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Abstract:  

Technologies of renewable energy (RE) play a vital role in increasing economic growth in many countries and 

present a solution for many social, ecological, and political problems. Though, RE faces many barriers that 

prevent its development. So, these barriers are ranked and identified in this work, including five main barriers 

and fifteen sub barriers. In addition, five strategies are identified and ranked. The first step in this work, the 

Analytical Hierarchy Process (AHP) approach used to rank main and sub barriers under Single Valued 

Neutrosophic Sets (SVNSs). Then Neutrosophic Technique for Order of Preference by Similarity to Ideal 

Solution (TOPSIS) approach assessed the five strategies. The outcomes of this work show that Commercial 

barriers ranked as the highest barriers and social-ecological ranked as the lowest barriers by using the AHP 

approach. Outcomes by neutrosophic TOPSIS show that capital assistant ranked as the highest strategies and 

RE goals ranked as the lowest strategies. This work can help decision-makers, governments for building a RE 

by using these strategies to overcome barriers that faced them. 
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1. Introduction 

 Climate change and global warming are threats world these days, but the world makes many efforts to deal 

with this problem. The decrease emissions of carbon and turn over to RE is a convention of Paris [1], [2]. 

Generation in electricity rapids in recent days due to rapid in development of energy[3]. The main reason the 

world walks forward to RE technologies is the growing emission of co2; thus, these emissions will decrease[4]. 

It isn't easy to achieve goals of sustainability by development RE[5]. It is dangerous for global warming and 
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ecological using nonrenewable energy like gas, oil and coal. So, it is necessary to use clean energy resources 

like solar, wind, and biomass to achieve sustainability in commercial, ecological, and social development[6], 

[7]. In rural regions, the technologies of RE are more reliable and commercially. Due to increasing populations 

in some counties, the off-grid electrification is the primary option for access to electricity. On-grid electricity 

is an expensive energy source compared to off-grid electricity and considers the best choice for access to 

electrify remote[8].  

  

Many countries want to install and develop RE to reduce electricity imports, cover the demands, and 

increase the economy. So, countries work on deploy RE technologies. This development surround by various 

barriers that threaten its deployment like commercial, market, social-ecological and technology barriers. So, it 

is essential for ranking these barriers to continuing the operation of the development. Kinds of these barriers 

are very difficult and complex, practically in deployment RE in countries to achieve increased economic and 

security. 

 

There are many papers in the literature for the developing technologies of RE. Daim et al. [9] study 

assessment technologies for clean energy. They proposed two kinds of technologies. One of these kinds is for 

renewable energy like wind and the second for traditional like fossil fuel. They used the AHP method for the 

evaluation criteria of both technologies. The main result indicates the cost is an essential criterion for making 

wind technologies. Siksnelyte-Butkiene et al. [10] used the multi-criteria decision making (MCDM) concept 

for evaluation technologies of RE in the household. They introduce benefit and non-benefit for the MCDM 

method used in assessment technologies of RE.   

 

 Luthra et al.[11] Identified and ranked main barriers threats to the developing technologies of RE and 

green energy in Indian. They used seven main barriers and twenty-eight sub barriers. They used the AHP 

approach for ranking these barriers. They made a sensitivity analysis for ranking the barriers of RE 

technologies.. Kon Lee et al. [12] used the AHP method for assessing national competitiveness in the hydrogen 

technology sector in a vague situation. This work aims to introduce strategies for overcoming barriers in the 

development technologies of RE, based on the literature review, not considering the value of indeterminacy in 

their calculation and not analysis uncertainty insignificant. So, the SVNSs is considered as a perfect tool for 

deal with uncertainty. The neutrosophic AHP method used for calculating the weights of barriers then rank it 

and identify highest and lowest rank. Then neutrosophic TOPSIS used for rank alternatives (strategies).  

 

 The main contributions in this work, the barriers of RE are identified as a main and sub barriers, some 

strategies are identified to overcome these barriers and increasing economic of countries, these barriers 

identified by MCDM methods like AHP and TOPSIS method.  

 

 The rest of this paper is organized as follow: AHP and TOPSIS method identified in section 2. Then section 

three present the outcomes of this paper. Then sensitivity analysis made for changes in rank of barriers in section 

4. Finally conclusion of this paper in section 5. 

 

2. Neutrosophic AHP and TOPSIS Framework  
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In this section, we develop a decision making framework consists of SVNSs AHP and TOPSIS methods. 

