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Abstract

The assessment of the performance of an electrocoagulation system is crucial for evaluating its effectiveness in
treating wastewater or water. This study summarizes critical points related to the criteria for assessing the performance
of an electrocoagulation system. These criteria include treatment efficiency, removal efficiency, energy consumption,
electrode performance, reaction time, sludge production and handling, scalability and flexibility, system reliability and
maintenance, cost-effectiveness, compliance with regulations, water recovery and reuse, system monitoring and
control, chemical usage, system stability and robustness, and operational expertise and training. Considering these
criteria enables organizations to evaluate the system's ability to remove contaminants effectively, optimize energy
consumption, ensure electrode performance and durability, meet treatment objectives, handle sludge efficiently,
comply with regulations, and demonstrate cost-effectiveness. The assessment process helps select an
electrocoagulation system that aligns with specific requirements, improves water quality, and contributes to
environmental sustainability. We used some multi-criteria decision-making (MCDM) methodology to deal with these
criteria. The MABAC method is an MCDM method used to rank the alternatives. The 15 criteria and 10 alternatives
are used in this paper. We conducted a sensitivity analysis to check the stability of the results. The main results show
the results are stable.

Keywords: Electrocoagulation; Decision-Making; Multi-Criteria Decision-Making; Assessment.

1 | Introduction

Water pollution is a pressing global issue that demands effective and sustainable solutions for treating
contaminated water sources. Electrocoagulation is an emerging technology that holds promise for addressing
this challenge. This introduction provides an overview of electrocoagulation systems, highlighting their
principles, applications, and advantages in water treatment. Electrocoagulation is a process that utilizes
electrochemical reactions to remove contaminants from wastewater or water sources. It involves the
application of an electric current to an electrolytic cell containing electrodes immersed in the water to be
treated [1, 2]. The electrodes, typically made of aluminium or iron, generate coagulant species through the
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dissolution and oxidation of metal ions. These coagulants destabilize suspended solids, emulsions, and
dissolved pollutants, facilitating their accumulation and subsequent removal. The electrocoagulation system
offers a wide range of applications in water treatment. It removes contaminants, including suspended solids,
heavy metals, organic compounds, oils, grease, bacteria, and viruses. This versatility makes electrocoagulation
suitable for diverse industries such as municipal water treatment, industrial wastewater treatment, oil and gas,

agriculture, food and beverage, etc [3-5].

One of the critical advantages of electrocoagulation systems is their potential for chemical-free treatment.
Unlike conventional coagulation methods that rely on adding chemicals, electrocoagulation utilizes the
inherent properties of the electrodes to generate coagulants, thereby reducing the need for external chemical
additives. This feature minimizes the use of hazardous chemicals, simplifies the treatment process, and
reduces the associated chemical handling and storage requirements. Another advantage of electrocoagulation
is its adaptability to varying water qualities and flow rates. The system can be fine-tuned to accommodate
different water sources, adjusting parameters such as current density, reaction time, and electrode
configuration to optimize treatment efficiency [0, 7]. This flexibility enables the system to handle fluctuations
in influent water quality and flow, making it suitable for small-scale and large-scale applications. Furthermore,
electrocoagulation systems offer potential benefits in terms of energy efficiency. By optimizing the process
parameters, such as current density and electrode spacing, energy consumption can be minimized while
maintaining effective treatment performance. This energy efficiency contributes to operational cost savings

and reduces the environmental footprint of water treatment processes|8-10].

In addition to their treatment capabilities, electrocoagulation systems also exhibit advantages in terms of
sludge management. The coagulated contaminants form flocs that can be easily separated from the treated
water, resulting in a concentrated sludge. This sludge can be further processed for dewatering or subjected to
appropriate disposal methods, such as solidification or stabilization, minimizing the volume of waste
generated. Overall, electrocoagulation systems offer a promising solution for water treatment, combining
effective contaminant removal, adaptability to various water qualities, energy efficiency, and the potential for
chemical-free operation. The technology's versatility and advantages make it a valuable option for
organizations seeking sustainable and efficient water treatment solutions [11-13]. Electrocoagulation systems
provide a robust and innovative approach to addressing water pollution challenges. Their ability to remove a
wide range of contaminants, adaptability to varying water qualities, potential for chemical-free treatment,
energy efficiency, and efficient sludge management make them a promising option in water treatment. As the
demand for clean water continues to rise, electrocoagulation systems offer a sustainable and effective solution
for ensuring the availability of safe and potable water resources [14, 15].

