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Abstract: Nowadays, electric vehicle innovation plays an important role in the market, transportation, logistics and supply
chain in the electric mobility industry, contributing to environmental protection and reducing pollution. The commercial
EV launched in Thailand which has been very popular with consumers, but it is also not widely used, and there are not
many market surveys about customer usage intention. Therefore, it is necessary to study seriously. This study explores
the impact of the perceived value of electric vehicle (EV) features on consumer usage intention to use electric vehicles in
Thailand, with the mediating effect of customer satisfaction. The results showed that perceived value from using EV,
consumer satisfaction, and usage intention of EV, there is a significant direct and indirect relationship. These findings
have contributions and relevant expected benefits.

1 Introduction such as electric motors, power generation, charging
The global automotive industry is growing rapidly anditilities, batteries, regulations and consumer denjahd
growing and undergoing a major transition. Especially, th8lobal electric vehicles are expected to grow rapidl
quality of production and distribution of electric vehiclesncluding in China, European countries, and the United
(EVs). Electric vehicles are an efficient alternative t&tates, which will eventually affect the automobile
maintaining urban transportation through reducinghdustry in Thailand inevitably. But despite this in
dependence on oil and air pollution. It leads to significamomparison, consumer interest in electric vehicles in the
social values, health and environmental value. country is still slower than the changes that have occurred
Outlook for electromobility. That use energyabroad. Responding to global energy demand while
consumption in electromobility systems is significant. Tdacilitating the rapid increase in consumption in the
meet the expectations and needs of customers in the gloth@nestic market.
market. It not only affects the consumer electric vehicle From the aforementioned literature can clearly indicate
usage context but also the market and the value chain. that consumers are more satisfied with the benefits of using
International Energy Agency (IEA) (2022) report stateslectric vehicles in the future. This study considered that
that “the world of clean energy is as dynamic as the electtite mediating effect of satisfaction on a perceived value on
car market”. Sales oEV doubled in 2021 from the electric vehicle usage intention of customer the customer
previous year to a new record of 6.6 million. Compare withalue is a very useful metric for EV businesses. It can tell
2012, just 120,000 EV were sold worldwid®/ markets us how much more customers spend on products or
are expanding quickly. Europe and China accounted feervices. That customer will have more value for business.
more than 85% of global electric car sales in 202Because a business can't grow without these customers
followed by the United States (109%]}]. In addition, helping to buy products or services. It also includes and
accelerating global demand for electric vehicles has led thiven by demanding customers, delivering superior
the development of the electric vehicle market ecosystenystomer value, and keen competition has become a matter
including the manufacture of automobiles and critical partsf concern in sustaining competitive advantage
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Alternative energy vehicles and EV innovations arand use innovative technology that is new to EVs and has
something new for Thai consumer that have receivawt yet been widely used in the country is still a delicate
significant attention. However, the number of EVs that anmatter because consumers want consumption value and
actually used on the road is still counted as a very smhkving to trade with a lot of risk and money. However, and
number. The survey and analysis of the role of consumitie result is to increase and improve the efficiency of
satisfaction as a mediating variable between the perceivednsport systems, logistics and supply chains in the EV
values of electric vehicle consumption of domestic candustry. The next, we explore the mediating effect of
users is therefore necessary to be seriously studied in orgatisfaction on a perceived value on electric vehicle usage
to suggest ideas readiness and needs of the populatiomnééntion of consumer in Thailand.
car users in the country. In addition, the decision to adopt

Phase Il : . .
In depth research >Phas§&gigg;€ 5|on>

Phasel: Preparation
©2016-2017"

2018-2020
* Preparing the regulatory framework ® EV battery capacities Target 2036
Supporting research into EV batteries ~ Meass}res fon: EV o 1.2 Million
® Plotting the transition to EV public chafsme staticas HEV/PHEV/BEV
P * Impactof electric
tansport vehicle changing on the ~ Eg;sg; ger.
® Preparing access to charging stations electric grid s arging
- stations
® Othersupport measures ® Regulations, <N EV.Smart Charging
ol O e Vehicle to grid (V2G)
® Specifying the temporary price structure - :’aexras:?;el
for EV charging * Measures to attract
- Nighttime charging THB 2.60/unit consumers and Thai
- Daytime charging THB 6.00/unit operators

® Researchand
Subsidize the deve|opment
Energy e | first 50 unit A
+ Charge + J;elec‘t:zigilt; ¢ Long-term pricing
= strategies

Source: The National Innovation System Development Committee

Figure 7 EV action plan (201&036) [3]
Electric Vehicles (EVs)

Year ICE % YoY

HEV & PHEV % YoY BEV %YoY TotalEVs %YoY %share of EVs
2015 550,707 -12.8 7,629 -16.2 14 1333 7,643 -16.1 1.39
2016 897,585 63.0 9,576 2552 2 -85.7 9,578 253 1.67
2017 369,685 -58.8 5,966 -37.7 10 400 5,976 -37.6 1.62
2018 694,036 87.7 19,967 2347 57 470 20,024 2351 2.80
2019 739,213 6.5 26,424 323 650 1,040.4 27,074 35.2 3.66

Note: ICE: Internal Combustion Engine
Electric Vehicles Including HEV {Hybrid Electric Vehicle), PHEV (Plug in Hybrid Vehicle) and BEV ( Battery Electric Vehicle)
Source: Department of Land Transport, compiled by Krungsri Research

Figure 2 Thai new registered passenger cars (Jifés

2 Literaturereview dynamic environments, innovations, and digital
2.1 Previous studies on Electric Vehicle (EV) technologies. Affect the development of innovation over

usage intention and theoretical background time. The concept of adopting new technologies also
Rogers's Theory of Diffusion of Innovation (DOl)supports and indicates user behaviour towards the impact

(2010) describes how ideas or products/services are dri\Z%,f its adoption and is most recognized for. In addition,

and diffuse through specific populations, economic, social, M can ?"SO be linked to the per_celved value of
consumers in terms of perceived benefits and ease of use

~152 ~
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of technology, and other factors can play a role througtontrols of electric vehicles are easy to use, suitable size,
perceptions of the benefits and utilization of technologgasy to find parking, the battery can be charged both at
perceived ease of use [4,5]. Finally, a theory that can heme and outside, stability of the car, distance travelled per
effectively used in conjunction with the above theory, fofull charge of the battery pot and responsiveness in driving,

example, evolved from the theory of rational action (TRA$turdiness, durability, design appearance, being recognized
and planned behaviour theory (TPB) used to predict uses a modern person, (2) It also has emotional, social and
intentions through function of attitudes, subjective normesnvironmental relevance, pollution reduction, and service

and perceived behaviour control, and clearly explain tleenters and after-sales services, security and sustainability
environmentally friendly behaviour, including the use ofystems., (3) the types of electric vehicles used in the study

[6,7]. were electric vehicle type: battery electric vehicle (BEV),
hybrid electric vehicle (HEV), plug-in hybrid electric
211 Electric Vehicles(EVS) vehicle. (PHEV), and fuel cell electric vehicle (FCEV).,

The Features of electric vehicles in terms of innovatiomnd (4) Key features and market responses of Bfis
technology, image, and energy and environmentabnsumer are integrated by implementing supply chain
conservation properties affect perception and acceptanperformance evaluation guidelines to provide legality,
It is also a matter of cutting-edge technology that meets thisibility, digitalization, integration and collaboration; and
market and environment of car manufacturers, consumergjich leads to improvements in productivity efficiency
and people who focus on the conservation of the globahd effectiveness; and which leads to enhancement of
environment today and contextual factors as shown improvements in productivity efficiency and effectiveness
Table 1. for consumers and the electric vehighedustry [8,9].

This study, we integrated the EV literature to determindowever, behavioural intentions of using EVs of
the perception and acceptance of the features and mard@bsumers still have both barriers and benefits waiting to
responses of EVs: (1) performance aspects such develop the key features of electric cars to be efficient and
marketing, quality standards, performance, usability, areffective for transportation and logistics in the futii@].
get the benefits that are worthwhile, the devices and

Table 1 Literature Review of Key features and market responses of EVs
Key feature anc marke response of EVs

Technolog ancinnovatior contex Literature review
Performance Cost, fuel economy, environmental | Knapdkova [8], Oubrahim, et al.
credentials, lifestyle image, social | [9], Griskevicius, et al. [11],
influence Almansou [12], Huk, et al.[13]
Performance attributes Environmental concerns, financigl Huk, et al. [13], Sang and Bekhet

benefits, government interventions, | [14]
infrastructure readiness, social influe

Quality and standard, Price, emotional value, environmental Knapdkova [8], Oubrahim, et al.
epistemic valu concern, reduction of emissi [9], Han, et al. [1]

Acceleration, range, safety Price, perceived unit, incentives, | Knapdkova [12], Higueras-
charging time, low nois infrastructun Castillo, et a [16]

Convenience, performance, Cost, environment-friendly, governmentkKnapdkova [8],Oubrahim, et al.

produce less noise, cruisg policies, daily requirement, high-quality [9], Yan, et al. [17]

range, charging resourc supplier service

Battery life, convenience of  Concerning symbolism, fuel prices, | Huk, et al. [13] , Miranda and

charging station network | social and financial, fueonsumption, | Delgado [18]

price, environmental concns

Performance and personal Price, environmental concern, facilitatindKnapdkova [8], Oubrahim, et al.
innovativeness condition, perceived enjoyment, social [9], Huk, et al. [13], Khazaei and

influence Tareq [19

Performance, technological Social influence, marketing, perceived Oubrahim, et al. [9], Hegner, et al.

consciousness, usefulness benefits, price, perceived barriers, policy20], Krishnan and Koshy [21]
and ease of use attributes
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2.2 Research model and hypotheses devel opment difference by using incentives, tax measures in the
221 Perceived value context of environmentally friendly products.
Perceived value as a strategic imperative for Many scholars have found that price value is one
manufacturers and retailers in th@90s, it will continue to of the biggest barriers to friendly products.
be important into the 21century [22]. Consumendecide However, with marketing strategies and
whether to buy one type of product or service rather than personalization, innovative people may reduce
one type. Otherwise, based on the perceived value of the barriers [20,33,34].
product performance, characteristics, consequences and Non-functional values such as emotional value, the
services that meet consunj@g]. Perceived values can be product's ability to stimulate the consumer's mood,
measured by one-dimensional or multidimensional the benefit derived from the emotional state that a
structures [24]A multidimensional structured knowledge product or service generates. It could be a positive or

that combines aspects (such as price, quality, benefit and a negativeemotion [16,35]Goods and services, often
sacrifice) to represent the concept of perceived value associated with emotional responses. Emotional
[22,25,26]. values are often associated with aesthetic choices,
Customersatisfaction [27,28] are based on the role of  however, products that are more tangible and seem
customer perceived value as an antecedent of customer more useful also have emotional value. [25].
satisfaction. Some studies have examined service quality Marketing and promotional variables also drive
as an antecedent of satisfaction, which most of these emotional responses that may be typical for the
models incorporate benefits [29]The marketing product being marketed [26,36]. The languafthe
executives try to estimate the value of their products in  manuscript is clear and understandable.
relation to their quality characteristics, such as
functionality,  performance, usefulness, technical As for social value, the social benefit derived from a
characteristics, and the status proffered by owning them.pnoduct or service, about the utility of the product to
addition, focusing on service quality characteristics carrieemonstrate social acceptance, and enhance consumer
the important meaning of service, that is, the availabilitymage [16,35].Social values are also linked to social,
support and dedication offered to the customesconomic and cultural stereotypes in a positive or negative
consumption value theory several value concepts can Way. This, as measured by alternative impg#iles [26],
measured and describe: is consistent with consumer societal norms to show others
+ Functional value perceived as a benefit derivetlow they are when making purchases for goods and
from the expected perceived quality of a productervices [22]. Epistemic is the ability of products and
or service. It is considered the main driver ofervices to arouse curiosity or desire for new experiences.
consumer choice. This assumption supports tH&roduct capabilities within a specific context in situations
theory of economictility [30,31]. For functional where consumers have to [26,32,37].
values of vehicle purchasing decisions can be Furthermore, multiple values, namely the consumption
derived from features such as reliability,values that influence consumer choice behaviour, such as
durability, price, fuel economy, and maintenancewvork, social values, emotional values, epistemological
These values are contribute and independent values, and conditional values. The decision can be
consumer choices in a given situation, such asfluenced by theeonsumption values. This fulfils a high
functional values, conditional value orlevel of consumer need [26,38]. Values derived from TAM
convenience value and monetary value whichmplification [4,5], and environmental values. This is due
meet the needs and uses for physical purposss energy and environmental conservation and
[16,26,32]. Performance value/ conveniencetechnological innovations that enhance the satisfaction of
value means a facilitation condition is defined agonsumption of goods and services resulting in sustainable
an individual insight into the infrastructure orcustomer behaviour [9,13,39,40].
technical support available for the use of amodern However, the concept of perceived value often dffer
technological system. In terms of EVs, it isslightly from other related structures such as value, utility,
considered convenient in the ease of use of thice, and quality. Its use and its worth in terms of gain can
various equipment and controls of an electribe indicated in the form of integration that can be referred
vehicle, versatility battery charging, after salego about NFV and FV such as technology, convenience,
service and service centers are of high quality, areise of use, cost savings, risks and safety. These can be
monetary value. Customers are intent on buyingxplained by the TRA, TPB, TAM, the generation of
electric vehicles, even if they are expensive, angeople, personal beliefs and preferences, and the
the government will try to reduce the pricerelationship behaviours related to readiness for adoption of
difference by using incentives. The EVs are stilnew technologies.
expensive but customers are willing and willing  In addition, the value gained also includes the benefit
to buy electric cars. In spite of governmenpf the functionality that is more cost-effective from the use
support policies, trying to reduce the priceof various technologies in assistive devices compared to
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the time spent, the efficiency of features on the device used We concluded that the perceived values of other
is stable, accessible content and services, the devicerdkevant research studies were classified into the same
efficient in navigating relevant information with ease, anéunctional value and non-functional values, as shown in
technological
enjoyment benefit, worthiness for prices and §g8141].

Eco-friendly,

performance,

drivingTable 2.

Table 2 Literature review of Perceived value

Functional Valu

Non-functional Value

U
<

cov

M

<

ENV

SOV

EMV

Literature review

v

AN

AN

Hur, et al. [2]

Watjatrakul [3], Chen and Lif[43]

Ranaweera and Karjaluoto [

Jansri [4]

Kim, et al. 41]

AR

Han, et al. [15], Hegner, et al. |

YRR SRS

ANBNRNENE

ANBNANANE

ANENRNENE

Amin and Tarun [4]

Bashir, et al. [4]

Rasoolimanesh, et al. []

NAE

ANENENE

ANENERNENENENENANANAN(0]

AR

Miranda and Delgado []

Giantari, et al[49]

AN

ANBNERNANE

Liu, et al. [5(

Uzir, et al [51]

ANENENE

ANENENE

v

v

v

AR RAYANE

Salari [5]
Note: PEV=Performance Value; COV= Convenience Value; MOV= Monetary Value; ENV=Environmental Value;
SOV= Social; Value; EMV= Emotional Value

222  Perceived value of overall service satisfaction, encounter satisfaction, and
Customer satisfaction is established concept in sevep@rceived service quality takes a form of perceived quality
areas like marketing and consumer research, psychologg, a separate structure and differs from satisfa¢bibn
and economics [53].Satisfaction feeling is an attitude. 53,57].
Mixed feelings, as a consumer may have differentlevels of One form of intent is the degree to which consumers
satisfaction for different parts of product or serviceeparate their purchases between alternatives. As with
experience [54-58Putcomes of satisfaction feelings maymany brand loyalty, consumers may intend to show a set
involve intent to complaints and repurchds@é]. These of acceptable alternatives. However, it is known that stated
outcomes also are moderated by other variables. Fotentions without behavioural checks are highly
example, extreme dissatisfaction will not necessarilynreliable. Consumers often exaggerate their intentions
generate complaint behaviour, if the consumer believégcause they have a positive bias in their responses rather
complaining will be futile[53]. In addition, trust in than using other measure of satisfaction. Intent data may
products/services also indicates the level of custombe one of the best measurement mettpa$53]. Adding
satisfaction with significant benefits, such as social valueyore unique features will increase the perceived value of
emotional value, and taking advantage of functional valibe service and increase customer satisfaction [12821].
[46,55-57]. shown in table 3. And we make the following hypothesis:
The value concept as a catalyst in product choice and « H1: Functional value has a direct effect on
satisfaction's relationship to it as a brief psychological satisfaction.
reaction to a constituent of a value chain. A significant « H2: Non-functional value has a direct effect on
point about customer value models is the use of gross satisfaction.
benefit with cost judgments by consumers. The association

Table 3 Literature review of satisfaction and usage intention

Variable

Literature revie\

Satisfaction

Khazaei and Tareq [19], Hur, et al. [42], Bashir, et al. [47], Giantari, et al. [49], Bernarto and Purwanto
[59], Ashraf and Niazi [60Hapsariet al. [67], Rouibah, et al[62], Sadia [6], Su, et al. [6]

Usage
Intention

Han, et al. [15], Khazaei and Tareq [19], , Krishaad Koshy [21], Asadi, et al. [39], Hur, et al. [42],
Adnan, et al. [65], Alzahrani, et al. [66], Huang and Ge [67], Magotra, et al. [68], Tu and Yang [69],
Vafae-Zadeh, et al. [7]
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Customer value is also positively related to usatgntion.
223 Satisfaction Theoretical justification for the mediating role can be
Consumer satisfaction in the form of expectations arattributed to a well-investigated framework in attitudinal
confirmation of expectatiorj57,58],on the other hand, is literature [6,7]. Attitudes, preferences, and partitioned
believed to influence changes in attitudes and purchaattitudinal antecedents, cognitive, emotional, driven,
intent. The outcomes of satisfaction decisions wengersistentintentions in innovation arethnology [54,63].
attitudes and intentions that were modified accordinglfCustomer value indicates customers’ rational trade-off
well reflected by the results. Satisfaction experiencdmtween the benefits-costs of using a product/service and
influence future purchase intentions. well as later purchag®s is regarded as a cognition variable. Customer
attitudes, most consumer behaviorists will agree thaatisfaction is an affect variable. Customer usage purpose
buying dissatisfied products should reduce the inclinaticconcerns behaviour or a disposition to perform positively
to purchas¢56,58]. This means that the intended use wiltoward a product/service provider. In addition, trust in
be reduced accordingly. The satisfaction and products/services also indicates the level of customer
dissatisfaction characteristics were significantly correlateshtisfaction with significant benefits, such as social value,
with positive and negative effects, respectively. and temotional value, and taking advantage of functional value
overall satisfaction It is recommended that all dimensiorj46,54,57] and lead to increased customer loyalty
be tested for complete accounting of the post-purchafss,58,69,70].h addition, there are studies that support the
response in usf27,28,58].And we make the following mediating of customer satisfaction to usage -electric

hypothesis: vehicles, as shown in table 4 and figure 3. Thus, the
» H3: Satisfaction has a direct effect on usagfFamework provides a basis for hypothesizing that
intention. satisfaction mediates the effect of functional value and
non-functional value (perceived value) on usage intention.

224  Usagelntention However, marketing and consumer study also suggests that

The TRA, TPB, TAM were supposed to haveperception about a product may affect purchase behaviour
considerable capabilities as a tool to enhance the predictidinectly for some product categories. And we make the
of consumers’ Intention concerning environmentalljollowing hypothesis:

friendly behaviours, including the adoption BY's [21]. . H4: The mediating effect of satisfaction on
As shown in Table 4. functional value and usage intention.

. H5: The mediating effect of satisfaction on
225 TheMediating effect of satisfaction on nonfunctional value and usage intention.

per ceived value and usage intention
The customer value affects customer satisfaction,
customer satisfaction affects customer loyalty [27,28].

Table4 Literature Review of The Mediating effect of satisfaction

Pperceived value - Satlsfacno! - Usage intention Literature review
Direct effec Mediating effec
- v v Abu Elsamen71]
. v v v Nugroho, et al. [7]
Functional value 7 7 7 Giantari, et al.49]
v v v Amin and Tarun [4]
Non-functional v v v Rgsoolimanesh, etal []
value v v v Giantari, et al. [4]
v v v Amin and Tarun [4]
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Functional
Values

Satisfaction

NonFunctional |\ 7 _ -—-—-—
Values

Figure 3 Research model

3 Methodology 4 Dataanalysis

As an empirical research, we focus on using.l Descriptive statistics
questionnaires as a data collection tool, focusing on Descriptive statistics on demographic profile. Among
customers who have already used EVs. Statistical analysisthe respondents, only 56.08 percent are male, average
uses structural equation modeling techniques to answsfrages are 36, there are 40 respondents (27.03%) in Gen

research objectives and research hypotheses. X and 104 respondents (70.27%) in Gen Y, Incomes
25,000 baht/ month, Completed a bachelor's degree 58.78
3.1 Design of the questionnaire %, 1-6 months of experience in using a EV 45.27%, and

The data collection instrument consisted ofhe first EV in the family 75.68 %. In addition, the service
guestionnaires, consisting of quantitative attitude amglality of electric vehicle service centers (10 points) was
demographic data questionnaires, which measure 4 latassessed in (1) overall service quality was good with an
and manifest variables functional values, non-functionalverage score of 8.22, and (2) overall service quality of the
values, usage intention and satisfaction. The Likert scalemfoblem claim was good with an average score of 8.17, as
the 6-point scale was scored an evaluation questionnaireaan be seen in figure 4-5.
the acceptance of the value obtained from the use of EV as
1= extremely unacceptable, and 6= extremely acceptabe?2  Structural equation model analysisresults
In addition, the test results for the validity of each variable Because of this study, a small sample size was obtained.
had an alpha Cronbach coefficient of .866-.928The analysis of the Structural Equation Model (SEM)
appropriate for cognitive tests such as intelligence testsequired a simple model with small samples should be held

to strict fit standards [73)We take precautions in view of
3.2 Data collection the small sample size used for structural equation model

Data collection was carried out using a questionnairanalysis. The test of consistency between the goodness of
The questionnaires data analysed were used to deternfineneasures in the model was found to be in harmony with
the size of the sample. By specifying the ratio of 1€he fit of the model, with result: Chi-squay@) = 129.613,
samples to 1 variable, this equalled 18 member of obsenafd= 108, CMIN/DF {2/df) = 1.200, GFI = .916, CFIl =
variables= 18 x 10 = 180 cases, and used convenien®81, NF = .948, TLIl = .987, and RMSEA = .024 (Figure
sampling. Data collection period from Sep to Dec 2021 fd&). It could be concluded that the form of the structural
a total of 45 days. equation of the variables effecting customer usage

intention was consistent with the empiridata [56,74,75].
Accordingly, the statistics Goodness of fit as shawn
Table 5.
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Service quality overview (10 points)
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Service quality overview (10 points)
Figure 4 service quality of electric vehicle service centers
Service quality overview of problem claims (10 points)
S0
40
2w
o
3
o
L]
e
20
10
0
1 points 5 points 6 points 7 points 8 points 9 points 10 points
Service quality overview of problem claims (10 points)
Figure 5 overall service quality of the problem claim
Table 5 Statistics Goodness of fit
Relevant Statistis Criterig Test Valui
Relative Chisquare y2/df < 2.00 1.200
Goodness of Fit Inde GFI >.9¢ 916
Comparative Fit Inde CFl >.9¢ .9¢1
Normed Fit Inde NFI>.9E 948
TuckerLewis Inde; TLII >.95 .987
Root Mean Square Error of Approximat RMSEA <.0¢ .024
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4.3 Resultsof testing of the hypotheses Hypothesis 3: Satisfaction has a direct effect on usage

Hypothesis testing shall provide the same as thigtention. The hypothesis is concerned with standardized
Structural Equation Modelling by considering the C.R. (teffect =.886, that supports a statistically significant
value) and p-value used for the test of the hypothesis. Thgpothesis at p<0.001.
hypothesis analysis was executed using the IBM SPSS Hypothesis 4: The mediating effect of satisfaction on
AMOS software. It indicates that values higher than 1.96Inctional value and usage intention. The hypothesis
for all hypotheses of statistical significance. It can btesting is concerned with standardized effect =.309, that
concluded that the results support all assumptions and tBepports a statistically significant hypothesis at p<0.01.
the results of they are shown in table 5 and 6, and the final Hypothesis 5: The mediating effect of satisfaction on
model Figure 6. non-functional value and usage intention. The hypothesis

Hypothesis 1: Functional value has a direct effect o8 concerned with standardized effect =.512, that supports
satisfaction. The hypothesis testing is concerned withstatistically significant hypothesis at p<0.001.
standardized effect =.813, that supports a statisticaljhe results of the Structural Equation Modeling analysis

significant hypothesis at p<0.05. equations were formed:
Hypothesis 2: Non-functional value has a direct effect Satisfaction = .349 Function Value +
on satisfaction. The hypothesis testing is concerned with .578 Non Function Value, R? = .821 Q)
standardized effect =.578, that supports a statistically
significant hypothesis at p<0.001. Usage Intention = .886 Satisfaction, R?> = .600 (2)
751 701 610
SATI1 SAT2 SAT3
166 PEV it s1s
335 | cov | Fu;ca;t::al IR A A o | 36
6355 | mMov . . 886r Usage s U13 823
#.  Satisfaction s PP
156 ENV i Non X Ul4 823
Functional ’ - 5 ’
87| sov Valoe urs | 823
7801 EMV SAT4 SATS SAT6 uis | 823
634 559 694
Figure 6 Final model
Table 6 Analysis on the relationship of the variables
Standardized Squared
Relationship of Variables Regression |[S.E.| C.R. |p-valug Multiple
Weight: Correlation
Satisfaction | <... Functional Values .349 .15@.484 | p<.05 .821
Satisfactiol <--- Non Functional Value 57¢ .142| 3.94¢€ | p<.001
Usage Intentio | <--- Satisfactiol .88¢ 118 7.56¢ | p<.001 .60(
MOV <--- Functional Value .80¢ -a -a -a .65¢
cov <--- Functional Values .914 .0793.579| p<.001  .835
PEV <--- Functional Value .87¢ .08€| 12.74¢| p<.001 .76€
EMV <--- Non Functional Value .88 -a -a -a .78(
S{e)Y, <--- Non Functional Value .887 .06€| 15.14¢ | p<.001 781
ENV <--- Non Functional Value .87( .07¢] 11.99( | p<.001 .75€
SAT1 <--- Satisfactiol .75E -a -a -a 571
SAT2 <--- Satisfactiol .83i .112| 10.56: | p<.001 .701
SAT3 <--- Satisfactiol .781 115 8.97¢ | p<.001 .61(
SATA <--- Satisfactiol .78¢€ -8 -8 -8 .61¢
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Standardized Squared
Relationship of Variables Regression |[S.E.| C.R. |p-valug Multiple
Weight: Correlation
Satisfaction | <. Functional Values .349 .16@.484 | p<.05 821
Satisfactiol <--- Non Functional Value 57¢ .142| 3.94¢€ | p<.001
Usage Intentio | <--- Satisfactiol .88¢ 118 7.56¢ | p<.001 .60(
MOV <--- Functional Value .80¢ -a -a -a .65¢
SATS <--- Satisfactiol .79€ .087| 11.05¢ | p<.001 .63¢
SATE <--- Satisfactiol .83 .12£/10.70" | p<.001 .69
ull <--- Usage Intentio 71¢ -2 -2 -2 51¢
ul2 <om- Usage Intention 732 .087 11.055| p<.001 .536
ui3 <--- Usage Intentio 907 1241 10.707 | p<.001 .82%
ul4 <--- Usage Intentio .83z 101} 11.53¢| p<.001 .69
ul5 <--- Usage Intentio T40 .101} 10.04+| p<.001 .55¢
0] [6) <--- Usage Intentio .86( 1281 10.27¢| p<.001 .74(

Note: # Fixed parameter does not display the Standard Error (S.E.), Critical Ratio (C.R.)

Table 7 Hypothesis test results

Hypothesi coef Result:
H1: Satisfaction <-- Functional Value .349* Supported
H2: Satisfaction -- Nonfunctional Valu 578*+* Supporte
H3: Usage Intention <-- Satisfaction .886*** Supported
H4: Usage Intention <-- Satisfaction <-- Functional Value .309* Supported
H5: Usage Intention <-- Satisfaction <-- Non-functional Value 51 2%** Supported

Note:* = p<.05; :** = p<.01; ** = p<.001
Table8 Standardized direct, indirect, and total effects of the factors test results

Effects Total direct Indirect
Variable: FvV NFV SAT FvV NFV SAT FvV NFV SAT
SAT .34¢ .57¢ - .34¢ .57¢ - - - -

ul .30¢ .51z .88¢ - - .88¢ .30¢ .51z -

Note: Functional Value (FV), Nonfunctional Value (NFV), Satisfaction (SAT), Usage Intentior- as .00/

5 Discussion and implementation potential and assist them form more positive satisfaction

5.1 Management implications towards usage intention EVs.

The findings of this study may assist the marketin ) o
business and organizations of the automotive industry with2  Research implications _
the understanding of consumer behaviour in using electric This research is a cross-sectional study. Therefore, first
vehicles, and develop business strategies designed to mM@ggitudinal studies should be conducted so that changes
consumer needs issues. Marketers should atta€@n be more accurate and their application in studies to
importance to products and service non-functional benefi@ok for other predictors, second precaution is concerned
as well as social value, environmental value and emotiorith the small sample size used for multivariate statistics
value. Marketers should prioritize the mediating effect gtnalysis, and finally the sample size should be collected in
satisfaction, because it can lead to a loyal customer basé@sistency with the parameters in the research rigglel
the future. This phenomenon can be explained by the
theory of planned behaviour (TPB), technology acceptanfe  Conclusions
model (TAM), and theory of reasoned action (TRA) on The analysis also showed that the functional value and
predicting customersisage intention, and concluded thanon-functional value as demonstrated performance value
three theories could explain intention quite well, and TAMPEV), convenience value (COV), monetary value (MOV),
is better when measuring the general satisfaction level.émvironmental value (ENV), social value (SOV), and
addition, the results suggest that emotional value is tleenotional value (EMV) may have less influence in
most important value for the selection of EVs byulfilling customers need, satisfaction, and the intention to
consumers. It can be used as triggers to improve thee electric vehicles significantly. In addition, the analysis
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also showed that the non-functional value of electris] VENKATESH, V., DAVIS, F.D.: A Theoretical
vehicle users was more influential than the functional Extension of the Technology Acceptance Model: Four
value, indicating that the social value intent (SOV) was Longitudinal Field Studiesylanagement Scienc¥pl.
first followed by the Thai customer, followed by 46, No. 2, pp. 186-204, 2000.
environmental value (ENV) and emotional value (EMV), https://doi.org/10.1287/mnsc.46.2.186.11926
respectively. It may relevant to the perceived utility thgi6] AJZEN, I.: The theory of planned behavior,
consumers derive from their association with specific Organizational Behavior and Human Decision
groups in society. Personal norms can explain the Processes,Vol. 50, No. 2, pp. 179-211, 1991.
perceived social pressures of Thai customers that influence https://doi.org/https://doi.org/10.1016/0749-
product adoption and decision-making processes. This may 5978(91)90020-T
affect the customer's decision-making proceds] AJZEN, |, FISHBEIN, M.: Attitude-behavior
[20,13,27,58]. relations: A theoretical analysis and review of

Studies have shown the limitations of different empirical researci®sychological Bulletinyol. 84, pp.
approaches to the complexity and multidimensional nature 888-918, 1977.
of perceived values. The decision to buy and use EVs https://doi.org/10.1037/0033-2909.84.5.888
[16,65], has to go through credibility to increase the levg8] KNAPCIKOVA, L.: Electromobility in the Slovak
of consumer satisfaction that has been used goods andRepublic: a green approadhcta logisticaVol. 6, No.
services [29,31,46,57,58,63,74]. 2, pp- 29-33, 2019.

The results of this study may help organizations and https://doi.org/10.22306/al.v6i2.116
marketing businesses of the automotive industi®] OUBRAHIM, |, SEFIANI, N., HAPPONEN, A.:
understand Thai consumers' behaviour in using electric Supply chain performance evaluation models: a
vehicles. And develop innovative business strategies literature reviewActa logistica, Vol. 9, No. 2, pp. 207-
designed to meet the needs of consumers in early adopters221, 2022. https://doi.org/10.22306/al.v9i2.298
and expansion markets [29,75-77]. And enhance [10] HRUDKAY, K., JAROS, J.. Framework for
direction and continuous improvementsin marketresponse Electromobility in the Slovak Republic and Its
and consumer EV attributes are consolidated through the Application at the Local Level Transport and

use of automotive supply chain performance [8,9,13]. Communications,Vol. 8, No. 1, pp. 6-12, 2020.
https://doi.org/10.26552/tac.C.2020.1.2
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Abstract: The increase in computer computing power and the development of simulation software make it possible to
realise very accurate predictions of the impact of decisions on systems. The cost of investments in streamlining logistics
and manufacturing systems is usually high. Therefore, verifying whether the implemented improvement will have a real
intended impact on the system is necessary. The use of simulation helps reduce the risk of uncertainty in such projects.
The article describes the simulation performed in the software Tecnomatix Plant Simulation 15.2 and their use in its
described methodology for simulation study with achieved results. The study was carried out to streamline manual
assembly in a company engaged in the production of car seats, namely car rear seats and their manipulation processes
The simulation itself was supposed to answer the question of whether it is possible to produce faster customer line tact
and whether it is possible to reduce the number of workers without influencing line performance. The very design of the
content and number of simulation experiments was realised in two main aspects. These aspects are whether changing the
organisation of the workplace will bring the desired effect and whether the installation of new equipment can improve
performance even more. The resulting solution helped reduce the investment uncertainty and estimated that the best two
solutions would increase the assembly line performance by 0.94% or 6.89%, respectively.

1 Introduction In other words, just as we set up an efficient transformation

Manufacturing companies are now increasingly facingrocess, such results we will be able to expect. Many
problems of rapid implementation of change to theifompanies have been successful for a long time precisely
processes. Often these changes are introduced withBg€ause they are volatilely trying to optimise and
careful consideration of all benefits and negatives. Thegteamline their internal processes [2,3]. This brings added
negatives can outweigh all the benefits, and businesses Walue to companies, especially in reduced costs or
only find out after all the changes and innovations havacreased production. Various techniques from LEAN
been introduced. Therefore, during production, they hat@rough Sig Sigma are used in optimising production and
to deal with problems for which they were not sufficienty@ssembly systems. However, only some of the methods
prepared. Ultimately, this can lead to higher workplacellow a glimpse into the future as accurately as a computer
failure and, thus, a decrease in performance. However, gigulation [4,5].
need for these Changes is increasing to improve Computer simulation imitates system behaviour and
performance and quality. internal processes over time and appropriately concludes

Potential problems can be avoided by using variogystem behaviour. Simulation models are compiled using
tools to predict the future state of the devices and th@e simulation software. [6]. The simulation is used to
advantages and disadvantages of the individual solutiopedict the effect of changes on existing systems and the
proposed. Current trends in the support tools of producti®¢rformance of new systems. Computer simulation allows
Systems designed to solve the probiem of rapid Seductmrlficatlon of decisions and th?lr variation tO achieve
of change are directed to digitisation, making it possible ffaximum synergy effect without interference with the real
solve decision-making tasks in the digital environmengystem [7]. It is most often used in processes where we
Now the trends of Industry 4.0 have become emergent@§sign new systems and do not know their specific
companies. Industry 4.0 technologies include simulatid?¢haviour, so their applicability ranges from mechanical
[1]. The production system, as we know, has thrag@rocesses [8-10] to production processes [11]. This allows
components (inputs, transformation process and outputd$, for example, to accelerate the start-up of new products,
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verify future investments, verify our scheduling plansionger sufficient. It has been applied to a wide variety of
check the current state of planning, optimise and streamligettings. The following are just a few samples of areas
the current system. Using simulation is possible to findthere simulation has been used to understand and improve
many statistics that help detect bottlenecks, even in pladbe system's effectiveness: airports, hospitals, ports,
where they are seen in normal view. The advantagesmfning, amusement parks, call centres, supply chains,
using simulation lie in its benefits. The simulation camanufacturing, military, telecommunications, the criminal
provide information on the proposed solutions alreadystice system, emergency response system, public sector,
during the decision-making process. On this basis, tled customer service [7]. The simulation finds its dominant
optimal solution can be chosen. application mainly in industry, where vast volumes of
The saving of time and mainly costs that the simulatiomoney must be invested to establish production capacities.
provides is a great asset due to the increasing pressurelTberefore, the result we want to achieve must be verified
the necessity of change. It is a very effective tooln advance to achieve maximum effect. The production
especially in assembly processes, where it can detect amda covers both the area of manufacturing and logistics.
remove bottlenecks, thus improving the overall qualitySeveral works were involved in the application of
whether product or production plan. The assembly procesishulation in production. The simulation of the production
is a process that is particularly sensitive to the timelffacilities and production flows was dealt with by [14-17].
follow-up of processes. In other words, the performance dhe simulation of logistics processes carried out through
our system will be just as high as it is in its bottleneckupply tractors was dealt with by [18] testing different
place. This is especially true in processes where it l@youts of multi-company multimodal logistics systems
impossible to create buffers that compensate for tinj&9] by analysing simulation techniques in logistics [20],
disproportionates. The height of the output from theptimising logistics warehouses [21] and [22], simulating
assembly system depends on good line balancing and kbgistical flow using the kanban system [23]. By simulating
correct distribution of logistics activities. Computemworkers using genetic algorithms solved [24], worker
simulation allows testing the layout of activities so thaallocation planning of a medical device distribution centre
times for individual workplaces are as close as possible.[25], and evaluation of the effect of worker turnover on
As it turned out in practice, the application ofproductivity [21]. The simulation of reconfigurable
simulation has problems. Most often, problems associatptbduction systems was solved by [20] simulation of
with  communication between the designer and therogressive production concepts through metamodels in
simulation specialist are pointed out. The basis of su¢d6]. From the width of the current use of simulation in
issues can be a need for more knowledge about ttietabases, it can be assessed that the application of
possibilities of applying simulation on the part of thesimulation in production will only grow. The article itself
designers or their excessively high requirements fis an extension of existing knowledge and its use,
simulation [12]. Here, too, it is necessary to realise thatespecially in manual assembly.
simulation is only a support tool for decision-making, it : )
cannot replace the designer's creativity, and in the end, thd ~ Chosen simulation study methodology and
designer must make the fundamental decisions and take  Simulation tool . _ _
full responsibility for them [13]. These problems gradually ~ The actual implementation has been realised according
disappear after the participation of designers in the solutiéf the general methodology of conducting a simulation
of several simulation studies. Designers better understa$fgddy for the manual assembly workplace and its steps
the possibilities of simulation, penetrate into the depth €fined in Figure 1. o _
problems, gradually become familiar with the simulation The simulation project begins with an analysis of the
system and, over time, can solve simple task§al system, a definition of the problem, and clarifying the
independently. Such a procedure is usually the mogfnulation's aim. For the needs of the computer model, it
advantageous for project departments in companies. IS necessary to collect and process as much information as
At its core, the article describes the use of comput@pssible about the means of production or knowledge of
simulation for streamlining manual assembly respectiveljie workers themselves from the solved assembly line
for determining the results of individual decisions on &ince it is a manual assembly. After this step, an abstract
solved system. The simulation model creation was carrié@gical model is then created, and the model created on a
out in cooperation between the simulation specialist as@mputer is validated. The next step is to create the model
the responsible workers on the line, and the simulation w#gelf and verify the correctness of the model concerning
realised in cooperation between the specialist and tHte formulated parameters — verification and pilot runs.
designer. Tecnomatix Plant Simulation 15.2 software ®fter that, simulation experiments are planned and

used for simulation, allowing dynamic system simulationPrepared. We carry out experiments by changing
parameters or modifying the model. Given results from the

2 Materialsand methods experiments carried out are evaluated and processed. If the
Modelling and simulation find their application inresults of the experiments are satisfactory, changes to the
dealing with many tasks for which a routine estimate is meal system shall be applied.
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1. Problem definition, analysis
and determination of target
simulations for the specified real

2. Collection of real system data
and real system knowledge

2. Design of a simulation model
. Conceptual model development |

The informal conceptual model
and its validation

A formal conceptual model and
its validation :

3. Creating a simulation model

Computer model, its verification and
testing

and parameterization

Insertion of working positions
Defining object attributes

Defining the Jogic of activities and:
actions.