First, we propose a linguistics term and neutrosophic numbers in the form of single value neutrosophic numbers 

(SVNNs), which consists of three numbers as Truth, indeterminacy and falsity membership degree. Table 1. 

Present the linguistics term and SVNNs. Term (Very Good) present highest rank and (Very Low) present lowest 

rank. SVNSs are used to overcome uncertainty in this problem. It is used for decision-making problems.  

  

 

Fig 1. Decision framework for this work. 

Second, the work identifies and rank barriers technologies of RE in form five main and fifteen sub barriers. 

Then assess and rank strategies technologies of RE to overcome these barriers. Fig 1 show the decision 

framework for this work. In this work, main and sub barriers are computed and ranked according to the AHP 

method. The strategies are evaluated to overcome these barriers using the neutrosophic TOPSIS method to 

implement technologies of RE.  
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 A hybrid model of the MCDM technique has been used for the analysis. In the first stage of this analysis, 

the neutrosophic AHP approach is engaged in this work. The main advantage of the AHP approach used a 

mathematical tool for establishing and analyzing difficult and complex decision-making problems[13]. AHP 

approach is the best tool for dealing with subjective problems. It helps decision-makers to analysis and 

understand their problems. The AHP method spread in ecological decision-making problems like healthcare, 

manufacturing, automated, and industrial systems. 

 

 After ranking main and sub barriers through its weights computed by the AHP approach, the next stage 

ranks and identifies the strategies to overcome these barriers by employing the TOPSIS approach, for this goal, 

this work integrated neutrosophic AHP and TOPSIS methods. The neutrosophic TOPSIS is very a common 

MCDM approach. It used to rank alternatives in decision-making problems. The main benefit ranks multiple 

alternatives with conflict and complex criteria. Its application in decision-making problems like hospital 

evaluation, manufacturing selection and assessment of the industry.   

 

2.1 Neutrosophic AHP approach 

 AHP approach was developed by Saaty in the 1970s. AHP approach is a useful tool. It improves decision-

making algorithms by learning through using the concept of consistency. If consistency is larger than 0.1, it 

changes to the algorithm and data to reach consistency less than 0.1. This operation name a learning model. 

AHP approach depends on a pairwise matrix between criteria and others. Also, use the concept of normalization 

to making feature scaling. The steps of the AHP approach are described below: 

Step 1: Define what problem we have, then constructs what goals we will reach. 

Step 2: Construct a hierarchal tree, start with the goal of the problem, then main, sub barriers and final level 

present strategies (alternatives). 

Step 3: Construct a pairwise comparison matrix (n x n), which include criteria (n) and others (n) by using 

SVNNs in Table 1. Then convert these SVNNs by using the score function to obtain one value instead of three 

values. 

𝑆(𝐴) =  
2+𝑎−𝑏−𝑐

3
                                                              (1) 

Which, a, b and c present truth, indeterminacy and falsity values. 

Step 4: After the previous step, we have three pairwise comparison matrices from three opinions of experts. 

These three matrices are combined into one matrix by applying the average method. 

Step 5: Build a normalization matrix to obtain the same scaling in all values.  

𝑁(𝐴) =  
𝐴𝑖

∑ 𝐴𝑖
𝑏
𝑖=1

                                                               (2) 

Where, 𝐴𝑖 value in combination matrix and ∑ 𝐴𝑖
𝑏
𝑖=1  sum all values in each column. 

Step 6: Compute weights of main and sub barriers by taking average row.  

Step 7: After computing weights of main and sub barriers, check the consistency opinions of experts by 

computing the consistency ratio: 

𝐶𝑅 =  
𝐶𝐼

𝑅𝐼
                                                                    (3) 

Where, CI presents consistency index, and RI presents random index. 



International Journal of Neutrosophic Science (IJNS)                                     Vol. 18, No. 2, PP. 158-173, 2022  

 

DOI: https://doi.org/10.54216/IJNS.180201 162 

Received: November 02, 2021   Accepted: March 01, 2022 
 

 

 

 

 

 

Fig 2. RE Strategies. 

