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RINGKASAN

ELSA WINDIASTUTI. Rekayasa Pemanfaatan Tandan Kosong Kelapa Sawit
Sebagai Adsorben untuk Pengolahan Limbah Industri Kelapa Sawit Terintegrasi.
Dibimbing oleh SUPRIHATIN, NASTITI SISWI INDRASTI, YAZID BINDAR,
UDIN HASANUDIN.

Industri  kelapa sawit memiliki Kkontribusi yang besar terhadap
perekonomian Indonesia. Produksi CPO tahun 2023 sebanyak 48,24 juta ton, nilai
produksi CPO ini mengalami peningkatan sebanyak 5,5% dari tahun 2022. Selain
CPO industri kelapa sawit juga menghasilkan limbah dalam jumlah yang cukup
besar. Air limbah pabrik kelapa sawit (ALPKS) yang dihasilkan dari setiap ton
produksi CPO berkisar 2,5-3,0 m®. Pengolahan ALPKS di industri kelapa sawit
yaitu penanganan secara biologis dengan kolam anaerobik terbuka (open deep
lagoon) atau unit biogas reaktor dilanjutkan dengan pengolahan secara aerobik.
Namun metode tersebut memiliki beberapa kekurangan. Efluen Unit Biogas
(Palm Oil Mill Secondary Effluent/POMSE) masih sering belum memenuhi
standar mutu buangan industri CPO (sebagian besar sulit terdegradasi secara
biologis, sehingga unit proses atau kombinasi unit proses non-biologis diperlukan
untuk mengeliminasi polutan tersebut).

Selain ALPKS, industri kelapa sawit juga menghasilkan limbah padat.
Limbah padat industri kelapa sawit terdiri atas tandan buah kosong, serat perasan
buah, bungkil inti sawit, cangkang, dan limbah padat lain. Industri kelapa sawit
umumnya memanfaatkan tandan kosong kelapa sawit (TKKS) sebagai mulsa.
Pemanfaatan TKKS sebagai mulsa kurang menguntungkan karena proses
degradasi berjalan sangat lambat dan menimbulkan masalah lain seperti menjadi
inang kumbang tanduk (Oryctes rhinoceros). Pemanfaatan TKKS lainnya dapat
dilakukan dengan mengolah bersama ALPKS menjadi kompos (co-composting).
Pengelolaan ALPKS dan TKKS secara terintegrasi berpotensi memberi berbagai
manfaat, baik secara finansial maupun manfaat lingkungan.

Penelitian ini bertujuan untuk mengembangkan teknologi proses pengolahan
limbah pabrik kelapa sawit secara terintegrasi menuju penerapan konsep nir
limbah (zero-waste). Inovasi ini menjadi solusi saling menguntungkan bagi
pemecahan masalah pencemaran lingkungan dan masalah keterbatasan finansial
untuk pengelolaan lingkungan industri kelapa sawit.

Proses aktivasi dilakukan dengan perlakuan pretreatment dan aktivasi secara
post treatment dengan cara memanaskan TKKS menggunakan autoclave selama
90 menit. Selanjutnya dilakukan perendaman menggunakan NaOH atau KOH
dengan konsentrasi 0%, 4%, 8% dan 12% selama 3 jam. Analisis daya serap iodin
menggunakan metode titrimetri sedangkan uji daya serap metilen biru
menggunakan metode spektrofotometri. Hasil daya serap iodin biochar dari TKKS
berkisar antara 199,42-613,06 mg/g dan metilen biru sebesar 70,83-80,21 mg/g.
Kemampuan biochar dalam menyerap iodin tidak memenuhi SNI yaitu minimal
750 mg/g. Daya serap metilen biru hasil penelitian ini adalah 62,53- 81,11mg/g,
Biochar aktif yang dihasilkan memenuhi standar SNI yaitu 60 mg/g.

Proses aktivasi menyebabkan terjadinya perubahan gugus fungsi yaitu
terbentuknya O-H (ikatan monomer/fenol), amina sekunder, regangan CN, dan
komponen NH. Hasil analisis SEM menunjukkan ukuran pori biochar antara 2-10
pum. Biochar memiliki kandungan berupa C, O, P, K, dan Ca masing-masing sebesar



75,51%, 12,59%, 5,52%, 5,42%, dan 0,95%. Luas permukaan pori biochar
pretreatment KOH 12% dan post treatment NaOH 8% masing-masing sebesar 8,2
m?/g dan 24,2 m?/g.

