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ABSTRAK 

BIOBRIKET SEBAGAI BAHAN BAKAR TERBARUKAN BERBASIS 

BIOMASSA DAN BIOARANG LIMBAH KAYU ULIN UNTUK 

MENINGKATKAN SIRKULASI EKONOMI MASYARAKAT INDUSTRI 

 

ANDRE AZHAR WINATA 

NIM. 2320834310009 

 

Prof. Ir. CHAIRUL IRAWAN, ST., MT., Ph.D 

 

Briket campuran lignit–biomassa berpotensi menjadi bahan bakar padat industri yang lebih 

bersih, namun kinerja fisik-kimia dan kelayakan keberlanjutannya belum terdokumentasi 

komprehensif. Penelitian ini menyelidiki pengaruh pre-treatment alkali (NaOH 5 %) 

terhadap biomassa kayu ulin, pirolisis 500 °C pada lignit, serta variasi komposisi 

batubara:biomassa:binder (tar atau bio-oil) terhadap mutu briket, emisi, dan performa 

ekonomi-lingkungan. Uji proksimat-ultimate, kekuatan tekan, kalor bakar, dan emisi 

SO₂/NOₓ dilakukan pada empat formulasi utama (BA-Tar, BA-Bio, BSG-Tar, BSG-Bio). 

Pre-treatment menurunkan volatile biomassa ± 45 % dan menaikkan fixed carbon sehingga 

briket menjadi lebih padat (ρ ≈ 1,10 g cm⁻³) dan kuat (σ > 4,5 MPa). Formulasi BSG-Bio 

(70 % lignit + 15 % serbuk ulin + 15 % bio-oil) menghasilkan nilai kalor 6.500 cal/g, emisi 

SO₂ terendah (≈ 340 ppm), dan abu 6,5 %. Analisis Life-Cycle Assessment (cradle-to-gate) 

menunjukkan penurunan jejak karbon hingga 30 % (2,40 → 1,70 kg CO₂eq kg⁻¹) dibanding 

briket batubara murni, tanpa kenaikan kebutuhan energi proses (CED 5,9–6,1 MJ kg⁻¹). 

Cost-Benefit Analysis pada skala 24.000 t/tahun memberi CAPEX Rp 23,6 miliar, biaya 

produksi Rp 818 kg⁻¹, NPV Rp 26,7 miliar, IRR 29 %, dan payback ± 4 tahun. Hasil 

tersebut menegaskan bahwa substitusi 15 % biomassa kayu ulin dan penggunaan bio-oil 

tidak hanya meningkatkan kualitas dan menekan emisi, tetapi juga layak secara ekonomi 

untuk mendukung dekarbonisasi sektor energi industri. 

 

Kata kunci : briket lignit–biomassa, pre-treatment alkali, pirolisis 500 °C, life-cycle 

assessment, cost-benefit analysis, bio-oil binder 
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ABSTRACT 

BIOBRIQUETTES AS A RENEWABLE FUEL BASED ON BIOMASS AND 

BIOCHAR DERIVED FROM ULIN WOOD WASTE TO ENHANCE 

ECONOMIC CIRCULATION IN INDUSTRIAL COMMUNITIES 

 

ANDRE AZHAR WINATA 

NIM. 2320834310009 

 

Prof. Ir. CHAIRUL IRAWAN, ST., MT., Ph.D 

 

Lignite–biomass mixed briquettes have the potential to serve as a cleaner industrial solid 

fuel; however, their physicochemical performance and sustainability feasibility have not 

yet been comprehensively documented. This study investigates the effects of alkaline pre-

treatment (5% NaOH) on ulin wood biomass, pyrolysis at 500 °C for lignite, and variations 

in the coal:biomass:binder composition (tar or bio-oil) on briquette quality, emissions, and 

economic–environmental performance. Proximate–ultimate analysis, compressive 

strength, heating value, and SO₂/NOₓ emissions were evaluated for four main formulations 

(BA-Tar, BA-Bio, BSG-Tar, BSG-Bio). Pre-treatment reduced biomass volatile matter by 

approximately 45% and increased fixed carbon, resulting in denser (ρ ≈ 1.10 g cm⁻³) and 

stronger (σ > 4.5 MPa) briquettes. The BSG-Bio formulation (70% lignite + 15% ulin 

sawdust + 15% bio-oil) achieved a heating value of 6,500 cal/g, the lowest SO₂ emissions 

(≈ 340 ppm), and an ash content of 6.5%. A cradle-to-gate Life-Cycle Assessment indicated 

a carbon footprint reduction of up to 30% (2.40 → 1.70 kg CO₂eq kg⁻¹) compared with 

pure coal briquettes, without increasing process energy demand (CED 5.9–6.1 MJ kg⁻¹). A 

Cost–Benefit Analysis at a scale of 24,000 t/year yielded a CAPEX of IDR 23.6 billion, a 

production cost of IDR 818 kg⁻¹, an NPV of IDR 26.7 billion, an IRR of 29%, and a payback 

period of approximately 4 years. These findings confirm that substituting 15% ulin wood 

biomass and using bio-oil as a binder not only improves quality and reduces emissions, but 

is also economically viable to support decarbonization in the industrial energy sector. 

 

Keywords: lignite–biomass briquettes, alkaline pre-treatment, 500 °C pyrolysis, life-cycle 

assessment, cost–benefit analysis, bio-oil binder 
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