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SUMMARY

Biofuel from Palm Empty Fruit Bunch (EFB) through Thermal Cracking,

Adsorbtion and Distilation
Scientific Paper in the from of thesis, 18 July 2022

Daya Wulandari; Supervised by Prof. Dr. Ir. Rusdianasari, M.Si., IPM. dan Dr. Ir. H. M.
Yerizam, M.T.

Biofuel dari Tandan Kosong Kelapa Sawit melalui Proses Thermal cracking,
Adsorbsi dan Distilasi

xxi + 160 pages, 12 table, 44 pictures, 4 attachments

The use of renewable energy sources in the form of biofuels needs to be increased. Given
that the need for fossil fuel sources every year is increasing and these fuels are limited
and expensive, it encourages various research and development to obtain cheaper,
environmentally friendly, and natural materials that are renewable in nature. Empty fruit
bunch a potential source of bioenergy because they contain lignocellulose (cellulose,
hemicellulose and lignin) so that they can be converted into biofuels through thermal
cracking, adsorbtion and distillation processes. Thermal cracking is the decomposition of
biomass chemical content by heat utilization without any oxygen mixture at a temperature
of 200°C-600°C. This study aims to obtain the characteristics of raw materials for empty
fruit bunch in the form of proximate, ultimate, lignin and biofuels produced and how they
impact the environment in terms of the Life Cycle Assessment. The study was conducted
using a thermal cracking reactor designed so that the temperature can be controlled at the
level of 300°C, 350°C, 400°C dan 450°C. The results of the study obtained the
characteristics of empty fruit bunch from proximates have a moisture content of 13.66%,
ash content of 8.74%, flying substances of 58.66% and fixed carbon of 18.90%. This
moisture content is quite high. This is because the drying process on the material has not
gone completely. Ultimate results show that empty fruit bunch have a C content of
54.45%, an H content of 5.00%, and an O content of 16.27% this shows that the ratio of
C, H, O atoms owned by empty bunches meets to be used as bio-oil raw materials. The
atomic ratio obtained from the results of ultimate analysis can be used to indicate the
magnitude of the calorific value that can be used for a particular fuel. The smaller the
value of the ratio of atoms contained, the more significant the calorific value contained in
a particular fuel will be. Lignin levels, for the elimination of lignin levels were carried
out by the Klason method through 4 stages, lignin levels without delignification were
obtained 24.87%, the addition of aquadest 18.71%, the addition of HCI 5% 15.34% and
HCI 10% 14.49%. The content of lignin in the raw material affects the bio-oil produced,
where higher lignin levels can inhibit the conversion process into biofuels. 10% HCI
delignification becomes the stage of the preatreatment process before the thermal
cracking process. The thermal cracking process is formed steam, the steam is then
condensed to obtain bio-oil. The bio-oil that is formed is deposited to be separated from
tar, to obtain good quality bio-oil does not contain tar, adsorbtion is carried out with
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zeolite adsorbents that have been activated with HCI. The comparison of the physical
properties of bio-oil before and after adsorption has a difference in color from brownish
black to yellow. The adsorbed bio-oil is distilled to separate the heavy and light fractions
to become biofuels. The temperature of 450°C in thermal cracking is a condition close to
optimum, this is because when the temperature is raised, the cracking process will be
easier and occur optimally. The bio-oil produced in this study was tested for density (927-
1086. 68 Kg/m®), kinematic viscosity (1.17-1.43 mm?/s), and flash point (66.00-70.23
°C). The resulting biofuel products are dominated by Cs-Cis compounds (45.07%)
according to the results of the GC-MS analysis. Based on the C atomic chain of biofuels
belongs to the kerosene. The process of raw material preparation, preatreatment and
thermal cracking is carried out Life Cycle Assessment. The results of the research showed
that the production of biofuel from empty fruit bunche through the thermal cracking
process using the simapro V.9 application with the Impact 2002+ method has the greatest
environmental impact of 131.10013 kg CO2 eq. The thermal cracking process that
becomes an environmental hotspot is the use of electricity from PLN and chemicals that
come out of the process.

Keywords: Adsorbtion, Biofuel, Empty Fruit Bunch, Thermal cracking
Citations: 44 (1977-2021)
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RINGKASAN

Biofuel dari Tandan Kosong Kelapa Sawit melalui Proses Thermal Cracking,

Adsorbsi dan Distilasi
Karya tulis ilmiah berupa Tesis, 18 Juli 2022

Daya Wulandari; Dibimbing oleh Prof. Dr. Ir. Rusdianasari, M.Si., IPM. dan Dr. Ir. H. M.
Yerizam, M.T.

