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ABSTRAK 

 Sifat intermiten energi surya menyebabkan daya keluaran panel fotovoltaik 

berubah mengikuti kondisi penyinaran sehingga diperlukan sistem penyimpanan 

energi. Penelitian ini bertujuan merancang, membangun, dan mengevaluasi 

prototipe Thermal Energy Storage berbasis pasir silika dengan panel surya sebagai 

sumber energi. Prototipe menggunakan 57 kg pasir silika berukuran 30 sampai 50 

mesh sebagai media penyimpanan panas sensibel. Konfigurasi akhir terdiri atas dua 

panel surya berkapasitas masing-masing 545 Wp yang dihubungkan secara seri, dua 

elemen pemanas resistif masing-masing 42 V dan 500 W yang dihubungkan secara 

seri, dua thermocouple tipe K, serta isolasi rockwool dan aluminium foil. Sistem 

monitoring berbasis ESP32 dan Arduino Nano digunakan untuk membaca 

temperatur pasir, tegangan, arus, daya, dan indeks estimasi penyinaran. Data 

ditampilkan melalui LCD dan Blynk serta dicatat ke Google Spreadsheet. 

Pengujian dilakukan menggunakan tiga konfigurasi dengan jumlah panel, elemen 

pemanas, dan susunan isolasi yang berbeda. Temperatur tertinggi meningkat dari 

103,63°C pada konfigurasi pertama menjadi 195,13°C pada konfigurasi kedua dan 

230,13°C pada konfigurasi ketiga. Konfigurasi ketiga mempertahankan temperatur 

pagi rata-rata sebesar 100,09°C. Berdasarkan asumsi temperatur lingkungan 28°C, 

konstanta pendinginan konfigurasi kedua dan ketiga masing-masing sebesar 0,072 

jam⁻¹ dan 0,052 jam⁻¹. Penyempurnaan isolasi menurunkan konstanta pendinginan 

sebesar 27,78%. Daya maksimum pada periode operasi yang relatif stabil mencapai 

683,31 W. Hasil penelitian menunjukkan bahwa penambahan panel surya dan 

elemen pemanas meningkatkan temperatur pasir, sedangkan pemasangan isolasi 

pada seluruh sisi memperlambat pelepasan panas. 

Kata kunci: energi surya, pasir silika, penyimpanan panas sensibel, sand battery, 

Thermal Energy Storage. 
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ABSTRACT 

 The intermittent nature of solar energy causes photovoltaic power output to 

fluctuate with solar exposure conditions, thereby requiring an energy storage 

system. This study aimed to design, construct, and evaluate a silica-sand-based 

Thermal Energy Storage prototype powered by photovoltaic panels. The prototype 

used 57 kg of silica sand with a particle size of 30 to 50 mesh as a sensible heat 

storage medium. The final configuration consisted of two series-connected 545 Wp 

photovoltaic panels, two series-connected resistive heating elements rated at 42 V 

and 500 W each, two K-type thermocouples, and thermal insulation comprising 

rockwool and aluminium foil. An ESP32 and Arduino Nano-based monitoring 

system was employed to measure sand temperature, voltage, current, power, and 

the estimated solar exposure index. The measurement data were displayed through 

an LCD and Blynk and recorded in Google Sheets. The experiments were conducted 

using three configurations with different numbers of photovoltaic panels and 

heating elements, as well as different insulation arrangements. The highest 

temperature increased from 103.63°C in the first configuration to 195.13°C in the 

second configuration and 230.13°C in the third configuration. The third 

configuration maintained an average morning temperature of 100.09°C. Assuming 

an ambient temperature of 28°C, the cooling constants of the second and third 

configurations were 0.072 h⁻¹ and 0.052 h⁻¹, respectively. The improved insulation 

reduced the cooling constant by 27.78%. The maximum power recorded under 

relatively stable operating conditions was 683.31 W. The results demonstrate that 

increasing the number of photovoltaic panels and heating elements increased the 

sand temperature, while applying insulation to all sides of the storage unit reduced 

the heat-release rate. 

Keywords: sensible heat storage, silica sand, solar energy, sand battery, Thermal 

Energy Storage. 
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