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Abstract

Nowadays, more than 90% of global transportation is carried out by sea. Different factors, such as the
emission of gases related to the fuel of ships in the sea and especially in ports, the leakage of oil materials
due to marine accidents and the negligence of ship crews, the use of port equipment, impure diesel fuel in
power station generators, etc., caused an increase in greenhouse gases emergence, environmental pollution
and endangering human lives. Therefore, the creation and establishment of green ports by applying the global
and international standards and complying with maritime conventions and regulations would smooth out the
process of the intelligentization of ports. In consequence, it can definitely increase the speed of goods
transfer, the tracking of ships and goods, provide the transparency of statistics, reduce the costs, and increase
the quality and capacity of the seaports. This research, for the above-mentioned reasons, has applied the
integrated theory that is empowered and developed by Dempster-Shafer and the interpretive structural
equations of ISM (the green and smart components of ports). According to the carried out analysis, firstly, 9
key indicators were identified in the greening and smartness of ports, then the identified indicators were
classified based on the PESTEL analytical model. Finally, based on the Dempster-Shafer method, it was
indicated that the greenness indicator of the sea port margins with a weight of 0.141 is ranked in the first
place, and the amount of greenhouse gas production with a weight of 0.131 was ranked as the second one
and in compliance with smart technology, it was ranked in the third place with a weight of 0.128. This
research also applies the approach of the ISM method for identifying the applied indicators.

Keywords: Transit Ports, Port Intelligence Factors, Greenness Factors, Dempster Shaffer's Developed
Theory, Interpretive Structural Equations.

Copyrights:

Copyright for this article is retained by the author(s), with publication rights
granted Journal of Marine Science and Technology. This is an open-access

article distributed under the terms of the Creative Commons Attribution

License (http://creativecommons. org/licenses/ by/4.0), which permits

unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Journal of Marine Science and Technology

Summer 2025, Vol. 24, No. 2

Original Article ——


http://creativecommons/
http://jmst.kmsu.ac.ir/

Journal of Marine Science and Technology
Summer 2025, Vol. 24, No.2, pp. 1- 24

INTRODUCTION

In the traditional way of carrying cargo, the cargo is transferred from hand to hand many times, and in each
of these stages, there is a possibility of delay and unavoidable damage. While in container shipping, these
symptoms are greatly reduced and insignificant. Today, shipping and transportation by sea shows a great
trend towards shipping goods in containers (Castelein et al., 2020). Therefore, the transportation sector is a
strong factor in the field of balanced economic and regional development, and it also has a lot of influence
on national integration into the world economic market. Recent studies and political initiatives have
emphasized the importance of reducing economic, institutional, and spatial barriers to entry in ports. Some
of the challenges faced by the ports are supply/demand imbalance and systematic demand fluctuations, which
are beyond the capacity of each port. What can be effective in improving the performance of container lines
are three sets of business measures, operations, network, and the establishment of appropriate fleets. In total,
these three elements usually improve income by 20 percent (Abu Aisha et al., 2020).

MATERIAL AND METHODS

According to the evaluations made in the ports of Iran, the lack of integrity of the network and the coastal
and marine transport fleets is not an exception to this, and also due to the lack of a smart container terminal,
network, and suitable fleets for carrying and transporting containers systematically and no schedule will lead
to the development of container transportation in these ports. The main elements and issues related to ports
include operations (e.g., constraints, delays, operational errors, and lack of information sharing (Braveboy,
2015), environment (Lam and Notteboom, 2014), energy (Abbasi et al., 2017), safety (Cho et al., 2018), and
security. These issues may continue if timely planning is not done.

Therefore, a comprehensive review of the articles reveals two views on the development of ports. One view
is that the smartness of a port is more related to ideology than technology and physical infrastructure. Based
on the analyses carried out in the research literature as well as the research implementation environment, the
innovation of this research is considering the green and smart theory of Iranian ports based on international
standards, as well as analyzing the levels of green and smart ports based on the integrated approach of
Dempster and Shafer and equations. It is an interpretive structure. Therefore, according to the research
findings of Chen et al. (2019) in the introduction of green and smart factors in commercial ports, in this
research, we have decided to first evaluate the indicators based on the developed theory of Dempster-Shafer
and then based on the approach of the interpretive structural equations method to level the identification
indicators.