Y

4, Simulation

Realization of simulation runs |

Simulation results and
operational validation

5. Analysis of results (comparison

of goals and simulation results)

Model changes

In case of inconsistencies in comparing the objectives
and results of the simulation, a model change shall be
made. Tecnomatix Plant Simulation 15.2 has been selected
as a simulation tool. This is software allowing dynamic
simulation of the system. The functions of Tecnomatix
Plant Simulation enable the creation of a digital model of
real logistic systems (for example, production flow,
material flow in supplying, etc.), thanks to which
experiments and control of individual courses and system
characteristics can be done.

2.2 Description of the simulated process

In the previous chapter, the methodology described was
used to conduct a simulation study on the assembly line on
which the rear seats of a passenger car are manually
assembled. The display of the final product and input
materials can be found in Figure 2.

a.

1s.

gure 2 lllustration (a) tfinal product; (b) of the input
materials

It is a process where heating, pressure sensor, cables,
cover, and isofix are gradually installed in the installation
process. The initial hypothesis is that there is a distribution
of activities and fewer workers where the output of the
workplace is comparable to the current one. The layout of
the selected material flow assembly process itself is in
Figure 3. The selected assembly process and the activities
carried out in it do not have specified times for the
operation but are determined by the customer's line tact.
Therefore, there is a situation where the tact may be higher
or lower in the workplace. A workflow is defined for each
workplace to ensure the required quality of the product.
The static position of material and workplace buffers is
also defined. In the workplace, various variants of seats are
assembled. These differ in foam, cover (vinyl-semi leather,
leather, textiles), and heating.

The assembly procedure is the same for all types of
products, except the case of heating installation. For this
case, time is different due to the installation of this
component. The supply of material to the assembly process
is considered 100% as the downtime is negligible. As such,

Figure 1 General procedure for carrying out a simulation studype assembly process follows the processes of preparing the
for a manual assembly workplace input material and workplaces, where the installation of the
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(2

upper part of the seat is carried out and at the workplasenulation experiments are to be carried out, results can
EO04_2, are paired. Therefore, these processes interact, alsd be expected as the inputs are precisely defined. The
when it is unsynchronous, one process affects the otherdsfinition and interpretation of the collected data have an

delaying. Both processes then affect loading the finishéahportant role, the correctness of which is confirmed at the

paired parts into the technological pallet for automatic puterification and validation stage.

away. When creating a simulation model on which
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Figure 3 The layout of the manual assembly workplace and material flow

The data collection is based on the objective of tt® Results
simulation project itself, based on which abstraction and The created simulation model consists of a line model
reduction steps were carried out. As already mentiongg,which the entire process of assembling the product takes
variations of the product differ in the foam used (PHEVp|ace. Creation of a simulation model consisting of steps
HEVSB, HEV, SB, 5DR, CUV), cover (vinyl-semi leather,defined in the general methodology for conducting a
leather, textiles), and heating (contains, does not contaig)mulation study in an environment of manual assembly.
The material flow of the product is shown in Figure 3. Thejrst, a raster was inserted from the CAD file, based on
main flow of products is shown in red. The places afhich the objects were modelled to actual dimensions.
installation of the material are colour purple. The durationhis is due to the correct distances for walking workers and
of activities in the workplace needs to be preciselhe right restrictive conditions. After inserting and
determined. Their duration had to be measured directly ﬂﬁode”mg objects, parameters have been defined for
production. Based on data and the reduction of elementsglects, workers, and products with assigned logical
time has been set for three types of covers. Foams, evegrifical rules. In the end, the model is verified and validated
they are different, do not change the duration of time f@jnce more. It is validated using order sheets. In one order
aCtIVIty A triangular distribution is selected for the dat%heet is printed time when the order of 8 seats enters the
since, in production, itis possible to measure the minimurfeal assembly system. When the following order of 8 seats
maximum and medium duration of the activity, and thenters, the time is also recorded to determine how much
activities performed by humans are reflected in the tim@ime consumption this order takes. This was done for one
variation. For the possibility of future balancing of sucthundred orders. The resulting difference with the real
times, the operation of the installation itself is divided intgystem was +/- 0.38%. The simulation model created in 2D
several activities. The activities come from workflows angind 3D graphics is in Figure 4. For the design of
are in the order in which they are carried out. Thexperiments, it is necessary to consider the company's
description of the process is as follows; take the foam, stigkiestions, whether it is possible to produce faster customer
the pressure sensor, if it requires a heating application, thef tact and whether it is possible to reduce the number of
cover with a cover, shoot the cover on the seat, stretch fjgrkers without influencing the line performance.
cover and attach it to the bottom of the seat, plugging in thgrthermore, it is necessary to analyse the results from the
heating unit and cabling, straightening, heating, installingmulation model, which is validated with the real one.
the isofix, ironing and checking, assigning a label tgssential indicators include the worker's utilisation graph
control quality by the pressure sensor, final inspection apggure 5 and the workplace utilisation graph Figure 6.
loading. In the production line, it is possible to identify two
bottlenecks, namely the places with the highest tact times,
EO1 and EO4_2. Looking at the workplace workload graph,
Figure 6, it can be identified that the E0O4_2 creates a
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MeasuringStation blocking and secondary blocking a&fmployees, the deployment of work activities, their
E04_1. Also, the EO02 and EO3 workplaces are blocked doecessity and the ability to meet the requirements for
to EO4_2 influence. The EO1 workplace causes thmistomer line tact. Atfirst, a series of merging experiments
blocking of the EO1_1. The current output is 30.74 piecegere carried out to determine the possibility of merging
per hour. The experiments were conducted based workplaces.

analysis and are a combination of the number of
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Figure 5 Chart of current worker's utilisation
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Figure 6 Chart of current workplace utilisation
From the resulting statistics, only in one case [a Exp.¢ EO01 1 and DC 28.87
minimum tact of the customer line was achieved, namely Exp. ¢ EO02 and EQ 19.06
in merging the EO1_1 and D09 workplace activities, which  Exp. ¢ EO02 and EO4 15.77
is not enough for the medium or faster tact of the custonier Exp. 3 E02 and DO 22.80
line. However, there is the potential for testing in the  Exp. ¢ EO3 and EO4 18
distribution of activities. The next series of experiments [S™ Exp ¢ EO03 and DO 25.18
realised based on the distribution of activities so that the g, ¢ EO04 1and DC 24.06
line is in reasonable balance. Experiment 12 is based [on Exp. 1/ EOL 1and EC 20.68

leaving the same number of workers. The worker frorr
position EO2 is helping in the EO1_1 workplace, and on=
activity has been moved from the EO1 workplace
Experiment 13 is an experiment without changing th
number of workers. A worker from EO02 is helping at th

EO01_1 workplace, where one of the activities of the EC
workplace has been moved. Also, the MeasuringStatic \
and EO4_1 were switched in this case. Experiment 14 is
experiment without changing the number of workers, ar

=

MeasuringStations, and EO4_1 were switched. Experime )

15 is an experiment with changing the number of worke
A worker from EO02's position is helping at the EO01_
workplace, where one activity has been moved from t
EOL. The MeasuringStation and E04_1 have also swnchea" ;o
The worker from the EO4_2 are removed, and his acuwtu\
are transferred to D09 workplace and worker.
switching of MeasuringStation and E04_1 is depicted in

Figure 7.

Figure 7 lllustration of positions after switching
MeasuringStation with E04_1

The

Experiment 16 is an experiment without changing the

Table 1 Experiments carried out to identify the possibility of number of workers. EOQ1_Instal_LSHog worker from E02's
merging workplaces and their activities

position assists in the EO1_1 workplace, where the EO1 site

Experiment|  Workplaces whose Output has been moved, and the MeasuringStation rescheduling
numbe activities are merge [Pcs./hout with E04_1 has been carried out. At the same time, the
Exp. ] EO01_1 and EC 20.68 conveyor and EO4_2 activities are transferred to D0O9_1 and
Exp. 2 EO01_1 and EC 5.20 D09_2. The depiction of the location of the completed
Exp. & EO01 1 and E04 20.30 conveyor is in Figure 8.
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Figure 8 lllustration of the position of the supplemented
conveyor

Table 2 shows the experiments and results achieved.

Table 2 Experiments and their impact on hourly line

performance
Experiment numbe¢ | Output [Pcs./hou
Exp. 1: 30.74
Exp. 11 30.27
Exp. 1¢ 30.14
Exp. 1¢ 31.04
Exp. 1¢ 32.87

A Figure 9 graph is created to better understand and
interpret the experiment's results.

1 W Number of workers B Output [Pes./hour]
w
N
g . g g gl Bl =
~J =] ~d i S o ~
wn o0 ¥} &~ ~J s &

~J [0 g

I b

= 2

5 6

Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp |Exp ||Exp
1 2 3 4 5 6 7 8 9 10 11 12 13 14 |15 ]]16

Figure 9 Summary graph of experimental results

In the graph in Figure 9, two experiments 15 and 16 abuiffers in which pieces accumulate, the bottleneck
marked. If we consider reducing the number of worketscations without a time study are more difficult to detect.
and, simultaneously, the highest possible output, then the Computer simulation helps to detect bottlenecks of the
result from experiment 15 is optimal. If we considereasons for their emergence as well as follow-up problems.
streamlining the line to cover even faster tact from th& simulation model that is properly validated by the actual
customer line, then the solution from experiment 16 is beslystem helps us verify our decisions without intervening in

a real system. Most bad decisions are characterised by the
4 Conclusions fact that their correction or retention has a negative impact

In the current market competitive environment, th€n production as well as costs.
success of each company depends on the ab|||ty to adapt,The article aims to describe the use of simulation
which is a prerequisite for satisfying customegarried out in the framework of the simulation study and
requirements. Each competitive company examines #f#e results achieved. The study was implemented using a
processes to make them more efficient so that it ultimatefmputer simulation realised based on general simulation
obtains an increase in production or reduces waste $fidy methodology to increase the efficiency of the
resources (e.g. materials, raw materials, capacitie@sembly line inthe company. The case study described in
money)_ In assemb|y processes where there is a t”“@ artl(;le US-ed a simulation tOOl, Siemens's Tecno-matlx
follow-up, the height of times along the line must bélant Simulation 15.2, to perform computer simulations.
balanced, and the bottlenecks must minimally affect tHts part of the solution, the essential requirement from the
final output. Sometimes such bottlenecks can be detec@fPporate hypothesis that there is such a new distribution
normally by looking, especially if there are buffers in th®f workers and activities where there will be an increase in

system that display this state. However, if the line has f@rformance was met. Two proposed variants, where one
allows the number of workers to be reduced by one worker
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and meets the requirements for medium and slow customer https://doi.org/10.1051/matecconf/201824401024

tact of the line by better organisation and logistics, matdB] SINAY, J., BRESTOVIC, T., MARKOVIC, J.,
this hypothesis. At the same time, performance will GLATZ, J., GORZAS, M., VARGOVA, M.: Analysis
improve by 0.94% by using this variant. A faster customer of the Risks of Hydrogen Leakage from Hydrogen-
tact can be achieved without reducing the number of Powered Cars and Their Possible Impact on
workers, and performance might increase by 6.89%. The Automotive Market Share Increasépplied Science
proposed simulation study methodology is especially Vol. 10, No. 12, pp. 1-13, 2020.

suitable for companies with essential data and layouts and https://doi.org/10.3390/app10124292

needs to verify their optimisation solutions associated wifi0] STEISUNAS, S., DIZO, J., BUREIKA, G,

investment costs. ZURAULIS, V.: Examination of Vertical Dynamics
of Passenger Car with Wheel Flat Considering
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Abstract: The food supply chain (FSC) is made up of producers, traders and processors who bring the product from supply
to demand through logistical processesod supply chains require specific methodologies for their current diagnosis,
evaluation and improvemeritogistics in food supply chain requires to be managed according to its nature. This article
identifies the different methodologies through a systematic literature review of publications from 2005 to 2022, using
Web of Science, Scopus and Google Scholar search engines, in order to establish the state of the art. As a result of this
review, a new taxonomy is proposed and includes the following methodological groups: management, qualitative,
guantitative, multi-criteria decision-making (MCDM), statistics, machine learning, mathematical modelling, discrete
simulation, system dynamics and others. The methodologies of characterization, evaluation and improvement are
classified into two main groups of logistical means and modes. The performance measures most commonly used in the
methodologies by the researchers were also identified. From the article, discussions, challenges and trends are generatec
to identify possible future research and different gaps.

1 Introduction The activities that take place in the FSC and logistical

The characterization establishes an informative and/Bfocesses and resources, the population heterogeneity and
descriptive study to establish the situation of logistics in tHéncertainty, are continuous progress elements [2]. The
food supply chain (LFSC). Moreover, the evaluatioiertiginous market’s change.reqmres methodologles and
compares LFSC current status against desired performafit@dels adjusted to the logistic process, the life cycle and
measures. In terms of improvement, the aim is to brifgPhservation, food transportation with temperature and risk
logistics in the FSC to a higher performance state. control [3], reverse logistic [4] and the reduction of

The logistical modes or processes about how to mandgjdiwhip effect [5,6]. Food safety, lack of quality in food
supply, inventories and storage or distribution are relevagiPply and the waste generated in the FSC links are caused
in food supply chain; its analysis must consider changeshi  shortcomings in logistical modes and means
temperature, relative humidity, perishability, short lifenanagement [7], as reduction of resources and waste
cycles, these elements define the use logistical meansdghneration without proper treatment [8], lack of
resources to be used, such as facilities, transportati@mmunication  between producer,  processor,
packing and packaging, storage , information anl@termedlarles anq the consumer, losses due to spoilage
traceability or systems of integrated enterprise resouri@m handling, perishability or inadequate structure of the
planning (ERP) from the supplier to the final consumer, 45, adding also government policies on export and import
well as government policies, food security, and the effecid @ global market [9]. This results in a failure to implement
of natural disasters on food. The means and modes in fh@ Mmanagement that impacts on quality, food safety and
LFSC ensure the operation and give rise to the netwotkStainability [10], which significantly reduces the shelf
design, so it is necessary to characterize, evaluate dff@ of food [11], weakening the FSC links in times of
improve, considering variables, parameters arfsaster or pandemic [12].
performance measures such as efficiency, responsivenesdPue to these FSCs issues and their logistics processes,
and quality [1]. The interaction of each element on the FS@ere is a need to establish the commonly used
and the relationships between its different agents genertgthodologies in characterization, —evaluation, and
information flows in foods that give rise to designs, whickmprovement for LFSC, their trends and challenges, as well

require different methodologies to diagnose, evaluate Biure research. In this systematic literature review,
improve the LFSC. journals information is analyzed to establish the state of art

of the most used methodologies.
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2 Methodology that the largest article’s number were from databases as
The systematic literature review of LFSCElsevier, Emerald, MDPI, Springer Link and Taylor &
characterization, evaluation and improvemerftrancis. Each article’s contribution is considered according

methodologies carried out in: Scopus, Web of science alfl citations, specialized authors, as also seminal,
Google Scholar. A database compiled from 26 researditgoretical, and practical articles. To get the information,

journals was generated, with 123 articles in total, showirigsearch included main words, support words and
connectors as shown in Table 1.

Table 1 Research methodology

SEARCH MAIN WORDS SUPPORT WORDS CONNECTORS
Scopus Food Supply Chain - Characterization — Improvement - | And - Or
Methodology- Logistics Performance+ Evaluatior
Web Of Science Food Supply Chain - Characterization - Improvement - | And
Methodology - Logistics Evaluation - Performance
Google Scholar Food Supply Chain- Logistic&haracterization - Improvement - | And - Or
- Methodolog Evaluatior

*Acronyms of words used in the search: Food Supply Chain (FSC), Methodology (M), Logistics (L), Characterization (C),
Improvement (1), Evaluation (E), Performance (P)

The following questions were formulated to guide thamprovement of FSC?. The information was consolidated
systematic literature review: What are the methodologie@ecording to approaches, topic and specific points
for diagnosing, evaluating and improving the FSC? Whatgarding LFSC, classified into subtopics, the relationship
are the characteristics of these methodologies? What &dogistics areas and social, economic, environmental, or
the performance measures used in these methodologigg®ernmental impact. The methodological design steps are
and, What are the discussions, trends, challenges and futuresented in Figure 1.
research regarding the diagnosis, assessment and

EFOOD SUPPLY CHALN
Evaluation methodologies Improvement methodologies

Characterization methodologies

LOGISTICAL MODES AND MEANS

M ODES: Warehousing, Procurement, MEANS: Transport, Facilities,
Distribution, Packaging, Inventory Packaging,Integrated Systems (ERP).
IMPACT AREAS
Economic Environmental Social Government

PERFORMANCE MEASURES
Profitability, Effectiveness, Efficacy, Quality, Efficiency, Responsiveness, Flexibility

Figure 1 Taxonomy for the analysis of methodologies

The methodologies found present an approach ttynamics appear from 2017. In India, since 2017,
methods such as decision-making, quantitative analyst®ntributions have been made towards integrating FSC
qualitative analysis, and techniques, using differentith logistics and sustainability through the promotion of
theoretical models and conceptual frameworks. Finally,reew and emerging technologies to address challenges in
taxonomy of performance measures is developed. Tfeod security. In China, Turkey and UK, they focus on the
methodologies are evaluated chronologically and reseangbe of technologies for traceability, sustainability, and

trends in LFSC are identified. quality, considering different risks in FSC, due to
dynamism, environment variability and food life cycles. In
3 Methodologiesfor Characterization, Italy and in line with FAO guidelines, the focus is on
Evaluation, and |mprovement of logistics Io%istics as a FSC fundamental process for quality and food
safety.

Bm f(;)Od S";]pply Cham. i . | In Australia, they focus on use of technologies
H ased on the s_)(/jsteq;_at:jc . |te|:rgt8re rdewew, rebe\fa'&tddressed on risk, vulnerability, and logistics (Imran Ali).
thematic axes were identified for study, some be Or\}gageningen University in the Netherlands focus on food

before 2010. Those related to current environmegp ity and sustainability, where Van der Vorst and his
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team study FSC and Logistics. Based on the systematmmplexity of SC management, the characteristics of

literature review, the classification shown in Figure 2 idifferent foods to be analyzed, the performance measures

proposed, according to each topic and publishing yeased, integration level between stakeholders, the logistical

between 2005 to 2022. processes, as also experience and knowledge of the studied
The methodologies compiled in literature are proposesystem.

by the authors according to the environment, the
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Figure 2 Years versus thematic axes

To establish an appropriate methodology involvesnvironmental and sustainable approaches to CS are
proper communication between the parties [13]. Thappearing [17].
information, logistic and productive flows of the FSC must With logistics as a vital axis to proper management
have connection and coordination, global analysisupply chain [18], the main methodologies used and the
responsiveness, reliability and competitiveness, being alfillndamental aspects of each one of these methodologies
to measure and evaluate performance [14]. are presented below, based on the logistic modes and
Identifying the processes involved in the LFSC requirameans found in the literature review. The articles consulted
a methodology that works according to the curremn characterization, evaluation and improvement were case
dynamics, sizing the activities and evaluate the conditiostudies and development of models that build concepts or
that favor or not their performance [1]. Theconstructs and allow modeling of FSC.
characterization, evaluation and improvement of the LFSC
are linked to the design and configuration of the flows @.1  Characterization methodol ogies
each of the processes that make up the LFSC [15,16]. The The characterization of the LFSC is done analytically
comparison with different SC models or schemes angt empirically and details each aspect according to the
logistics processes allows establishing a frame of refererméthors' environment. In Table 2, methodologies are
and performance measures that determine the past, curiigided into management, qualitative, MCDM and
and future status. Although the search for economisgtatistical.
financial performance is mainly evident, social, political,

Table 2 Logistical modes and means in Characterization methodologies

Management | Qualitative | MCDM | Statistical

Storage 2 3 5 4
Supply 0 0 2 4

MODES | Digtribution 5 6 2 4
Packaging 0 1 3 2
Inventories 0 0 3 3
Transport 7 5 6 4
Packing 3 3 1 1

MEANS | Facilities 3 1 3 2
Enter prise Resour ce Planning Systems 0 0 1 0
(ERP)

3.1.1 Management methodologies which the main factor is logistics, facilities and the

They aim to improve the practices of busines®rmulation of sustainable production plant scenarios [20].
processes interacting in the SC. The Balanced Scored Calee Global Supply Chain Forum (GSCF) methodology
(BSC) methodology uses costs related to transpogenerates twenty-four logistics activities for each key FSC
distributions, and deliveries [19]. SCOR is also used, inusiness process, integrating supply chain management
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(SCM), logistics, business processes, product flow, reverggough traceability in storage, transport and distribution
logistics, logistics risks in  cold chain, packing and38] and packing [39]. RFID radio frequency technology
transport resilience [21], the identification of relevanis used in distribution centers, packing processes and
attributes to describe and represent FSCs with differentventory levels with traceability for the recall of unsafe
perspectives or narratives [22]. products in the reverse LFSC, using cause and effect
There are methodologies that work with quality at thanalysis methodologies from current Food, Drug
core, risks with respect to logistics facilities are addressédiministration and USDA regulations [40].
through a methodology based on the Quality management Content analysis is used through literature review to
model [23], combining quality and risk measures includingtudy sustainability in FSC and the importance of
product lifetime in transport activities [24]. Anothereconomic, social and environmental aspects in distribution
approach is structural quality modelling of perishables bgnd packing [41]. In a social approach, a FSC of artisan
analyzing suppliers, customers and logistics processg®ducers is observed using the methodology of content
[25]. Other methodologies [26] work with diagnostic toolsnalysis, information gathered through interviews,
such as food safety management system, quick scan additumentary analysis and direct observation, in
(QSAM) focused on chain uncertainty addressing materiebmmercial spaces, meetings with suppliers, product
flow in distribution processes, facility analysis andlissemination, marketing and transport [42].
equipment modernity. Empirical models propose activity
performance measurement systems, PMS, including redl1.3  Multi-criteria decison-making (M CDM)
time transport [27-29]. The reference methodology methodologies
RAPDtT (Receiving-Storage-Processing-Dispatching- These methodologies help to have a more detailed
Internal and External Transport) provides a roadmagharacterization perspective with information generated
through a process diagram and covers the logistiozainly by experts. They allow observers and experts to
operation [30]. Addressing problems holistically isunderstand issues of some complexity to make decisions
possible in environments of uncertainty, as is the case witlom different perspectives. The Analytical Hierarchy
the soft systems methodology that is proposed in aspect$odcess (AHP) has been used to determine parameters that
sustainability, values and ethics, a more humarafect the FSCs sustainability where packaging and

perspective, and cooperation-oriented [31]. packing have a direct impact in terms of reuse and
recycling [43] in energy consumption in industry structure
3.1.2 Qualitative Methodologies and gas emission in the FSC [44]. The AHP methodology

They rely on qualitative collection data and analysigsan be combined with Technique for Order Preference by
flexible semi-structured interviews, matrices, and tables &imilarity to Ideal Solution (TOPSIS) to define storage,
describe and contrast one or more specific characteristfesility and transport risks caused by poor food handling,
in LFSC. In a research study [32], they propose a risknd thus be able to make good decisions on waste reduction
matrix that evaluates how company size and its links affelet5], studying the efficiency of technology managementin
the performance, the traceability system consistency the FSC to ensure shelf life. TOPSIS together with the
storage conditions and packaging quality. Multi-criteri&limination et Choix Traduisant la Realité (ELECTRE)
performance matrices can be used for decision makingrmethodology and the cross efficiency method (CE) serve
distribution [33]. A mixed method is developed with datdo rank the countries with the most cereal exports to the US,
interviews qualitative and survey quantitative dat&entifying multi-criteria risks in socio-economic and
analyzed in SC by combining contingency theorynstitutional conditions in terms of food safety and
methodologies and resource-based theory [34]. Itmansport [9].
countries such as Vietnam, for short food chains The interpretive structural model (ISM) segments the
development between farmers and distributors, seniiformation and develops organizational or hierarchical
structured interviews have been used to achieve pripeocesses, and has also been used to analyses risks
stabilization, sustainability and decision-making irgenerated by 3PL in the coffee LSC, the success factors
situations such as COVID-19, issues affecting smallholdezlated to storage and transport, integrating expert
farmers [35]. Likewise, expert stakeholders in fish S@formation through the MICMAC and Fuzzy TOPSIS
have used information systems and technology fonethodologies to priorities risks [46]. With regard to
facilities and transport with cold requirements [36]. sustainability in perishable FSC in developing countries,

Impact and challenge tables are used to measure dahd ISM methodology was used in conjunction with the
characterize the technologies impact as internet of thingsjalytical network process (ANP) to identify and model
blockchain, big data and artificial intelligence, defininggconomic development, including infrastructure, adequate
faster and cheaper delivery options in distribution centecsld storage facilities and waste mitigation [47]. The ISM
and limited storage scalability [37]. The relationships witimethodology is also used with the MICMAC cross-impact
the FSC links can also be characterized by the PRatrix to determine the causes of food loss in transport,
methodology (People-Process-Technology) where tlweadequate packaging, poor storage facilities and lack of
blockchain ensures the measurement of food authenticity
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information exchange in the fruit SC [48], as well as toausal relationships between variables, whit regard to
identify causes of post-harvest losses in 3PL transport [48hderstand raspberry chain fragility affecting safety in the
For the elaboration of an integrated performancgtorage, distribution and packaging processes [56,57]
measurement framework and the interdependence agplies it in a sustainable management with traceability
criteria including transport and storage, a hybrid method obntext.
Fuzzy with MCDM (multi-criteria decision making) is In some cases, several methodologies are used to
used [50]. Methodology based on the Fuzzy-DEMATELmprove results. Thus, structural equations interact with
(Fuzzy Decision Making) interpretative structural modebther methodologies such as exploratory factor analysis,
together with the Fuzzy-DELPHI methodology, identifyallowing for greater precision in the experts' observations.
and analyze the elements of FSC and its risk dimensiondinsustainable environments and associations involved in
sustainable aspects, pollution produced in storagdistribution [58] or, distinguishing factors affecting these
transport and distribution [51]. Besides, the Best Worgtterorganizational relationships in a vertical coordination
Method (BWM) methodology is applied to evaluatg59]. Structural equations with resource-based theory allow
alternatives for sustainable decision-making in a flour S€ploring the impact of traceability on food packaging
with inadequate storage systems that cause quality 1¢66].
[52]. With methodologies such as MAUT (hybrid multi- Other statistical techniques used for the
criteria model between the multi-attribute approach) archaracterization and processing of FSC data are logistic
PROMETHEE (preference ranking organization methoregressions. Thus, statistical techniques focused on a
for enrichment evaluation) determine the suppliediterature review as topic mapping, co-citation and co-
sustainable performance and propose improvements anthorship were proposed in order to address issues related

FSC management [53]. to sustainability and new technological challenges [61]. On
the other hand, there are methodologies that perform
314  Statistical methodologies monitoring with statistical control processes (SPC) and

The information collected in statistical studies is baseallow distinguishing variations that may alter the FSC,
on activities such as interviews and structureteing applied in the diagnosis of the economic impact of
guestionnaires that allow capturing useful and necessamadequate management of the cold chain in supply and
data for the respective statistics. Demographic statistics aterage [62].
used in the interest of understand the different actors
integration impact in FSC, in cold chain context [54], foB.2  Evaluation methodologies
data recorded from demographic surveys, time series are The literature includes mathematical modelling,
also used to show behavioral patterns, in this case, of #achine learning, simulation, system dynamics,
impact of supply and transport on the pandemic [12] oguantitative methodologies and other methodologies,
with regression, to assess risk elements with theihown in Table 3.
probabilities and consequences on LFSC and infrastructure
[55]. Structural equation modelling is also used to estimate

Table 3 Logistical modes and means in Evaluation methodologies

M athematical Machine Discrete | Dynamic —_
M odding Learning | Simulation S{/stems CUENTENE) QT
Storage 2 2 1 1 1 0
Supply 0 0 0 0 1 0
MODES | Digtribution 1 2 2 2 2 2
Packaging 0 0 0 0 2 2
Inventories 1 1 1 1 2 1
Transport 3 2 3 1 4 2
MEANS | Packing 0 1 0 0 0 1
Facilities 1 2 1 1 1 0
321 Mathematical modeling methodologies transportation, so it is necessary to consider different

Lineal programming models evaluate differentontrols on temperature, inventories and technologies.
environments; in [63] they develop a multi-objective VRHF64]. Likewise, data envelopment analysis (DEA) used to
model for last-mile perishable fruits, in order to reducevaluate performance of genetically altered foods with
organoleptic properties loss caused by congestion liespect to transportation fuel costs [65,66] evaluates
megacities. On the other hand, the use of fuzzy integtahdeoffs in Biodiesel chain design by means of a multi-
assessment was found to evaluate the risk of food qualdlgjective optimization model. Game theory is also applied
for the consumer, due to contamination in storage amadl the environmental level in decentralized or non-
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decentralized decisions between a cooperative companyentories, transport, storage and distribution. In the case
and consumers, considering transportation, optimal ordef [79] they study perishable foods such as tomatoes and
quantities and environmentally sustainable processimgnsider transport and packaging for the quality of the final
[67]. Mathematical optimization is used to assess bogfroduct. The research carried out in [80] evaluates
economic and environmental feasibility with respect ttransport and supply by means of an ecological last-mile
waste and costs incurred, for example, in logistics facilitigsansfer system with hand carts and bicycles, quantifying
[68]. demand, supply, and market situations, by means of a
feasibility study.

3.22 Machinelearning methodologies

They are used to evaluate a large amount of informati®@2.6 ~ Other methodologies
and obtain optimal results more efficiently, quickly and The DEMATEL Methodology is used in decision-
with greater precision. In turn, [69] evaluate the sustainalbfeaking processes by analysing interdependence between
LFSC of grapes, propose a system of risk assessmdiiferent components, and in the case of FUZZY-
indices through the methodologies of an optimized BBEMATEL it allows to build and evaluate interrelated
neural network (back propagation neural network, GABBtructural models with cause and effect by identifying
and PSO-BP). In this case [70] applied a simulation arsistainability drivers such as transportation, using the
numerical analysis methodology to evaluate the incurredipply network to meet customer requirements [81]. For
risks in strawberry cold chain, analyze factors affectingrocesses in the agricultural FSC related to sustainability,
quality and food safety in fresh produce, including82] uses the Fuzzy-DEMATEL and model a multilevel
technological, biological, environmental and emergencgystem, managed with different emerging technologies
risks in storage, facility management, distribution, andpplication, internet of things in a COVID-19 environment,

transportation. and evaluating the intelligent packing of agricultural
products.
3.23 Discrete simulation methodologies TOPSIS in a fuzzy environment and together with set

This group includes articles that have used discretkeory are used to define which information systems to use
simulation, such as that developed by [27] which evaluates LFSC and to assess compliance with traceability
transportation costs between different modes, shrinkageguirements in current legislations [83]. For expert-based
reductions and temperature control in food distributiomodels [84] combine DELPHI and mode-effect analysis to
using an ALADIN (Agro-Logistics Analysis and Designevaluate the impact of change drivers such as food security
Instrument) simulation environment specialized in the foopackaging vulnerability in an aquaculture chain.
industry, while [71] studies factors that influence the In another paper, Chan and Qi have studied the
horizontal collaboration of a horticultural SC, withfeasibility of SCPMS based on process-based metrics.
transportation being the most important. Another aspecti$iey have considered five processes (supplying, inbound
the use of technologies, in [72] present the CAS (complésgistics, core manufacturing, outbound logistics, and
adaptive system) to evaluate food safety in a FSC, andrtrketing and sales) [85].
allows to understand the problems in the distribution with

the RFID use. 3.3 Improvement methodologies
_ . These methodologies represent systems with different
3.24  Dynamic systems methodologies models to develop improvements in aspects such as the use

These methodologies are used to analyze dynanwi€ technologies, cost reduction or vulnerability in FSC,
environments, in the paper [73] evaluate the capacity among others. They were classified into means and modes
future vehicle routes for the potato SC, in [74] the effectg. mathematical modelling, system dynamics, simulation
of multimodality are evaluated on the perishable FS@nd other methodologies, Table 4.
logistic performance, on the other hand in [75] evaluate the
design of the perishable FSC in food safety and logistic33.1  Mathematical modeling methodologies
and finally on [5] evaluates the impact of traceability on The mathematical modelling found presents different

bullwhip effect. improvement strategies in FSC. In [86] studies supply,
o . transportation and distribution, optimizing logistics costs
325 Quantitative methodologies and quality associated with storage and refrigeration in

The most widely used is product life cycle assessmesivironments of uncertainty and variability. Faced with
(LCA). In [76], authors evaluate the material costs thafituations in volatile and changing environments, [87]
affect the FSC of perishable goods in order to achieweudies the resource utilization vulnerability, costs and
sustainability. In [77] a SC of biscuits is studied using LCAperational risk through the traceability model with a
to address issues such as environmentally sustainafiglity and food safety perspective. With mathematical
packaging and transport to reduce emissions and distangasdelling, [88] analyses the RFID impact with a
Regarding the evaluation of sustainability processes fewspaper vendor model and the benefit of reducing
global and short CSA, in [78] they use LCA to evaluatthventory losses in a FSC. [89] evaluates RFID technology

~ 180 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 175-190 ISSN 1339-5629

Methodologies for characterization, evaluation, and improvement of logistics in the food supply
chain
Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

with QR, GPS and Blockchain used in traceability, fodistribution performance in a FSC. In [94] a multi-
quality and cost improvements, through contraaibjective, multi-scale, multi-product model developed
coordination policies, is applied to fresh chicken FSC. Oinom mixed integer linear programming proposed to
the other hand [90] contextualizes FSC with the objectivenprove a perishable FSC with seasonality in a developing
of improving farmers' incomes through product qualitycountry in order to design the logistics network,
storage and transportation. contemplating packaging, transportation and storage and
Improving the perishable FSC network withallowing the actors to approach the efficiency frontiers.
transportation and distribution centers for bette95] proposes a LIRP (Location-inventory-routing
performance is being studied by [91], where evaluatigoroblem) model with mixed integer linear programming,
uses a mixed integer linear programming model. In [92]ecreasing distribution costs in small farmers for fresh
proposed a sustainability model that lowers the costs BSC, is solved with genetic algorithms and Lagrangian
implementing rail-road intermodal transportation forelaxation. Meanwhile, [7] proposes a multi-objective
perishable foods and reduces carbon footprint. optimization model for FSC network design to improve
On the other hand, [93] proposes a multi-objective IR®od availability and access.
model  (inventory-routing-problem) for improving

Table 4 Logistical modes and means in Improvement methodologies

Mathematical M odeling | Discrete Simulation | Dynamic Systems | Other

Storage 3 1 1 0

Supply 2 0 0 0

MODES | Distribution 6 2 1 1
Packaging 1 0 1 0

Inventories 4 1 2 0

Transport 7 2 2 2

MEANS I ilities 1 1 0 2

3.3.2 Discrete simulation methodologies [102] evaluates traceability systems for better performance

In [96] a graphic interface is developed to reducef FSC.
delivery times in the agro-industrial sector to reduce costs
and increase efficiency. Through simulation, it shows &3.4  Other methomologies
decrease in fuel, maintenance, and tire costs during Using Fuzzy-DEMATEL and Fuzzy-AHP techniques,
processes such as transportation and distribution. In [97][3] they evaluate the improvement of food quality in cold
they propose business models with the use of technologiansport and the search for suitable 3PL and facilities, and
interconnected electronic networks of grocery storadentify criteria to reduce losses in SC of fruits and
looking for sustainability, minimize food waste throughvegetables. [13] employs ISM and DEMATEL
inventory management and distribution, the simulatiotechnologies, developing an efficient system based on
showed better results in an internet of things environmeimtternet of things that improves the coordination
Based on the application of value chain mapping supportetechanism, to optimizes and automates the agricultural
in food losses reduction in FSC [98], a model with differennfrastructure. [103] explores the possible strategies in
simulation scenarios is made to improve sustainabperishable FSC to improve their resilience, using Best-
processes in logistics, storage, transportation and facilitié®orst Method (BWM), correlate them with Quality
Function Deployment (QFD), to maintain the flow in
3.3.3 Dynamic systems methodol ogies distribution and transportation from farmer to consumer in
A model that allows product quality characteristics t@an uncertain trading environment during COVID-19.
be preserved is presented by, through system dynamics is
improved by reducing food waste in excessive inventori€s4  Performance measures
and inadequate quality, to maximize retailer profits There are several performance measures found in the
through pricing, based on the shelf life of food. The papéiterature. In [29] authors identify flexibility,
[99] evaluates external integration mechanisms for thesponsiveness, efficiency, quality, effectiveness, efficacy
improvement of fruit FSC, in [100] is evaluates betteand profitability for LFSC. These measures are used in the
packaging management in transportation and storage iFRSC performance evaluation of all parties involved, their
fruit FSC. On the other hand, [101] analyses differenizterdependence is analyzed by [50] , while in [32] they
structures for perishable FSC design with the dynamitudy how the size of the company impact sustainable
system paradigm, taking into account inventories arnskrformance, on the other hand [58] pose measurement
transportation to obtain better logistic performance. Imodels that evaluate partnerships in FSC and [39]
evaluates the blockchain in FSC performance.
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Flexibility in FSC is related to several aspects such aase costs [105] and recently the environmental impact
the links or agents ability to make decisions under gB89] or operational risks [87], or associated with food
uncertainty environment [31] , the use of technologies suehfety [106] are considered. While effectiveness in LFSC
as ERP in planning and risk analysis for decision makirig related to the business environment, in the achievement
[24]. As for responsiveness in LFSC, it is measured withf goals or objectives [21].
respect to sustainable packaging and packing, storage,Perhaps quality is the most used performance measure
distribution and transportation [64],and horizontain the LFSC, where in [107] they study the risks in safety
collaboration of producers by sharing information in ordesind uncertainty [67], including according to ingredients
to meet demand [71]. In the article [63] FSC design iguality or green agroecological products and [57]
evaluated and its impact on the preservation anvironmental, while [101] studies the food safety, in [36]
organoleptic properties and reduction of losses, improvirige sustainability or the impact of technologies in
food availability and access. traceability. Sophisticated techniques of temperature

