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Abstract: Globally, the number of traffic accidents is declining year. The epidemic has been the primary factor influencing

its score in recent years. This figure is still quite high, though. Because of this, every attempt should be taken to lower the
quantity of traffic incidents. The article's goal is to examine the likelihood that certain variables, which are dependent on
weather, will have an impact on the quantity of traffic accidents. Ten measuring sites in Poland were chosen at random
for this purpose, and the number of accidents at each location was examined. Based on the study, it can be stated that
overcast and rainy days, together with favourable weather conditions, have the greatest impact on the number of traffic
accidents. Furthermore, the likelihood of a traffic collision rises by 29% and 20%, respectively, in overcast and rainy
skies. For this reason, special care should be taken to minimize road accidents.

1 Introduction long-term health repercussions. Economic losses are also a
Every nation has a serious societal issue with rodgsult of accidents. Globally, the number of traffic
accidents. A number of variables, including speed, alcoh@fcidents is declining year. The epidemic has been the
usage, weather, and other factors, can contribute to traff@in factor affecting this score in recent years. This
accidents. The World Health Organization [1] reports th&mber is still quite high, though (Figure 1). Every day,
road accidents claim the lives of over 1.35 million peoplthere are about 62 traffic incidents with an average of 62

year, millions more of whom are seriously injured and haJatalities and 72 injuries.
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Figure 1 Number of road accidents in Poland according to weather conditions from 2001 to 2021 [2]

~1~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 11 2025 Issue: 1 Pages: 1-8 ISSN 2453-675X

Equations
Piotr Gorzelanczyk, Martin Jurkovic, Tomas Kalina, Malaya Mohanty

The aforementioned occurrences are linked to higher o heavy rain (temperature > 0°C,
medical expenses, the requirement for car and road precipitation > 3 mm),
infrastructure maintenance, and detrimental environmental 0 snowstorm  (temperature < 0°C,
effects including oil spills. Because of this, every effort precipitation > 3 mm),
should be made to prevent traffic accidents in order to 0 strong wind (wind > 10 ms/s),
lower their frequency. Finding the variables influencing o dense fog (visibility < 300 m).

the quantity of traffic accidents is one way to do this [2,3].

According to studies by Zhai et al. and Holland et al., In their study, Masello et al. offered an alternative
pedestrians are less protected than passengers in cexesthod of examining traffic incidents. They investigated
which puts them at the highest risk of being involved in Bow driver assistance technologies may raise traffic safety.
traffic collision. They also sustain severe injuries amonghe investigation was carried out in a variety of weather
all those involved in traffic. Another of their investigationsand traffic scenarios.
revealed that the severity of pedestrian injuries is The relationship between the three elements of traffic
influenced by variables such alcohol use, driver age (the so-called safety triangle) is also influenced by
gender, illumination, road conditions, pedestrian conduafmospheric conditions. These elements are the vehicle (its
accident site, vehicle, speed, and adverse weather [4{€chnical state, traffic speed, load), the environment (road
More serious accidents on the roadways are frequenihfrastructure), and the human being (and his psycho-
caused by bad weather and poor illumination, particularipotor state, fatigue, stress, and concentration) (Figure 2).
at pedestrian crossings [7-9]. But this varies according on
the field of study. For instance, it was demonstrated in the
paper [10] that meteorological conditions typically have
minimal impact on traffic accidents. This study subject can
also be found in the works of Masello et al. [11] and Becker
et al. [12], where the authors presented a model of the
likelihood of traffic accidents based on the time of day and
the meteorological conditions. The relationship between
weather conditions and road accidents was also analysed in
the work of the [13-25].

Apart from decreasing the frequency of traffic
accidents, the current weather also influences traffic
volume and driver behavior, including how quickly they Figure 2 Safety triangle
respond to traffic circumstances [16,26-27].

In his research, Eisenberg [18] examined the |tis possible to draw a variety of inferences from the
connection between precipitation and road accidents in tfi@rature research on the likelihood of a traffic accident
United States and demonstrated that inclement weathegji§en the current weather conditions. A few researches
associated with a higher number of traffic accidents.  eyaluate their detrimental effect on the quantity of traffic

Brodsky and Hakkert [28] examined a related subjegiccidents. However, a lot of academics assert that this
and discovered that accident rates rose by 100% in tfigpact does not exist. It has been acknowledged that there
presence of rain, whereas in Denmark the rise was ofilya need to evaluate the variables influencing the quantity
about 10%. Fridstrem et al. [16], on the other hangy traffic accidents. Because of this, the article's goal is to
discovered that rainfall had no influence on the change éyaluate the significance of the influence of particular
the number of traffic accidents in Sweden and Norwagtmospheric conditions on the likelihood of a traffic
Conversely, in Poland, the majority of road accidentgyllision. Because of this, it is possible to ask: What impact
happen when the weather is nice. Moreover, the frequengy meteorological conditions have on the quantity of traffic
of traffic accidents rises with rising temperatures angccidents? To do this, ten measuring sites in Poland were

favorable weather [2,27,29]. chosen at random, and the following data were examined
For the purpose of this work, it was assumed [30]:  for each location: the quantity of accidents in relation to the
*  good atmospheric conditions are: weather at the time of the incident.
0 air temperature > 3°C,
0 No precipitation, 2 Equations

0 wind <5.5 ms, This paper's objective is to evaluate the impact of

o visibility > 10 km, specific climatic variables (such as fog, high wind, cloud

o pressure difference over the day <8 hPq,\ e sunshine, snow, and rain) on the likelihood that a

* Bad weather conditions (if one of the followingyatfic accident will occur at the examined measurement
factors is met) are: oint. The following algorithm was used to calculate the

o slippery pavement (temperature < 3°Gjyelihood of a traffic collision for this purpose:
and occurrence of precipitation),

~2 ~
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« 10

measurement points on different types of nationahoose the spots. The maximum allowed speed for

and provincial roads in Poland were randomly selectedehicular traffic at all presumptive measuring stations was
« The following parameters were determined for th&0 km/h.
selected points:

The study employed the CART approach. The CART Iy AR
approach is built on two key components: regression tree A R

which

and are defined by a continuous type target variable, ar=: Ly
classification trees, which are used to classify classes ai Bl

0 Location of the measuring point. g ™
o Type of road on which the measurement point i

is located (national road, voivodeship road). oegersP i Witz
0 Geographical coordinates.
o Traffic speed at the point under analysis.

are used to forecast the value of the target variab

are characterized by a categorical target variable. Tt ] - -
fundamental idea behind the CART algorithm is that dat: - sy oo O3
is divided at the nodes based on a single decision variabl

and that data splitting stops when an answer to one questi . -
has no bearing on the answer to another. The CAR,
technique is typified by recursive binary splitting, which

w
Gogle

Figure 3 Measurement points withih.‘{ﬁmewt‘::imt;/ of P|Ia[3§]

consistently splits a parent node into two daughter node~ z 0 S :
Because the classification error of each layer is determin e g
after the divides are made, there will be some variability ix e S e
the final category [31]. e 5 ‘*7

The investigation also made use of Minitab software ) i _
Statistical software called Minitab is used globally tc o saéna Q@Y @ weayomln
evaluate data and enhance goods and services. Among’ MR e
many options the application offers for efficient analysis i¢=x.. pe e =
an interactive assistant that may aid at any point during tl )TN N 3 wszons 10
process. T e =

Hieklonice = D¢l

2.1 Selection and location of sites 5

Ten randomly chosen places in Poland were examine Kowows oo e
to ascertain the effect of specific meteorological conditionie. ST ks =5
on the likelihood of a traffic collision (Table 1). Figure 4 Measurement points in Koszalin County [33]

Table 1 Coordinates of measurement points [32]

- o 3 Reaultsand analysis
, Road |-Onditude Latitude The current study has used data from ten locations in
M easurement Point | of the of the . . y .
SIgnage | aint point different sections of Poland. A table (Table 2) that displays

pointl |Pita- Wojska Polskieg|DW 17¢]16.73230(53.15143| the frequency of accidents in a certain type of environment
point2 |Pita- Poznaiske DK 11 [16.75299|53.12634| and atmospheric conditions across all locations has been
point3 |Pita- Al. Piastéw DK 11 [16.73796(53.15010| created based on the accident data.

point4 |Pita- Niepodlegiéci  |DK 11 |16.73793|53.16330 The data makes it abundantly evident that the two main
point5 |Manowc DK 11 [16.28735|54.13272| causes of traffic accidents in the majority of the locations
point6 |Mscice DK 11 |16.08024|54.21942| are high levels of cloud cover and precipitation. As a resullt,
point7 |Siandw DK6 |16.30271|54.23029| additional information has been gathered, as shown in
point8 |Strzekcinc DW 167]16.16548|54.09983| Taple 3, which provides the total proportion of different
point9 |Sucha Koszaliske  |DW 20 |16.26632]54.26046|  climatic conditions that cause traffic crashes regardless of
point10|Szczeglin DW 20€]16.38469]54.18065] |ocation. As is evident, comparable information is also

shared by the general statistics, namely that rain and

We examined the following information for theseyyercast skies are the factors that contribute to an increased

points:

number of accidents varying according to thgequency of accidents. The total proportion may not equal

weather at the time of the incident (Figure 3, Figure 4).0004 since numerous incidents occur in locations with
Both national (DK 6 and DK11) and provincial (DW167 jifferent climates.

DW179, DW 203, and DW206) highways were used to

~3~
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Table 2 Percentage of accidents in different locations under Cloudy Sk 5C
different environmental conditions Sunshin 0
L ocations |Climatic condition Average rate of Snowfal 0
accidents (%) Rainfall/Precipitatio 0
1 Foc 0
Strong Winc 0 Table 3 Proportion of road accidents based on climatic
Cloudy Sk 32.2¢ conditions
Sunshine 1.08 Climatic Overall average rate of
Snowfal 1.0¢ condition accidents (%)
Rainfall/Precipitatio 19.3¢ Foc 0
2 Foc 0 - p
Strong Win( 1.2¢ g::)?;jg stll(r‘“ > QOiZ):
Cloudy Sky 29.49 y LY
Sunshin 3.8t Sunshin 3.64¢
Snowfal 1.2¢ Snowfal 3.38¢
Rainfall/Precipitatio 15.3¢ Rainfall/Precipitat
3 Foc 0 ion 20.20:
Strong Wind 2.17
Cloudy Sk 19.5 In this study, we've tried to create a model that can tell
Sunshin 6.52 us how likely it is that traffic accidents would occur given
Snowfal 6.52 certain weather conditions. This may be combined with
Rainfall/Precipitatio 2174 information on driver behavior, road layout, and other
4 Fog _ 0 factors to provide a more comprehensive picture of the
Strong Wine 3.85 precise likelihood of a traffic crash. Two mathematical
gLOnUS‘:])i'nSk‘ 23'05 techniques, ~ namely  logistic  regression  and
Snowfal ) classlflcgtlon/deC|S|on_ trees, can be emplt_)yed to simulate
Rainfall/Precipitation 6.9 the likelihood of traffic accidents according to weather
5 Foc 0 conditions. The likelihood of this road collision event was
Strong Win« 0 determined using the CART, or Classification and
Cloudy Sk 28.5, Regression Tree, approach since probability is a
Sunshin 0 continuous event that can lie anywhere between 0 and 1.
Snowfal 0 The greater accuracy and predictability of the CART model
Rainfall/Precipitatio 14.2¢ over the logistic model is another important factor. The
6 Focg 0 CART analysis was carried out using Minitab software.
Strong Win( 0 The regression tree study took into account every possible
Cloudy Sk 35.2¢ climate circumstance. Even if early research has shown
Sunshin 0 that some weather conditions do not function as triggers for
Snowfal _ 0 car collisions, it is nevertheless vital to include these
Rainfall/Precipitatio 0 aspects when forecasting the occurrence of crashes.
7 Foc . 0 Undoubtedly, it can be stated that these elements will
ggc;r:jgy VSVIT( 17 89_ decreasg the accuracy of the model; none@h.eles_s, .they will
Sunshin ' 6 not impair the predlc'Fablllty of the road_ C(_)II|S|on mmdents
Snowfal 0 in _genera_l. Accor_dmg to the preliminary a_naIyS|s‘s
Rainfall/Precipitatio 2.3E findings, six trees is thg |dgal amount for the highest R-
3 Foc 0 square. Additionally, with six trees, the Mean Absolute
Strong Win« 0 Percentage Error (MAPE) is at its lowest—that is, just
Cloudy Sk 0 0.7%. The selection criteria for the six trees are displayed
Sunshin 0 in Figure 5, and the tree itself is shown in Figure 6. Figure
Snowfal 0 6 illustrates how the first two branches of the tree show that
Rainfall/Precipitation 100 a cloudy sky and rainfall have an entirely different crash
9 Foc 0 forecast, with a mean of 25%, compared to 1.9% for all
Strong Winc 0 other conditions combined. Once more, the tree tries to
Cloudy Sk 25 branch off the variables that affect collisions on the roads.
Sunshin 28 For instance, among the two severe variables, rain and
Snowfall 25 overcast skies together account for 20-21% of collisions
Rainfall/Precipitatio 0 and almost 29-30% of crashes. Comparable figures are
10 |Foc . 0 also observed for other irrelevant parameters.
Strong Wint 0
~4~
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R-squared vs Number of Terminal Nodes Plot
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Figure 5 Number of trees required for highest R-squared value.

Alternative Tree Diagram

NODE1

Mean = 951250
StDev = 17.4535

Total Count = 60

“cllmﬁtlc condition = (Fog, Snowfall, Strong Wind, Sunshine) !

Climatic condition = {Cloudy Sky. Ramfall,.fPreﬂpltation:E

NODE 2

Mean = 198075
StDev = 553246

Total Count = 40

NOCDES

Maan = 246560
StDev = 22,5637

Total Count = 20

Climatic ¢

Climatic condition = (Fog. Strong Wind)

Climatic condition = {Snowfall. Sunshine}

NODE 3

Mean = 0.365000
StDev = 0961907

Total Count = 20

NODE 4

Mean = 351650
StDev = 7.43807

Totd Count = 20

TERMINAL NODE §

Mean = 202030
StDev = 281954

Totsd Count = 10

[ climatic condition = (Fog) | Climatic condition = {Snowfall}|
& \ = -
Climatic condition = {Strong Wind) Climatic condition = {Sunshine}

TERMINAL NODE 1

Mean = 0.00000
StDev = 0.00000

TERMINAL NODE 2

Mean = 0730000
StDev = 125860

TERMINAL NODE 3

Mean = 3.35800
StDev = 745339

TERMINAL NOCDE 4
Mean = 364500
StDev = 7.42081

Total Count = 10 Tetal Count = 10 Tetal Count = 80

Total Count = W0

Climatic condiii'nn = [Cloudy Sky)

TERMINAL NODE &

Mean = 299090
StDev = 135168

Tosal Count = 10

Figure 6 Regression tree for predicting road crashes under different climatic conditions

The predict option in Minitab software's CART accidents occurring in a given weather scenario. Figure 7
analysis allows it to forecast the occurrence of dependestitows pictures illustrating how to determine the likelihood
variables depending on the data that is supplied. In tto§ a traffic accident occurring in a given set of
study, we've tried to forecast the likelihood of traffiometeorological circumstances.
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Predict *

Response: Rate of accidents (2007) in %
Enter individual values v

Climatic condition Cloudy Sky ¥ |Fog ¥ | Rainfall/Prec *

Results... Storage..

