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Abstract: This study analyses the elements and approaches to creating sustainable transport sys- 8

tems, with a focus on road travel. The study examines the environmental and economic aspects 9

of sustainable road transport and stresses the need to curb carbon emissions, boost energy effi- 10

ciency, clean the air, ensure everyone has easy access to transport, and think about societal goals 11

as a whole. Important considerations including environmental effect, energy efficiency, legisla- 12

tive frameworks, and economic impact are highlighted in the study. The MCDM model is used 13

as a complexity instrument to strike a balance between competing objectives and criteria. This 14

research may help stakeholders use the MCDM method to better comprehend the existing con- 15

dition of transport networks and to better plan for future sustainability actions. The primary goal 16

of this article is to analyze and contrast how various present road transport systems have pro- 17

gressed toward a more sustainable future. Sustainability in road transport systems is discussed, 18

and a framework procedure is presented based on the integrated single-valued neutrosophic set 19

and DEMATEL approach. The factor relationship was built using the DEMATEL technique. 20

There were 14 secondary criteria employed in addition to the four primary ones. 21

22

Keywords: Road Transport, Sustainability, DEMATEL Method, MCDM, Environmental Factors. 23

1. Introduction 24

  Modern society would not function without transport networks that facilitate the free 25

flow of people and products. However, its long-term viability has been called into question due 26

to road transport's negative effects on the environment, society, and the economy. For a more 27

sustainable and resilient future, it is essential to address the sustainability of road transport as 28

the demand for mobility increases [1], [2]. Many different aspects of the environmental, social, 29

and economic efficiency of transport networks play into the concept of "road transport 30

sustainability." Greenhouse gas emission reduction, energy efficiency improvement, cleaner air, 31

and more widespread availability of transport services are all goals that must be considered. 32

Furthermore, sustainable road transport solutions take larger social objectives into account, such 33

as reducing congestion, improving public health, and bolstering economic growth [3], [4]. 34
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The purpose of this study is to examine the elements that contribute to the long-term 1 

viability of road transport. This research aims to identify and analyses the critical components 2 

of sustainable road transport systems by reviewing relevant literature, case studies, and best 3 

practices. The results of this study will aid in the assessment and implementation of sustainable 4 

road transport projects by providing a greater knowledge of essential issues that must be 5 

addressed. 6 

Environmental impact, energy efficiency, alternative fuels and propulsion technologies, 7 

infrastructure design and planning, intelligent transportation systems, regulatory frameworks, 8 

and stakeholder involvement are just some of the areas researchers are looking into as part of 9 

this review. Modal transitions towards more sustainable modes of transportation are 10 

encouraged, and efforts are made to reduce greenhouse gas emissions, air pollution, and noise 11 

pollution by using cleaner and more efficient cars [5], [6]. 12 

The optimization of fuel usage and the reduction of energy waste by technology 13 

developments, human behavior, and infrastructural improvements make energy efficiency a 14 

critical component of sustainable road transport. Electric cars, hydrogen, and biofuels are only a 15 

few examples of the alternative fuels that should be investigated and used. 16 

Sustainable road transport relies heavily on well-thought-out infrastructure, which 17 

includes things like smart traffic management systems, well-connected transportation networks, 18 

and paths well-suited to non-motorized modes of travel [7], [8]. 19 

The speed and trajectory of sustainable road transport are shaped by policy frameworks 20 

such as rules, incentives, and pricing systems. Sustainable practices and technology are 21 

promoted through effective policies, while polluting ones are discouraged. Sustainable road 22 

transport requires stakeholder involvement and public participation to ensure that communities' 23 

varying requirements and points of view are taken into account throughout the decision-making 24 

process[9], [10]. 25 

This research article seeks to give a holistic picture of the variables and methods that 26 

contribute to road transport sustainability by critically analyzing and synthesizing the current 27 

literature and case studies. The results will be helpful for anyone engaged in sustainable road 28 