Hasil analisis kebutuhan energi biochar pretreatment sebesar 19,66 MJ/Kg,
sedangkan untuk menghasilkan 1 kg biochar post treatment membutuhkan energi
sebesar 8,17 MJ. Net energi rasio (NER) biochar pretreatment sebesar 3,73 dan
blochar post treatment sebesar 12,22. Net energi value (NEV) biochar pretreatment
tebih rendah dibandingkan biochar post treatment, masing-masing sebesar 53,82
dan 91,75. Harga produksi biochar pirolisis tanpa perlakuan sebesar Rp. 4.768/Kkg,
blochar pretreatment sebesar Rp. 80.667/kg, dan biochar post treatment sebesar Rp.
21.474/kg.

Proses elektrokoagulasi dilakukan dengan sistem batch menggunakan reaktor
dari rangkaian power supply, voltmeter, gelas piala, batang elektroda aluminium,
dan magnetic strirrer. Elektroda yang digunakan adalah aluminium berukuran 12x2
em? dengan ketebalan lempeng 2 mm, disusun secara bipolar dengan jarak 1 cm
antara elektroda. Variasi tegangan yang digunakan adalah 15, 20, dan 25 volt dengan
waktu kontak selama 30, 60, dan 90 menit. Perlakuan terbaik didapat pada tegangan
15 volt selama 30 menit dengan efisiensi penyisinan COD, TSS, kekeruhan dan
warna masing-masing sebesar 49,69%, 92,55%, 92,69% dan 75,77%.
Elektrokoagulasi merupakan teknologi yang tergolong murah, kebutuhan energi
7,47 kWh/m?3, kebutuhan elektroda sebesar 335,7 g/m® dan biaya operasional yang
diperlukan adalah Rp.24.068/m?

Proses adsorpsi dilakukan menggunakan biochar teraktivasi dengan
konsentrasi 0, 40, 80, dan 120 g/L. Waktu tunggu yang digunakan adalah 1, 3, dan
5 Jam. Air limbah yang digunakan adalah efluen hasil proses elektrokoagulasi
dengan tegangan 15 volt selama 30 menit. Efisiensi penjerapan biochar terhadap
COD sebesar 82,29-95,74%, kekeruhan sebesar 74,96-93,89% dan warna sebesar
19.67-46.45%. Luas permukaan pori biochar mencapai 24.19 m?/g.

Proses adsorpsi terbaik didapat pada biochar post treatment dengan dosis
40g/L selama 1 jam. Efisiensi penurunan maksimum konsentrasi COD sebesar
86,5%, Kekeruhan 90,4% dan warna sebesar 46,5%. Hasil SEM-EDX
menunjukkan pada biochar jenuh, terdapat senyawa Al dan Mg. Kombinasi proses
elektrokoagulasi dan adsorpsi dapat meningkatkan efektivitas yang dimiliki setiap
metode dalam proses pengolahan POMSE. Efisiensi COD, kekeruhan, dan
penghilangan warna masing-masing sebesar 97,99%, 99,22%, dan 90,50%.

Keyword: adsorben, biochar, elektrokoagulasi, pengolahan limbah terintegrasi,
pirolisis, TKKS.



SUMMARY

ELSA WINDIASTUTI. Engineering of palm oil empty fruit bunches utilization as adsorbent
in the integrated waste treatment of palm oil industries. Supervised by SUPRIHATIN, NASTITI
SISWI INDRASTI, YAZID BINDAR, UDIN HASANUDIN

The palm oil industry is a significant contributor to the Indonesian economy.
In 2017, palm oil exports reached 29.07 million tons and increased to 42.86 million
tons in 2019. In addition to CPO, the palm oil industry produces large amounts of
waste. The palm oil mill effluent (POME) generated from each ton of CPO
production is approximately 2.5-3.0 m®. POME processing in the palm oil industry
is biological treatment using open deep lagoons or biogas reactor units, but this
method has several disadvantages. The biogas plant wastewater (palm oil mill
secondary wastewater/POMSE) still does not meet the wastewater quality standards
of the CPO industry (most of it is difficult to biodegrade, so a process unit or a
combination of non-biological process units is required to eliminate these
pollutants).