Prediction for Rate of accidents (2007) in % Prediction for Rate of accidents (2007) in %

Settings Settings

Climatic condition = Cloudy Sky Climatic condition = Rainfall/Precipitation

st Prediction
: Terminal
Terminal Obs Node ID _ Fit
Obs Node ID Fit 3 5 20.203
1 6 29.109

Figure 7 Screenshots from Minitab software for predicting road crashes

According to historical data for the area, Figure Thorough examination of other variables that may have an
shows that the likelihood of a traffic collision rises by 20%mpact on the quantity of traffic accidents.
in the event of rain and by 29% in the case of cloudy sky.
When applied at a specific site based on historical daRefer ences

these probabilities will be highly helpful in recommending1] WHO, Global status report on road safetg@eneva,

tactical actions to lower the number of traffic accidents. World Health Organization, Department of Violence
and Injury Prevention and Disability, annual report

4 Conclusion [Online], Available: https://www.who.int/violence_inj

The factors influencing the quantity of road accidents ury_prevention/road_safety status/report/en/

are examined in the article. This is a historical issue that [10 Nov 2024], 2018.

impacts road safety, as is widely recognized. throughoj#] POLICE STATISTICS, [Online], Available: https://st

order to do this, ten measuring sites throughout Poland atystyka.policja.pl/ [L0 Nov 2024], 2023.

were chosen at random, and the number of accidents[ZitEUROSTAT, [Online], Available: https://ec.euraopa

each location was examined. The study data reveal a higher/eurostat [10 Nov 2024], 2023.

frequency of road accidents on gloomy and rainy daygl] ZANG, S., DING, M., SMITH, D., TYLER, P.,

Minitab software and CART analysis were used in the RAKOTOARIVELO, T., KAAFAR, M.A.. The

investigation. The research indicates that the most impact of adverse weather conditions on autonomous

significant influences on the frequency of traffic accidents vehicles: How rain, snow, fog, and hail affect the

are overcast and rainy days and favorable weather performance of a self-driving catEEE Vehicular

conditions. Furthermore, the likelihood of a car collision Technology Magazinevol. 14, No. 2, pp. 103-111,

rises by 29% and 20%, respectively, with cloud cover and 2019. https://doi.org/10.1109/MVT.2019.2892497

rain. The authors' subsequent thoughts will focus on a more
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Abstract: When developing a new technology, a large amount of information is needed both at the beginning and during
the development and at the end of the development of a new technology, there is a large amount of data everywhere,
information that creates a combination of highly necessary data with data that creates noise. The evolution of a new
technology starts from one initial original idea, or with the help of partial or partial solutions it approaches the conclusion
of what needs to be achieved through research. Experiments and information collection reach results not only after the
information part, but also after the technical-technological part. Another important source of information is quantitative
data obtained from books, magazines, old planning documentation, the Internet, various repositories, as well as using
artificial intelligence tools. The article is devoted to the principled attitude of obtaining information and resources that are
available and that are important for the development of a new technology from the initial data at the beginning to the data
that is collected during the development process.

1 Introduction This may be wishful thinking, however, given the
Information and communication technologies (ICTFontinued importance of mechanics and energy as the
play a significant role in all aspects of modern society. ICFecessary substrate for information and communication
have changed the way in which we communicate with eat@l-
Other, how we find needed information, Work, conduct The education level of the household head, the average
business, interact with government agencies, and how @@ucation level of the household and the proportion of
manage our social lives. As ICT affect everyday lives, thel{ained labour force have a significant negative impact on
also impact the macroeconomic growth, which in turf€ improvement of grain production technology
further affects society by enabling infrastructure anthnovation. Promoting technological innovation in grain
standard of living improvements. production is conducive to the rational allocation of
The question is why successful companies often fail f§sources and provides guarantees for food security [7].
adapt to new technologies and what lessons can be drawnThe simultaneous tracking of program participants and
from this for the development of new technologies [2]. & matched comparison group can enhance the evaluation of
Tech ethics is not only instrumental for governingechnology innovation programs by helping to isolate the
technoscientific projects in the present but is equal§ffects of the government program from the host of other
instrumental for the construction of socio-technicalactors that influence the commercialization of inventions

imaginaries and the essentialization of technologic&l-
futures [3]. Although the technology remains unpredictable and

The Contrasting term, continuous innovations' refers ﬁpmetimes baffllng, individuals from all across the world
the normal upgrading of products that does not require @88d from all walks of life are finding it useful, supportive,
to change behaviour. The groups are distinguished froad comforting, too [9].
each other by their characteristic response to a BY introducing Industry 4.0 technology into business
discontinuous innovation based on a new technology. EaRffictice, new processes are expected to be created. These
group represents a unique psychographic profileR{ocesses will involve more technology and t_Je smarter, but
combination of psychology and demographics that mak#ey Will remain processes. Processes will continue to
its marketing responses different from those of the oth&@quire analysis, the definition of capabilities, control to be
groups. Understanding each profile and its relationship gfective and efficient, but they will also require
its neighbours is a critical component of high-tecinformation and the definition of new parameters that will
marketing lore [4]. affect them [10].

Our quick doubling calculation helps us understand In any industry, the future belongs to products that
why progress with digital technologies feels so much fast§fow with their users, adapt to new contexts, and create
these days and why we’ve seen so many recent examsiéstainable value over time [11].
of science fiction becoming business reality [5]. When developing a new technology, a large amount of

The successive shifts of key factors from mechanics taformation is needed, both at the beginning of the research
energy to information have often been taken as indicatigéd during its course, and the output itself is a large amount
of a trend toward decreasing emphasis on material goo@data, information that forms a certain guide, the process
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of creating a new technology. The value of informatiomcreases several times and, in some cases, can be very
during the development of a new technology, from thieigh. When developing a new technology, from an
beginning to the end, increases. The result of theformation point of view, the procedure shown in the
development is a set of information, the value of whicfollowing figure must be followed (Figure 1).

Experiments, new informatio
creation — adaptation of new
technology

A

—

Basic idea, basic - inpy
data and information

A
A

Information analysis

Yes

Technology
adjustment?

A set of information procedures |
The emergence of a new technology

Figure 1 New technology development information system

Nowadays, technologies are developing at a rapid pateat enters the development process. The term information
which has a significant impact on our daily existence anglill be understood as knowledge that satisfies a specific
affects various areas of life. Information sites on theubjective information need of its recipient. The carriers of
development of new technologies play a key role in thaeformation can be numbers, text, sound, image,
dissemination of knowledge and news, allowingnformation from perceptions and senses. Then we can
entrepreneurs, researchers and the general public toupelerstand information as data to which the recipient
aware of the latest trends and innovations. The aim of ttattributes meaning based on the knowledge they have. Data
information site is to provide an overview of currenis information that is on carriers where we can process it
technologies, their development and potential applicatioresitomatically.
as well as the challenges we face in their implementation. The information that enters the process can be divided
We will focus on various aspects, such as not onipto two types:

technical and scientific, but also ethical and societal issues -  information that directly relates to the problem
that arise in connection with the development of new being solved,
technologies. We believe that this site will contribute toa - information that solves the problems of the

better understanding and discussion of the technologies development of the new technology itself.
that shape our future.
Information directly related to the development of new
2 Methodology - basicidea, input dataand  technology can be obtained from various sources. Where
information possible, primary information is obtained from the
H@owledge and experience of operators. Another important
ource of information is the amount of data obtained from
oks, magazines, project documentation, with the help of

Through experiments and collecting information, we wilPEnsors and . Lrar;]defl]celzrs, ffmf.?. .tlhe_: Il?ternet, dgta

get to the result not only from the information side, but aldgpPositories, with the help of artificial intefligence an

from the technical and technological side. others (Figure 2). During the develqpmenF of a new
Before proceeding to the experiments themselves, itigchnology, not only the technological side of the

necessary to collect a large amount of data and informatif§iFhn0logy. but also the information side of the technology
undergoes development.

When developing a new technology, we start from t
initial original idea, or with the help of partial solutions w
get closer to what we want to achieve through resear

~10 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 11 2025 Issue: 1 Pages: 9-15 ISSN 2453-675X

The role of information in the development of new technologies
Martin Straka

Books, Computers,
journals Expert internet

knowledge and
experience

Artificial
intelligence

Data

Input data
storage

T

Thoughts, ideas,
creating laboratory models,

\ experiments /

New
informatior

New thoughts, new ideas, new
models, experiments

Figure 2 The information base for the emergence of new ideas

Information that solves the problems of theconsideration and collaboration between experts,
development of a new technology itself does not concegovernments, and society.
the solution of technological problems, but rather solves
problems such as: how to secure financing for 1. Artificial Intelligence (Al)
development, who will supply the necessary materials, Development: Attificial intelligence has evolved from
under what conditions can a new technology be patenteinple algorithms to complex machine learning and deep
what standards must a new technology meet, whiagiarning systems. Neural networks, generative adversarial
standards must be observed during its development, thetworks (GANs), and image recognition have become key
preparation and implementation of contracts and permigemponents.
related to the development of a new technology. This Potential applications: Process automation,
information is as important for the emergence of a nepersonalized recommendations, healthcare (diagnostics),
technology as the information that directly concerns itustomer support (chatbots), and autonomous vehicles.
Without this information and clear answers, the research Challenges: Ethical issues, privacy, algorithmic bias,

itself would be practically impossible. and regulatory frameworks.
2.1  Overview of technologies, developments, 2. Internet of Things (I1oT)
applications and challenges Development: 10T is expanding with the increasing

Current technological advances offer fascinatingumber of connected devices and advances in sensors and

opportunities to improve quality of life and efficiency inconnectivity (e.g., 5G). _
various areas. However, in implementing these Potentialapplications: Smart home technologies, health

technologies, we face many challenges that require carefnitoring, efficient energy management, and smart cities.
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Challenges: Security risks, device interoperability, and Applied Research: Focusing on the practical

challenges in managing large amounts of data. application of basic research to develop specific
technologies or products.

3. Blockchain

Development: Originally created for cryptocurrencies, 2. Technological Engineering
blockchain technologies are expanding into various Prototyping: The creation and testing of prototypes that
industries such as transaction security and transparencyallow the functionality and effectiveness of new

Potential applications: Financial services, supplyechnologies to be verified before they are mass-produced.

chains, digital identities, and voting systems. Optimization: The improvement of technical
Challenges: Scalability, energy consumption, anparameters such as performance, efficiency, cost, and
regulatory issues. reliability.
4. Augmented and Virtual Reality (AR/VR) 3. Software and Har dwar e Development

Development: AR and VR technologies have improved Software Engineering: The design and implementation
in terms of graphics and user experience, leading to widefr software solutions that are often the basis of modern

use. technologies such as applications, systems, and platforms.
Potential applications: Education, entertainment (video Hardware Engineering: The development of the
games), simulations, and therapeutic applications. physical components of technologies, such as the devices

Challenges: High technology costs, need for qualitgnd systems that are required for the software to function.
content, and potential for health issues (e.g., motion

sickness). 4. Interdisciplinary approach
Bridging disciplines: Nowadays, technologies
5. 5G and telecommunicationstechnologies increasingly draw from multiple disciplines, such as

Development: 5G networks offer higher speeds armbmputer science, biology, physics, and engineering, and
low latency, enabling faster and more reliable connectiorthis interdisciplinary approach leads to new innovations.
Potential applications: Development of 10T,
autonomous vehicles, smart cities, and advanced mobile 5. Testing and validation

services. Testing: Rigorous testing of new technologies to verify
Challenges: Infrastructure investment, health aniheir performance in real-world conditions, which may
safety concerns, and spectrum regulation. include laboratory tests, field tests, and user tests.
Validation: Confirming that the technology meets the
6. Biotechnology and Genomics requirements and expectations of users and the market.

Development: Advances in DNA sequencing and
CRISPR technologies have enabled faster and more precise6. Regulations and standar ds
genetic editing. Compliance: The development of new technologies
Potential applications: Personalized medicine, biotedaften requires procedures to comply with regulations and
products, and sustainable agriculture. standards that ensure the safety and quality of products.
Challenges: Ethical dilemmas, regulatory issues, and Ethical and legal aspects: Consideration of ethical and
the risk of genetic alterations in ecosystems. legal issues, such as privacy, intellectual property, and
responsibility for distributing the technology.
2.2 Thetechnical and scientific aspects
The technical and scientific aspects are crucial for the 7. Implementation and scaling
successful development and implementation of new Technology deployment: Planning and executing the
technologies. Their proper consideration can significantijnplementation of the new technology, including user
contribute to innovation and efficiency of technologies ifraining and change management.
various fields. The technical and scientific aspects of Scaling: Extending technology to larger user groups or
developing a new technology are fundamental factors tHefoader —applications, often requiring changes to
influence the process of innovation and the implementati@tchitecture and infrastructure.
of new solutions. Below are the key aspects to consider:
8. Evaluation and Feedback
1. Basic Resear ch and Development (R& D) Evaluating effectiveness: Measuring the performance
Basic Research: The identification and investigation «ff a new technology and its impact on users and society.
fundamental principles and theories that can lead to Gathering feedback: Incorporating user opinions and
innovation. This process is usually theoretical and longxperiences to further improve and develop the
term goal-oriented. technology.
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2.3 Theethical and social aspects many jobs, which can have a negative impact on
The ethical and social aspects of developing ne@mployment. It is important to consider how to help
technology play a key role in ensuring that technologie¥orkers by transitioning to new jobs or eliminating
benefit society as a whole. It is important that alledundant positions.
stakeholders — from developers to regulators — take theseNew job opportunities: On the other hand, new
aspects into account and strive to create technologi¢athnologies can create new jobs and sectors, which can
solutions that are responsible, equitable and sustainablehave a positive impact on the economy.
The ethical and social aspects of developing new
technology are key factors that influence how technologies 5. Ethical use of technology
are implemented and what impact they have on society. Misuse of technology: There is a risk that new
These aspects must be taken into account throughout tBehnologies can be misused for harmful purposes, such as
technology development process to ensure thaurveillance, manipulation or the spread of disinformation.
technologies benefit society and do not have negatifRegulations and control mechanisms need to be developed
consequences. Here are some of the most important ethteaprevent such abuse.

and social aspects: Social implications: Technologies can have a wide-
ranging impact on social interactions and culture. It is
1. Privacy necessary to consider how technology can influence

Data collection and management: Many newocietal norms, values and interpersonal relationships.
technologies, particularly in the areas of artificial
intelligence and the Internet of Things (IoT), collect vast 6. Ecological and sustainable aspects
amounts of personal data. It is important to ensure that this Environmental impact: The development of new
data is managed responsibly, and that individuals’ privaégchnologies should take into account their ecological
is protected. impact, as well as the possibilities for recycling and
Transparency: Users should be informed about whagistainable development. Taking the environmental aspect
data is being collected and how it is being used and shoifdio account is important for ensuring a sustainable future.

be able to decide whether to consent. Resource and energy intensity: Technologies should be
designed with resource and energy efficiency in mind in
2. Biasand discrimination order to minimize their ecological footprint.

Algorithmic bias: Technologies such as machine
learning algorithms may contain biases that lead ® Results, discussion - experiments,

discrimination against certain groups of users. It is  creation, adaptation of new technology,
important to monitor and remove these biases in the design new information, analysis of information

and development of technologies. ; : !
o . . An information website about the development of a
Access to technologies: Consideration needs to be . L
. X N new technology has the potential to create a significant
given to how technologies are distributed and whether the X . : .
pact on innovation, education, collaboration, and

are accessible to all groups of the population, in order 0 . X
. : . L . responsible access to technology. Properly designed and

avoid exacerbating social and economic inequalities. ;
managed, websites can serve as a valuable resource for

both professionals and the general public, while promoting

3. Responsibility and transpar ency &ositive changes in society and the economy.

Developgr responsibility: Teghnology developers mu . After collecting the input data and analysing them, we
be responsible for the potential consequences of their

products. This means that they should consider ethi(fﬁqn proceed to the preparation of laboratory equipment and

i s . e laboratory experiments themselves. Without
llemmas and potential risks when developing teChnOIOgé’Xperiments and the information, we obtain from them, the
Transparency of  decision-making  processes; ' . . !
g%velopment of a new technology is practically impossible.

Organizations should be open about how technology wor e results of the experiments are information that relates

and what decision-making processes are behind it in orqer. - ; i
) 0 individual experiments and, as a whole, provide an
to increase user trust.

insight into the entire technology and the further direction
in the development of the new technology. The information

4. Impact on employment dobtained must be analysed in the research team (Figure 3).

Automation and unemployment: The rapi
development of technology can lead to the automation of
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Laboratory
experiments,
new information

Semi-operational
experiments, new
information

Operational
experiments,
new information

Analysis of
information in
the solution team

Technology
adjustment?

Technological
procedures

Figure 3 Information circulation during the development of new technology

After analysing the information obtained from The path of the emergence and development of a new
laboratory experiments, decisions are made as to whethechnology is intertwined with a lot of information that we
to make adjustments to the laboratory equipment amdbtain from various sources. In the process of developing
repeat the experiments, or whether the laboratory work aadnew technology, information is also developed that
development process are completed. After the laboratdsgcomes its information content. Information content
experiments are completed, we obtain output informatioansures the achievement of the right results anywhere and
which is the input data for the creation of semi-operationahables the further dissemination of the technology.
or operational technology. Semi-operational experiments The results of an information site focused on the
follow, from which it is possible to obtain a further amountievelopment of a new technology can take many forms and
of information that must be analysed, and the informatidrenefits. These sites serve to share information, support
circulation is repeated as in laboratory experiments. Outpatsearch and development, and provide a forum for
information from semi-operational experiments becomesteraction between experts and the general public. Here
input data for the creation of operational technology. Alire some of the key results that can result from such sites:
information obtained from experiments must be analysed
in a solution team or with experts, e.g. in the form of 1. Increased awareness
brainstorming. The results of consultations and discussions Current technology overview: Information sites
are information that should lead to the solution of problemwovide users with an overview of the latest trends and
that arose during the experiments. innovations, helping professionals and laypeople stay

Laboratory experiments are closely linked to thénformed about important issues.
development of new technology by activities that Education and enlightenment: These sites can offer
transform the phenomena obtained in experiments inéalucational content, articles, videos, and webinars that
informational, and therefore theoretical, form. Measurinmicrease knowledge about technologies and their
and monitoring devices and instruments are used to obtaipplications.
information from laboratory experiments or technological
practice. These measuring instruments are different for 2. Supporting innovation
different areas of research, but they all have one thing in Sharing research and results: Experts and researchers
common, namely that they provide information ircan share their findings and innovative ideas, encouraging
numerical, textual, graphic or audio form. collaboration and mutual inspiration.

