewable energy development toward community
empowerment approaches that actively involve local stakeholders
throughout technology implementation. Participatory activities
such as technical education, practical demonstrations, hands-on
training, and collaborative decision-making enable communities
to acquire the knowledge and skills necessary for operating and
maintaining renewable energy systems independently [26], [27].
Effective renewable energy communities depend not only on
technological availability but also on social coordination,
community engagement, and collective decision-making to
optimize the utilization of shared solar energy resources [12].
Likewise, previous studies consistently demonstrate that
renewable energy programs incorporating participatory
approaches produce greater technology acceptance, stronger
community ownership, and improved long-term sustainability
than programs focusing solely on technology installation [28],
[29]. Recent international studies further emphasize that
renewable energy education plays a crucial role in improving
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community awareness, environmental responsibility, and
willingness to adopt clean energy technologies. Educational
interventions combined with practical experience have been
shown to promote positive behavioral change by increasing
individuals' confidence, perceived usefulness, and acceptance of
renewable energy systems [13], [14], [15]. Furthermore,
technology adoption is influenced not only by technological
performance but also by social participation, continuous learning,
institutional support, and community trust. These findings
highlight that integrating education, participatory learning, and
technology deployment is essential for achieving sustainable
renewable energy adoption in rural communities.

Previous research has investigated renewable energy
implementation from various perspectives. A comprehensive
framework for integrating solar energy into sustainable building
projects by considering technological, environmental, economic,
and policy dimensions [30]. A hybrid distribution strategy for
distributed energy technologies by combining community-based
distribution networks with digital platforms to improve clean
energy accessibility in underserved regions [31]. Several studies
have demonstrated the positive impacts of technology transfer,
capacity building, agricultural innovation, digital transformation,
and sustainability-oriented community service programs on
strengthening community participation and improving local
development outcomes [11], [32], [33]. Collectively, these
studies confirm that integrating appropriate technology with
participatory community engagement contributes significantly to
sustainable development and community resilience.

Despite these advances, existing studies predominantly focus
on photovoltaic system performance, renewable energy
integration, technology distribution, infrastructure development,
and policy frameworks. Research addressing community
empowerment generally emphasizes training or technology
dissemination separately rather than integrating both aspects into
a comprehensive implementation model. More importantly,
empirical evidence regarding the deployment of portable solar
panel technology through a participatory community
empowerment approach that combines technical education,
hands-on assembly, practical demonstrations, technology
transfer, and community engagement at the village level remains
limited. Consequently, evidence on how such an integrated
approach enhances renewable energy literacy and sustainable
energy access is still scarce. Therefore, this study addresses this
research gap by implementing portable solar panel technology
through a participatory community empowerment program in
Jatirejo Village. Unlike previous studies, this research integrates
portable solar panel deployment with education, practical
training, technology transfer, and community participation within
a single implementation framework to strengthen local capacity,
improve renewable energy literacy, and support sustainable
energy access.

1.3.  Research Objective

The objective of this study was to evaluate the implementation of
a portable solar panel system through a participatory community
empowerment program in Jatirejo Village. Specifically, the study
aimed to enhance renewable energy literacy, improve
participants' technical understanding of portable photovoltaic

https://doi.org/10.29165/ajarcde.v10i3.1185

technology, strengthen community participation, and promote
sustainable energy access through the integration of educational
sessions, hands-on training, and technology transfer.

2. MATERIALS AND METHODS

2.1. Study Area and Participants

This community service program was conducted in Jatirejo
Village, Semarang Regency, Central Java, Indonesia, as part of
an initiative to promote renewable energy utilization and improve
sustainable energy access at the community level. The village was
selected because it possesses considerable potential for solar
energy utilization while facing the need to improve public
awareness and knowledge regarding renewable energy
technologies. The implementation focused on introducing
portable solar panel technology as an appropriate and practical
solution for supporting community activities and encouraging the
adoption of clean energy in rural areas.