In addition to POMSE, the palm oil industry also produces solid waste. Solid
waste from the palm oil industry consists of empty fruit bunches, fruit juice fibers,
palm kernel meal, shells, and other solid wastes. The palm oil industry generally
utilizes empty oil palm bunches (EFB) as mulch. The use of EFB as mulch is less
profitable because the degradation process runs very slowly and causes other
problems such as being a host for horn beetles (Oryctes rhinoceros). Other uses of
EFB can occur through the joint processing of POME into compost (co-
composting). The integrated management of POME and EFB can provide various
financial and environmental benefits.

This research aims to develop a technology for integrated processing of
palm oil mill waste to implement the zero-waste concept. This innovation is a win-
win solution to the problem of environmental pollution and the problem of financial
constraints on environmental management in the palm oil industry.

The activation process is carried out by pretreatment treatment and post
treatment activation by heating EFB using an autoclave for 90 minutes.
Furthermore, soaking using NaOH or KOH with a concentration of 0%, 4%, 8%
and 12% for 3 hours. Analysis of iodine adsorption using Titrimetric method while
methylene blue adsorption test using Spectrophotometric method. The adsorption
of iodine biochar from EFB ranges from 199.42-613.06 mg/g and methylene blue
by 70.83-80.21 mg/g. The ability of biochar to adsorb iodine does not meet SNI,
which is at least 750 mg/g. The adsorption of methylene blue from this study is
62.53-81.11 mg/g, the resulting activation biochar meets SNI standards, which is
60 mg/qg.

The activation process causes changes in functional groups, namely the
formation of O-H (monomer/phenol bonds), secondary amines, CN strain, and NH
components. The results of SEM analysis show the pore size of biochar between 2-
10 um. Biochar contains C, O, P, K, and Ca of 75.51%, 12.59%, 5.52%, 5.42%, and
0.95%, respectively. The pore surface area of 12% KOH pretreatment biochar and
8% NaOH post treatment was 8.2 m?/g and 24.2 m?/g respectively.

The results of the analysis of the energy requirements of pretreatment biochar
are 19.66 MJ/kg, while to produce 1 kg of biochar post treatment requires energy



of 8.17 MJ. The net energy ratio (NER) of pretreatment biochar was 3.73 and post
treatment biochar was 12.22. The net energy value (NEV) of pretreatment biochar
was lower than post-treatment biochar, which was 53.82 and 91.75, respectively.
The production price of pyrolysis biochar without treatment is Rp. 4,768/kg,
pretreatment biochar is Rp. 80,667/kg, and post treatment biochar is Rp. 21,474/kg.

The electrocoagulation process is carried out by a batch system using a reactor
trom a power supply circuit, a voltmeter, a trophy cup, an aluminum electrode rod,
and a magnetic stirrer. The electrode used is aluminum measuring 12x2 cm with a
plate thickness of 2 mm, arranged bipolarly with a distance of 1 cm between the
electrodes. The voltage variations used are 15v, 20v, and 25 volts with contact times
of 30, 60, and 90 minutes. The best treatment was obtained at a voltage of 15 volts
for 30 minutes with the removal efficiency of COD, TSS, turbidity and color of
49.69%, 92.55%, 92.69% and 75.77% respectively. Electrocoagulation is a
relatively cheap technology, energy needs are 7.47 kWh / m?, electrode needs are
335.7 g/ m® and operational costs required are Rp. 24,068/ m°.

The adsorption process is carried out using activated biochar with
concentrations of 0, 40, 80, and 120 g/L. The waiting time used is 1, 3, and 5 hours.
The wastewater used is effluent resulting from the electrocoagulation process with
a voltage of 15 volts for 30 minutes. The adsorption efficiency of biochar against
COD is 82.29-95.74%, turbidity is 74.96-93.89% and color are 19.67-46.45%. The
pore surface area of biochar reaches 24.19 m?/g.

The best adsorption process is obtained in post treatment biochar at a dose
of 40g/L for 1 hour. The maximum reduction efficiency of COD concentration by
86.5%, Turbidity by 90.4% and color by 46.5%. The results of SEM-EDX show
that in saturated biochar, there are Al and Mg compounds. The combination of
electrocoagulation and adsorption processes can increase the effectiveness of each
method in the POMSE processing process. COD, turbidity, and color removal
efficiencies were 97.99%, 99.22%, and 90.50%, respectively.

Keywords: adsorbent, biochar, EFB, electrocoagulation, integrated waste
processing, pyrolysis.
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