The result of development activities can be some Discussions and collaborations: Information sites can
tangible element, a set of information of a certain qualityerve as a platform for discussion and exchange of ideas,
and value, free from noise, know-how. If activities duringvhich can lead to the development of new projects and
the development of a technology were not recorded, pgartnerships.
could happen that we do not know or are not able to achieve
repeatedly suitable solution results and therefore that we do
not know how to use or build the technology.
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3. Gathering feedback site be a place where passion for technology is combined

Gathering user opinions: Sites can allow users teith hope for positive progress in our socieffter
provide feedback on technologies and their applicationspllecting the input data and analyzing them, we can pro
which can help developers improve their products. References
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Abstract: Supply networks are a major component of contemporary industrial systems. In its most basic form, supply
chain management involves controlling the movement of materials and products from producers to consumers via an
appropriate transportation network. The primary function of supply chain management is thought to be profitability. It
aims to optimize the difference between what consumers pay and the cost of producing and delivering the product.
Another goal is to strike the best possible balance between quality and manufacturing costs. From the source of raw
materials to the final product reaching the client without delays, price increases, or subpar customer service, an efficient
system is created through supply chain integration. This study aims to review the supply chain management of the dairy
industry on a national and international scale by gathering fundamental data from credible publications worldwide. Time,
cost, distance, and demand are the main key importance factors that are taken into consideration in this work for the dairy
supply chain system.

1 Introduction 2016, milk production has grown by 53% worldwide over
Managing the flow of milk from dairy farms, the pastthree decades (FAO, 2021). Since milk production

processing it when needed, and delivering it to findnakes up the majority of agricultural activity in India, the
consumers is known as dairy supply chain managementdairy industry is a significant economic sector. The
dairyman, dairymaid, dairy cattle, or dairy goat aréhdustry employs milions of people and makes a
examples of the animals and workers that support tRgbstantial economic contribution to the nation.
manufacture of milk-based products, derivatives, and India’s dairy market is expected to reach INR 30,840
processes. A dairy factory transforms the milk from a daifjillion by 2027, from its 2018 valuation of INR 13,174
farm into a variety of dairy products. We are committed tBillion (Khanna et al., 2022). By 2023, 266.5 million metric
working with farmers and suppliers to address the twi@ns of milk would be produced in India, according to the

primary challenges in dairy supply chains: greenhouse gdational Dairy Development Board (NDDB). _
(GHG) emissions and animal welfare. The states with the highest milk production are

The globe is impacted by the trash produced edicted to be Andhra Pradesh, Gujarat, Madhya Pradesh,
industrial processes and the excessive use of nat jasthan, and Uttar Pradesh. A number of National Dalry

resources. The dairy business plays a significant role in tReojects have also been put in place by the Indian
food and agriculture sectors and contributes significant§overnment to meet the growing demands of Indian
to the global economy. The industry produces, process€ystomers while increasing milk production, animal
and distributes a variety of dairy products, including milkproductivity, and ultimately farmer lives. Many factors,
cheese, butter, and yogurt. India, the United States, ChigtiCh as the use of non-scientific methods, poor cattle
Brazil, and Russia are the world's leading producers bfeeding, a disregard for quality standards, a lack of
dairy products (FAO, 2018). transparency, and—above all—a lack of adequate
India is the world's largest producer of buffalo milktechnological support, have contributed to the Indian dairy
whereas the United States is the world's largest produceiff@fiustry's slower-than-expected growth. These factors
cow milk. With about 30% of global dairy exports, Newultimately cause information asymmetry in the multilayer
Zealand is a significant player in the dairy export markegupply chain, endangering sustainability.
From 522 million tons in 1986 to 798 million tonnes in
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To achieve better social, economic, and environmentgafom warehouse the raw materials were taken to various
performance, sustainability-oriented food supply chainmarket collection point with the help of pick up van.
combine forward (buying, producing, and distributing=inally, the product was sold to consumer at right time in
materials) and reverse (collecting and returning useijht place. Hence in this work the following main
products) operations (Paul et al., 2020). In addition, themportant factors taken into considerations such as time,
emphasize the importance of using green energy insteactost, distance and demand for the commodities. attempt has
conventional energy for production and delivery. been to solve mathematical model for dairy supply chain

"Green supply chain management" (GSCM) is thaetwork using linear programming model.
process of integrating environmentally friendly practices
into all stages of the supply chain, from consumer produgt Literature review

design to disposal at the end of its useful life. Supply Chain pohammad Shamsuddoha et al. [2023The dairy
Management's goal is to minimize the supply chainidustry makes a substantial contribution to the global food
impact on the environment while maintaining or improvinghain by providing essential nutrients for human
its financial performance. It addresses sustainabi&nsumption and creating jobs in rural areas. A family in
sourcing, energy-efficient transportation, product desiggangladesh can maintain their way of life with just a tiny
waste reduction, and environmental performancgairy. Nonetheless, it is also connected to other
monitoring. GSCM strategies can assist companies yironmental and social impacts, which makes it crucial
reducing costs, enhancing brand awareness, and complyigg achieving sustainability. Simulation modeling and the
with legal requirements. It can also help firms stayystem dynamics technique were used to build dairy supply
competitive by meeting the increasing demand fafhain networks and evaluate the data to find the best way
sustainable products and services. Sustainable supply chailyse the dairy waste produced on the farm. Therefore, the
practices are actions and activities that address the socigulation model incorporates viewpoints on waste
economic, and environmental aspects of manufacturif§anagement and value addition to discover improved
organizations (Kumar et al., 2022). Organizationglesource utilization and achieve sustainable results. In
performance has increased thanks to sustainable sup@ider to obtain further economic, social, and environmental

chain and logistics strategies (Sinha, 2022). benefits for the enterprise and the community, this study
The dairy supply chain network framework model thagnds with a review of the simulation results and possible
has been proposed: extensions [1].

R.R. Pant et al. [2015]n order to manage dairy supply
chain networks, this article offers a framework for
information flow, transparency, and traceability. Three

different kinds of dairy supply chains that are typical in
‘ India are the subject of this case study-style research.

Customers want assurances for food qualities and are
growing more conscious of safety issues, new risks, and
difficulties in the context of food products as a result of the
increased emphasis on the food processing industries and
the fact that processed food is now required rather than
optional [2].

Farnaz Zarei-Kordshouli et al. [2023] In today's
cutthroat marketplace, resilience tactics and sustainable
growth are unquestionably important, particularly in light
of the coronavirus outbreak. Therefore, this study creates a
multi-phase framework for decision-making in order to
examine the supply chain network design challenge while
taking resilience and sustainability into account. Therefore,
the potential suppliers' scores based on the sustainability
and resilience components were calculated using the

Figure 1 Model suggestion for the dairy supply chainnetwork  MADM technique. The proposed mathematical model's
) ) _ second step then used these scores as inputs to determine

The Figure 1 describes the model framework of diaryhich provider should be selected [3].
supply chain operation which was shown in the graphical Rajeev Kumar [2014] This study investigates the
illustration. _ o relationship between dairy supply chain management
from milk cooler or chiller plant from there it is taken tomany DSCM practices that are investigated through a

delivery truck with insulation. with the help of thecomprehensive literature review in order to ascertain their
insulation truck the raw materials is stored in warehousggiationship to operational performance include
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information and communication technology practicedacilities, transferring items from facilities to cold storage,
supplier relationship practices, supply chain manufacturirand transferring milk products from cold storage to
practices, warehousing management systemgtailers. The four core and crucial components of supply
transportation management systems, and custon@rain management are retailer zones (RZs), distribution
relationship management. Two illustrations Using multipleenters (DCs), milk processing facilities, and milk
regression analysis, the relationship between dependsnppliers (farmers). Operational management is necessary
and independent variables was investigated, and the t-tist the acquisition of raw materials, their processing and
was used to compare the degree of agreement awhversion into finished products, and the ultimate
acceptance of various DSCM techniques. The differendelivery of milk products to merchants [7].
between agreement level and adoption level was less Rahul S Mor [2018] Particularly in terms of women's
pronounced for information and communicatiorempowerment, the dairy industry significantly improves
technology practices, transportation management systeni® socioeconomic status of rural India. Most of the time,
and customer relationship management practices, butthe literature talks about the dairy supply chain's structure
was significantly greater for supplier relationship practicesy its subcomponents, but it doesn't explain why, what, or
supply chain manufacturing practices, and warehousifgw. The number of systematic literature reviews (SLRs)
management systems [4]. on dairy supply chain management (DSCM) practices is
Kartik Mahajan et al. [2024] Through an analysis of few. This paper offers a thorough analysis of the literature
several DSCM practices, such as supplier relationshim publications pertaining to DSCM methods.
management, supply chain manufacturing, warehousifgirthermore, the paper assesses the extent to which the
management systems, transportation management systegis} technique may be applied to DSCM in order to create
customer relationship management, and information amacconsistent knowledge pool by creating a context-sensitive
communication technology practices, the research papesearch. They highlight the primary points brought up in
aims to ascertain whether there is a correlation betwethe articles under examination. The authors selected papers
different DSCM practices and operational performancéiom peer-reviewed journals and categorized them into
Examining supply chain management challenges atigcree groups: decision-making methods (DMS), risk
issues in the Indian dairy industry is the main objective afianagement (RM), and distribution management (DM).
the study. Based on the findings, the ultimate goal is Tthe research was conducted within the last eleven years
make recommendations to companies who are just start{igj.
to implement dairy supply chain management in order to ZiaUllah Muhammad et al. [2014] The particular
strengthen their ties with suppliers and consumers [5]. aims of this article are to illustrate the importance of dairy
Gyanesh Kumar Sinha et al. [2023]The dairy supply chain management and offer instances of current
industry in India, one of the fastest-growing industriesxdustry practices in Pakistan. specifically utilizing
globally and a contributor to over 5% of the country's GDRpformation from the FAO and the Pakistan Economic
directly employs millions of farmers. ImplementingSurvey to provide light on the production and consumption
sustainable supply chain practices is becoming more aménds in emerging nations. There were 730 million tonnes
more important as the industry expands in order fwf milk produced worldwide in 2011, and this number is
maintain viability and lessen negative impacts on thexpected to increase. Notably, 98% of Pakistan's milk
environment and society. The current study's objective ssipply chain is controlled by informal dealers, who
to look into the supply chain management plans of the twoanage 80% of milk consumption in developing countries.
leading dairy firms, Amul and Danone. This studySupply chain disruption has become a major issue due to
primarily uses reports, trustworthy websites, and peenformal channel bargaining leverage and knowledge
reviewed papers as secondary sources. A case stldyriers. Currently, Pakistan, India, and China are the top
approach has been used primarily to compare two leadifayir milk-producing nations in the world. However, both
dairy companies in terms of supply chain sustainabilitynilk farmers and consumers have been suffering from the
Comparatively, significant elements such as the scale foiancial, social, and health effects of the unauthorized
dairy production, pricing, technology utilization, dairy supply chain actof8)].
traditional supply chain management, artificial intelligence Byomkesh Talukder et al. [2021] Convergent
in sustainable supply chains, and logistics managementitimovation (Cl), which creates a thorough integrated
a few dairy enterprises have all been carefully studied [6ftamework of indicators currently utilized in lean, agile,
Yash P Sale et al. [2021$upply chain management issustainable, and resilient supply chain paradigms, is used
used to plan and regulate the movement of informatido consider the management of a dairy company's supply
between customers, warehouses, suppliers, and facilitiebain, including the procurement, processing, and
The main objective of supply chain management is tustomer distribution of its products. Cl is a meta-
expand the clientele while making an effort to maintaiframework that focuses business and actor decisions across
expenses as low as possible. Supply chain managemsatiety on the convergence of economic, social, and
includes obtaining materials from suppliers, transportingnvironmental outcomes to create supply and demand for
materials from suppliers to facilities, manufacturing aprofitable outcomes, thereby opening up new opportunities
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for supply chains, market systems, and commercial Janvi Mungekar et al. [2023]This study investigates
innovation [10]. how block chain technology can revolutionize the dairy
Teja Naganboyina et al. [2022]JAmong the most supply chain, with a focus on increasing transparency and
successful in the Indian market, the dairy sector has beeaceability. We carefully investigate the smooth
the world leader in milk production since 1997. About 48%ntegration of block chain across various supply chain
of India's milk production is believed to be consumed bgtages using a thorough case study methodology. The
the producers themselves, with the remaining 52% beingsults highlight the effectiveness of smart contract
marketed in cities. Of this, the organized sector (privatautomation, the strength of real-time data sharing, and the
dairies and dairy cooperatives) handles just 40%, while thaderlying characteristics of block chain that strengthen
unorganized dairy sector handles the remaining 60%. Trust. By addressing issues such as early setup expenses,
boost the percentage of organized flow in the dainye offer workable solutions [14].
business, the government has launched a number of Albert Tan et al. [2020] Dairy product end-to-end
initiatives. The size and expansion of the dairy market fiood traceability systems have been overlooked, despite
India during the past ten years, together with its statistidtie fact that they are essential for everyone because of their
were reviewed in this paper. | conducted in-persoextensive global consumption. Viethamese consumers who
interviews with several dairy chain participants in order tpurchase local dairy products have limited access to
develop the process flow chart that depicts the procuremeeliable traceability solutions that allow them to
and delivery of milk to the end user in both the organizeddependently confirm their purchases. "How can
and unorganized sectors. | pay special attention to the ctétthnology such as Block chain help address the food
chain [11]. safety issues in the Viethamese domestic dairy sector?" is
Devi Prasad Kotni et al. [2022]india has become the the question that motivates the writers to seek answers.
largest producer and consumer of dairy products in thegth the intention of both furthering uncharted research and
world since 1998 due to a steady increase in the supplyaffering practical applications [15].
milk and milk derivatives. Dairy farming is a major source Yingrong Zheng et al. [2022] Developing
of revenue and employment in rural India. Milk collectiorecommendations to improve the efficiency of dairy supply
in the Prakasam District began in 1975 with the opening ohain management in large cities was the goal of this
the Ongole Milk Chilling Center. The majority of the milkresearch. The study's goal was achieved through a complex
producers in the district are members of marginal, smatiulti-stage research effort that involved online interviews
farmer, and landless agricultural labor groups who are aleith three key categories of dairy supply chain
socially and economically disadvantaged. In addition tparticipants: farmers, intermediaries, and end consumers.
examining Prakasam Milk Producer Company Limited's1 order to collect objective data from the producer to the
supply chain from farmers to consumers, the study aimsead user, the three main groups were each questioned at the
identify various milk supply chain operations at eacBame time. Kazakhstan's Almaty and the Russian
supply chain member, including farmers, milk collectindg-ederation's Yekaterinburg assessed the proposed
agents, the company, distributors, agents, retailers, ampproaches for their supply chains for dairy products [16].
customers [12]. Romana Heinzova et al. [2022Food production is
Ritul Tripathi et al. [2021] Supply chain management one of the most significant sectors of the food industry in
seeks to minimize expenses for the business whilee Czech Republic and the EU. Its close ties to the main
facilitating the effective movement of appropriate productagricultural sector, from which it purchases supplies to
to the appropriate locations at the appropriate timesfocess and market, are another significant influemte.
creating value for the consumers. Dairy products meamoduct's safety and quality are essential requirements for
shorter turnaround times between manufacture athis process. Companies must use an efficient traceability
delivery. Products leave the producer's table and arrivesgfstem and traceability of these criteria to demonstrate the
retailers more quickly. However, quick product life cyclessafety and quality of their food. Production and logistical
shorter lead times for retail inventories, and quick produelements are greatly impacted by these circumstances. The
distribution are some of the issues that dairy product retdiiry sector is the main topic of this study. The entire agri-
network companies like Amul Dairy, Parag Diary, andood cycle depends on this industry. Operations in these
others frequently confront. The main topic of this researdtinds of businesses are governed by a number of
paper is how supply chain management has helped twagulations that impact logistics and production. Both
well-known dairy product brands—Amul Dairy and Paragroducts and raw materials are perishable. Conversely, the
Dairy in particular—overcome significant obstacles. Amutonsumer anticipates a high-quality, secure product at the
Dairy and Parag Diary's supply chain management @&ppropriate moment. The primary goal of the article was to
evidence of their status as a significant and prosperodentify the risks associated with each stage of the
retail behemoth on a worldwide scale. According tdéogistical procedures used by the dairy industry. Special
Gartner, Parag Diary is ranked third in the supply chain. &tention was paid to the areas of production, purchasing,