The efficiency of FSC is mainly related to economicontrols in the cold chain are also found in[62], presenting
aspects, which is reduced due to losses [94], improved[84] the vulnerabilities of the change in the performance
through the control and assurance of the cold chain [56] salmon FSC. In paper [25], quality related to social and
and the adequate temperature management [80] business integration factors. Figure 3 show the use of
transportation [92] or logistic processes [98]. Also througperformance measures depending on each type of
the use of EDI (information exchange) in the FSC [104imethodology, being characterization, evaluation, and
For its part, Profitability is related to the economidmprovement.
performance that allows the growth of the FSC, in which
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Figure 3 Performance measures vs. Characterization, Evaluation, and Improvement methodologies
4 Discussion, challenges and trends affects the performance of the FSC. [54] and [109] lead

FSC faces several challenges regarding environmentg®mpanies to hire 3PL logistics operators and use
social and economic sustainability, in accordance with ti@ecialized logistics platforms [110]. Businesses must
Strategic Framework for 2022-2031 [108]. The responsibigake decisions that help LFSC compliance and generate a
use of resources, proper solid waste managemeR@sitiveimpact[111]and a proper FSC management[112].
environmentally friendly, recyclable and reusable packing Organizations should carry out horizontal logistics
[52], and logistic means that avoid losses, the use of medtigctices that allow collaboration, information flows and
of transportation that avoid increasing the carbon footprirdddress problems such as variability and risks present in
with the use of appropriate technologies and strategies fopC [71]. In the FSC, the links must be integrated [99]
transportation (land, air or sea) and storage, contributetfifough co-regulation, coordination [113], government
risk mitigation [23], to the durability of food in the marketPolicies in favor of contributing to food safety [114], in
and the environment, especially with temperature contréPmpliance with norms, standards and logistic customs of
and other preservation technologies, using technologit countries [115,116]. With respect to economic, social,
that maintain the product life cycle, with cooling angnvironmental and governmental aspects, a balance is
preservation processes, so that the food reaches the fRifight between demand, supply and food flows and
consumer in safe and quality conditions. Food safety mugsociated information in logistics processes [1], as well as
be guaranteed. Food produced organically, withotfie search for sustainable objectives at strategic, tactical
preservatives or additives, is becoming increasinggnd operational levels [37].
important. Use of technologies that facilitate interoperability for

LFSC has different challenges to face; during the lifdecision-making by chain actors in real time [88], better
cycle, logistics processes influence the physical-chemictiality conditions are achieved, generating controlled
organoleptic and biological characteristics and alter tiRnvironments that contribute to food safety, risk mitigation
conditions in which food reaches the consumer [77], whicknd information control with traceability systems in the SC
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[117]. The use of new technologies in the information erajodels and improvement proposals are of diverse types:
make LFSC to modify and adapt according to the dynamiogtimization, simulation, management system dynamics,
of the environment [95]. The evolution of technology thamulti-criteria, analytical, qualitative, quantitative, or
brings with it paradigms [118] that in conjunction with thestatistical. The challenges of these evaluation
logistics 4.0 concept [34,119], allows better traceabilityjnethodologies are to include elements that are closer to a
[120]. The storage with cold chains and using RFID (radichanging reality, with uncertainty and risks, and it is
frequency identification system), WSN (Wireless sensarecessary to develop multiobjective multilevel, multi-link
Networks or sensor network), EPC (electronic produeind/or stochastic models. These methodologies should
code) and integrated blockchain; which allow the updatingpntemplate specific aspects of LFSC, such as varied life
in real time information and improve responsiveness icycles,  perishability, losses, organoleptic and
LFSC [120-122], for large number of data [97,123]. physicochemical characteristics of food, cold chain,
In the above context, the characterization of LFSC€ontrol, and monitoring of quality in real time.
requires the use of methodologies that allow establishing Gaps between first and third world countries hinder
their heterogeneity and particularity, specifically ofesearch applications due to deficiencies in land routes and
perishable products with different life cycles, short chainglistribution networks, transport methods, problems of
in changing environments. The evaluation of performana®rruption and lack of government policies, investments
requires a combination of modeling techniques to refleér the improvement of perishable FSC, waste, excessive
the dynamics of LFSC and proposals for improvingosts, and losses in the flow of food.
scenario evaluation strategies that represent reality, Despite the substantial differences found between the
uncertainty, and risks in vulnerable environments such dgferent food chains, this article provides an overview that
pandemics. potentially serves as a basis for researchers in future work
Developing countries have many small producers in tt@n methodologies to characterize, evaluate or improve
first mile and traders in the last mile, generating modeling-SC.
challenges for the design of the FSC network and its
logistics. Considering the efficiencies of territorialRefer ences

proximity and the integration of the different links of thg1] ORJUELA CASTRO, J.A.Incidencia del disefio de la
FSC, logistics clusters and productive chains. cadena de suministro alimentaria en el equilibrio de
Transportation in the FSC in a fast and efficient way, with ﬂujos |og|'sticos Universidad Nacional de C0|ombia'
delivery routes so that it arrives correctly and in the Facultad de Ingenieria, Departamento de Ingenieria de
established times, from the first to the last mile. For this Sjstemas e Industrial, Repositorio Universidad

purpose, advanced multi-objective and multi-link  Nacional de Colombia, pp. 1-260, 2018. (Original in
mathematical optimization and simulation models that spanish)

approach the behavior of reality and include dynamicg) CUERVO CRUZ, R.A., MARTINEZ BERNAL, J.,
uncertainty, risks, resilience, require new solution = ORJUELA CASTRO, J.A.: Stochastic Logistic Models
methods. And finally, the use of new strategies such as Applied to the Supply Chain: A Literature Review,
multimodal transportation, technologies application as Revista Ingenieria, Vol. 26, No. 3, pp. 334-366, 2021.
RFID, Blockchain, Internet of Things, environment https:/doi.org/10.14483/23448393.16357

simulation processes and even methods application 85 RAUT, R.D., GARDAS, B.B., NARWANE, V.S.,

Machine Learning that seek sustainability. NARKHEDE, B.E.: Improvement in the food losses in
) fruits and vegetable supply chain - a perspective of cold
5 Conclusions third-party logistics approach)perations Research

In this systematic literature review, different Perspectives Vol. 6, No. June, pp. 1-13, 2019.
characterization, evaluation, and improvement https://doi.org/10.1016/j.0rp.2019.100117
methodologies in logistics in food supply chains (LFSCY] KAZANCOGLU, Y., EKINCI, E., MANGLA, S.K,,
were found. Through the evaluation of 123 articles, SEZER, M.D., KAYIKCI, Y.: Performance evaluation
obtained from Web of Science, Scopus, and Google of reverse logistics in food supply chains in a circular
Scholar, proposed a taxonomy to management economy using system dynamiddusiness Strategy
methodologies, qualitative, quantitative, MCDM, and the Environment/ol. 30, No. 1, pp. 71-91, 2021.
statistics, machine learning, mathematical modeling, https://doi.org/10.1002/bse.2610
simulation, and system dynamics, also grouped in logistifs] OTERO, D.J.J., ORJUELA, C.J.A.,, HERRERA, M.:
means and modes. Analysis of Traceability Systems for Reducing the

The need to include sustainable performance measures,Bullwhip Effect in the Perishable Food Supply Chain:
in economic, environmental, and social aspects, A System Dynamics ApproaclfGommunications in
complemented with logistics measures are identified as Computer and Information Sciencéol. 1431 CCIS,
trends. Methodologies should allow to assess application pp. 362-373, 2021. https://doi.org/10.1007/978-3-030-
level of modern technologies as traceability systems, 86702-7_31
internet of things, blockchain, logistics 4.0. The evaluatioft] TAYLOR, D.H., FEARNE, A.: Towards a framework

~ 183 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 10 2023

Issue: 2 Pages: 175-190 ISSN 1339-5629

chain

Methodologies for characterization, evaluation, and improvement of logistics in the food supply

Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

[14] PRAMATARI, K.,

[16] RAJKOVIC, A.,

for improvement in the management of demand in agri-

food supply chainsSupply Chain Management: An
International Journal Vol. 11, No. 5, pp. 379-384,

the raspberries chaiRpod Contro] VVol. 80, pp. 151-
161, 2017.
https://doi.org/10.1016/j.foodcont.2017.04.048

2006. https://doi.org/10.1108/13598540610682381 [17] GAMBOA, J.P., ORJUELA, J.A., MORENO, C.E.:

[7] ORJUELA, C.J.A., OREJUELA, C.J.P., ADARME,

J.W.: Multi-objective model for perishable food
logistics networks design considering availability and
accessppsearchVol. 59, No. 4, pp. 1244-1270, 2022.
https://doi.org/10.1007/s12597-022-00594-0

[8] ONWUDE, D.l.,, CHEN, G., EKE-EMEZIE, N.,

KABUTEY, A., KHALED, A.Y., STURM, B.: Recent

advances in reducing food losses in the supply chain of

fresh agricultural produc&rocessesVol. 8, No. 11,
pp. 1-31, 2020. https://doi.org/10.3390/pr8111431

[9] PUERTAS, R., MARTI, L., GARCIA, J.M.: Food

supply without risk: Multicriteria analysis of
institutional conditions of exportersinternational
Journal of Environmental Research and Public Health
Vol. 17, No. 10, pp. 1-20, 2020.
https://doi.org/10.3390/ijerph17103432

[10] ROTA, C., ZANASI, C., REYNOLDS, N.: Assessing

the Impact of Sustainability Improvement Options on
the Agri-food Supply Chain Governance Structures:
Development of an Evaluation Todhternational

[19] BIGLIARDI, B.,

The Sustainable Supply Chain: Concepts,
Optimization and Simulation Models, and Trends,
Revista Ingenieria, Vol. 25, No. 3, pp. 355-377, 2020.
https://doi.org/10.14483/23448393.16926

[18] ROMSDAL, A., THOMASSEN, M.K., CARIN

DREYER, H., STRANDHAGEN, J.O.Fresh food
supply chains; characteristics and supply chain
requirements 18" international annual EurOMA
conference, pp. 1-11, 2011.

BOTTANI, E.: Performance
measurement in the food supply chain: a balanced
scorecard approackacilities, Vol. 28, No. 5-6, pp.
249-260, 2010.
https://doi.org/10.1108/02632771011031493

[20] KYLLONEN, H., HELO, P.: SCOR based Food

Supply Chain’s Sustainable Performance Evaluation
Model, Advanced Materials Researctiol. 488-489,

pp. 1039-1045, 2012.
https://doi.org/10.4028/www.scientific.net/AMR.48
8-489.1039

Journal on Food System Dynamiv®l. 5, No. 3, pp. [21] MARCHESINI, M.M.P., ALCANTARA, R.L.C.:

159-171, 2014.
https://doi.org/10.18461/ijfsd.v5i3.535

[11] HERNANDEZ, J.E., KACPRZYK, J.A Conceptual

Framework for Crop-Based Agri-food Supply Chain
Characterization Under Uncertainty Vol. 1,
Liverpool, Springer, 2021.
https://doi.org/10.1007/978-3-030-51047-3

[12] COLUCCIA, B., AGNUSDEI, G.P., MIGLIETTA,

P.P., DE LEO, F.: Effects of COVID-19 on the Italian
agri-food supply and value chainspod Contro}
Vol. 123, pp. 1-12, 2021.
https://doi.org/10.1016/j.foodcont.2020.107839

things (1oT) based coordination system in Agri-food
supply chain: development of an efficient framework
using DEMATEL-ISM, Operations Management
Researchpp. 1-27, 2020.
https://doi.org/10.1007/s12063-020-00164-x
KARAGIANNAKI, A,
BARDAKI, C.: Radio frequency identification
(RFID) as a catalyst for improvements in food supply
chain operationsDelivering Performance in Food
Supply Chains  pp. 432-455, 2010.
http://doi.org/10.1533/9781845697778.5.432

[15] MANZINI, R., ACCORSI, R.: The new conceptual

framework for food supply chain assessméaotirnal
of Food EngineeringVol. 115, No. 2, pp. 251-263,
2013. http://doi.org/10.1016/].jfoodeng.2012.10.026
SMIGIC, N., DJEKIC, I,
POPOVIC, D., TOMIC, N., KRUPEZEVIC, N,
UYTTENDAELE, M., JACXSENS, L.. The

Logistics activities in supply chain business process:
A conceptual framework to guide their
implementation,International Journal of Logistics
Management Vol. 27, No. 1, pp. 6-30, 2016.
https://doi.org/10.1108/1ILM-04-2014-0068

[22] GAMBOA, G., KOVACIC, Z., DI MASSO, M.,

MINGORRIA, S., GOMIERO, T., RIVERA-
FERRE, M., GIAMPIETRO, M.: The complexity of
food systems: Defining relevant attributes and
indicators for the evaluation of food supply chains in
Spain,Sustainability Vol. 8, No. 6, pp. 1-23, 2016.
https://doi.org/10.3390/su8060515

[13] YADAV, S., LUTHRA, S., GARG, D.: Internet of [23] SAWE, C.T., ONYANGO, C.M., NJAGE, P.M.K.:

Current food safety management systems in fresh
produce exporting industry are associated with lower
performance due to context riskiness: Case study,
Food Contro} Vol. 40, No. 1, pp. 335-343, 2014.
http://doi.org/10.1016/j.foodcont.2013.12.019

[24] MOAZZAM, M., AKHTAR, P., GARNEVSKA, E.,

MARR, N.E.: Measuring agri-food supply chain
performance and risk through a new analytical
framework: a case study of New Zealand dairy,
Production Planning and ControMol. 29, No. 15,
pp. 1258-1274, 2018.
https://doi.org/10.1080/09537287.2018.1522847

[25] SIDDH, M.M., SONI, G., JAIN, R., SHARMA, M.K.:

Structural model of perishable food supply chain
quality (PFSCQ) to improve sustainable
organizational performancBenchmarking, Vol. 25,
No. 7, pp. 2272-2317, 2018.
https://doi.org/10.1108/B1J-01-2017-0003

performance of food safety management systems [26] THOMAS, A.J., WANG, Y., POTTER, A.: Food

~ 184 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume:

10 2023 Issue: 2 Pages: 175-190 ISSN 1339-5629

chain

Methodologies for characterization, evaluation, and improvement of logistics in the food supply

Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

supply chain planning, auditing and performance
analysis, Delivering Performance in Food Supply
Chains pp. 141-157, 2010.
https://doi.org/10.1533/9781845697778.2.141

[27] VAN DER VORST, J.G.A.J., TROMP, S., VAN DER
ZEE, D.J.: A simulation environment for the redesign
of food supply chain networks: Modeling quality
controlled logisticsProceedings - Winter Simulation

Sustainability Vol. 13, No. 5, pp. 1-17, 2021.
https://doi.org/10.3390/su13052443

[36] CAVADAS, R., MESQUITA, T., UCZAY, M.,

JOSE, L., BARCELLOS, G.: The Brazilian Pirarucu
supply chain: situation, perspectives, and challenges,
Research, Society and Developmeéfdl. 11, No. 8,

pp. 1-12, 2022.
http://doi.org/10.33448/rsd-v11i8.31303

ConferenceVol. 2005, No. January, pp. 1658-1667[37] LEZOCHE, M., PANETTO, H., KACPRZYK, J.,

2005.
https://doi.org/10.1109/WSC.2005.1574436

[28] VLAJIC, J.V., VAN LOKVEN, S.W.M., HAIJEMA,
R., VAN DER VORST, J.G.A.J.: Using vulnerability
performance indicators to attain food supply chain
robustnessProduction Planning and ControNol.
24, No. 8-9, pp. 785-799, 2013.
https://doi.org/10.1080/09537287.2012.666869

[29] ARAMYAN, L.H., LANSINK, A.G.J.M.O., VAN
DER VORST, J.G.AJ., VAN KOOTEN, O.
Performance measurement in agri-food supply
chains: A case studySupply Chain Management
Vol. 12, No. 4, pp. 304-315, 2007.
https://doi.org/10.1108/13598540710759826

[30] GONZALEZ, C.J., VASQUEZ, A.O.: Método
referencial de operaciones bésicas para el manejo
del flujo logistico en pequefias empresas
latinoamericanas, el RAPDT Universidad Nacional

HERNANDEZ, J.E., ALEMANY DIiAZ, M.M.E.:
Agri-food 4.0: A survey of the Supply Chains and
Technologies for the Future Agricultut@pmputers
in Industry Vol. 117, pp. 1-15, 2020.
https://doi.org/10.1016/j.compind.2020.103187

[38] KAYIKCI, Y., SUBRAMANIAN, N., DORA, M.,

BHATIA, M.S.: Food supply chain in the era of
Industry 4.0: blockchain technology implementation
opportunities and impediments from the perspective
of people, process, performance, and technology,
Production Planning and ControMol. 33, No. 2-3,

pp. 301-321, 2022.
https://doi.org/10.1080/09537287.2020.1810757

[39] STRANIERI, S., RICCARDI, F., MEUWISSEN, M.

P.M., SOREGAROLI, C.: Exploring the impact of
blockchain on the performance of agri-food supply
chains, Food Contro] Vol. 119, pp. 1-12, 2021.
https://doi.org/10.1016/j.foodcont.2020.107495

Abierta y a Distancia, HEMEROTECA, UNAD, [40] KUMAR, S., HEUSTIS, D., GRAHAM, J.M.: The

2022. (Original in Spanish)

[31] TAVELLA, E., HIORTS@, C.N.: Enhancing the
design and management of a local organic food
supply chain with soft Systems Methodology,
International Food and Agribusiness Management
Review, Vol. 15, No. 2, pp. 47-68, 2012.

[32] BOURLAKIS, M., MAGLARAS, G., AKTAS, E.,
GALLEAR, D., FOTOPOULOS, C.: Firm size and
sustainable performance in food supply chains:
Insights from Greek SMEsnternational Journal of

[41] NEMATOLLAHI,

future of traceability within the U.S. food industry
supply chain: A business caseternational Journal

of Productivity and Performance Managemeviol.

64, No. 1, pp. 129-146, 2015.
https://doi.org/10.1108/1IJPPM-03-2014-0046

M., TAJBAKHSH, A.: Past,
present, and prospective themes of sustainable
agricultural supply chains: A content analysis,
Journal of Cleaner Production, Vol. 271, pp. 1-28,
2020. https://doi.org/10.1016/j.jclepro.2020.122201

Production Economigs/ol. 152, pp. 112-130, 2014. [42] DOS SANTOS, R.R., GUARNIERI, P.: Social gains

http://doi.org/10.1016/}.ijpe.2013.12.029

[33] KIRWAN, J., MAYE, D., BRUNORI, G.:
Acknowledging complexity in food supply chains
when assessing their performance and sustainability,
Journal of Rural Studiesvol. 52, pp. 21-32, 2017.
https://doi.org/10.1016/].jrurstud.2017.03.008

[34] ALL, 1., NAGALINGAM, S., GURD, B.: A resilience
model for cold chain logistics of perishable products,
International Journal of Logistics Managemg¥bl.
29, No. 3, pp. 922-941, 2018.
https://doi.org/10.1108/IJLM-06-2017-0147

[35] BUI, T.N., NGUYEN, A.H., LE, T.T.H., NGUYEN,
V.P., LE, T.T.H., TRAN, T.T.H., NGUYEN, N.M.,
LE, T.K.O., NGUYEN, T.K.O., NGUYEN, T.T.T.,
DAO, H.V., DOAN, T.N.T., VU, T.H.N., BUI, V.H.,
HOA, H.C.: Can a short food supply chain create
sustainable benefits for small farmers in developing
countries? An exploratory study of vietnam,

[44] SUSANTY,

for artisanal agroindustrial producers induced by
cooperation and collaboration in agri-food supply
chain,Social Responsibility JournaVol. 17, No. 8,
pp. 1131-1149, 2021.
https://doi.org/10.1108/SRJ-09-2019-0323

[43] YONTAR, E., ERSOZ, S.: Investigation of Food

Supply Chain Sustainability Performance for
Turkey’s Food SectoFrontiers in Sustainable Food
SystemsVol. 4, pp. 1-21, 2020.
https://doi.org/10.3389/fsufs.2020.00068

A, PUSPITASARI, N.B.,
PURWANINGSIH, R., HAZAZI, H.:Prioritization

an Indicator for Measuring Sustainable Performance
in the Food Supply Chain: Case of Beef Supply
Chain IEEE International Conference on Industrial
Engineering and Engineering Management, pp. 881-
885, 2019.
https://doi.org/10.1109/IEEM44572.2019.8978776

~ 185~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume:

10 2023 Issue: 2 Pages: 175-190 ISSN 1339-5629

chain

Methodologies for characterization, evaluation, and improvement of logistics in the food supply

Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

[46] SHANKER, S.,

[47] KUMAR, A., MANGLA, S.K,

[51] KHAN, S., HALEEM, A., KHAN, M.l.:

[53] SEGURA, M., MAROTO, C.,

[45] RATHORE, R., THAKKAR, J.J., JHA, JK: A
methodology &55] NYAMAH, E.Y., JIANG, Y., FENG, Y., ENCHILL,

guantitative risk assessment
evaluation of food supply chainjnternational
Journal of Logistics Managemeiol. 28, No. 4, pp.
1272-1293, 2017.
https://doi.org/10.1108/IJLM-08-2016-0198
SHARMA, H., BARVE, A.:
Analysing the critical success factors and the risks
associated with third-party logistics in the food
supply chain: a case of coffee industipurnal of
Advances in Management Reseai¢hbl. 19, No. 2.,
pp. 161-197, 2022.
https://doi.org/10.1108/JAMR-11-2020-0307
KUMAR, P,
KARAMPERIDIS, S.: Challenges in perishable food
supply chains for sustainability management: A
developing economy perspectiigysiness Strategy
and the Environmen¥/ol. 29, No. 5, pp. 1809-1831,
2020. https://doi.org/10.1002/bse.2470

[48] MAGALHAES, V.S.M., FERREIRA, L.M.D.F., [58] SHASHI,

SILVA, C.: Using a methodological approach to
model causes of food loss and waste in fruit and
vegetable supply chainsJournal of Cleaner
Production, Vol. 283, pp. 1-13, 2021.
https://doi.org/10.1016/j.jclepro.2020.124574

barriers of fruits and vegetables: An interpretive
structural modeling approacBenchmarking Vol.
25, No. 8, pp. 2589-2610, 2018.
https://doi.org/10.1108/B1J-07-2017-0166

[50] SUFIYAN, M., HALEEM, A., KHAN, S., KHAN,

M.l.; Evaluating food supply chain performance
using hybrid fuzzy MCDM techniqueSustainable

https://doi.org/10.1016/}.ijpe.2020.107832

E.: Agri-food supply chain performance: an empirical
impact of risk Management Decisigoivol. 55, No. 5,
pp. 872-891, 2017.
https://doi.org/10.1108/MD-01-2016-0049

[56] CHOWDHURY, M.M.H., QUADDUS, M.: Supply

chain resilience: Conceptualization and scale
development using dynamic capability theory,
International Journal of Production Economja#ol.
188, pp. 185-204, 2017.
http://doi.org/10.1016/}.ijpe.2017.03.020

[57] WANG, J., YANG, X., QU, C.:Sustainable Food

Supply Chain Management and Firm Performance:
The Mediating Effect of Food Safety Level,
Proceedings - Companion of the 2020 IEEE 20th
International Conference on Software Quality,
Reliability, and Security, pp. 578-588, 2020.
https://doi.org/10.1109/QRS-C51114.2020.00100
SINGH, R., CENTOBELLI, P,
CERCHIONE, R.: Evaluating partnerships in
sustainability-oriented food supply chain: A five-
stage performance measurement modglergies
Vol. 11, No. 12, pp. 1-18, 2018
https://doi.org/10.3390/en11123473

[49] RAUT, R., GARDAS, B.B.: Sustainable logistics[59] CAMANZI, L., ARBA, E., ROTA, C., ZANASI, C.,

MALORGIO, G.: A structural equation modeling
analysis of relational governance and economic
performance in agri-food supply chains: evidence
from the dairy sheep industry in Sardinia (ltaly),
Agricultural and Food Economic¥ol. 6, No. 1, pp.
1-21, 2018.
https://doi.org/10.1186/s40100-018-0099-z

Production and Consumptiorvol. 20, pp. 40-57, [60] ZHOU, X., PULLMAN, M., XU, Z.: The impact of

2019. https://doi.org/10.1016/j.spc.2019.03.004

Risk
management in Halal supply chain: an integrated
fuzzy Delphi and DEMATEL approacldournal of

food supply chain traceability on sustainability
performance, Operations Management Research
Vol. 15, pp. 93-115, 2022.
https://doi.org/10.1007/s12063-021-00189-w

Modelling in Managemend/ol. 16, No. 1, pp. 172- [61] BARBOSA, M.W.: Uncovering research streams on

214, 2021.
https://doi.org/10.1108/JM2-09-2019-0228

[52] DARBARI, J., SHARMA, R., YADAVALLI, V.S., i
JHA, P.: Performance Evaluation of Sustainable[62] SKAWINSKA, E., ZALEWSKI, R. I.:

Innovation Practices in Food Supply Chain Using
Best Worst Proceedings of the International
Conference on Industrial Engineering and Operations
Management, 2019.

CASAS-ROSAL, J.C.: Improving food supply chain
management by a sustainable approach to supplier
evaluation,Mathematics Vol. 8, No. 11, pp. 1-23,
2020. https://doi.org/10.3390/math8111952

food supply chain integration on product quality and
financial performance: Evidence from Chinese agro-
food processing busineskjternational Journal of
Production EconomigsVol. 231, pp. 1-16, 2021.

agri-food supply chain management: A bibliometric
study,Global Food Securityol. 28, pp. 1-10, 2021.
https://doi.org/10.1016/j.gfs.2021.100517
Economic
Impact of Temperature Control during Food
Transportation—A COVID-19 Perspectivepods
Vol. 11, No. 3, pp. 1-25, 2022.
https://doi.org/10.3390/foods11030467

SEGURA, B., [63] ORJUELA, C.J.A., OREJUELA, C.J.P., ADARME,

J.W.: Last mile logistics in mega-cities for perishable
fruits, Journal of Industrial Engineering and

Management Vol. 12, No. 2, pp. 318-327, 2019.

https://doi.org/10.3926/jiem.2770

[54] ZHAO, X., WANG, P., PAL, R.: The effects of agro-[64] QIAO, L., DAWEI, Z., XIN, S.: Evaluation on service

ability of agri-food supply chainQpen Cybernetics
and Systemics Journal/ol. 9, No. 1, pp. 986-991,
2015.
https://doi.org/10.2174/1874110X01509010986

~ 186 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 10 2023

Issue: 2 Pages: 175-190 ISSN 1339-5629

chain

Methodologies for characterization, evaluation, and improvement of logistics in the food supply

Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

[68] CELLI, I.,

[73] CASTRO,

[65] SAPUTRI, V.H.L., SUTOPO, W., HISJAM, M.,

MA’ARAM, A.: Sustainable agri-food supply chain
performance measurement model for GMO and Non-
GMO using data envelopment analysis method,

Computer Sciences in Engineerifgyird Workshop
on Engineering Applications, WEA 2016, Bogota,
Colombia, September 21-23, Vol. 657, 2016.
https://doi.org/10.1007/978-3-319-50880-1

Applied SciencesVol. 9, No. 6, pp. 1-11, 2019. [75] ORJUELA, C.J., ADARME, J.W.Evaluating the

https://doi.org/10.3390/app9061199

[66] ORJUELA, C.J.A., ARANDA, P.J.A.,, MORENO,

M.C.E.: Identifying trade-offs between sustainability
dimensions in the supply chain of biodiesel in
Colombia,Computers and Electronics in Agricultyre
Vol. 161, pp. 162-169, 2019.
https://doi.org/10.1016/j.compag.2018.03.009

[67] CAO, Y., TAO, L., WU, K., WAN, G.: Coordinating

Supply Chain Design of Fresh Food on Food Security
and Logistics,Communications in Computer and

Information Sciengeln: Figueroa-Garcia, J., Lopez-

Santana, E., Rodriguez-Molano, J. (eds) Applied
Computer Sciences in Engineering. WEA 2018,
Communications in Computer and Information

Science, Vol. 915, Springer, Cham, 2018.
https://doi.org/10.1007/978-3-030-00350-0

joint greening efforts in an agri-food supply chaif76] GAROFALO, P., D'’ANDREA, L., TOMAIUOLO,

with environmentally sensitive demaniburnal of
Cleaner Production Vol. 277, pp. 1-14, 2020.
https://doi.org/10.1016/j.jclepro.2020.123883
BRUNORI, E., EUGENI, M.,
CRISTINARIU, C.A., ZAMPILLI, M., MASSOLI,
S., BARTOCCI, P., CALDARELLI, V., SAETTA,

M., VENEZIA, A. CASTRIGNANO, A.
Environmental sustainability of agri-food supply
chains in ltaly: The case of the whole-peeled tomato
production under life cycle assessment methodology,
Journal of Food Engineeringvol. 200, pp. 1-12,
2017. https://doi.org/10.1016/j.jfoodeng.2016.12.007

S., BIDINI, G., FANTOZZI, F.: Development of a [77] NOYA, L.l., VASILAKI, V., STOJCESKA, V.,

tool to optimize economic and environmental
feasibility of food waste chainBiomass Conversion
and Biorefinery Vol. 12, pp. 4307-4320, 2022.
https://doi.org/10.1007/s13399-021-02107-3

[69] JIANYING, F., BIANYU, Y., XIN, L., DONG, T.,

WEISONG, M.: Evaluation on risks of sustainable
supply chain based on optimized BP neural networks

GONZALEZ-GARCIA, S., KLEYNHANS, CH.,
TASSOU, S., MOREIRA, M.T., KATSOU, E.: An
environmental evaluation of food supply chain using
life cycle assessment: A case study on gluten free
biscuit productsjournal of Cleaner Production, Vol.
170, pp. 451-461, 2018.
https://doi.org/10.1016/].jclepro.2017.08.226

in fresh grape industrg;omputers and Electronics in [78] LOISEAU, E., COLIN, M., ALAPHILIPPE, A,

Agriculture  Vol. 183, pp. 1-11, 2021.
https://doi.org/10.1016/j.compag.2021.105988

[70] ZHANG, G., LI, G., PENG, J.: Risk assessment and

monitoring of green logistics for fresh produce based
on a support vector machir@ystainability Vol. 12,
No. 18, pp. 1-20, 2020.
https://doi.org/10.3390/su12187569

[71] YUAN, Y., VIET, N., BEHDANI, B.: The impact of

information sharing on the performance of horizontal
logistics collaboration: A simulation study in an agri-
food supply chainfFAC-PapersOnLingVol. 52, No.
13, pp. 2722-2727, 2019.
https://doi.org/10.1016/j.ifacol.2019.11.619

[72] MU, J., JIA, W.X.: A quantitative model for safety

evaluation of food supply chain based on CAS,
Advanced Materials Researcivol. 694-697, pp.
3540-3544, 2013.
https://doi.org/10.4028/www.scientific.net/ AMR.69
4-697.3540

J.A.O.,, CASILIMAS,
RAMIREZ, M.M.H.: Impact analysis of transport
capacity and food safety in Bogota, 2015 Workshop
on Engineering Applications - International Congress
on Engineering, WEA 2015, pp. 1-7, 2015.
https://doi.org/10.1109/WEA.2015.7370138

[74] ORJUELA, C.J.A., SEPULVEDA, G.D.AEffects of

Using Multimodal Transport over the Logistics

[80] PEREZ, G.S.,

COSTE, G., ROUX, P.: To what extent are short food
supply chains (SFSCs) environmentally friendly?
Application to French apple distribution using Life
Cycle Assessmentlournal of Cleaner Productign
Vol. 276, pp. 1-13, 2020.
https://doi.org/10.1016/].jclepro.2020.124166

[79] MANNING, L., BIRCHMORE, I|., MORRIS, W.:

Swans and elephants: A typology to capture the
challenges of food supply chain risk assessment,
Trends in Food Science and Technologpl. 106,

pp. 288-297, 2020.
https://doi.org/10.1016/}.tifs.2020.10.007

WANG, C., CONWAY, A,
ARRIETA-PRIETO, M.E., DING, Y., ZUMAN,
G.S., ESCAND, P., CHEN, Q.: Methodology for the
feasibility assessment of an eco-transfer system,
Transportation Research Part A: Policy and
Practice Vol. 160, pp. 280-297, 2022.
https://doi.org/10.1016/j.tra.2022.04.002

W.A.G., [81] OCAMPO, L.A., VILLEGAS, Z.V.A., CARVAJAL,

J.T., APAS, C.AA.: Identifying significant drivers
for sustainable practices in achieving sustainable food
supply chain using modified fuzzy decision-making
trial  and evaluation laboratory approach,
International Journal of Advanced Operations
Management Vol. 10, No. 1, pp. 51-89, 2018.
https://doi.org/10.1504/ijaom.2018.091317

Performance of the Food Chain of Uchuva, Applied82] YADAYV, S., LUTHRA, S., GARG, D.: Modelling

~ 187 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 10 2023

Issue: 2 Pages: 175-190 ISSN 1339-5629

chain

Methodologies for characterization, evaluation, and improvement of logistics in the food supply

Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

[85] OUBRAHIM, I., SEFIANI, N., HAPPONEN, A.:

Internet of things (IoT)-driven global sustainability in[91] PATIDAR, R., AGRAWAL, S.: A mathematical

multi-tier agri-food supply chain under natural
epidemic outbreaksEnvironmental Science and
Pollution Research, Vol. 28, No. 13, pp. 16633-
16654, 2021.

https://doi.org/10.1007/s11356-020-11676-1

[83] COPPOLINO, L., ROMANO, L., SCALETTI, A,

SGAGLIONE, L.: Fuzzy set theory-based
comparative evaluation of cloud service offerings: an
agro-food supply chain case studyechnology
Analysis and Strategic Managemevibl. 33, No. 8,
pp. 900-913, 2021.

https://doi.org/10.1080/09537325.2020.1850673

[84] MARVIN, H.J.P., VAN ASSELT, E., KLETER, G.,

MEIJER, N., LORENTZEN, G., JOHANSEN, L.-H.,
HANNISDAL, R., SELE, V., BOUZEMBRAK, Y.:

Expert-driven methodology to assess and predict the

model formulation to design a traditional Indian agri-
fresh food supply chain: a case study problem,
BenchmarkingVol. 27, No. 8, pp. 2341-2363, 2020.
https://doi.org/10.1108/B1J-01-2020-0013

[92] ROSSI, T., POZZI, R., PIROVANO, G., CIGOLINI,

R., PERO, M.: A new logistics model for increasing
economic sustainability of perishable food supply
chains  through intermodal  transportation,
International Journal of Logistics Research and
Applications Vol. 24, No. 4, pp. 346-363, 2021.
https://doi.org/10.1080/13675567.2020.1758047

[93] ORJUELA, C.J.A., BATERO, M.D., OREJUELA,

C.J.P.: Logistics IRP Model for the Supply Chain of
Perishable Foodzommunications in Computer and
Information Science Vol. 916, pp. 40-52, 2018.
https://doi.org/10.1007/978-3-030-00353-1_4

effects of drivers of change on vulnerabilities in 494] ORJUELA, C.J.A., OREJUELA, C.J.P., ADARME,

food supply chain: Aquaculture of Atlantic salmon in
Norway as a showcasérends in Food Science and
Technology Vol. 103, pp. 49-56, 2020.
https://doi.org/10.1016/}.tifs.2020.06.022

Supply Chain Performance Evaluation Models: a
Literature ReviewActa logistica Vol. 9, No. 2, pp.
207-221, 2022. https://doi.org/10.22306/al.v9i2.298

[86] DABBENE, F., GAY, P., SACCO, N.: Optimisation

of fresh-food supply chains in uncertain
environments, Part I: Background and methodology,

[95] NASR, N.,

J.W.: Logistics network configuration for seasonal
perishable food supply chain&urnal of Industrial
Engineering and Managemen¥ol. 14, No. 2, pp.
135-151, 2021. https://doi.org/10.3926/jiem.3161
NIAKI, S.T.A., HUSSENZADEK
KASHAN, A., SEIFBARGHY, M.: An efficient
solution method for an agri-fresh food supply chain:
hybridization of Lagrangian relaxation and genetic
algorithm, Environmental Science and Pollution
ResearchVol. 2021, pp. 1-19, 2021.
https://doi.org/10.1007/s11356-021-13718-8

Biosystems Engineering, Vol. 99, No. 3, pp. 348-35996] LAGARDA, L.E.A., BUENO, S.A., VEA, V.H.P,,

2008.
https://doi.org/10.1016/j.biosystemseng.2007.11.011

[87] VOLDRICH, S., WIESER, P., ZUFFEREY, N.:

Optimizing the trade-off between performance
measures and operational risk in a food supply chain

MACHADO, D.O.: Dynamic model and graphical
user interface: A solution for the distribution process
of regional productsApplied Sciences/ol. 10, No.
13, pp. 1-15, 2020.
https://doi.org/10.3390/app10134481

environment,Soft Computing, Vol. 24, No. 5, pp.[97] EKREN, B.Y., MANGLA, S.K., TURHANLAR,

3365-3378, 2020.
https://doi.org/10.1007/s00500-019-04099-9

[88] BISWAL, A.K., JENAMANI, M., KUMAR, S.K.:

Warehouse efficiency improvement using RFID in a
humanitarian supply chain: Implications for Indian

food security systenfransportation Research Part [98] VOSTRIAKOVA, V.,

E: Logistics and Transportation Review, Vol. 109,
pp. 205-224, 2018.
https://doi.org/10.1016/j.tre.2017.11.010

[89] ZHANG, W., SU, Q.: Quality Visibility Improvement

with Effort Alignment and Cost-Sharing Policies in a
Food Supply Chain,Mathematical Problems in
Engineering Vol. 2020, pp. 1-17, 2020.
https://doi.org/10.1155/2020/8918139

[90] TEFERA, D.A., BIUMAN, J., SLINGERLAND, M.,

VAN DER VELDE, G., OMTA, O.: Quality
Improvement in African Food Supply Chains:
Determinants of Farmer PerformancEuropean
Journal of Development Researttol. 32, No. 1, pp.
152-175, 2020.
https://doi.org/10.1057/s41287-019-00224-4

[99] ORJUELA, C.J.A., CAICEDO, O.AL.,

E.E., KAZANCOGLU, Y., LI, G.: Lateral inventory
share-based models for loT-enabled E-commerce
sustainable food supply networkS8omputers and
Operations Research, Vol. 130, pp. 1-14, 2021.
https://doi.org/10.1016/j.cor.2021.105237
KONONOVA, 0.,
KRAVCHENKO, S., RUZHYTSKY]I, A., SEREDA,

N.: Optimization of Agri-Food Supply Chain in a
Sustainable Way Using Simulation Modeling,
IJCSNS International Journal of Computer Science
and Network Securifyvol. 21, No. 3, p. 245, 2021.
https://doi.org/10.22937/IJCSNS.2021.21.3.33

RUIZ,
M.A.F., ADARME, J.W.: Efecto de los mecanismos
de integracion externa en el desempefio logistico de
cadenas Fruticolas. Un enfoque bajo dinamica de
sistemas., Revista Colombiana de Ciencias
Horticolas Vol. 10, No. 2, pp. 311-322, 2016.
https://doi.org/10.17584/rcch.2016v10i2.5073

[100] ORJUELA, C.J., HERRERA, R.M., ADARME,

J.W.: Warehousing and transportation logistics of

~ 188 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 175-190 ISSN 1339-5629

chain

Methodologies for characterization, evaluation, and improvement of logistics in the food supply

Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

mango in Colombia: A system dynamics model,
Revista Facultad de Ingenierisol. 26, No. 44, pp.
71-84, 2017.
http://doi.org/10.19053/01211129.v26.n44.2017.5
773

[101] CASTRO, J.A.O., JAIMES, W.A.: Dynamic impact

and Consumption, Vol. 29, pp. 685-704, 2022.
https://doi.org/10.1016/j.spc.2021.11.019

[110] COTE, M.AA., POLANCO, D.F.S., ORJUELA,

C.J.A.; Logistics platforms-trends and challenges,
Acta logistica Vol. 8, No. 4, pp. 341-352, 2021.
https://doi.org/10.22306/al.v8i4.235

of the structure of the supply chain of perishabl§l11] PACIAROTTI, C., TORREGIANI, F.: The logistics

foods on logistics performance and food security,
Journal of Industrial Engineering and
ManagementVol. 10, pp. 687-710, 2017.
https://doi.org/10.3926/jiem.2147

of the short food supply chain: A literature review,
Sustainable Production and Consumptidiol. 26,
pp. 428-442, 2021.
https://doi.org/10.1016/j.spc.2020.10.002

[102] HERRERA, M.M., ORJUELA, C.J.: An Appraisal [112] KUMAR, A., SINGH, R. K., MODGIL, S.
of Traceability Systems for Food Supply Chains in Exploring the relationship between ICT, SCM
Colombia, International Journal on Food System practices and organizational performance in agri-
Dynamics Vol. 12, No. 1, pp. 37-50, 2021. food supply chainBenchmarkingVol. 27, No. 3,
https://doi.org/10.18461/ijfsd.v12i1.74 pp. 1003-1041, 2020.