Biofuel from Palm Empty Fruit Bunch (EFB) through Thermal Cracking,
Adsorbtion and Distilation

xxi+ 106 halaman, 12 tabel, 44 gambar, 4 lampiran

Penggunaan sumber energi terbarukan berupa bahan bakar nabati (BBN) perlu
ditingkatkan. Mengingat kebutuhan akan sumber bahan bakar yang berasal dari fosil
setiap tahun makin meningkat dan bahan bakar tersebut terbatas dan mahal, mendorong
berbagai penelitian dan pengembangan untuk mendapatkan bahan bakar yang lebih
murah, ramah lingkungan, dan dari bahan alam yang sifatnya terbarukan. Tandan kosong
kelapa sawit merupakan sumber bioenergi yang berpotensi karena mengandung
lignoselulosa (selulosa, hemiselulosa dan lignin) sehingga dapat dikonversi menjadi
biofuel melalui proses thermal cracking, adsorbsi dan distilasi. Thermal cracking adalah
penguraian kandungan kimia biomassa dengan pemanfaatan panas tanpa ada campuran
oksigen pada temperatur 200°C—600°C. Penelitian ini bertujuan mendapatkan
karakteristik bahan baku tandan kosong kelapa sawit berupa proksimat, ultimat, lignin
dan biofuel yang dihasilkan serta bagaimana dampaknya terhadap lingkungan ditinjau
dari Life Cycle Assessment (LCA). Penelitian dilakukan dengan menggunakan thermal
cracking reactor yang didesain agar suhunya dapat dikendalikan pada level 300°C,
350°C, 400°C dan 450°C. Hasil penelitian didapatkan karakteristik bahan baku tandan
kosong kelapa sawit dari proksimat memiliki kadar air 13,66 %, kadar abu 8,74 %, zat
terbang 58,66% dan karbon tetap 18,90%. Kadar air ini tergolong cukup tinggi. Hal ini
disebabkan karena proses pengeringan pada bahan belum berjalan sempurna. Hasil
ultimat menunjukkan bahwa tandan kosong memiliki kadar C sebesar 54,45%, kadar H
sebesar 5,00%, dan kadar O sebesar 16,27% hal ini menunjukkan bahwa rasio atom C, H,
O yang dimiliki oleh tandan kosong memenuhi untuk dijadikan bahan baku Bio-oil.
Rasio atom yang diperoleh dari hasil analisa ultimat dapat digunakan untuk menunjukkan
besarnya nilai kalor yang dapat digunakan untuk bahan bakar tertentu. Semakin kecil nilai
rasio atom yang terkandung, maka nilai kalor yang terkandung dalam suatu bahan bakar
tertentu akan semakin signifikan. Kadar lignin, untuk penghilangan kadar lignin
dilakukan dengan metode Klason melalui 4 tahapan maka didapatkan kadar lignin tanpa
delignifikasi 24,87%, penambahan aquadest 18,71%, penambahan HCI 5% 15,34% dan
HCI 10% 14,49%. Kandung kadar lignin dalam bahan baku berpengaruh terhadap bio-oil
yang dihasilkan, dimana semakin tinggi kadar lignin dapat menghambat proses konversi
menjadi biofuel. Delignifikasi HCI 10% menjadi tahapan proses preatreatment sebelum
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proses thermal cracking. Proses thermal cracking terbentuk uap, uap kemudian di
kondensasi untuk mendapatkan bio-oil. Bio-oil yang terbentuk diendapkan agar terpisah
dari tar, untuk mendapatkan kualitas bio-oil yang baik tidak mengandung tar dilakukan
adsorbsi dengan adsorben zeolit yang telah diaktivasi dengan HCI. Perbandingan sifat
fisik bio-oil sebelum dan sesudah adsorbsi memiliki perbedaan warna dari hitam
kecoklatan menjadi kuning. Bio-oil yang telah diadsorbsi didistilasi untuk memisahkan
fraksi berat dan ringan untuk menjadi biofuel. Temperatur 450°C pada thermal cracking
merupakan kondisi mendekati optimum, hal ini dikarenakan ketika temperatur dinaikkan
maka proses cracking akan lebih mudah dan terjadi secara optimal. Bio-oil yang
dihasilkan pada penelitian ini dilakukan uji karakteristik densitas (927-1086,68Kg/m?3),
viskositas kinematik (1,17-1,43 mm?/s), dan titik nyala (66,00-70.23°C) dimana nilai-
nilai ini mendekati dengan standar SNI 8220-2017. Produk biofuel yang dihasilkan
didominasi oleh senyawa Cs-Css (45,07%) menurut hasil analisa dengan GC-MS. Proses
persiapan bahan baku, preatreatment dan thermal cracking dilakukan Life Cycle
Assessment. Hasil penelitan menunjukan bahwa produksi biofuel dari tandan kosong
kelapa sawit melalui proses thermal cracking menggunakan aplikasi simapro V.9 dengan
metode Impact 2002+ memiliki dampak terhadap lingkungan yang paling besar yaitu
131,10013 kg CO2 eq. Proses thermal cracking yang menjadi environmental hotspot
adalah penggunaan listrik dari PLN dan zat kimia yang keluar dari proses.

Kata Kunci: Adsorbsi, Biofuel, Tandan Kosong Kelapa Sawit, Thermal Cracking
Kepustakaan: 46 (1977-2021)
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