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ABSTRACT 

SATRIO WALUYOJATI ALMAY WIDAGDO. Pyrolysis Optimized Kapok 

Fiber Adsorption Coupled with Electrocoagulation and Biofilm Kinetics for Palm 

Oil Mill Effluent Treatment. Supervised by ALLEN KURNIAWAN and AQIL 

AZIZI.  

Palm oil mill effluent (POME) contains high oil and grease (O&G) and 

chemical oxygen demand (COD) concentrations that disrupt electrocoagulation 

(EC)–Moving Bed Biofilm Reactor (MBBR) performance. This study aimed to 

develop a three-stage treatment system—calcium stearate (CaSt₂)-modified kapok 

fiber adsorption, EC, and MBBR—integrated through a series-connected dynamic 

kinetic model. One-way ANOVA on the main experiment confirmed 400°C as 

optimal (𝜂²=0.894; O&G removal 70.65%). Model calibration yielded 𝑞max=30.50 

mg/g and 𝜇max=3.0 day⁻¹, with  MAPE of 15.24% (adsorption), 17.05% (EC), and 

5.97% (MBBR), while Monte Carlo sensitivity analysis identified 𝑞max dominant 

in adsorption (99.5%) and the 𝜇max – 𝜃h  pair co-dominant in MBBR (95.3%). 

Scenario simulation showed sCOD≤350 mg/L compliance reached at hydraulic 

retention time (HRT)≈31.5 h or mixed liquor suspended solids (MLSS)≈11,132 

mg/L, confirming HRT and MLSS as the most influential operational parameters, 

and total COD compliance requires experimental verification. 

 

Keywords: calcium stearate, electrocoagulation, integrated kinetic model, kapok 

fiber, palm oil mill effluent 

 

ABSTRAK 

SATRIO WALUYOJATI ALMAY WIDAGDO. Pyrolysis Optimized Kapok 

Fiber Adsorption Coupled with Electrocoagulation and Biofilm Kinetics for Palm 

Oil Mill Effluent Treatment. Dibimbing oleh ALLEN KURNIAWAN dan AQIL 

AZIZI 

  

Limbah cair pabrik kelapa sawit (LCPKS) mengandung konsentrasi O&G 

serta COD tinggi yang mengganggu kinerja EC–MBBR. Penelitian ini bertujuan 

mengembangkan sistem pengolahan tiga tahap—adsorpsi serat kapuk termodifikasi 

kalsium stearat (CaSt₂), EC, dan MBBR—yang terintegrasi melalui model kinetika 

dinamis tersambung-seri. ANOVA satu arah pada eksperimen utama 

mengonfirmasi 400°C sebagai kondisi optimum (𝜂²=0,894; removal O&G 70,65%). 

Kalibrasi model menghasilkan 𝑞max=30,50 mg/g dan 𝜇max==3,0 hari⁻¹, dengan 

MAPE 15,24% (adsorpsi), 17,05% (EC), dan 5,97% (MBBR), sedangkan 

sensitivitas Monte Carlo mengidentifikasi 𝑞max  dominan pada adsorpsi (99,5%) 

dan pasangan 𝜇max – 𝜃h  ko-dominan pada MBBR (95,3%). Simulasi skenario 

menunjukkan kepatuhan sCOD≤350 mg/L tercapai pada HRT≈31,5 jam atau 

MLSS≈11.132 mg/L, menegaskan HRT dan MLSS sebagai parameter operasional 

paling berpengaruh, dan kepatuhan COD total memerlukan verifikasi eksperimental. 

 

Kata kunci: kalsium stearat, elektrokoagulasi, pemodelan kinetika terintegrasi, 

serat kapuk, limbah cair pabrik kelapa sawit 
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GLOSSARY 

Adsorption : A surface process in which molecules from a 

liquid phase (adsorbate) accumulate on a solid 

surface (adsorbent) through hydrophobic or 

electrostatic interactions. 

Biofilm : A structured community of microorganisms 

attached to a solid carrier surface (Kaldnes media), 

embedded within an extracellular polymeric 

substance (EPS) matrix. 

Calcium Stearate 

(CaSt₂) 

: A calcium salt of stearic acid used as a surface 

modifier for kapok fiber. Its long hydrocarbon 

chain imparts hydrophobic and oleophilic surface 

properties. 

Electrocoagulation 

(EC) 

: An electrochemical treatment in which applied 

current dissolves copper anodes to produce 

Cu(OH)₂ flocs that adsorb and settle oil and grease 

from wastewater. 

HSFG Model : Hybrid Langmuir–Sips–Fowler–Guggenheim 

(HSFG) adsorption model combining surface 

heterogeneity (Sips) and lateral adsorbate–

adsorbate interactions (Fowler–Guggenheim) for 

dynamic simulation. 

HRT (Hydraulic 

Retention Time) 

: The average time wastewater remains in a reactor 

(V/Q). Longer HRT provides greater substrate–

biomass contact, generally increasing 

biodegradation efficiency. 



Kapok Fiber : Natural hollow fiber from Ceiba pentandra with 

inherent hydrophobic and oleophilic properties. 

Modified with CaSt₂ and pyrolysis to enhance 

O&G adsorption capacity. 

MBBR (Moving Bed 

Biofilm Reactor) 

: A biological reactor in which biomass grows 

attached to freely suspended Kaldnes plastic 

carriers. Combines advantages of activated sludge 

and fixed-film biofilm systems. 

MLSS (Mixed Liquor 

Suspended Solids) 

: Total suspended solids concentration in the 

biological reactor, comprising both suspended and 

biofilm-derived biomass. Used as a proxy for 

active biomass in model calibration. 

O&G (Oil and Grease) : Non-polar organic compounds extractable from 

wastewater including triglycerides, free fatty 

acids, and mineral oils. Discharge standard ≤25 

mg/L (Ministry of Environment Regulation No. 5 

of 2014). 

POME (Palm Oil Mill 

Effluent) 

: Highly polluted agro-industrial wastewater from 

palm oil processing, characterized by acidic pH 

(3.5–6.4), very high organic load (COD up to 

250,000 mg/L), and elevated O&G. 

Pyrolysis : Thermal decomposition of organic material under 

limited or oxygen-free conditions, producing a 

porous carbon structure that enhances surface 

hydrophobicity and adsorption capacity. 

sCOD (Soluble COD) : COD fraction passing through a 0.45 μm 

membrane filter, representing dissolved organics 

that serve as the primary substrate for biofilm 

biomass in the MBBR unit. 

SEM (Scanning 

Electron Microscopy) 

: Imaging technique using a focused electron beam 

to produce high-resolution images of material 

surface morphology and pore structure. 

WCA (Water Contact 

Angle) 

: Angle between a water droplet and a solid surface. 

WCA > 90° indicates hydrophobicity; WCA < 90° 

indicates hydrophilicity. Used to quantify 

adsorbent surface character. 






