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ABSTRAK

Rancang Bangun Reaktor Tunggal Simultaneous Saccharification
and Fermentation (SSF) Sebagai  Upgrading Alat Produksi
Bioetanol

(Muhamad Marwansyah, 2026 : 68 Halaman, 17 Tabel, 59 Gambar )

Peningkatan kebutuhan energi global dan keterbatasan bahan bakar fosil mendorong pengembangan
bioetanol sebagai energi terbarukan, di antaranya dari sabut kelapa yang melimpah di Indonesia dan
memiliki kandungan selulosa 21,07% serta lignin 29,23%. Penelitian ini bertujuan merancang dan
memodifikasi reaktor bioetanol sistem Separate Hydrolysis and Fermentation (SHF) eksisting
menjadi reaktor tunggal sistem Simultaneous Saccharification and Fermentation (SSF) dengan
pemanas, mengevaluasi kestabilan sistem kontrol suhu Proportional Integral Derivative (PID), serta
menganalisis kadar etanol yang dihasilkan dibandingkan metode SHF dan standar mutu SNI
7390:2008. Reaktor dirancang berupa tabung silinder vertikal berbahan stainless steel SS 304 food-
grade dengan kapasitas kerja sekitar 7 liter, dilengkapi pengaduk multi-impeller, sensor
thermocouple tipe-K, dan kontroler PID (Kp = 4,2; Ki = 0,5; Kd = 2,2). Hasil pengujian
menunjukkan sistem PID mampu menaikkan suhu dari 28°C menuju setpoint 35°C dalam waktu 8
menit, dengan overshoot maksimum 2°C (5,71%) dan deviasi suhu rata-rata +1,0°C setelah kondisi
stabil. Proses SSF dengan variasi waktu fermentasi 3, 4, dan 6 hari menghasilkan kadar etanol
berturut-turut 16%, 24%, dan 32%, lebih tinggi dibandingkan metode SHF referensi (11-16%) pada
rentang waktu yang relatif sama. Hasil analisis GC-MS pada sampel terbaik (hari ke-6)
menunjukkan kadar etanol 40,16%. Namun, seluruh parameter mutu produk masih belum memenuhi
syarat SNI 7390:2008, terutama akibat kadar air yang masih tinggi, sehingga diperlukan tahap
pemurnian lanjutan seperti dehidrasi atau adsorpsi molecular sieve agar mendekati standar bioetanol
bahan bakar.

Kata kunci: bioetanol, sabut kelapa, Simultaneous Saccharification and Fermentation (SSF),
kontrol suhu PID, SNI 7390:2008



ABSTRAK

Design and Construction of a Single-Reactor Simultaneous
Saccharification and Fermentation (SSF) System for Upgrading
Bioethanol Production Equipment

(Muhamad Marwansyah, 2026 : 68 Pages, 17 Tables, 59 Figures )

The increasing global demand for energy and the depletion of fossil fuel resources have encouraged
the development of bioethanol as a renewable energy source. One promising feedstock is coconut
coir, which is abundantly available in Indonesia and contains 21.07% cellulose and 29.23% lignin.
This study aimed to design and modify an existing Separate Hydrolysis and Fermentation (SHF)
bioethanol reactor into a single-reactor Simultaneous Saccharification and Fermentation (SSF)
system equipped with a heating unit, evaluate the stability of a Proportional-Integral-Derivative
(PID) temperature control system, and analyze the ethanol concentration produced in comparison
with the SHF method and the quality requirements of SNI 7390:2008. The reactor was designed as
a vertical cylindrical vessel made of food-grade SS 304 stainless steel with an effective working
capacity of approximately 7 L. It was equipped with a multi-impeller agitator, a Type-K
thermocouple sensor, and a PID controller with parameters of Kp = 4.2, Ki = 0.5, and Kd = 2.2.
Experimental results showed that the PID control system successfully increased the reactor
temperature from 28°C to the setpoint of 35°C within 8 minutes, with a maximum overshoot of 2°C
(5.71%) and an average temperature deviation of £1.0°C under steady-state conditions. The SSF
process, conducted with fermentation periods of 3, 4, and 6 days, produced ethanol concentrations
of 16%, 24%, and 32%, respectively, which were higher than those obtained using the reference
SHF method (11-16%) over a comparable fermentation period. GC—-MS analysis of the best-
performing sample (6-day fermentation) revealed an ethanol concentration of 40.16%. However, the
resulting bioethanol did not yet satisfy all quality requirements specified in SNI 7390:2008,
primarily due to its high water content. Therefore, further purification processes, such as
dehydration or molecular sieve adsorption, are required to produce fuel-grade bioethanol that
complies with the national standard.

Keywords: bioethanol, coconut coir, Simultaneous Saccharification and Fermentation (SSF), PID
temperature control, SNI 7390:2008.
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MOTTO

Allah memang tidak menjajikan hidupmu akaan selalu mudah tapi dua kali allah
berjanji bahwa “ fa inna ma’al — insri yusra,inna ma’al — usri yusra”

“Setiap kesulitan pasti ada kemudahan”

(Qs. Al-insyirah 94:5-6)

“Jalanmu kan sepanjang niatmu”

(Perunggu)

“Aku di lahirkan untuk hal-hal yang besar”

(Muhamad Marwansyah)
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