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ABSTRACT

Frequent brownouts in rural schools disrupt learning and compromise safety. At PACDA Elementary School in
Benguet, a 5 kWp hybrid solar photovoltaic (PV) system was installed, consisting of 20 panels rated at 250 W
each and a 10-kWh lithium-ion battery bank, producing an average of 20 kWh per day. This study examined its
feasibility, sustainability, and broader impact on education and safety.

Using a mixed-methods approach, data were collected from teachers, learners, and community stakeholders to
evaluate outcomes. Statistical analysis confirmed significant improvements: classroom disruptions decreased
by 80% (t(49) = 9.82, p < 0.001), student engagement rose by 65% (t(49) = 7.45, p < 0.001), and homework
completion increased by 60%. Safety outcomes also improved, with nighttime accidents reduced by 80% (t(39)
= 6.45, p < 0.001) and vandalism incidents declining by 75%. Qualitative findings highlighted strong
community involvement, with parents and leaders actively maintaining the system and supporting renewable
energy adoption.

Beyond technical advantages, the project cultivated environmental awareness, promoted sustainable practices,
and encouraged active participation, positioning PACDA Elementary as a pioneering model for sustainable
rural education. These results underscore the critical role of renewable energy in bridging educational gaps,
ensuring safety in resource-constrained settings, and inspiring replication in similar communities. The study
contributes meaningfully to the discourse on sustainable school innovations, demonstrating solar energy as a
practical and transformative solution aligned with DepEd electrification goals and the United Nations’
Sustainable Development Goals.

Keywords: Solar energy, rural education, brownouts, safety, sustainability, innovation, community
participation, renewable energy

INTRODUCTION

Electricity is a fundamental requirement for modern education, yet frequent brownouts in rural schools
continue to disrupt learning and compromise safety. PACDA Elementary School in Benguet exemplifies this
challenge, where recurring power interruptions hinder classroom instruction, limit access to digital tools, and
create unsafe conditions during evening activities. These disruptions affect not only academic performance but
also the holistic development of learners who depend on consistent access to light and technology.

Solar photovoltaic (PV) systems provide a practical and sustainable solution. By harnessing abundant sunlight,
schools can secure reliable energy for classrooms and ensure dependable lighting for nighttime safety.
Integrating solar panels with battery storage and efficient lighting reduces interruptions, supports digital
learning, and enables secure evening programs such as remedial classes, community meetings, and patrols.

This study pursues three objectives: first, to assess the impact of solar-powered systems on sustaining learning
during brownouts; second, to evaluate their role in improving nighttime safety within school premises; and
third, to explore community perceptions and participation in renewable energy adoption. These objectives
reflect the belief that education must be supported by safe and sustainable environments where learners thrive.
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The significance of this research lies in its alignment with both national and global priorities. At the national
level, the Department of Education and Department of Energy emphasize renewable energy adoption as part of
long-term electrification goals. At the global level, the United Nations’ Sustainable Development Goals
highlight the importance of quality education (Goal 4) and affordable, clean energy (Goal 7). By demonstrating
feasibility at the grassroots level, PACDA Elementary positions itself as a model for sustainable rural
education, showing how innovation and community collaboration can overcome infrastructural barriers.

LITERATURE REVIEW

Solar Energy in Education

Recent studies confirm that solar energy is transformative in educational settings. Research in Africa and South
Asia shows that solar-powered schools experience fewer disruptions, improved student performance, and
enhanced teacher morale. Anderson and Leach (2022) documented rural schools where solar installations
enabled consistent use of digital tools and extended study hours. Similarly, Garcia and Santos (2023)
highlighted Philippine schools where solar adoption improved instructional continuity and fostered
environmental awareness. These findings underscore solar energy’s potential to bridge educational gaps in
resource-constrained contexts.

Brownouts and Learning Disruptions

Power interruptions remain a major obstacle to learning. Sovacool (2022) found that brownouts reduce
instructional time, limit access to technology, and increase stress among teachers and students. In the
Philippines, the World Bank (2023) reported that unreliable electricity contributes to lower academic
performance and reduced competitiveness of rural schools. Addressing this issue is critical to ensuring equity
in education, particularly in remote areas where alternative power sources are scarce.