[103] KUMAR, P., KUMAR, S.R.: Strategic framework https://doi.org/10.1108/BIJ-11-2019-0500
for developing resilience in Agri-Food Supply[113] KIREZIEVA, K., BIJMAN, J., JACXSENS, L.,
Chains during COVID 19 pandemimternational LUNING, P.A.: The role of cooperatives in food
Journal of Logistics Research and Applications safety management of fresh produce chains: Case
Vol. 2021, pp. 1-24, 2021. studies in four strawberry cooperativeBpod
https://doi.org/10.1080/13675567.2021.1908524 Control, Vol. 62, pp. 299-308, 2016.

[104] HILL, C.A., ZHANG, G.P., SCUDDER, G.D.: An https://doi.org/10.1016/j.foodcont.2015.10.038

empirical investigation of EDI usage and[114] KIREZIEVA, K., JACXSENS, L., HAGELAAR,
performance improvement in food supply chains, G.J.L.F, VAN BOEKEL, M.AJ.S,,
IEEE Transactions on Engineering Management UYTTENDAELE, M., LUNING, P.A.: Exploring
Vol. 56, No. 1, pp. 61-75, 2009. the influence of context on food safety
https://doi.org/10.1109/TEM.2008.922640 management: Case studies of leafy greens

[105] DE GIOVANNI, P., ESPOSITO VINZI, V.
Covariance versus component-based estimations of ~ 158-170, 2015.
performance in green supply chain management, https://doi.org/10.1016/j.foodpol.2015.01.005
International Journal of Production Economjcs [115] ALI, M.H., IRANMANESH, M., TAN, K.H.,,
Vol. 135, No. 2, pp. 907-916, 2012. ZAILANI, S., OMAR, N.A.: Impact of supply
http://doi.org/10.1016/}.ijpe.2011.11.001 chain integration on halal food supply chain
[106] BAI, L., SHI, C., GUO, Y., DU, Q., HUANG, Y. integrity and food quality performancéournal of
Quality Risk Evaluation of the Food Supply Chain Islamic Marketing VVol. 13, No. 7, pp. 1515-1534,
Using a Fuzzy Comprehensive Evaluation Model 2022. https://doi.org/10.1108/JIMA-08-2020-0250
and Failure Mode, Effects, and Criticality Analysis[116] AZMI, F.R., ABDULLAH, A., MUSA, H., WAN
Journal of Food Quality2018. MAHMOOD, W.H.: Perception of food
https://doi.org/10.1155/2018/2637075 manufacturers towards adoption of halal food
[107] XIAOPING, W.: Food supply chain safety risk supply chain in Malaysia: Exploratory factor
evaluation based on AHP fuzzy integrated analysis,Journal of Islamic Marketing, Vol. 11, No.
evaluation method, International Journal of 3, pp. 571-589, 2020.
Security and its Applications/ol. 10, No. 3, pp. https://doi.org/10.1108/JIMA-12-2018-0236
233-244, 2016. [117] MAYA, T., ORJUELA CASTRO, J.A., HERRERA,
https://doi.org/10.14257/ijsia.2016.10.3.22 M.M.: Retos en el modelado de la trazabilidad en
[108] FAO-ORGANIZACION DE LAS NACIONES las cadenas de suministro de alimenitogenieria
UNIDAS PARA LA ALIMENTACION Y LA Vol. 26, No. 2, pp. 143-172, 2021
AGRICULTURA, Marco estratégico de la FAO https://doi.org/10.14483/23448393.15975
para 2022-2031, [Online], Available: [118] NASIRAHMADI, A., HENSEL, O.: Toward the

production in EuropeFood Policy Vol. 51, pp.

https://www.fao.org/3/cbh7099es/cb7099es.pdf
[03 Jan 2023], 2021.

[109] YADAV, V.S., SINGH, A.R., GUNASEKARAN,

A., RAUT, R.D., NARKHEDE, B.E.: A systematic

Next Generation of Digitalization in Agriculture
Based on Digital Twin ParadigmlanoScience and
Technologypp. 107-120, 2022.
https://doi.org/10.1007/978-3-662-64785-1_8

literature review of the agro-food supply chain{119] ALI, I., ABOELMAGED, M.G.S.: Implementation
Challenges, network design, and performance of supply chain 4.0 in the food and beverage
measurement perspectiv&sjstainable Production industry:  perceived drivers and barriers,

~ 189 ~

Copyright © Acta Logistica, www.actalogistica.eu



7

R

Log;y
d‘-’ 8ig -

Acta logistica

- International Scientific Journal about Logistics
Volume:

10 2023 Issue: 2 Pages: 175-190 ISSN 1339-5629

chain

Methodologies for characterization, evaluation, and improvement of logistics in the food supply

Paula Andrea Cruz Rodriguez, Andres Felipe Gomez Canon, Javier Arturo Orjuela-Castro

International Journal of Productivity and
Performance Managemenvol. 71, No. 4, pp.
1426-1443, 2022. https://doi.org/10.1108/IJPPM-
07-2020-0393

[120] SHARMA, J., TYAGI, M., BHARDWAJ, A.

Parametric review of food supply
performance implications under different aspects,
Journal of Advances in Management Research
Vol. 17, No. 3, pp. 421-453, 2020.
https://doi.org/10.1108/JAMR-10-2019-0193

[121] FREITAS, J., VAZ-PIRES, P., CAMARA, J.S.

From aquaculture production to consumption:
Freshness, safety, traceability and authentication,
the four pillars of qualityAquaculture Vol. 518,

pp. 1-17, 2020.

applications in supply chains: A comprehensive
analysis of themes, methodologies and industries,
Computers and Industrial Engineering, Vol. 154,
pp. 1-14, 2021.
https://doi.org/10.1016/j.cie.2021.107133

chain[123] KAZANCOGLU, Y., OZBILTEKIN PALA, M.,

SEZER, M.D., LUTHRA, S., KUMAR, A.: Drivers
of implementing Big Data Analytics in food supply
chains for transition to a circular economy and
sustainable operations managemeidurnal of
Enterprise Information Managemer¥ol. ahead-
of-print No. ahead-of-print, 2021.
https://doi.org/10.1108/JEIM-12-2020-0521

https://doi.org/10.1016/j.aquaculture.2019.734857Review process
[122] LIM, M.K., LI, Y., WANG, C., TSENG, M.L.: A Single-blind peer review process.

literature review of blockchain technology

~190 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 191-198 ISSN 1339-5629

A new model for cost estimation construction project using Hybrid importance regression ensemble
method
Ali Najah Abdulkadhim Alkhuadhan, Sepanta Naimi

https://doi.org/10.22306/al.v10i2.372 Received: 24 Jan. 2023; Revised: 25 Feb. 2023; Accepted: 13 May 2023

A new model for cost estimation construction project using Hybrid importance
regr ession ensemble method

Ali Najah Abdulkadhim Alkhuadhan
Altinbas University, Civil Engineering Department, Dilmenler Caddesi Mahmutbey skedeNo:26,
34218 Istanbul, Turkey, alil997najah@gmail.com (corresponding author)
Sepanta Naimi
Altinbas University, Civil Engineering Department, Dilmenler Caddesi Mahmutbey SkedeNo:26,
34218 Istanbul, Turkey, ORCID 0000-0001-8641-7090, sepanta.naimi@altinbas.edu.tr

Keywords: cost factor, Importance Regression Ensemble Method, K-Nearest Neighbor Method, construction.

Abstract: Cost estimating entails gathering and evaluating historical data, as well as using quantitative models,
methodologies, tools, and databases to forecast the cost of a program in the future. At the early stages of the building
design process, the cost is considered one of the most important elements in making decisions. During the design phase
of a project, cost estimating is quite essential. To compelet a construction project successfully, it is critical to design a
usable model and method for cost estimation in construction projects. For the above reason, this study has developed a
hybrid method to conduct an accurate cost estimation in construction projects in Irag. This study also conducted a rigorous
survey to find five main influential factors with thirty-six sub-factors in the Iraqi market. It was evaluated through previous
studies, questionnaires, and surveys of twenty projects to build a matrix factors database for construction projects. This
work gathered the construction cost factors from relevant research and expert views. In the second step, the researcher
ranked the factors within the Importance Regression Ensemble Method then the K-Nearest Neighbor Method was applied
to specify the effect of the near-effective factors on the cost. The outcome of this study will be helpful to construction
professionals in estimating a construction project effectively.

1 Introduction resource availability, and the stage of the construction life
Estimating building costs is a crucial step in th&ycle in which they are primarily developed, as shown
construction process. The estimation is also very importaplow [4]:
logistics support of a construction project to meet the
demand of the requirment of the project. It represents the Models based on mathematical underpinnings have
total sum needed to cover the expense of everything that unquestionably progressed as computing techniques
must be acquired in order to carry out the project_ have improved. In this regard, different estimate
Preliminary estimates of costs based on conceptual designsmodels based on probability, fuzzy set theory [5], or
are accurate for these two reasons. To begin, the estimategegression estimating models exist in the construction
are On|y as Strong as the Sloppy, incomp|ete information sector to aS-SISt .eStlmatorS n SeleCtl_ng the COS-t mOdel
used to create them. Second, the building's characteristicsbased on historical data for a certain cost estimating
and its price tag are more amenable to change early in theapplication [6]. _
design phase than they are later. These consideratigagctivity-Based Costing Models: This seems to be the
motivate studies of development models based on different most realistic model since all overhead expenditures
methods and techniques that m|ght improve Conceptual can be attributed to the SpeCIfIC activities that need
cost estimations [1]. The price of building work must them. To be more specific, the construction sector may
account for direct expenses, indirect costs, and profit. In benefit from the ABC technique by defining and
order to determine how much a job will cost, contractors categorizing all the activities and operations necessary
might utilize unit pricing. The contractor's significant t0 generate each construction work unit, and then
expertise is required for this technique. The unit price must €xamining, in each instance, all the aspects that impact
account for all of the aforementioned expenses. It is its cost. When construction firms have this information
common practice to calculate direct costs (labor, materials, @head of time, they are better able to manage their
and equipment), indirect costs (labor, materials, and financial investment on the job site, regulate expenses,
equipment)l and proﬂt margins Separate|y when making an and do cost-benefit analyses at various Stages of prOJeCt
estimate of total costs [2]. According to EL-Sawalhi development [7,8].

(2013), the most prevalent types of cost estimations are [8]. Input-output analysis is the basis of process-based cost
(PBC) models. The primary output of the construction

Estimate models business is the physical structure that was built, while

In cost estimating, three models are defined based on the necessary inputs are the materials that went into its
the level of depth of the output information, time and Creation. PBC models are able to synthesize the parts of
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the construction system, therefore they look at the Demonstrated Square Foot Estimate
production processes obtained from the scheduling of These estimations use existing model structures to
building works as dynamic cost-generating elements construct a structure representative of the upcoming
that change resources into outcomes. As a result, building. Although this method is projected to be
building budgets and schedules may be linked together accurate to within +/- 15%, the accuracy can vary
thereafter. These models were made to aid in the greatly depending on how strong the assumptions are.
estimation process by making tacit knowledge of the The Modeled Square Foot approximation method
building's processes plain to those who acted on the requires the contractor to have a general notion of the
plans [1,9]. Estimating construction costs is both an art structure's footprint, be familiar with the structural
and a science. The contractor must be able to system, and be aware of the facade plan. This
comprehend and conceptualize a facility project and estimating method typically takes an hour to complete
design the strategy for constructing the facility to be an and can be utilized during the Schematic Design stage
accurate estimator. The finest estimators are also [10].
skilled at analyzing past building costs and predictin§. Assemblies Estimate
the factors that will increase or decrease future costs A project's meetings are identified, valued, and
[2]. Building estimated costs, or "estimates," are often quantified to create an assembly estimate. They are
formed throughout a project. To determine whether a anticipated to be within 10% of the actual value. The
project is economically feasible, the owner may create contractor must be able to recognize a system-equal
extremely preliminary feasibility estimates. To ensure design and perform quantity departures for multiple
the project is designed to the owner's budget, a designer schemes to estimate a project. Usually, this can happen
or construction manager may build a sequence of throughout the project development period. He
progressively detailed approximations during the typically needs one day to create this kind of
design process. A general servicer or trade contractor approximation, spending most of that time conducting
will decide to generate estimates to limit their bid or quantity takeoffs (quantifying the amount of each item)
low values for a project. And many estimates might be [6].
developed industrially to assess the impact of differeft Unit Value Estimate
design decisions or create a cost estimate for a designin a component price estimate, every item restricted to
modification throughout the construction process. Cost the project is defined, and the materials are priced after
projections for construction projects are overly detailed the precise construction techniques that will be utilized
and have varying degrees of accuracy. The RS Means to a specified concept. Depending on the intricacy of
levels of detail can be used as a guide when developing the project, this method can be accurate to within +/-
part-level definitions [3]. 5% of the cost. This approximation typically occurs
4. Averaged Square Base Estimate close to or after the construction documents phase since
These approximations are based on average statisticalit requires a relatively detailed design. A thorough
norms for a building's cost per square foot or unit cost. estimate of every item in a structure can take up to three
Although this correctness can vary, they are expected weeks, with a lot of effort spent on execution quantity
to be accurate within +/- 20%. This estimation can be takeoffs [6].
made with limited information, such as the number of
carriages for a parking garage as well as an Based on a review of the relevant literature, a thorough
approximation of the square footage for an officdist of 27-factor indicators was compiled, and a
building. This calculation can be made during thguestionnaire was constructed to solicit feedback from
planning stage and shouldn't take more than ten minuteaqi construction project managers. The factors are
[4]. outlined in Table 1.
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Table 1 The major factors regading the cost estimation in construction project

Main Factor Sub-Factor Coding Main Factor Sub-Factor Coding
Frequent exposure SF1 Lack of equipment SF24
of workers to on site
accident
Poor use of SF2 Delay in the SF25
resources delivery of
Labor-related equipmer
factors (F1) Poor use of SF3 Poor equipment SF26
technolog Equipment related  productivity
Poor understanding SF4 factors (F4) Poor ability to SF27
of working method operate equipme
Low labor SF5 Frequent equipment SF28
productivity malfunction:
unskilled labour SF6 Poor maintenance SF29
equipmer
Skilled labor SF7 F5
shortag
F2 Poor construction SF30
planning
Poor availability of SF8 weakness in SF31
materials in the decision making
marke
Delayed deliveryg SF9 Low management SF32
materials to the si skills
weakness in SF10 Too much owner SF33
Material related | Material quality Management interferenc
factors (F2) uprise material | SF11 |related factors (F$)additional busines$ SF34
prices change of own
poor Material SF12 delay in payment SF35
manageme!
Poor storage of | SF13 bureaucracy SF36
material:
F3
Poor contractor | SF14
experienc
Contractor SF15
productivity is not
acceptabl
Slow to make a | SF16
decisior
Poor management SF17
Contractor related on site
factors (F3) Contractor's SF18
financial problem
Delays/mistakes| SF19
due to
subcontracto
Poor SF20
communication and
coordinatiol
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2 Methodology of present work later reported by [25,26]. A common principle in factor

The primary objective of the research is to discovépanagement asserts that the party with the most relevant
which components of construction projects are the mogkilities and qualifications will execute the most effective
crucial to address. A skilled group of specialists muggctor management. As a result, specific responsibilities
perform the rating. The Delphi technique offers th&ight be outsourced to a single organization, ensuring that
researcher a flexible and adjustable data collection aHtf enterprise is safeguarded or that the repercussions of
evaluation instrument. Some of the reasons why the Delghe relevant conditions are avoided [27]. In the first stage
approach is utilized are as follows [11,12]: The wor@f this work, which consisted of identifying the study area,
"method to evaluation” refers to comprehending eadhe cost estimation criteria were determined using the
focused component in depth. Input is required to find tHaelphi method based on pertinent literature and expert
most cost-effective approaches for factor management aiinion. In the seconq stage, the researcher determined the
to evaluate the variables that must be managed. It takB¥ortance Regression Ensemble Method of factors for
both the causes and effects of the factors into considerati6ach region. In the third step, the K-Nearest Neighbor
Combining outcomes and probability while analyzing anlflethod was developed utilizing MATLAB software,
investigating causes is a usual practice. Factor assessm#fitigh examines the given data to identify and evaluate
could be qualitative, quantitative, or semi-quantitativéactors and to establish the factor rating. On the basis of the
[13]. When there are disparities in the data quality or tHEportance Regression Ensemble Method and K-Nearest
data sources, quantitative analysis is not always the b&gighbor Method findings, the influencing variables of
solution. Under these conditions, it is possible to do Rdilding projects were identified and tested.
thorough qualitative analysis with the same level of
specificity. Regardless of the approach employed, ti®@ Result and discussion
documentation for the study should include a descriptidl | mportance regression ensemble results
of the data quality and the data sources used in the Importance Regression Ensemble analysis ranks
investigation. In addition, you must include a descriptioindicators based on participant replies that determine the
and explanation of the system and the problem definitiomajority of significant criteria (Figure 1 - Figure 5). The
as well as identified factor sources and factors, initiatiorelative relevance of the criterion was determined using a
events, etc. According to the findings of this study, theelative index analysis. Following are tables containing the
significance of cost-estimating challenges is evaluated inr@ative index study's ranking results for each region. As a
practical and effective manner [14,15]. Using the Fireflyesult of these rankings, twenty hazards were identified as
approach and enhancing it with a scanning methodologyaving a high level of importance in assessing the
elewe et al. [16,17] built a new set of techniques fdamplications of cost estimation on building projects.
managing such complicated research problems, which The Importance Regression Ensemble was constructed
were considered cutting-edge at the time. Using the M@ uncover each challenge's of the cost estimation of the
GPSO methodology, Talib et al. [18,19] and bin Hasnan ebnstruction project. These factors were ranked using the
al. [20,21]created a method for tackling huge probleminportance Regression Ensemble values that were
[22] and [23] individually. In [24], Majeed et al. made arproduced.
assimilated ANN for defect pattern recognition, which was

Labor Related Factors
0,35 -
0,3
0,25 -
=
< 0,21
>
— 0,15
4
0,1
0,05 -
0 - —E . — . .
SF1 SF2 SF3 SF4 SF5 SF6 SF7
Name of the Factors

Figure 1 Importance Regression Ensemble of labor related factors respond scoring
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Figure 2 Importance Regression Ensemble of material related factors respond scoring

Contractor Related Factors
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Figure 3 Importance Regression Ensemble of material related factors respond scoring

Equipment Related Factors
0,18 -
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% 0,12 -
T 0,1 -
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0,04 -
0,02 -
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SF24 SF25 SF26 SF27 SF28 SF29
Name of the Factors

Figure 4 Importance Regression Ensemble of equipment related factors respond scoring
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Managment Related Factors
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Figure 5 Importance Regression Ensemble of management related factors respond scoring

3.2 K-Nearest Neighbour Method Results component to identify factor components. These criteria

The K-Nearest Neighbour Method analysis results asere ranked based on the K-Nearest Neighbour Method's
reported in the following sections (Table 2). The K-Nearesutcomes. It presents a significant cost estimation risk. In
Neighbour Method analysis results for each region agsldition, the parent construction trash disposal is a major
presented in the tables shown in the following sectionsource of cost estimation complications. According to the
Based on these ranking results, it was found that thesearch, these components were identified as an intriguing
selected factors had considerable degrees of importanc€@st estimation contributing factor. Comparing the results
the factor evaluation of building projects based on th&at the top higher ranks, as shown in the table, are much
effects of cost estimation. The K-Nearest Neighbourigher. According to the experts, the results indicate that
Method was applied for each building cost estimatiothie Method has a high degree of reliability.

Table 2 K-Nearest Neighbor Method's outcomes

Project Actual cost Estimated cost Error
building size 200m3 46393 47872 3%
building size 300m4 71373 72783 2%
building size 400m 11933t 10302: 14%
building size 500m3 84899 84920 0%
building size 600m4 130613 130846 0%
building size 700m 21838t 22066 1%
building size 800m 15536! 16265¢ 5%
building size 900m 23902: 22237( 7%
building size 1000m3 399646 389708 2%

4 Conclusion building projects to create a database of matrix factors for

This study aims to establish a unique way of estimatirfgPhstruction projects. This study aimed to determine the
project cost concerns in Iraq by creating a model that c&Ast components based on relevant research and expert
aid parties involved in construction projects to recognizepinions. In the second phase, the researcher ranked the
obstacles and factors in advance. These strategies &#gfors using the Importance Regression Ensemble Method
procedures were employed to achieve this objective. TR8d then utilized the K-Nearest Neighbor Method to
current study created a hybrid strategy for identifyingetermine the effect of the near-effective factors on the
precise cost estimations in Iragi construction projects. TI¢St.
study identifies five primary effective elements with thirty-
six sub-factors in the Iraqi market. It evaluates them using
prior studies, questionnaires, and a survey of twenty
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Abstract: This study aims to test and analyze the research model by using dividend policy as an intervening variable on
the effect of firm value and capital structure on firm value. Other variables influencing the stock price are investment
opportunity set, trading volume activity, and profitability. The objects of this research are companies included in the
LQ45 index on the Indonesia Stock Exchange during the period 2012 - 2021. The analytical tool we use is path analysis
to test the effect of exogenous variables on endogenous variables, including testing direct and indirect effects. The results
of testing 177 samples over a period of 10 years resulted in the finding that the dividend policy with the DPR (Dividend
Payout Ratio) indicator was unable to mediate funding policy and firm value in increasing stock prices. Another study
found that factors that increase SP (stock prices) in a positive and significant direction of influence are ROE (Return On
Equity), and DPR (Dividend Payout Ratio), while other variables such as PER (Price Earning Ratio) and DER (Debt to
Equity Ratio) do not significantly increase SP (Stock Prices) despite the positive direction of influence. While the factors
that can reduce SP (Stock Prices) in our study are DAR (Debt to Assets Ratio) and TVA (Trading Volume Activity), and
other factors that do not significantly reduce SP (Stock Prices) even though the direction of influence is negative are PBV
(Price to Book Value) and ROA (Return on Assets).

1 Introduction The stock market has an important role in developing

Spence [1] introduced signal theory by suggesting th&@mpanies and plays a role in creating real economic
a signal or signal provides a signal, and the send@fowth. The performance of a stock can be influenced by
(information Owner) tries to provide relevant pieces &lfferent Varlables, both in terms of time and aSpeCtS, SO
information that the receiver can utilize. The signaihat stock price movements sometimes cannot be predicted
received will be interpreted according to the understandifjecisely because there are changes in surrounding
of the recipient and result in a change in behaviouyariables including financial market variables, financial
Signalling theory explains how companies give signals ®ehaviour variables and others. .
users of financial statements about what management mustThe stock market price is the price determined by the
do to make efforts according to the wishes of the compafigmand and supply of market participants for a share.
owner. So it is hoped that the information provided i8laturally, the stock price is a reflection of the company's
positive information about the company's performandeerformance, so if the stock price rises, this indicates good
which is better than other companies. In other word§ompany performance. Increasing company performance
companies can provide positive signals to be captured figm time to time can increase stock prices, and this is liked
potential investors in the form of investment in the comparf)y investors [5-8]. This shows that there is a positive
concerned. relationship between financial performance and stock

According to Brigham and Houston [2], a signal is aRrice. The higher t_he financial performance the higher the
action taken by a company to provide clues to investop§are price, and vice versa. _
about how management views the company's prospects. The dynamics of a company's stock price can be seen
Information is an important issue issued by the companffom the closing price of its shares (closing price), which
and can affect investments made by external partidates the ups and downs of the stock price. Managers can
Information, notes or descriptions, regarding past, preséffiximize company value by setting good and correct

and future conditions for the continuity of the company'Bolicies to increase their company's share price. A company
life and how the impacts that might arise. with a high share price reflects that the performance of the
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company is good to be able tocreate a high share price, #heck price [13-16]. While Anwar and Rahmalia [18] found
company must first find out about the factors that can affetttat although EPS has an effect on stock prices in a positive
the share price. One of the factors that can affect stodkection, it is not significant. Based on this, the first
prices is dividend policy. Dividend policy has the mairypothesis is formulated as follows:
aspect, namely determining the right distribution of ) ) ) o
company profits between being distributed as dividends bL. Price earning ratio has a positive impact on the stock
retained for company reinvestment. price.

Ruhani et al. [7] explained that there are many factors ) )
that affect stock prices such as earnings, dividends;2 Firm valueand stock price _ _
bookkeeping value as internal factors, while external factors PBV represents the company's value will determine the
such as interest rates, government regulations, foreitﬁ"gjvrmat'on provided by the company to external parties
exchange rates. Pearce et al. [8] The study explores fH¥ the company manages the company transparently. In
influence of economic variables such as money stock, rédgnalling theory, the PBV value gives good news/positive
economic activity uses inflation indicators, namelypignal to investors. The higher the PBV, the higher the
changes in the consumer price index (CPI), producer prig'@/estor s assessment of th_e company concerned. relative to
index (PPI), industrial production (IP), and thehe funds invested. .The_z hlgher the PBV, the hl|gher the
unemployment rate (RU), including the discount rate frora{oCK return so that it will Increase the company's income
the federal reserve. The results of the study suggest tRRf increase the company's ability to distribute dividends.
monetary policy greatly affects stock prices, money stodkhe results of the_: study found th_at t.h_e PBV has a positive
has a negative effect on stock prices, the federal resen@i§ct on stock prices and has a significant effect [14,15,18-
significant effect on stock prices, PPI has a significarf)]: Based on this, the second hypothesis is formulated as

impact when announced. The conclusion of the resear@yows:
conducted by Pearce et al. [8] is that the impact of theﬁﬁ Price book value has a positive impact on the stock
variables on stock prices can last long even though the” P P
rice.
news/announcement has passed. Our research has nova ty

compared to existing research, namely the placement ph Capital structure and stock price
dividend policy proxied by dividend payout ratio as an .. of the factors that affect stock prices is the

intervening variable and dividend policy by dividing.,mpanys capital structure, which is part of the financial

d|V|denqs with d'V'dG.md payout ratio is still a .tOOI forgiructure. The concern is how the capital structure can be
companies to attract investors, as evidenced during the {ii7eq to increase firm value. How then fluctuations in

year period companies in corporated in LQ45 reached 9, capital structure can affect the company's policy on

paying dividends. finance because there is always a trade-off between the

Black and Scholes [9] argue that the company paysnefits and costs of each funding policy taken by the

dividends because it expects its share price to increase.gf nanv. Trade-off theorv accordina to Mvers [22
there is a change. Changes in stock prices can E pany. Y n9 y [22]

. db h K d he | lain that company will go into debt up to a certain level
Interpreted because the market reacts and expects the ley ebt, where the tax savings (tax shields) from additional
of profit that can be obtained from the company. Dividen

hel id d inf : b h ebt are equal to the cost of financial distress. The results
can help provide good information about the COmpanyss,,nq that the capital structure with an indicator of debt

gjzi_gagzment tohtr|1e capiggl markgt,_ sfo it can bebsaid H@fio or debt to asset ratio has a significant positive effect
viden S can help provi iogoos m_ormatlobn a O_Lcjjtt 6n stock prices [22-24]. While the capital structure using
g_or_rcljpalzjys mark;age_mentd[ ]. So Itlctanthe sald thaly pER indicator found the fact that DER is significantly
lvidends can be viewed as a signal 1o theé companygqisiye to the stock price [26]. While the capital structure
prospects [11]. In the context of high '”fom?a?“o ing the DER indicator found the fact that DER is
a;y;]mmletry, cqmpEamy mﬁnagﬁmhent tends to pay Q'V'dergsanificantly positive on stock prices, another study found
with a low ratio. Even though the company continues i peg although positive but its effect is not significant
distribute dividends, the dividend policy implemented brﬁl?’ 26]. WhileNovison et al. [28] found that DER has a

thz comp;anys management is QOt used ZS an instrume Hig?wificant negative effect on stock returns. Based on this,
reduce information asymmetry but is used to create a gofh ihirg and fourth hypotheses are formulated as follows

corporate image [12]. H3. Debt to asset ratio has a positive impact on stock price

1.1 Investment opportunity set and stock price H4. Debt to equity ratio has a positive impact on stock price

Earning Per Share (EPS) referring to signalling theory 4 Profitability and stock price

fa]tn proyide itr;vestorr]s with Fhe rigrllt news sig(r;alsl[13. Research that has been conducted finds that the level of
nformation about changes in stock prices and VOIUMeRitapility greatly affects the company’s stock price (Net

contains.informa.tion in providing useful eviden(;e and By ofit Margin), this shows that profitability shows a
be used in decision making. The results of previous studi Ssitive signal for investors to make company stock

found that the PER has a positive and significant effect Nrchase transactions [25,28-30]. More specifically, the
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results of the study of profitability influence on stock pricesnanaged, the higher the PBV of a company indicates the
using the ROE indicator found that ROE has a significahigher the physical assets and the higher the value of the
positive effect on stock prices [24,26], although there asompany by investors. Meanwhile, the DPR is the
also studies that find that although the effect of ROA igercentage of income that must be paid to shareholders as
positive, it does not significantly affect stock prices [32]cash dividends, and the higher the DPR will benefit
The more extreme thing in another study found that RO#svestors. The combination of PBV and DPR is expected
has a negative but insignificant effect on stock pricas increase investor confidence to make transactions on
[30,32]. company shares. The study found that PBV has a positive
The ROE indicator is often used as a profitabilityeffect on DPR [39]Based on this, the ninth hypothesis is
variable, and previous studies show strong evidence tiatmulated as follows:
ROE is one of the determinants of stock prices. This is ) S o
supported by the results of studies which state that RG#9. Price to book value has a positive impact on dividend
has a positive effect on stock prices [17,25,27,32,33)ayout ratio.
While other studies found that ROE is positively . . .
insignificant [26,28]. The opposite is stated by Choiriya et-8 _Capital structureand dividend policy
al. [32] who found that ROE is significantly negative to Capital structure is the balance between the amount of

stock prices. Based on this, the fifth and sixth hypothesd§Pt owned by the company and the amount of assets or
are formulated as follows: the amount of equity capital. An increase in debt will affect

the level of net income received by shareholders, this is
H5. Return on assets ratio has a positive impact on stdag&cause the company will finance the debt first then the
price. remaining profits will be distributed as dividends. It can be
H6. Return equity ratio has a positive impact on stock pricgaid that the capital structure has a negative influence on

the DPR [40]. However, capital structure has a positive and
1.5 Trading volume activity and stock price significant effect on dividend policy. This shows that the

Trading volume activity (TVA) is a function of supply higher capital structure will increase the dividend policy

and demand and can be used as a sign of changes in markiete, conversely the lower capital structure value will
strength and weakness. TVA is an important indicator fatecrease the dividend policy value [40,41], although
investors, because an increase in TVA is an increasefimding policy can also have a positive but not significant
buying and selling activity by investors in the capitaéffect on DPR [43]. Based on this, the tenth and eleventh
market [35]. Empirically shows that TVA has a positivenypotheses are formulated as follows:
effect on stock prices [34,35]. Based on this, the seventh

hypothesis is formulated as follows : H10. Debt to assets ratio has a positive impact on dividend
H7. Trading volume activity has a positive impact on stockayout ratio. _ o o
price H11. Debt to equity ratio has a positive impact on dividend

payout ratio.

1.6 Dividend policy and stock price

Suganda and Sabbat [37] explains the distributio)d M €ethodology
based on signalling theory, that dividend payments explatil Data Collection and Sources
the company's prospects for future profits. DPR is the ratio The type of data used in this study is in the form of
that shareholders receive from the company based orsexondary data. The source of data used comes from the
certain percentage of the profit level, this explains that thimancial statements of LQ45 the period 2012 to 2021. The
company is able to share the results, so that it can incredsda in this study is panel data that is the type of data that
investor demand in the stock market. So that the higher tisea combination of cross-sectional data and time series
share price, the desire of investors to own/buy shares vdkta, and therefore according to Gujarati [44], the method
increase [38]. Research finds that dividend policgfanalysisisa combination of time series data analysis and
represented by the DPR has a significant positive effect oross-sectional data analysis. Path analysis is used to
stock price [20,22,28]. While Qureshi [19] explains that thanswer research questions, and the dividend policy is
payout ratio has a negative and insignificant influence @xsogenous variable one (1), and stock price is exogenous
share price. Based on this, the eighth hypothesis variable two (2).

formulated as follows: o )
2.2 Empirical Modd and Variable Measurement
H8. Dividend payout ratio has a positive impact on stock The research was focused on the empirical test of

price. variables integration related to the stock price involving
) o ) investment opportunity cost, firm value, capital structure,
1.7 Firmvalueand dividend policy profitability, and trading volume activity, mediated by

PBV illustrates the market's financial value to thejividend policy. The model of empirical study is presented
management and organization of a going concef Figure 1.

company. PBV informs investors that the company is well
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Price Earning Ratio (PER)
Trading Volume Activity (TVA) s
/ Stock Price (SP

(SP)
Debt to Assets Ratio (DAR) ;
Debt to Equity Ratio (DER)
Return on Assets (ROA) 1

Return on Equity (ROE) Dividend Payout Ratio (DPR)

Price to Book Value (PEV) /

Figure 1 Empirical model research

Both sub-structures formed in figure 1 are the first, the Stock price used the measurement from closing price
sub-structure states the causal relationship of variabls®ck [1,2,22,29], price earning ratio often used as a proxy
DPR, PER, PBV, DAR, DER, ROA, ROE,and TVA withof investment opportunity set [1,14], firm value used proxy
SP variable; Second, the sub-structure shows the causgbrice to book value [14,18], capital structure used proxy
relationship between variables PBV, DAR, DER, withas debt to equity ratio and debt to assets ratio or debt ratio
variable DPR. In other words, based on both sub-structur§3?,44-46], profitability use proxy as return on assets and
there are 2 structural equations formed (1), (2): return on equity [17,25,27,31-33,44,48]. Trading volume

activity use proxy from activity trading in capital market
SP = PiseDPR + BospPER + BasePBV + BaseDAR +  [1,34], and dividend policy use proxy as dividend payout
BsseDER + BesPROA + B7spROE + BeseTVA+e1 (1) ratio [1,22,45].

DPR = ﬁlDPRPBV + ﬁZDPRDAR + ﬁ3DPRDER + & (2) 3 Rwlt and dlmuwon

3.1 Descriptive statistics
Descriptive statistics for variables are shown in

SP = stock price, DPR = dividend payout ratio, PER = Pl ble 1. On average, the DPR data in Indonesia reaches

eaming ratio, PBY = price to book value, DAIR = debl 93 506 with the highest DPR value is 88.36% and the
ot ROiE et on eqL?ity yTVA i trading volum(%?lweStis 2.91%. While for SP, the average is 5,836.89 with

activity. e highest SP is 25,000.00 and the lowest is 189.00.

