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1. Introduction 

Raw materials and finished products are objects that are always needed in work 

facilities [1]. The flow of raw materials is an important aspect that needs attention because 

it impacts the production process [2] [3]. Generally, moving raw materials and finished 

products is an activity of transportation from one place to another that uses human labor 

or equipment [4] [5]. Therefore, it is essential to pay attention to moving materials to avoid 

losing products, maintaining time consumption, and maintaining finance [6]. Material 

Handling Equipment (MHE) selection is critical to research by paying attention to these 

factors. The proper MHE selection can increase productivity and cost savings by 25–87% 

[7]. Recently, a topic on the selection of MHE is interesting among researchers.  

Researchers have extensively investigated the problem of MHE selection. Various 

approaches are used to solve problems related to MHE selection. In general, this approach 

can be divided into four, namely Multi-Criteria Decision Making (MCDM), Artificial 

Intelligence (AI), Optimization, and Hybrid. Tuzkaya, et al. [8] proposed a Fuzzy 

Integration - Analytical Network Process and Preference Ranking Organization Method. 

Gaur and Ronge [9], Braglia, et al. [10], and Varun, et al. [11] use the Analytical Hierarchy 

ARTICLE INFO 
 

ABSTRACT  

 

 

Article history 

Received October 12, 2020 

Revised February 25, 2021 

Accepted February 27, 2021 

Available Online February 28, 2021 

 

 Choosing the best Material Handling Equipment (MHE) is an 

aspect that needs to be considered in the industrial sector because 

the amount of capital involved in the procurement process is very 

large. Many substantial factors influence the MHE selection 

process. One popular approach was chosen to resolve the MHE 

selection issue. The concept of Multi-Criteria Decision Making 

(MCDM) is popularly used because it can solve and handle 

conflicting components in the MHE selection process. This study 

proposes the Analytical Hierarchy Process (AHP) and Multi-

Objective Optimization on the Basis of Ratio Analysis (MOORA) 

procedures in MHE selection. AHP is proposed to weigh the MHE 

selection criteria. MOORA is proposed to compute the rankings of 

the MHE alternatives. Case studies are applied to this problem. 

The results show that the cost criterion gives the greatest weight 

in selecting MHE. Other than that, Of the five selected MHE 

alternatives, Hand Pallet Truck is the MHE that has the best 

rating. 
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Process (AHP) method to obtain the best MHE weight. Furthermore, Verma, et al. [2] 

integrate the AHP-Technique for Order Preference by Similarity to Ideal Solution (Topsis) 

method for a similar problem. In addition, Yogi and Solanki [12] propose the Hybrid 

Entropy-VIse Kriterijumska Optimizacija I Kompromisno Rasenje and Entropy-Topsis 

methods. The Fuzzy-Promethee method is proposed by Gul, et al. [13] for the MHE 

selection process. Furthermore, Fuzzy-Gray is also proposed by Mousavi, et al. [14]. 

Several other procedures are also proposed in MHE selection, such as simulation 

procedures [15]. Hybrid Fuzzy and Genetic Algorithm [16]. Hybrid Fuzzy [17]. Weighted 

Utility Additive [18]. Fuzzy Multi-Attribute [19] and the Genetic Algorithm approaches 

are proposed by Haidar and Naoum [20].  

Based on previous research, it is rare to find MHE studies that consider the benefits 

and cost criteria in MHE selection. Benefit and cost criteria types can be used as 

alternatives in supplier selection. These types of criteria can be compared to produce MHE 

selection solutions. To the best of the author's knowledge, research on MHE selection is 

generally based on suppliers' importance in each criterion. In this study, we propose to use 

the integration of the AHP and the Multi-Objective Optimization on the Basis of Ratio 

Analysis (MOORA) methods as alternative solutions for MHE selection. AHP can make 

broad and abstract problems clear and structured [21]. In addition, AHP can reach all 

types of attributes, both quantitative and qualitative [22]. AHP is proposed as a weighting 

procedure for MHE criteria. Furthermore, the selection of the best MHE is based on the 

MOORA method. MOORA is a straightforward, stable, and robust method that can 

provide accurate and targeted results [23]. MOORA has been popularly used for supplier 

selection [24], Stock Investment [25], Composite Material selection [26], and Green Supply 

Chain Management problems [27]. The MOORA method also supports a wide 

measurement scale, taking into account the types of benefit or cost criteria. The 

contribution of this study is to propose a more efficient and effective procedure in MHE 

selection using the AHP and MOORA methods. In this study, AHP was chosen as the 

weighting method, while MOORA was used to determine the best ranking. The author 

tried to integrate AHP and MOORA methods to solve the Material Handling Equipment 

selection problems in the manufacturing industry.  

