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Abstract 

PROMETHEE II decision-making methodologies are integrated into a novel framework in this 

research. A real-world case study of lithium extraction techniques served as the basis for this 

investigation. Lithium extraction from brines and saltwater has become more difficult due to the 

limited natural resources of lithium and the worldwide desire to replace fossil fuels with clean and 

recyclable energy. Using a multicriteria decision-making approach, the suggested framework aids in 

selecting the best lithium extraction procedure from brines and saltwater. A case study of lithium 

extraction from brines and saltwater has been used. The findings of the study show that the 

suggested strategy is logical and enforceable. 
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1. Introduction 

The harvesting of metals from saltwater and brines has expanded significantly in recent years owing 

to a decrease in land resources, a shortage of mineral resources for certain nations, and a reduction 

in the environmental effect of desalination facilities. Lithium's low concentration in minerals and the 

broad range of uses in the fields of batteries, lubricating grease, ceramic glass, and so on have 

sparked a growing interest in the mineral[1]. It is possible to infer, however, that the globe is shifting 

away from fossil fuels in favor of a cleaner, more environmentally friendly energy source. This kind 

of energy is provided by lithium-ion batteries, which are utilized in a broad range of electric cars and 

other devices today. Lithium extraction from brines and sea water has received significant interest in 

nations without lithium ore resources because of the growing need for lithium in many uses, 

particularly in the production of lithium-ion batteries. 

Lithium brine is among the primary sources of metal. The brines holding lithium ions may be 

readily discovered in most nations. Even though the lithium content in these sources is exceedingly 

low, the collection of lithium by them is nevertheless cost-effective due to the world's 

extraordinarily large brine capacity. It is possible to extract lithium from seawater and brines using a 

variety of methods, including precipitation (Ide et al., 1983), solvent extraction [2], and the use of 

membrane electrolysis [3]–[5], [6]–[9]. Nano-filtration [10] is another method that has been 

developed [11]. The more significant point is that different extraction techniques, equipment, and 

equipment are used in different methods; the extracted lithium also has its own set of values for 

criteria such as density, estimated extraction cost, retention time, and so on. The extracted lithium 

can be used in a variety of ways to make batteries. It is, therefore, possible to build a multicriteria 

decision-making process for determining the best approach for extracting lithium from brines 

(MCDM) 
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Systematic and objective strategies to enhance decision-making in situations where several criteria 

and actions are involved are known as MCDM [12]. A more accurate, reasonable, and effective 

decision-making process may be achieved via the use of MCDM [13], [14], which takes into 

account all relevant aspects of the choice issue. The two most common MCDM approaches are 

MODM (multiple objective decision making) and MADM (multiple attribute decision making). An 

alternative classification for the techniques of MCDM includes those that have specific weights or 

preferences and those that have unclear weights or preferences. Evaluations that take into account 

the ambiguity of weights and preferences often use fuzzy logic. Because of the inherent ambiguity in 

human judgment that is frequently present due to the use of language, fuzzy approaches may be 

useful in understanding decision-making processes. As an alternative, the use of a person or party of 

decision-makers may be utilized in MCDM situations. When making decisions in groups, we may 

rely on the collective wisdom and experience of a greater number of people. 

A group's success may be greater than that of an individual's in certain cases. This means that a 

group, rather than a single person, can execute the choice more easily since group members are more 

involved in the decision[15]. 

Listed below are the sections of this paper that follow. The related work in section 2. MCDM 

assessment techniques and criterion weighting methods are discussed in Section 3 of the paper. See 

Section 4. Case studies on lithium extraction from brines and saltwater are presented. Conclusions 

are discussed in Section 5 of the paper. 

 

2. Related Work 

 

To our knowledge, this study is the first to use the MCDA/MCDM technique to determine the 

optimal procedure for extracting lithium from brines and saltwater. There is a paucity of research on 

the subject. However, there have been some studies on the use of MCDM approaches in the mineral 

resource manufacturing sectors. For surface mining,[16] used a hybrid AHP technique to choose the 

best technology. In a review of 150 case studies, [17]examined how MCDM methodologies were 

used in mining planning. The Nicholas methodology and MCDM techniques were reviewed 

critically by [18]for the determination of an optimal halting procedure in hard rock mineral 

extraction. [19] showed the application of a hybrid PROMETHEE-based technique to choose 

secondary breakage techniques for lime quarries. 

 

Vikor and TOPSIS were proposed by [20]for the flotation machine choice issue as two MCDM 

approaches to try out. For efficient circuit design,[21] adopted an MCDM technique based on the 

utilization of interval-valued intuitionistic fuzzy sets. MCDM in mining and mineral processing has 

been extensively reviewed by Sitorus et al. [22] and explores future research areas in the 

development of MCDM approaches. There is a new approach to the crusher selection issue given by 

Sitorus and Brito-Parada [23]that incorporates FSAHP). It was the primary goal of their research to 

propose a novel sensitivity analysis technique for modeling uncertainty by adding a fuzzification 

component and a degree of disagreement among decision-makers. Several recent research is 

presented in the context of MCDM assessment methodologies and weighting criteria. 