Where :

Table 1 Descriptive statistics

\Variable N Minimum Maximurn Mear Std Deviatior
Dividend payout rati 177 2.91] 88.3¢ 33.586¢ 16.9893.
Return on asse 177 0.64 18.5¢ 6.656¢ 3.9218:
Return on equit 177 1.07 27.1% 13.581! 4.8976(
Debt to assets ra 177 0.1: 0.8¢ 0.504" 0.1899¢
Debt to equity ratio 177 0.15 7.31] 1.6234 1.793p1
Price earnin ratic 177 5.1Z 40.01 16.712: 7.1163
Price to book valt 177 0.3€ 6.01 2.215¢ 1.3270:
Trading volume activit 177 4.4% 30447.01 | 7147.601 6489.4383
Stock prict 177 189.0( 25100.01 | 5836.887 5457.8081

Source: SPSSData Processing Results

Table 2 shows the Pearson correlation matrix arD0.00% between ROE and DPR which indicates positive
Vector Inflation Factor (VIF) among the variables. Theand significant correlation. While the lowest correlation is
results indicate that all variables are far from bein.50% between TVA and DER which indicates positive
correlated. The maximum correlation coefficient isand no significant correlation.
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Table 2 Pearson correlation matrix

Dividend Debtto | Debtto | Price | Priceto | Trading
. Return onjReturn on . : Stock
Variable payout : assets | equity | earning | book | volume 3
: assets | equity . . . S price
ratic ratic ratic ratic value | activity
Dividend payout rati 1
Return on asse 0.26¢ 1
Return on equit 0.10( 0.61( 1
Debt to assets ra -0.28¢ -0.751 0.02( 1
Debt to equity rati -0.15¢ -0.57¢ 0.21¢ 0.85¢ 1
Price earning ratio 0.248 0.231 0.030] -0.234] -0.200 1
Price to book valt 0.29¢ 0.56¢ 0.602 -0.20¢{  -0.04¢ 0.73¢ 1
Trading volume activit -0.16¢ -0.191 -0.227 0.01¢ 0.01¢ -0.07¢ -0.197% 1
Stock prict 0.22i 0.19: 0.341 0.00¢ 0.12¢ 0.06¢ 0.231| -0.47i

Source: SPSS Data Processing Results

3.2 Empirical model assumption test results

study

is normally distributed. Thus the normality
Table 3 shows the multivariate CR value ofassumption has been met and the data used in this study is
2.426 < 2.58, so it can be concluded that the data in tisigitable for further estimation.

Table 3 Data Normality

Variable Min Max [ Skew C.R. kurtosis C.R.
Dividend payout rati 2.91( 88.36( | 0.06¢ 0.35] -0.42¢ -1.15%
Return on asse 0.64( 18.54( | 0.70¢ 3.81¢ -0.381 -1.03¢
Return on equit 1.07(C 27.12( | 0.23: 1.29( -0.14( -0.381
Debt to assets ratio 0.13p 0.880  0.2%9 1.406 -0.563 -11530
Debt to equity rati 0.15( 7.31C | 1.91t 10.38¢ 2.44( 6.62¢
Price earning rat 5.12( 40.01( | 0.76¢ 4.16: 0.10: 0.27¢
Price to book valt 0.36( 6.01C | 1.04C 5.64 0.35¢ 0.97-
Trading volume activity| 4.43Q 30447.000 1.410 7.657 1.864 5[061
Stock prict 189.00( 25,100.00 | 1.34¢ 7.32¢ 1.55¢ 4.23¢
Multivariate 5.13] 2.42¢

Source: AMOS Data Processing Results

The Mahalanobis distance is based on the chi-squateterminant of sample covariance matrix test show that the
value in the distribution table of ti distribution table at determinant of sample value is greater than 1, so there is no
a degree of freedom of 9 variables at a level of p < 0.00hulticollinearity and singularity.
namely X2 (9;0,001) = 27.87716. SEM results show o o
observations farthest from the centroid (Mahalanobi33 Empirical model feasibility test results
distance), namely the most distant data is 19.348 and the The empirical model feasibility results presented in
closest is 7.383, so that this research data is not detedi@@le 4 show that all criteria in the feasibility test are met,
multivariate outliers. Meanwhile, the results of theso the data can be said to be free fothers.

Table 4 Summary of Evaluation Results Goodness of Fit Empirical Research Model

re

Goodness Of Fit Index | Cut-Off Value | Model Resul | Descriptior

Absolute Measures

X? - Chi-Square <x2,df, o 6.717 value X2 with df 3 probability
0.05 as 7.81473. Chi-Squal
value 6.717 is small

Probability > 0.0t 0.15Z Very gooc

Minimum Sample Discrepancy Function Divided witkx 2.00 1.679 Very good

Degree of Freedom (CMIN/D

Root Mean Square Error of Approximation (RMS| < 0.0¢ 0.062 Very gooc

Goodness of fit Index (GF > 0.9( 0.99¢ Very gooc

Incremental Fit Measures

Adjusted Goodness of Fit Index (AGFI) > 0.90 0.907 Very good

Tucker Lewis Index (TL > 0.9t 0.98: Very gooc

Comparative Fit Index (CF > 0.9t 0.99¢ Very gooc

Normed Fit Index Fit Index (NF > 0.9( 0.99¢ Very gooc

Source: Data proces;ed fromthe results of SEM
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3.4 Path analysistest result Initially, we estimate the path analysis using AMOS.
The results are reported in Table 5.
Table 5 Output path analysis

Variable Estimat S.E C.R P Labe
Dividend payout rati [<---| Debt to assets ra -0.41¢ 12.62¢ | -2.97( | 0.00¢ | par_1t
Dividend payout rati | <---| Debt to equity rati 0.21] 1.30¢ 1.52¢ | 0.127 | par_2:
Dividend payout rati [ <---| Price to book valt 0.22] 0.93¢ 3.02( | 0.00: | par_2¢
Stock prict <---| Trading volume activi -0.43( 0.05f | -6.58¢ | 0.00C | par_:
Stock prict <---| Debt to assets ra -0.472 | 6,860.54: | -1.96¢ | 0.04¢ | par_:
Stock prict <---| Debt to equity rati 0.13¢ 486.86( | 0.841 | 0.40C | par_:
Stock prict <---| Price earning rat 0.13¢ 107.18¢ | 0.95¢ | 0.33¢t | par_1:
Stock prict <---| Return on asse -0.53( 51450t | -1.427 | 0.15¢ | par_1!
Stock prict <---| Dividend payout rati 0.13¢ 21.84( 1.99¢ | 0.04¢ | par_3(
Stock prict <---| Price to book valt -0.15¢ 749.56. | -0.85: | 0.39¢ | par_3:
Stock prict <---| Debt to equity rati 0.63] 283.99: 2.46: | 0.01¢ | par_3.

Source: Data processed fromthe results of SEM

The equation obtained from table 5 with endogenou&4.2  Firm value and sock pricetest results
variables stock price (SP) and Dividend Payout Ratio The test results found that the direction of the influence

(DPR) is: of PBV is known to be negative on stock price but not
significant. This can be due to the existence of asymmetric
SP = 0.136DPR+ 0.13PER — 0.15@BV — 0.472DAR+ information so that the adequacy of information greatly
0.135DER— 0.530R0A+ 0.631ROE-0.430VA affects buying interest in traded stocks, allegedly the shares
P = 0.046DPR) + 0.338PER) + 0.39BV +0.049DAR)  in the sample in this study do not provide enough
+ 0.404DER) + 0.154R04) + O0.014ROE) + information about the company, thus providing a negative
0.000¢'V4) influence. This study is not in line with research conducted
CR = 1.994DPR) + 0.954PER) — 0.85PBV — 1.969DAR) by Andamari et al. [16], Sari [15] Qureshi [19],

+0.841DER) — 1.42TR0A) + 2.463R0E) - 6589( V) Digdowiseiso and Fadillah [20], and Bustani et al. [21].

DPR  =0.22PBV — 0.419DAR+ 0.211DER .
P — 0.00PBV + 0.003DAR+ 0. 12DER 343 Testresultsof capital structureand stock
CR = 3.02PPBV — 2.970DAR+ 1.528DER price e _
There are different findings on the capital structure
Where: indicators in this study, the capital structure with the DAR

SP = stock price, DPR = dividend payout ratio, PER = pridgdicator found that the direction of the effect of DAR on

earnings ratio, PBV = price to book value, DAR = debt t&P is_negativg and signifi_cant. Increased fina.ncing usjng
assets ratio, DER = debt to equity ratio, ROA = return d#ebt is considered by investors as the right policy

assets, ROE = return on equity, TVA = trading voluma@ccording to the trade-off theory [22].. The results of this_
activity study do not support the research finding that the debt ratio

or debt to asset ratio has a significant positive effect on
3.4.1 Testresultsof investment opportunity set and  stock prices [22-24].
stock price Another finding of the capital structure with the DER
The influence of PER to SP is positive but ndndicator is that the direction of the DER effect on stock
significant influence. The PER in this study was not ablerices is positive but not significant. A high DER exceeds
to significantly increase stock prices. The signal given bjne capital provided, considered by investors that the
the increase in PER is not responded meaningfully [gpmpany is able to manage debt sources, and is able to
investors to make stock purchase transactions, so tlg@nerate profits exceeding the cost of capital so that the
although the direction of the effect is positive, it is noglirection of influence is positive. However, it does not have
significant. This result supports the one done by Anwar agdlarger portion so that although it is positive, it is not
Rahmalia [18] explains that the relationship between PERgnificant. This result is in accordance with Safitri et al.
and SP is a positive relationship. However, it does nft4], and Indrajaya [27], However, it does not support the
support the finding that the PER ratio has a positive astldy Tarsono [26].
significant effect on SP [13-15,47].
3.4.4  Profitability and stock pricetest results
The profitability variable using the ROA indicator is
known to have a negative direction of influence on stock
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prices but is not significant. The signals provided by ROB.4.8  Test resultsof capital structureand dividend
are insufficient to lift stock prices, and even tend to be policy
captured by investors negatively. The comparison of profit The test results on capital structure with the DAR
earned with the amount of company assets in this studyirglicator are known to have a negative and significant
not a matter of consideration for investors in buying sharesffect on DPR. Financing assets using debt isconsidered by
there are factors that are more important to investoligyestors to have a high risk based on trade off theory, thus
which are the amount of profit compared to the capitaffecting investors in carrying out trading transactions
owned. This supports the findings of Hadi & Nurhayatand reducing stock prices. This resultis in accordance with
[33], and Hidayat et al. [31], but not in accordance withesearch Suarjana and Warmana [40] which found that
the findings of Choiriya et al. [32]. Profitability with ROE capital structure has a positive effect on dividend policy.
measurement tool found a positive direction of influenc@/hile the capital structure with DER indicator affects the
on stock prices and significant. So, profitability isDPR although positive but not significant. The view that
considered to provide a positive signal to stock purchaBER has a positive effect focuses more on the existence of
transactions [25,28-30]. The positive signal is captured tdebt will motivate the company to increase profits above
making transactions that increase the share pritiee tolerable risk. Even so, it still does not significantly
significantly. This result supports the findings of Mudzakaaffect stock trading transactions to increase stock prices.
et al. [25] and Indrajaya [27], but does not support the studiiese results support research conducted by Simanjutak
of Chairiya et al. [32]. and Kiswanto [43], but not in accordance with the findings
of Dewi et al. [41], and Ifada et al. [42].
345 Tes resultsof trading volumeactivity and
stock price 4 Discussion
The findings of this study indicate that the direction o 1  Firm valuetest results on stock prices with
TVA on stoc.k pricesis n_egatlve and significant. Anincrease dividend policy as a mediating variable
in stock trading transactions that shows strength and supply w1 coefficient value of the direct effect of PBV on the
is not responded positively by investors, it actually reduceg, .y price variable is -0.155. Meanwhile, the indirect

the stock price. So, it can be said that the stock price facfgf..t of PRV variable through the mediation of DPR
IS determlned by other factors _out5|de of trad'ngariable, on stock price variable is 0.0263. Thus, the effect
transactions, namely macro economic fundamental factQis bgv on Stock price is mediated by DPR, however, the
such as interest rates, |nfl_apon rates, exchange ralyq test results show that it is not significant (Sobel test
fluctuations, government policies, panic factors, markef 51457 < t table 1.65397). These results indicate that the

manipulation factors, and also other internal company,nany value in this study is not able to increase the stock
factors such as corporate actions and projections of fut Bce even though the company has issued a dividend
company performance. This finding does not support t licy to its investors

study of Fajri et al. [35], and Mutakif and Nurwulandar
[36]. 4.2 Thetest results of capital structure on stock
3.4.6 Dividend policy and stock pricetest results prlces_W|_th d|WQend policy ratio as

The results found that DPR has a significant positive _ @ Mmediatingvariable
effect on stock prices. DPR provides information about the The coefficient value of the direct effect of DAR on the
company’s prospects in the future so that it is capturéfpCk price variable is -0.469. Meanwhile, the indirect
positively by investors in the form of increased demand f&fT€ct of DAR variable, through the mediation of DPR
the company's shares, which in turn can increase the pri¢@riable, on stock price variable is -0.0585. Thus, the effect
This result supports the findings of Bustani et al. [212f DAR on Stock price is mediated by DPR, however, the

Hussainey et al. [23], and Hunjra et al. [29], but is not i obel test results show that it is not significant (Sobel test
accordance with the study of Qureshi [19]. 0.000207 < t table 1.65397). These results prove that

although dividend policy can be a tool to increase stock
34.7 Firmvalueand dividend policy test results prices eventhough companies take debt, the effect is not
The test results found that firm value with the PB\#ignificant, in the sense that the level of prudence of
indicator has a positive effect on dividend policy and i@nagement taking funding policies must still be
significant. The value of the company shows high investéfioritized by considering the risk aspects of the funding
confidence in the company while increasing investorBelicy itself.

expectations of obtaining a share of the profits (dividends The coefficient value of the direct effect of DER on the
from the profits earned by the company. This stud ock price variable is 0.134. Meanwhile, the indirect effect

supports research conducted by Rahayu et al. [39] of t.he DER variable, thrqugh th_e mediation of the DPR
variable, on the stock price variable is 0.0302. Thus,the
effect of DER on Stock price is not mediated by DPR. With
these findings, it can be explained that a larger portion of
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funding from debt will not be able to increase stock prices International  Business & Economics Research
even though the company pays dividends. The financial Journal, Vol. 5, No. 3, pp. 7-14, 2006.

difficulties that overshadow funding policies remain af4] RAGAB, A.A., OMRAN, M.M.: Accounting
indicator that investors care about for companies that owe Information, Value Relevance, and Investors' Behavior

more than the amount of capital they have. in the Egyptian Equity MarkeReview of Accounting
and Finance, Vol. 5, No. 3, pp. 279-297, 2012.
5 Conclusion and implications [5] AONO, K., IWAISAKO, T.: Forecasting Japanese

The results of our study conclude that dividend policy Stock Returns with Financial Ratios and Other
with the DPR indicator is not able to mediate funding Variables,Asia-Pacific Finance Market, Vol. 18, pp.
policy and firm value in increasing stock prices. Dividend 373-384, 2011.
policy in this study has not attracted investors to buy shares https://doi.org/10.1007/s10690-010-9135-z
and increase transactions, although as an independ®itSUN, X., SHEN, H., CHENG, X., ZHANG, Y.: Market
variable itself DPR has a significant effect on stock prices. Confidence Predicts Stock PricBeyond Supply and
It is also known that the factors that can increase stock PemandPLoSOne, Vol. 11, No. 7, pp. 1-10, 2016.
prices in a positive and significant direction of influencear’] RUHANI,  F., ISLAM, M.A., AHMAD, T.S.T,
ROE, and DPR, while other variables such as PER and QUDDUS, M.R.: Effects of Financial Market
DER do not significantly increase stock prices even though Variables on Stock Prices: A Review of the Literature,
the direction of influence is positive. Factors that can Journal of Modern Accounting and Auditing,
reduce stock prices in our study are DAR and TVA, and November, Vol. 14, No. 11, pp. 597-610, 2018.
other factors that do not significantly reduce stock prices https://doi.org/10.17265/1548-6583/2018.11.002
even though the direction of influence is negative are PH%] PEARCE, D.K., ROLEY, V.V., PEARCE, DK,
and ROA. ROLEY, V.V.: Stock Prices and Economic News,

The dividend policy in our study does not support the Journal of Business, Vol. 58, No. 1, pp. 49-67, 1985.
signalling theory proposed by Spence [1]. The companJQJ BLACK, F., SCHOLES, M.: The effects of dividend
expectation by paying dividends is not able to increase Yield and dividend policy on common stock prices and
stock prices, if the company takes a funding policy by retuns traditionally, it has been argued that a
increasing debt. Our findings support the study conducted corporation can influence the price of its shares by
by Miller and Modigliani [50] dividend Irrelevance  changing its dividend policy, The most common
Theory, so even though the company pays dividends in fact argument is that the corporatialournal of Financial
it is not able to have a positive impact on investors. Economicsl, Vol. 1, No. 1974, pp. 1-22, 1974.
Investors still see the level of risk if the company takeld0] MYERS, S.C., MAJLUF, N.S.: Corporate financing
debt, then still pays dividends. Dividends are considered and investment decisions when firms have
not to increase investor welfare, if there are investment information that investors do not hawgurnal of
opportunities. Our study also reinforces the Trade-off Financial Economics, Vol. 13, No. 1984, pp. 187-
theory expressed by the authors Myers [22] which explains 221, 1984. o _
that the company will go into debt up to a certain level ¢f1] MILLER, M.H., ROCK, K.: Dividend Policy under
debt, where the tax shields from additional debt are equalto Asymmetric InformationJournal of Finance, Vol.
the cost of financial distress. Trade-off theory in 40, No. 4, pp. 1031-1051, 1985.
determining the optimal capital structure includes severti2] ULUM, A.S., ARDIYANA, R., MAHMUDAH, D.A.,
factors including taxes, agency costs (agency theory) and MAHIRUN, M.: Dividend policy as a supply of
financial distress but still maintains the assumptions of ~company financial flows in the perspective of
market efficiency and symmetric information as the  information asymmetryActa logistica, Vol. 9, No.
balance and benefits of using debt. The optimal interest 3, PP. 337-343, 2022. _
rate is reached when the tax shield reaches the maximum https://doi.org/10.22306/al.v9i3.319
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Abstract: Academic research on third-party logistics operators selecting warehouse management systems is scarce at best,
based on found 86 area-specific studies written in English. Only 17 studies had mentions of 3PL and WMS but did not
directly reference 3PL using WMS. Eighty-six studies covering four main categories contributed to understanding
ongoing research in WMS characteristics and the 3PL context. One category is warehouse characteristics relevant to
WMS, and the others concern the warehouse management system as its taxonomy, functions, features, and deployment
considerations. Within these four categories, 17 subtopic areas were identified. WMS deployment considerations had the
highest number of subtopics (ten), being the most focused area for WMS selection considerations for the system's
successful implementation and operation usage. WMS functions and features category contained only a subtopic,
indicating a need for additional research on operational functions in management systems and 3PL operations context.
Award-winning 3PL validated our findings, utilizing their extensive industry experience. Based on the 3PLs validation
review, fast-developing and technology areas, such as digitalization and the newest warehouse management technologies,
were the only areas missing from the academic literature. Research is carried out to map the missing specific digitalization,
technology-based research, development, innovation possibilities, and WMS sustainability-related knowledge gaps. By
addressing the knowledge gap in existing literature, the study significantly contributes to understanding WMS utilization
in the 3PL context, providing new insights into WMS characteristics overview, advancing research in 3PL logistics
selecting WMS, and defining future research venues of WMS aspects.

activities [14]. Most companies confirm that warehousing
and transportation are one of the most commonly
outsourced activities [15,16]. As [17] has shown,
warehousing is currently among the most outsourced
service. Interestingly, a warehouse is also widely
recognized as a crucial node in the total performance of the

1 Introduction

The increasing demand for faster and more efficient
supply chain operations has forced companies to ensure
excellence in the supply and logistics-related business
operations by adhering to the supply chain (SC) paradigm
to be as strong as its weakest link [1]. Since the 1950s [2],

as a general practice, companies have hired a third party to
perform some of their non-core business activities [3,4] to
be able to focus on their core business functions and
outsource non-essential tasks [5,6]. Thus, a company can
move from a make to a buy [7], employing value creation
models offered by an outsourced company [8]. The top four
reasons for outsourcing are decreasing costs, accessing
unavailable in-house information technology (IT)
resources, enhancing business processes, and freeing
internal resources and time to focus on customers [9].
Furthermore, 3PLs have recently transformed from "just
asset providers" to strategic SC decision-making partners
[10,11]. What makes the selection of the right 3PL one of
the strategic decisions for leading companies/vendors and
main contractors in SCs [12] is the need for proper trust-
building models [13].

The global third-party logistics providers (3PL) market
is projected to reach $1.3 trillion by 2028, with a growing
number of companies recognizing the benefits of
outsourcing logistics and supply chain management

whole SC [18-21].

Considering the high importance of warehousing to SC
performance and the vast competitiveness of outsourcing
markets, 3PLs need to maintain the best knowledge [22]
and understand their role in SC [23]. Likewise, 3PLs
should comply with their customer's current and future
demands and concerns and keep up with fast technology
development cycles as technology advancements impact
SC performance [24]. In this context, 3PLs explore novel,
new, and more sustainable services for their customers and
search for new systems and technology solutions to
enhance outsourcing [25]. Advanced data information
systems and ICT systems play center stage in sharing
crucial operations information across all SC actors [26-31].
Digital technologies and information systems integration
significantly transform and advance information value for
SC operations [32-34]. Over the past decade, research has
constantly reported a positive correlation between the
implementation of advanced technologies in warehousing
and a company's bottom-line growth as reduced costs and
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lead times, previously unavailable information access, and
operations transparency [35-39]. The main trends in
previous years’ literature are related to the concept of
Logistic 4.0 in warehousing development, such as
robotization, simulation and optimization, radio-frequency
identification (RFID), big data and warehouse data,
automated guided vehicles (AGV), Internet of Things
(10T), and multi-agent systems [36]. [40] demonstrate the
effectiveness of using simulation techniques to identify
bottlenecks and solve complex problems in the operational
environment. In the paradigm of Logistics 4.0, a warehouse
management system (WMS from now on) is one of the
innovative technologies to transform warehouse operations
significantly [35] and impact SC operations [39].

WMS is among the four technologies to manage SC
(such as barcoding, just-in-time, and material requirements
planning) to implement in warehouses [41]. WMS is a
software-based management system supporting warehouse
operations recording [42] and managing all warehouse
resources, such as inventory, storage space, personnel, and
equipment [43]. A WMS aims to enhance and achieve
efficiency in all warehousing activities [20]. The primary
warehouse operations encompass receiving, storage, order
picking, and shipping [21,44,45]. Nowadays, a WMS is
among the trustworthy SC technologies for companies to
enhance business performance to enhance companies’
business performance [43]. For example, in the shipping
industry, a WMS is frequently demanded technology by
shippers from 3PLs, to whom they outsource logistics
activities [46]. In food SCs, the top 3PL cold storage
providers utilize WMSs heavily, too [43]. Reviewing best
practices for 3PLs, a WMS is accounted as a critical
technical component to make SC functions more
transparent [39] Gupta et al. (2019). For 3PLs, WMSs
increase management abilities and operational excellence
as a part of advancements in the field of information
systems. The goals of this study are to 1) map the current
topic-specific literature focus area publications, 2)
investigate topic-related research focus categories, and 3)
add specific understanding related to current research gaps.
To achieve these goals, the authors identified three main
research questions (RQs):

RQ1: What are the WMS characteristics discussed in
the literature relevant for 3PL warehousing activities
involved in selecting WMS activities?

RQ2: What is the current focus of 3PL logistics
selecting WMS?

RQ3: Are any relevant WMS aspects that need to be
added to academic research on 3PL warehousing operators
selecting WMSs?

The current study provides a valuable contribution to
the literature on the topic of WMS selection and
implementation by 3PLs. By synthesizing existing WMS-
related literature, this research provides a comprehensive
overview of the critical parameters that 3PL providers
should consider selecting a WMS. Moreover, this study

will identify potential avenues for future research to
advance the understanding of WMS characteristics further.

2  Methodology
2.1 Research design

A systematic literature review (SLR) was used as a
research methodology to reduce biases from authors'
subjectivity [47,48]. Additionally, the nature of SLR
should make it easier for other researchers to continue this
work and replicate the results [49]. SLR is a well-known
research method allowing transparent and reproducible
literature analysis with predefined process steps [50],
helping to identify, evaluate, and interpret all available
research relevant to a particular research question, topic
area, or phenomenon of interest [51]. Moreover, SLR is
also considered at the top of the hierarchy of research
evidence [52-54], providing academic evidence for the
selected study field and focus area, with a rigorous process
of theoretical synthesis of already published evidence in
literature materials on the topic [51]. SLR lies at the heart
of pragmatic management research” and can offer
advancement for both the academic and practitioner
communities [55]. The SLR approach and methodology
applied in this research follow the PRISMA 2009 model
(Preferred Reporting items for systematic reviews and
meta-analyses) that offers a way to improve the quality of
reporting systematic reviews [56]. A systematic mapping
process [57] was selected to add depth to SLR findings
based on SLR. In this extended analysis, we seek to
demonstrate the distinctive warehouse logistics operating
characteristics and what a 3PL should consider selecting
WMS and system features. The mapping continued with a
comprehensive analysis of area-specific publications in
SLR to pinpoint specific research gaps and well-covered
knowledge areas [58].

2.2 Research data collection

Figure 1 illustrates Prisma 2009 methods flow diagram
implementation for the SLR applied in this study. In this
research, we used the academic scientific library research
portal tool, with access to nearly 100 databases (such as
ABI/INFORM, Scopus, Web of Science, EBSCO,
Emerald, and ProQuest, among others), to collect the
research articles from online databases and extract
academic literature. Any time frames did not limit the
literature collection. The final round of data collection was
performed on the 15th of July, 2021). The literature was
collected with four keyword combination sets to maximize
efficiency and widen the data collection phase. According
to systematic mapping guidance [57], searching keywords
were selected in such a way to address the RQs and find
answers. Consequently, the keywords were defined to
provide sufficient research material for the follow-up
analysis. For comprehensiveness of keyword selection, in
addition to academic knowledge, empirical experts from
the context of the 3PL operations (including, but not
limited to, the logistics operations company CEOs,
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members of the board, key account managers, and
operations team development members) were also
interviewed to reveal most current terminology in use in
this study area. These experts contributed to the keyword
definition. In addition to the academics, the authors
consulted on the research keyword definition phase.
Having collected academics’ and 3PL operators’ opinions
and additions to the keywords list, we continued
interviewing  WMS software solution providers for
possible additions to cover all views on WMS and 3PL
expertise-related matters.

Defining the possible keywords to be utilized in the
academic literature collection phase, we found that using
just the abbreviation “wms” alone, without its complete
form, tended to produce a massive number of non-related
publications due to its use in multiple research fields with
numerous meanings. To overcome the overload utilization
of “wms,” we decided to use this three-letter abbreviation
“wms” with its long-form *“warehouse management
system” with the Boolean operator AND. However,
parentheses used together with “warehouse management
system” significantly limited results leaving only a small
sample of studies for further analysis. To address this issue,
a complete spelling of "warehouse management system"
was utilized instead of using parentheses to establish a
connection between warehouse management and other
systems within the warehouse.

To solve the issue, a complete word form of warehouse
management system without parenthesis was used to
include a connection to warehouse management and other
systems in a warehouse. To cover the academic research on
the 3PL operations, synonymous and interchangeable
terms keywords were utilized too, namely, “3PL, “logistic
service operator,” and “third-party logistics”. Furthermore,
the search terms “selection” and “characteristics” were
selected as additional keywords to focus on literature
devoted to 3PLs selecting WMSs.

After keyword searches, publications type and
metadata-based automated filters were applied to
concentrate mainly on peer-reviewed journals, which were
available for online search tools and written in English.
Then, in the screening phase, all found duplicates (352
studies) were removed by utilizing and double-checking
with Excel Zotero tools. After that, we excluded 1,589
studies based on their titles and abstracts that did not
contribute to 3PL's selection process of WMS, e.g.,
algorithms application in a warehouse, risk management,
order-picking strategy, inventory positioning, or general
SC views. After filtering out the non-contributing studies
and publications, a full-text evaluation was continued with
the 115 studies, which were accessed as potentially eligible
for contributing to this research work. The full-text review
of the potential 115 studies ended with 86 studies,
contributing to our SLR studies analysis phase.

Records identified with keywords (n = 5,729):
“selection”™ AND “characteristics™
“logistic service provider”
“3pI”

“third-party logistics™

1) “wms” AND warehouse management system AND
2)  “wms” AND warchouse management system AND
3)  “wms” AND warchouse management system AND

4)  “wms” AND warchouse management system AND

Records removed before screening as ineligible by
automation tools sch as peer-reviewed journal, available
online, English (n = 3,567)

Records with duplicates (n = 2,056)

Records after removing duplicates (n = 1,704)

Records filtered out based on title and abstract screening
(n=1,589)

Records to be assessed for eligibility

Reports excluded (n = 33):
Only a couple of weak WMS mentions without

A4

based on full-text reading
n=1135)

s

Studies included in review
(n = 86)

[ Included ] [ Eligibility ] [ Screening ][ Identification ]

bringing any research value (just as an example
system, as a system to integrate with, in the list of
supply chain management systems)

Figure 1 The utilized SLR process steps in the study, adapted from [54,56,59]

3 Literature review and analysis
The presentation of SLR analysis is started through

asummary in Table 1 illustrating detailed specific areas
of research contributions the found 86 sources.
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Table 1 Comprehensive SLR results in summary table format
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The reference details for all 86 publications can be
found in the table with the corresponding reference ID. The
third column shows which publications referenced 3PL
operators and WMSs research together, and the following
columns reveal different research areas to which the
specific publication contributes. In the following parts, we
explain the deeper details in Table 1. In short, the table
visualizes the categories of subtopics and four main topics
of the 86 publications. The first main topic connects WMS
to warehouse characteristics, and the other three are
devoted to WMS taxonomy, functions and features, and
deployment issues. Each main WMS area contains area-
specific subtopics with the number of contributed
publications. All discussed subtopic areas in these 86
publications were put into similar groups and topics.
Counted connections in studies show the significance of
the work and its contribution to the 3PLs and WMS
context.

Table 1 can be interpreted in several ways. Firstly, 86
sources were grouped according to publication years, and
there are clear historical trends in publications. Especially
researchers have demonstrated more interest in WMS-
associated topics in recent years than earlier. Additionally,
the area-specific numbers of WMS taxonomy and features
topics still have a steady interest compared to warehouse
characteristics and WMS deployment issues. Interestingly,
warehouse characteristics score fewer mentions in the
found literature in comparison to other topics. Noticeably,
the subtopic of WMS integration with other automation
and communication systems has recently been increasingly
recognized in most studies on the main topic of WMS
deployment.

Secondly, the two horizontal bottom rows in Table 1
show how the selected literature contributes to the named
main topics and subtopics. The bottom row depicts the total
sum of links from different studies, referring to other WMS
main aspects. In contrast, the row before shows the
separate count of the references to the individual subtopics.
This indicates the number of references to that specific
subtopic in the analyzed literature set. The summary allows
a fact-based numeric comparison of the literature on
different subtopics under the main topic areas. Based on
the numbers alone, “WMS functions and features” is the
least discussed main WMS-related topic area (39
references).

Interestingly, the WMS taxonomy had a wide range of
references (50), but only two clear subtopics and
discussion directions were found within that main topic.
This might indicate a narrow view in the WMS taxonomy
area, showing a need to widen the research scope. Thirdly,
in the last vertical column on the left, the numbers of
subtopic areas under the main topics were separately
counted for topics and sources. For example, in [21], one
can see a total of four mentions of the evaluated main
topics and subtopics connections. Additionally, this study
has neither reference to 3PL nor a discussion of WMS
taxonomy.

Reviewing the last vertical columns reveals a scarcity
of research to discuss or involve all four topics related to
WMS. Only four of the 86 sources touch on all four WMS
main topics (a high evaluation score and significance for
the specific literature). These four publications are
specially color-coded with dark grey and highlighted with
a dashed line in the table. The other publications lack links
(mentions) to at least one of the four available topic
categories. Those findings show a specific theme between
observed research links on the topic areas and WMS
studies in the 3PL context.

In conclusion, WMS has yet to be studied from a
holistic point of topic view. From the numeric analysis
point of view, if a reviewed source had discussed all the
specific aspects available under the four main topics, the
number of points assigned would have been 17. Only seven
sources (a bit more than 8%) received five points or more
but less than 10, and only a total of five references (less
than 6%) were assigned 10 points or more. In sum, over
80% of the sources had a tight and narrow focus on
discussing only specific WMS matters. Thus, it is hard to
identify published materials addressing these topics from a
broad perspective of WMS and 3PLs. Only a few studies
discuss WMS as the main subject from multiple
perspectives simultaneously. This finding points out the
necessity for further research while pointing to a high-level
research gap in WMS studies.

All 86 sources referencing to 3PLs and WMS and four
WMS main topics and their subtopic areas were analyzed
and scored in the same manner. The following sections
address the most critical discussed content within the five
main topics and topics-subtopic areas.

3.1 Reference to 3PLs and WMSs

All 86 publications were evaluated based on their
references to 3PLs and WMS context areas. From 86
selected literature, only 19 studies mentioned both 3PLs
and WMS [60-78]. All these studies formed a separate
group of publications referencing 3PL and WMS.

There were no mentions of 3PLs using WMSs, but
there were no mentions of both terms together [72,73,76].
For example, 3PLs were mentioned as one actor for reverse
logistics [72] and the one to whom companies outsource
and transfer their business operations for optimizing
activities [67]. In this way, 3PL does warehousing
operations for the account of business customers [63].
Logistics service providers have yet to adopt recent
information technologies [73]. For example, WMS is one
of the challenges of digitalization declared in 2019 for the
transport-forwarding logistics sector in Poland [78]. The
research of [77] aimed to identify the service packages
offered by logistics operators leading to the greater
efficiency of logistics service providers, where WMS is
only a variable in the analysis. In [76], WMS should
communicate and synchronize inbound and outbound
shipments for effective cross-docking practice. Also, [69]
mentions 3PL and WMS, however, the focus point of the
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study focused is to improve the genetic algorithm for
warehousing.

Also, it was mentioned that 3PLs could advance in their
business efforts through WMS utilization. According to
warehouse experts, a 3PL should implement WMS to
efficiently and effectively perform warehouse logistics
activities [62]. For instance, logistics service providers can
combine the data from various systems such as WMS,
Enterprise resource planning (ERP), and transportation
management system (TMS) and collaborate with these
systems providers to obtain competitive dynamics of the
logistics service industry [75]. Besides, as found software
providers adapt their WMS design and functionality for the
3PLs' needs [65]; for example, if a 3PL needs to be flexible
in changing customers' order mixes and types, they can
easy access WMS via online [60] having visible data about
warehouse processes and operations [61].

Besides, a couple of studies discussed the design of
WMS, especially for 3PL [60,66]. For example, [79]
reports a 3PL company case utilizing drones for an
effective stock-take method mentioning the difficulty of
integration with the current WMS. Also, [66] named
wholesalers as potential WMS users apart from 3PLs.

There is also a discussion about information systems in
omni-channels for logistics service providers to use [71].
[70] describe the digital twin of WMS developed to
demonstrate different work scenarios suitable for WMS.
[68] discuss the case of a logistics service company in the
Republic of Croatia that uses WMS for managing
warehouse operations and processes. In addition, [64]
reports 3PLs for deploying a cloud-based WMS to save
time and nearly immediately handle warehousing
operations for new clients. At the same time, [74] builds a
framework for an Italian 3PL to introduce a new storage
assignment policy and reduce the traveling time for order
picking in warehouse performance improvement projects.
Overall, 17 contributions totally to this topic are not much,
still missing a solid connection and vivid emphasis from
the academic research point of view on 3PLs using and
selecting WMSs.

3.2 Warehouse characteristics as a basis for
WMS

This section focuses on warehouse characteristics
discussed in the literature to be significant for WMS. Table
1 includes four main warehouse characteristics and related
subtopics: warehouse type, operational specifications,
physical parameters, and automation systems. In the
following, all four subtopics are discussed separately.

3.21  Warehouse type

Within the found literature, only six out of 17 sources
were related to warehouse-type/style as an essential factor
for WMSs. A warehouse's processes and activities identify
its distributional or productional type [20,80]. Specifically,
distribution warehouses may have high order volume and
complex business processes [81]. In contrast, production

warehouses store raw and/or semi-finished products to be
used later in manufacturing [82]. Also, warehouse types
derive from stored product category purposes such as
sorting centers for letters and parcels, cross-docking for
perishable items, and e-commerce fulfillment,
consolidation, and transshipment break-bulk warehouses
(e.g., automotive parts) [63]. [83] describe a particular
warehouse type called a public warehouse (commercially
serving different clients). In such a warehouse, multiple
companies get warehousing services without hiring their
staff or using resources as a ready-made logistic
management and service platform.

3.2.2  Warehouse operational specifications

Warehouse operational specifications are a subtopic
discussed in 15 different literature sources. Strategic
warehouse planning and operating policies are essential to
warehouse operational elements [84]. Proper warehouse
management includes knowledge of warehouse
organization, processes, and resources [85]. Here,
processes include goods receiving, storing, order picking,
packing for dispatching, documentation administration,
and other value-adding logistics services [21,85-88].
Stock-keeping unit’s (SKU) storing restrictions as physical
(sizes, shapes, and weight dimensions) [45,89] and
environmental (flammable, frozen, and hazardous) [90]
pose requirements for warehouse design [91,92]. The
warehouse performance indicators and task complexity are
measured in the number of SKUs, handled order lines per
day, and the various processes [21,90]. Additionally, the
warehouse's operating capabilities depend on its capacity
utilization rate, associated with the number of processed
order lines.

Well-defined warehouse key performance indicators
(KPIs) are connected to overall warehouse logistics
performance capability and metrics, specific process
department assessments, and equipment technology
performance levels [84]. For instance, [70] define KPIs
such as warehouse buffer utilization rates, picking order
traveling, and temperature stresses distance. Other
warehouse performance determinants include warehouse
resources (the technical equipment utilized in warehouse
processes and storage) and warehouse personnel (people
assets in the warehouses) [85,89]. The warehouse layout
and size also determine the effect on the complexity of
warehouse performance [82].

Following the recent e-commerce trend, warehouses
are increasing in size [93]. Warehouse's process
documentation flow [85] and control policy [89] should be
carefully deemed too. Work scheduling and health issues
(psychological, ergonomics, safety) concerning warehouse
personnel must be considered [84] as part of the workforce
caring models. Furthermore, according to [94], a WMS
should also suit the customer's warehouse parameters to
design WMSs based on warehouse prerequisites [85]
systematically.
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3.2.3  Warehouse physical parameters

The topic of the warehouse's physical parameters is
addressed in 10 different sources. For example, wrong
picking and storage area zoning, layout design, and storage
policies could lead to problems in space utilization [84]. A
poor warehouse layout hinders productive operational
performance and generates inefficient space usage,
unwanted additional costs, warehouse performance
complexity, and increased picking time [21,45,82,89].
Picking time consists of three different time components:
traveling from one to another SKU, actual picking, and
other associated activities [69]. An outline of the
warehouse can offer an optimal decision parameter for
processes planned to allow adequate warehouse storage

capacity [95].
|||I|||||||III‘

Other benefits are practical and effective allocation and
handling of product storage area, input and output points
for receiving and dispatching products, and easy access to
products from picking aisles [85,88-90]. For instance,
despite WMS's role in optimizing warehouse storage, [69]
emphasized that the role of proper goods placement can
result in a 60% picking time reduction. Modern WMS can
use traditional ABC analysis and genetic algorithm-based
approaches to relocate inventory and shorten picking
distance.