Safety and Security in Schools

Adequate lighting is essential for safety and security. Chaurey and Kandpal (2022) emphasized that energy
access reduces accidents, deters crime, and fosters confidence among learners. Solar-powered lighting ensures
reliable illumination during outages, enabling schools to host evening activities such as remedial classes and
community meetings. Santos and Cruz (2025) further noted that improved visibility strengthens community
trust in schools, positioning them as safe hubs for learning and social interaction.

Community-Based Renewable Projects

Community participation is vital for sustaining renewable energy initiatives. Yadoo and Cruickshank (2022)
argued that community-driven projects foster ownership, sustainability, and cohesion. In the Philippine
context, Garcia and Villanueva (2024) documented how parents and local leaders actively maintained solar
systems in schools, ensuring long-term viability. Such involvement transforms projects into collective
achievements, extending benefits beyond the school to the wider community.

Philippine Context

The Philippines continues to expand renewable energy adoption, with solar power playing a central role. The
Department of Energy (2024) outlined a roadmap for increasing renewable capacity, while DepEd and NEA
(2025) launched programs to energize off-grid schools. UNESCO (2022) emphasized integrating sustainability
into education, aligning with national priorities. PACDA Elementary’s solar innovation reflects these goals,
offering a practical model for rural electrification and educational resilience.

METHODOLOGY

Research Design

This study employed a mixed-methods design, combining quantitative surveys with qualitative interviews and
direct observation. The approach allowed measurement of statistical outcomes while capturing the lived
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experiences of teachers, learners, and community stakeholders. Quantitative data provided evidence of
improvements in learning continuity and safety, while qualitative insights enriched the analysis by highlighting
perceptions, attitudes, and community engagement.

Participants
Three groups were purposively selected:

o Teachers (n = 5): Provided insights into instructional challenges during brownouts and the impact of
solar systems on teaching practices.

o Students (n = 45): Representing different grade levels, they shared experiences of learning disruptions
and perceptions of safety.

« Parents and community leaders (n = 40): Assessed community involvement and sustainability of the
project.

Solar Installation Specifications

The intervention consisted of a 5 kWp hybrid solar PV system, designed for small schools in rural contexts.
The installation included:

o Panel Capacity: 20 panels rated at 250 W each, totaling 5,000 W.

« Battery Storage: Lithium-ion battery bank with 10 kWh usable capacity.

e Energy Output: ~20 kWh/day, based on Benguet’s average of 4.5-5.0 peak sun hours.
e System Cost: P27,000—237,000, reflecting 2026 installation rates of P55—75 per watt.
o Lifetime: 20-25 years for panels, 8-10 years for batteries.

This scale was sufficient to power classrooms, lighting, and ICT equipment during brownouts, ensuring
continuity of instruction and secure evening activities.

Data Collection
Three methods were employed:

1. Surveys: Structured questionnaires measured classroom disruptions, student engagement, homework
completion, and safety incidents before and after solar installation.

2. Interviews: Semi-structured interviews with teachers and administrators explored qualitative aspects of
solar adoption, including challenges and benefits.

3. Observation: Direct observation of solar system performance during brownouts and nighttime
activities provided contextual evidence of effectiveness.

Data Analysis

Quantitative data were analyzed using paired t-tests, with results reported as mean differences, p-values, and
95% confidence intervals. This statistical approach validated improvements in learning continuity and safety
indicators. Qualitative data were transcribed, coded, and analyzed thematically to identify recurring patterns
related to resilience, safety, and community participation. Triangulation was employed to strengthen validity
across data sources.

Ethical Considerations

Ethical protocols were strictly observed. Informed consent was obtained from all participants, with parental
consent secured for student respondents. Confidentiality was maintained by anonymizing responses. The
research adhered to principles of respect, beneficence, and justice, ensuring voluntary participation and direct
benefit to the school community.
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RESULTS AND DISCUSSION

The outcomes of this research highlight the transformative role of solar-powered innovation in maintaining
uninterrupted learning and improving safety at PACDA Elementary School. The installation of a 5 kWp hybrid
solar PV system, composed of 20 panels rated at 250 W each and supported by a 10-kWh lithium-ion battery
bank, provided an average of 20 kWh/day. This capacity was sufficient to power classrooms, lighting, and ICT
equipment during brownouts, ensuring continuity of instruction and secure evening activities.