RESULTS

In the analysis carried out, 9 key indicators in the greening and smartness of ports were identified. The
identified indicators were classified based on the Pestel analytical model, and based on the Dempster-Shafer
method, it was shown that the greenness index of the port edge, with a weight of 0.141, is in the first place.
The amount of greenhouse gas production, with a weight of 0.131 ranked second, and compliance with smart
technology ranked third with a weight of 0.128. Finally, based on the approach of the ISM method, the
identified indicators were leveled

CONCLUSION

As it has been stated, in the competitive environment among ports, the role of smartness and greenness is
more effective in the development of strategies for using this shipping method. Based on the method
considered in this article, a Dempster-Shafer integration model approach and interpretive structural equations
were presented. It was determined that at the strategic level, the issue of greenness of ports is the first concern
of the countries' ports, and the factors that destroy the criteria of greenness are given the first attention and
the management of activities. Based on the findings of the research, it is suggested that, based on the SWOT
method, the operational level of ports should be developed and drawn to address the problems of green and
smart ports and the development of port businesses. Also, the infrastructure of the country's ports should be
developed based on the classification standards, and the weak points and strengths of the ports should be
analyzed based on the updated navigation systems.
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Table 1- intelligent and environmental indicators of ports

PRV WY v dlos
Index description symbol
Ladgn (59l b (5la] Al
Compatible with smart technology
diad s slgiala ) A2
Smart infrastructure
Water and waste management
2 2255 @lie (6,55 Ad
Use of renewable resources
Environmental management
energy consumption
ol o e A7
Safety Management
dl Ly )‘lf J.Jy ‘_’)I)’f,n A8
The amount of greenhouse gas production
Greenery on the edge of the port
oud lobd Sl Ly fiwy Judo Y Jaie
Table 2- Pestel analysis of identified indicators
iy Judos Sy Judoss 02 g
Process analysis Pastel analysis  Index description
P)j9L5)|}_é]c45wQ\Mb)ﬂwlJﬁba)yuﬂojloﬁdhow@ﬁhwwdlﬁl . 9.§
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According to the international laws and the economic relations of the countries
of the Caspian Sea, it is necessary for the northern ports of Iran to implement
hardware and software equipment in accordance with the international
conventions approved by these countries in accordance with other active ports
in this area.
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Process analysis

Sy o a3l £

Pastel analysis  Index description

o Sl 035 Sl sla 4 5 b I YIS ol o B 3350

b o Gl VS B oo ol dlauly & ol
As stated in the second chapter, adaptation to smart technologies in the northern
ports of the country causes the volume of goods transit to increase and the
overhead costs created for the development of ports to increase due to the
increase in the volume of transfers.

Plo @oles U 0gd oo s Jiosion sl gyolid b joly sllasl cloTade drwg caw 4

b I ol by 5 S 5 bl als sy
Due to the development of the adaptation components of ports with smart
technologies, the incidents of ports will be greatly reduced and the mobility and
dynamism of ports will increase.

o pbsl ) (w3l la cdlad ) gl 03,008 pdaw g 4l )
The modernization of ports with smart technologies will improve the service
level of the northern ports of the country and carry out a wide range of transit
activities.
oo Jase dlal B 395 o com 365 ()5 gelpm base b ol cMelas a3 blod o
29 )l8 g S oo drwgi (sl cuslio sl
In terms of the process of interactions of ports with their commercial
surroundings, the environmental aspects of ports become very suitable for the
development of other businesses.
2958 (Jlad 3l )3 15 o) sl (55l bl Lo ol gy 03) (sladllinl b sl
29 ol o)l ddlaie W)gi drwed (gla dine) jd (gAS st oS
According to the standards of classification of ports, it is necessary to create

modern technologies in the northern ports of the country, which have a key
activity in the fields of regional production development.

dawgd (gl Sily Blan ced B 09 oo o oS Jloud polo diodion sld il yj drwgs

The development of the smart infrastructure of the northern ports of the country
allows the government to establish a consultation for the development of
maritime transport in the Caspian Sea region.

OB e > Sadgr loadlo 1) U390 oo o pomen 5 el My (5 el G138

Do dipdlps b
Smart infrastructures cause the economic status of other jobs related to ports to
develop and increase significantly, and also cause smart infrastructures to be
institutionalized in other organizations.