Warehouse layouts vary from a traditional rectangle
with parallel straight aisles [90] to more modern and even
innovative layouts design such as v-shaped cross aisles, a
flying-v, or chevron, and warehouses with fishbone-like
aisles [89,90]. Figure 1 depicts the differences in the

layouts.

i=

N

Figure 2 Warehouse layouts (from left to right): a traditional rectangle with parallel straight aisles, Flying-V, Fishbone, and
Chevron)

3.24  Warehouse automation and automated system
descriptions

The most discussed warehouse characteristics (in 21
sources) relate to automated warehouse systems. Software
and hardware are common technologies installed in a
warehouse [84]. Deploying advanced technologies is an
ongoing trend to decrease data errors [96] and reduce the
increased complexity of warehouse tasks [97] through
hardware systems [82], so customers refrain from stock
depletion, overdue deliveries, and backorders [44].

Today, portable mobile terminals [98] and next-level
advanced technologies with real-time instructions [90]
assist a warehouse picker via, e.g., light-directed indicators
for put-to-light and pick-to-light [85], pick-by-voice, and
virtual display picking systems. Other helpers are
automated product-to-picker storage and item retrieval
system (e.g., automated cranes), picker-less systems
(automated dispensers and robots) [85,97,99], and
frequently deployed AGV [84]. In addition, automated data
collection equipment facilitates data exchange using
supportive data capture technologies [70] such as RFID
[96], barcoding [95,100,101], and different sort of robotics
[63,87,88]. With the help of automated data collection,
especially for a cross-docking facility, warehouse data can
be captured accurately and continuously without manual
data entry [76]. Other examples of technology-based
solutions are horizontal and vertical carousels, frame
dispensers, and other automated rack systems [85,97].
However, in the opinion of warehouse managers and senior
consultants, adding more automation to warehouses causes

a reduction in warehouse flexibility [84]. For WMS
efficiency, all hardware and automatic measuring devices
should be integrated into a WMS for information flow and
operations optimization [86,91]. Additionally, in [79],
drone technology checks pallet IDs in a warehouse;
however, this approach faces difficulty in the process of
integrating drones with WMS for matching stock activities.
Discussing futuristic warehousing, [102] suggests 3D
printers for on-the-fly items and parts production.

3.3  WMS taxonomy

The topic of WMS taxonomy is discussed in 42
sources. These sources reflect two main directions. The
first includes the definition of WMSs, and the second cover
different WMS types. Within the found literature, the
majority focused on WMS definitions (31) and less studied
categorization of WMSs with different types (19). Eight
sources touch upon both WMS definition and
categorization.

3.31  WMS definition

Generally, a WMS supports and enhances the
functionality inside warehouse tasks through IT and
automated services to communicate real-time inventory
and resource information [80] and bring warehousing to the
next level [103]. There are two approaches to the WMS
definition in the selected literature. In the first, WMS
solutions are considered "just another software", while in
the second view, WMS is seen from a holistic point of
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view, where scholars deny its simplified interpretation
toward more being a leading cause for changes in the
company’s warehousing operations. The authors' literature
points of view can be divided into two separate groups. The
first group (16 studies) considers WMS as a computational
system to control the warehouse's "physical activities and
arrangements” [104] from order execution to fulfillment
[82,90] to utilize warehouse resources, equipment,
workforce efficiently, processes [45,87,105] and transport
[106]. With WMS support, operational targets can be
achieved faster and more accurately [92]. WMS manages
internal warehouse subsystems [97,107]. Namely, a WMS
collects, registers, and manages data about warehouse
inventory activities and processes [68,71,108,109] and
identifies possible errors and improvement areas [110],
adding transparency to all orders, delivery processes, and
activities [106]. Also, a WMS offers design guidance for
picking lists, goods allocation, order division [111],
instructional documentation [112], and recognizes
customer order patterns [94]. WMS as a material tracking
tool rather than a decision-making one [83]. WMS is a data
analysis system supporting warehouse IT management
decisions [68]. The second group (10 different literature
sources) considers a WMS as a combination of IT products
and a complete project management tool for operational
development in technology and the workforce [113].
Assigning an operating team and creating Stepwise
guidance for WMS implementation and intelligent systems
installation [96] is essential [114]. Such project
management starts with a documented function request list
from a WMS vendor [63, 103]. Additionally, these authors
count a WMS as a mini enterprise resource planning (ERP)
system designed specifically for managing and optimizing
warehouse activities. So, warehouse key processes can be
more transparent [73,76,86,114] with blended information
and material flows [113]. [115] extends a WMS definition
to an overall system whose activity scope exceeds physical
warehouse boundaries.

3.32  WMS types

Within the WMS taxonomy referencing literature (36
sources), three main discussion lines are based on WMS
software solution aspects: 1) type, 2) provision, and 3)
functionality scope. Here, in terms of software system
types, a WMS can either be tailor-made to meet a set of
unique requirements and developed from scratch or a
standardized off-the-shelf package configured with a set of
functionalities to solve frequently repeating needs in
different warehouses [66,67,80,82,105]. The diversity of
warehouse products and processes and SC uncertainty
dictate the requirements of a more highly customized
WMS [90]. A WMS should have a specially designed
technical structure, operational framework, and system
control [86]. Moreover, a customized WMS is developed
especially for businesses to gain a competitive advantage
by differentiating warehouse operations from their
competitors [65]. According to the literature, a noticeable

new trend is occurring, as WMSs were initially built and
highly customized [67]. Still, in recent years, demand has
been increasing for more standardized off-the-shelf WMSs
[60,105]. The wrong decision to install either a standard
WMS or a customized WMS can lead to high costs, lost
time, and loss in company competitiveness in warehousing
activities [82]. A WMS can also be used as a plug-in
module within ERP systems to perform at least some of the
typical WMS functions [104], not delivering as many
benefits as a complete WMS does (e.g., enhanced
productivity, minimized errors, and space-efficient
warehouse storage allocations [71,100,116].

Based on the literature [60,63,64,67,71,117], three
typical WMS implementations are: 1) standalone (installed
and hosted at a customer's premise for long-term usage); 2)
Software as a Service (SaaS) (implemented on a system
provider's server rented to different customers) [67] and 3)
cloud-based solution (a vendor operates hardware and
software, while clients access WMS via a web
interface/system integration). Other authors [60,63] also
identified web hosting as a new WMS deployment method.
According to [112] Golinska (2014), cloud-installed WMS
provides process standardization, remote control, and
lower operational costs. Besides, web-enabled WMS can
be integrated easily into other SC systems [60]. [64]
discusses more cloud and premise-placed WMS types and
their specifics. In the next five years, retailers plan to put
more weight on utilizing cloud-based WMS types [71].

In addition, based on the system functions’ scope and
complexity, WMSs can be classified into three
subcategories. For example, WMS's functions could be
basic (recording inventory status and location
information), advanced (planning and monitoring the
warehouse's resources and activities in addition to basic
WMS functions), or complex (fully optimizing the
warehouse's operations with the help of automation and
value-adding planning) [20,82,118]. Discussing the
complex systems, [65] references best-of-breed WMS
providers specializing in the needs of both small and large
companies and offering different WMSs (traditional
licensed, low-cost, small, and on-demand solutions).
Notably, all the mentioned system scope and complexity-
based subtypes of WMS are presented in the survey of
warehouses and distribution centers [93].

3.4 Warehouse functions and features as
discussed in the literature

WMS functions and specific aspects were covered in
39 sources with explicit and not exploration of WMS
functions. Most literature sources (21) discuss the benefits
of WMS functions assisting with installation and
implementation rather than naming exact functions
[6,21,72,79,82,88,89,94,95,105,106,110,111,114,117,119
-124].  Twelve sources studied WMS functions
comprehensively  [60,71,80,81,86,90,91,96-98,104,118,
125]. Four studies [98,104,118,126] compare WMS
functions to other logistic software systems.
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In the research by [82], the authors distinguish three
types of WMS functional categories: 1) inventory analysis
as quantity tracing and associated documentation; 2)
warehouse management of processes, resources, and
reporting; and 3) warehouse execution functions assisting
in managing logistics flows inside the warehouse.
However, the scope of WMS functions is more on
warehouse operations than resources because the final
decision on the utility of recourses is left to the warehouse
manager [110], as a WMS just controls all warehouse
activities from SKUs arrival until shipment [122]. WMS
functions are designed for warehouse replenishment
[102,111,119], order picking, and storage options [86].
Significantly, a WMS optimizes operations greatly in the
case of mixed single and batch-picking methods [123]. A
WMS, together with automated warehouse solutions,
supports inventory picking-up processes [90] and
accelerates goods sorting and packing activities [95],
prioritizing critical order fulfillment and close delivery
destinations [123]. [70] develop a digital WMS twin to
combine other research on WMS modules and warehouse
operations. WMS is also found to play a vital role in e-
commerce logistics for real-time monitoring, management,
maintenance, and scheduling information for warehouse
logistics [124] and real-time shipment and receiving status
notifications [126]. A WMS facilitates inventory and data
visibility [79] because of records transactions of order
numbers and quantity anomalies [6]. WMS can provide
information on picked orders, receipts, returns, and SKU
numbers to verify the accuracy of system inventory records
[127]. Based on the literature, customers demand WMSs to
support cross-docking material flows, what-if scenarios,
and postponement strategies [60]. A WMS should allocate
products via loT for paperless information exchange [21,
88] with web technology-based interfaces for different user
groups [121] and advanced shipment notices about the
status of materials [80]. Moreover, a WMS can aggregate
and consolidate shipments sent to and from a warehouse
into a truck [106]. One standardized WMS function is to
support picking algorithms such as FIFO, FEFO, FMFO,
and LIFO [71,106,127].

In documenting day-to-day warehouse operations [91],
a WMS can perform recording functionalities such as
SKUs cycle accounting [71,96,114], damages, and
operational mistakes [117]. Moreover, an advanced
module in a WMS can be added to manage the warehouse
routing optimization in SKU picking activities [89].

Vendors try to widen the range of WMS functions by
adding transportation, yard, and order management
modules to give WMSs more power [60,102] to design
systems for 3PLs’ needs [65]. Meanwhile, other advanced
secondary WMS functions cover SKUs inspection, audits,
quality measurement, and essential reporting associated
with labor management [80]. A WMS can provide
advanced functions for inventory replenishment, cycle
accounting [128], and business strategy optimization [97].
[125] indicates that WMS help in mitigating problematic

consequences of any returns via discipline, automation,
and repeatable actions and makes performance reports such
as inventory, equipment, and warehouse space utilization
[104], single transaction expenses [106], and inventory
location maps [129].

Developing a framework for reverse logistics
operations, WMS has a role in calculating and optimizing
storage space, time, and costs required for returned goods
[72]. Among WMS functions, the system informs
warehouse resources and labor equipment rate utilization
[120] and analyses customer orders to forecast required
SKU levels. As a result, a WMS increases inventory
accuracy [94] and minimizes the amount and upstream
inventory [105]. Most typical WMS functions to
implement in the next five years include added reliance on
cross-docking, advanced near-future inventory plans for
optimized receiving and decanting operations, new picking
strategies with dynamic and static picking locations, and
novel mobile units plus integrations in shipment schedules
synchronization [71].

3.5 WMS deployment considerations

Most WMS deployment literature  considers
deployment issues from the successful implementation and
operation use point of view (41 studies). The research on
this topic was quite broad, as the analysis divides the WMS
deployment topic into ten different subtopics.

3.5.1 WMS fitness to business, scalability, and
modularity

Several sources point out a need to understand the
company's business operations before making a WMS
investment and development. Basically, a company should
select a WMS considering its business complexity realities
[21], process flow, and requirements of operational
capabilities [67,80,82,90,114,130,131]. In turn, a WMS
provider should fully understand the previously mentioned
issues [63] rather than persuade customers to change
warehouse activities for a WMS [103]. Furthermore, [86]
and [63] urge to assess WMS scalability for the possible
new modules added to meet future business needs. At the
same time, a WMS vendor should have a solid knowledge
of the business processes and operational possibilities of
different customers and future WMS operational potential
[132].

Investing in WMSs, companies should decide upon
proper warehouse material handling equipment and
allocate their resources and labour for their own needs
[110], e.g. SKUs’ characteristics, such as quantity, size,
weight, and temperature conditions, are essential factors
[92]. Plus, a WMS should suit the client's warehouse type
[98,105] and support the warehouse's operational processes
and functions [86].
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3.5.2  Integration with logistics automation and
communication systems WMS fitness to
business, scalability, and modularity

This subtopic had the highest number of sources-based
connections (34). The reviewed sources emphasized
WMS's integration with other systems and subsystems
[86,105] and other software products [132] for future
business growth possibilities [80]. Data and event
messages between systems should be transferred in the
same standardized format and structure [100,130],
allowing the accurate and precise exchange of essential
business data [133] via open or standardized interfaces
[98]. As stated in one retail company survey [71], less than
half of the companies utilize direct real-time updates and
information synchronization operations in their WMS
solutions. However, the rest do this, e.g., only on an hourly
basis. Moreover, WMS benefits from integrating system
users into other SCs for additional knowledge-based
optimization [112]. [70] bring up an interesting issue called
the product intelligence paradigm, especially how a
product's physical entity relates to its informative content,
WMS should have all input information and data sets from
its customer, such as correct order numbers and goods
capacity.

From a practical point of view, choosing a WMS that
can interplay with an ERP system makes sense to avoid
additional investment costs [91] and boost the system’s
performance figures [97]. The obvious benefit here is more
accurate long-term activity planning [82,104] with a better
transfer of customer order queues [86,98].

With an ERP system, WMS can integrate capacity and
demand planning systems to achieve JIT operations [72].
A standalone WMS can integrate with an ERP via EDI [71]
messages. An ERP integrated with WMS shares prioritized
urgent orders. A WS can also be combined with a transport
administration system [123] and TMS to exchange core
data [44,98] for SC-level process optimization purposes
coordinating vehicle load and schedule plan activities
[102,106], shipping and transportation [60], and exchange
warehouse and transport activity information [94].

A WMS integrated with a warehouse control system
gets greater power over automated system machines in the
warehouse [102], while a warehouse execution system
optimizes the warehouse's resource usage [107,112]. RFID
and barcode technologies exchange inventory data with
WMS [104], which is added to an electronic product
network [126]. Other warehouse subordinate systems for
WMS integration include forklifts and hardware peripheral
devices for material handling (e.g., barcode readers [113],
RFID scanners and computer terminals [98], label printers
[82,102], conveyor systems [60], voice, light, and virtual
displays and  order-picking  control  equipment
[60,63,90,93,134].

[122] studied integration and constant communication
of voice-picking technology and WMS supplying files with
item data, location, and operation tasks. A WMS can
interface with material planning and manufacturing

execution systems [60]. [135] address implementing RFID
technology in WMS for technology-based benefits over
barcodes used on product-level scanning. A robotic arm
with RFID reader solutions over a conveyor belt can help
to modernize work practices and boosts information
transparency [136]. [109] were the first to discuss about
network/video stream technology, named as a video
management system, to be integrated with WMS. [137]
gather various WMS integrational cases of 10T, RFID,
augmented reality, and cloud-based systems in the
literature.

[73] strongly emphasize the role of loT implementation
and integration of WMS with all sensors on a warehouse
in/out gateways, forklifts, shelves, heating ventilation, and
air conditioning system to transform all this data into useful
information (e.g., energy consumption, inventory, and
warehouse safety) and plan of actions. Business
information and SC dynamics should be united to align
integration and system capabilities with 3PLs. The first
recommended step is to create an SC enterprise
architecture to become the foundation for all logistics
systems' selection, investment, and implementation
decisions [99].

3.5.3  Warehouse database integration

Based on the literature, a common central database is
required for WMSs and execution  systems
[80,100,130,138] to support warehouse processes and
activities [67]. The critical ingredient for efficient WMS is
good data input, such as storage policies, operations flow,
and operational performance capabilities [86,108].
Warehouse operational data (e.g., pallet naming system
and SKU identification schemas, among others) can differ
between warehouses causing global WMS integration
challenges [139].

3.5.4  WMS user interface

As the language heavily affects the operational
suitability of the human-computer interface, it should be in
the users' native language to minimize the possibility of
misinterpreting the content of the instructions. At a
minimum, the language used in a user's interface should be
native to the activities and processes at the warehouse;
additionally, all processes should follow the same general
pattern for language and terminology [86]. Additionally,
WMS should be easily accessed remotely via the web [63].
In other words, having a web access configuration is a vital
functionality in today's WMS [130]. A user coordinates
warehouse activity by logging into the warehouse's internal
database knowledge query system [99]. Operability
characteristics and customization designs for the user
interfaces still need further studies [80,131].

3,55 WMS replacement

The two main ways to replace a WMS are 1) new WMS
onboarding together with the old system and 2) direct
replacement of an old system [86]. The second option is
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favorable when a customer launches a new WMS to
stabilize warehouse material flows [63]. The literature
sources [132] and [102] state that old IT platforms may be
replaced due to WMS's inability to respond to changes in a
customer's business model, growth in business activities,
or new business-related requirements. These account for
fundamental factors leading to customers' willingness to
upgrade a WMS. Current WMSs may also be replaced due
to age, lack of support for old software, or a heavily
customized solution that cannot be upgraded [102]. In the
[115] research, an analysis of old WMS serves as a basis
for designing and implementing a new WMS.

3.5.6  WMS implementation time and cost

When implementing a WMS solution, required
software installation time and financial costs should be
studied broadly before making investment decisions
[20,82,105,113,130]. Also, companies should understand
how a new WMS will affect their administrative operations
[131].

The implementation time required for WMS setup
depends on the integration of the current systems [96] and
WNMS customization or standardization [82,105]. A WMS
implementation cycle can vary from three months for small
systems to nearly 30 months for complex systems [20,98].
There should be a stepwise WMS launch with contingency
planning [80] with pre-installation performance testing
[96]. In case of system adjustments, there should be a time
buffer of several months [86,131]. Moreover, a WMS
should be tested with complete information and sensor
input loads during the quietest operational time in the
warehouse [63].

In some cases, a system's implementation and updating
cycle never actually ends, as the system is in a
continuous/constant development cycle over its entire
lifetime; this development time might even exceed the
system's operational lifetime [98]. On a customer's
premise, a traditionally deployed WMS's lifetime is 15
years or more [64]. At the same time, WMS vendors are
under constant pressure to implement new solutions for
customers as quickly as possible [60]. This might indicate
shorter WMSs lifetimes in the near future, more
upgradable design choices, or a move towards SaaS
(Software as a service) / Cloud service.

On the costs front, WMS solution providers should
predict all system installation time-related costs. In the
1990s, the average WMS prices continuously decreased
due to healthy market growth [60]. Notwithstanding, WMS
implementation includes multiple expenses related to
software  installation and system  maintenance,
development, and updates [63,130,140]. Other warehouse
equipment costs include purchasing sensor and technology
equipment like barcode readers, hardware infrastructure,
and printing identification cards [115]. [115] presents a list
of software and hardware costs in WMS implementation.
Different license WMS costs come from IT services are
user ratio per terminal, transactions, annual or monthly

base service, and professional integration [86,98,104,131].
Other costs account for designing the host interface [96],
positioning forklifts and digital users' identification [104],
warehouse personnel training [80], and integration with
other systems [104]. Traditionally, WMS providers
decrease implementation costs by leveraging offshore
programming talents and the Internet as a software
distribution tool [65]. As expected, implementing a highly
customized WMS takes more effort and money to maintain
than off-the-shelf WMS solutions [60]. Replacing an old
WMS with a new one reduces costs associated with
employees and warehouse equipment [115]. There are
three known WMS payment models for clients: SaaS, on-
demand (a multi- customer arrangement where a customer
pays only for the time of WMS usage), and a hosted
software option (software provider installs a WMS either
at its premises or the customer's and manages a WMS
ultimately) [125]. Despite the costs, a WMS is still a
favourable investment for 3PLs to optimize operations,
reduce labour costs, improve overall efficiency, and
minimize errors [90,114].

3.5.7  WMS vendor support service

WMS installation and after-sales original investment
services are essential components to consider in WMS
implementation projects [63,131]. A compelling argument
for vendor selection is attention to training assistance and
procedures [80,86,100] in the supplied documentation,
manuals, and handbooks [86,96,140]. A WMS vendor
should also be assessed based on contract and guarantee
duration [80] and provided help-desk services [82].

3.5.8 WMS quality verification

WMS customer service includes a system quality
examination [90]. Clients benefit from WMS vendors’
routine software updates and quality validation cycles [63].
Besides, a software vendor following international
software quality standards should be considered a better
partner [131].

3.5.9  WMS vendor reputation

WMS vendors' reputation comes from the industries
where it has operated, provided software, and has
experience supporting WMS implementation projects
[63,131,140]. This experience is a mix of served client
warehouse types, SKU categories, and warehouses' degree
of manual labor vs. used automated equipment [86]. The
stability of the vendor's operations is reflected in the
success of its WMS installations and operational use [96],
feedback from clients of past installations, and years of
business operation [80]. The vendor's creditworthiness can
be measured by the worldwide presence of the
company/software offering [130].

4 Discussion
This study has systematically mapped the literature on
WMS characteristics relevant to 3PLs selecting such
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systems. With the proper understanding of WMS-related
specifics, 3PLs could better choose a WMS and improve
customer service. The goal was to understand the current
state and direction of research in WMS characteristics and
3PL context. Based on the findings surfacing from the SLR
process, we now answer into the set RQs.

Regarding our answers to RQ1 - What are the WMS
characteristics discussed in the literature relevant for 3PL
warehousing activities involved in selecting WMS
activities, we provide Table 2, presenting the identified
WMS and 3PL reference and WMS-related topics and
subtopics in our analysis based on the 86 literature sources
on 3PLs and WMS selection. 17 studies are mentioning

Table 2.SLR topics and related subtopic areas
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Continuing with the RQ2 - What is the current focus of
3PL logistics selecting WMS, the largest group of
subtopics fell under "WMS deployment considerations,"
identifying it as the most focused area for WMS selection
considerations. In contrast, a minor focus fell under the
"WMS functions and features" with only one subtopic.
From this study's point of view, "WMS functions and
features" seem to be a focus area that needs further research
because of the functions' broad scope. WMS deployment
needs additional research on the newest technologies and
innovations on the hardware and software side. From the
point of view of 3PL operators, it is easy to see how added

3PL and WMS; however, not all studies directly reference
3PL using WMS. For WMS, 17 subtopics were identified
(in italic letters) and noticed to be unevenly distributed
under the four main topic areas (in bold capital letters). For
example, 10 of the 17 were under the main topic of "WMS
deployment considerations"; however, "WMS functions
and features" had only one subtopic area in the analyzed
literature. ldentifying the 17 subtopics and their uneven
distribution leads to the RQ2 answer. This question looks
more closely at the directions of the studied literature.
Thus, the subareas that produce new knowledge can be
identified where researchers might fill gaps left in the
WMS and 3PL research cross-section.

knowledge about the newest technology solutions and
operations enhances functions. These aspects are also
highly valuable considering new WMS investments.

Most of the literature was narrowly focused, without
multiple viewpoints or simultaneous WMS topics and
aspects connections. 3PLs should view the big picture
encompassing system implementation and investment
considerations. These actions should be undertaken to
support 3PLs in business process development and
efficient IT management via additional research to connect
broad, high-level views of this topic with more detailed
subtopics. More research will help close the research gaps
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on WMS and other related systems integration into
business plans, allowing new knowledge on the
relationship between IT, organizational performance, and
structures.

The RQ1 findings and previously mentioned
practitioners' needs support our steps towards RQ3 - Are
any relevant WMS aspects that need to be added to
academic research on 3PL warehousing operators selecting
WMSs? To study the specifics and evaluate what might be
missing in the literature, we collaborated with a well-
known, award-winning, and technically frontline-oriented
3PL operator to help us answer RQ3 by comparing their
views with our research findings. Thus, the literature only
covers some of the WMS technology deployment issues,
and some new research areas are appearing. Moreover, the
3PL experts mentioned these as fundamental aspects from
a practical point of view. Some examples referenced WMS
control issues and information exchange considerations
between systems missing discussion in the academic
literature, where several communication protocols are
required. Therefore, we suggest new research on those
areas and follow-up research with 3PLs to cover other
aspects/subtopic areas, for example, sustainability [141]
and evaluation aims [142,143], which might reveal
additional missing subtopic aspects. Consequently, these
aspects should add more value to the WMS selection done
by 3PL, as these systems significantly influence
warehousing activities.

5 Conclusion and future research

directions

The present study was designed to investigate research
performed in WMS and 3PL context, to synthesize and
systemize knowledge on this topic, to identify current
research status, and to define future academic research
directions based on the 3PLs validation review. Our
research findings offer several contributions in both
academic and practical words, enhancing the topic of
WMSs used by 3PLs.

In addition to mapping topic literature, a novel and
holistic view of 3PL warehousing operations in the context
of WMSs is also provided. The current findings add to the
growing literature on this topic and demonstrate the exact
research gaps/scarcity of research for further study
directions in this cross-sectional area.

This study provides the system knowledge-based
decision for practitioners and executives in fast-changing
management system markets. As for practical
implementations, the structured findings of our research
can work as a baseline for constructing a WMS evaluation
framework for systems selection and deployment matters.
Gathering  WMS materials, our work helps make
comprehensive framework(s) to assist with well-educated
WMS-related decisions. This information can also be used
for the educational purposes of 3PL warehouse and
seasoned managers to utilize the information for recruits.

Growing talents' educational material as warehousing is
among the 12 key topics in studying SC management
[144].

The scope of WMS functions needs to be researched
more as the current literature does not answer clearly, e.g.,
how to divide different functions into clear classes for
WNMS selection purposes. For 3PL practitioners, this area-
related research could help practitioners make even better
decisions and enhance business intelligence.

The RQ3-related fieldwork revealed research gaps in
the newest WMS features and technology integration
possibilities. Area specialist interviews indicated demand
for WMS and sustainability knowledge as WMSs already
manage decision-supporting systems and analytical
reporting of current sustainability levels of 3PL operations.
Besides, 3PLs are essential in orchestrating warehouses
[145,146] and SC decarbonization [32]. As a note, previous
studies suggest a 15-year WMS lifetime, which seems
highly unlikely compared to fast software development
cycles created by global digitalization activities leading to
a need for more precisely defined system lifetime
expectations.

The interviewed 3PL operator pointed out WMS
deployment issues not discussed in the reviewed literature,
indicating a need for additional studies and collaboration
with a broader 3PL operator base to map any uncharted
territory for future research. An acknowledged limitation
of the study is global generalizability, even when we have
used internationally  operating  practitioners  and
academically educated specialists to evaluate our work.
Since these consulted company experts serve customers in
the European Union area, future research should cover
more extensive experts to generalize results globally. In
short, we suggest the collection of knowledge inputs from
a wider group of 3PLs concerning other customer
populations, use cases, and geographical locations [79]
(Caoetal., 2018). For this purpose, we conclude this article
with the future study of general big-picture studies to
widen the narrow research focus connecting all main and
subtopics, leaving plenty of room for an additional holistic
view. It is already proved that WMS can enhance the
perceived value of logistics services, which is a crucial
driver of customer loyalty and retention [147]. So, it would
be interesting to examine full-fledged research on how 3PL
investments in chosen WMSs influence activities using
financial metrics analogous to [148] for measuring ERP
systems' contribution to firms' performance and extend
WNMS selection reasoning and justification studies [149].

Lastly, the frontline innovative 3PL operator,
especially the CEO, managers, and customer support
specialists, validated these research results to pinpoint any
missing topics in the literature. With the help of the
participation of high-level industry specialists, practically
important research area directions were identified to be
covered in extant research. The practitioners were able to
highlight only a few additions to the findings. Given the
literature's answers to the set RQs, we suggest widening the
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research of WMSs and 3PL operators, especially in the
previously mentioned niche areas. More research with
practitioners can be held into the realm of 3PLs and WMSs
to address the knowledge shortage in the 3PL and WMS
selection intersection; specifically, the practitioners' point
of view is barely visible in extant literature and
technologies like artificial intelligence [150] for
sustainability, are hardly visible in WMS context, at least
till now.
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Abstract: The transition from fuel-based vehicles to electric vehicles (EVs) is fundamental in the decarbonisation process
of countries — it has become an option to reduce greenhouse gases (GHG). This transition involves transformations of the
transport sector that are influenced by transport policy. However, policy makers sometimes experience delays in
implementing such a policy, which produces drawbacks in the long-term. The paper aims to assess low-carbon policy
alternatives for mitigating the delays in the electric vehicles transition, supported by a simulation model. To simulate, the
model uses the historical data of pollution and temperature generated by the Bogota’s transport sector in Colombia.
Results contribute to understanding the role of low-carbon policy on the reduction, @@€3ions in the transport

sector. Also, a dynamic perspective shows how the EVs transition in the case of Colombia influences on the desired target
policy, such as the Paris Agreement and the intergovernmental panel on climate change (IPCC).

1 Introduction consumption in Colombia and by 2016, its contribution to

Nowadays, the nations have taken action about clime&&€. emissions had grown to 23.2% [17], where transport
change to reduce its effects [1]. Indeed, several countri@Presented 13.5% of this increase [8]. Although electric
have adopted the intergovernmental panel on clima@d hybrid vehicles are less contaminant than gasoline and
change (IPCC) agreement to reduce the increase of gloBigsel engines, the diffusion of clean technologies for the
warming to 1.5 °C [2] as well as the Paris Agreement #ansport sector in Colombia has been insufficient.
reach global temperature below 2 °C [3-5]. However, these In this context, this paper assesses the following
efforts have not yet been sufficient. Previous studies hagéestions through a simulation model: i) Is it possible to
agreed that, despite these efforts, policy alternatives dritigate the C@ emission levels with electric vehicle
needed to support this issue [6-9]. This is corroborated Biffusion in Bogota, Colombia until 20507 ii) Could low
the emissions growth in several countries [10-12]. carbon policies (i.e., Paris agreement or IPCC) foster

In the metropo"tan areas of deve|oping Countries’ mﬁectric vehicles transition for 2050 in the case of Bogota,
emissions impact is much more significant because of th@lombia? and iif) What are the impacts of transition
speed of urbanisation [13]. The urbanisation brings neg¢lays of electric vehicles on both emissions and
challenges in terms of transportation and emissid@mperature in Bogota's transport sector in Colombia?
reduction, which involve improving the transport policy. A low carbon policy for transport system involves
For instance, both Mexico and Brazil are among the top 2@entifying the relationship between different categories of
emitters with 1.33% of global emissions each, despitéansport and their generated emissions [6,18]. Moreover,
adopted transport policy to expand clean transport systeti§ policy issue at the regional and national level comprises
in the last years [14]. In the case of Colombia, thdelays and feedbacks, which could affect the transition
contamination caused by the transport system has not b&&pcesses. Thus, this paper developed a simulation model
an essential point on the agenda of policymakers. THR understanding dynamics behaviour of the transport
situation has brought an increase in the generation ®#stem, including different types of technology (e.g. fuel,

emissions from the transport sector [8]9,15] hybrld, electric vehicle) and the effects of delays in
Despite Colombia has promoted Sustainabliechnology transition on the generation of emissions,
Development Goals — SDGs for protecting tharticularly for electric vehicles.

environment, emissions from transportation are still Several well-known simulation approaches have been
expected to rise in the future [16]. The transport sector héged for evaluating transport policy and electric vehicle

seen a rise in emissions over the last decade. In 20t#Ehnology [19,20]. In this sense, system dynamics
16.2% of all CQ emissions were from solid fuel methodology has offered an excellent fit to evaluate the

~ 229 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 229-240 ISSN 1339-5629

Evaluating low-carbon policy alternatives to support electric vehicle transition: evidence from
Bogota-Colombia
Javier Andres Calderon-Tellez, Milton M. Herrera, Alvaro Javier Salinas-Rodriguez

transition of the electric vehicle [6,8,19,21,22]. The system Over recent years, several strategies have been
dynamics modelling comprises nonlinear dynamics, delageveloped to support electric vehicle transition [6,37-39].
and feedback loops, which are simulated over time [23-29]he research on electric vehicles transitions have been
Although previous research has used the simulation &oldressed from different aspects. First, studies that
analyse causality between low carbon policy and electrissociate passenger flows to determine transport capacity
vehicle transition [6-8,26,27], there are few studies thand demand [40-42]. Second, studies that assess the
address the effects of delay on vehicle technologlectric vehicles diffusion and its impact on the
transition, assessing the low carbon policy targetenvironment [11]. Third, studies related to analyse the
especially in the case of Colombia. Thus, a model basedtoansport congestion [43]. This paper contributes to
system dynamics simulation was developed to understaaalysing the delays of the electric vehicle transition in the
the incidence of transition on emissions and temperaturease of Bogota city and their effects on the policy targets
This paper is structured as follows: Section 2 describe$ emissions reduction.

the main background of the research. Section 3 explains the The transition of the fuel vehicle to the electric vehicle
simulation model used for assessing the low carbon policpuld be understood around different modelling
in Bogota's transport sector in Colombia. Results obtainegpproaches [27,44]. In this paper, the system dynamics
from the simulation model are presented in Section #hodelling is proposed to represent the interaction between

Finally, the conclusions are presented in Section 5. delays of the electric vehicles transition and its effects on
the environment (i.e., CO2 emissions and temperature).
2 Background of theresearch System dynamics is an approach based on the feedback

Due to the increase from 3.4 million vehicles in 201g:ontrol theory used to analyse complex system [6,45-47].
mainly determined by private transport demand, th&s the transport system involves complex relationships,
transport sector has become an essential contributor to C¢ traditional approaches (e.g., optimisation approach) are
emissions in Colombia [10,28]. This situation ha&Ootsuitable to understand the delays of the system and their
provoked resources depletion with a negative impact on tAfects in the long term [9,19,48,49]. By utilizing a system
environment as well as public health impacts. Currentiglynamics model, a comprehensive system-based view of
private vehicles produce high emissions at the local levéansport planning can be achieved, and this can be utilized
particularly in Bogota and Medellin, which has forced th&0 show decision-makers the importance of these feedbacks
public intervention of policymakers to reduce COz2Nd lagged responses [19]. Thus, system dynamics has
emissions [8,16]. A fuel vehicle can emit 256 grams d¥een applied in this paper. The paper describes the model’s
CO2 per kilometre travelled, while hybrid vehiclesdynamics, as well as providing a brief explanation of the
generate 85 grams, that is 67% less; as for a hybrid electfi@thematical model used.
plug-in vehicle, it emits 43 grams, 83% less; and an electric
vehicle, zero-emissions [29]. 3 Methodology and model description

The electric vehicles have a significant impact on the A simulation model was built on understanding the
process of decarburisation of the environment [11,30dynamics of the delays of electric vehicles transition and
However, the electric vehicles transition for passengersieir effects on the CO2 emissions and temperature. The
transportation requires the construction of newroposed model was developed as a stock and flows
infrastructure [31-33]. Inside the process of transition frordiagram, including three interconnected sections. In the
fuel vehicles to electric vehicles, there is evidence of tHast section, the model comprises the private and public
increase of innovation processes [34]. Proof of this is the¢hicles according to the different types (i.e. gasoline,
some countries such as Germany, Sweden, Brazil adigsel, electric vehicle). The second section represents the
China have incorporated scheme for development dfnamic of the accumulated emissions generated by fossil
electric vehicles industry, generating innovation antuel vehicles. The third section shows the changes in
changes on conventional energy systems [32,35,36].  temperature. Details on the sections of the simulation can

be observed in Figure 1.
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Figure 1 Simulation model for the case of study of Bogota City
The stock-and-flow diagram is composed of a system evr (t) = EVp(t — ¢) )

of differential equations, which is solved through a

simulation structure. For instance, in section 2.1 — vehicles Where,

in Bogota — the accumulated electric vehicles private ¢: is the constant delay time.

(EVp) (1) and electric vehicles on roddvr) (2) was

calculated by Equation 1 and 2, respectively. A brief1  Total vehiclesin Bogota

explanation of the model structure is presented below. The vehicles are classified according to the type of

service as private, official, public transportation and

EVp (t) =EVp(t_1)+f evr(t) (dt) (1) diplomatic, as illustrated in Figure 2. Besides, public
transportation by type of service can be individual,
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collective and mass transit. The data was taken of thehicles, it is estimated 40 kilometres per gallon [km/gal]
transport secretary of Bogota [50] according to the type ahd 30 kilometre per day [km/day] [52]. On the one hand,
technology (i.e. gasoline, diesel, hybrid and electripublic fuel vehicles reach an average of 45.8 [km/gal] for

vehicles) for private and public transportation. taxis [53], while for collective and mass transit is 6.36
[km/gal] [54]. On the other hand, the distance travelled per
Motor vehicles day of one taxis is 232 [km] [53], and 300 [km] for
lassieation collective and mass transit [54]. An initial value of CO2
L I - 1 equivalent was taken from ground transportation of 4745
Private Official tranpsgg'lfaﬁo Diplomatic kilotons by 2012 [55].
\ndividual 3.3 Temperature section
] (Taxi cabs) This sector was adapted from Fiddaman’s model for
analysing the temperature, as illustrated in Figure 3 [56].
= Collective The variables used to calculate the atmosphere temperature
are: i) previous CO2 emission, ii) direct normal irradiance,
and iii)) the net radiative forcing. The direct normal
=] Mass "a”Sii irradiance — DNI — for Bogota used in the model was 1177
Figure 2 Vehicles classification in the Bogota city kWh/mZ per year [57]. The ngt radiative (F) (3) forcing to
Source: Adapted from Secretaria Distrital de Bod56 CO2 is calculated from Equation 3 [58].
3.2 CO;emissions _ ¢ C\T*
The CO2 emissions are calculated as from the gallon of F=53zin (Co) +0.39 [ln (Co)] )

gasoline and diesel — 8,887 grams CO2 per gallon for

gasoline and 10,180 grams of CO2 for diesel [51]. The Where C represents the concentration of,@dile G
gallon consumed per fuel vehicles is the average betwesrequal to 278x18)

gallon per kilometre and distance travelled. For private fuel

Ga \x
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Figure 3 Temperature sector adapted from Fiddeman’s model

3.4 Mode validation model behaviour test for the actual CO2 emission levels

The simulation model developed was extensivelglata — reference mode — and simulated data from 2000 to
validated. This research applied tests of consistency ad@l7. It can be seen that both levels of CO2 have the same
dimensionality suggested by [59-61]. Experts confirm thigend (red line). Thus, the simulation model passes the
dimensions of the simulation model through checkingehaviour validation test for carrying out the following
based on previous studies [6,7,15]. Figure 4 presentseenarios of simulation.