comparative study of their inventory managemerand transportation. Increasing the theoretical
strategies is also included [13]. understanding of dairy management was the secondary
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goal. There is a lack of scientific literature and experhdustry is gaining prominence. With 127.8 thousand
studies in this field [17]. tonnes of milk produced annually, Gujarat ranks fourth
Abhirup Khanna et al. [2022] Traditional food supply among Indian states. This study looks into how supply
chains have problems with data loss, product anomaliefiain management works in the dairy industry. The
quality compromises, and a single point of failure. Alsgplanning and management of the flow of goods and
they are centralized. An enhanced decentralized supphformation between farmers, cooperative societies, dairy
chain paradigm is desperately needed, as seen by the dedgperatives, distributors, retailers, and, finally, final
influx of reports of food fraud, contamination, andconsumers is known as supply chain management, or
adulteration from all throughout India. A country likeSCM. The foundation for Gujarat's dairy supply chain is
India, which gains a lot from its demographic dividendpresented in this article, with particular attention to the
cannot afford to let a large portion of its youngsters ginctions of the many players involved. The secondary
hungry by eating contaminated and adulterated dailiyerature on supply chain management for dairy products
products. Given the severity of the situation, we proposepeovided the information [22].
supply chain platform for the dairy industry that is enabled Azarruddin Shamshuddin Mulani et al. [2021]
by block chain technology [18]. Similar to many other agribusinesses, the supply chain for
Ish Kumar et al. [2024] The research aims to boostthe diary is intricate. From a technical standpoint, the diary
productivity and reduce expenses in the dairy business bhain starts with the manufacturing of raw milk and ends
improving urban distribution, particularly at Bhopal Sanchivhen different businesses, organizations, and consumers
dairy. In addition to identifying inefficiencies, it assessease the goods created along the value chain. The supply
current routes and suggests novel distribution tactioshain must immediately adapt to satisfy the ever-evolving
These adjustments result in notable enhancemendgmands of consumers since their choices and behaviors
lowering dead kilometers and overall distribution costare not constant. A major source of revenue is thought to
while increasing vehicle capacity utilization. According tde dairy, although agricultural depends on the monsoon
the report, addressing urban distribution issues is crucialgeason. It is widely accepted that Indian dairy is a tool for
effectively meeting the growing demand for milk. Byboth social and economic advancement. Milk in the nation
maximizing profits and reducing losses, it helps create supplied by millions of small farmers dispersed
sustainable dairy distribution systems. To analyze fleet atfttoughout rural regions. Expanding milk production to
route optimization, ArcGIS software is used. In generagatisfy growing demand brought on by population
the study tackles the urgent requirement for effectivexpansion and income rises is a challenge for the dairy
urban dairy distribution, particularly in light of India'sindustry [23].
position as a major milk producer [19]. Rayka K. Vladova et al. [2023]Around the world,
Annie Rose Nirmala et al. [2022Fresh milk must be millions of people regularly eat milk and milk products. In
properly treated from milking to processing since it isrder to increase industrial competitiveness and efficiency,
perishable. If it is not, bacteria will infect it, reducing itsa sustainable supply chain management strategy that
quality and shelf life. Reduced farmer output upstream alsovers every process from raw materials to end users is
results in less product availability downstream from assential. Supply chain sustainability is impacted by
quantity perspective. The supply chain may be somewtld@ianges in the market. In this paper, a fresh case study from
at danger due to this circumstance. Tirunelveli AaviBulgaria is used to build a sustainable dairy supply chain
Nellai Milk Plant samples must be used to map the risknder ambiguous product needs using a robust
along the supply chain. In addition to examining the supplyptimization approach. Three milk suppliers, two dairies,
chain pattern and its risk, this study aimed to providend three markets are all included in the study. The supply
techniques for risk treatment and mitigation [20]. chain entails manufacturing dairy products in accordance
Asma Ben Mahmoud et al. [2008]As companies with different recipes while adhering to economic and
realize the importance of building integrated relationshipscological requirements [24].
with their suppliers and consumers, supply chain Joseph Kasten et al. [2019Food safety and quality
management, or SCM, is a significant issue in margre highly valued by producers, processors, regulators, and
industries. By providing the correct product at the prope&onsumers across the supply chain. Since the testing labs
time, location, and cost, supply chain management (SCH) the US dairy supply chain are often owned by or
aims to meet the needs of the final customer. Interestdonnected to the growers and processors, there may be a
SCM in agribusiness grew in the 1990s in both the USeéonflict of interest. Several foods are tested at the time of
and Europe. The idea and its implementation have beehavest and at various intermediate stages of processing.
primary area of research and development in agriculture fohe study's suggested approach uses blockchain
the last ten years. The potential and implications of suppigchnology to make sure that test results from milk analysis
chain management (SCM) in developing nations hawmannot be altered or manipulated without the other parties'
garnered more attention in recent years [21]. knowledge, especially the regulatory body [25].
Vandana & Kunal Sinha et al. [2019]Being the N. K. Kale et al. [2017]The Patna Dairy project's raw
largest producer and user of milk in the world, India's daimpilk purchase from rural areas throughout five districts in
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Bihar through a single channel was examined in this studyata and provides dairy traceability services to customers,

In Bihar's five districts, liquid milk is sold through two enterprises, and the government [30].

channels in the town areas. Every farmer owns his own From the above survey analysis on dairy supply chain

buffalo and livestock. In the race for buffaloes, nativeperations it is observed that many several researchers

breeds prevail 72% of the time, but the Jersey breed hastia@e shared their opinion or Interests in improving the

most cows (52%) [26]. efficiency of DSCM Practices by considering the following
Shinde V. H. et al. [2019]An important participant in parameters from the literature say time, cost, distance and

the dairy industry is India. Both the livestock populatiomlemand of items. In the literature researchers approached

and milk output in the nation are the greatest in the globearious methods like doing survey type, Quantitative

India's dairy sector is growing rapidly because it ianalysis like mathematical model.

nutrient-dense. A common beverage in most households is

milk and milk products. The number of cities and sem@  Methodology

urban areas in India has increased significantly. Therefore, aon effort has been made in this section to conduct

most city people are eager to buy premium milk and milkyrvey using Google forms on Dairy supply chain
products. In today's competitive market, supply chai@perations from various professionals like Faculties,
management makes it possible to deliver the right items gitjustry experts etc. The Target responses were focused
time. Cutting expenses and improving customep be 25 responses only.
satisfaction can be achieved using the newest technology, The survey form contains 6 questions as listed below:
supply chain management. Quality milk and milk product®1. Which of the following requires significant attention
are critical to the dairy industry's survival [27]. and advancement to increase productivity, based on
Bllge Bllgen et al. [2015]Because of its structural the Organization's existing grovvth process?
features—such as lengthy sequence-dependent se(tg@_ Do you know which supply chain department is having
times, high changeover costs, a wide variety of flavore trouble managing the raw materials?

and colored product types with intricate changeovens: How would you rank the dairy industry's supply chain
regulations, and a limited shelf life that restricts storage  operations' performance?

duration and delivery conditions for each perishable rag4: What is the most important aspect of supply chain
material, intermediate, and final product—the dairy  management in the dairy sector?

industry's supply chain management has drawn a lot @5, Do you believe technology is essential to the
attention recently. This study aims to provide a critical  management of the dairy supply chain?

evaluation of quantitative supply chain models used in thg6: In your opinion, what are the essential elements of a
dairy sector. Many problem variations are examined in  successful supply chain?
terms of: 2) problem and model attributes; 3) decision

levels; and 4) solution techniqugs]. Nearly 11 replies were received from individuals
Yigit Kazancoglu et al. [2022] The frequency of working in technical institutions/industries, etc. Individual

supply chain issues is decreased by Intemet of Thinggspondents' perceptions on the desired aspects of dairy

enabled teChnOlOgieS that facilitate data gathering a@qpp|y chain management practices were collected.

analysis, especially in supply chain operations.

Technology offered by the Internet of Things is essential @  Discussions

support this process, especially in supply networks that are

vulnerable to disruptions, like the dairy supply chain,  tessionals were discussed in detailed manner as

Additionally, the most waste is produced by dairy supply,;.s:

chains; evaluating this waste is very beneficial to the When it comes to the organization's growth potential in

el o TinGe. fems. of suply chain operatons aimost 45.5% o

hains helo t gies ¢ | it 9 i I){ hppy respondents prioritized operational activities. The
chains nelp to minimiz€ 10sses, 1t 1S essential 10 NaVe oo iyeness of supply chain management was mostly
Internet of Things-enabled circular dairy supply networks determined by the operational features of distributors,
operating [29]. retailers, and, ultimately, customers.

Jiaying Zhang et al. [2022] Dairy products are L . . .
necessary foods for people to eat. Nonetheless, there areNeXt thing is handling of raw materials in Supply chain

regular reports regarding the safety and quality of dairy operations in those aspects nearly 36.4 %’ of the people
products. This study suggests a cooperative block chain- gaveh more preferences for material storage in
based system for monitoring the safety and quality of dair warenouse. o .
products. It establishes the traceability connection in the Regardmg_ the per_formance of the Dairy industry 'Q
dairy supply chain and builds the barcode and basic Supply chin operations itis obsgryed that nequy 72.2%
foundation of the system. At the technology level, the ©f the people gave high priority by stating that
system guarantees the accuracy and safety of traceabilityperformance was good.

In this section the various responses given by the
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» Nearly 54.5% of the people gave importance to timelywork. Next | thank the Faculty members of my own
delivery of goods in Supply chain operations that is origstitutions for supporting the work. At last | thank my
of the main primary key components. Cloud computingeloved teachers and well-wishers for their blessings.
and the Internet of Things (IoT) together provide the
capacity to track important dairy product parameteiReferences
across the supply chain. Distributed ledger technologjs] SHAMSUDDOHA, M., NASIR, T., HOSSAIN,
like blockchain, can be utilized to effectively share and N.U.I.: A Sustainable Supply Chain Framework for
monitor quality standards for dairy products. Dairy Farming Operations: A System Dynamics

* Nearly 63.6% of the people gave importance to modern Approach Sustainability, Vol. 15, No. 10, 8417, pp. 1-
technology: the integration of Block chain, 10T and 14, 2023.
cyber security. Block chain technology, nearly 54.5% https://doi.org/10.3390/su15108417
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Abstract: Collagen, the primary structural protein in the extracellular matrix, has gained significant attention as a surface
modification agent for biomaterials due to its exceptional biocompatibility, bioactivity, and ability to promote cellular
adhesion and proliferation. Collagen coatings enhance the integration of synthetic and natural biomaterials with biological
tissues, making them highly relevant in biomedical engineering, regenerative medicine, and implantable medical devices.
This review explores the mechanisms by which collagen coatings improve biomaterial properties, including their role in
modulating surface chemistry, hydrophilicity, and cellular interactions. Furthermore, we discuss various coating
techniques, such as adsorption, covalent binding, and electrospinning, and their implications for optimizing material
performance in biomedical applications. The advantages of collagen coatings in orthopedic, dental, and cardiovascular
implants, as well as wound healing and drug delivery systems, are also examined. By highlighting the potential of
collagen-functionalized surfaces, this article provides insight into the future directions of biomaterial innovation aimed at
improving patient outcomes and medical device efficacy.

1 Introduction implantology, cardiovascular stents, wound healing, and

Biomaterials play a fundamental role in moder¢ontrolled drug delivery (Table 1). Despite its numerous
medicine, particularly in applications such as prosthetic3dvantages, several challenges remain in terms of long-
implants, and tissue engineering scaffolds [1,2]. Howevdfrm stability, degradation kinetics, and large-scale
many biomaterials, including metals (e.g., titanium anftanufacturing. This review provides a comprehensive
stainless steel), ceramics (e.g., hydroxyapatite), afdalysis of collagen coating methodologies, their impact
polymers (e.g., polylactic acid and polyethylene glycolPn biomaterial ~properties, and their biomedical
lack the inherent bioactivity necessary for optimaRpplications [8]. Harnett etal. calculated the surface energy
integration with biological tissues [3]. A major challengedf various tissue culture substrates (polystyrene, silicon,
in biomaterial science is developing surfaces that supp8ficon dioxide, and indium tin oxide) before and after
cell adhesion, proliferation, and tissue regeneration whif@ating with adhesion molecules (collagen, fibronectin,
preventing immune rejection or fibrotic encapsulatioffoly-l-ornithine, and poly-d-lysine) to assess their
[4,5]. hydrophobicity. Wetting experiments with culture media

Collagen, as the most abundant structural protein in tA&d saline revealed that fibronectin consistently created the
ECM, provides a bioactive and biocompatible surfac@ost hydrophobic surface, while the hydrophilicity of
modification strategy that enhances cell-materi@ther coatings depended on the underlying substrate,
interactions (Figure 1). The presence of integrin-bindingroviding insights relevant to cell manipulation and
sites (e.g., RGD sequences) within collagen allows fé&fomedical research [9].
direct interaction with cell surface receptors, promoting Nagai et al. in their study examined the effect of
cytoskeletal  organization, cell migration, andcollagen coating on titanium implants by evaluating the
differentiation. Furthermore, collagen coatings influenc#itial attachment of human gingival fibroblasts and their
hydrophilicity, charge distribution, and protein adsorptionfnorphological changes using SEM. Results showed that
factors that collectively impact material performance igollagen coating enhanced cell attachment and promoted
vivo [6,7]. the formation of lamellipodia and filopodia, suggesting its

The use of collagen coatings has been explored acr@$ential to improve peri-implant soft tissue integration
multiple disciplines, including orthopedic and dental4l-
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Collagen (monomer)

Collagen (triple helix, type 1, straight)

T T T T

Collagen (triple helix, type 1, disrupted)

A AN AN
Type IV collagen (monomer)

“® Collagen fiber ColQ
Collagen IV (trimer)

Figure 1 Different collagen structures, including monomers, triple helices, collagen IV trimers, and collagen fibers, highlighting
their organization and role in the extracellular matrix (created with Biorender.com)

Table 1 Uses of collagen coating [5,10,11,12] Table 2 Methods of collagen coating [15-17]
Application Coated material Function Coating Metho Advantage Limitations
Area . Simple, cost-effective, Weak adhesion
Orthopedic Titanium Improves Adsorption preserves collagen prone to desorpti(’)n
Implants osseointegratic structur

May alter collagen

. . Enhances bone i -
Dental Materials ~ Hydroxyapatite bondi Covalent  Strong adhesion, long bioactivity, requires
onding S term stability, bioactivi .
] Binding . in functional chemical
Cardiovascular Reduces sites remain functiona modification:
Metal stents . :
Stent: thrombogenicit Complex
Wound Hvdrogel dressings ACcelerates tissue o Mimics ECM, high fabrication, requires
Dressing ydrog 9 regeneratio Electrospinning porosity, supports cell specialized
growth ;
equipmer

2 Methods of Collagen coating Layer-bylayer 1unable thickness, - Time-consuming,

The effectiveness of collagen coatings in biomedical ~ (1) controlled release  requires multiple
applications depends significantly on the method used far properties processing steps
their deposition onto biomaterial surfaces (Table 2).
Various techniques have been developed to improve tBel ~ Adsorption method
adhesion, stability, and bioactivity of collagen layers, each The adsorption method is based on the spontaneous
tailored to specific applications. The selection of a coatirgdhesion of collagen molecules onto the surface of
method influences the long-term performance of theiomaterials through non-covalent interactions, including:
biomaterial, as it determines not only the mechanical and ¢ Electrostatic forces — Arise due to charge

chemical stability of the collagen layer but also its ability differences between collagen and the substrate
to support cellular interactions [13,14]. surface.
* Hydrophobic interactions -  Collagen

adsorption is often influenced by the
hydrophobicity of the biomaterial.
* Hydrogen bonding — Occurs between functional
groups on the biomaterial and collagen molecules.
* Van der Waals forces— Weak interactions that
contribute to molecular adhesion.

