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ABSTRAK

OPTIMASI PROSES ELEKTROKOAGULASI DENGAN VARIASI
KONSENTRASI ELEKTROLIT DAN ARUS TERHADAP KONSUMSI
ENERGI DAN KUALITAS HASIL PENGOLAHAN AIR BAKU

(Zaidan Rasyid, 2026: 89 halaman, 8 tabel, 27 gambar)

Peningkatan kebutuhan air bersih mendorong pengembangan teknologi
pengolahan air yang lebih efisien dibandingkan koagulasi konvensional.
Elektrokoagulasi merupakan salah satu metode yang berpotensi menghasilkan
kualitas air yang baik dengan konsumsi bahan kimia yang lebih rendah, namun
keberhasilannya dipengaruhi oleh kondisi operasi, terutama arus listrik dan
konsentrasi elektrolit. Penelitian ini bertujuan menganalisis pengaruh variasi arus
listrik dan konsentrasi elektrolit NaCl terhadap konsumsi energi spesifik (Specific
Energy Consumption / SEC) dan kualitas hasil pengolahan air baku Sungai Musi,
serta menentukan kondisi operasi optimum menggunakan Response Surface
Methodology (RSM) dengan Central Composite Design (CCD) tipe Face-Centered.
Penelitian dilakukan menggunakan variasi arus listrik 0,04; 0,10; dan 0,15 A serta
konsentrasi NaCl 0,01; 0,02; 0,03; 0,04; dan 0,05 g/L, sehingga diperoleh 15
kombinasi percobaan. Parameter yang dianalisis meliputi SEC, turbiditas, warna,
pH, konduktivitas, Total Dissolved Solids (TDS), serta optimasi numerik
menggunakan perangkat lunak Design Expert 13. Hasil penelitian menunjukkan
bahwa arus listrik merupakan faktor yang paling berpengaruh terhadap konsumsi
energi dan kualitas hasil pengolahan. Analisis ANOVA menunjukkan model Two-
Factor Interaction (2FI) merupakan model terbaik untuk respons SEC, dimana arus
listrik, konsentrasi elektrolit, serta interaksi keduanya berpengaruh signifikan
terhadap konsumsi energi. Pada parameter kualitas air, turbiditas awal sebesar 107
NTU berhasil diturunkan menjadi 2,82—14 NTU dengan efisiensi penyisihan 86,92—
97,36%. Warna air berhasil diturunkan dari 20 TCU menjadi 1-20 TCU, sedangkan
pH tetap berada pada kisaran netral 7,21-7,35. Nilai konduktivitas hasil pengolahan
berada pada rentang 116,1-192.4 uS/cm, sedangkan TDS berkisar 51,8—88,7 mg/L.
Berdasarkan hasil optimasi, kondisi operasi optimum diperoleh pada arus listrik

sebesar 0,085 A dan konsentrasi elektrolit sebesar 0,010 g/L dengan nilai
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desirability sebesar 0,556. Pada kondisi tersebut diprediksi diperoleh nilai SEC
sebesar 0,261 kWh/m?, turbiditas 7,17 NTU, pH 7,34, konduktivitas 117,72 pS/cm,
TDS 54,13 mg/L, warna 5,64 TCU, IR Drop sebesar 3,58 x 10~° V, dan tegangan
16,54 V. Hasil penelitian menunjukkan bahwa peningkatan arus listrik
meningkatkan efektivitas pembentukan koagulan sehingga menghasilkan kualitas
air yang lebih baik, sedangkan penambahan elektrolit berperan meningkatkan
konduktivitas larutan sehingga menurunkan hambatan listrik dan meningkatkan
efisiensi energi. Dengan demikian, elektrokoagulasi berpotensi menjadi alternatif

maupun pelengkap proses koagulasi konvensional pada pengolahan air baku.

Kata kunci: elektrokoagulasi, Specific Energy Consumption, Response Surface
Methodology, Central Composite Design, NaCl, air baku.
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ABSTRACT
OPTIMIZATION OF THE ELECTROCOAGULATION PROCESS USING
VARIATIONS IN ELECTROLYTE CONCENTRATION AND ELECTRIC
CURRENT ON ENERGY CONSUMPTION AND RAW WATER
TREATMENT PERFORMANCE

(Zaidan Rasyid, 2026: 89 pages, 8 tables, 27 pictures)

The increasing demand for clean water has encouraged the development of
water treatment technologies that are more efficient than conventional coagulation.
Electrocoagulation is one of the promising methods capable of producing high-
quality treated water while requiring lower chemical consumption. However, its
performance is strongly influenced by operating conditions, particularly electric
current and electrolyte concentration. This study aimed to analyze the effects of
electric current and sodium chloride (NaCl) electrolyte concentration on Specific
Energy Consumption (SEC) and the quality of treated raw water from the Musi
River, as well as to determine the optimum operating conditions using Response
Surface Methodology (RSM) with a Face-Centered Central Composite Design
(CCD). The experiments were conducted using electric currents of 0.04, 0.10, and
0.15 A and NaCl concentrations of 0.01, 0.02, 0.03, 0.04, and 0.05 g/L, resulting in
15 experimental combinations. The analyzed parameters included SEC, turbidity,
color, pH, conductivity, Total Dissolved Solids (TDS), and Numerical Optimization
using Design-Expert® 13 software. The results indicated that electric current was
the most influential factor affecting both energy consumption and treatment
performance. Analysis of Variance (ANOVA) demonstrated that the Two-Factor
Interaction (2F1) model was the most appropriate model for the SEC response, in
which electric current, electrolyte concentration, and their interaction significantly
affected energy consumption. Regarding water quality, the initial turbidity of 107
NTU was reduced to 2.82—14 NTU, corresponding to a removal efficiency of
86.92-97.36%. Water color was reduced from 20 TCU to 1-20 TCU, while pH
remained within the neutral range of 7.21-7.35. The conductivity of the treated
water ranged from 116.1 to 192.4 uS/cm, whereas TDS values ranged from 51.8 to

88.7 mg/L. Based on the optimization results, the optimum operating conditions
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were achieved at an electric current of 0.085 A and an electrolyte concentration of
0.010 g/L, with a desirability value of 0.556. Under these conditions, the Predicted
responses were an SEC of 0.261 kWh/m?, turbidity of 7.17 NTU, pH of 7.34,
conductivity of 117.72 uS/cm, TDS of 54.13 mg/L, color of 5.64 TCU, an IR Drop
of 3.58 x 10V, and a voltage of 16.54 V. The findings indicate that increasing the
electric current enhances the formation of coagulant species, resulting in improved
water quality, while the addition of electrolyte increases solution conductivity,
thereby reducing electrical resistance and improving energy efficiency. Therefore,
electrocoagulation has considerable potential as an alternative or complementary

process to conventional coagulation in raw water treatment.

Keywords: electrocoagulation, Specific Energy Consumption, Response Surface
Methodology, Central Composite Design, NaCl, raw water-.
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