~ 232 ~

Copyright © Acta Logistica, www.actalogistica.eu



brﬁ Acta logistica - International Scientific Journal about Logistics
g Volume: 10 2023 Issue: 2 Pages: 229-240 ISSN 1339-5629
3 [ Evaluating low-carbon policy alternatives to support electric vehicle transition: evidence from
A Bogota-Colombia
& Javier Andres Calderon-Tellez, Milton M. Herrera, Alvaro Javier Salinas-Rodriguez
120K
100K
80K
c
=]
-
O
= 60K
£
~
o]
o
40K
20K
K
o w0 = i o i o n o w o
o [=] - — o~ o~ m m < by [Ta]
(=] o o (=] o (=] (=] o (=] [=] o
~ ~ o~ ~ ~ ~ o~ o~ ~ o~ ~
Years
Simulation —Historical data
Figure 4 Model behaviour tests for @@mission levels of Bogota
3.5 Simulation scenarios uncertainty for infrastructure development in the short

We simulated the model within four scenarios. Thederm. Insufficient infrastructure for attending new
scenarios represent the delays in years of EVs transitioralternatives transportation produces congestion problems.
the next years by Bogota, as shown in Figure 5. The firkhe third scenario considers a delay of 10 years for the
scenario represents current conditions — business as ugtaisition of clean technology alternatives. This scenario
(BAU). There are no incentives or stimulates to gain EM&presents a transition not far so long to develop
in this scenario. The acquisition of the EVs continues witifrastructure and incentives to foster EVs acquisition,
a lower increase like up to now. This scenario does nggarching to align with the global environmental policy,
consider any of the environmental agreements such as Patsh as Paris agreement and IPCC. The fourth scenario
agreement — limit global warming to 2.0 °C — or IPCC considers encouraging the transition to acquire EVs within
limit global warming to 1.5 °C. The second scenarithe next 5 years. This scenario shows a positive
considers 15 years for electric vehicles transition, namegigvelopment in infrastructure and tax reduction to the
the incentives for the acquisition of EVs will be after 13ncentive in the acquisition of EVs. The concept to invest
years. Delaying electric vehicles transition could generate EVs will help to reduce the G@mission levels.

S
[ [ [ [ P o
‘ 1 1 '::" \‘F_} I‘_E’-“ih

| ] ] -
years 5 10 15 BAU L R

Scenario 4 Scenario 3 Scenario 2 Scenario 1 Electric Vehicles

Figure 5 Proposed scenarios to assess the EVs transition

In summary, the scenarios focus on the low carbdhe trend of the temperature and CO2 emission levels
policy proposed in Table 1. These policies allow assessibgtween 2018 and 2050 according to the transition to EVs.
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Table 1 Low carbon policy proposed

Alternatives of low

Scenario Description Equatior) within the carbon policy. f_or
simulation model the EVs transition
(@)
1 Business as usu- BAU -
2 Uncertainty  for  infrastructure 15
developmer
3 Searching to align with the 10
worldwide environmental polic evr (t) = EVp(t — @)
4 Optimistic development in
infrastructure and tax reduction to 5
the incentive in the acquisition of
EVs
4 Results transition in Bogota. Although these results are similar to
4.1 Electric vehicletranstion the results obtained by Ospina et al. [7] and Herrera et al.

Private EVs have an exponential increase in the folf] I terms of the growth of private electric vehicles in
scenarios, as illustrated in Figure 6. Scenarios 2, 3 and@90ta, our results consider the targets of the
show an increase of 1.5 million EVs for every 5 years &hvironmental policy of the Paris agreements and IPCC.
transition, while the scenario 1 shows a reduction of 5E1€ fragmentation between the design and implementation

million EVs for the year 2050 due to the delays for the EVROliCY caused by the transition delays produces effects on
temperature and emission reduction in the long-term.

20M
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Figure 6 Private electric vehicles trend until 2050 in Bogota
The simulation shows that scenarios 3 and 4 increase Table 2 Electric vehicles transition by 2050
amount of EVs compared with BAU scenario by 2050, as Scenario Scenario Scenario Scenario
presented in Table 2. These results show how an increase 1 2 3 4
in EVs as from investment has a positive impact ofVs for 205( 8.2 13.7 15.2 16.8

transportation, while the lack of EVs diffusion andin million
financial resources could affect the transportation system.
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4.2 CO, emission leves et al. [7]; however, both studies show the need for an
The trend of CO2 emission levels for the next 30 yeagfivironmental policy for the case of Bogota city. On the
is represented in Figure 7. This behaviour is associatether hand, the results under the BAU scenario coincide
with the EVs dissemination in Colombia according to th@ith the increase between 2030 and 2050 reported by
proposed scenarios (Table 1). The percentage from 201ZFgpinosa et al. [7] BAU scenario by 2050 shows an
2050 for the four scenarios are: the first scenario is 24.8#¢crease of 24.8% in the CO2 emission levels. This trend
the second scenario is 9.3%, the third scenario is 6.4%, aadlirectly associated with the traditional use of fossil fuel
the fourth scenario is 3.4%. Results show that the incredsghe city [15]. As different delays can occur in Colombia,
in the CO2 emission levels for all scenarios is very higlit. may affect the EVs diffusion. Thus, the £emissions
Scenario 1 represents the highest increase, while sceng@d® increase in all scenarios because of a higher
4 represents the lowest increase for the CO2 emissidgpendence on fossil fuel and gas. Other studies also agree
levels. On the one hand, these results disagree with Ospénaigher dependence on fossil fuel does not allow to reduce
the emissions [6,7].
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Figure 7 CO2 emission levels trend until 2050 in Bogota

Table 3 shows the CO2 emission levels by 2050 f@2050 ir
each of the scenarios. The fourth scenario shows a decreki$etons
in CO2 emission levels due to a reduction of fuel vehicles.
This situation might achieve with policy alternatives focug.3  Temperature variation
to foster clean technologies; however, the complementarity An analysis of the behaviour of temperature for future
with other policies (e.g., energy policy and transpoffears is presented in Figure 8. Both the CO2 emission

policy) should be considered. levels, and the temperature suffer the highest increase for
the next years (see, Figure 7 and 8). The first scenario
Table 3 CO2 emission levels by 2050 __ shows anincrease of 2.09 °C for the temperature more than
Scenario Scenario Scenario Scenario  the fourth scenario that presents the lowest increase for the
1 2 3 4 temperature with an increase of 1.72 °C.
CO

< 114,266 44,392 30,417 16,442
emission fo
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Figure 8 Temperature trend until 2050 in Bogota

Table 4 presents the temperature for each of tAghe difference in temperature for the four scenarios in
proposed scenarios by 2050. For achieve the reductioncmimparison to the temperature mean for Bogota are: the
the temperature through electric vehicles transition, it fast scenario is 2.09 °C, the second scenario is 1.91 °C, the
necessary to foster a positive interaction between privaterd scenario is 1.83 °C, and the fourth scenario is 1.72 °C.
industry and government. Results show that none of the four scenarios meets the
IPCC criteria to limit the increase of 1.5 °C global
Scenario Scenario Scenario Scenano warming. The fourth scenario exceeds th_e IPCC criteria in

1 5 3 4 0.22 °C; however, scenario 4 has_less dlffergnce value.m

comparison to the other scenarios. The first scenario
Temperatu:e 16.58 16.40 16.32 16.21 exceeds 0.59 °C, the second scenario exceeds 0.41 °C, and
by 2050 (C the third scenario exceeds 0.33 °C. The Paris agreement

Although the scenarios do reduce emissions, the resuiféeria limit the increase to 2 °C above the actual mean
show that it is insufficient in comparison with the goal otemperature is fitted by the scenarios 2, 3 and 4. The first
the Paris Agreement and IPCC, as illustrated in Figure $£enario shows that it exceeds 0.09 °C.

Table 4 Temperature variation by 2050

Paris Agreement

1,00

0,50

Diferrence in Temperature for 2050 in °C

0,00

H Scenario 1 Scenario2 M Scenario3 M Scenario4

Figure 9 Difference in temperature by 2050
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Abstract: One of the significant challenges that the world is confronting is road traffic accidents. The aim of this study is

to determine the key factors contributing to traffic collision accidents and to utilize an ordinal regression model to identify
the factors that contribute to accident severity. This will be achieved by fitting a suitable equation based on a dataset
obtained from the Traffic Institute's database for the year 2021. The findings from the ordinal logistic regression analyses
indicate that weather conditions, road surface, speed limit and illumination levels are significant factors that contribute to
the severity of crashes with p-values of 0.003, 0.085, 0.025 and .002 respectively. Hour of the day, day of the week, week
and governorate are insignificant in collision accidents in Jordan in 2021. In this comprehensive study on traffic collision
accidents in Jordan during 2021, our analysis has revealed some significant findings. Our data indicates that the peak
period for traffic collision accidents was between 18:00 to 18:59, and Thursday was found to have the highest number of
incidents. In terms of the month, July recorded the highest number of accidents. It was also noted that Amman had the
largest share of accidents. These findings highlight the need for increased awareness and stricter enforcement of traffic
regulations during peak periods and in high-risk areas.

1 Introduction sample consisted of all recorded collision accidents across

The prevalence of traffic accidents and their resultingarious governorates in Jordan during the study period, and
fatalities, injuries, and associated social and econonfiée data included information on the date, time, location,
impacts represent a major challenge for nations worldwid@nd severity of the accidents, as well as the factors that
Collision accidents are defined as incidents involving theontributed to them. To analyze the data, descriptive
interaction of two or more vehicles and their driversstatistics were used to identify the frequency and
caused by factors such as violation of traffic regulationgistribution of collision accidents by time of day, weather
failure to yield, driver distraction, and driver fatigue. Inconditions, and other factors. Additionally, logistic
2021, approximately 1 million car accidents took place ifegression analysis was used to identify the factors that
Jordan, leading to 589 fatalities resulting solely frorMvere significantly associated with the severity of injuries
collision accidents [1]. sustained in the accidents. _ _

As a result of the surrounding circumstances, Jordan Overall, this study provides a comprehensive analysis
has experienced a significant increase in population affitraffic collision accidents in Jordan and identifies key
vehicles, leading to a discrepancy in traffic accident ratéactors that contribute to their occurrence and severity. The
despite preventive and remedial measures taken by pubiiedings of this study can inform the development of
security departments. targeted interventions and policies aimed at reducing the

A quick look at the results of road accidents in Jorddficidence and severity of traffic collision accidents in
in 2021 shows that 160,600 accidents occurred, of whidigrdan.

11,241 were serious, resulting in 589 fatalities and 737 ) )

severe injuries, 6,325 moderate injuries, and 10,423 mindr Literaturereview

injuries, with a monetary cost estimated at 320 million Extensive research has been carried out to determine
Jordanian Dinars [1]. the foremost factors that lead to different accident types,

The study aims to identify the key factors thasuch as collision accidents. Han [2] conducted a study
contribute to traffic collision accidents across varioustilizing a black box camera mounted within vehicles to
governorates in Jordan and their relationship with the levatsess the level of damage and circumstances surrounding
of injury severity. traffic collisions. He discovered a cost-effective method

To achieve the study's aim, a comprehensive analy$s predicting and preventing collision accidents, a finding
of traffic collision accidents in Jordan was conducted. Thbat represents an improvement over traditional
study analyzed data from the Jordanian Traffic Institutetpproaches. Didin et al. [3] studied previous studies
database on collision accidents that occurred in 2021. Tleeused on rear-end collisions as a try to concentrate on the
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main risk factors that affect crash accidents. They founehicles resulted in higher probabilities of death. The
that there were many factors that led to rear-end collisiorfsydings can be used to develop policies and
such as: the behaviour of driving, retarding andountermeasures to prevent and reduce the severity of MC
acceleration, headway time and collision time. Han [4far-end crashes. Yang et al. [10] utilized data from the
presented a new approach to make a full analysis ofChinese National Automobile Accident In-Depth
collision between vehicles. The approach was introducdavestigation System to develop a prediction model for
because of the difficulty of gathering accurate informatiortraffic accident severity. Using random forest, they
As a result, the method used a vector as a main factoridentified seven important accident features, including four
define many relevant factors, such as the direction anéw features not previously ranked. The optimized model
speed of a vehicle, and then present qualitativesulted in higher accuracy for predicting traffic accident
calculations. A. Rakhonde et al. [5] presented a new smaeverity. Infante et al. [11] analyzed daily road traffic
vehicle system to detect collision accidents and monitaccident (RTA) data from 2016 to 2019 in a district of
pollution. They found that the response time for medic&ortugal to identify the determinants of the type of RTA
cars was reduced while the sensors were installed on thellision, crash, or pedestrian running-over). The study
tires and they were able to alarm for the collision crash found that geographical, meteorological, time of day,
different directions. Yang et al. [6] designed a newlriver and vehicle characteristics, and road characteristics
algorithm to detect vehicle collisions during driving basedere significant determinants. The authors compared
on using Android installed on smartphones. The proceduseveral machine learning algorithms, and found that
was to send all the information to the preset mobile numbeosmbining these with ROSE for class balancing improved
when the collision is detected and the camera starts waheir performance, with random forest performing the best.
by taking an instant photo and sending it to the numberi et al. [12] aimed to predict the severity of traffic
Darwish [7] investigated the factors that influence accidents on mountain freeways using machine learning
driver's decision to either stop at intersections or continadgorithms. Four models were constructed using SVM,
driving without stopping. Results showed 48% of driverBTC, Ada_SVM and Ada_DTC, and RF was used for
stopped completely, with female drivers and bus drivefeature selection. Rainfall intensity, collision type, number
stopping more often. Driver age and compliance with sta@f vehicles involved and road section type were found to
signs were directly proportional. Cheng et al. [8] usede important variables. The combination of Ada_SVM and
statistical analysis to construct discrete choice models R¥F- achieved the best prediction performance, with 78.9%
investigate the impact of multiple factors on crash severignd 88.4% prediction precision and accuracy, respectively.
on a freeway in China. Based on 1154 accidents, the study

found 11 significant factors affecting crash severity3 M ethodology

including driver gender and age, vehicle type, road Data on road traffic accidents that occurred between
conditions, and lighting. The results can be used to develggnuary and December 2021 were gathered from the traffic
targeted proposals for improving traffic managemenastitute, which, among its various responsibilities, keeps
Prajongkhaa et al. [9] investigated the causes of injurigscords of all accidents and crash-related information,
and deaths resulting from motorcycle rear-end collisiongcluding the degree of injuries sustained and property

and analyzed factors contributing to their severity level ilamage. These statistics are published annually in both soft
Thailand. The study found that perception failure was thghd hard copies.

primary contributing factor and that collisions with parked

Ilumination .
Levels

@

4

A

Figure 1 Independent variables
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Ordinal regression analysis of traffic collision accidents in Jordan 2021: factors and severity

This comprehensive study encompasses all
governorates in Jordan, divided into twelve distinct
segments. Several critical variables will be meticulously
analyzed, including the hour of the day, day of the week,
monthly trends, governorate location, weather conditions,
road surface state, speed limit, and illumination levels
(Figure 1).

Hourly recordings of the time of day were meticulously
gathered, as well as daily recordings of the day of the week,

Level of Severity

- 01 Fatal

l ' 02 Severe
03 Moderate
v Minor

covering a comprehensive range from Saturday to Friday.
All twelve governorates and twelve months were
meticulously included in the study.

The weather conditions were thoroughly evaluated arlfi Result and discussion
divided into six categories, including clear sky, high winds 1 Hour of thed
frosty, foggy, dusty, and rainy. The road surface condition4s our of the day .
were meticulously analyzed and sorted into seven uniqye ~* _thorough 24-hour “analysis was conducted to
categories, including arid, frosty, glacier, sandy, oilydctermine the precise time frame in which collision
clayey, and muddy. The speed limit was further divideﬁccmlemsI exhlbltedltr:je ﬁlghﬁsthfrequency O'; occurrence
into nine distinct groups, while the illumination level wa 1;’[;19arr:aé/stlhs r?]yer?e t a_tdt N oufr fafl‘l.g'.”g rom 18:00 to
categorized into six separate types. : ad the highest incidence of collision occurrences

Following data collection, statistical analysis WaéFlgure 3).Numerous factors may account for the elevated

performed on the exported data using SPSS. The seveffyf Of accidents during the 18:00 to 18:59 hour period.
level of accidents is the dependent variable in this stuggP™e ©f the potential contributing elements include are
and has been classified into four distinct categories: 112t the 18:00 hour is often marked by peak hour traffic as
Fatal, 2-Severe, 3-Moderate, and 4-Minor (Figure 2). !nd|V|d_uaIs return home from wor_k or schoql. This increase

in traffic volume on roadways raises the risk of accidents.
Additionally, decreased visibility during the setting sun at
this time may also contribute to an elevated risk of
collisions. Furthermore, driver fatigue is another factor to
consider. Individuals who have been driving for prolonged
periods during the day may experience fatigue and
decreased levels of alertness in the evening, contributing to
a heightened risk of accidents.

Figure 2 Types of level of severity

349 |

22:00 - 22:59 355 |
391 |
20:00 - 20:59 365 |
434 |
18:00 - 18:59 523
499 |

16:00 -16:59 433 |

14:00 - 14:59 411 |

370 |
12:00 - 12:59 0

10:00 -10:59 242 |
06 |
08:00 - 08:59 218 |
132 |
06:00 - 06:59 49 |
3(
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T
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Figure 3 Collision accidents vs. hour of the day

~ 243 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 241-250 ISSN 1339-5629

Ordinal regression analysis of traffic collision accidents in Jordan 2021: factors and severity
assessment
Walaa Darwish, Haneen H. Darwish

4.2 Day of theweek being considered the terminal day of the workweek, a
An in-depth analysis was conducted by incorporatingubstantial number of commuters strive to leave work and
all days in the examination, with the purpose of uncoveringturn home in preparation for the weekend. This results in
the critical day. The results of the study indicated th&ongested roadways and heightened traffic volume, which
Thursday had the highest frequency of collision acciden&gn increase the likelihood of collisions. Furthermore, the
with 1137 incidents recorded (Figure 4). A majoextended travel times associated with increased traffic on
contributing factor to the elevated frequency of collisiod hursday may lead to increased driver frustration and
accidents on Thursday may be attributed to the increageetentially — reckless  driving  behaviour,  further
rush hour traffic during the evening hours. With Thursdagxacerbating the situation and contributing to the higher
frequency of collision accidents.

FRIDAY
THURSDAY
WEDNESDAY
TUESDAY
MONDAY
SUNDAY

SATURDAY

0 200 400 600 800 1000 1200
Figure 4 Collision accidents vs. day of the week

4.3 Monthly trends from neighboring countries such as Saudi Arabia and
The results of the study, which were derived from Kuwait, using their vehicles, which results in an increase
thorough examination of collision accidents over a onen traffic volume and congested roadways.
year period, indicated that July was the month with the Another possible explanation for the increased
highest frequency of collision accidents reported (Figuféequency of collision accidents in July is the presence of
5). The higher frequency of collision accidents in July cavarious holidays and festive events in Jordan. The summer
be attributed to several factors. One potential explanatisgason often sees an increase in road trips, family
is the increased influx of returning expatriates, particulariyacations, and other travel activities, which can lead to
higher traffic volume and a higher likelihood of collisions.

DECEMBER 519
NOVEMBER 593
OCTOBER 594
SEPTEMBER 635
AUGUST 591
JuLy 638
JUNE 578
MAY _ 622
APRIL _ ' 530
MARCH ] 464
FEBRUARY l | I 450

| | | |
JANUARY 473

0 100 200 300 400 500 600 700

Figure 5 Collision accidents vs. month of the year
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4.4  Governorate location the presence of a complex road network in Amman, with a

The higher number of collision accidents recorded ilarge number of intersections, overpasses, and
the capital city of Amman (2842 accidents, Figure 6) maynderpasses, could increase the likelihood of collision
be due to a variety of factors. One possible explanationificidents and contribute to the higher number of recorded
the higher population density in Amman estimated to k&ccidents in the city. Furthermore, the city's status as the
over 4 million in 2021 * which leads to increased traffigolitical and economic center of Jordan could also result in
volume and a greater likelihood of collisions. Additionallyhigher levels of vehicular traffic.

TAFILAH
AJLOUN
MA'AN
MADABA
AQABA
JERASH
KARAK
MAFRAQ
BALQA
ZARQA
IRBID
AMMAN

0 500 1000 1500 2000 2500 3000

Figure 6 Collision accidents vs. governorate

45 Weather conditions visibility under clear sky conditions is known to facilitate
The data analysis revealed a clear trend, with tHégh-speed and aggressive driving. Secondly, drivers may
highest frequency of collision accidents being recorded gxperience a false sense of security in clear weather,
clear sky weather conditions, representing a staggeritgpding to decreased attention levels and elevated risk-
96.5% of the total accidents observed in the study(Figut@king behavior. Finally, glare from the sun in clear
7). The contributing factors behind this trend can beeather conditions can significantly impair drivers'
attributed to several key mechanisms. Firstly, increas&sibility and increase the risk of collision accidents.

RAINY
DUSTY
FOGGY
FROSTY
HIGH WINDS

CLEAR SKY

| | |
1 10 100 1000 10000

Figure 7 Collision accidents vs. weather conditions
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4.6 Road surface state be attributed to the notion that drivers tend to feel a false
It was noted that when the road surface is arid tifgense of comfort and security when driving on arid road
number of collision accident is recored as a high level wigtirfaces. The absence of visible road hazards, such as oil

a percentage of 96% (Figure 8). This phenomenon coud other slippery substances, can result in drivers adopting
higher speeds and more aggressive driving behaviors.

MUDDY
CLAYEY
OILY
SANDY
GLACIER

FROSTY

ARID

1 10 100 1000 10000

Figure 8 Collision accidents vs. road surface state

4.7  Speed limit lower speeds, could be due to several factors. Firstly, roads
The observation that roads with a speed limit of 6®ith a speed limit of 60 km/hr are often found in urban
km/hr recorded the highest incidence of collision acciden&eas where there is a high volume of traffic and complex
among the 9 categories of speed limits, with a rate of 35%ad networks, which can increase the risk of collisions.
(Figure 9), is particularly noteworthy. The reason why th&econdly, the speed limit of 60 km/hr may not accurately
highest incidence of collision accidents was recorded fegflect the typical driving speeds on these roads, leading to
roads with a speed limit of 60 km/hr, and not higher gin increased risk of collision as drivers may be traveling at
speeds that are either too fast or too slow for the conditions.

110 KM/H
100 KM/H
90 KM/H
80 KM/H
70 KM/H
60 KM/H
50 KM/H
40 KM/H

<40 KM/H

1 10 100 1000 10000
Figure 9 Collision accidents vs. speed limit
4.8 Illumination levels accounting for 58.7% of all recorded events (Figure 10).

It was established that, among the various illuminatiohhe elevated risk of collision accidents can be attributed to
levels, daytime was recorded as the most prevalesgveral factors. One major contributor is the increased
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volume of traffic during daylight hours as compared teehicle interactions, thus creating more opportunities for
other levels of illumination. This results in a greatecollisions to occur.
number of vehicles on the road and a higher probability of

SUNSET

DARKNESS

SUNRISE

INADEQUATELY COMPENSATED NIGHT SHIFT
ADEQUATELY COMPENSATED NIGHT SHIFT

DAYTIME

1 10 100 1000 10000

Figure 10 Collison accidents vs. illumination levels

49 Statistical analysis descriptive data analysis technique called cross-tabulation
For the purpose of this research, the statistical analy¥i@s employed to uncover, illustrate, and concisely

was conducted using SPSS ver. 22. The initial data waigmmarize the data points in a manner that satisfies all of

extracted from the traffic institute and documented in dhe data conditions. Specifically, a cross-tabulation table

Excel sheet. However, before importing the data into theas utilized to describe the relationship between four

software, it was necessary to carefully review and prepatependent variables and eight independent variables. The

it to ensure compatibility with SPSS. In this study, @esulting output from the SPSS analysis can be observed in

Table 1, provided as an example below.

Table 1 Descriptive Cross-Tabulation Analysis of Collision Severity and Independent Variables

Weather Conditions

Clear sky High winds Frosty Foggy  Dusty Rainy Total
Minor Number 3763 2 2 9 5 123 3904
Percent  58.4% 40% 50% 52.9%  50% 58.2%
Collision "Moderatr  Numbe 240t 1 1 6 3 78 2491
Severity Percent  37.3% 20% 25% 35.2%  30% 36.9%
Severe Number 149 0 0 0 0 4 153
Percent 2.3% 0% 0& 0% 0% 1.9%
Fatal Number 123 2 1 2 2 6 136
Percent 2% 40% 25% 11.9%  20% 3%
Total 6440 5 4 17 10 211 6687

To ascertain the relevance of variables to beamely fatal ,minor injury, moderate injury, and severe
incorporated in the model, the Chi-square t8&) (of injury. The second variable pertains to road surface state
independence was employed. Following this, the ordinahd is comprised of seven categories, including arid, frosty,
logistic regression model was utilized to examine the roaglacier, and other. A significant application of the chi-
crash factors that are closely linked with the severity levetjuare test is to determine if two variables are statistically
of the crash. Any variables that exhibited a statisticalindependent, and this is known as the chi-square test of
significant association with road crash severity level, atindependence. This test analyzes the association or
significance level of 5%, were subjected to further analysisdependence between two nominal or dichotomous
through the Ordinal Logistic Regression model. variables. Before selecting the appropriate chi-square test

To provide an example, let's consider the studyfer association, itis crucial to inspect and assess the data to
utilization of two nominal data variables. The first variablebe analyzed.

'level of crash severity," includes four distinct categories,
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The findings of the chi-square test applied to the datageégression model. The outcomes demonstrate that four
are presented in Table 2. Only the variables that displayeariables indicate a strong correlation with road crash
a statistically significant association with road craskeverity level, and their significance values were found to
severity level, at a 5% significance level, were furthelbe less than (p<0.05).
scrutinized through the application of the Ordinal Logistic

Table 2 Chi-sguare results for the variables include in the model

Dependent Variab  Independent Variak Value d.f. P-value
Hour of the day 11.262 23 0.351
Day of the week 2.183 6 0.125
Month of the year 25.856 11 0.256
Level of Severity Governorate 1.983 11 0.112
Weather Condition 0.65 5 0.003
Road Surface state 6.586 6 0.085
Speed Limit 51.256 8 0.025
lllumination Levels 2.256 5 0.002

To investigate whether the severity of collisiorstates that a significant association exists between the
accidents is significantly linked to eight distinct factors, theeverity of collisions and the different factors considered.
null and alternative hypotheses were established as To investigate any potential links between level of
follows: accident severity and different factors, a chi-square test

The null hypothesis (f) posits that there is no was performed. The study assessed eight different
significant relationship between the severity of collisiowariables pertaining to these factors. The results indicate
accidents and the eight different factors examined in thilsat out of the eight variables, four showed a significant
study. On the other hand, the alternative hypothesis (Fassociation with level of severity as illustrated below in

Table 3.
Table 3 Chi-sguareresults for the significant variablesinclude in the model
Dependent Variab  Independent Variak Value d.f. P-value
Weather Condition 0.65 5 0.003
) Road Surface state 6.586 6 0.085
Level of Severity —
Speed Limit 51.256 8 0.025
lllumination Levels 2.256 5 0.002

The dataset was analyzed using the Ordinal Logistiound that only four were statistically significant. The
technique, and the results of the impact of associatedtimated3 coefficients of the ordinal logistic regression
variables on road accident severity level are presentedanalysis are reported in the results.

Table 4. Out of the eight variables examined, the study

Table 4 Results of Ordinal Logistic Regression Analysisfor Variables Impacting Collison Severity Levels

Independent Variable Befd( Std. Error Z value Pr(z)
Hour of the day 0.06 0.03 2.03 0.041491
Day of the week 0.24 0.03 6.32 4.69E-14
Month of the year 0.52 0.03 18.25 Less than 2e-16
Governorate -0.08 0.02 -4.05 1.92E-06
Weather Condition -0.18 0.02 -3.65 5.92*1¢
Road Surface state -0.22 0.04 -4.99 2.30E-08
Speed Limit 0.00 0.00 -8.36 8.49E-15
lllumination Levels 0.06 0.03 2.56 0.040326
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The results of the odd ratio and their correspondingsulting in fatal/serious/minor injury is 1.691 times higher
25% and 95% confidence intervals for each coefficient afer weather condition and 1.800 times higher for road
presented in Table 5. As shown in Tables 5 and 6, tearfce state. Additionally, the odds of a accidents being
coefficientp for the weather condition was -0.18 and -0.22atal/serious/minor is highest for hour of the day, with a
for road surfce state, with odds ratios of 1.691 and 1.80D,656 times higher likelihood compared to day of the week.
respectively. This indicates that the likelihood of a crash

Table 5 Odd ratio values and confidence interval

Independent Variak Odds Ratio (OF 2.5% 97.50%

Hour of the da 1.65¢€ 1.59¢ 1.66¢

Day of the wee 1.291] 1.21¢ 1.37:

Month of the yee 0.83¢ 0.75¢ 0.92¢
Governorat 0.91¢ .0.88! 0.95:¢

Weather Conditio 1.691] 0.64¢ 0.73¢
Road Surface ste 1.80( 0.78¢ 0.81:
Speed Limi 0.99i 0.99i 0.99¢

lllumination Level: 0.99¢ 0.85¢ 0.96¢

5 Conclusion road surface conditions, weather conditions, and driver

In conclusion, this study provides valuable insights intBehavior, to inform the development of more effective
the patterns and potential factors associated with collisi@@vernment programs and policies aimed at reducing their
accidents in Jordan. By |dent|fy|ng Specific time periodélﬂCldence. Addltlona”y, future research could eXplore the
weather conditions, and other factors that contribute to tRetential for using predictive modeling techniques based
risk of collision accidents, the study can inform thén historical data to forecast the likelihood and severity of

deve|opment of targeted interventions to reduce tﬂ@ﬁ:lc collision accidents in hlgh-rlSk areas, which could
incidence of such accidents. help government agencies to implement proactive

One of the key contributions of this work is itsmeasures to reduce their risk. By improving our
emphasis on the need for a multifaceted approach l{laderstandlng of the CompleX factors that contribute to
addressing collision accidents in Jordan. Rather thdi@ffic accidents and using predictive modeling, future
focusing solely on one factor, such as speed limits or ro&gpearch could help reduce the incidence and severity of
infrastructure, the study highlights the importance dfaffic collision accidents in Jordan.
considering a range of factors, including traffic volume and
weather conditions. This approach can help to ensure tif€fer ences
interventions are effective in addressing the specific caudd$ Jordan Traffic Institute, [Online], Available:
of collision accidents in Jordan. https://psd.gov.jo/ar-jo [10 Feb 2023], 2021.

Another important contribution of this work is its[2] HAN, |.: Scenario establishment and characteristic
recommendations for further research. The study identifies analysis of intersection collision accidents for
areas where additional research is needed, particularly in Advanced Driver Assistance Systendsaffic Injury
the case of collisions that involve multiple factors. This Prevention, Vol. 21, No. 6, pp. 354-358, 2020.
information can guide future research efforts and help {8] SAFFANAH DIDIN, F., IRIDIASTADI, H.: Risk
build a more comprehensive understanding of the causesfactors for rear-end collision: A systematic literature
and consequences of collision accidents in Jordan. review,|OP Conference Series. Materials Science and

Overall, the study provides a valuable contribution to Engineering, Vol. 909, No. 1, pp. 1-10, 2020.
the field of road safety in Jordan, and its findings caf#] HAN, I.: Analysis of vehicle collision accidents based
inform the development of policies and interventions on qualitative mechanics, Forendc  Science
aimed at reducing the incidence of collision accidents. International, Vol. 291, pp. 53-61, 2018.

However, there is always room for improvement, anfp] RAKHONDE, M.A., KHOJE, S.A., KOMATI, R.D.:
future studies could build on this work by incorporating Vehicle collison detection and avoidance with
additional data sources, such as accident reports or driverpollution monitoring sysem using 10T, 2018 IEEE
behavior surveys, to further explore the factors Global Conference on Wireless Computing and

contributing to collision accidents in Jordan. Networking (GCWCN), pp. 75-79, 2018.
[6] YANG, D., DENG, M., JIANG, X.: Design and
6 Recommendations implementation of vehicle collision detection and alarm

Further research could investigate the relationships and System based on smartphot®P Conference Series:
interactions between the various factors that contribute to Materials Science and Engineering, Vol. 787, No. 1,
traffic collision accidents in Jordan, such as traffic volume, PP- 1-6, 2020.
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Abstract: According to the World Health Organization (WHO), health inequities refer to those dimensional, measurable,
and avoidable differences between socially, economically, demographically, or geographically defined population groups.
In Mexico, despite several advances in health services and infrastructure, there are health inequities in rural communities,
particularly those with indigenous population. These communities have limited or non-existent healthcare facilities,
medical equipment, transport infrastructure, medicines, and human resources such as doctors and nurses. In this work, a
conceptual design of a healthcare network is proposed to serve a region with several rural communities with limited
healthcare resources. The designed network allocates rural communities to the most appropriate facilities based on (a) a
vulnerability community index, and (b) a facility service index. The application of the conceptual network led to a
hierarchical referral scheme between communities and different types of healthcare facilities to improve medical services
and infrastructure planning. These results can support the decisions aimed to expand already existent facilities, replace
multiple basic facilities with an appropriate number of larger and more advanced facilities, and determine the
transportation infrastructure required to reach these facilities.

1 Introduction indigenous and non-indigenous populations [4]. As an

According to the World Health Organization (WHO),example of the health implications of this gap, monitoring,
health is the result of a complete state of well-being whic#{agnosis and treatment of cancer have led to improved
is achieved by a reduction in disease occurrence afdrvival in people living in developed cities than in rural
improvement in medical care, ensuring that people can lia@d indigenous communities [5]. This is associated with
each stage of their lives with dignity and quality of lifeaccess to high-quality healthcare services which is
Thus, health is a fundamental human right and all peopk&pendent of economic, geographic and social factors. This
must have fair access to healthcare services [1]. HowevBas contributed to health disparities across the country
within the sociocultural context of rural and indigenou¥/here there is limited coordination between public health
communities, there are health inequalities which affect tf@d healthcare system initiatives [6].
fair access to healthcare services [2]. Health inequalities This limited coordination has been a factor for
are defined as “systematic, avoidable and unfaiRefficient planning of services and infrastructure which
differences in health outcomes that can be observétfludes facility location, allocation of communities,
between populations, between social groups within tigedical referrals, and land transportation. Not having
same population or as a gradient across a population ranRégpropriate infrastructure negatively impacts the eligibility
by social position” [3]. of communities for t.he establishment (or allocation) of

In Mexico, the increase in life expectancy indicates th@sources and assistive governmental programs [4].
positive effect of improvements in social conditions and In this context, the logistic field can contribute with a
health policies. However, this is not correlated with the lifétructured approach to improve the coordination between
expectancy of the population in rural and indigenoudealthcare faqlmes. It glso can contribute to dete.rmlne the
communities which account for 20% of the country’&pes of required facilities (i.e, health homes, clinics and
population. In fact, there is a significant gap in sociodospitals) considering the communities’ characteristics of

economic and developmental indicators betwegpOpulation  density, geographical location, and
infrastructure.
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Hence, the present work addresses this problem fromwéth mild illnesses such as the common cold, follow-up of
logistic approach, proposing the conceptual design ofpregnancies, non-severe respiratory and diarrheal
healthcare network to serve a region with severaifections. In more severe cases, patients are referred to the
vulnerable communities with limited healthcare facilitiesnearest (or geographically reachable) public clinic or
The designed network allocates rural communities to thspital. The service hours in the health homes are 4-hours
most appropriate facilities based on the following day, adapted to the needs of the communities and support
innovations: (a) a vulnerability community index, and (bjn case of emergencies. The Ministry of Health provides
a facility service index. The application on the case studihese facilities with healing material, office and medication
which consisted of indigenous and rural communitiesodes. The information of the activities carried out in these
within the municipality of Zacapoaxtla in the Mexican statéacilities is recorded and reported to the state authorities.
of Puebla, led to a hierarchical referral scheme between In emergency situations, the volunteering general
communities and different types of healthcare facilities tdoctors (who oversee the health homes) have the
improve medical services and infrastructure planningesponsibility of referring patients to intensive care units
These results can support the decisions aimed to expdochted in these communities (i.e., clinics or hospitals). It
already existent facilities, replace multiple basic facilitiegs important to mention that not all rural and indigenous
with an appropriate number of larger and more advancedmmunities have healthcare units and there is an absence
facilities, and determine the transportation infrastructuref mobile phone or internet signal. This leads to inefficient
required to reach these facilities. Hence, it is expected tltmmunication between doctors in the different healthcare
the proposed network design can reduce inequality facilities to make a proper referral of the patients.
healthcare services for the inhabitants of indigenous and Regarding clinics, these faciliies have a basic
rural communities in developing economies. infrastructure of furniture, equipment, instruments,

The advances of the present work are described in theedicines and biological products. This affects the
following sections: in Section 2 a review of the healthcamiagnosis of the doctors, as sometimes they must perform
services in Mexico and the municipality of Zacapoaxtla iassessments of patients with chronic complications with
presented; then, the methodological steps to design thesic instruments such as sphygmomanometers and
network are presented in Section 3; the results of tlstethoscope. The operative team frequently consists of a
application on the case study are analysed and discussedeneral practitioner, an intern, a director, and two nursing
Section 4; finally in Section 5 the conclusions and futurassistants. The services which are provided are outpatient

work are presented. general medicine, preventive medicine, and emergency
care. Also, they promote the following programs:

2 Healthcare conditionsin rural vaccination, care of chronic degenerative diseases,
communities epidemiological surveillance, child malnutrition, prenatal

Due to a predominant sedentary lifestyle in Mexico th%ontrol and sexual education. General medical consultation
occurrence  of chronic degenerative diseases ha oprovided from Monday to Friday within the schedule of

overcome the incidence of infectious diseases. In gene @.m. t0d4 p.m. However, emergencies can be referred 24-
the Mexican population has a high prevalence of chronftours a day. . . . .
diseases and obesity: 18.4% of adults are curren% Because health service demand is large, sometimes it

diagnosed with hypertension and 10.3% diabetes. Wi nnot be cqvered by the personnel of th.e clinic. T_hys,
respect to risk factors, 36.1% of the adult population ere are patients who must travel from their communities
obese while 11.4% sm’okes [7] to other municipalities to receive the required medical

Regarding the health system in Mexico, it is difficuIt"j‘tten'“t.on'tl'"'I?X.a'm.)le:th T " ‘b
and complex, not only in terms of the citizen’s perception, paf |en3 tIVItnhg Ilnt € ﬁcuaaaln CﬁW?P”'IY n:ust €
but also for managers, health employees, doctors, nurses, €1€Tea to the Ixtepec hospital, which 1s located two
specialists, and health workers [8]. Some regions are NOUrS away from the nearest Santiago Yancuitlalpan

; . . . . icipality.
characterized by precarious medical service delivery, poor municipafity. . :
health infrastructure, and difficult access to healthcare tN€ municipality of Cuetzalan in Puebla has 18 medical

: : : its (1.5% of the total number of medical units in the
[9,10]. Particularly, southern regions are characterized by uni
a high prevalence of indigenous populations living in state), 50 doctors (0.6% of the total number of doctors

conditions of high marginality and economic inequality in the state) and the ratio of physicians per medical unit

[10]. In such cases, networks are the main resource to deal's 2.8, compared to the ratio of 7.5 in the state. This
with health-related issues, food, medicine, and out-of-the- represents a low concentration of healt_h professionals
pocket medical expenses [11,12] available for the attention of the population [13].

