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Pengembangan Model Optimasi Keandalan dan Manajemen Pemeliharaan
PLTS Off-Grid Berbasis Monitoring loT untuk Mengurangi Tingkat
Pemadaman

Maruli Parsaoran Soeseno Panjaitan

ABSTRAK

Penyediaan energi listrik di wilayah terpencal Indonesia masih menghadapi
tantangan serius dalam menjaga keandalan sistem. Sistem Pembangkit Listrik
Tenaga Surya (PLTS) off-grid di wilayah terpencil menghadapi masalah utama:
tingkat pemadaman mencapai 7,75 kali/bulan dengan durasi 2.688 jam/tahun.
Keterbatasan infrastruktur komunikasi konvensional di area blank spot
menyebabkan gangguan tidak terdeteksi real-time, mengakibatkan waktu respons
perbaikan hingga +29,6 jam. Penelitian ini mengembangkan model optimasi
keandalan dan manajemen pemeliharaan PLTS off-grid berbasis pemantauan loT
(loT monitoring) dengan internet satelit sebagai tulang punggung (backbone)
komunikasi. Metodologi penelitian mencakup: (1) pemodelan PLTS optimal
menggunakan HOMER Pro; (2) analisis baseline keandalan (SAIDI, SAIFI,
MTTR); (3) implementasi sistem loT monitoring dengan dengan internet satelit; (4)
Pengembangan algoritma deteksi anomali multi-lapis (multi-layer); (5)
Perancangan model pemeliharaan prediktif (predictive maintenance) berbasis
pembelajaran mesin (machine learning); serta (6) implementasi lapangan dan
validasi empiris selama 6 bulan. Hasil penelitian menunjukkan peningkatan yang
drastis: SAIDI berkurang 96,4% (dari 2.688 menjadi 96 jam/tahun), SAIFI menurun
93,5% (dari 7,75 menjadi 0,5 kejadian/bulan), dan MTTR berkurang 99,4% (dari
29,6 jam menjadi < 10 menit). Ketersediaan sistem (availability) naik dari 67%
menjadi 89,2% (+22,2 poin persentase), sejalan dengan standar IEEE 1366 kategori
"Good". Kecepatan deteksi gangguan (fault detection speed) meningkat dari 2-5
hari menjadi < 2 menit. Biaya pemeliharaan per kejadian berkurang 60—75%, fraksi
energi terbarukan (renewable energy fraction) meningkat 25 poin (dari 67%
menjadi 92%), serta kepuasan pelanggan naik dari 3,2/10 menjadi 8,1/10. Integrasi
0T dengan internet satelit memungkinkan transformasi dari pemeliharaan reaktif
(reactive maintenance) menjadi proaktif berbasis data, mengurangi tingkat
pemadaman hingga 30%. Model ini memberikan solusi efektif untuk meningkatkan
keandalan PLTS off-grid, menjamin kontinuitas pasokan energi terbarukan, dan
mendukung akselerasi transisi energi nasional di wilayah terpencil. Penelitian ini
berkontribusi pada pengembangan strategi manajemen aset dan operasi sistem
energi terbarukan yang efisien dan responsif.

Kata Kunci: PLTS off-grid, loT monitoring, internet satelit, pemeliharaan
prediktif, keandalan sistem
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Development of Reliability Optimization and Maintenance Management
Model for Off-Grid Solar Power Plants Based on 10T Monitoring to Reduce

Power Outage Rate

Maruli Parsaoran Soeseno Panjaitan

ABSTRACT

The provision of electricity in remote areas of Indonesia still faces serious
challenges in maintaining system reliability. Off-grid Solar Power Plants (PLTS)
in remote regions face a major issue: outage rates reach 7.75 times per month with
a duration of 2,688 hours per year. The limitation of conventional communication
infrastructure in blank-spot areas causes faults to go undetected in real-time,
resulting in repair response times of up to + 29.6 hours. This study develops a
reliability optimization and maintenance management model for off-grid PLTS
based on loT monitoring using satellite internet as the communication backbone.
The research methodology includes: (1) optimal PLTS modeling using HOMER
Pro; (2) baseline reliability analysis (SAIDI, SAIFI, MTTR); (3) implementation of
an loT monitoring system with satellite internet; (4) development of a multi-layer
anomaly detection algorithm; (5) design of a machine learning-based predictive
maintenance model; and (6) field implementation and empirical validation for 6
months. The results show a drastic improvement: SAIDI decreased by 96.4% (from
2,688 to 96 hours/year), SAIFI decreased by 93.5% (from 7.75 to 0.5
events/month), and MTTR decreased by 99.4% (from 29.6 hours to <10 minutes).
System availability increased from 67% to 89.2% (+22.2 percentage points),
aligning with the IEEE 1366 standard "Good" category. Fault detection speed
increased from 2-5 days to <2 minutes. Maintenance costs per event decreased by
60-75%, the renewable energy fraction increased by 25 points (from 67% to 92%),
and customer satisfaction rose from 3.2/10 to 8.1/10. The integration of 0T with
satellite internet enables a transformation from reactive maintenance to data-
driven proactive maintenance, reducing outage rates by up to 30%. This model
provides an effective solution to enhance off-grid PLTS reliability, ensure the
continuity of renewable energy supply, and support the acceleration of the national
energy transition in remote regions. This research contributes to the development
of efficient and responsive asset management and renewable energy system
operation strategies.

Keywords: Power Outage Rate, Internet of Things (1oT), Satellite Internet, Solar
Power Plant, HOMER Pro.
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