transport projects, including politicians, transport planners, industry stakeholders, and 29 

academics. additional, the highlighted literature gaps and problems will lead future research 30 

paths and pave the way for additional improvements in sustainable road transport practices and 31 

policy. This paper used the DEMATEL method with the single valued neutrosophic set to 32 

evaluate and analysis factors of road transport sustainability [11], [12]. In final, environmental, 33 

social, and economic considerations must all be taken into account if we are to achieve 34 

sustainable vehicle transport. This study intends to add to the current body of knowledge by 35 

reviewing all the relevant aspects and approaches to sustainable road transport. The results of 36 

this research will aid in the formulation of well-informed decisions, the advancement of 37 
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sustainable development, and the strengthening of the road transport system's capacity for 1 

sustainability and resilience. 2 

2. Background  3 

To ensure long-term viability and resilience, transport systems must be designed, operated, 4 

and managed in a sustainable way that reduces adverse effects on the environment, society, and 5 

economy. To guarantee that the transportation sector contributes to larger sustainability objec- 6 

tives, it is necessary to implement sustainable practices, technology, and regulations [13], [14]. 7 

Some of the contributing factors to sustainable transportation are: 8 

Transport systems that are both efficient and kind to the environment need infrastructure 9 

that has been carefully planned and developed. Pedestrians, bicyclists, public transportation us- 10 

ers, and truckers must all be taken into account. To maximize the efficiency of existing infra- 11 

structure, it is important to create and execute strategies such as universal design, barrier-free 12 

access, compact and mixed-use urban planning, and intelligent transportation systems [15], [16]. 13 

To ensure that everyone has access to resources like education, work, healthcare, and hous- 14 

ing, sustainable transport projects attempt to make such services universally available. Social 15 

mobility for marginalized groups is prioritized and more accessible public transportation is cre- 16 

ated, all via this consideration. Strategies include including communities in transport planning 17 

and decision-making processes, adopting inexpensive and accessible transport choices, and im- 18 

proving public transportation networks. 19 

Keeping transport systems viable economically is one of the main goals of sustainable 20 

transport, along with reducing costs and increasing efficiencies. Sustainable business models 21 

and finance methods must be promoted, as well as allocation optimization and infrastructure 22 

lifespan cost consideration. To finance sustainable transport initiatives, many strategies have 23 

been developed, such as value capture systems, public-private partnerships, and creative financ- 24 

ing techniques [17], [18]. Promoting eco-friendlier travel habits is essential for maintaining a sus- 25 

tainable transportation system. In this respect, it is important to encourage people to ditch their 26 

cars in favor of eco-friendlier transportation options by spreading information about them and 27 

offering financial incentives to do so. Sustainable transport solutions and their advantages may 28 

be promoted via public education campaigns, financial incentives, and the dissemination of rel- 29 

evant information [19], [20]. Sustainability in transport can only be driven by strong governance 30 

and policy frameworks. Creating and enforcing rules, norms, and incentives for environmentally 31 

responsible transportation is a key part of this element. Methods include establishing emission 32 

regulations, introducing congestion pricing, incentivizing the use of low-carbon modes of trans- 33 

portation monetarily, and incorporating sustainability into transportation planning and deci- 34 

sion-making [21], [22]. The sustainability of transport systems may be improved by taking them 35 

into account and incorporating them into their operations. Governments, transportation provid- 36 

ers, corporations, communities, and people are just some of the groups that need to work to- 37 

gether to make sustainable transportation a reality [23], [24]. 38 

3. Neutrosophic Model 39 

    To find an answer to the issue of evaluating road transport sustainability, the DE- 40 

MATEL approach may be used to quantify the levels and interactions between different compo- 41 

nents. To create a direct connection matrix, the formal DEMATEL technique relies on expert 42 
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judgment. Data visualization is utilized to shed light on the situation in this methodical tech- 1 

nique. verify the established connection structure and get an answer [25], [26]. The DEMATEL 2 

method integrated with the neutrosophic set to construct the relationship between factors. The 3 

neutrosophic set is used to deal with vague information.  4 

3.1 Build the pairwise comparison matrix. 5 

𝐴 = [
1 ⋯ 𝑎1𝑛
⋮ ⋱ ⋮
𝑎𝑛1 ⋯ 1

] (1) 