The participants consisted of local community members who
voluntarily attended the renewable energy empowerment
program organized in collaboration with village authorities. The
program involved residents with diverse educational and
occupational backgrounds, allowing knowledge transfer to reach
various segments of the community. The participants were
selected based on their willingness to participate in all program
activities, including educational sessions, practical training,
technology demonstrations, and evaluation activities. Their active
participation was considered essential to achieving the objectives
of enhancing renewable energy literacy and encouraging
sustainable technology adoption.

The community empowerment program involved 20
community members who voluntarily participated in all program
activities. The participants represented diverse demographic
backgrounds in terms of gender, age, educational attainment, and
occupation, enabling the program to reach different segments of
the local community. The characteristics of the participants are
presented in Table 1.

As presented in Table 1, the participants represented diverse
demographic characteristics, including gender, age, educational
background, and occupation. Such diversity provided a broader
perspective on community renewable energy literacy and
technology adoption while reflecting the heterogeneous
characteristics of rural communities targeted by the
empowerment program.

The program adopted a participatory community
empowerment approach, emphasizing active engagement
throughout the implementation process rather than passive
technology transfer. Participants were encouraged to interact
directly with the portable solar panel system through discussions,
practical demonstrations, hands-on assembly, and guided
operation under the supervision of the implementation team. This
approach enabled participants to develop practical knowledge
and technical skills while fostering community ownership of the
introduced technology. By combining technical education with
participatory learning, the program sought to strengthen local
capacity and promote the sustainable utilization of portable solar
panel technology within the community.
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Table 1. Participant Characteristics

Characteristic Category N %
Male 11 55.0
Gender
Female 9 45.0
20-35 8 40.0
Age (years) 36-50 7 35.0
>50 5 25.0
Elementary School 4 20.0
Educational Junior High School 3 15.0
Background Senior High School 9 45.0
Diploma/Bachelor 4 20.0
Farmer 7 35.0
Small Business Owner 5 25.0
Occupation Housewife 4 20.0
Private Employee 2 10.0
Others 2 10.0

2.2. Materials

The community service program utilized a portable solar panel
system as the primary educational and renewable energy
technology to support community empowerment activities. The
system was designed to demonstrate the fundamental principles
of solar photovoltaic (PV) technology and its practical application

in improving sustainable energy access at the community level.
In addition to the main solar energy system, various supporting
tools, educational materials, and evaluation instruments were
prepared to facilitate the implementation of the program. The
main materials used during the community service activities are
summarized in Table 2.

Table 2. Main Materials Used in the Community Service Program

Component Description

Function

Portable solar panel ~ Photovoltaic (PV) module

Solar charge

Charge regulation unit
controller sereg
Rechargeable battery Energy storage device
DC-AC inverter Power conversion unit

USB and AC sockets

Converts solar energy into electrical energy
Regulates battery charging and protects the battery from overcharging

Stores electrical energy generated by the solar panel
Converts direct current (DC) into alternating current (AC)

Output ports Supplies electricity to small electronic devices
Multimeter, screwdrivers, wire cutters, electrical

Supports system installation, testing, and maintenance
connectors

Installation tools

Supports knowledge transfer on renewable energy concepts and system

Educational materials Presentation slides and training modules .
operation

Evaluation

Questionnaires, observation sheets, documentation

instruments

Assesses participants' knowledge, engagement, and program outcomes

As presented in Table 2, the materials consisted of three main
categories: renewable energy system components, supporting
installation equipment, and educational and evaluation
instruments. The portable solar panel system functioned as the
primary learning medium during the practical sessions, enabling
participants to observe the energy conversion process, assemble
the system, and operate electrical loads directly. Meanwhile, the
supporting tools facilitated safe installation and system testing,
whereas the educational materials and evaluation instruments
were employed to strengthen participants' understanding and to
assess the effectiveness of the community empowerment
program. The integration of these materials ensured that
participants received both theoretical knowledge and practical
experience throughout the implementation process.