~ 26 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 11 2025 Issue: 1 Pages: 25-30 ISSN 2453-675X

Enhancing biomaterial performance: the advantages and applications of Collagen coating
Darina Bacenkova, Marianna Trebunova, Jana Cajkova

This method is widely used due to its simplicity, cost2.2.1  Crosslinking strategies for Covalent binding
effectiveness, and ability to preserve collagen's native Several chemical crosslinking strategies have been
structure. It is particularly effective for polymers anddeveloped to achieve covalent binding of collagen to
metallic biomaterials, where collagen can adhere passivédipmaterials:

without requiring chemical modification [17,18]. e Glutaraldehyde Crosslinking: This approach
The primary advantage of adsorption is d@se of involves the reaction between aldehyde groups
application and preservation of collagen’s native and primary amines on collagen and biomaterial
structure, as the process does not involve harsh chemical surfaces, forming Schiff base linkages. While
modifications that could alter its bioactivity. This method highly effective, residual glutaraldehyde can be
is highly suitable fometallic, polymeric, and ceramic cytotoxic, necessitating additional washing or
biomaterials used in orthopedic and dental implants. neutralization steps.
Additionally, it allows forrapid processing and cost- « Carbodiimide Chemistry (EDC/NHS): This
effective production, making it an attractive option for method activates carboxyl groups on collagen,
large-scale applications. Jacquermat et al. study allowing their reaction with amine-containing
investigated the supramolecular organization of collagen biomaterials to form stable amide bonds. This
adsorbed on polystyrene under varying adsorption technique is more biocompatible than
durations and drying conditions using AFM, XPS, glutaraldehyde  crosslinking and  retains

radioassays, and wetting measurements. Results showed collagen’s bioactivity.
that collagen adsorption plateaued after 5 hours, forminga «  Diisocyanate Crosslinking: This strategy forms

dense felt-like layer, with slow drying causing urethane linkages between hydroxyl or amine
reorganization due to dewetting, while fast drying led to a groups of collagen and biomaterials, commonly
more stable structure [14]. used for polymeric scaffolds [23].

Despite its simplicity, adsorption suffers fropoor

long-term stability, as collagen layers are prone to Covalent immobilization significantly improves
desorption when exposed to bodily fluids and competitivgoating stability, durability, and mechanical resilience,
protein interactions. This instability is particularlymaking it ideal for implants and scaffolds that must
problematic in dynamic environments, suchvascular maintain bioactivity over long periods. However,
implants, where fluid shear forces can rapidly remove thgxcessive crosslinking can reduce the natural flexibility
adsorbed collagen layer. To improve adhesion, surface pgerd bioactivity of collagen, potentially altering its ability
treatment methods such plissma treatment, oxidation, to interact with cells. To mitigate this, dual crosslinking
or polyelectrolyte layeringare often employed to increasestrategies that combine synthetic and enzymatic

the affinity of collagen for the biomaterial [19]. crosslinkers (e.g., genipin) are being explored [24].
o Myles et al. study developed a method to covalently
2.2 Covalent binding couple adhesion peptides containing the arginine-glycine-

Covalent binding methods offer a more stablaspartic acid (RGD) sequence to type | collagen monomers
alternative to adsorption by chemically attaching collagemefore fibrillogenesis, using a heterobifunctional coupling
molecules to the biomaterial surface. This process involvagent to form stable bonds. The modified collagen retained
the formation of permanent chemical bonds betweesimilar microstructure and gelation properties as
collagen’s functional groups (such as amine or carboxyhmodified collagen, while enhancing cell adhesion in a
groups) and reactive sites on the biomaterial. Covaletibse-dependent manner, demonstrating its potential for
immobilization is widely employed in applicationscontrolled cell localization in tissue engineering
requiring long-term bioactivity and resistance to enzymatipplications [16].
degradation, such as load-bearing implants and
cardiovascular grafts [20,21]. 2.3 Electrospinning

Yang et al. modified poly(L-lactic acid) (PLLA) by  Electrospinning is a versatile technique that allows for
covalently grafting collagen via gamma irradiation withthe deposition of collagen nanofibers onto biomaterial
poly(acrylic acid) as a coupling agent, achieving a dossurfaces, creating a highly structured, biomimetic coating
dependent grafting yield exceeding 7% at 21 kGyhat closely resembles the extracellular matrix (ECM). This
Characterization by XPS, swelling experiments, angrocess involves applying a high-voltage electric field to a
immunostaining  confirmed  successful  collagemollagen solution, which causes the formation of ultrafine
attachment, crosslinking, and retention of biologicallfibers that are collected onto a substrate. The resulting
active binding sites, demonstrating the potential of thisoatings exhibit high porosity, controlled fiber orientation,
method for enhancing scaffold biocompatibility in tissu@nd tunable mechanical properties, making electrospinning
engineering [22]. particularly useful for tissue engineering, wound healing,

and scaffold fabrication [25].
Dupont-Gillian's study developed a strategy to create
nanoscale polymer surface architectures by adsorbing
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collagen onto PMMA, drying it at different rates, and thed  Conclusion

spin-coating PMMA solutions over it. The resulting Collagen coatings have emerged as a powerful strategy
surfaces, analyzed by AFM and XPS, showed that collagfit enhancing the bioactivity and biocompatibility of
layers influenced PMMA dissolution and redepositiongjomaterials across various biomedical applications. By
enabling the formation of controlled surface topographigsromoting cell adhesion, proliferation, and integration with
with pits or cavities depending on drying conditions anfiological tissues, collagen-functionalized surfaces play a

PMMA concentration [15]. critical role in improving the performance of orthopedic
) _ implants, dental materials, cardiovascular devices, wound
3 Discussion dressings, and drug delivery systems. The selection of an

The findings presented in this review highlight theappropriate coating technigue—whether adsorption,
critical role of collagen coatings in enhancing biomaterialovalent binding, or electrospinning—significantly
performance across various biomedical applications. Byfluences the stability, functionality, and long-term
modifying surface chemistry, hydrophilicity, andefficacy of collagen coatings [5].
bioactivity, collagen coatings improve cellular Despite their numerous advantages, challenges such as
interactions, thereby promoting adhesion, proliferatiorgoating degradation, variability in collagen sources, and
and integration with biological tissues. These effects atarge-scale manufacturing constraints must be addressed to
particularly beneficial in implantology, tissue engineeringpptimize clinical translation. Future research should focus
and regenerative medicine, where successful biomatertad refining coating methodologies, developing
integration is paramount [26,27]. crosslinking strategies that balance stability with

One of the most significant advantages of collageioactivity, and exploring novel biomaterial-collagen
coatings is their ability to enhance cell adhesion througtomposites for advanced regenerative medicine
integrin-mediated interactions. Studies demonstrate thepplications. By continuing to innovate in this field,
the presence of collagen coatings on metallic armbllagen coatings hold immense potential to improve
polymeric substrates leads to increased cellular attachmeatient outcomes, enhance medical device performance,
and spreading, as observed in titanium implants for dentatd contribute to the next generation of biomaterial
and orthopedic applications. The formation of lamellipodidevelopment [7,17].
and filopodia on collagen-coated surfaces further indicates While collagen is a widely used biopolymer for surface
improved cytoskeletal organization and migrationomodification, other polymers such as chitosan, alginate,
potential, factors that are crucial for tissue regeneratigrolyethylene glycol (PEG), and polylactic acid (PLA) have
[7,21]. also been explored for their bioactive properties. These

Additionally, collagen coatings influence biomaterialpolymers offer unique advantages, including antibacterial
hydrophilicity, which plays a vital role in protein effects, controlled degradation rates, and tunable
adsorption and cellular response. Hydrophilic surfaces armeechanical properties, making them suitable alternatives
generally more favorable for cell attachment, andr complementary materials to collagen in biomedical
collagen’s ability to modulate this property provides applications [31,32].
strategic advantage in designing biomaterials tailored for
specific applications. However, variations in collagen layekcknowledgement
stability across different coating techniques present The state grant agency supported this article with projects
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Abstract: All commodities and services moved by sea require at least two seaports; the importance of seaports to the
smooth operation of an economy cannot be overstated. Maritime transport is used for most of the domestic and
international trade (import/export). Due to a shortage of contemporary equipment and human resources throughout India,
the shipping industry is experiencing delays in the transportation process for both imports and exports. Further shipping
industry personalities are facing financial challenges related to the overseas transaction between two or more countries
due to the huge payment formalities in India. India’s shipping industry one of the backbones of Indian economy. In near
future, the ministry of commerce and industry must take considerable steps for improving the effective method of
payments as well as marine traders level satisfaction towards developing infrastructural facilities in dry port for utilize
the great opportunities of shipping industry earnings to strengthen the India’'s BOP position as well as economic position
and export-import volume in the world trade market.

1 Introduction However, in this process, dry ports contribute considerable

Seaports are essential for the waterborne transportatiéhe towards connecting the goods production place to port
of all goods and services, their significance for the efficie®f loading place as well as port of importing place to goods
functioning of an economy cannot be emphasized. Mo&@nsumption place in India. o
local and international trade, including import/export, India’s dry ports are accessed by road or rail, with
occurs via maritime transit. Despite this, there are stifinimal value-added operations taking place. The
several challenges facing the Indian shipping sector faovernment of India began building a satellite port in
relation to domestic marine transportation as well as impd#embay in 1987 after realizing the value of both dry and
and export. Seaborne trade is totally dependent on seap8igJitime ports. The port opened for business in 1988, later
for their operations, since they act as an interface condtfie particular seaport is called as NNP port. The first dry
between inland and maritime container depots (dry port)Port was subsequently built by CONCOR in Tughlakabad,

Therefore, in order to have a viable and effectivBlew Delhi. Various marine traders at dry ports require
maritime transport system, seaport productivity needs to géferent skills and experiences. In addition, the foreign
guaranteed. The present Study is focusing towar&@ders must fulfil the Iegal Obllgatlons and business
determine the level of satisfaction regarding the dry pori¥ocedures that must be adhered to scrupulously. An
infrastructures in the study location and to understand tB&porter might need, for instance, a capable freight broker

payment methods performed by the maritime traders. 0 bargain for the cheapest prices for a shipping voyage, a
highly trained professional is involving with handling the

2 Literature review appropriate stuffing process, another EXIM documentation

A seaport's primary function is to ensure that goods agaofessionals are following the foreign trade guidelines.
4

services are transported via its facilities quickly and safe
hence lowering average costs for shippers. "Seaports - . :
interfaces between several modes of transport, and t C'a“.StS can proylde bettervalu_e .fprmoney, the potential
they are centres for combined transport,” is how UNCTABofessional’s marine trade activities have led to the
defines the relevance of seaports. Moreover, these gigergence of experts in every f'e.ld.' As a r_esult, the dry
multipurpose marketplaces and industrial zones whePrt operator has to make it less difficult for its customers
products are not only transported but also processéa,rice've 'These experltsd_sgrv;cgi?frlt()m one IO.CatI'OS [1]187
produced, and delivered. Maritime ports are multifaceted. 5 P€' ast count, India's 7, m coast includes

systems that, in order to adequately perform their rol inor ports in addltl_on to the 13 lmaJor ports.
need to be integrated into logistical chains. Indian d pproximately seventy-flve_percent (_)flnd|astotal trade in
ports, or inland hubs for distribution and carg erms of value and 95% of its trade in volume are handled

consolidation, are anticipated to be essential in linking thY these ports. Major ports have been overloaded and

country's numerous seaports to the global markdiperating exceeding their intended capacity. Expansion in

worldwide production and trade are the primary drivers of

or dry port users, these facilities will be great to receive
services from a single organization. However, since
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maritime transport activities. Therefore, the quantity aharkets becoming stronger competitors in the international
seaborne cargo that ports handle is primarily influenced byarket for exports. If the administrator of dry port knows

the levels and fluctuations of both domestic and worldwidde actual requirements of dry port users, it will be useful
industry. From April to February of 2022-2023, theo develop the existing facilities of dry port. Therefore, this

volume of cargo handled at India's 12 major ports climbesiudy will investigate the level of satisfaction perceived by
by 9.4% to 711.55 million tonnes, up from 650.14 milliormarine traders and method of payment followed by them
tonnes in 2021-2022. All over India, the dry ports ari the study area [5].

acting as intermediary between the industries to seaports.

The flow of EXIM information between shipping3 Data and methodology

lines/carriers  and  shippers/consignees has been The researcher has applied the stratified random
considerably quicker through these dry ports. In this pap@ampling method for collecting the primary data and
the researcher provides a perspective on existing mar§&condary published data related to marine traders in
traders level of satisfaction towards sea and dry ports @glian perspectives. The researcher has selected the
well as their method of payments to observe the presef$imbatore as an area of the study for conducting this
position of marine trade [2]. present study. The sample for the study area was selected
In along with infrastructure, superstructure, angy the researcher employing a stratified random selection
equipment, a functioning seaport requires appropriate linigchnique. Only relevant details were included in this
to other forms of transportation, motivated managemerfdy, which assisted in properly achieve the objective of
and a workforce having the appropriate skills. The ninetie present study. The obtained data was not simply
percentage of Indians economy is based on the shippiggcepted; it additionally contained extraneous information
industry only, India has 1071 ships with 722 coastal aregfd excessively data are minimized.
with 349 overseas mother vessels. Naturally India’s The primary data collected by the researcher through
geographically located 7517 km coastline. 70 percentagggestionnaire method. The researcher has collected the
of India’s maritime transport are moving through sea routgestionnaire from marine traders that are exporter concern
Only. Therefore, GOl jOined with ministry of Commerceempioyee' importer concern empioyee, mediator’s
and shipping for improving the Indian foreign tradeyrganization employees in Coimbatore dry port. The
through offering various incentives schemes to marinqblished data has collected from journals, articles,
traders, enterprises, port operators, ship builders as wellgggazine, EXIM times, chamber of commerce
logistics players. For observe the operational efficiency @oimbatore, port of economics website, CONCOR website
Indian Mari time industry and its mediator’'s level Ofand ministry of commerce, ministry of Sh|pp|ng The

satisfaction and challenges faced by them are necessaryf@sent study period is carried out by the researcher during
obtain the real time data and study for improving the Indigfe period June 2024 to February 2025.

economy as well as BOP position. That is the reason why, Experts in field of marine trade are given the
this present study is attempted by the researcher fQliestionnaire to evaluate critically. Twenty respondents
observing actual situation and recommend to the maritifgsre given the questionnaire to complete in each of the
authorities and others involving with shipping industry tgour Tamilnadu locations in order to undertake pre-testing
rectify the challenges [3]. and pilot research. The purpose of the pretesting was to
Under the Companies Act, CONCOR was founded igonfirm the questionnaire’s validity and reliability. It was
1988 and started operating in 1989, using the seven ICEsne to ensure that the quality of questionnaire and its
that the Indian Railways currently had across the countifarity level. The questionnaire was modified as needed
The establishment of CONCOR was to provide multimodglith the help of pilot study, taking into account the
logistical assistance for India's domestic and internationgledback from the chosen sample of respondent’s opinion.
trade and freight. As per the GOI, Ministry of Shippingrhe respondents included in the pilot study are not
report stated at present 2020, there are 247 Dry Ports a@f¢luded in the final study (data analysis). Apart from the
CFS involving with shipping transportation in Indianpilot study 20 respondents, the researcher has collected 217
coastal area to other destination in 170 are function@spondents in the study area [5-8].
condition and rest l.-]n(.jer implementation conditions [1-4] The researcher has appiied Simpie percentage method
A quality logistics service depends on goodor find out the method of payments followed by marine
infrastructural facilities offered by sea and dry ports in anyaders and factors analysis for observe the level of
country. The transfer of commodities across internationgtisfaction of marine traders in the study area.
borders is greatly aided by logistics services; ineffective There are certain limitations in the study that the
logistics services hinder trade by adding to the cost of botisearcher has identified, as it was conducted using both
time and money. The need for effective logistics servicggimary and desk research data. The accuracy of the
is growing as industrialized countries move away frohformation provided by all respondents may not always be
traditional manufacturing and agriculture and towardgnown because some have a tendency to provide their own
international vertical specialization. By decreasing the cogkperience information. This present study is entitled as
of products transportation, excelle_nt Iogistics services hﬁ'ﬁethod of payment (Table 1) followed by marine traders
governments who suffer by being distant from majosnd level of satisfaction of infrastructural facilities in dry
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port in Indian perspectives, even after a caref@FS officials, seaport authorities, documentation
investigation is inseparable from the limitations. Thislevelopers, service providers, public in this study due to
study is not included the exporter, importer, ICD officialstime constraint [9-14].