SlyaiS b cldglye 5 (oloin] pdaw U dguine cuw diaigrn (la Colysj byl dlawly 4
Ll Gl 4 laen

Through the creation of smart infrastructure, the social level and relations
with neighboring countries will increase

V&

Smart
infrastructures
&oladl
Economic
Sloia
social
RYPES
Technological
environmental
98
legal
9 Cape
political Water and
waste
management
ol §j 4 g0
&Ll e
Economic Environmental
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Pastel analysis  Index description
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Due to the development of smart infrastructure in ports, the type of transit
cargoes will be developed.

dl.m d)‘.)).g 0 30 le)g wl.m Gu.o)ﬁ )‘)L;J. dl)b‘ u.‘a.o:.opwu) )Lol.w Ld{‘)?‘“’gs" [ESvon)
9 loul a5 o0

It causes the environmental structure around the ports to create a suitable
opportunity for related commercial operations.
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Based on the requirements of cargo exchange in ports, commercial ports should
be equipped with intelligent systems to communicate with vessels.
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According to the upstream documents of the Ministry of Energy as well as other
executive bodies, all ports are obliged to develop renewable resources in ports
and also optimize energy consumption in these ports.
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Considering the energy crisis in Iran, the development of the use of renewable
resources and energy efficiency infrastructures in ports will cause a significant
reduction in energy consumption in ports.
The development of infrastructures for the use of renewable resources and
optimization of electricity consumption will cause other businesses in the
region to not be disrupted in energy-related businesses and to provide energy
to the region.
The development of the use of renewable resources in ports makes Iran's ports
in a good place in the ranking of world ports.
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Due to the optimization of energy consumption and the use of renewable
energies, environmental pollutants around the ports will be significantly
reduced.
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Table 3- Group decision matrix

b yad ls ) byl Y ool ¥ wls )8 £ wlis,ls
Indicators Expert 1 Expert 2 Expert 3 Expert 4
Ci C2 Cs Ci Cz Cs Ci Cz Cs Ci Cz Cs

As 024 061 046 041 071 009 02 04 025 028 066 0.56
Az 024 026 02 033 053 046 034 07 076 028 036 0.56
As 04 018 033 016 062 028 034 03 059 028 036 043
As 04 044 046 033 044 009 048 03 042 039 022 043
As 009 01 008 028 034 01 016 048 053 045 035 0.39
As 04 044 046 016 009 028 041 02 059 039 036 031
Ay 04 009 033 057 044 046 061 03 025 051 036 031
As 065 026 046 049 044 046 048 03 059 051 036 043
Ag 04 053 033 025 027 028 054 04 059 051 051 031

B il 0 wlui,ls T b8 Y b8 A ol )5
o= Expert 5 Expert 6 Expert 7 Expert 8
Indic
ators Ci C: Cs Ci C Cs Ci C: Cs Ci C: Cs

Az 045 082 043 025 072 008 046 045 034 043 065 0.33
Az 0.27 045 043 008 063 057 009 045 02 034 047 02
Az 045 045 051 017 018 041 0.09 063 048 026 047 0.46
As 018 027 06 059 009 041 028 027 02 034 028 033
As 011 034 053 028 032 01 04 022 039 07 034 038
As 045 045 051 059 036 041 046 009 02 052 028 0.2
Az 027 009 026 042 018 024 046 045 048 034 028 0.46
As 045 045 043 059 036 041 064 054 061 026 065 0.6
Ao 055 064 06 059 027 057 083 027 034 06 028 0.33

Ol 3 51 b slbro 039 € Jour
Table 4- The weight of the criteria from the point of view of experts

Cs C2 Ci
0.4355 0.4868 00778  (Expertl) ¥ pwlid 8
0.3875 0.4431 0.1694  (Expert2) ¥ el 8
0.4111 0.2611 03278  (Expert3) ¥ owlud s
0.4057 0.4798 01146  (Expertd) £ pwlud s
0.3897 0.5109 00993 (Bxperts)o oulidyls
0.5488 0.2101 0.2411 Expert6() T wliud, &
0.2691 0.6123 0.1186  (BXpert?)¥ oulid,s
0.3668 0.233 0.4002 (Expert8) A (ol )0
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Table 5 - Display of D numbers

(Number D) D slas!