 

Table 1. Linguistics terms and SVNNS 

Linguistics terms SVNNS 

Very Poor (VP) <0.30,0.75,0.70> 

Poor (P) <0.40,0.65,0.60> 

Medium (M) <0.50,0.50,0.50> 

Good (G) <0.80,0.15,0.20> 

Very Good (VG) <0.90,0.10,0.10> 

 

 

2.2 Neutrosophic TOPSIS approach 

  

 TOPSIS method used to rank alternatives in decision-making problems. The main benefit of the TOPSIS 

approach identified benefit and cost gaps between benefit and non-benefit solutions. TOPSIS approach is an 

MCDM method. The steps of the TOPSIS approach are identified as: 

Step 8: Build the neutrosophic decision matrix between main, sub barriers and strategies. Then use Steps 4 and 

5 to combine opinions of experts into one matrix and construct a normalization decision matrix.  

Step 9: Determine the normalized weighted decision matrix by multiplying weights in step 6 by normalization 

decision matrix to obtain weighted normalized decision matrix.  

RE 
Strategies 
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pricing
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Assistant

A2

Enabling 
Policies

A3

RE Goals
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Rate
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Step 10: Compute benefit (𝐺+) and cost (𝐺−) ideal solutions by determining types of criteria through cost and 

benefit criteria.  

Step 11: Determine the distance between alternatives and benefit-cost ideal solutions. 

 𝑓𝑎
+ = √∑ (𝐺𝑎𝑏 − 𝐺+)𝑏

𝑖=1  for benefit criteria                                       (4) 

Where a = 1,2,3,…….. n (number of criteria), b = 1,2,3,…. M (number of alternatives). 

𝑓𝑎
+ = √∑ (𝐺𝑎𝑏 − 𝐺+)𝑏

𝑖=1   for cost criteria                                         (5) 

Step 12: compute the coefficient of closeness.  

𝐶𝑎 =
𝑓𝑎

+

𝑓𝑎
++𝑓𝑎

−                                                                  (6) 

 

Table 2. The main and sub barriers RE technologies. 

Main Barriers Sub Barriers 

Social-Ecological (C1) 

Supply Problem (C1.1) 

Environment Risk (C1.2) 

Shortage in interest/awareness/acceptance (C1.3) 

Technological (C2) 

Risks and uncertainty (C2.1) 

Shortage in technology (C2.2) 

Shortage in R&D (C2.2) 

Governmental (C3) 

Shortage in data (C3.1) 

Depravity (C32) 

Federal changes (C3.3) 

Market (C4) 

Shortage in market based (C4.1) 

Shortage in customer awareness (C42) 

Limited customer income source (C4.3) 

Commercial (C5) 

Shortage in infrastructure (C5.1) 

Shortage in resource financial (C5.2) 

Total cost (C5.3) 

 

3. Results  

In this section, we discuss the outcome of the AHP and TOPSIS methods. First, the AHP method outcome 

the weights of criteria by collections of steps. The three decision-makers and experts who have skills and 

knowledge in this field evaluated the criteria and alternatives. The five main barriers and fifteen sub barriers 

were collected from the literature review in Table 2. Fig 2. Present the five strategies of this work to overcome 

these barriers. Three pairwise comparisons matrix built with linguistic terms in Table 1. Tables 3-5 present a 

pairwise comparison matrix of linguistics terms for three experts. Then, these linguistics terms are converted to 

SVNNs in Tables 6-8. Then applying the score function to obtain one value instead of three values in Table 9. 

Then normalization matrix is built in Table 10. Then the weights of criteria are computed in Fig 3. The weights 

of criteria show commercial barrier is the highest rank and social-ecological is the lowest rank in five main 

barriers. Fig 4-8 present the weights of sub- barriers. Then compute the global weights by multiply the weights 
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of main barriers by the weights of each sub-barriers. Table 11 present the weights of all sub barriers. Finally, 

steps in the AHP approach compute the consistency ratio by divide the consistency index value = 0.026354 by 

the value of Random Index value = 1.12. Finally, the CR = 0.023 is less than 0.1. So, the opinions of experts 

are consistent. 

 

 

Fig 3. Weights of main barriers. 

 

Table 3. Pairwise comparison matrix by expert first for AHP approach that contains linguistics term. 

