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RINGKASAN

OFFIANDA KURNIAWAN. Pengembangan Aplikasi Sistem Termal
Berbasis Website untuk Analisis dan Desain Parameter Sistem Pembangkit Listrik
Tenaga Uap dengan Bahan Bakar Biomassa. Dibimbing oleh MUHAMAD
YULIANTO dan MOHAMAD SOLAHUDIN.

Proses prototyping sistem pembangkit listrik secara fisik membutuhkan
waktu dan biaya relatif besar. Adopsi konsep digital twin technology menjadi solusi
yang ditawarkan sebagai upaya untuk mengefisienkan waktu dan biaya prototyping.
Konsep digital twin technology yang mengakomodir permodelan dan simulasi
sistem mesin dapat menjamin kebutuhan pengujian telah dilaksanakan sebelum
tahap pembangunan fisik. Pengembangan aplikasi bernama ThePOCI diharapkan
mengisi peranan komponen virtual dan komponen data dalam kerangka digital twin
technology untuk keperluan permodelan, simulasi sistem, dan pengelolaan data
hasil pengukuran dari sistem pembangkit listrik tenaga uap. Pengembangan aplikasi
ThePOCI berbasis website dilengkapi dengan kemampuan perhitungan sistem
pembakaran pada tungku khususnya bahan bakar biomassa, performansi
pembangkit listrik tenaga uap, dan perhitungan emisi yang dihasilkan.

Penelitian ini dilaksanan pada bulan Agustus sampai Desember 2024 di
Laboratorium Refrigerasi, Divisi Teknik Energi Terbarukan, Departemen Teknik
Mesin dan Biosistem, IPB University. Pengembangan aplikasi menggunakan
metode System Development Life Cycle (SDLC). Pengujian aplikasi yang telah
dikembangkan meliputi pengujian fungsional dengan metode Blackbox, pengujian
kinerja sistem dengan metode Mean Absolute Percentage Error (MAPE) dari
perbandingan hasil pengujian fisik pada sistem Organic Rankine Cycle (ORC)
terhadap hasil perhitungan aplikasi, dan pengujian penggunaan sistem dengan
metode System Usability Scale (SUS).

Aplikasi sistem termal untuk kebutuhan analisis dan desain parameter sistem
pembangkit listrik tenaga uap dengan bahan bakar biomassa telah dikembangkan
dengan dua modul utama yaitu modul Steam Power Plant Design dan Combustion
Analysis yang memiliki fungsi masing-masing. Validasi aplikasi terhadap hasil
eksperimental memperlihatkan modul Combustion Analysis memiliki MAPE
terbesar pada model berbasis termal dengan input persentase kehilangan energi
untuk variabel suhu flue gas, suhu fluida kerja keluar boiler, dan daya turbin masing
masing sebesar 12,21%, 13,76%, dan 3,74% yang berada pada kategori baik.
Validasi modul Steam Power Plant Design menghasilkan nilai MAPE untuk
kondisi operasi ideal dan aktual masing-masing 2,22% dan 0,88% yang berada pada
kategori sangat baik. Studi parameter menghasilkan potensi penggunaan refrigeran
R1243zf dengan bahan bakar kaliandra dengan efisiensi termal tertinggi sebesar
4,01% dan emisi terendah sebesar 2011,97 kgCO2e/kW. Hasil pengujian pada
pengguna menghasilkan skor SUS 62,75 yaitu acceptibility ranges dengan predikat
marginally acceptable, Quartil range kategori 2, dan Adjective rating pada rentang
oke.

Kata kunci: Aplikasi berbasis Website, Digital Twin Technology, Organic Rankine
Cycle, Pembangkit Listrik Tenaga Uap, ThePOCI.



SUMMARY

OFFIANDA KURNIAWAN. Development of Website-Based Thermal
System Application for Analysis and Design Parameters of Steam Power Plant
Systems using Biomass Fuel. Supervised by MUHAMAD YULIANTO and
MOHAMAD SOLAHUDIN.

The process of prototyping a power plant system is timely and costly. The
adoption of digital twin technology is a solution offered as an effort to streamline
prototyping time and costs. The concept of digital twin technology that
accommodates the modelling and simulation of machine systems can ensure that
testing needs have been implemented before the physical development stage. The
development of an application called ThePOCI is expected to fill the role of a virtual
component and a data component in the framework of digital twin technology for
modelling, system simulation, and data management of measurement results from
steam power plant systems. The development of the website-based ThePOCI
application is equipped to calculate the combustion system in the furnace especially
biomass fuel, performance of steam power plants, and the emissions calculated.

This research was carried out from August to December 2024 at the
Refrigeration Laboratory, Renewable Energy Engineering Division, Department of
Mechanical and Biosystem Engineering, IPB University. Application development
uses the System Development Life Cycle (SDLC) method. The application tests
that have been developed include functional testing using the Blackbox method,
system performance testing using the Mean Absolute Percentage Error (MAPE)
method from the comparison of physical test results on the Organic Rankine Cycle
(ORC) system to the application calculation results, and system usage testing using
the System Usability Scale (SUS) method.

The application of thermal systems for the needs of analysis and parameter
design of steam power plant systems with biomass fuel has been developed with
two main modules, namely the Steam Power Plant Design and Combustion
Analysis modules, which have their respective functions. Application validation of
the experimental results showed that the Combustion Analysis module had the
largest MAPE in thermal-based models with input of energy loss percentage for the
variables of flue gas temperature, boiler outlet fluid temperature, and turbine power
of 12.21%, 13.76%, and 3.74%, respectively, which were in the good category. The
validation of the Steam Power Plant Design module resulted in MAPE values for
ideal and actual operating conditions of 2.22% and 0.88%, respectively, which are
in the excellent category. The parameter study resulted in the potential use of
R1243zf refrigerant with kaliandra fuel with the highest thermal efficiency of
4.01% and the lowest emission of 2011.97 kgCO2e/kW. The test results on the user
resulted in an SUS score of 62.75, namely acceptability ranges with the predicate
of marginally acceptable, Quartil range category 2, and Adjective rating in the okay
range.

Keywords: Digital twin technology, Organic Rankine Cycle, Steam Power Plant,
ThePOCI, Website-based applications.
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