The evaluation of the performance of electrocoagulation systems is a critical task. We used an MCDM
methodology to deal with various criteria and rank these criteria under different alternatives to
electrocoagulation [16, 17]. This study used the MABAC method as an MCDM method to deal with multiple

criteria and rank alternatives [18, 19].
2 | Problem Definition

When assessing the performance of an electrocoagulation system, several criteria can be considered to
evaluate its effectiveness and efficiency [20]—[22]. Here are some critical criteria for determining the

performance of an electrocoagulation system:

e Treatment Efficiency: Evaluate the system's ability to remove contaminants from the wastewater or
water being treated effectively. This can be measured by monitoring parameters such as chemical
oxygen demand (COD), total suspended solids (TSS), turbidity, heavy metals, organic compounds, or
specific contaminants of concern.

e Removal Efficiency: Determine the system's removal efficiency for target contaminants. This involves
measuring the percentage of contaminant reduction achieved by the electrocoagulation process and
comparing it to regulatory or desired standards.
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Energy Consumption: Assess the energy consumption of the electrocoagulation system. Energy
efficiency is an important criterion, as it directly affects the system's operational costs and
environmental impact. Evaluate the power consumption of the volume of water treated or the
contaminant removal achieved.

Electrode Performance: Evaluate the performance and durability of the electrode materials used in the
electrocoagulation system. Factors such as electrode lifespan, maintenance requirements, and electrode
fouling or degradation should be considered. Electrode material selection and design can impact the
system's long-term performance and cost-effectiveness.

Reaction Time: Consider the time required for electrocoagulation to achieve the desired treatment
objectives. Assess the system's reaction kinetics and determine if the treatment process meets the
expected treatment timeframes or can be optimized for faster reaction rates.

Sludge Production and Handling: Assess the quantity and characteristics of the sludge generated during
the electrocoagulation process. Evaluate the ease of sludge handling, dewatering, and disposal.
Minimizing sludge production and managing it efficiently can reduce operational costs and

environmental impacts.

Scalability and Flexibility: Consider the system's scalability and ability to handle varying flow rates and
contaminant loadings. Evaluate whether the electrocoagulation system can be easily adapted or

expanded to accommodate changing treatment requirements or increased volumes of wastewater.

System Reliability and Maintenance: Assess the system's reliability, uptime, and maintenance
requirements. Consider factors such as system robustness, sensor calibration, routine maintenance
tasks, and the availability of spare parts. A reliable and well-maintained system is essential for consistent
performance.

Cost-Effectiveness: Evaluate the overall cost-effectiveness of the electrocoagulation system,
considering factors such as capital investment, operational costs (energy consumption, chemical usage,
maintenance), and the system's lifespan. Compate the costs with alternative treatment technologies to

determine the system's economic viability.

Compliance with Regulations: Ensure the electrocoagulation system meets regulatory requirements and
standards for the treated contaminants. Evaluate the system's ability to consistently meet effluent quality
standards and comply with local, regional, and national regulations.

Water Recovery and Reuse: Consider the potential for water recovery and reuse within the
electrocoagulation system. Evaluate the system's ability to treat and recover watetr for various
applications, such as irrigation, process water, or other non-potable uses. Water reuse can contribute to
sustainability efforts and reduce water consumption.

System Monitoring and Control: Assess the electrocoagulation system's automation, monitoring, and
control capabilities. Look for features such as real-time monitoring of critical parameters, remote access
for system monitoring and troubleshooting, and automated control algorithms to optimize treatment

performance.

Chemical Usage: Evaluate the need for chemical additives in the electrocoagulation process. Some
systems may require the addition of coagulants or flocculants to enhance treatment efficiency. Assess
the quantity and cost of chemicals used and consider the potential for chemical-free or reduced-

chemical electrocoagulation systems.

System Stability and Robustness: Assess the system's stability and ability to maintain consistent
performance over time. Factors such as influent water quality variations, flow rate changes, or power
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supply fluctuations should be considered. A stable and robust system can deliver reliable treatment

performance under varying operating conditions.

e  Operational Expertise and Training: Evaluate the need for specialized knowledge or expertise to operate
and maintain the electrocoagulation system. Consider the availability of training programs, technical
support, and resources the system manufacturer or supplier provides to ensure proper system operation
and troubleshooting,

3 | Methodology

In this part, the steps of the MABAC method is introduced to evaluate the performance of electrocoagulation
[23-20].

Step 1. Build an evaluation matrix

The evaluation matrix is built based on opinions of experts by the ctisp value between one and nine.