This paper's structure is presented as follows: suggestion methods and data 

collection are presented in section 2, results and discussion in section 3, and conclusions 

are presented in section 4. 

 

2. Methods  

2.1 AHP-MOORA Integration 

This study proposes the integration of 2 methods, namely AHP and MOORA. 

Hopefully, these two methods can be used to solve the MHE selection problem. AHP is a 

popular method for weighting proposed by Saaty [28]. Meanwhile, MOORA is a method 

used to rank the alternatives proposed by Brauers and Zavadskas [23]. The framework 

related to AHP-MOORA integration can be seen in Fig. 1. 

The first stage carried out within the framework is identifying the criteria used in 

the selection of MHE. The decision-maker identifies the criteria required in the MHE 

selection process. Each criterion must be classified as either a benefit or cost. In the second 

stage, the decision-maker performs pairwise comparisons to criteria. The result of this 

pairwise comparison is made into the AHP matrix. Pairwise comparison is proposed using 

a priority scale of 1-9 with the following levels of importance: 1 indicates that both criteria 

are important; 3 indicates 1 level higher compared to other criteria (sufficient); 5 indicates 
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2 levels higher compared to other criteria (good); 7 indicates 3 levels higher compared to 

other criteria (better); 9 shows four levels higher compared to other criteria (the best). 

Meanwhile, 2,4,6,8 show Intermediate scale. 

 

 
 

Fig. 1. Framework MHE selection 

 

The third stage is to carry out normalization. This stage is done by dividing the 

column value by the number of columns in the AHP matrix. The normalization process is 

carried out to normalize existing data. The fourth stage is the weighting process of the 

MHE criteria used (𝑊𝑖𝑗). At this weighting stage, several calculations are also included, 

such as the calculation of Eigen Vector (𝜆 𝑚𝑎𝑥), RI (Random Index), CI (Consistency 

Index), and CR (Consistency Ratio). The required CR value is less than 10%. CR value of 

more than 10% indicates inconsistent data and must be repeated in the pairwise 

comparison process. The calculation of the weight of the criteria, Eigen Vector (𝜆 𝑚𝑎𝑥), RI 

(Random Index), CI (Consistency Index), and CR (Consistency Ratio) can be seen in 

equations (1)-(4).  
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𝑊𝑖𝑗 =
𝑎𝑖𝑗

𝑛
            (1) 

λ max =
∑ 𝑎𝑖𝑗

n
         (2) 

CI =
(λ max − 𝑛)

(n−1)
         (3) 

CR =
CI

RI
          (4) 

 

Where: 

Wij   : Weighting Value  

aij  : Normalization matrix in row i column j  

n  : Number of criteria being compared 
 

The fifth stage is to create the MOORA matrix presented in equation (5). This 

matrix is based on the assessment data of each MHE alternative to the criteria. The 

assessment uses a Likert scale of 1-5 with the following conditions: Very Poor (1); Poor (2); 

Fair (3); Good (4); Excellent (5). The sixth step is to normalize the MOORA matrix by 

dividing the column values by the number of columns. This stage is based on equation (6). 

The seventh step is to determine the MOORA multi-objective optimization value by 

multiplying the MOORA matrix by the criteria weights obtained from the AHP procedure. 

The MOORA rating is based on the difference in the weight of each supplier's benefit and 

cost criteria. The formula for calculating each supplier's benefit and cost criteria is 

presented in equation (6). The last step is to determine the ranking for each MHE 

alternative. The value of Yi determines the rank. The highest Yi score yields the best 

ranking. 

 

𝑋 = |

𝑥11 𝑥12 … 𝑥1𝑛

𝑥21...

𝑥22 𝑥2𝑛...