2.3.  Implementation Procedure

The community empowerment program was implemented using
a participatory approach, which actively involved community
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members throughout the planning, educational, practical, and
evaluation stages. This approach was intended to strengthen
participants' understanding of renewable energy while
encouraging active involvement in the adoption and utilization of
portable solar panel technology. The implementation procedure
consisted of several sequential stages, as illustrated in Figure 1.
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Figure 1. Implementation Procedure of the Community
Empowerment Program

As shown in Figure 1, the implementation process began with

a needs assessment conducted through field observations and

discussions with village representatives to identify community
https://doi.org/10.29165/ajarcde.v10i3.1185
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needs related to renewable energy utilization. Based on the
findings, the implementation team proceeded with program
preparation, including the procurement of equipment,
development of educational materials, preparation of training
modules, and design of evaluation instruments to ensure effective
implementation.

The next stage involved an educational session, during which
participants were introduced to renewable energy concepts, the
principles of solar photovoltaic technology, the components of a
portable solar panel system, and its potential applications in
supporting sustainable energy access. Following the theoretical
session, participants engaged in hands-on training and system
assembly, allowing them to assemble the portable solar panel
system under the guidance of the implementation team. This
activity enabled participants to understand the function of each
component, electrical connections, operational procedures, and
basic maintenance practices while gaining practical experience in
operating the system safely.

After the assembly process, the completed system underwent
portable solar panel demonstration to verify its operational
performance and demonstrate its capability to supply electricity
for low-power applications. Subsequently, the system was
deployed through technology deployment, during which the
portable solar panel was formally introduced and handed over to
the community for future utilization. The final stage consisted of
program evaluation, where participants completed structured
questionnaires and participated in discussion sessions to provide
feedback regarding the educational activities, practical training,
and applicability of the technology. Collectively, these seven
stages ensured that participants acquired both theoretical
knowledge and practical skills, thereby strengthening renewable
energy literacy and supporting the sustainable adoption of
portable solar panel technology within the community.

Before the educational session, participants completed a pre-
program questionnaire to assess baseline knowledge and
perceptions regarding renewable energy. After completing all
educational, practical, and technology deployment activities,
participants completed the same questionnaire as a post-program
assessment to evaluate changes resulting from the intervention.

2.4.  Data Collection and Analysis

This study employed a one-group pretest-posttest design within a
participatory community service framework. The design was
selected to evaluate changes in participants' renewable energy
knowledge and community participation before and after the
intervention.

Data were collected using a combination of structured
questionnaires, direct observations, and activity documentation to
comprehensively evaluate the effectiveness of the community
empowerment program. A total of 20 community members
participated in the program and completed both the pre- and post-
program questionnaires. The questionnaire was developed based
on the objectives of the community empowerment program and a
review of previous studies on renewable energy literacy,
technology acceptance, and community participation. The
questionnaire items were adapted and modified from previous
studies concerning renewable energy education, technology
acceptance, and community empowerment to suit the objectives
of the present community service program [26], [27]. Prior to
implementation, the questionnaire underwent content validation
through expert judgment by three experts in renewable energy
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education and community empowerment. The experts evaluated
the relevance, clarity, and suitability of each questionnaire item,
and their feedback was incorporated to improve the final version
of the instrument before data collection. The instrument consisted
of eight structured items measured using a five-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). The
questionnaire comprised four dimensions: renewable energy
knowledge (Q1-Q3), operational ability (Q4), interest and
perceived usefulness (Q5—Q6), and community participation and
technology adoption (Q7—Q8). The internal consistency of the
eight-item questionnaire was assessed using Cronbach's alpha.
The reliability analysis demonstrated acceptable internal
consistency for the pre-test questionnaire (Cronbach's o = 0.740)
and good internal consistency for the post-test questionnaire
(Cronbach's a = 0.871), indicating that the instrument was
sufficiently reliable for evaluating participants' responses. The
questionnaires assessed participants' knowledge of renewable
energy concepts, understanding of portable solar panel
components, operational procedures, confidence in operating the
system, and perceptions of renewable energy utilization. Direct
observations were conducted throughout the educational
sessions, hands-on training, and technology deployment activities
to evaluate participant engagement, practical skills, and
interaction with the portable solar panel system. In addition,
photographic documentation was collected to provide supporting
evidence of the implementation process and community
participation.

