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ABSTRAK 

 

 Peningkatan kebutuhan energi listrik di sistem Jawa–Bali menuntut 

Pembangkit Listrik Tenaga Uap (PLTU) mampu beroperasi secara andal, efisien, 

dan adaptif terhadap dinamika operasi. Namun, peningkatan nilai Net Plant Heat 

Rate (NPHR), Equivalent Forced Outage Rate (EFOR), dan Sudden Outage Factor 

(SdOF) menunjukkan bahwa sistem pengendalian operasi eksisting masih memiliki 

keterbatasan dalam mendeteksi gejala awal degradasi performa peralatan secara 

dini. Sistem pengendalian operasi yang dominan berbasis alarm dan batas aman 

operasi cenderung bersifat reaktif sehingga perubahan kecil pada parameter 

operasional belum sepenuhnya dapat diidentifikasi sebagai indikasi awal gangguan. 

Penelitian ini bertujuan untuk memperkuat sistem pengendalian operasi PLTU 

melalui pendekatan Digital Twin berbasis kondisi untuk mendukung identifikasi 

dini gangguan operasional. Penelitian menggunakan pendekatan kuantitatif 

deskriptif–eksplanatif dengan memanfaatkan data operasional real-time 

pembangkit. Analisis difokuskan pada efisiensi pembangkit, kinerja boiler, dan 

High Pressure Heater (HPH) melalui integrasi parameter operasional kritis dan 

pemodelan Health Index sebagai representasi kondisi operasional sistem 

pembangkit. Hasil penelitian menunjukkan bahwa pendekatan Digital Twin mampu 

mendukung pemantauan kondisi pembangkit secara lebih adaptif melalui integrasi 

data operasional real-time, analisis efisiensi, dan evaluasi kondisi peralatan. Model 

Health Index yang dikembangkan mampu digunakan untuk mengidentifikasi gejala 

awal degradasi performa berdasarkan perubahan parameter operasional boiler dan 

HPH sebelum berkembang menjadi gangguan operasional. Penelitian ini 

menunjukkan bahwa pendekatan Digital Twin berbasis kondisi berpotensi 

memperkuat sistem pengendalian operasi PLTU melalui pengambilan keputusan 

operasional yang lebih proaktif, adaptif, dan berbasis kondisi aktual pembangkit. 

 

Kata Kunci : Digital Twin, Sistem Pengendali Operasi, PLTU, Health Index, 

Identifikasi Dini Gangguan. 
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ABSTRACT 

 

The increasing electricity demand in the Java–Bali power system requires 

Coal-Fired Power Plants (CFPPs) to operate with high reliability, efficiency, and 

operational adaptability. However, the increasing values of Net Plant Heat Rate 

(NPHR), Equivalent Forced Outage Rate (EFOR), and Sudden Outage Factor 

(SdOF) indicate that existing operational control systems still have limitations in 

detecting early symptoms of equipment performance degradation. Operational 

control systems that predominantly rely on alarm-based and safe operating limit 

approaches tend to be reactive, causing small but consistent operational parameter 

deviations to remain unidentified as early indications of operational disturbances. 

This research aims to strengthen the operational control system of a CFPP through 

a condition-based Digital Twin approach to support early disturbance 

identification. The study employs a descriptive–explanatory quantitative approach 

using real-time operational data from the power plant. The analysis focuses on 

plant efficiency, boiler performance, and High Pressure Heater (HPH) 

performance through the integration of critical operational parameters and Health 

Index modeling as a representation of the plant’s operational condition. The results 

show that the proposed Digital Twin approach is capable of supporting more 

adaptive condition monitoring through the integration of real-time operational 

data, efficiency analysis, and equipment condition evaluation. The developed 

Health Index model can be utilized to identify early symptoms of performance 

degradation based on changes in boiler and HPH operational parameters before 

developing into operational disturbances. This research demonstrates that a 

condition-based Digital Twin approach has the potential to strengthen operational 

control systems through more proactive, adaptive, and condition-based operational 

decision-making. 

 

Keywords :   Digital Twin; Operational Control System; Coal-Fired Power Plant; 

Health Index; Early Disturbance Identification. 
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