𝑥𝑚1 𝑥𝑚2 𝑥𝑚𝑛

|         (5) 

 

 

𝑋𝑖𝑗
∗  = 

𝑥𝑖𝑗

√[∑ 𝑥𝑖𝑗
2𝑚

𝑗=1

         (6) 

Where: 

i  : 1, 2, ..., g - criteria/attributes with maximized status; 

i  : g + 1, g + 2, ..., n– criteria/attributes with minimized status;  

Wij  : Weight of the AHP calculation 

Yi   : Difference in the weight of the benefit and cost criteria for each supplier 

xij  : Alternative Matrix j on i criterion  

i  : 1,2,3,4,…, n is the sequence number of attributes or criteria 

j  : 1,2,3,4,…, m is the alternate sequence number 

X * ij : Alternative normalization matrix j on i criterion 

m  : Number of alternatives 
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2.2 Data Collection 

This research was conducted at a manufacturing company in Turkey. Five types of 

Material Handling Equipment were chosen for the selection process. The decision-makers 

of this study were 3. The decision-maker conducted a focus group discussion to determine 

criteria, a pairwise comparison rating of the criteria, and a rating of the selected MHE 

alternatives. 

The criteria selected in the selection of MHE are presented in Table 1. The criteria 

selected are also based on previous research. The focus group discussion of the pairwise 

comparison for each criterion can be seen in Table 2 further. The results of the MHE 

alternative rating for each criterion are presented in Table 3. 

 

Table 1. Criteria used 

Criteria Code Criteria Type 

Ease to operate [29] ETO Benefit 

Application [30] AP Benefit 

Load-carrying capacity [31] LCC Benefit 

Power required [2] PR Cost 

Flexibility in material [32] FIM Benefit 

Cost [33] C Cost 

Availability of spare parts [34] AV Benefit 

On-site repair [35] OSR Benefit 

Area constraints [36] AC Benefit 

Risk [37] R Cost 

Distance to be moved [38] DIS Benefit 

 

Table 2. Pairwise comparison between criteria 

Criteria C ETO R AP LCC PR FIM AV OSR AC DIS 

C 1 2 2 5 5 5 5 6 7 7 7 

ETO 1/2 1 3 3 3 4 5 5 5 5 5 

R 1/2 1/3 1 2 3 3 4 4 4 4 4 

AP 1/5 1/3 1/2 1 2 3 3 3 3 3 3 

LCC 1/5 1/3 1/3 1/2 1 3 3 3 3 3 3 

PR 1/5 1/4 1/3 1/3 1/3 1 2 2 2 2 3 

FIM 1/5 1/5 1/4 1/3 1/3 1/2 1 1 2 1 2 

AV 1/6 1/5 1/4 1/3 1/3 1/2 1/1 1 1 1 1 

OSR 1/7 1/5 1/4 1/3 1/3 1/2 1/2 1/1 1 2 2 

AC 1/7 1/5 1/4 1/3 1/3 1/2 1/1 1/1 ½ 1 2 

DIS 1/7 1/5 1/4 1/3 1/3 1/3 1/2 1/1 ½ 1/2 1 
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Table 3. MHE rating in each criterion 

MHE alternative ETO AP LCC PR FIM C AV OSR AC R DIS 

Hand Pallet  

Truck 
4 3 4 5 5 5 5 3 5 5 5 

Hydraulic Hand 

Pallet Truck 
2 3 3 3 3 3 3 3 3 3 3 

Hydraulic Pallet 

Truck 
2 3 4 3 4 3 3 3 3 3 4 

Electric Pallet  

Truck 
2 3 3 4 3 3 3 5 3 3 4 

Semi Electric Pallet  

Truck 
2 4 3 3 3 3 3 3 3 3 3 

 

3. Results and Discussion 

3.1 Weighting of the MHE Criteria  

The results of the weighting of the criteria can be seen in Fig. 2. Based on the 

calculation of the AHP method, the results show that the Cost (C) criterion has the highest 

weight, followed by the Ease To Operate (ETO) and Risk (R) criteria. The company makes 

the price (Cost) a priority because the equipment maintenance procedure requires much 

money. In addition, the ease of use and the risk of each tool is also a reference in the 

process of Material Handling Equipment selection. This study supports the research 

conducted by Verma, et al. [2], Momani and Ahmed [39], and Kumar and Raj [40]. Distance 

to be moved is a criterion that has received little attention. It is an indication that the 

company does not consider the distance of the material to be moved. It is reinforced by the 

low value of the Area constraints criterion. The result of criteria weighting is used to 

determine the rank of material handling equipment using the MOORA method presented 

in the following sub-section.  
 