Table 1 Method of payment followed by marine tradersin dry port in Coimbatore

Always | Frequentl |[Sometime| Rarely | Notatal
S. No|Purpose of payment Method Nol % T No | % TNol % Nol % INol %
DD 26| 12| 74 34.0 58 26.i 32| 14.5 27 12.
1 Receipt of Export payment by §Accoun | 16 7.4 28] 12.¢| 92| 42.4 48 22.1] 33 15.
‘ exporters NEFT - -| 58 26.i 85 39.7] 49 22.¢ 25 11.t
LC 13] 6.C0 12| 5.5 69 31.§ 97| 44.5 26 12
DD 26| 12 20, 9.7 84 38.i 57| 26.5 30 13.t
o) Import payment by the Importer Accoun | 30| 13.§ 67/ 30.¢ 55 25.7 41] 18.¢ 24| 11.]
NEFT 37| 17.1]  41] 18. 72| 33.Z] 42| 19.4 25 11t
LC 25| 11.f 55 25.7 80 36.¢ 41 18.c 16 7.4
Casl 23] 10.¢f 60 27.¢ 77| 35.5 44| 20.5 23 10.€
3 Warehouse  Cargo  Examinat|DD 19| 8.¢ 62| 28.¢ 69 31.§] 52| 24.(] 15 6.€
‘ Charges Accoun | 24| 11.3] 21 9.7 93| 42.¢ 52 24.( 27| 12.
NEFT 31 14.5 73] 33.¢ 40 18.4 33 15.z] 40 18.
Casl 41 18.¢] 48] 22.1] 27| 12.4 75 34.¢f 26 12
4 Public and Private Bonded wareho DD 14| 6.5 71| 325 81 37.5 26| 12.( 25 11.t
' charges Accoun | 12 55| .Bf 26.7] 80 36.¢ 55 25.F 12| 5.t
NEFT 9 4.1 27 12.4 97| 44.i 56| 25.§ 28 12.¢
Casl 22| 10.3] 59| 27.2] 45 20.i 44| 20.5 47 21.i
5 Terminal Charges DD 29| 13.4 58| 26.7 36/ 16.¢) 57| 26.5 37| 17.1
Accoun | 14| 6.5 62| 28.¢| 75 34.€ 42| 19.4 24| 11.]
NEFT - -| 72| 33.2] 55 25.F 68 31.F5 22 10.1
Casl 39 18] 29 13.4 52| 24| 71 325 26 12
6 Equipment ( Trailer, Forkift, Crane]DD 22| 10.3] 66| 30.4 81 37.5 17| 7.§ 31| 14:
‘ Charges Accoun 3] 1.4 50| 23. 73 33.¢f 60 27.¢ 31 14.:
NEFT 3] 1.4 19 8.§14€ 67.5 21 9.7 28 12.¢
Casl 25| 115 64 29.f 71| 32.% 24| 11.1 33 15.C
7 Cargo handling(Stuffing and DD 14 6.5 49 22.¢ 61 28.1]] 63 29.( 30 13.t
' de-stuffing charges) Accoun | 26| 12| 47 21.i 67 30.¢ 65 30.( 12| 5.t
NEFT 14 6.5 71| 32.3 4Q] 18.4 58 26.7 34| 15.i
Casl 34| 15.3) 74 34. 61| 28.1] 29 13.4 19 8.t
3. Consolidation charges DD 33 15.z] 85 39.2 4E§ 221 37 17.1] 14| 6.F
Accoun | 24| 11.1]] 41 18.¢ 137 63.]] 12| 5.E 3| 14
NEFT 3] 1.4 38 17.512(] 55.5 43 19.§ 13 6.C
Casl 17] 7.§ 44| 20.5 66] 30.4 63 29.( 27 12.£
9 Customs DD 21 9.7 18 8.5 95 43.¢ 57| 26.5 26 12
' documentation Charges Accoun | 16| 7.4 71 323 34 155 96| 447 O 0
NEFT 30| 13.¢ 39 18 44 20.5 74| 34.1 30 13.t
Casl 25| 11.f) 51 23.f 66] 30.4 48 22.1 27 12.
DD 13] 6.Cf 8Q] 36.¢ 45 20.7 60 27.¢ 19 8.t
10. | Customs Duty and fee Accoun | 50 23 46| 21. 92 42.4 17| 7. 12 5
NEFT 14 6.5 50 23.( 92| 42.4 39 18 22/ 10.1
Casl 29| 13.4 53| 24.4 37| 17.1] 64| 29.F 34 15.i
11 Mediator(CHA, FF, NVOC, Liner{DD 14 6.5] 39 18 76 35 51 23.f 37 17.1
" |Charges Accoun | 32/ 14.74 70]32.2f 33]15.2]] 64 29.4¢ 18 8.2¢
NEFT - -l 94| 43.5 58 26.7] 33 15.7| 32| 14.i
Casl 11) 5.1] 59| 27.20 103 47.F 20 9.7 24 11.1
12 GSP Certificate, Fumigation |DD 12 5.5 69 31.§ 52| 24| 71 32.3 13 6.C
" |demurrage Charges Accoun | 13 6.C 34| 15.5] 115 52.3) 51] 23.f 6] 2.&
NEFT 3 1.4 31 147 72| 33.2] 99 45.¢ 121 5.t
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4 Results and discussion Cargo inspection time ¢ 1.00( 937

In this present study, a sample of 217 respondents wWeighbridge facilities a 1.00¢ 93¢
analysed. Factor analysis, the most effective multivaria Trailers facilities ar 1.00( .92¢
technique for identifying groups of determinants, walForklifts facilities ar 1.00( .95(C
performed on the collected data after it had beqReachstackers facilities a 1.00( .901
categorized, tabulated, and processed. This methTop lifters an 1.00( .86°
connects seemingly unrelated variables, revealing t|Cranes facilities a 1.00( .92¢
underlying structure of the data by identifying commolGantry and container crane facilities| 1.00( 847
dimensions among observable variables. The objective|Customs filing and documentati
this study is to condense most of the original data into t|process for expc 1.004 933
fewest possible variables for predictive purposes. Tcustoms filing and documentatio
achieve this, Principal Component Analysis (PCA) waprocess for impo 1.004 923
employ_ed. PCA is a factor modgl in which the factors a Preshipment documentation proces
determined based on total variance. Another importali, Ep 1.00d -960
concept in factor gnaly3|s is thg rotation of factors. O PostShipment documentatit
widely used technique for simplifying the factor structur{yocesses in El 1.00¢ .904
by maximizing thg variance of a pattern matrix coI_um_n fLevel of cooperation of custol
the varimax rotation. Additionally, the latent root criterior] ¢ iais and inspectors ¢ 1.00¢ .840
is applleq; the column sum of squares for a factor is kno Dry and sea portabour support fc
as an Eigen value, which indicates the degreg of .qeloading and unloading the cargo 1.00(¢ .944
variance. Once the common factors have been identifi EDI department employee advice |
fac'gor scores are calculated fqr each factpr. _The obser cooperation aj 1.00(¢ .961
\égrrlnantzloense?er}em G?:](tp;ressed as linear combinations of the Skiled professionals _and _trair oot o7

' manpower ai ' '
Table 2 Level of satisfaction perceived by marinetradersinthe  [LilierageFree ICD/seapc 1.00C .907
study area Round the clock CCT'surveillanc:  |1.00( .90¢
LEVEL OF SATISEACTION Controlled access for visitors to the
PERCEIVED BY MARINE Initial|[Extraction ~[and marine port's gate, warehouse,| 1.000 90§
TRADERS other location
Total areas of the dry p 1.00( .04¢| |Fire Fight Equipme 1.00( 1954
Annual capacity in terms of TE 1.00( 844 |Regular mock drill for health and saf| 1.00( .862
Plotareas in terms of Sq.M 1.00( .94( [High mast light for day lighfee| 1.00( 91(
Open container yard at 1.00( 894 |Underground drainage syst 1.00( .962
Warehouse capac 1.00( .98(| |Order manageme_ 1.00( 97¢
Reefer point facilities with availal , o 954 Vendor managed inventc 1.00¢ .88¢
engineer : : Kitting 1.00( .941
Under one roof: surveyors, employe ; oo 786 Cargo insuranc 1.00( 914
and custorr ' ' Assembl 1.00( .887
EDI and IT systenconnectivity 1.00( .79¢|  |Re-packing and c-packing 1.00( .881
Road and Rail connectiv 1.00( .91¢| |[Reverse logistic 1.00¢ 87¢
Order fulfillment ar 1.00( .94(| |Quarantine and disposal manager |1.00( .807
Pick and Pack a 1.00( .80¢| |Distribution of carg 1.00( 93¢
Special cargo handling : 1.00( .83( |Capacity to provide 3PL servi 1.00( 93¢
Barcode scanning ¢ 1.00¢ 98¢ |Capacity to launch new trai 1.00( .95¢€
Inventory visibility ar 1.00( .897 |Capacity to handle different types|, o4 938
Temporagecontrolled storage & 1.00( .95(] [cargc
Bonded warehouse : 1.00¢ 93(| |Ability to adapt altering schedt 1.00( .98¢
Non-bonded warehouse i 1.00¢ 91f |Speed of action to take decisi 1.00( .902
DWELL TIME STUDY- Cargo arriva ) ) )
time in warehouse z 1.00d 906 A straightforward link between the variables and the
Traffic time ar: 1.00( 97¢| factors is known as factor loading. Both the factors and the
Stuffing and d-stuffing time ar 1.00¢ 86, factor loading are contained in the factor matrix. Using a
Documentation  processing  ti five-point rating system ranging from 5 to 1, the researcher
between entry to stuffing or Detuiffing 1.000 95¢ Used fac_:tor analysis to Qetermme the degree of satls_factlon
are of marine traders with the state of the available
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infrastructural facilities in the Coimbatore dry port. Thencluding the extraction method Principal Component

SPSS software was used to conduct the factor analysis Aoralysis. PCA is the extraction method (Table 2).
the 58 factors. The analysis was carried out in phases,

Table 3 Explained by total variance

Copyright © Acta Tecnologia, www.actatecnologia.eu

Values Squared loadiny
Combination Proportion of | Combined Proportion of | Combined
Overall o Total o
variatior percentac variatior Percentac
1 8.18¢ 14.11¢ 14.11¢ 8.18¢ 14.11¢ 14.11¢
2 5.52¢ 9.52i 23.64¢ 5.52¢ 9.52i 23.64¢
3 5.06¢ 8.73: 32.37¢ 5.06¢ 8.73: 32.37¢
4 4.48¢ 7.73¢ 40.11° 4.48¢ 7.73¢ 40.11°
5 3.76¢ 6.49¢ 46.61" 3.76¢ 6.49¢ 46.61¢
6 3.59¢ 6.20¢ 52.82( 3.59¢ 6.20¢ 52.82(
7 3.22( 5.55] 58.37: 3.22( 5.55] 58.37:
8 2.91¢ 5.02¢ 63.39¢ 2.91¢ 5.02¢ 63.39¢
9 2.69¢ 4.65: 68.04¢ 2.69¢ 4.65: 68.04¢
10 2.48: 4.27¢ 72.32¢ 2.48: 4.27¢ 72.32¢
11 2.07: 3.57¢ 75.90: 2.07: 3.57¢ 75.90:
12 1.89¢ 3.27: 79.17¢ 1.89¢ 3.27: 79.17¢
13 1.80( 3.10¢ 82.27¢ 1.80( 3.10¢ 82.27¢
14 1.54( 2.65¢ 84.93¢ 1.54( 2.65¢ 84.93¢
15 1.38¢ 2.39¢ 87.32¢ 1.38¢ 2.39¢ 87.32¢
16 1.18¢ 2.04: 89.37: 1.18¢ 2.04: 89.37:
17 1.02i 1.77] 91.14: 1.02i 1.77] 91.14:
18 .88¢ 1.52¢ 92.66¢
19 79¢ 1.37¢ 94.04:
20 .75¢ 1.30d 95.34¢
21 12z 1.24¢ 96.59-
22 .56¢ .981 97.57!
23 431 758 98.32¢
24 .381 .6517 98.98t¢
25 21¢ .37€ 99.36:
26 71 294 99.65¢
27 .092 .15¢ 99.81!
28 .08¢ 152 99.96°
29 .01¢ .03¢ 100.00¢
30 .00C .00C 100.00¢
31 .00C .00C 100.00¢
32 .00C .00C 100.00¢
33 .00C .00C 100.00¢
34 .00C .00C 100.00¢
35 .00C .00C 100.00¢
36 .00C .00C 100.00¢
37 .00C .00C 100.00¢
38 .00C .00C 100.00¢
39 .00C .00C 100.00¢
40 .00C .00C 100.00¢
41 .00C .00C 100.00¢
42 .00C .00C 100.00¢
43 .00C .00C 100.00¢
44 .00C .00C 100.00¢
45 .00C .00C 100.00¢
46 .00C .00C 100.00¢
47 .00C .00C 100.00¢
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48 .00C .00C 100.00(
49 .00C .00C 100.00(
50 .00C .00C 100.00(
51 .00C .00C 100.00(
52 .00C .00C 100.00(
53 .00C .00C 100.00(
54 .00C .00C 100.00(
55 .00C .00C 100.00(
56 .00C .00C 100.00(
57 .00C .00C 100.00(
58 .00C .00C 100.00(

The EIGEN values are presented in the table labellegtcounted for 2.699, or 4.653%; the X factor explained
"Initial Eigen Values." Each EIGEN Value indicates the2.482, or 4.279%; and the Xl factor accounted for 2.073,
"Total Variance" (Table 3) attributed to a specific factoror 3.574%. Additionally, the XIIlI factor explained a
According to the extraction sum of squared loadings, thevariance of 1.800, or 3.103%; the XIV factor accounted for
factor accounted for a variance of 8.189, or 14.119%. THe899, or 3.273%; and the XV factor explained 1.540, or
Il factor explained a variance of 5.526, or 9.527%; the IR.656%. The XVI factor accounted for a variance of 1.389,
factor explained 5.065, or 8.732%; the IV factor accounteat 2.395%; the XVII factor explained 1.185, or 2.043%;
for 4.489, or 7.739%; and the V factor explained 3.769, @nd the variance attributed to the XVIII factor is noted.
6.498%. The VI factor accounted for a variance of 3.59%his process illustrates factor determination using Eigen
or 6.205%; the VII factor explained 3.220, or 5.551%; th¥alues.

VIII factor explained 2.914, or 5.024%; the IX factor

Table 4 Inducing variablesinto factors and clustering

Factor loading
Factor | GENERATING VARIBALES with rotatior

Dry and sea port Labour support for loading and unloading the cal 73t
I Order manageme 7€
Assembl .68¢
Il Documentation processing time between entry to stuffing -stuffing ar 67¢
Warehouscapacit 672
Cargo insuranc .66t
1 Vendor managed Inventc .61¢
Plot areas in terms of Square Mel .61¢
Top lifters ar .61¢
Temporage controlled storage .61(C
IV Level of cooperation of customs officials and inspector .60(
Road and Rail connectiv 592
Ability to adapt altering schedt .59(C
Inventory visibility ar 57¢
v Fire Fight Equipmel 57¢
Controlled access for visitors to the dry and marine port's gate, warehouse, a 574

location: '
Pre-shipment documentation processes in 57C
VI Capacity to handle different types of ce .56¢
Skilled professionals and trained manpowe 567
Underground drainage syst .562
VI Capacity to launch new trai .562
Pilferage-Free ICD/sea pc .56(
Speed of action to take decisi .55(C
VI Under one roof: surveyors, employees, and cus .54t
Customs filing and documentation process for inr .54¢€
IX Reach stackers facilities i 53¢
Quarantine andisposal manageme 53t
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Weighbridge facilities al 53¢
Trailers facilities ar 532
DWELL TIME STUDY- Cargo arrival time in warehouse 532
reverse logistic .52¢
cranes facilitie .52¢
X Kitting .52z
Open container yard al .52z
Customs filing and documentation process for e; 51¢

Seventeen factors were found to account for tt8 Conclusion

maximum percentage of variance in the Table 4. Factor I is Seaports are essential for linking domestic supply
the variable Dry and Sea Port Labour Support for loadinghains to the international market in the era of
and unloading the cargo; it contributes 0.735 percent to thgybalization. Many nations now prioritize improving port
variance in the total. With a score of 0.518, the variablgperations. In match with the growth of world GNP, the
Customs filing and documentation process for export is tiavelopment of international business has become more
last factor to be secured. noticeable. The need for shipping services is increased
As per the present study results reveals that, mariggice a larger portion of exports are now shipped by sea
traders are receiving their export payments from import@irough dry ports. The previous few years have seen a rise
through bank accounting transaction between tw@ global trade in goods, instrumental for achieving the
countries. At the same time, import payments are followegtowth of global trade is dry ports. The entire marine trade
through bank demand draft. Marine traders are remittingi;siness sector activities are getting progressive growth in
their warehouse cargo examination charges througBcent years and there are no changes in the positive growth
accounting transaction, public and private bondegrea in shipping industry (IAME 2007). The shipping
warehouse charges, terminal charges, and equipm@ifustry are facing delay shipment process in two ways
charges, cargo handling charges, consolidation chargegports as well as imports, due to the lack of infrastructural
customs duty and fee are remitted through NEFfcilities like marine trade experts and modern equipment’s
transaction in Indian sea and dry port operations area. in India. Further shipping industry personalities are facing
The ministry of commerce and shipping ministry joirfinancial challenges related to the overseas transaction
together for simplifies the marine traders and its facilitatofetween two or more countries due to the huge payment
like shipping mediators’ way of remitting the payments iformalities in India. India’s shipping industry one of the
two way process both export and import paymentsackbones of Indian economy. It is acting as a major role
connected with shipper payments as well as Governmafitween India versus other countries in terms of transfer
duties and charges for improve the operational efficiengie surplus goods to world market and imports the deficit
of international traders in connected with shippingoods to Indian markets through sea routes. Right now,
industry. As per the ministry of commerce and industrijuring the pandemic period 2020-21 Indian shipping
Indians exports volume in March 2021 were USD 34.4fdustry are acting as major safeguard elements to supply
Billion and Imports in March 2021 were USD 48.38 Bi”iOﬂthe basic medicines and its related goods from world
(Rs.3,52,191.21Crore) rupees, this volume shows thafarket to India. As per the WTO prediction, the world
India have huge export —import transaction even theade volume will fall down nearly 32% due to the impact
pandemic period. So, the GOI, ministry of commerce &f Covid-19. The entire marine trade is affected from
industry, ministry of shipping, port trust authoritiesghipyards to seaports. It shows that, India’s marine trade
chamber of commerce and shipping industry integperation bottlenecks in terms infrastructural facilities and
mediatory organization must convince the meeting faack of smart technologies like port digitization, artificial
improve the effective exportimport and its allied paymenigtelligence, RFID technologies and internet of things. In
methods in India. The present method of payments are lit@ar future, the ministry of commerce and industry must
complicated one since foreign traders are dealing witBke considerable steps for improving the effective method
demand draft, Account transaction, NEFT transaction aggl payments as well as marine traders level satisfaction
letter of credit transaction for their shipping paymeniowards developing infrastructural facilities in dry port for
process, instead of the various method, if GOl is eStab"gE“ize the great Opportunities of Sh|pp|ng industry earnings
and propose the common e-payment method f@ strengthen the India’s BOP position as well as economic

completing the export and import payments in shippingosition and export-import volume in the world trade
industry it will be more useful to improve the India’s BORyarket.