Making decisions has gotten more difficult for businesses and managers in today's complicated 

environment. When faced with a limited number of options and various criteria, the decision-maker 

uses MCDM approaches as an efficient tool for making the right choice[24]. MCDM has been used 

in a variety of real-world settings, including manufacturing, energy planning[25], location 

planning[26], quality control[27], risk assessment[28], and locating the best possible locations[29], 

[30]. Techniques for dealing with multicriteria decision-making (MCDM) have been developed over 

the past few decades. These include TOPSIS, AHP, elimination and choice expressing reality, and 

decision-making trial and evaluation laboratory. Few extensive investigations of the applications of 

MCDA methodologies have been done, as can be seen from the literature review on MCDA models. 

Cinelli et al.[31] provides a comprehensive overview and comparison of MCDA approaches (2020). 

The MCDA process they are divided into three stages: defining the issue at hand, formulating a 

suggestion, and last, evaluating the quality of the solution, and providing technical assistance. Other 

recent studies in this field include (2018)[32], [33], and others. 

 

A typical MCDM issue consists of options, criteria, and significance weights, which are the three 

basic components. The goal of using MCDM approaches is to improve decision-making in many 

contexts by utilizing a more thoughtful and efficient approach. MCDM approaches have a 
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significant shortcoming in that they need exact evaluations of performance rankings and criterion 

weights, which are insufficient in many real-world decision situations. Bellman and Zadeh created a 

decision-advice procedure for fuzzy situations to address this limitation (1970). 

As a result, MCDM issues involving fuzzy information have gotten a lot of attention, and numerous 

fuzzy MCDM approaches based on the fuzzy set theory have been proposed by several academics. 

As a result, this work employs TOPSIS and ELECTRE fuzzy techniques, which have a simple 

computing procedure and great flexibility, as problem-solving tools. 

 

 

 
Figure 1: The steps of this methodology. 

 

3.  MCDM PROMTHEE II Method 

The PROMETHEE MCDM approach is well-known and widely utilized. Brans (1982) was the first 

to propose this strategy, then Vincke and Brans [34] refined it (1985). Compared to other 

multicriteria approaches, PROMETHEE is a straightforward ranking strategy [35]. 

"As least as" and "As good as" are examples of weak preferences that may be used to compare 

options using the PROMETHEE approach.[36] For PROMETHEE to work, you'll need two kinds of 

data. First, the weights, and then the preference function of the decision-maker[37]. Researchers 

often employ PROMETHEE I and PROMETHEE II in their work. 

Unlike PROMETHEE I, PROMETHEE II includes a complete rating of the choice options, which is 

more comprehensive. PROMETHEE II was established in this study to provide reliable findings by 

determining the whole ranking of suppliers' alternatives. To deal with MCDM problems, the 

PROMETHEE II approach is appropriate ([35], [38]. Figure 1 shows the steps of this methodology. 

Step 1: Let experts evaluate the criteria and alternatives to build the decision matrix. Then aggregate 

the decision matrix.  

 

Step 2: Normalize the decision matrix as: 
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Step 3: Compute the evaluation difference between alternatives and others. 

 

Step 4: Calculate the function of preference  

 

                                       
 

                                                
 

Step 5: Combine the preference function as: 
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Step 6: Compute the positive and negative flows of outranking. 
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Step 7: Compute the net flow as: 

 

                            
 

Step 8: Rank the alternatives according to the highest value of L 

 

 

4. Results and discussion 

 

Lithium extraction through brines and saltwater is the focus of the present research, which includes 

the assessment and selection of the best procedure. The criteria and options that were explored are 

listed below. Literature evaluations, field studies, and the opinions of industry experts are used to 

compile the most important criteria for determining the optimal procedure for extracting lithium 

from brines. Descriptive and analytical criteria with both positive and negative features are included 

in the study. The following are their names:  

 

Quantitative criteria with a positive aspect that reveals how much a solute is dissolved in an exact 

volume of solvent are the amount of extracted lithium. 

 

Quantitative criteria:  

 

I. LEC1: lithium adsorption and lithium release from adsorbent are quantified by measuring 

the quantity of lithium that is recovered from the adsorbent relative to the amount of 

lithium that has been absorbed. 
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II. LEC2: Quantitative criteria that reflect the amount of time it takes to develop an output 

from the beginning of the extraction process to its end:  

 

III. LEC3: The inverse relationship between lithium extraction and lithium concentration in 

brine: a positive indicator of the method's impact on lithium extraction and concentration. 

 

 

IV. LEC4: stabilization is required), the extraction method necessary to restore lithium from the 

adsorbed material, and the adsorbed material's ability to perform lithium adsorption. 

 

V. LEC5: Adsorbent adsorption of lithium is hampered by many factors, including, but not 

limited to: temperature conditions (either controlled or ambient), test conditions (such as 

whether a stir or PH  

 

VI. LEC6: the estimated financial worth of the resources necessary to carry out the extraction 

process, as measured in terms of its negative quality criteria. Adsorbent price, processing 

price, equipment cost, and adsorbent value utilized to accomplish given adsorption are all 

sub-criteria that must be taken into account to meet this criterion. 