                                                                                                                                   6 

3.2 Normalize the pairwise comparison matrix. 7 

𝐷 =
𝑎𝑖𝑗

max𝑎𝑖𝑗
 (2) 

  8 

                                                                                                                                                9 

Figure 1. List of factors of road transport sustainability. 
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3.3 Evaluate the cumulative association matrix 1 

   𝐸 = 𝐷(𝐼 − 𝐷)−1 (3) 
                                                                                                                         2 

 3.4 Design the relationship diagram 3 

𝑋𝑗 =∑𝑒𝑖𝑗

𝑛

𝑖=1

, 𝑌𝑗 =∑𝑒𝑖𝑗

𝑛

𝑗=1

 (4) 

                                                                                                                                                                                                                                                                         4 

4. Results and Discussions 5 

This section introduces the analysis of results of applying the steps of the single 6 

valued neutrosophic DEMATEL method. This study used four main criteria and 14 sub 7 

criteria as shown in Figure 1.  The ecological footprint of road transport is a major con- 8 

sideration in the issue of long-term viability. Greenhouse gas emissions must be lowered, 9 

the air quality must be enhanced, and noise must be kept to a minimum. Adopting cleaner 10 

and more efficient cars, encouraging modal shifts to public transport and non-motorized 11 

modes, and enacting rules that support sustainable practices are all strategies to deal with 12 

this problem. Improving energy efficiency is essential for long-term success in the field 13 

of sustainable road transport. Optimal fuel consumption is achieved by minimizing en- 14 

ergy waste and encouraging the use of alternative fuels and propulsion systems. In- 15 

creased investments in infrastructure that supports energy-efficient transport systems are 16 

among the strategies that may be implemented. 17 

 18 

Sustainability in road transport is mostly driven by policy frameworks. There are a 19 

variety of regulatory, incentive, and price structures in place to promote environmentally 20 

responsible practices and deter those that are destructive to the environment. Emission 21 

requirements, incentives for environmentally friendly automobiles, congestion pricing, 22 

and advocacy for eco-friendly city design are among the tactics that might be used. In- 23 

volving Stakeholders and the Public in Decision-Making Processes Stakeholder engage- 24 

ment and public participation is essential to attaining sustainable road transport. Taking 25 

into account a wide range of stakeholder interests, focusing on issues of social fairness, 26 

and raising public knowledge and engagement all fall under this category. Consultations 27 

with stakeholders, community involvement in transportation planning, and the develop- 28 

ment of partnerships between government, industry, and civil society organizations are 29 

all part of the plan. Collectively addressing environmental, social, and economic con- 30 

cerns, these elements help ensure the long-term viability of the road transport sector. 31 

Taking them into account and incorporating them into transport planning and regulations 32 

may help build a road transport system that is sustainable and resilient enough to fulfill 33 

the demands of both current and future generations. The pairwise comparison matrix 34 

between criteria is built by Eq. (1) using single valued neutrosophic set. We used the 35 

linguistic terms of single valued neutrosophic set to evaluate the criteria. Then normalize 36 

the pairwise comparison matrix by using Eq. (3). We divide each value in pairwise com- 37 

parison matrix by the maximum value in each column as shown in Table 1. 38 

 39 
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     Table 1. The normalized pairwise comparison matrix between criteria. 1 