 C1 C2 C3 C4 C5 

C1 0.5 G VG VG P 

C2 1/G 0.5 P G G 

C3 1/VG 1/P 0.5 P VP 

C4 1/VG 1/G 1/P 0.5 VG 

C5 1/P 1/G 1/VP 1/VG 0.5 

 

Table 4. Pairwise comparison matrix by second expert for AHP approach that contains linguistics term. 

 C1 C2 C3 C4 C5 

C1 0.5 P G P VG 

C2 1/P 0.5 VP VG P 

C3 1/G 1/VP 0.5 VG G 

C4 1/P 1/VG 1/VG 0.5 VP 

C5 1/VG 1/P 1/G 1/VP 0.5 

 

Table 5. Pairwise comparison matrix by third expert for AHP approach that contains linguistics term. 

 C1 C2 C3 C4 C5 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

C1

C2

C3

C4

C5

Weights of main barriers

Weights
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C1 0.5 VG VP G G 

C2 1/VG 0.5 VG P VG 

C3 1/VP 1/VG 0.5 G P 

C4 1/G 1/P 1/G 0.5 G 

C5 1/G 1/VG 1/P 1/G 0.5 

 

Table 6. Pairwise comparison matrix by first expert for AHP approach that contains SVNNS. 

 C1 C2 C3 C4 C5 

C1 0.5 0.817 0.9 0.9 0.383 

C2 1.22399 0.5 0.383 0.817 0.817 

C3 1.111111 2.610966 0.5 0.383 0.283 

C4 1.111111 1.22399 2.610966 0.5 0.9 

C5 2.610966 1.22399 3.533569 1.111111 0.5 

 

Table 7. Pairwise comparison matrix by second expert for AHP approach that contains SVNNS. 

 C1 C2 C3 C4 C5 

C1 0.5 0.383 0.817 0.283 0.9 

C2 2.610966 0.5 0.283 0.9 0.383 

C3 1.22399 3.533569 0.5 0.9 0.817 

C4 3.533569 1.111111 1.111111 0.5 0.283 

C5 1.111111 2.610966 1.22399 3.533569 0.5 

 

Table 8. Pairwise comparison matrix by third expert for AHP approach that contains SVNNS. 

 C1 C2 C3 C4 C5 

C1 0.5 0.9 0.283 0.817 0.817 

C2 1.111111 0.5 0.9 0.383 0.9 

C3 3.533569 1.111111 0.5 0.817 0.383 

C4 1.22399 2.610966 1.22399 0.5 0.817 

C5 1.22399 1.111111 2.610966 1.22399 0.5 

 

Table 9. Combined matrix for AHP approach. 

 C1 C2 C3 C4 C5 

C1 0.5 0.7 0.666667 0.666667 0.7 

C2 1.648689 0.5 0.522 0.7 0.7 

C3 1.956223 2.418549 0.5 0.7 0.494333 

C4 1.956223 1.648689 1.648689 0.5 0.666667 

C5 1.648689 1.648689 2.456175 1.956223 0.5 

 

Table 10. Normalization matrix for AHP approach. 

 C1 C2 C3 C4 C5 

C1 0.064852 0.101216 0.115071 0.147398 0.228683 
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C2 0.213843 0.072297 0.0901 0.154768 0.228683 

C3 0.253731 0.349707 0.086303 0.154768 0.161494 

C4 0.253731 0.23839 0.284574 0.110549 0.217794 

C5 0.213843 0.23839 0.423951 0.432516 0.163345 

 

 

Fig 4. Weights of sub barriers C1 (Social-

ecological) 

 

 

Fig 5. Weights of sub barriers C2 (Technological) 

 

 

 

 

 

 

 

 

 

 

0 0.1 0.2 0.3 0.4 0.5

C1.1

C1.2

C1.3

Weights of sub barriers 
(Social-ecological)

Weights of sub barriers (Social-ecological) 0 0.1 0.2 0.3 0.4

C2.1

C2.2

C2.3

Weights of sub barriers 
(Technological)

Weights of sub barriers (Technological)
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Fig 6. Weights of sub barriers C3 (Governmental) 

 

Fig 7. Weights of sub barriers C4 (Market)

 

 

Fig 8. Weights of sub barriers C5 (Commercial) 

 

 

 

Table 11. Global weights for sub barriers. 