The collected data were analyzed using descriptive and
inferential statistics. Descriptive statistics were used to
summarize participants' responses before and after the program.
To evaluate differences between pre-test and post-test responses,
the Wilcoxon Signed-Rank Test was performed because the data
consisted of paired observations collected from the same
participants (n = 20). Statistical significance was determined at p
< 0.05. In addition, observational findings and activity
documentation were qualitatively interpreted to describe
participant engagement and the overall implementation
outcomes. The results were presented in tables, figures, and
narrative explanations to illustrate the effectiveness of the
participatory community empowerment approach in improving
renewable energy literacy and supporting sustainable energy
access.

3. RESULT AND DISCUSSION

3.1. Implementation of the Portable Solar Panel
Community Empowerment Program

The community empowerment program was successfully
implemented in Jatirejo Village through a participatory approach
that integrated renewable energy education, practical training,
and portable solar panel deployment. The implementation aimed
to enhance community understanding of renewable energy
technologies while encouraging active participation in the
adoption and utilization of portable photovoltaic systems.
Throughout the program, participants were directly involved in
educational  sessions, system  assembly, technology
demonstrations, and operational practices, enabling them to
acquire both theoretical knowledge and practical experience. The
completed portable solar panel system used during the
implementation is presented in Figure 2.
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Figure 2. Portable Solar Panel System Used in the Community
Empowerment Program

As shown in Figure 2, the portable solar panel system was
successfully assembled and configured to provide electricity for
low-power applications, including mobile phone charging and
LED lighting. The integrated system consisted of a photovoltaic
panel, charge controller, rechargeable battery, inverter, and
electrical output ports that operated effectively throughout the
implementation. The successful operation of the system
demonstrated the feasibility of utilizing portable photovoltaic
technology as an appropriate renewable energy solution for
community-based applications in rural areas.

Following the system preparation, the implementation team
conducted an educational session introducing participants to the
principles of solar photovoltaic technology, the functions of
individual system components, installation procedures,
operational mechanisms, and basic maintenance practices.
Participants actively engaged in discussions by asking questions
and sharing their experiences regarding local energy needs. The
educational activities were continued through a hands-on training
session in which participants assembled and operated the portable
solar panel system under the supervision of the facilitators. These
educational and practical activities are illustrated in Figure 3.

(a) (b)

Figure 3. Community Engagement Activities during the
Portable Solar Panel Community Empowerment Program: (a)
Educational Session on Portable Solar Panel Technology; (b)

Hands-on Assembly of the Portable Solar Panel System

The combination of theoretical instruction and practical
experience enabled participants to better understand the energy
conversion process and the operation of portable solar panel
systems. Direct interaction with the technology increased
participants' confidence in assembling, operating, and
maintaining the system independently. Moreover, the
participatory learning approach encouraged collaboration
between facilitators and community members, creating an
interactive learning environment that strengthened technology
acceptance and community engagement.

At the conclusion of the program, the portable solar panel
system was formally handed over to representatives of the Jatirejo
Village community as a symbol of technology transfer and long-
term community utilization. During the handover session, the
implementation team reiterated the operational procedures, safety
considerations, and routine maintenance practices required to
ensure sustainable system utilization. The technology handover
process is presented in Figure 4.

- i Figure
4. Technology Handover to Community Representatives in
Jatirejo Village

The successful completion of all implementation stages
demonstrated that integrating portable solar panel deployment
with community empowerment activities provides an effective
approach to strengthening renewable energy literacy and
encouraging local participation. Beyond introducing an
appropriate renewable energy technology, the program facilitated
knowledge transfer, practical skill development, and community
ownership, thereby establishing a foundation for the sustainable
utilization of portable solar energy systems within the village.

3.2.  Community Knowledge
Improvement

and  Participation

The effectiveness of the community empowerment program was
evaluated by comparing participants' knowledge, operational
ability, interest in renewable energy, and participation before and
after the implementation. The evaluation was conducted using
structured questionnaires, direct observations, and activity
documentation to assess the impact of integrating portable solar
panel deployment with participatory educational activities. The
observed changes in community conditions are summarized in
Table 3.

