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Air gambut merupakan sumber air permukaan yang melimpah di Indonesia,
khususnya di Kalimantan, namun memiliki karakteristik kualitas yang rendah
karena bersifat sangat asam (pH rendah), berwarna cokelat, serta mengandung
kadar zat organik, kekeruhan, dan total padatan terlarut (TDS) yang tinggi sehingga
belum memenuhi standar air bersih. Berbagai metode pengolahan telah diterapkan,
tetapi masih memiliki keterbatasan dari sisi efisiensi maupun biaya operasional.
Elektrokoagulasi menjadi salah satu alternatif yang menjanjikan karena mampu
menghilangkan berbagai kontaminan tanpa penambahan bahan kimia dalam jumlah
besar. Namun, pengaruh konfigurasi elektroda terhadap efisiensi penyisihan
polutan, konsumsi energi listrik, dan biaya operasional masih belum banyak dikaji
secara komprehensif. Oleh karena itu, penelitian ini bertujuan mengevaluasi empat
konfigurasi elektroda, yaitu One Pair Electrode (OPE), Monopolar Parallel (MP-
P), Monopolar Series (MP-S), dan Bipolar Series (BP-S), untuk memperoleh
konfigurasi yang paling efektif dan ekonomis dalam pengolahan air gambut.

Penelitian  dilakukan secara eksperimental —menggunakan reaktor
elektrokoagulasi dengan elektroda aluminium. Variabel bebas yang dikaji meliputi
konfigurasi elektroda, rapat arus sebesar 4-10 mA/cm?, dan waktu reaksi 10-90
menit, sedangkan parameter respon yang diamati adalah pH, TDS, kekeruhan,
warna, dan zat organik. Optimasi kondisi operasi dilakukan menggunakan
Response Surface Methodology (RSM) berbasis Central Composite Design (CCD)
melalui perangkat lunak Design Expert versi 13. Model statistik divalidasi
menggunakan analisis varians (ANOVA), kemudian dilakukan evaluasi kelayakan
ekonomi berdasarkan konsumsi energi listrik, kehilangan massa elektroda, serta
biaya operasional pada kondisi optimum masing-masing konfigurasi.

Hasil penelitian menunjukkan bahwa seluruh konfigurasi elektroda mampu
meningkatkan kualitas air gambut secara signifikan, namun menghasilkan tingkat
efisiensi penyisihan, konsumsi energi, umur pakai elektroda, dan biaya operasional
yang berbeda. Berdasarkan optimasi numerik menggunakan fungsi desirability,
konfigurasi Monopolar Parallel (MPP) memberikan kondisi operasi optimum
terbaik dengan nilai desirability sebesar 0,611. Konfigurasi ini menunjukkan
keseimbangan terbaik antara peningkatan kualitas air dan aspek ekonomi proses,
dengan biaya operasional terendah sebesar 0,2982 USD/m? serta /ifetime elektroda



selama 66 jam pada kondisi operasi optimum. Hasil tersebut menunjukkan bahwa
konfigurasi MPP merupakan alternatif yang paling layak diterapkan dalam
pengolahan air gambut karena mampu memberikan kinerja pengolahan yang efektif
dengan konsumsi energi dan biaya operasi yang lebih rendah dibandingkan
konfigurasi elektroda lainnya, sehingga berpotensi untuk diaplikasikan sebagai
teknologi pengolahan air bersih yang efisien dan berkelanjutan.



SUMMARY

Muhammad Nadjamuddin Syarif Hidayatullah. 2026. Evaluation of Electrode
Configuration Models, Electrical Energy Consumption, and Operational
Costs of the Electrocoagulation Process for Peat Water Treatment into Clean
Water. Supervisors: Prof. Dr. Ir. Agus Mirwan, ST., MT., IPM., ASEAN Eng.
and Dr. Ir. Doni Rahmat Wicakso, ST., M.Eng., IPM., ASEAN Eng.

Peat water is an abundant surface water resource in Indonesia, particularly in
Kalimantan. However, its quality is generally poor due to its acidic nature (low pH),
brown coloration, and high concentrations of organic matter, turbidity, and total
dissolved solids (TDS), making it unsuitable for clean water use. Various treatment
methods have been applied, but they often face limitations in terms of efficiency
and operational costs. Electrocoagulation has emerged as a promising alternative
because it can effectively remove contaminants without requiring large amounts of
chemical additives. Nevertheless, the influence of electrode configuration on
pollutant removal efficiency, electrical energy consumption, and operational costs
has not been comprehensively investigated. Therefore, this study aimed to evaluate
four electrode configurations, namely One Pair Electrode (OPE), Monopolar
Parallel (MP-P), Monopolar Series (MP-S), and Bipolar Series (BP-S), to determine
the most effective and economical configuration for peat water treatment.

The research was conducted experimentally using an electrocoagulation
reactor equipped with aluminum electrodes. The independent variables investigated
were electrode configuration, current density (4—10 mA/cm?), and reaction time
(10-90 minutes), while the response variables included pH, TDS, turbidity, color,
and organic matter removal. Process optimization was carried out using Response
Surface Methodology (RSM) based on a Central Composite Design (CCD) through
Design Expert version 13 software. The statistical models were validated using
Analysis of Variance (ANOVA), followed by an economic feasibility assessment
based on electrical energy consumption, electrode mass loss, and operational costs
under the optimum operating conditions of each electrode configuration.

The results demonstrated that all electrode configurations significantly
improved peat water quality, although they exhibited different levels of pollutant
removal efficiency, energy consumption, electrode lifetime, and operational costs.
Based on numerical optimization using the desirability function, the Monopolar
Parallel (MPP) configuration provided the best optimum operating condition with
a desirability value of 0.611. This configuration achieved the most favorable
balance between water quality improvement and process economics, resulting in
the lowest operational cost of 0.2982 USD/m? and an electrode lifetime of 66 hours
under optimum operating conditions. These findings indicate that the MPP
configuration is the most feasible alternative for peat water treatment, as it provides
effective treatment performance while maintaining lower energy consumption and
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operational costs than the other electrode configurations, making it a promising
technology for efficient and sustainable clean water production.
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