A1

D1'= [(0.56,0.4355),(0.66,0.4868),(0.28,0.0778)]
D12= [(0.25,0.3875),(0.4,0.4431),(0.2,0.1694)]
D43= [(0.09,0.4111),(0.71,0.2611),(0.41,0.3278)]
Dy*= [(0.46,0.4057),(0.61,0.4798),(0.24,0.1146)]
Dy5= [(0.33,0.3897),(0.65,0.5109),(0.43,0.0993)]

(Expertl) ¥ _wlud,ls
(Expert2) ¥ _wlud,l8
(Expert3) ¥ (i, I8
(Expertd) £ _wlad,ls
(Expert5) 6 (wlui, &

D15=[(0.34,0.5488),(0.45,0.2110),(0.46,0.2411)] Expert6() T (wlui, &
D,'= [(0.08,0.2691),(0.72,0.6123),(0.25,0.1186)] (Expert7) ¥ b, i
D,®= [(0.43,0.3668),(0.82,0.2330),(0.45,0.4002)] (Expert8) A (ol )8
D sflael uled -1 Jgu>
Table 6- Ranking of identified indicators
Ao Asg A7 As As A4 Az Az A1 b s L
0.141601 0.131409 0.092952 0.122655 0.081374 0.081169 0.117007 0.103298 0.128534 1(D)
\ Y \ ¥ A a A 5 Y LR
plie degezme 5 Bl oddjalls S Cysod Jaw j o B A ge o b yadls (6,105 55l 4 daagi b
Sygods b ygin 5 byle 3ae )] 3 45 Conl (glac gorme 20y ol 5l g e 4Bl b a8 oab maw 4 Lisu
9 ol STal oyl cass 4 b ail eadials Jbs 9w oje> )3 (5,3 Chl gl gex bl
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Table 7- Initial self-interaction matrix

Factors A:r A2 Az As As As Ar Az Ao
A1 O A A O O O VvV V
Az O A O O O Vv VvV
Az A O O A O O
As O O O O o
As O O VvV V
As O V V
A7 vV Vv
As 0]

“ogbxe g Flo A Jour
Table 8- Proximity matrix

Factors A1 A2 As Az As As A7 As Ao
A1 0 0 0 0 0 0 0 1 1
Az 0 0 0 0 0 0 0 1 1
Az 1 0 0 0 0 0 0 0 0
A 1 1 1 0 0 0 0 0 0
As 0 0 0 0 0 0 0 1 1
As 0 0 0 0 0 0 0 1 1
A7 0 0 1 0 0 0 0 1 1
As 0 0 0 0 0 0 0 0 0
Ao 0 0 0 0 0 0 0 0 0

oubz ol biws g o -1 Ju=
Table 9- Revised achievement matrix

Factors At A2 Az Ar As As A7 As Ao

A1 1 0 0 0 0 0 0 1 1
Az 0 1 0 0 0 0 0 1 1
Az 1 0 1 0 0 0 0 1 1
As 1 1 1 1 1 1 1 1 1
As 1 1 1 0 1 1 1 1 1
As 0 1 0 0 0 1 0 1 1
Az 1 0 1 0 0 0 1 1 1
As 0 0 0 0 0 0 0 1 0
Ao 0 0 0 0 0 0 0 0 1
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Level 1.
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Level 6.
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Fig. 5- The ISM network of the presented conceptual model factors
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Table 10- The first level of factors

P(Si) Q(Si) T(Si)
As 18,9 1,3,45,7 1
Az 2,8,9 2,4,5,6 2
Az 13,89 3,457 3
A4 1-9 4 4
As 1,2,35-9 4,5 5,14
As 2,689 45,6 6
Az 1,3,7,8,9 4,57 7
As 8 1-8 8
Ao 9 1-7,9 9

B Jols 93 g =) Joir

Table 11 — The second level of factors

P(Si) Q(Si) T(Si)
As 1 1,3,45 1
Az 2 2,456 2
Az 13 3,4,5,7 3
A4 1-7 4 4
As 1,2,35,6,7 4,5 5
As 2,6 45,6 6
A7 1,3 4,57 7
AR
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Table 12 - The third level of factors

P(Si)

As 3

As 3-7,10,14,15
As 3,5,6,7,10,14 4,5,11,12,13,14 5,14

Ae 6,10
A7 3,7

Q(Si) T(Si)
345711-15 3
4,11,12,13 4

4,5,6,11-15 6
4,5,7,11-15 7

b Jole polgz gl -1 Jour
Table 13- The fourth level of factors

P(Si)
As 4-7
As 5,6,7
As 6
A7 7

b Jole ooy gaw —1E Jou
Table 14- The fifth level of factors

P(Si)
A 4,5
As 5

b fols il mlaw - 09>
Table 15 - The sixth level of factors

P(Si)

As 4

Q(Si) T(Si)
4 4
4,5 5
45,6 6
45,7 7

Q(Si) T(Si)
4 4
4,5 5

Q(Si) T(Si)
4 4
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