3.2 The Determination of MHE Rank 

The alternative ranking is done using the MOORA method. The results of 

normalization of the MHE rating matrix for each criterion are presented in Table 4. 

 

Table 4. MOORA Normalization Matrix Value  
ETO AP LCC PR FIM C AV OSR AC R DIS 

Hand Pallet  

Truck 

0.71 0.42 0.52 0.61 0.61 0.64 0.64 0.38 0.64 0.38 0.58 

Hydraulic Hand  

Pallet Truck 

0.35 0.42 0.39 0.36 0.36 0.38 0.38 0.38 0.38 0.38 0.35 

Hydraulic Pallet  

Truck 

0.35 0.42 0.52 0.36 0.49 0.38 0.38 0.38 0.38 0.38 0.46 

Electric Pallet  

Truck 

0.35 0.42 0.39 0.49 0.36 0.38 0.38 0.64 0.38 0.64 0.46 

Semi Electric Pallet  

Truck 

0.35 0.55 0.39 0.36 0.36 0.38 0.38 0.38 0.38 0.38 0.35 
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Fig. 2. The results of criteria weighting using AHP 

 

The Normalization Matrix Value is used to determine the MOORA Multi-Objective 

Optimization Value. The results of the MOORA Multi-Objective Optimization value are 

illustrated in Table 5. At this stage, the type of criteria has an impact on MHE selection. 

Criteria with the "benefit" type are marked with MAX. Furthermore, the criteria with the 

"Cost" type are marked with the label MIN. Power Required, Cost, and Risk criteria are 

considered to harm MHE selection. Meanwhile, other criteria are considered to have a 

beneficial impact on MHE selection. The results of the rating of the multi-objective 

MOORA optimization are presented in Table 5. 

Based on the multi-objective scores in Table 5, the MHE ratings for each 

alternative are presented. The rating of the difference in the weight of each supplier's 

benefit and cost criteria for each alternative can be seen in Fig. 3. These results indicate 

that the highest Yi score is obtained by Hand Pallet Truck with a value of 0.06. It is 

followed by Hydraulic Pallet Truck and Semi-Electric Pallet Truck with the same value, 

0.04. Then, the fourth rank is occupied by Hydraulic Hand Pallet Truck with a value of 

0.03. The fifth position is occupied by the Electric Pallet Truck with a value of 0.00. The 

MHE rank in more detail can be seen in Table 6. 
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Table 5. Multi-Objective MOORA Optimization Score 

MHE ETO AP LCC PR FIM C AV OSR AC R DIS 

Hand Pallet  

Truck 

0.14 0.04 0.04 0.03 0.02 0.17 0.02 0.01 0.02 0.05 0.02 

Hydraulic Hand  

Pallet Truck 

0.07 0.04 0.03 0.02 0.01 0.10 0.01 0.01 0.01 0.05 0.01 

Hydraulic Pallet  

Truck 

0.07 0.04 0.04 0.02 0.02 0.10 0.01 0.01 0.01 0.05 0.01 

Electric Pallet  

Truck 

0.07 0.04 0.03 0.03 0.01 0.10 0.01 0.02 0.01 0.09 0.01 

Semi Electric Pallet  

Truck 

0.07 0.05 0.03 0.02 0.01 0.10 0.01 0.01 0.01 0.05 0.01 

  
MAX MAX MAX MIN MAX MIN MAX MAX MAX MIN MAX 

 

Table 6. Rank of each MHE alternatives 

Material Handling Equipment RANK 

Electric Pallet Truck 5 

Semi Electric Pallet Truck 3 

Hand Pallet Truck 1 

Hydraulic Hand Pallet Truck 4 

Hydraulic Pallet Truck 2 

 

 

 

Fig. 3. The Yi score of each alternative obtained from the calculation 
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4. Conclusion 

This study aims to solve the problem of MHE selection using the AHP and MOORA 

methods. Integration of AHP and MOORA methods was used to assess 11 criteria and 5 

MHE alternatives. Based on the AHP method, the results of this study indicate that the 

Cost (C) criterion is the criterion that has the highest weight. Furthermore, Distance To 

Be Moved (DIS) has the lowest weight. Based on MOORA, the MHE selected is a Hand 

Pallet Truck. Furthermore, an MHE that is not recommended is the Electric Pallet Truck. 

This study has limitations, including information that is considered definite. In further 

research, it is necessary to develop it by considering the characteristics of fuzzy or 

indefinite information. 
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