position, efficiency of Indian foreign traders as well as
intermediaries of shipping industry in India. References
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Abstract: The integration of Environmental, Social, and Governance (ESG) principles has become increasingly important
in the agribusiness sector, which faces significant challenges related to sustainability, resource management, and social
responsibility. This study explores the motivations and implications of adopting ESG practices within agribusiness,
highlighting how these practices can support both environmental stewardship and corporate resilience. This study
provides a comprehensive bibliometric analysis of research publications concerning ESG from 2000 to 2023. The analysis
aims to evaluate the current state of knowledge, identify prevailing trends, and uncover existing research gaps. Utilising
a dataset comprising 3874 research publications retrieved from the Web of Science database, the findings indicate a
substantial growth in ESG-related research, underscoring an increased global awareness of critical challenges. Through a
review of relevant literature, the research analyses the role of ESG across three key pillars: the environmental impact of
agricultural activities, social considerations such as fair labour practices and community engagement, and governance
aspects related to transparency and accountability. The findings suggest that companies that prioritize ESG principles are
better equipped to meet the growing expectations of stakeholders, including investors, consumers, and regulatory bodies,
while also enhancing their competitive position in the market. Additionally, the study emphasizes the importance of
climate-smart agriculture and effective governance in addressing the sector’'s complex challenges. Ultimately, the research
underscores the critical role of ESG integration in promoting sustainable development and long-term viability for
agribusinesses.

1 Introduction investors, consumers, and regulators [1,2]. Moreover, the

In recent years, the integration of Environmentafise of socially responsible investing (SRI) and the
SociaL and Governance (ESG) princip|es into the busind%gorltlzatllon of ESG Cljlterla by |nS.t|tUt|0na| |nveSt0rS- haye
practices of various industries has gained significafiérther driven agribusinesses to integrate these principles
attention, with the agribusiness sector standing out as dAto their operations to remain competitive and resilient
of the most critically impacted. The agribusiness industfg]l- This article reviews the current state of ESG in the
plays a vital role in global food security and economi@gribusiness sector by analysing the environmental, social,
development, but it also exerts significant pressure @id governance pillars, presenting findings from various
natural resources, ecosystemsi and local Communitiég._ldies, and diSCUSSiﬂg the theoretical implications of ESG
Consequently, the adoption of ESG practices in this sectptegration for this critical industry.
has become increasingly important for ensuring ) )
sustainability and long-term corporate viability. This2 Literaturereview
document provides an overview of the relationship The environmental pillar of ESG is critically important
between ESG principles and agribusiness, focusing on fine agribusiness, as agricultural activities significantly
motivations behind this integration and the implications fampact ecosystems and natural resources. The agribusiness
companies operating in this sector. The environmentaector is a major contributor to environmental degradation,
social, and governance pillars of ESG each present unigoneluding deforestation, water pollution, and biodiversity
challenges and opportunities for agribusinesses, and thiss [4]. These impacts are often driven by unsustainable
article explores the relevant literature to understand haagricultural practices, such as the excessive use of
companies are responding to these pressures. pesticides, fertilizers, and water. According to Zeng and

Agribusinesses, due to their reliance on naturdiang [3], environmental performance directly affects the
resources, are at the forefront of sustainability challengesjtcomes of companies in the agricultural and forestry
particularly as global demand for food increases in the fasectors, underscoring the need for sustainable practices.
of climate change and resource depletion. Companies that Consequently, companies in this sector face increasing
operate within the sector are increasingly required faressure to adopt more sustainable agricultural practices
address their environmental impact, labour practices, atftht minimize their environmental footprint. One such
governance structures to meet the growing expectationsagfproach is organic farming, which reduces reliance on
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synthetic chemicals and promotes soil health araf public image. Amaral et al. [12] specifically analyse the
biodiversity conservation. Companies that adopt thesmpact of the social pillar of ESG on sustainability,
practices not only reduce their ecological impact but alsmphasizing its importance in corporate performance.
gain a competitive advantage by appealing to The role of gender diversity on corporate boards is
environmentally conscious consumers and investors [&nother important social consideration. Although this
Alsayegh et al. [6] further emphasize that ESG disclosueespect is not directly covered in the provided sources,
can transform a company’s sustainability performancé|sayegh et al. [6] and Aguilera et al. [11] touch upon
highlighting the importance of transparency irsocial aspects that include diversity and inclusion as part of
environmental initiatives. ESG performance. Companies with greater diversity on
The importance of climate-smart agriculture (CSA) atheir boards are more likely to excel in ESG metrics,
a framework for addressing environmental challenges particularly in the social and governance dimensions.
agribusiness is well recognized [7]. CSA aims to enhan&iverse boards are better equipped to address a broader
agricultural productivity while reducing greenhouse gasange of social issues, such as gender equality, workplace
emissions and increasing resilience to climate changafety, and community development. This diversity of
However, the adoption of CSA practices remains relativefyerspectives leads to more comprehensive ESG strategies
low due to various barriers, including financial constraintgnd improves decision-making processes, ultimately
lack of technical knowledge, and insufficient policybenefiting the company’s long-term sustainability.
support. Gemtou et al. [8] provide a systematic review Socially responsible investment (SRI) increasingly
identifying the decision-making factors that influencdocuses on companies that demonstrate strong labour
farmers’ adoption of CSA, stressing the need fopractices, as these companies are perceived as lower-risk
supportive policies and education. investments with potential for long-term growth [13]. In
Governments and industry stakeholders mushe agribusiness sector, where labour conditions can vary
collaborate to create incentives, such as subsidies aignificantly depending on geographic location and local
training programs, to promote the widespread adoption l@bour laws, ensuring fair and equitable treatment of
CSA practices. This is supported by Wang and Sun [9}orkers is essential for maintaining social sustainability.
who found that the intensity of environmental regulation The governance pillar of ESG is foundational for
and ESG performance can influence firms’ greeansuring that agribusinesses operate with transparency,
innovation. Beyond these policy measures, technologicatcountability, and integrity. Governance structures
innovation, such as precision agriculture and thdetermine how companies manage risks, comply with
integration of renewable energy, is crucial for enhancinggulations, and engage with stakeholders. Strong
the environmental sustainability of agribusinesggovernance is particularly important in agribusiness, where
Fazrakhmanov et al. [10] discuss the integration of ES€@mpanies often face complex challenges related to supply
principles in agribusiness management technologieshain management, environmental compliance, and social
emphasizing technological advancements as a key factaresponsibility [14]. Effective governance practices, such as
Moreover, Velten et al. [4] discuss the broadeboard diversity, ethical leadership, and robust internal
implications of sustainable agriculture for global foodtontrols, enable companies to navigate these challenges
systems, emphasizing the need for a systemic approach #rad maintain their social license to operate.
considers both environmental and social factors. The growing importance of ESG reporting in the
Sustainable agricultural practices, such as crop rotatiagribusiness sector has been highlighted in recent studies
agroforestry, and the use of renewable energy sources, §85]. Transparent ESG reporting practices not only
help mitigate the sector’'s environmental impact whilémprove a company’s accountability but also attract
ensuring long-term food security. These practices not ontyvestors who prioritize sustainability. Au et al. [16] map
contribute to environmental sustainability but also providéhe landscape of ESG strategies and recommend that future
economic benefits by reducing input costs and improvingsearch focus on improving ESG reporting standards.
crop yields. Companies that regularly disclose their ESG performance
The social pillar of ESG is equally critical in the contextre better positioned to build trust with stakeholders and
of agribusiness, as it encompasses labor practiceégmonstrate their commitment to sustainable business
community engagement, and the overall social impact pfactices. ESG reporting is also a key tool for identifying
agricultural operations. Fair labor practices and communiggreas for improvement, as it allows companies to
development initiatives significantly contribute to thebenchmark their performance against industry standards
social sustainability of agribusinesses [11]. Resear@nd set measurable goals for future progress.
indicates that companies that prioritize worker welfare, The strategic implications of governance in the agri-
ensure fair wages, and engage with local communities tefobd industry are crucial for effectively managing ESG
to experience improved productivity and strongerisks [17]. Strong governance structures not only support
stakeholder relationships. This, in turn, enhances tl@vironmental and social initiatives but also enhance the
company’s reputation and reduces the risk of labaverall resilience of agribusinesses to external shocks, such
disputes, which can be costly both financially and in ternes regulatory changes and supply chain disruptions.
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The relationship between ESG practices and financirge datasets of scientific publications, revealing hidden
performance is further examined by Tancke et al. [18patterns and trends.
focusing on car manufacturers. Their findings demonstrate One of the prominent tools used in this analysis is the
that strong ESG practices enhance financial performan&&)Sviewer software, which, according to van Eck and
suggesting that ESG is not only a compliance requiremémaltman [25], allows users to generate and visualize
but also a strategic asset that can lead to improveibliometric maps of scientific literature. The software
profitability. Liu et al. [19] similarly emphasize the simplifies navigation through the intricate realm of
positive impact of ESG on financial performance iracademic publications, offering a clear perspective on
specific regions, highlighting the broader financial benefitsontemporary trends and patterns in a specific research
of strong ESG adherence. area. It enables the creation of maps that illustrate the

Government policies also play a significant role imelationships between academic fields, authors,
shaping ESG performance in businesses. Yan et al. [20%titutions, and other components of the scientific
provide evidence from natural resource accountabiliigopmmunity.
audits in China, showing how government environmental

regulation influences corporate ESG performance. This is Table 1 Filter settings on the Web of Science platform
further supported by Wang and Sun [9], who discuss the Besslst No. of
L ; o . ption

substitution effect of environmental regulation intensit documents
and ESG performance on firms’ green innovation. agriculture, ESG index, ESQ

In the context of agribusiness, integrating ES( ratings, ESG score,
principles into management technologies is essenti Environmental Social and
Fazrakhmanov et al. [10] discuss how ESG principles ¢ Governance score, ESG,
be applied in agribusiness management technologi Corporate Social Responsibili
emphasizing the need for technological advancements t Environmental Social and
support sustainability goals. Governance index,

Finally, geographical factors impacting agribusines Environmental Social and
are considered by Yue et al. [21], who study the effect Governance performance,
geographic distance on domestic trade in the U.S. grg corporate social responsibility,
industry. Their findings suggest that governance strateg| K eywords financial performance, 152 301

should consider geographic considerations to optimi
supply chain management and sustainability outcomes.

sustainable development,
biodiversity, technology and
innovations, carbon footprint

climate change, resource
management, regenerative
agriculture, ecological footprin
carbon neutrality, soil health
circular economy, food safety

and quality, and water
manageme!
Management, Business,

3 Methodology and data

Although a literature review and theoretica
background are essential for understanding the context
foundational principles of a research topic, they often la(
the systematic and quantitative rigor needed for
comprehensive assessment of the state of research with
field [22]. Bibliometric analysis complements thes
approaches by providing a structured, data-drive

—

evaluation of the research landscape. Unlike literatu
reviews, which identify gaps through qualitative synthesi
bibliometric analysis highlights underexplored areas af
research opportunities by mapping the intellectu

Business Finance, Economics,
Operational Research
Management Science, Publi
Administration, Mathematics

[®)

structure of a field, such as co-citation networks ¢ 1° filter Multidisciplinary Sciences, | 14 764
keyword trends [23]. Moreover, bibliometric tools enabl Mathematics Interdisciplinary
the visualization of connections between author Applications, Mathematics
institutions, and journals, offering a holistic view of the Applied, and Public
collaborative and geographical dynamics that shape 1 Environmental Occupational
research domain. — Health i

The method of textual analysis, introduced by Callon {2 filter Year 200C- 202: 14 64:
al. [24], has become a crucial tool for researchers acrd_3 _filter English languac 14 38«
various disciplines. This approach facilitates the analys 4" filter Article 13 05¢
and visualization of the bibliometric structure of numerod 5" filter Open acce: 387«
topics. It has gained traction not only among research¢ Final The total number of the 3874
but also among librarians, as it aids in the exploration | _sample document
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VOSviewer employs various analytical andselection also reflects the interdisciplinary nature of ESG,
visualization techniques, such as co-occurrence woigtegrating environmental, social, and economic
algorithms, bibliographic coupling, and co-authorshiglimensions, which facilitates the identification of trends
algorithms, as explained by van Eck and Waltman [26&nd research gaps in this domain.

These techniques allow for the creation of highly detailed
maps, which can be adjusted to emphasize particuldr Web of Scienceresearch results
features or relationships within the scientific domain. The analysis of scientific publications from 2000 to

It is essential to recognize that the outcomes @023 reveals a distinct upward trend in the volume of
bibliometric analysis using VOSviewer do not represent aasearch within the studied scientific field. The academic
endpoint but rather a component of a broader analytiGaterest in ESG has shown a steady increase, transitioning
process. A comprehensive analysis of patterns and trefigig exponential growth, as illustrated in Figure 1.
shown in the maps enables researchers to draw conclusiongn 2000, no articles on this subject were published, but
about the research environment, identify key thematjg, 2010, this number had increased to 31, reaching a peak
clusters, important academic fields, prominent scientifigf 693 articles in 2022. This growth in publication activity
institutions, or leading authorities in a given area ghay have been driven by several factors, such as shifts in
research. funding and research support policies, technological

After conducting an extensive review of the relevarﬁdvancements’ and the progressive deve|opment of
literature, twenty-three key terms were identified, witkystainability criteria.
which we filtered out a total of 152 301 publications, to Aithough the observed trend presents a promising
which we subsequently applied a series of several filteggtiook for the growth and expansion of scientific
(the data filtering process is presented in Table 1). Thigowledge, it is essential to recognize that this trend
process resulted in a final data set containing 3 8¢dmains subject to potential fluctuations due to a range of
publications. external and internal factors. Economic recessions,

These keywords were selected for bibliometric analysiplitical shifts, or natural disasters may impact research
as they comprehensively cover the key areas of ESG withjihding and priorities, potentially leading to a deceleration
the context of agriculture and sustainability. They incIudm pub]ication rates. Converse|y’ techno|ogica|
fundamental ESG concepts (indices, ratings, performancglivancements, such as the emergence of new data analysis
the relationship between ESG and financial performancg@ethods or progress in artificial intelligence, could

specific environmental challenges (biodiversity, carbogybstantially accelerate research activities and improve the
footprint, climate change), and crucial technologies angkficiency of publishing.

innovations necessary for enhancing sustainability. The

Publication trend
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Figure 1 Publication trend

While the current data suggest a positive trajectorpublication trends and adapting to evolving conditions will
they do not provide a conclusive basis for predicting thee critical for maintaining progress and ensuring that
sustained increase in publications. Ongoing monitoring oésearch remains relevant within the academic sphere.
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Table 2 The number and share of individual countriesin
publication activity focused on ESG

scientific articles, representing 22.74% of all works. The
United States follows, contributing 14.95% and ranking

Country No. of % of a second. Other countries also exhibit a relatively balanced
documents | publication | presence in scientific output, including Spain with 8.57%,

1 United Kingdon 881 22.74% China with 8.44%, and Italy, which accounts for 6.66% of
2 USA 57¢ 14.95% the total publications. Australia, Germany, and France also
3 Spair 332 8.57% hold notable positions in the global scientific landscape,
4 Ching 3217 8.44% contributing 6.27%, 5.73%, and 5.58%, respectively.
5 Italy 25¢ 6.66% Netherlands and Malaysia complete the list of the top ten
6 Australis 245 6.27% countries with contributions of 4.65% and 4.23%.
7 German 207 5.73% Slovakia, while not a global leader, contributed
8 Franct 21¢€ 5 58% approximately 1.16% of all scientific articles, positioning
9 Netherlan: 18C 4.65% it 38" overall: This r_anking.reflects.Slqyakia’s acti\_/e
10 Malaysiz 162 1239 engagement in the international scientific community.
39 Slovakiz 25 1169 However, there is a significant difference in scientific

output between leaders such as England and the USA, and
other countries, highlighting geographical and possibly

_Based.on data from the Web of Science P'ath”TL Mhancial inequalities in access to scientific resources and
United Kingdom has the highest share of publish blishing (Table 2).