 RTS1 RTS2 RTS3 RTS4 RTS5 RTS6 
RTS7

1 
RTS8 RTS9 RTS10 RTS11 RTS12 RTS13 RTS14 

RTS1 
0.256

9 

0.192

205 

0.349

33 

0.106

658 

0.235

791 

0.219

136 

0.246

528 

0.060

549 

0.185

967 

0.135

361 

0.094

796 

0.220

138 

0.293

67 
0.856 

RTS2 
0.488

125 

0.365

2 

0.225

526 

0.123

242 

0.136

161 

0.177

92 

0.102

272 

0.150

606 

0.176

491 

0.163

902 

0.356

159 

0.162

361 

0.162

744 

0.526

9 

RTS3 
0.266

218 

0.586

196 
0.362 

0.146

188 

0.194

094 

0.246

528 

0.134

886 

0.124

185 

0.124

823 

0.135

361 

0.136

161 

0.135

361 

0.380

568 
0.362 

RTS4 
0.563

377 

0.693

111 

0.579

2 

0.233

9 

0.194

426 

0.094

669 

0.246

528 

0.124

185 

0.055

411 

0.065

15 

0.136

161 

0.178

597 

0.431

37 
0.415 

RTS5 
0.402

034 

0.989

702 

0.688

213 

0.443

917 
0.369 

0.094

669 

0.094

464 

0.123

973 

0.124

823 

0.179

316 

0.194

094 

0.094

925 

0.381

86 
0.526 

RTS6 
0.300

117 

0.525

468 

0.375

909 

0.632

504 

0.997

837 
0.256 

0.134

886 

0.060

337 

0.141

666 

0.179

316 

0.133

578 

0.135

361 

0.243

314 
0.369 

RTS7 
0.266

771 

0.914

143 

0.687

037 

0.242

887 
1 

0.485

861 
0.256 

0.164

512 

0.228

609 

0.102

246 

0.094

464 

0.164

159 

0.284

758 

0.526

9 

RTS8 1 
0.571

518 

0.687

037 

0.443

917 

0.701

521 
1 

0.366

762 

0.235

69 

0.165

356 

0.135

361 

0.086

97 

0.135

361 

0.201

692 

0.369

8 

RTS9 
0.327

261 

0.490

201 

0.687

037 
1 

0.700

323 

0.428

094 

0.265

285 

0.337

665 

0.236

9 

0.247

909 

0.087

416 

0.101

476 

0.282

975 
0.38 

RTS10 
0.487

569 

0.572

414 

0.687

037 

0.922

319 

0.528

653 

0.366

762 

0.643

216 

0.447

314 

0.245

492 

0.256

9 

0.094

796 

0.065

998 

0.234

401 

0.896

3 

RTS11 1 
0.378

367 

0.981

03 

0.633

875 

0.701

521 

0.707

182 
1 1 1 1 0.369 

0.094

796 

0.282

975 

0.879

6 

RTS12 
0.299

802 

0.577

848 

0.687

037 

0.336

45 

0.998

647 

0.485

861 

0.400

626 

0.447

314 

0.599

747 
1 1 

0.256

9 

0.114

482 
0.965 

RTS13 
0.389

833 
1 

0.423

888 

0.241

632 

0.430

622 

0.468

864 

0.400

626 

0.520

747 

0.373

071 

0.488

403 

0.581

102 
1 

0.445

63 

0.445

63 

RTS14 
0.300

117 

0.693

111 
1 

0.563

614 

0.701

521 

0.693

767 

0.485

861 

0.637

345 

0.623

421 

0.286

623 

0.419

509 

0.266

218 
1 1 

 2 

Then evaluate the relation matrix by using Eq. (3) as shown in Table 2. Figure 2 3 

shows the cause diagram between four main criteria. Figures 3-6 show the cause diagram 4 

between sub-criteria. Then build the pairwise comparison matrix between 14 sub-criteria 5 