 C1 

C1.1 0.026855 

C1.2 0.045756 

0 0.1 0.2 0.3 0.4 0.5

C3.1

C3.2

C3.3

Weights of sub barriers 
(Governmental)

Weights of sub barriers (Governmental)

0 0.1 0.2 0.3 0.4 0.5

C4.1

C4.2

C4.3

Weights of sub barriers 
(Market)

Weights of sub barriers (Market)

0 0.1 0.2 0.3 0.4 0.5 0.6

C5.1

C5.2

C5.3

Weights of sub barriers (Commercial)

Weights of sub barriers (Commerical)
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C1.3 0.058833 

C2.1 0.046247 

C2.2 0.04999 

C2.3 0.055702 

C3.1 0.039045 

C3.2 0.085653 

C3.3 0.076502 

C4.1 0.052898 

C4.2 0.075073 

C4.3 0.093037 

C5.1 0.060635 

C5.2 0.085212 

C5.3 0.148562 

 

Then compute the results of the TOPSIS approach. The first step, construct the decision-making matrix in 

Table 12-14 by opinions of experts. Then combine the three matrices into one matrix by the average method in 

Table 15. Then build a normalization decision matrix in Table 16. Then construct the weighted normalized 

decision matrix in Table 17. Then compute the cost and benefit ideal solution. Then compute the distance 

between alternatives and ideal solutions in Table 18. Then compute the coefficient closeness in Table 18. 

Finally, the alternatives ranked according to the highest value in coefficient closeness. Fig 9 presents the rank 

of alternatives.   

 

Fig 9. Rank of alternatives. 

Table 12. Decision making matrix by first expert for TOPSIS approach. 

 C1.1 C1.2 C1.3 C2.1 C2.2 C2.3 C3.1 C3.2 C3.3 C4.1 C4.2 C4.3 C5.1 C5.2 C5.3 

A1 0.817 0.383 0.383 0.283 0.817 0.817 0.9 0.9 0.383 0.817 0.817 0.9 0.283 0.383 0.817 

0 1 2 3 4 5 6

A1

A2

A3

A4

A5

Rank of Alternatives

Rank
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A2 0.283 0.817 0.817 0.283 0.383 0.817 0.383 0.383 0.283 0.383 0.283 0.817 0.9 0.817 0.9 

A3 0.383 0.283 0.9 0.383 0.383 0.9 0.283 0.817 0.817 0.283 0.817 0.9 0.9 0.283 0.817 

A4 0.817 0.383 0.817 0.383 0.283 0.283 0.9 0.9 0.9 0.817 0.9 0.283 0.817 0.283 0.817 

A5 0.9 0.283 0.817 0.817 0.283 0.383 0.9 0.283 0.9 0.817 0.383 0.283 0.817 0.383 0.283 

 

Table 13. Decision making matrix by second expert for TOPSIS approach. 

 C1.1 C1.2 C1.3 C2.1 C2.2 C2.3 C3.1 C3.2 C3.3 C4.1 C4.2 C4.3 C5.1 C5.2 C5.3 

A1 0.383 0.283 0.817 0.817 0.283 0.817 0.817 0.817 0.9 0.9 0.283 0.817 0.283 0.9 0.9 

A2 0.817 0.383 0.817 0.9 0.383 0.9 0.383 0.383 0.283 0.383 0.283 0.817 0.383 0.817 0.817 

A3 0.383 0.283 0.383 0.383 0.817 0.9 0.283 0.817 0.383 0.383 0.817 0.9 0.9 0.283 0.817 

A4 0.9 0.383 0.9 0.383 0.283 0.283 0.283 0.817 0.9 0.817 0.383 0.283 0.817 0.283 0.383 

A5 0.9 0.283 0.817 0.9 0.283 0.817 0.817 0.383 0.817 0.9 0.383 0.283 0.817 0.817 0.283 

 

Table 14. Decision making matrix by third expert for TOPSIS approach. 