Step 2. Normalize the evaluation matrix

The evaluation matrix is built based on benefit and cost criteria as:

a;i— min ap;
U™ 1<ke<m K

max ap;j— min agj
1<k<m KT 1 Qe I

Zij =

@

a;i— min ag;
U 1<k<m K

min apj— max agj
1<k<m “®I T 1<k<m K

Zij =

@
Where JJax ay; is the maximum value in factor j between alternatives.
<k<m

Step 3. Compute the weighted normalized matrix.

The weighted normalized evaluation matrix is computed by the weights of criteria.
eij = w;(zij +1) ©)
Wherei = 1,2,..m;j =12,..n

Step 4. Calculate the borer approximation area (BAA).

S
By = (M1 €)™ “)
Step 5. Compute the distance matrix.
T = (85 pn = (€)= (Bi) 1 ©)

Step 6. Compute the total distance.

si = Xj=1tij ©)
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Figure 1. The steps of the MABAC method.

4 | Results

In this part, we discuss the results of the MABAC to evaluate the performance of electrocoagulation system.
We used the 15 criteria and ten alternatives. The criteria and alternatives are listed in Figure 2.

Figure 2. List of 15 criteria of electrocoagulation.



A Multi-Criteria Decision Making Methodology for Assessment Performance of Electrocoagulation System 24

Step 1. Build an evaluation matrix between criteria and alternatives based on the opinions of experts.

Step 2. Normalize the evaluation matrix by using Eqs. (1) and (2) for cost and benefit criteria, cost

effectiveness is a cost criterion and all criteria are benefit as shown in Table 1.

Table 1. Normalization evaluation matrix by the MABAC method.
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Step 3. Compute the weighted normalized matrix. The weights of criteria are computed as shown in Figure
3. The treatment efficiency is the highest weight and operations training is the least weight. Then we compute
the weighted normalized matrix as shown in Table 2 by Eq. (3).
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Figure 3. The weights of 15 criteria.

Table 2. Weighted normalization evaluation matrix by the MABAC method.
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Step 4. Calculate the BAA by using Eq. (4).

Step 5. Compute the distance matrix by using Eq. (5) as shown in Table 3.

Step 6. Compute the total distance by using Eq. (6) as shown in Figure 4.

Table 3. Distance matrix by the MABAC method.
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Figure 4. The total distance between alternatives.

5 | Sensitivity Analaysis

We change the weights of criteria and check the rank of alternatives under different weights to ensure the
stability of the results. We change the weights of criteria under 15 cases, first case we put first criterion with
0.07 weight and other criteria are equal and so on as shown in Figure 5.

Then we compute the rank of ten alternatives with the MABAC method under different cases. We observe
the alternative 8 is the best in all cases and alternative 2 is the worst in all cases as shown in Figure 6.

=@ Case 1
=@ Case 2
==@==Case 3
Case 4
=@ Case 5
=@==_Case 6
«=@=Case 7
=@ Case 8
==@==_Case 9
=@=_Case 10
=@ Case 11
=@=_Case 12

ELCY

Figure 5. The 15 cases weights of criteria.
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-13.2 | Case 2
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-13.4

m Case 6

W Case 7
-13.5

W Case 8
-13.6 mCase9

H Case 10
-13.7 W Case 11

W Case 12
-13.8

Figure 6. Rank of ten alternatives under sensitivity analysis.

6 | Conclusions

An electrocoagulation system's performance is essential in determining its effectiveness and suitability for
treating wastewater or water. Organizations can make informed decisions and optimize the system's
performance by evaluating various criteria. The assessment process involves considering treatment efficiency,
removal efficiency, energy consumption, electrode performance, reaction time, sludge production and
handling, scalability and flexibility, system reliability and maintenance, cost-effectiveness, compliance with
regulations, pH and conductivity adjustment, water recovery and reuse, system monitoring and control,
chemical usage, system footprint and installation, system stability and robustness, pilot testing and validation,
operational expertise and training, case studies and references, and continuous improvement and innovation.
Assessing the electrocoagulation system's performance ensures efficient removal of contaminants,
optimization of energy consumption, electrode durability, compliance with regulations, and cost-
effectiveness. It helps organizations select a system that meets specific treatment objectives, reduces
environmental impact, and contributes to water quality improvements. Furthermore, the assessment process
allows for identifying areas for optimization and improvement, such as pilot testing, system monitoring, and
continuous innovation. Implementing an electrocoagulation system with a thorough assessment of its
performance leads to improved water treatment outcomes, efficient operation, and long-term sustainability.
We used MABAC as a MCDM methodology for evaluating the performance of the electrocoagulation system.
We used 15 criteria and ten alternatives to select the best alternative. We compute the weights of the criteria.
Treatment efficiency is the best criterion, and operations training is the worst criterion. We made a sensitivity
analysis to ensure all ranks are stable.
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