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ABSTRAK 

STUDI SISTEM PROPULSI HYBRID SMART PASSENGER SHIP 

 

UNTUK MENGURANGI EMISI GAS KARBON 

 
Penelitian ini membahas penerapan sistem propulsi hibrida pada Smart Passenger Ship 

sebagai upaya meningkatkan efisiensi energi sekaligus mengurangi emisi karbon pada 

sektor transportasi laut yang semakin dituntut untuk ramah lingkungan. Sistem 

propulsi hibrida yang dikaji mengombinasikan mesin diesel konvensional dengan 

motor listrik berbasis baterai, sehingga kapal dapat beroperasi secara fleksibel dan 

optimal pada berbagai kondisi pelayaran, seperti kecepatan jelajah, manuver di 

pelabuhan, maupun saat kapal bersandar. Integrasi kedua sumber energi ini 

memungkinkan pengaturan beban kerja mesin yang lebih efisien, mengurangi 

konsumsi bahan bakar fosil, serta meminimalkan pemborosan energi. Metode 

penelitian yang digunakan meliputi studi literatur terhadap standar dan regulasi 

internasional terkait efisiensi energi dan emisi, analisis teknis konfigurasi sistem 

propulsi, serta simulasi perhitungan kebutuhan daya kapal berdasarkan profil operasi 

pelayaran. Perhitungan dilakukan untuk membandingkan konsumsi bahan bakar, 

efisiensi termal, dan estimasi emisi gas buang pada sistem konvensional dan sistem 

hibrida. Selain itu, penelitian ini juga mengkaji penerapan konsep smart ship melalui 

Energy Management System (EMS), yaitu sistem kendali terintegrasi yang mengatur 

distribusi energi antara mesin diesel dan motor listrik secara otomatis dan real-time 

sesuai kebutuhan operasional kapal. Hasil analisis menunjukkan bahwa penerapan 

sistem propulsi hibrida mampu menurunkan konsumsi bahan bakar secara signifikan, 

terutama pada kondisi beban rendah dan operasi di area pelabuhan. Penurunan 

konsumsi bahan bakar tersebut berdampak langsung pada berkurangnya emisi CO₂, 

NOx, dan SOx, sehingga mendukung pemenuhan regulasi lingkungan maritim 

internasional. Mode operasi listrik murni saat manuver dan sandar juga terbukti 

mampu mengurangi tingkat kebisingan dan getaran, yang berkontribusi pada 

peningkatan kenyamanan penumpang serta kualitas lingkungan sekitar pelabuhan. 

Dari sisi teknis dan operasional, sistem ini dinilai layak diterapkan karena tidak 

mengurangi performa kapal dan bahkan meningkatkan fleksibilitas operasional. 

Secara keseluruhan, penerapan propulsi hibrida pada Smart Passenger Ship berpotensi 

besar dalam mendukung pengembangan transportasi laut yang berkelanjutan, efisien, 

dan rendah emisi. Penelitian ini diharapkan menjadi referensi bagi pengembangan 

teknologi kapal modern yang mengintegrasikan sistem energi cerdas guna mencapai 

optimalisasi konsumsi energi dan pengurangan dampak lingkungan di masa 

mendatang. 

Kata kunci: sistem propulsi , smart passenger ship, efisiensi energi, emisi gas 

karbon 
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ABSTRACT 

STUDY OF A HYBRID PROPULSION SYSTEM FOR A SMART 

PASSENGER SHIP TO REDUCE CARBON EMISSIONS 

This study examines the implementation of a hybrid propulsion system in a Smart 

Passenger Ship to improve energy efficiency and reduce carbon emissions in the 

maritime transportation sector. As global shipping faces increasing environmental 

regulations and sustainability demands, the adoption of cleaner and more efficient 

propulsion technologies has become essential. The hybrid propulsion system discussed 

in this research integrates a conventional diesel engine with a battery-based electric 

motor, enabling flexible and optimized vessel operation under various sailing 

conditions, including cruising, low-speed maneuvering, and hoteling while at berth. 

The research methodology includes a comprehensive literature review of international 

standards and regulations related to energy efficiency and emission reduction, 

technical analysis of propulsion system configurations, and simulation-based 

calculations of power requirements, fuel consumption, and exhaust gas emissions. 

Comparative analyses are conducted between conventional diesel propulsion and 

hybrid systems to evaluate performance differences. Particular attention is given to 

operational modes, such as diesel-only mode, electric-only mode, and combined 

hybrid mode. Furthermore, the study incorporates the Smart Ship concept through the 

application of an Energy Management System (EMS), which automatically regulates 

power distribution between the diesel engine and electric motor in real time to ensure 

optimal energy utilization according to operational demands. The results indicate that 

the hybrid propulsion system significantly reduces fuel consumption, especially during 

low-speed operations, port maneuvering, and berthing conditions. This reduction in 

fuel use directly contributes to lower emissions of CO₂, NOx, and SOx, thereby 

supporting compliance with international maritime environmental regulations. In 

addition to emission reductions, the electric operating mode offers advantages such as 

decreased noise and vibration levels, enhancing passenger comfort and minimizing 

environmental impact in port areas. From a technical and operational perspective, the 

hybrid propulsion system is considered feasible and effective, as it improves overall 

energy efficiency without compromising vessel performance. The flexibility provided 

by multiple operating modes enhances operational reliability and adaptability to 

varying voyage profiles. Overall, the implementation of hybrid propulsion in Smart 

Passenger Ships presents a promising solution for advancing sustainable, energy-

efficient, and environmentally friendly maritime transportation. This research is 

expected to serve as a reference for the future development of modern ship 

technologies that integrate intelligent energy management systems to achieve 

optimized energy consumption and significant emission reductions. 

Keywords: propulsion system, smart passenger ship, energy efficiency, carbon 

emissions 
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