 C1.1 C1.2 C1.3 C2.1 C2.2 C2.3 C3.1 C3.2 C3.3 C4.1 C4.2 C4.3 C5.1 C5.2 C5.3 

A1 0.9 0.383 0.9 0.9 0.283 0.9 0.817 0.383 0.817 0.283 0.283 0.817 0.817 0.383 0.817 

A2 0.283 0.817 0.817 0.283 0.383 0.817 0.383 0.383 0.283 0.383 0.283 0.817 0.9 0.9 0.9 

A3 0.9 0.283 0.817 0.383 0.817 0.383 0.283 0.283 0.9 0.283 0.817 0.817 0.817 0.283 0.817 

A4 0.817 0.817 0.817 0.383 0.283 0.283 0.9 0.9 0.9 0.283 0.817 0.283 0.817 0.283 0.9 

A5 0.383 0.283 0.283 0.283 0.9 0.283 0.383 0.283 0.283 0.283 0.383 0.283 0.817 0.383 0.283 

 

Table 15. Combined decision making matrix for TOPSIS approach. 

 C1.1 C1.2 C1.3 C2.1 C2.2 C2.3 C3.1 C3.2 C3.3 C4.1 C4.2 C4.3 C5.1 C5.2 C5.3 
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Table 16. Normalized decision making matrix for TOPSIS approach. 
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Table 17. Weighted normalized decision making matrix for TOPSIS approach. 

 C1.1 C1.2 C1.3 C2.1 C2.2 C2.3 C3.1 C3.2 C3.3 C4.1 C4.2 C4.3 C5.1 C5.2 C5.3 

A1 

0
.0

0
5
7

1
6
1

1
3
 

0
.0

0
7
5

6
2
3

5
9
 

0
.0

1
1
1

2
8
5

7
2
 

0
.0

1
1
9

1
3
1

3
5
 

0
.0

1
0
0

7
2
2

4
4
 

0
.0

1
4
7

2
9
0

2
7
 

0
.0

1
1
3

5
2
8

9
5
 

0
.0

2
0
5

9
9

 

0
.0

1
6
4

7
9
0

9
2
 

0
.0

1
3
1

9
9
6

5
2
 

0
.0

1
3
0

8
9
5

9
1
 

0
.0

2
5
3

5
 

0
.0

0
7
5

6
5

 

0
.0

1
8
9

7
6
4

4
4
 

0
.0

3
5
6

8
 

A2 

0
.0

0
3
7

6
4
4

6
9
 

0
.0

1
4
5

4
0
7

7
9
 

0
.0

1
2
9

8
8
6

3
4
 

0
.0

0
8
7

3
2
3

2
8
 

0
.0

0
8
3

6
8
0

4
6
 

0
.0

1
4
7

2
9
0

2
7
 

0
.0

0
5
1

4
7
7

8
1
 

0
.0

1
1
2

7
1

 

0
.0

0
6
6

6
2
2

6
2
 

0
.0

0
7
5

8
3
2

 

0
.0

0
8
0

3
5
4

7
6
 

0
.0

2
4
5

2
 

0
.0

1
1
9

4
1

 

0
.0

2
8
8

6
3
3

3
1
 

0
.0

3
6
8

4
8

 

A3 

0
.0

0
4
5

3
4
7

8
3
 

0
.0

0
6
1

2
0
5

3
6
 

0
.0

1
1
1

2
8
5

7
2
 

0
.0

0
6
8

4
4
0

9
6
 

0
.0

1
4
6

8
9
5

9
9
 

0
.0

1
2
6

8
8
8

1
9
 

0
.0

0
3
8

0
3
7

1
3
 

0
.0

1
8
8

0
4

 

0
.0

1
6
4

7
9
0

9
2
 

0
.0

0
6
2

6
3
2

3
5
 

0
.0

2
3
1

9
7
8

2
2
 

0
.0

2
6
1

8
 

0
.0

1
4
3

1
5

 

0
.0

0
9
6

7
0
4

6
9
 

0
.0

3
4
5

1
1

 



International Journal of Neutrosophic Science (IJNS)                                     Vol. 18, No. 2, PP. 158-173, 2022  

 

DOI: https://doi.org/10.54216/IJNS.180201 171 

Received: November 02, 2021   Accepted: March 01, 2022 
 

A4 

0
.0

0
6
8

9
7
4

4
3
 

0
.0

1
1
4

1
2
0

2
5
 

0
.0

1
3
4

2
8
4

7
7
 

0
.0

0
6
8

4
4
0

9
6
 

0
.0

0
6
1

8
3
1

7
8
 

0
.0

0
4
9

3
4
8

6
4
 

0
.0

0
9
3

3
2
3

1
3
 

0
.0

2
5
6

7
1

 