Table 3. Comparison of Community Conditions Before and After the Community Empowerment Program

Indicator Before (%) After (%)
Knowledge of portable solar panel systems 30 85
Ability to operate the system 35 75
Interest in renewable energy 45 90
Community participation 25 80

226 Novita et al.
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To provide a clearer description of the program outcomes,
quantitative comparisons were conducted using responses from
20 participants who completed questionnaires before and after the
implementation.

As presented in Table 3, the community empowerment
program resulted in noticeable improvements across all
evaluation indicators. Prior to the program, participants generally
possessed limited knowledge of portable solar panel technology
and were unfamiliar with its operational principles. Following the
educational sessions and hands-on training, participants
demonstrated improved understanding of photovoltaic system
components, energy conversion processes, and basic operational
procedures. Furthermore, the practical training sessions enhanced
participants' confidence in operating the portable solar panel
system under facilitator guidance, while community participation
became more active throughout the implementation process.
These findings indicate that combining technology deployment
with participatory learning effectively strengthened both
technical knowledge and community engagement.

To further illustrate the program's effectiveness, quantitative
comparisons of participants' responses before and after
implementation are presented in Figure 5.

100 90
90 8 75 80
80
50
45
50 35
40 30 25
30
20
10
0 B .
& < ¥ &
&Q & B .\9\
Q‘b' ‘D"Q ej’} ‘b{\
N & R
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Figure 5. Comparison of Community Knowledge and
Participation Before and After the Community Empowerment
Program (n = 20)

To determine whether the observed improvements were
statistically significant, the pre-test and post-test scores were
compared using the Wilcoxon Signed-Rank Test. The analysis
revealed a statistically significant improvement in participants'
responses following the community empowerment program (Z =
—3.920, p < 0.001). These findings indicate that the educational
intervention significantly improved participants' renewable
energy knowledge, operational ability, interest and perceived
usefulness, as well as community participation and technology
adoption. The inferential analysis supports the descriptive
findings presented in Figure 5, confirming that the observed
improvements were not due to random variation but reflected a
statistically significant positive effect of the community
empowerment program.

The overall mean questionnaire score of the 20 participants
increased from 2.59 + 1.32 before the intervention to 4.35 + 0.54
after the intervention, further supporting the effectiveness of the
community empowerment program in improving renewable
energy knowledge, operational ability, interest and perceived
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usefulness, as well as community participation and technology
adoption.

Figure 5 presents the comparison of participants' responses
before and after the implementation of the community
empowerment program (n = 20). Participants who understood the
basic functions of portable solar panel systems increased from
30% (6 of 20 participants) before the program to 85% (17 of 20
participants) after the program. Similarly, familiarity with system
operation increased from 35% (7 of 20 participants) to 75% (15
of 20 participants). Participants' interest in utilizing renewable
energy increased from 45% (9 of 20 participants) to 90% (18 of
20 participants), while active participation during educational and
practical sessions increased from 25% (5 of 20 participants) to
80% (16 of 20 participants). These findings demonstrate that
integrating educational sessions with practical experience
effectively enhanced participants' knowledge, operational
readiness, and motivation to adopt renewable energy
technologies.

Overall, the findings indicate that the participatory
community empowerment approach successfully improved
renewable energy literacy while encouraging greater community
involvement in technology adoption. The combination of
theoretical education, practical training, and direct interaction
with the portable solar panel system enabled participants to
acquire practical competencies that extended beyond conceptual
understanding. Consequently, the program not only introduced an
appropriate renewable energy technology but also strengthened
community capacity to support the long-term utilization of
portable solar panel systems as a sustainable energy solution in
Jatirejo Village.

3.3.  Discussion

The findings demonstrate that integrating portable solar panel
deployment with a participatory community empowerment
approach effectively enhances community knowledge, technical
skills, and engagement in renewable energy utilization. The
increase in participants' understanding from 30% (6/20) to 85%
(17/20), together with improvements in operational ability and
interest in renewable energy, indicates that combining technology
deployment with educational and practical activities creates a
more sustainable learning process than technology introduction
alone. Rather than functioning merely as recipients of
technological assistance, community members actively
participated in system assembly, operation, and discussion
sessions, allowing them to develop practical competencies and
greater confidence in utilizing renewable energy technologies.
These findings suggest that participatory learning serves as an
important mechanism for improving renewable energy literacy
and strengthening local capacity to support sustainable energy
access [3], [12].