Figure 2 Geographical distribution of ESG research

The analysed dataset encompasses 123 countieblications. This substantial share highlights the emphasis
(Figure 2), offering a comprehensive view of the globabn management research, including studies on leadership,

distribution of scientific publications. This broad scopeperations,

and organizational dynamics. Together,

provides valuable insights into how different countrieBusiness and Management account for more than half of
contribute to the advancement of global knowledge. Thhe total publications, showing their pivotal role in the
data are essential for understanding the dynamics of tlesearch community’s interests.

international scientific community and may serve as a The third most significant category is Economics, with
foundation for further research into the influence 0841 articles, making up 21.70% of the dataset. This reflects
on scientifia continued interest in economic theories, policy analysis,

geographic and
productivity.

economic

factors

and economic impacts on various aspects of society. The

The category of Business is the most prominensubstantial representation of this category indicates the
encompassing 1 078 articles, which constitutes 27.82% aftical role of economic perspectives in understanding
all publications. This indicates that a significant proportiobroader societal trends.
of the research articles fall within the business studies Business Finance is also well-represented, comprising
domain, suggesting a strong focus on topics like corporat83 articles or 20.21% of the publications. This category
strategies, market analysis, and organizational behaviousuggests a strong focus on financial aspects within business

Following closely is the Management category, whicltudies, such as corporate finance, investment analysis, and
includes 1 072 articles, representing 27.66% of the totask management.
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Web of Science categories

Bussiness | 27,82%
Management j 27,66%
Economics :I 21,70%
Bussiness finance B 20,21%
Operations Research Management Science | 1,19%

|
Mathematics | 0,91%

Public Administration 0,24%
Mathematics Applied 0,10%
Mathematics Interdisciplinary Applications = 0,08%
Public Environmental Occupational Health ~ 0,04%

Multidisciplinary Sciences ' 0,04%
0,00% 10,00% 20,00% 30,00%

Figure 3 Web of Science research areas (final sample)

In contrast, fields like Operations Research andnd public administration, although contributing fewer
Management Science contribute 46 articles (1.19%grticles, play a vital role in providing specialized
focusing on analytical models and optimization techniquésiowledge. This distribution offers a snapshot of the
aimed at improving organizational efficiency. Althoughresearch priorities within the analysed dataset and how
this category represents a smaller portion of the datasetlifferent disciplines contribute to the academic discourse.
provides important insights into process improvements and
decision-making methods within businesses. 5 Reaultsof thekeyword analysis

Several other categories have a more limited Ag stated earlier, the study comprises a total of 3,874
representation. Mathematics includes 35 articles (0.91%gcords. To analyse the relationships between key terms,
while Public Administration has 9 articles (0.24%). Eve/OSviewer software was employed, which specializes in
more specialized are Applied Mathematics angisualizing and analysing such data. This analysis revealed
Mathematics Interdisciplinary Applications, with 4 articless 208 keywords, with 91 of them surpassing the threshold

(0.10%) and 3 articles (0.08%), respectivelyof 50 occurrences, indicating their presence in a substantial
Multidisciplinary Sciences and Public Environmentahumber of documents.

Occupational Health have the smallest shares, with jUSt 2 To facilitate better Organization and ana|ysi3, the

articles each (004%) These categories, thOUgh limited R@ywords were Categorized into four primary groups. The
number, often provide highly focused or cross-disciplinarirst group consists of 28 items, the second has 27, the third
insights that can contribute to broader research areas. includes 20, and the fourth, being the smallest, contains 16
This segmentation of categories from the Web qfems. This categorization enables a more in-depth
Science highlights that the majority of the researchinderstanding of the thematic structure and the
publications are concentrated in traditional fields likgelationships among the keywords. Table 3 presents the 30
Business, Management, and Economics (Figure 3). Theg@st frequently occurring keywords, offering valuable

fields dominate the academic output, reflecting their broafsights into the predominant research trends and dynamics
appeal and the substantial research activity in these areg@shin the field.

Meanwhile, more niche fields like applied mathematics
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Figure 4 Keyword co-occurrence network for the final sample (2000-2023)

Table 3 Top 30 most frequently occurring keywords

Term Frequency 5.1 Important authors
corporatesocia-responsibilit, 1 86¢ Tables 4 and 5 present the ten most productive authors
financial performanc 113¢ in the area of environmental, social, and governance (ESG)
performanc 902 practices related to agriculture, with Ruth V. Aguilera
impac 79¢ leading the list, having published three articles that have
manageme! 56¢ collectively received 2,061 citations. This distinction
governanc 44¢ highlights her significant influence as a leading expert in
firm performanc 39(C the ESG field. The list serves as a valuable resource for
determinant 341 those seeking to identify respected experts and key
sustainable developm:e 241 authorities in this area of study.
sustainabilit 22¢ In total, the field has seen contributions from 9,880
agriculture 224 authors. However, the analysis in Figure 4 focuses on those
disclosur: 202 who have published a minimum of five papers and have
ownershi| 202 ga}rngred at Ieast_lpo citati_ons. On!y 35 auth_ors met these
corporate governan 20C criteria, emphasizing their considerable impact and
BUSes 10F recognition within the scientific community.
- risk - 191 Table 4 Top 10 authors by number of citations
informatior 18< Name Documents]| Citations
e 181 1 Ruth V. Aguilera 3 2 061
: Al : 17¢€ 2 Jyoti Ganapatt 1 1939
iioaliof 16¢ 3 Deborah Rup 1 1939
strateg 162 4 | Cynthia A. Williams 1 1939
LUl 15¢ 5 Sadok EI Ghou 2 1588
companie 14/ 6 Omrane Guedhan 2 1588
s _ o 7 Chuck Kwok 1 1587
emp';'.ca'f"" enc 135' 8 Dev Mishra 1 1578
| eéﬁfng::) T3 9 Collins Nfim 14 1203
e —— 127 10 Rui Albuguergue 2 1160
investmer 12¢
marke 12¢
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Table 5 Top 10 authors by number of documents of offering valuable insights and direction in discussions
Name Documents| Citations|  on sustainable development.

1 Khaled Hussaine 19 664 The analysis of author (Figure 5) distribution based on
2 Collins Ntim 14 1203 the number of publications and citations reveals an
3 Andrea Pére 12 299 essential aspect of scientific publishing: the quality and
4 Dalia Streimikiene 9 132 impact of the work are just as important as the volume of
5 Albert Dansc 8 204 publications. This is reflected in the substantial differences
6 | Joseph AmankweAmoaH 8 247 among the top-ranking authors, where some works achieve
7 Ali Uyar ) 93 no_tabiy_ higher citation counts, indicating t_heir significant
3 Alfredo De Massic 7 618 smentific impact and contribution to their disciplines. _
9 Ans Kolk 7 234 This _ phenomenon highlights that .the acgdemic
10 Habiba A-Shae! = 399 community values research not only for its quantity but,

more importantly, for its quality and relevance. The high

L L . citation counts of certain works often reflect their
This information is not only relevant to academia buf, o\ ativeness and importance for further research. This

also serves as a criical guide for policymakers,q nective is crucial for understanding the dissemination

practitioners, and o.rganiz_aitions looking to .ad‘?pt ESSf scientific knowledge and how it is received and applied
practices. Authors with a high number of publications angiinin the academic community.

citations are often viewed as leaders in their field, capable

kolk, ans
gond, jean-pascal
durana, pavol

? i wang, heli
tauringana, venancio 8 fiaf

perez, andrea

touboulic, anne w‘wugallardo-ua zquez, dolorgs
de villiers, charl
amankwah-goah, joseph

@ &
streimikiene, dalia dansqgplbert

hussainey, khaled
o

boatengaagyenim
ntim, collins g.

tribo, josep a. elnahass) marwa
kamarudin, fakarudin

- de massis; alfredo
S, VOSviewer

Figure 5 Visual display of individual authors

5.2 Themost influential research organizations Table 6 Top 10 organizations by number of documents and
Identifying the key institutions in ESG research is vital citations _
for understanding where in-novation and scientifi Name Documents| Citations
progress are concentrated. These organizations ofl 1 Harvard University 18 3922
possess state-of-the-art technology and are instrumentg University of lllinois 12 2462
advancing both scientific knowledge and the formulatio Urban:Champaigr
of global sustainability policies. Their initiatives encourag 3 Singapore Management 21 2455
international cooperation, improving the depth and rea University
of research. Moreover, they play a crucial role in educatii 4 University of Alberte 7 2 265
future specialists and driving economic developmel 5 University of Leed: 51 2176
through the introduction of new technologies an{ 6 | The University of Sheffiel 31 2 097
solutions, significantly impacting societal progress. 7 University of Kent 32 2 002
8 Massachusetts Institute pf 9 1945
Technology
9 [ University of Southampta 50 1849
10 Cardiff University 25 1790
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Table 6 provides a list of the top ten research The article [11] also explores the interaction between
institutions based on the number of published workthese different motives and how they contribute to the
offering insights into the key players in ESG researcladoption of CSR practices. The authors suggest that
These institutions represent potential partners for fututenderstanding these dynamics is key to advancing CSR
collaborations, particularly in exploring ESG's in-fluenceresearch beyond the debate of whether CSR is beneficial to
on corporate performance. The analysis identified 3 42x%ploring how and why businesses integrate social goals
universities and research institutions that have contributedo their operations. They conclude with directions for
studies related to ESG. Among these, Harvard Univer-sifyture research and practical implications for managers
stands out as a leading institution, with 3 922 citationfpoking to embed CSR into their strategic decision-
positioning it as one of the most prominent contributors tmaking, advocating for a deeper consideration of the
ESG research on a global scale. Harvard’s work has madeltifaceted nature of CSR pressures and their impact on
a significant impact on advancing scientific understandingrganizational behaviour.
in this field.

Table 7 Top 10 publications by number of citations
5.3 Themos frequently cited documents Title Citations

Table 7 presents a carefully selected list of the ten mgst Putting the S back in corporate social| 1939

frequently cited publications focusing on ESG factors. Thigesponsibility: A multilevel theory of social

compilation serves as a valuable reference for researchers change in organizatiot
and students looking to engage with and contribute to théDoes corporate social responsibility affect 1587
ongoing scholarly discourse on ESG. The selection |is the cost of capital

primarily based on citation frequency, which serves as| &/hat Do We Learn from the Weather? The 1008
strong measure of each publication’s relevance, impagt, New Climat-Economy Literatur
and importance within the academic community studyingSustainable supply chain management and 793
ESG in connection with agriculture. These works arfe the transition towards a circular economy:
considered  foundational, shaping the current Evidence and some applicatic
understanding and conversations in the field, and providing The contribution of corporate social 770
essential insights and frameworks that are crucial for batkesponsibility to organizational commitme
emerging and continuing research in ESG studies. The Economic Impacts of Climate Change: 753
The article receiving the most citations is titled "Putting  Evidence from Agricultural Output and
the S back in corporate social responsibility: A multilevel Random Fluctuations in Weatt
theory of social change in organizations," authored by RUthCorporate Social Responsibility and Firm 721
V. Aguilera, Deborah E. Rupp, Cynthia A. Williams and  Rjsk: Theory and Empirical Eviden
JyOti Ganapathi, pUb'IShEd in 2007 with a total of 1939 Firm performance: the interactions of 663

citations. _ . _ corporate social performance with
The article [11] provides a comprehensive theoretical jnnovation and industry differentiatic

model for understanding why businesses increasindly Corporate governance and environmental 652
engage in corporate social responsibility (CSR) and their performance: is there really a lin
potential to promote positive social change. The authd|s qoing good good for you? how corpord 577

propose a multilevel approach to analyse CSR, examinil cnaritable contributions enhance reven
pressures from different stakeholders at individua growth

organizational, national, and transnational levels. They
highlight that actors such as employees, managemeét,
institutional investors, and NGOs push organizations to

adopt CSR initiatives, each driven by various motive 0\-/rehr?1anlEteegrr?r:gnlesot/vitlrzlil:l\nt;oenrgerri]tt)ﬂsine?sosmggcto?nﬁas
including instrumental (self-interest), relational (socia princip g

ties), and moral (ethical principles) emerged as a critical factor in aligning industry practices
A't the core of thep mogel i.s the assertion tha\f'ith sustainable development goals. As agribusinesses
organizations do not operate in isolation; they a rapple with their significant environmental impacts,

influenced by a complex array of internal and externzg?ngin.g from resource use to ecosystem d‘St“fba’.‘CQSz the
pressures that shape their approach to CSR. The pa g?pnon of ESG strategies become; ess_gnﬂal. This shift is
emphasizes that these pressures vary across differ fyen n?t oT)IytbyIthe |Qhetrﬁnt.susta|ngblllty chaI:etr)ges Off
national and cultural contexts, affecting the nature an eksre]zcl((j)r u ‘150 py the increasing expezamnls 0
intensity of CSR initiatives. For example, corporations i akenholders such as investors, consumers, and regulators.

countries with strong social partnership traditions mayfacehrOngh embracing  practices like climate-smart

: : : : 2 .- agriculture  and improvin overnance structures,
different expectations regarding social responsibilit gm anies in this see:tor (?an genhance their lona-term
compared to those in more market-driven economies [11]. P 9

Conclusions
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resilience while contributing positively to global Governance: The International Journal of Businessin
sustainability efforts. Society, Vol. 20, pp. 1409-1428, 2020.

The analysis of the ESG pillars reveals the https://doi.org/10.1108/cg-06-2020-0258
interconnected nature of environmental stewardship, socjé] ALSAYEGH, M.F., ABDUL RAHMAN, R.,
responsibility, and governance within agribusiness. HOMAYOUN, S. Corporate economic,
Environmentally, the sector’s focus has expanded to environmental, and social sustainability performance
include practices that reduce its ecological footprint, such transformation through ESG disclosuBastainability,
as organic farming and precision agriculture. Socially, fair Vol. 12, No. 9, 3910, pp. 1-20, 2020.
labour practices and community engagement have becomehttps://doi.org/10.3390/su12093910
crucial in fostering trust and productivity, while[7] ISAKHANYAN, G., GALGO, C., GEMTOU, M.,
governance improvements ensure transparency and PEDERSEN, S.M.: Business strategies towards
accountability, attracting investors who prioritize ethical climate-smart agriculture in Europe: A literature
practices. Together, these elements contribute to a morereview, Business Srategy and the Environment, Vol.
robust and sustainable business model that aligns with both 33, pp. 5073-5085, 2024.
market demands and global environ-mental goals. https://doi.org/10.1002/bse.3741

Furthermore, the growing body of literature on ESG if8] GEMTOU, M., KAKKAVOU, K., ANASTASIOU, E.,
agribusiness underscores the strategic benefits of FOUNTAS, S., PEDERSEN, S.M., ISAKHANYAN,
integrating these principles. As socially responsible G., EREKALO, K.T., PAZOS-VIDAL, S.: Farmers’
investment (SRI) gains momentum, companies that excel transition to climate-smart agriculture: A systematic
in ESG metrics are better positioned to attract capital and review of the decision-making factors affecting
secure a competitive edge. The evolving regulatory adoptionSugtainability, Vol. 16, No. 7, 2828, pp. 1-34,
landscape also encourages agribusinesses to incorporate2024. https://doi.org/10.3390/sul16072828
ESG considerations into their core strategies, emphasizifgd WANG, F., SUN, Z.: Does the environmental
the importance of adaptability in a rapidly changing global regulation intensity and ESG performance have a
market. In conclusion, the successful integration of ESG substitution effect on the impact of enterprise green
principles in agribusiness not only supports environmental innovation: Evidence from China,lnternational
and social goals but also serves as a pathway for ensuringJournal of Environmental Research and Public Health,
long-term corporate viability and resilience in a complex Vol. 19, No. 14, 8558, pp. 1-24, 2022.

and dynamic industry. https://doi.org/10.3390/ijerph19148558
[10] FAZRAKHMANOV, |, KHODKOVSKAYA, Y.,
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