 

As an alternative, certain brines with high manganese-to-lithium or magnesium-to-lithium 

concentration ratios are being studied for their ability to extract lithium. Because of their low lithium 

concentrations compared to other metal ions, these alternatives are suitable for practically all of the 

brine; this makes them a logical choice. 

 

 

I. New separation technique investigated from an electrical point of view employing 

LiFePO4/FePO4 as anode material: Membrane electrolytic. LEA1 

 

II. Adsorption, Type 2 The adsorbent for lithium extraction is a spinel-type magnesium 

dioxide (MnO2) with a nanotube shape. Additionally, the lithium pilot brine was used in 

the process. LEA2 

 

III. Adsorption, Type 3 MnO2 nanotubes were utilized as an adsorbent to recover lithium from 

the spinel-type dolomite dioxide (MnO2). Brine is also used to extract lithium. LEA3 

 

IV. A4 The effects of operation conditions on the Li+ redox potential and electrode stability of 

LiFePO4/FePO4-based membrane electrolysis electrode materials have been studied. LEA4 

 

V. Accumulation of TiO2 nanotubes with mica schist tio2 nanoparticles (TiO2) adsorbs the 

lithium. LEA5 

 

VI. Lithium extraction from brine and saltwater was the focus of a recent pilot project, the 

findings of which are detailed in this section. Three DM specialists are entrusted with 

selecting the best lithium extraction technique from a list of possible possibilities for the 

manufacture of lithium batteries. All of them are judged on the same scale, each of the six 

essential requirements. LEA6  

 

Step 1: Three decision-makers have an expert in this field to evaluate the criteria. Then normalize 

their values to compute the weights of the criteria as shown in figure 2. Then let three experts 

evaluate the criteria and alternatives. In this study, we used six main criteria and five alternatives. 

We obtained three decision matrices from three decision-makers. They aggregate their opinions into 

one matrix, as shown in table 1.  

 

Step 2: Normalize the decision matrix by using Eqs. (1,2) as shown in table 2.  

 

Step 3: Compute the evaluation difference between alternatives and others. 

 

Step 4: Calculate the function of preference by using Eqs. (5,6)  
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Step 5: Combine the preference function by using Eq. (7), as shown in table 3.  

 

Step 6: Compute the positive and negative flows of outranking by using Eqs. (8,9) 

 

Step 7: Compute the net flow using Eq. (10) 

 

Step 8: Rank the alternatives according to the highest value of L. The best alternative is LEA3, and 

the worst alternative is LEA4. The rank of alternatives is shown in figure 3. 

 

 
Figure 2: The weights of the criteria 

 

 

Table 1: The aggregated decision matrix. 

 LEC1 LEC2 LEC3 LEC4 LEC5 LEC6 

LEA1 7 5.666667 4 3.666667 3 7 

LEA2 7.333333 7.666667 7.666667 6.666667 5.666667 6.666667 

LEA3 3.666667 7 6 4 7.333333 1.666667 

LEA4 3.666667 7.666667 4.666667 5.333333 6 1.666667 

LEA5 5.666667 5.666667 3.666667 6 7 5.666667 

 

Table 2: The normalized decision matrix. 

 LEC1 LEC2 LEC3 LEC4 LEC5 LEC6 

LEA1 0.909090909 0 0.909091 0 1 0 

LEA2 1 1 -0.09091 1 0.38461538 0.0625 

LEA3 0 0.666667 0.363636 0.111111111 0 1 

LEA4 0 1 0.727273 0.555555556 0.30769231 1 

LEA5 0.545454545 0 1 0.777777778 0.07692308 0.25 

 

 

Table 3: The combined preference of function. 

 LEC1 LEC2 LEC3 LEC4 LEC5 LEC6 

LEA1 0 0.236101 0.324032 0.224884 0.182234 0 

LEA2 0.427318 0 0.394263 0.190404 0.361075 0 

LEA3 0.369637 0.24865 0 0 0.30033 0.420042 

LEA4 0.524752 0.299055 0.254264 0 0.412795 0.674306 

LEA5 0.20072 0.188344 0.273212 0.131413 0 0.392924 
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Figure 3: The rank of alternatives 

 

 

5.  Conclusion  

 

An MCDM framework was developed in this research to evaluate and choose the best lithium 

extraction procedure from brines and saltwater. The normalization method is used to compute the 

weights of the criteria. Then the PROMETHEE II is used to compute the rank of alternatives. We 

used sic criteria, five alternatives, and three decision-makers to evaluate criteria and alternatives.  

 

A decision maker's preferences may also be considered using this method. Using PROMETHEE is a 

strong tool for decision-makers since it is simple to grasp the management and calculation 

procedures. Using such a strategy, lithium extraction may be handled in complicated decision-

making circumstances for the selection issue. PROMETHEE employed both equal and unequal 

weights. 

 

One of the most widely used and well-researched methods is PROMETHEE II. In this study, we 

developed an approach that addresses two issues with the PROMETHEE II method, which were 

motivated by the PROMETHEE II method. Two factors influence the performance indices: the 

weight vector of criteria and the number of calculations in the indices. 
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