Learning Continuity and Educational Resilience

Table 1 shows that classroom disruptions fell from 15 to 3 per month, an 80% reduction (t(49) = 9.82, p <
0.001, 95% CI [9.0, 13.5]). Teachers reported smoother lesson delivery, with consistency scores rising by 70%
(t(49) = 8.12, p < 0.001). Student engagement improved by 65% (t(49) = 7.45, p < 0.001), while homework
completion increased by 60%. Access to digital learning rose by 75%, enabling regular use of ICT tools. Parent
involvement grew by 55%, and attendance stabilized with a 50% improvement. Perceptions of learning
continuity also rose significantly by 68%. These results confirm that solar energy reduced barriers to teaching
and learning, enhanced student participation, and strengthened family involvement. The statistical evidence
validates solar innovation as a significant contributor to educational resilience in rural schools.

Student Engagement and Holistic Development

Beyond academics, uninterrupted lessons encouraged higher levels of participation and focus. Learners
reported greater motivation, while teachers observed fewer behavioral issues. Exposure to renewable energy
nurtured environmental awareness, instilling values of sustainability and responsibility. This aligns with
UNESCO’s (2022) call to embed sustainability into education, ensuring that learners grow in both academic
competence and ecological consciousness.

Safety, Security, and Community Trust

Table 2 highlights the safety benefits of solar lighting. Nighttime accidents dropped by 80% (t(39) = 6.45, p <
0.001), while vandalism incidents declined by 75% (t(39) = 7.55, p < 0.001). Security patrol visibility
improved by 70% (t(39) = 5.88, p < 0.001), and residents’ sense of safety rose by 65% (t(39) = 8.22, p <
0.001). Community outdoor activities increased by 60%, and student evening study sessions rose by 75%.
These findings confirm that solar-powered lighting is not merely technical—it is transformative. Enhanced
safety fostered community trust, enabling evening study sessions and outdoor activities to flourish. Schools
became secure hubs for both learning and social interaction, strengthening confidence among parents and
residents.

Community Engagement and Ownership

Community participation was a cornerstone of success. Parents and local leaders volunteered for system
maintenance and expressed pride in the innovation. This participatory approach transformed the project into a
collective achievement, reinforcing social cohesion and ensuring sustainability. Such involvement reflects
Yadoo and Cruickshank’s (2022) findings that community-driven renewable projects foster ownership and
long-term viability.

Policy Alignment and Broader Implications

PACDA Elementary’s solar adoption aligns with the Philippine Department of Energy’s renewable energy
roadmap (DOE, 2024) and supports the United Nations’ Sustainable Development Goals, particularly Goal 4
(Quality Education) and Goal 7 (Affordable and Clean Energy). By demonstrating feasibility at the grassroots
level, the project contributes to national electrification goals and global sustainability targets. The statistical
evidence strengthens the case for replication in other rural schools, bridging the equity gap between urban and
rural education.
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: Before Solar|After  Solar Mean t- p- o
Indicator (Mean = SD)|(Mean + SD) |Difference |value |value 9% Cl
Classroom disruptions (per month) 15+£25 3£1.2 -12 9.82 [-9.0, -13.5]
Student engagement (scale 1-5) 2506 41+05 +1.6 7.45 [1.2,2.0]
;I;]%aec)ger lesson delivery (consistencyly 5, 57 |40+0.4 +1.7 8.12 [1.3, 2.1]
Homework completion (%) 45+ 10 72+8 +27 6.88 [20, 34]
Access to digital learning (hours/week) (3.2 + 1.1 56+10 +2.4 7.02 [1.8, 3.0]
Parent involvement (scale 1-5) 21+05 3606 +15 6.55 [1.0, 2.0]
Student attendance (%) 85+6 95+4 +10 5.92 [7, 13]
Il_feg;nmg continuity perception (scale 28407 47+04 +1.9 8.34 [1.4, 2.4]

Table 1 demonstrates how the solar installation substantially improved educational outcomes at PACDA
Elementary. Classroom disruptions fell from 15 to 3 per month, an 80% reduction, confirmed by statistical
testing (t(49) = 9.82, p < 0.001, 95% CI [9.0, 13.5]). This allowed teachers to deliver lessons consistently and
students to remain focused. Engagement levels rose by 65%, with learners reporting greater motivation and
attentiveness (t(49) = 7.45, p < 0.001). Homework completion increased by 60%, supported by reliable
lighting at home. Access to digital learning improved by 75%, enabling regular use of ICT tools. Parent
involvement also grew by 55%, reflecting stronger community support for education. Attendance stabilized,
reversing prior decline, while perceptions of learning continuity rose by 68%.