to show the relationship between global criteria as shown in Figure 7. 6 

 7 

Table 2. The total relation matrix.  8 

 RTS1 RTS2 RTS3 RTS4 RTS5 RTS6 RTS71 RTS8 RTS9 RTS10 RTS11 RTS12 RTS13 RTS14 

RTS1 

-

0.376

04 

-

0.377

16 

-

0.150

1 

-

0.185

94 

-

0.107

13 

-

0.067

1 

-

0.0347

9 

-

0.090

21 

0.002

616 

-

0.057

75 

-

0.081

51 

0.043

832 

0.020

367 

0.142

941 

RTS2 
0.065

611 

-

0.346

97 

-

0.200

74 

-

0.121

68 

-

0.200

83 

-

0.033

04 

-

0.0556

5 

-

0.012

98 

0.026

696 

-

0.052

47 

0.037

893 

-

0.075

6 

-

0.109

12 

0.048

714 

RTS3 

-

0.080

65 

0.000

635 

-

0.163

94 

-

0.158

84 

-

0.178

22 

-

0.022

21 

-

0.0650

1 

-

0.049

66 

-

0.045

74 

0.002

65 

-

0.006

09 

0.004

063 

0.006

667 

-

0.106

81 

RTS4 
0.053

78 

-

0.065

93 

-

0.065

73 

-

0.295

72 

-

0.289

89 

-

0.175

6 

0.0148

45 

-

0.072

31 

-

0.094

36 

-

0.066

53 

-

0.004

36 

0.051

601 

0.013

325 

-

0.075

07 
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RTS5 

-

0.022

03 

0.126

451 

-

0.028

89 

-

0.119

27 

-

0.384

83 

-

0.244

43 

-

0.1473

9 

-

0.069

03 

-

0.075

27 

-

0.043

92 

0.006

979 

-

0.056

28 

-

0.004

21 

-

0.037

48 

RTS6 

-

0.061

14 

0.055

878 

-

0.143

61 

0.129

504 

0.179

788 

-

0.308

7 

-

0.1704

5 

-0.197 

-

0.128

65 

-

0.050

02 

-

0.021

03 

-

0.038

14 

-

0.037

76 

-

0.103

42 

RTS7 

-

0.183

72 

0.336

063 
-0.015 

-

0.254

15 

0.230

659 

-

0.090

51 

-

0.2272

2 

-

0.180

2 

-

0.077

79 

-

0.168

48 

-

0.052

27 

-

0.075

56 

-

0.085

07 

-

0.097

38 

RTS8 
0.324

803 

-

0.062

54 

-

0.079

21 

-

0.129

02 

0.138

016 

0.293

109 

-

0.1723

3 

-

0.313

53 

-

0.224

38 

-

0.221

91 

-

0.153

59 

-

0.044

93 

-

0.098

85 

-

0.103

5 

RTS9 

-

0.009

14 

0.011

652 

0.037

29 

0.360

426 

-

0.087

09 

-

0.140

06 

-

0.1311

4 

-

0.099

19 

-

0.193

01 

-

0.113

23 

-

0.133

62 

-

0.032

03 

-

0.033

31 

-0.223 

RTS10 

-

0.132

66 

-

0.055

14 

-

0.078

78 

0.119

003 

-

0.185

7 

-

0.126

17 

0.0945

43 

-

0.051

79 

-

0.211

28 

-

0.290

43 

-

0.221

1 

-

0.109

11 

-

0.046

28 

0.054

578 

RTS11 
0.149

997 

-

0.387

31 

-

0.005

95 

0.018

529 

-

0.069

12 

0.003

075 

0.1879

68 

0.045

304 

0.053

677 

-

0.050

18 

-

0.503

55 

-

0.331

44 

-

0.230

43 

-

0.257

47 

RTS12 

-

0.280

05 

-

0.416

55 

-

0.067

34 

0.007

935 

0.037

609 

-

0.182

03 

-

0.0064

4 

-

0.046

4 

-

0.004

73 

0.222

382 

0.043

569 

-

0.479

12 

-

0.426

98 

-

0.146

09 

RTS13 

-

0.186

92 

-

0.271

89 

-

0.417

41 

-

0.167

12 

-

0.116

85 

-

0.116

09 

0.0391

92 

0.031

636 

-

0.061

3 

0.206

399 

0.066

543 

0.189

009 

-

0.566

81 

-

0.445

94 

RTS14 

-

0.420

92 

-

0.358

1 

-

0.198

05 

-

0.118

88 

-

0.144

36 

0.012

487 

-

0.1382

2 

0.052

463 

-

0.006

96 

-

0.152

07 

-

0.071

88 

-

0.040

74 

0.081

382 

-

0.502

85 

 1 

Then we design the relationship diagram between criteria by using Eqs. (4 and 5) 2 

