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abstract

The development of renewable energy technologies and the demand for a
more reliable electrical system have encouraged the adoption of smart grid
concepts across various sectors, including vocational education. This study focuses
on the design and development of a hybrid system integrating a Solar Power Plant
(PLTS) and a generator set (genset) with the PLN utility grid as an educational
medium for the Electrical Technology Study Program in Balikpapan. The system
consists of a PLTS module, a genset unit, a hybrid control panel, an inverter, and
an loT-based smart monitoring device that enables real-time observation of
electrical parameters. Integration is achieved through an automatic transfer
mechanism and smart energy management strategies to regulate energy source
priority, optimize usage, and ensure power supply continuity. Testing results show
that the hybrid system operates stably, performs automatic synchronization and
load transfer efficiently, and provides accurate monitoring data for learning
purposes. This educational platform is expected to enhance students’ competencies
in understanding renewable power generation, backup energy systems, and
comprehensive smart grid concepts.

Keywords: Smart Grid; Hybrid System; Solar Power Plant (PLTS); Generator Set
(Genset); PLN Utility Grid; Renewable Energy; Energy Management; loT
Monitoring; Educational Media; Electrical Technology.

Abstrak

Perkembangan teknologi energi terbarukan dan kebutuhan akan sistem
kelistrikan yang lebih andal mendorong penerapan konsep smart grid di berbagai
sektor, termasuk dunia pendidikan vokasi. Penelitian ini merancang dan
membangun sistem Pembangkit Listrik Tenaga Surya (PLTS) dan genset yang
diintegrasikan secara hybrid dengan jaringan listrik PLN sebagai media edukasi
pada Program Studi Teknologi Listrik Balikpapan. Sistem terdiri dari modul PLTS,
unit genset, panel kontrol hybrid, inverter, serta perangkat smart monitoring
berbasis 10T yang memungkinkan pemantauan parameter listrik secara real time.
Integrasi dilakukan menggunakan skema automatic transfer dan smart energy
management untuk mengatur prioritas sumber energi, optimasi pemakaian, serta
memastikan kontinuitas suplai daya. Hasil pengujian menunjukkan bahwa sistem
hybrid mampu beroperasi dengan stabil, melakukan sinkronisasi dan perpindahan
beban secara otomatis, serta memberikan data monitoring yang akurat untuk
keperluan pembelajaran. Media edukasi ini diharapkan dapat meningkatkan
kompetensi mahasiswa dalam memahami teknologi pembangkit terbarukan, sistem
cadangan energi, dan konsep smart grid secara komprehensif.

Kata Kunci: Smart Grid; Sistem Hybrid; PLTS; Genset; Jaringan Listrik PLN;
Energi Terbarukan; Manajemen Energi; loT Monitoring; Media Edukasi.
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