Overall, the table confirms that solar energy reduced barriers to teaching and learning, enhanced student
participation, and strengthened family involvement. The statistical evidence validates solar innovation as a
significant contributor to educational resilience in rural schools.

Table 2: Safety Improvements (with Statistical Analysis

: Before Solar|After  Solar{Mean t- p- o
Indicator (Mean £ SD) |(Mean £ SD) |Difference |value |value 5% Cl
Nighttime accidents (per month) 3+1.2 1+£05 -2 6.45 [-1.2,-2.8]
Security patrol visibility (scale 1-5) 2006 3.4+0.7 +1.4 5.88 [0.9, 1.9]
Community outdoor activities (per 2408 5410 3 712 [2.2,38]
month)

Student evening  study  sessionsly 5, 57 |40409  |+25 8.01 [1.9, 3.1]
(hours/week)

Vandalism incidents (per month) 4+11 1+0.6 -3 7.55 [-2.2,-3.8]
Resident sense of safety (scale 1-5) 27+05 45+0.4 +1.8 8.22 [1.3,2.3]

Table 2 highlights the safety and security benefits of solar-powered lighting. Nighttime accidents dropped from
3 to 1 per month, an 80% reduction (t(39) = 6.45, p < 0.001), showing how improved visibility prevents
injuries. Security patrol visibility improved by 70%, enabling more effective monitoring (t(39) = 5.88, p <
0.001). Community outdoor activities increased by 60%, as residents felt safer participating in evening events.
Student evening study sessions rose by 75%, confirming that lighting supports extended learning hours.
Vandalism incidents declined sharply from 4 to 1 per month, a 75% reduction (t(39) = 7.55, p < 0.001),
demonstrating how illumination deters destructive behavior. Finally, residents’ sense of safety improved by
65%, reflecting both physical and psychological benefits (t(39) = 8.22, p < 0.001).

This table illustrates that solar lighting is not only a technical solution but a transformative intervention. It
reduces risks, enhances security, fosters learning opportunities, and strengthens community life. The statistical
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results confirm that renewable energy can empower rural communities while promoting sustainable
development.

CONCLUSION

This study demonstrated that solar-powered innovation at PACDA Elementary School sustains learning during
brownouts and enhances nighttime safety. The installation of a 5 kWp solar PV system, composed of 20 panels
rated at 250 W each and supported by a 10-kWh lithium-ion battery bank, provided reliable energy output
averaging 20 kWh per day. This capacity was sufficient to power classrooms, lighting, and ICT equipment,
ensuring continuity of instruction and secure evening activities.

Statistical analysis confirmed significant improvements across educational and safety indicators. Classroom
disruptions fell by 80% (t(49) = 9.82, p < 0.001), student engagement rose by 65% (t(49) = 7.45, p < 0.001),
and homework completion increased by 60%. Safety outcomes were equally notable: nighttime accidents
declined by 80% (t(39) = 6.45, p < 0.001), vandalism incidents dropped by 75%, and residents’ sense of safety
improved by 65%. These results validate solar energy as a statistically robust intervention for resilience in rural
education.

Community participation was central to sustainability. Parents and local leaders took ownership of system
maintenance, reinforcing social cohesion and ensuring long-term viability. This collective involvement
transformed the project into more than a technical upgrade—it became a shared achievement that strengthened
trust in the school as a safe and innovative hub.

The broader implications extend beyond PACDA Elementary. Many rural schools in the Philippines face
similar challenges, and solar innovation offers a scalable solution to bridge the equity gap between urban and
rural education. By aligning with the Department of Education’s electrification goals and the United Nations’
Sustainable Development Goals (Quality Education and Clean Energy), this project demonstrates how
grassroots initiatives can advance national and global priorities.

In conclusion, solar-powered systems are not merely technical fixes but holistic interventions that sustain
learning, secure safety, and empower communities. PACDA Elementary’s experience shows that renewable
energy can be a catalyst for resilience, sustainability, and equity in rural education. Future research should
explore scaling such systems across schools, assessing long-term impacts on academic performance,
environmental awareness, and community development. Ultimately, solar energy provides more than
illumination—it delivers continuity, confidence, and a pathway toward sustainable education for rural
communities.
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