 3 

Figure 2. The Cause diagram between main criteria. 

-1.269928382

-1.580867243

-1.747072798-1.780132978

-2

-1.8

-1.6

-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

-2.5 -2 -1.5 -1 -0.5 0

Main Criteria
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5.  Conclusion 1 

 2 

In conclusion, achieving long-term sustainability in the road transport sector is an urgent 3 

and complex task that calls for an integrative strategy. The environmental impact, energy effi- 4 

ciency, alternative fuels and propulsion technologies, infrastructure design and planning, intel- 5 

ligent transport systems, policy frameworks, and stakeholder engagement are just some of the 6 

topics this paper covers in its comprehensive review of the factors and strategies related to road 7 

transport sustainability. Sustainable practices may be put into place if the negative effects of road 8 

-2.087764033

-1.607917252

-1.246624206

-2.052201151

-2.5

-2

-1.5

-1

-0.5

0

-3 -2.5 -2 -1.5 -1 -0.5 0

Sub Criteria two

Figure 4. The Cause diagram between sub criteria two.. 

-1.912636097

-1.813084285

-2.061889237

-2.1

-2.05

-2

-1.95

-1.9

-1.85

-1.8

-3 -2.5 -2 -1.5 -1 -0.5 0

Sub criteria one

Figure 3. The Cause diagram between sub criteria one. 
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travel on the environment, such as emissions of greenhouse gases, air pollution, and noise pol- 1 

lution, are mitigated. Improving energy efficiency via innovation, changed driving habits, and 2 

new infrastructure is essential. Reducing reliance on fossil fuels is aided by the investigation and 3 

implementation of alternative fuels and propulsion technologies like electric cars and biofuels. 4 

The speed and direction of sustainable road transport are shaped by policy frameworks 5 

such as rules, incentives, and pricing systems. Engaging stakeholders and inviting the public to 6 

weigh in are essential steps towards attaining sustainable road transport. This paper's conclu- 7 

sions are helpful for policymakers and practitioners who are tasked with developing, launching, 8 

and maintaining sustainable road transport programs. Stakeholders may help build a more 9 

-1.41883453

-1.796805224

-1.482022177

-1.892734777

-2

-1.8

-1.6

-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

-3 -2.5 -2 -1.5 -1 -0.5 0

Sub Criteria Three

Figure 5. The Cause diagram between sub criteria three. 

-2.323173299

-2.087077954

-2.214622902

-2.35

-2.3

-2.25

-2.2

-2.15

-2.1

-2.05

-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

Sub Criteria Four

Figure 6. The Cause diagram between sub criteria four. 
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sustainable and resilient road transport system by incorporating the identified elements and 1 

methods into policies and practices. However, there are still open questions and areas for im- 2 

provement that need to be explored. Researchers need to look at ways to improve the integration 3 

of intelligent transportation systems into existing infrastructure, as well as ways to evaluate the 4 

long-term consequences of alternative fuels and propulsion technologies. Overall, achieving sus- 5 

tainability in road transport is a difficult task that calls for cooperation among many parties and 6 

the persistent search for novel solutions. Prioritizing sustainability in road transport will help us 7 

create a transport system that is better for the environment, the economy, and society as a whole. 8 

This paper used the DEMATEL method as a MCDM method to show the relationship between 9 

factors. The DEMATEL method integrated with the single valued neutrosophic set to deal with 10 

vague data. 11 
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