Solar energy contributes not only to environmental
sustainability but also to socio-economic development by
expanding access to clean and affordable energy [3]. Their study
highlighted the importance of photovoltaic technology in
supporting sustainable development but primarily focused on the
broader contribution of solar energy to economic growth and
environmental protection. In contrast, the present study
demonstrates how portable photovoltaic technology can be
integrated with community empowerment activities to facilitate
knowledge transfer and improve technology adoption at the local
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level. This indicates that the effectiveness of renewable energy
programs depends not only on technological availability but also
on community readiness and active participation.

The participatory implementation approach adopted in this
study is consistent with the findings reported in [4], which
demonstrated the technical feasibility of portable solar-powered
systems for decentralized applications in remote communities.
While their research successfully integrated solar energy with
UV-LED water disinfection and wireless positioning
technologies, the primary emphasis remained on system
performance and engineering design. By comparison, the present
study extends previous work by emphasizing community
engagement through educational sessions, hands-on assembly,
and technology transfer as integral components of portable solar
panel deployment. This broader perspective suggests that
technological innovation and community empowerment should
be implemented simultaneously to maximize the sustainability of
renewable energy initiatives.

Furthermore, the present findings are in agreement with the
results reported in [12], which indicate that renewable energy
communities require collaboration, social interaction, and
participatory decision-making to ensure long-term sustainability.
Similarly, the active participation observed during the
educational and practical sessions in Jatirejo Village strengthened
participants' confidence in operating the portable solar panel
system while encouraging collective responsibility for
technology utilization. These outcomes demonstrate that
community participation is not merely a supporting component
but a fundamental factor influencing the long-term success of
renewable energy implementation.

Although the overall improvement was statistically
significant, not all participants achieved the highest level of
understanding after the intervention. This variation may be
associated with differences in educational background, prior
exposure to renewable energy technologies, learning pace, and
familiarity with technical concepts. Participants with limited
technical experience or lower educational backgrounds may
require additional training sessions, continuous mentoring, and
repeated practical exercises to achieve learning outcomes
comparable to those of other participants. These findings suggest
that community empowerment programs should be designed as
continuous capacity-building initiatives rather than one-time
educational activities.

Another important consideration is the long-term feasibility
of adopting portable solar panel technology. Although the system
offers relatively low operating costs and environmental benefits,
the initial investment, battery replacement, and periodic
maintenance may still present financial challenges for rural
communities. Furthermore, routine maintenance, including
cleaning photovoltaic panels, monitoring battery performance,
and replacing ageing electrical components, is essential to
maintain system efficiency. Without continuous technical
assistance, institutional support, and periodic follow-up activities,
participants' motivation and long-term utilization of the
technology may gradually decline. Therefore, sustainable
renewable energy programs should integrate community
education, technical support, and local stakeholder involvement
to ensure continued technology adoption beyond project
completion.

Previous studies primarily discussed strategic frameworks for
solar energy integration, technology distribution, policy support,
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and sustainable infrastructure development [30], [31]. Although
these studies provide valuable guidance for expanding renewable
energy utilization, they offer limited empirical evidence
regarding participatory implementation at the community level.
The present study addresses this limitation by demonstrating that
integrating portable solar panel deployment with structured
educational activities, practical training, and direct community
engagement can effectively strengthen renewable energy literacy
while simultaneously increasing technology acceptance and
community participation. These findings reinforce the argument
that successful renewable energy programs require not only
appropriate technology but also continuous capacity-building and
participatory learning processes [13], [14], [15].

From a practical perspective, the proposed implementation
model can serve as a guideline for universities, non-governmental
organizations, and community service institutions seeking to
introduce renewable energy technologies through participatory
approaches. The integration of education, hands-on training, and
technology transfer enables communities to acquire practical
skills that support the sustainable operation of portable solar panel
systems. From a policy perspective, local governments may
incorporate participatory renewable energy programs into village
development initiatives, environmental education programs, and
rural electrification strategies. Such integration could strengthen
community  capacity  while  supporting the  broader
implementation of Sustainable Development Goal (SDG) 7 at the
local level. Furthermore, the implementation framework is
scalable because it can be adapted to different rural communities
with minimal modification according to local socio-economic
conditions, available resources, and local energy needs.