0
.0

2
1
1

8
7
4

0
4
 

0
.0

1
2
6

5
1
8

6
7
 

0
.0

1
9
8

7
5
7

3
5
 

0
.0

0
8
4

9
3

 

0
.0

1
3
4

0
7

 

0
.0

0
9
6

7
0
4

6
9
 

0
.0

2
9
5

6
9

 

A5 

0
.0

0
5
9

4
2
0

3
5
 

0
.0

0
6
1

2
0
5

3
6
 

0
.0

1
0
1

5
8
7

9
7
 

0
.0

1
1
9

1
3
1

3
5
 

0
.0

1
0
6

7
6
7

2
4
 

0
.0

0
8
6

2
0
0

2
7
 

0
.0

0
9
4

0
8
4

7
7
 

0
.0

0
9
3

0
9

 

0
.0

1
5
6

9
4
3

7
4
 

0
.0

1
3
1

9
9
6

5
2
 

0
.0

1
0
8

7
4
8

6
6
 

0
.0

0
8
4

9
3

 

0
.0

1
3
4

0
7

 

0
.0

1
8
0

3
1
0

3
9
 

0
.0

1
1
9

5
4

 

 

Table 18. Distance, coefficient closeness and rank of alternatives for TOPSIS approach. 

 𝑓𝑎
+

 𝑓𝑎
−

 𝐶𝑎  Rank 

A1 0.004854 0.315176 0.015168 4 

A2 0.014859 0.03649 0.289375 1 

A3 0.005268 0.03814 0.121358 3 

A4 0 0.036341 0 5 

A5 0.005575 0.029366 0.159566 2 

4. Sensitivity analysis 

 

 This work proposes a sensitivity analysis for computing the feasibility of outcomes. The goal of this 

analysis determines the new rank of alternatives through changes in weights of barriers. So, we make changes 

in the weights of barriers in five scenarios. The five scenarios of changes weights of criteria are in Table 19. 

The final new rank of strategies according to five scenarios is in Table 20. From Table 20, found rank of 

alternatives remains the same in all scenarios. We conclude that attained outcomes are robust and useful.     

 

Table 19. Five scenarios of changes weights 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

C1 0.1 0.1 0.4 0.15 0.15 

C2 0.1 0.1 0.2 0.15 0.4 

C3 0.4 0.2 0.2 0.15 0.15 

C4 0.2 0.2 0.1 0.15 0.15 

C5 0.2 0.4 0.1 0.4 0.15 

 

Table 20. Rank of alternatives through five scenarios 

 Current Rank Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

A1 2 2 2 2 2 2 

A2 5 5 5 5 5 5 

A3 3 3 3 3 3 3 

A4 1 1 1 1 1 1 

A5 4 4 4 4 4 4 

5. Conclusions 
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 We conclude in this work a hybrid model from neutrosophic AHP and TOPSIS methods. First, the AHP 

method is used for calculating the weights of main and sub barriers through five main barriers and fifteen sub 

barriers. The outcome of AHP method indicated the Commercial barriers the highest weights with value = 

0.2944 in all berries then market with value = 0.221 then governmental with value = 0.2012 then technological 

with value = 0.1519 then social-ecological with value=0.1314. Then the AHP computed the weights of sub 

barriers. In commercial barriers, the total cost is the highest weight, and the shortage in infrastructure is the 

lowest weight. In the market barriers, limited customer income source is the highest weight and shortage in the 

market base is the lowest weight. In governmental barriers, depravity is the highest weight and shortage in data 

is the lowest weight. In technological barriers, shortage in R&D is the highest weight and risk/uncertainty is the 

lowest weight. In social-ecological barriers, shortage in interest/awareness/acceptance is the highest weight and 

supply problem is the lowest weight.  

Then TOPSIS method is used for ranking alternatives. The outcome of the TOPSIS method, the capital 

assistant, is the highest rank, then feed-in rate, then enabling policies, then carbon pricing, then RE goals.  

This study can help organizations, countries and decision-makers for overcoming barriers of RE when 

developing technologies of RE.  

The future study can apply other MCDM methods such as MABAC, VIKOR, EDA and PROMETHEE 

with another scale and compare results. 
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