The novelty of this study lies in integrating portable solar
panel deployment, participatory education, hands-on training,
technology transfer, and community empowerment within a
single implementation framework. Unlike previous studies that
generally examined technological performance, policy
development, or energy distribution separately, this study
demonstrates how these elements can be combined to strengthen
community capacity and promote sustainable energy access in
rural areas. Therefore, the proposed implementation model
provides a practical reference for future community
empowerment programs aiming to accelerate renewable energy
adoption while supporting the achievement of Sustainable
Development Goal (SDG) 7, particularly in communities with
limited experience in renewable energy technologies.

3.4.  Study Limitations and Future Work

Despite the positive outcomes achieved through the community
empowerment program, several limitations should be
acknowledged. First, the study was conducted in a single village
and involved only 20 participants who were selected through
voluntary participation. Consequently, the sample may not fully
represent the demographic and socio-economic diversity of rural
communities in other regions. Therefore, the findings should be
interpreted with caution and cannot be generalized to broader
populations without further validation using larger and more
representative samples. Second, the evaluation focused primarily
on short-term outcomes, including participants' knowledge,
operational ability, and engagement immediately after the
training activities. Consequently, the long-term sustainability of
knowledge retention, technology utilization, and community
adoption could not be comprehensively assessed. Furthermore,
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although inferential statistical analysis using the Wilcoxon
Signed-Rank Test was conducted, the relatively small sample size
may limit the statistical power and external validity of the
findings. Therefore, the present findings reflect only the
immediate impact of the intervention and should not be
interpreted as evidence of long-term behavioral change, sustained
renewable energy adoption, or continued maintenance of the
portable solar panel system. Long-term monitoring is required to
evaluate whether the observed improvements in knowledge,
technology utilization, system maintenance, and community
participation can be sustained over time.

Future studies are recommended to expand the
implementation to multiple villages with larger and more
representative participant groups to improve the external validity
and generalizability of the findings. Longitudinal evaluations
should also be conducted to investigate the sustainability of
community knowledge, technology utilization, and renewable
energy adoption over extended periods. In addition, future
research may integrate portable solar panel systems with smart
energy monitoring technologies, Internet of Things (IoT)-based
applications, or digital energy management platforms to enhance
system efficiency and user engagement. Comparative studies
involving different community empowerment strategies and
renewable energy technologies are also encouraged to identify the
most effective approaches for promoting sustainable energy
access and supporting the achievement of Sustainable
Development Goal (SDG) 7 in rural communities.

4. CONCLUSION

This study demonstrates that integrating portable solar panel
deployment with participatory education, hands-on training,
technology transfer, and community empowerment provides an
effective implementation framework for promoting renewable
energy adoption in rural communities. The implementation
resulted in substantial improvements in participants' renewable
energy literacy, with understanding of portable solar panel
functions increasing from 30% to 85%, operational ability from
35% to 75%, interest in renewable energy from 45% to 90%, and
community participation from 25% to 80%. The Wilcoxon
Signed-Rank Test further confirmed that these improvements
were statistically significant (Z = —3.920, p < 0.001). Beyond
evaluating the effectiveness of the intervention, the study
contributes to the growing body of knowledge by providing
empirical evidence that participatory approaches can strengthen
renewable energy literacy, community engagement, and local
capacity to support sustainable energy utilization.

Practically, the proposed implementation model may serve as
a reference for universities, community service institutions, non-
governmental organizations, and local governments in designing
participatory renewable energy programs that are responsive to
local community needs. The implementation framework is also
scalable and can be adapted to other rural communities with
appropriate contextual adjustments. Future research should
involve larger and more representative participant groups,
evaluate long-term knowledge retention, technology adoption,
and system sustainability, and investigate the integration of
portable solar panel systems with digital monitoring and smart
energy management technologies to further enhance the
effectiveness and scalability of community-based renewable
energy programs.
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