In rural indigenous communities, health services are Mortali ¢ tient ho h b "
provided through a basic structure of “health homes” which ortality of patients who have been urgently

are managed by a member of the community who has bé@ﬂfsfer_red to these units has bte)zeln aSSOC|z:1jtedd with
trained (a general practicioner or doctor) to care patierf¥ ective processes to contact ambulances and doctors,
ifficulties to reach the communities due to poor or null
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road infrastructure, absence of ambulances, and lotigat require attention of high diagnostic and treatment
distances between the clinics / hospitals and tl@mplexity, however, these have minimum coverage.
communities. Within the aspect of transportation, most

clinics have no ambulances, so patients must arrange Design methodology

private transportation. The mortality risks are more The present research work analysed and evaluated the
significant in communities without basic services (drinkingiealthcare units that provide coverage to 501 rural and
water, electricity) or roads. indigenous communities in the municipality of
Hence, it is necessary to generate the necessafycapoaxtla in the Mexican state of Puebla. As presented
structure in the organization of the services at the following Figure 1, this municipality is located within the northern
levels: general medicine consultations (first level, Iiegion of Puebla, with parallel geographical coordinates
healthcare and disease prevention, nursing, apdtween 19°44'18” and 19°59'18” north latitude, and
vaccinations (second level, 1I); and highly complexneridians between 97°31'42” and 97°37'54” west longitude
medical procedures such as surgeries which requir4 15]. Figure 2 presents an overview of the

advanced technology and specialized equipment (thifdethodological stages considered to design the healthcare
level, 1ll). Here it is important to mention that patientsetwork.

referred from levels | and 1l frequently present pathologies

Mexico |

Nauzontla

4

Zacapoaxtla
Municipality

Tlatlauquitepec
)

State of
Puebla

Zaragoza

Morelos

Figure 1 Geographical location of the Municipality of Zacapoaxtla (adapted from [15])
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First Stage Second Stage Third Stage

Design of a
questionnaire to
determine the

@ priorities for each

criteria and

decision variable
Apply
questionnaires
among health
experts

Application of
AHP Methodology

Criteria
consistency
analysis

Figure 2 General structure of the methodology for design the health service network for rural communities in Zacapoaxtla

3.1 First stage: criteria for community eigibility etc.). One doctor and one nurse are the main health
and facility infrastructure personnel at these premises.

In this stage, exploratory interviews were performed © Regional Clinic: these are medium-sized premises

with directors and doctors who work in health institutions with limited beds and rooms. These are managed by

that provide services in some indigenous and rural  the Ministry of Health and are frequently located
communities. The interviews were designed to determine  near the local government house. These clinics are
the most important criteria to evaluate the eligibility of mainly used for stabilization care, and they are
each location for the establishment of a new healthcare ~ assisted by three-to-six doctors and nurses.
facility, or improving an already existing facility. These © Hospitals: these are medium and large-sized

criteria were the following: facilities where complex procedures such as

« Number of inhabitants: communities with low surgeries can be performed. There are doctors with
population density had limited or non-existent basic different specializations and equipment. These
healthcare services. facilities are assisted by 10 to 15 doctors and nurses.

» Geographic accessibility: the geographic locations of i
the communities represent physical barriers for patiedt2 ~Second stage: assessment of community
mobility and access to appropriate healthcare facilities. ~ €ligibility

« Available Infrastructure: the existing healthcare In this stage, the Analytic Hierarchy Process (AHP)
facilities are a major factor in healthcare servicfecision-making model was applied to assess the location
quality. It is also important for elimination andOf each community to determine its suitability to establish

upgrading plans. In this context, the following facilities® healthcare facility. For this purpose, the criteria defined

were identified: in the previous section were considered.

0 Health Homes: these are small spaces or rooms AHP is an analytical method where quantifiable and
which are frequently loaned by families within theiron-quantifiable data can be analysed to support decision
home premises to provide intermittent basic car@aking [16]. This is important because experience and
(i.e., general consultation, application of seasong§nowledge mixed with data are the basis to make
vaccines, general monitoring of glucose / bloo@ppropriate decisions [17]. This tool was developed by
pressure, informative health recommendationd,homas Saaty and it is performed in two steps [16]:
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(A

» A hierarchical structure is designed to associate criteria
with alternatives.
e The assessment of each identified criterion with ea¢tetermination of

The importance of the AHP methodology is in the
the

relative weights to qualify

alternative is computed as a comprehensive metri@lternatives. If there are criteria in some specific
This is performed through comparison of pairdierarchy, the AHP establishegen pairwise comparison
(criterion vs. criterion, alternative vs. alternative foimatrix A, which measures the decision maker’s judgment
each criterion). In this regard, the Saaty scale (see Tabk importance concerning each criterion. The pairwise
1) provides a metric (score) to prioritize and weight theomparison is performed such that the criterion in irgw
importance or contribution of one element oveF 1,2, 3, ...Nn)is scored against each alternate criterion. If
another.

Table 1 9-point Saaty scale for paired comparisons

aj = 1 it represents thatandj have equal importance for
the expert. Them; = 9 indicates thatis extremely more
important thanj (in contrast,a; = 1/9). Note that the

Numerical Verbal Scale Explanation matrices have to fulfill a series of features:
Scale . |+ Reciprocity: ifaj =, thena; = 1/, with 1/9<x<9.
1 Equal importance | Both elements contrijute,  Homogeneity: if the elemenisandj are considered
equally é?ittgreior;mperty ' equally important, thea; =a; = 1.
3 Moderately more | Judgment and previous © COnSistency: itis satisfied thak +aq = & for all 1<
important one element experience favor one hj, k<a.
than the othe element over the oth:
5 Strongly more Judgment and prior Figure 3 presents the AHP structure considered for this
important one elemenexperience strongly fav|  work. Note that the 501 locations represent the alternatives
than the other one element over the| to be assessed based on the following criteria: number of
other inhabitants, geographic accessibility, and infrastructure for
7 The importance of oneOne element dominatgs healthcare facilities. Then, Table 2 presents the type of
element is much ns@rongly. lts dominance 4 ,estions established when assigning the Saaty weights for
5 Et;?rg?neé E:%l:?;ngteh ;;O'f]é)g;;ne':t Fd):)al’::]tilr(]:;t.es the comparison of importance between all criteria. In other
one element over théthe other with the largest yvords, this instrument se_eks to prioritize t_he factors th.at
other possible order of influence healthcare services and determine the relative
magnitude weight between them, for each of the different alternatives.
2,4,6,8 Intermediate decisign They are intermediate
value: decision value
Best altemative for
location of health center.
I l
Number of Inhabitants
NN i NI
' NSNS AV “\ e ”,// 7/
\\%& o Qr.'o‘_.’.lll ) ‘\ N, Do 4(,’.’,/////
SN SNSRI M NN VRS EZ ok

Ahmdtwﬂlmuﬂiubdugiuto&e
Zacapoaxtla,

Sanitary Jurizdiction of

Figure 3 AHP hierarchical structure

It is important to mention that validation of the Saatyn estimate of the Saaty score for each question. A group
weights was performed with 15 experts (directors amteeting was not required to avoid biases caused by group
doctors who have worked in healthcare institutions in ruraiteraction.
communities). Each expert was asked individually to make

~ 255~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 251-265 ISSN 1339-5629

Design of logistic criteria to establish healthcare facilities in vulnerable regions in Mexico
Irene-Crisely Perez-Balboa, Santiago-Omar Caballero-Morales, Diana Sanchez-Partida, Patricia Cano-Olivos

Table 2 Questions to weight importance scores between criteria

Questions e <
P = A _ _
T S .2 2
S S =3 g8 | £S
L5 =] 525 oo
©° o O =
o £ s Q 590 o 3> o
S E o E S3E |WE

For the location of a health center in a rural community, 3 5 7 9

how important is the total number of inhabitants with

respect to geographic accessibil

For the location of a health center in a rural community, 3 5 7 9

how important is the total number of inhabitants with

respect to the healthcare infrastruct

For the location of a health center in a rural community, 3 5 7 9

how important is geographic accessibility with respect to

healthcare infrastructe’

Table 3 presents the comparison matrix for all criterimhabitants in the community is the most important
and the final composite score. As shown, the nhumber ofiterion to establish a healthcare facility.

Table 3 Weighted scores for each criterion

Geo
# Inhabitant | Accesibility | Infrastructure Score
# Inhabitant 1 9 3 0.66394895
Geo Accesibilit 1/¢ 1 3 0.20075623
Infrastructure 1/3 1/3 1 0.13529481

Then, as presented in Figure 3, for each criterion all
alternatives (communities) were compared with each oth®3  Third stage: digible communities for each
By integrating these comparisons with the criterion score, facility type
a final AHP Scorewas computed for each community.  From theAHP Scoresestimated for all locations, the
Note that this metric represents howacommunitycomplig@erage ) and standard deviationd( values were
with the eligibility criteria for the establishment of dcomputed. As presented in Figure 4, if considegirag the
healthcare facility. Hence, large values involve better i o point to establish a healthcare facility,
infrastructure and geographic accessibility. In Comrasépproximately 50% were suitable locations.

small values involve poor or null infrastructure and”"tpep //andowere used as metrics to define statistical
d'ff'_ifﬁltga%ggiph'? acce35|b|(Ij|ty. | bility ind intervals to establish the most appropritate location for
€ cords proposed as euinerability Indexto o501y type of facility. These intervals were considered as
support the _deC|S|0n regardmg the type of faq_hty to .bf’acility service indexesvhich, as presented in Figure 4,
established in the community. Here, communities whlc‘\rﬂ}ere setatf> u+ ol [u+ o > u+20] and u+ 20

small values have higher vulnerability for the - .
establishment of a facility. Although this would represenr?sﬂe:ti\?g] for Health Homes, Clinics, and Hospitals
a barrier for the establishment of large facilities such as &P y:

clinic or hospital, it provides the analysis to support the
need for improved road infrastructure.
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Ranges for Location of Health Care Facilities

0.005

0.0045

= U 30
0004 [
%] Rt
Q00035 U+ 20
e}
U i
O oo :
T Hp+o
<C  o0.0025 [
0002 & U
0.0015
0.001
0.0005
0
Communities
Figure 4 AHP scores and intervals to define eligible locations for each type of healthcare facility
4  Analysisof results Figure 5 presents all communities, marking those

Table 4, Table 5, and Table 6 present the details of tBigible for each type of healthcare facility. Note that there
communities eligible for health homes, clinics andre three communities which are located far away from the
hospitals within the region of Zacapoaxtla. There argluster of communities. According to the AHP analysis,
165,728 inhabitants through all communities, anthese were scored within the first interval, thus, they are
according to Table 4, there are 77,459 inhabitants (46%)Gandidates for the establishment of health homes which can
the 198 communities which are eligible for equipped healffansfer patients to the communities with clinics or
homes. Then, according to Table 5, there are 22,57gspitals. _ .
inhabitants (14%) in the 28 communities which are eligible In contrast, there are two locations which are not
for equipped clinics. Finally, according to Table 6, therguitable for the establishment of any healthcare facility.
are 33,491 inhabitants (20%) in the 24 communities whiddowever, these are located closer to the cluster of
are eligible for hospitals. The remaining inhabitants (20%°mmunities, and thus, to healthcare facilities. Within the
within the communities with scores lower th@nmust be Main  cluster of communities and municipalities, a

served by the closest health homes, clinics or hospitdlgmogeneous distribution of non-eligible locations with
which are located in the eligible communities. candidate locations for healthcare facilities is observed.

Thus, a suitable allocation between all communities and
healthcare facilities can be performed.
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Table 4 Communities suitable for allocation or improvement of health homes

# Community Population # Community Population # Community Population
1 TIERRA NUEVA 321 67 BARRIO ALTO 394 133 TAMALAYO 499
2 EJIDO PALO GACHO 360 68 AMATETEL 617 134 TANHUISCO DEL C. 475
3 ELCARMEN 271 69 ATEHUETZIN 647 135 TEHUAGCO 473
4 ANIMAZCO 185 70 COL. MORELOS 435 136 TEPANZOL 522
5 CUAUHTEMOC 296 71 CONTA 562 137 TEPEHICAN 420
6 URUAPAN 210 72 CUAXOCOTA 250 138 ATALPA 485
7 LA LAGUNILLA 310 73 LIMONTITAN CHICO 417 139 IXMATLACO 396
8 SANFCO. ATECACALAX 304 74 LOMAS DE ARENA 289 140 TEZIUTANAPA 266
9 COPALES 334 75 LLAGOSTERA 380 141 ACOCOGTA 462
10 LA UNION 219 76 MECATEPETL 224 142 S.A CHAGCHALTZIN 354
11 ACAXILOCO 382 77 EJIDO HUEYTAMALCO 430 143 TUNEL Il 217
12 ALAHUACAPAN YANCTL. 350 78 PALMAGTITAN 214 144 XALTENANGO 429
13 EQUIMITA XOCOYOLO 255 79 TACOTALPA 415 145 BUENA VISTA 427
14 LA GALERA XOCOYOLO 224 80 TEPACTIPAN 571 146 CANAL 228
15 IXTAHUATA CUETZ. 594 81 TETEYAHUALCO 395 147 XALTETA 288
16 LIMONCO 319 82 TILAPA 427 148 PABLOGCO 392
17 PAHPATAPAN 362 83 TLACUILOLAPAN 349 149 ATIOYAN 729
18 TACUAPAN YANCTL. 597 84 SOLORZANO 230 150 TOZANCO 770
19 TAXIPEHUAL CUETZ. 390 85 COLONIA LA VIRGEN 302 151 HUITZILTEPEC 438
20 TENEXTEPEC+ MONTE ALTO 432 86 PAPALOAPAN (HUEYTAMALCO) 399 152 REYES DE VALLARTA 522
21 TEPANGO ZACAT. 351 87 EL CRUCERO 305 153 RICARDO FLORES MAGON 331
22 TEPETITAN ZACAT. 271 88 LA CRUZ DECHACA 249 154 ELTUTI 295
23 XALPANZINGO TZICUIL. 732 89 LA TRANCA+ CATINIX 209 155 ALTO LUCERO 405
24 XALTIPAN TZINACAPAN 673 90 CHAGCHALOYAN DE Z. 282 156 CHAPAS 319
25 XOCOYOLO 296 91 S.A.TLALZINTAN 623 157 BARRIO CHIQUITO 327
26 ZOQUITA TZICUIL. 409 92 SAN MIGUEL ACATENO 292 158 S.A. COYOTITLAN 365
27 TENANGO TZICUIL. 397 93 XINACHAPA DEA. 421 159 AGUAJE ATOLUCA 351
28 XOCHICAL 501 94 SAN JOSE ACOTZOTA 473 160 LA PALMA (XIUTETELCO) 493
29 CAXALTEPEC 245 95 PARAISO 278 161 LA REFORMA (XIUTETELCO) 287
30 PESMAPAN ZACATIPAN 313 96 CHAGCHALOYAN DE I.B. 295 162 VISTA HERMOSA 280
31 QUEZAPAN ZACATIPAN 240 97 COSOLTEPEC 215 163 ZAPOTE 611
32 CHICUEYACO TZINACAPAN 368 98 PEZMATA + PAPALOCONTITAN 316 164 LA CANTERA 470
33 TUZAMAPAN XILOXOCH. 450 99 SAN MARTIN 728 165 LA POSTA 313
34 XIUTECUAPAN XILOXOCH. 407 100 ESCATACHUCHUT 616 166 CRUZ VERDE 635
35 CACATECUHUTA XILOX. 258 101 CAXTAMUSIN 221 167 ATZALAN 292
36 COSAMALOMILA 327 102 PATY 879 168 LA MANZANILLA 262
37 TECOLTEPEC TZINAC. 534 103 TAKALZAPS 498 169 YAUTETELCO 284
38 SANTIOPAN YOHUALICH 391 104 ECATLAN 738 170 CUAUTAMANIS 242
39 CAPOLA YANCTL. 312 105 TECPANZINGO 583 171 AMATITAN 279
40 TATAHUITALTIPAN 245 106 SAN RAFAEL AXOLOTLA 503 172 HUAPALEGCAN 628
41 REYES HOGPAN DE HGO. 482 107 TEPANYEHUAL 345 173 OCOTEPEC DEC. 351
42 CUAMONO CUETZ. 221 108 LA UNION ATIOYAN 257 174 TZONTECOMATA 386
43 LIMONTITA ZACATIPAN 370 109 BIBIANO HERNANDEZ 672 175 XALTIPAC 551
44 TECUAHUTA ZACATIP. 243 110 IGNACIO ZARAGOZA 407 176 CHICUACENCUAUTLA 300
45 LAS HAMACAS ZACATIPAN 217 111 KUYUMCHUCHUT 733 177 XOCOYOLAPAN 250
46 CUAUTAMANCA 258 112 SANTA CATARINA 641 178 AHUATA 358
47 CAHUAYOLCO TZICUILAN 338 113 LA LIMA 704 179 TATEMPAN 453
48 ATEMOLOJ CUETZ. 253 114 JUNTA ARROYO ZARCO 302 180 ATEMEYA 258
49 TIXAPANTENO 218 115 COACALCO 490 181 TEPANTILOYAN 297
50 TALCUILOL CUETZ. 236 116 TEXCALACO 491 182 CALCAHUALCO 317
51 ZOQUIACO 304 117 COYOPOL 481 183 CUACUILCO PB 639
52 TENANIKAN 269 118 LOMA BONITA 238 184 GONZALO BAUTISTA 424
53 XILCUAUTA 351 119 SAN M. CAPULINES 546 185 IXTACAPAN 413
54 CUATRO CAMINOS 275 120 MAXTACO 573 186 JILOTEPEC (ZACAPOAXTLA) 555
55 ZILTEPEC 288 121 EL FRESNILLO 573 187 NEXPANATENO 357
56 LA AGUARDIENTERA 292 122 ACAMALOTA 211 188 COL. INDEPENDENCIA 240
57 LOS PARAJES 445 123 AJOCOTZINGO 495 189 COHUATZALPAN 423
58 ASERRADEROS 324 124 CALATEPEC 437 190 COL. INSURGENTES 248
59 COATZALAN + TLATZINTAN 307 125 CUACUALAXTLA 252 191 SAN CARLOS 276
60 TENEXTEPEC 278 126 CUAUTLAMINGO 603 192 MORAGCO 217
61 CUAPALTEPEC 313 127 CHICUACO 461 193 OCTIMAXAL 1° SECCION 235
62 PUTAXCAT 767 128 ELOXOCHITAN 374 194 NEXPAN (ZACAPOAXTLA) 321
63 CHILOCOYO GPE. 426 129 HUAXTLA 602 195 XICOTENCATL 4A. SECCION 298
64 KUWIC-CHUCHUT(S.F.L.M.) 767 130 EL CARMEN ILITA 608 196 SN. JOSE BUENA VISTA 358
65 TETELILLA COPLADE 290 131 JILIAPAN 313 197 XALEHUALA 211
66 PASO REAL 237 132 EL PROGRESO 461 198 AMATLAN 317
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Table 5 Communities suitable for allocation or improvement of clinics

# Community Population
1 SAN AMBROSIO = LAS CANOAS 631
2 SANNICOLAS 751
3 TEZOMPAN 544
4 EL CUATRO 468
5 LAS DELICIAS 855
6 HUEXOTENO 520
7 GACHUPINATE (RANCHO N.) 798
8 RANCHO NUEVO 679
9 CUAHUTAPANALOYAN 551
10 XALCUAUATLA REYES H. 703
11 XALTZINTA ZACATIPAN 543
12 CHIPAHUATLAN 996
13 HUEHUEYMICO 891
14 GOMEZ ORIENTE 1008
15 OCOTA 921
16 PLAN DE GUADALUPE 875
17 ILITA 916
18 SAN ISIDRO 1181
19 PAHUATA 871
20 FCO. |. MADERO 971
21 PROGRESO 839
22 TALZECUALA 839
23 TEZOCOYOHUAC 921
24 XALTIPAC 948
25 H. 5 DE MAYO 719
26 XILITA 918
27 ACUACO 887
28 LAS TRANCAS E.E.C 831
22575

Table 6 Communities suitable for allocation or improvement of hospitals

# Community Population
1 CALA NORTE 1677
2 TANHUISCO 1367
3 YOPI 1478
4 ANALCO 1137
5 TEPEPAN 1131
6 LIPUNTAHUACA 1515
7 AHUATEPEC (HUEYAPAN) 1037
8 NEXPAN 1164
9 IGNACIO ALLENDE 1324
10 PUMACACHOCOCHUCHUT 1114
11 IXTICPAN 1647
12 IXTLAHUACAN 1117
13 SAN DIEGO 1629
14 SAN JUAN TEZONGO 1151
15 XOLOATENO 2899
16 CUAXOSPAN 1066
17 SECCION 23 1147
18 PEZMATLAN 1221
19 SANTIAGO 1617
20 NEXTICAPAN 1066
21 XALTETELA 1514
22 SAN FRANCISCO ZACAPEXPAN 2044
23 NANACATLAN 1072
24 MORELOS (ZARAGOZA) 1357

33491
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Figure 5 Geographical visualization of non-eligible locations, and locations suitable for improvement or establishment of health
homes, clinics, and hospitals
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(2

Once the locations were identified, a suitable allocatiocommunities in non-eligible locations can be referred
of communities to healthcare facilities must be performedirectly to health homes (NSL-HCH), clinics (NSL-C) and
to make appropriate medical referrals. For this, it iBospitals (NSL-H). Then, patients in communities with
expected that policies regarding optimal criteria thealth homes can be referred directly to locations with
establish the medical needs are developed by the Ministhnics (HCH-C) and hospitals (HCH-H). Finally, patients
of Health. Figure 6 presents the hierarchical referr&ah communities with clinics can be referred directly to
scheme between all communities and healthcare facilitidgospitals (C-H).

Note that, as equality is sought with this scheme,

Hospital (H)

Health Care

Home (HCH)
NSL-HCH

Not-suitable
Location
(NSL)

Figure 6 Hierarchical referral decision model for the health service network

7~

Figure 7 presents the allocations of patients in nowriterion, there are 10 locations for hospitals which would
eligible locations to facilities in locations with (a) healthserve only its community. In such case, resources can be
homes, (b) clinics, and (c) hospitals. This allocation wasptimized to increase the infrastructure of other hospitals
performed considering the minimum geographical distande the network and reduce the number of facilities.
metric [18]: Specifically, cluster W involves three locations for

hospitals which would serve five locations with clinics.
d,s = R X Arcos(sing,singg +  Due to economical restrictions, and geographic proximity,
cosp,cospgcos (A4 — 1g)). (1) a single hospital could be established to serve all allocated
clinics. The same can be performed for cluster X which

In (1), the distance (arc length) between two locatiorisvolves two locations for hospitals (which are very close)
(A and B) is computed from their latitude coordinatgs ( and five clinics. Note that due to geographic proximity, and
and @) and longitude coordinated,(and;). R is the optimization of resources, all these facilities could be
Earths radius which is approximately equal to 6371 km. replaced by a single clinic or hospital. This reasoning can

Figure 8 presents the allocations of patients in locatiotys applied to clusters Y and Z. Specifically for cluster Z,
with health homes to facilities in locations with (a) clinicsthere are more candidate locations for hospitals than for
and (b) hospitals. Then, Figure 9 presents the allocationsatifiics (10 vs. 2 respectively). If considering its proximity
patients in locations with clinics to facilities in locationgo cluster Y, cluster Z could be eliminated from the
with hospitals. These results are important because thgglection process and allocate all communities within it to
contribute to determine an optimal number of requirethe health facilities in cluster Y. These are the kind of
facilities. In example, if considering the minimum distancéecisions which can be performed with the results of the

present work.
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5 Conclusions and futurework analysis of economic and health inequality changes

It is important that the design of the health service among Mexican indigenous people, 2000-2010,
network considers governmental policy development. As International Journal for Equity in Healfvol. 13, No.
analysed in [19] policies are important to regulate informal 21, pp. 13- 21, 2014.

community participation (interactions between healtip] SOLLOZO-DUPONT, 1, LARA-AMECA, V.J,
program supervisors and local authorities, and interactions CRUZ-CASTILLO, D., VILLASENOR-NAVARRO,

between clinic doctors and villagers) as this has an impact Y.: Relationship between Health Inequalities and
on local health program implementation. Breast Cancer Survival in Mexican Women,
Although governmental economic resources for International Journal of Environmental Research and
investment in infrastructure is limited, the present work Public Health Vol. 20, No. 7, pp. 1-11, 2023.
provides a benchmark regarding the potential number & COSTA-FONT, J., COWELL, F.A., SAENZ-DE-
locations to improve or establish three types of healthcare MIERA, B.: Measuring pure health inequality and
facilities: healthcare homes, clinics, and hospitals. As Mobility during a health insurance expansion: Evidence
presented in Figure 6 a hierarchical decision model, from Mexico, Health EconomicsVol. 30, pp. 1833-

supported by appropriate referral policies and criteria, can 1848, 2021.
be used to optimize the transport of patients throughout thd HERNANDEZ-GALDAMEZ, ~ D., GONZALEZ-

network. BLOCK, M., ROMO-DUENAS, D., LIMA-
As presented in Figure 9, some locations for hospitals MORALES, R., HERNANDEZ-VICENTE, I,
are geographically very close and would only serve its LUMBRERAS-GUZMAN, M., MENDEZ-

community. As economic resources are deemed crucial for HERANDEZ, P.: Increased Risk of Hospitalization and
governmental decisions, the present work contributes with Death in Patients with COVID-19 and Pre-existing
the data to support specific decisions regarding the number Noncommunicable Diseases and Modifiable Risk
of facilities of each type to be established within a certain Factors in MexicoArchives of Medical Researc¥ol.
region. This would also include other decisions involving 21, pp. 683-689, 2020.
capacities (number of beds, waiting rooms, surge??] SUAREZ-BARRAZA, M., MIGUEL-DAVILA, J.:
equipment, personnel profiles, etc.). Once these facilities Kaizen—Kata, a Problem-Solving Approach to Public
are formally planned, an appropriate transportation Service Health Care in Mexico. A Multiple-Case
network can be considered to connect them in a more Study, International Journal of Environmental
efficient way. Thus, this could support the future planning Research and Public Healtiol. 17, No. 9, pp. 1-18,
for development of road infrastructure. In this context, a 2020.
proposal based on the the capacitated vehicle routif BERRUECOS, L. Surviving the Future: Mexican
problem (CVRP) can provide the routes and number of Health P(_)IlCles and Deceitfulness of Un[versal
ambulances required to serve the communities within the Coverage in the State of Puebla, Mexieerspectives
network with the minimum time and distance. on Global Development and Technolpypl. 13, No.
Another opportunity to extend the present work is to 1-2, pp. 197-208, 2014.
gather information regarding the full services which can 440] SERVAN-MORI, E., CHIVARDI, C., MENDOZA,
provided at each facility. In example, although hospitals M., NIGENDA, G.: A longitudinal assessment of
have the equipment to perform thoracic surgeries, the technical efficiency in the outpatient production of
equipment is not suitable for brain surgeries. In such case, Mmaternal health services in Mexichgalth Policy
patients must be referred to top-level hospitals which are ~and PlanningVol. 33, No. 8, pp. 888-897, 2018.
frequently located in large cities. The extended netwoftl] MARTINEZ-MARTINEZ, =~ O., RODRIGUEZ-

must consider these cases. BRITO, A.: Vulnerability in health and social capital:
A qualitative analysis by levels of marginalization in
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Abstract: Cuba's economy has fluctuated strongly due to COVID-19 and natural disasters. In addition, sugar production,
which is Cuba's main export product, also fell sharply. In the absence of underdeveloped industrial technologies and
digitization, Cuba currently has to allocate its resources with even greater consideration. That's why utilization and
optimization of sugar production and transport can take advantage of its inherent potential and reserves. After presenting
the history of sugar production and its current, mainly local, technology, we present three simple methods, which do not
require very professional knowledge nor expensive software or hardware to optimise these processes. We recommend the
establishment of basic collection points, which would operate as specific logistics centres, with the role of service
provision and pre-production in addition to the collection. Also, the paper proposes a method that can be used to design
layouts in 3D, making the current sugar production process more compact and efficient.

1 Introduction and literature research challenges in a little more detail in "The performance of the
Refined sugar plays a significant role in providing fooduban sugar industry 1981-1985" [3] or during the "Great
for the growing world population. Compared to its weight2epression” [4] also in the 1970s [5]. The previous works
it has a significant energy content. Also, in the right handdid not write about the beginnings of sugar-making by
it is easy and sustainable to produce, and althougtves [6,7]. Alarge number of studies [8] and discussions
excessive sugar consumption is considered unhealthy, it% about the issues of the Cuban sugar industry have begun
part of our daily diet. Refined sugar can be produced froth the last 30 years. These three documents describe the
a variety of plants [1], but there are two proven sources iicent restructuring of the sugar industry in 2002 [10] and
industrial quantities, which are ideal due to their highs collapse in 2004 [11] and 10 years later [12]. As can be
sucrose content: sugar beet (15-20%) and sugarcane @@en from most documents, the Cuban sugar industry is in
15%). In the continental climate of Europe, as well as i#€cline, even though sugar is not only part of the Cuban
Hungary, sugar beet is the primary source of sugar, as igi§t [13], but a proven and important export item that is
the best source of sugar in our climate zone without affjcreasingly needed. . . _
special maintenance. In subtropical environments, such asAfter the historical review, we focused on industrial
the one in which the Republic of Cuba belongs, thePplications and technical solutions from sugarcane
cultivation of sugar cane is more beneficial. In order tgultivation through transportation to processing and
understand the sugar industry in the Caribbean region, @@livery to customer, which helps us explore the problems
need to go a little deeper: where it comes from, what it wedfd already proposed solutions for the entire system. The
through and how it is currently. There are many sourc®§0k "Cuban sugar industry: Transnational networks and
available for this in the online literature databases. It 1gineering migrants in mid-nineteenth century Cuba” [14]
enough to enter the keywords "Cuban sugar industry”, aREPvides a comprehensive picture of the technological and
more than 57,000 results are found in Google Scholar ansportation solutions of the sugar industry in the middle
11,300 in the Elsevier database. One of the most signific&tt the 20th century. At this time, sugar was harvested
works is the 1991 "The economics of Cuban sugar" byRsimarily by hand or with very rudimentary machinery,
Pérez-Lépez [2], in which he describes the sugdfansported by animal power and carts, furthermore,
production and trade activities in Cuba from the 1820s ffocessed in various mills that used a lot of hand power and
1988. He presents the plan-based sugar increase and thi&gm engines. The real development came in the 1950s,
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when machines, tractors and trucks were delivered to Cudnad suitable for connecting to the supply chain [36]. In
from the USSR and the Eastern European block. Althouglddition, the food distribution chain within Cuba was
the harvesting tools were not suitable (they were designedamined, in which sugar also plays a major role.
for sugar beets), they greatly boosted productivity. The A life cycle analysis [37] was also created of the sugar
railway to Cuba was one of the first to be built in the middlandustry, the produced sugar and its by-products, which
of the 19th century. By the middle of the 20th century, #valuates the products and by-products from extraction to
completely covered the island, which was very importafinal usage and examines its environmental effects. The
for the inland areas and productivity, but its developmestudy establishes that the methods and machinery need to
stopped after the 1960s [15]. These infrastructures amdprove. An example of this is the new use of sugar
techniques exist to this day, unfortunately seeing very littladustry waste [38]. Based on our literature research, it
development since then [16]. Unfortunately, manyurned out that there are countless people studies the sugar
problems arise from the ageing infrastructurendustry and its history. However, we found very few,
technological machines and means of transport, which @bout 10 publications from the technological and logistical
themselves are significant, but in aggregate, represenside, most of which were mentioned in this chapter. Of
serious cost to the producers. One solution would be theese, only 4 deal with the topic of logistics optimization,
automation of the industry [17], which, although the initiahnd within them, the emphasis is more on the optimization
cost is high, would be very worthwhile in the long runof transport in the existing system with the existing tools
Also, the replacement of the old machinery fleet, which isnd infrastructure. In the following, we present methods
already being investigated, for example, with newhat can be used to improve both external and internal
harvesting machines [18,19], can be a huge improvemdogjistics processes. But to understand the development
and have long-lasting benefits. potential, we first need to know the system we want to
However, there are opportunities for developmenprove.
within research and studies from several angles. In addition
to the increasing fossil energy prices, several studies hae Processand products of sugar production
been prepared on the energetic utilization of sugarcane asin order to reveal the problems and under-developed
biofuel for vehicles [20] or also as bioethanol for direchreas in the sugar industry, we also need to understand the
combustion in power plants [21,22]. The alcohol industrgrocess of sugar refinement. The Hungarian sugar industry
is also a large receiving market, where new technologiesa very good example of this, as the process of sugar
appear both in the chemical effects of alcohols [23] and refinement is almost everywhere have the same process.
the forms of distillation [24]. Sugar and its by-products ar&ntil the 2000s, Hungary was one of the main sugar
used all over the world and are in high demand [25]. Sonpeoducers in Europe, with 133 sugar factories operating in
of them can be used in the mill (for heating) or in the fieldss territory since 1830 [39]. Unfortunately, since 2008,
(as a soil conditioner and fertilizer). The rest (papennly 1 sugar factory in Kaposvar has been allowed to
chemical, alcohol and yeast industries and animaperate, the reason for which is the "sugar reform" signed
husbandry) must be stored, transported and sold [26]. upon joining the European Union [40]. This shows that
There are those who see the growth in the control airtlingary's roots in sugar production go back quite a long
optimization advantages provided by programming, sudhme. The process shown in Figure 1 is also a modified
as controlling a multi-injection furnace with a fuzzydiagram of the Hatvan sugar factory, and the technological
principle [27]. Simulation effectiveness studies have alssieps described after it is also derived from it.
been carried out in the sugar industry [28], and there are The subtropical environment of the Republic of Cuba
those who see the future in the effectiveness of a fully the Caribbean provides an ideal opportunity to produce
autonomous harvesting machines [29]. Unfortunatelgugar from sugar cane. Sugar cane is grown on large inland
Cuba is still lagging behind most countries in terms of ITands where the amount of precipitation is at least 60 cm
innovations, digitization and access to the Internet [30], bper year. Then, it can produce up to 10-15 kg/m2 of sugar
it is constantly developing and is playing a major role inane. Natural rainfall must be supplemented with
universities [31]. irrigation, as it does not tolerate long droughts and cold
From the previous findings, it can be roughly deducegells. For these reasons, sugarcane can be grown for 6-7
what the precarious situation is like from a logistical poinnonths a year, which in turn means multiple harvests. The
of view in the field of the Cuban sugar industrysugar cane does not need to be replanted every year.
Unfortunately, the situation is not very promising, but thertnstead of the cut stalks, a new shoot starts every year from
are those who see this as a great opportunity fthe remaining stalks and root system, which greatly
development. Cuban industry must also reach the levelfakilitates the cultivation. Due to the large monoculture and
being an active part of global supply chains [32]. This wdarge fields fertilization is still necessary. 9% of potassium-
confirmed by several people not only with principles, butased fertilizers are used for sugarcane cultivation every
also with cost and productivity calculations [33] usingear [41].
Excel, solving scheduling problems [34] and studies [35]. The production of sugar is similar for both plants, after
In terms of infrastructure, the ports are in good conditiotne formation of molasses it is completely the same.

~ 268 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics

Volume: 10 2023 Issue: 2 Pages: 267-278

ISSN 1339-5629

Optimization and process development methods in the production of sugar from Cuban sugar cane
Peter Veres, Peter Tamas, Bela Illes, Norge Isaias Coello Machado

Agricultural
sites/
Plantations

1. Washing

2. Slicing

3. Pressing and
dissolving the
sugar

4. Clarification
with slacked lime

5. Precipitation of
impurities

6. Filtering out
potash

7. Vacuum

8. Bolling thick
solution

9. Crystallization
and centrifuging

}

Crystalline

10. Formation r

1. P 9 S

Distributor

P

Machine
Main sugar XY
industry product

L xv

By-products and

supporting materials

Water

Figure 1 The sequence of sugar production in the Hatvan Sugar Factory
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2.1 Technological stepsof sugar refinement: calcium carbonate (CaGP The resulting precipitate

1. Washing: After harvesting and storing/transporting the  can then be separated by filtration. Both lime and
beet/cane the very first operation is the washing carbon dioxide are produced by heating limestone
process. The incoming beets/reeds move in bulk, and (traditional lime burning) in a separate factory: the lime
the washing begins as soon as they are unloaded fromincinerator, usually belonging to the sugar factory.
the wagons/silos/trucks with a high-pressure water jet8. Filtering out the lime sudge: The lime sludge
In the water stream addition to the plant there are also produced during clarification is filtered out of the
earth, stone, wood and other pollution must be solution. This operation is carried out on a filter press.
captured. The washing operation is complex with By filtering out the impurities, a sugary water solution
multiple machines and filters. On the washing chain, called dilute is created.
the plant + water mixture is first carried forward by the’. Vacuum compression: The slurry is heated with steam
gravity slope and then by water moved by a high- (carried by pipeline from the power plant connected to
pressure compressor. At the end of washing, the the sugar factory). When the hot solution enters a low-
flowing water is separated from the plant. The beet is pressure space, it effectively evaporates part of its water
taken to the slicer by a conveyor belt, and the content. The end product of the operation is the thick
wastewater is cleaned and then returned to the washingjuice.
water cycle. 8. Boiling thick juice: Boiling takes place in huge

2. Slicing: The operation (called shaving for beets, containers. This operation involves additional water
splitting for canes) is basically the same as slicing loss, and at the end of the process, the sugar solution
vegetables at home. In the sugar factory, this operation becomes saturated and suitable for crystallization.
takes place on a machine designed for large quantiti@s Crystallization and centrifugation: The crystals in
and continuous operation. The slicing knives are the thick, saturated sugar solution are centrifuged. The
attached to a disk located at the bottom of a cylinder. centrifuge here is a rotating steel cylinder with a
The descending disc rotates at high speed and slices theperforated surface. When the thick sugar paste is placed
plants. The vegetables fed from above and pushes thosein the centrifuge, it partially cools, and the liquid part
located below into the rotating cylinder with rows of  exits the perforated surface and the sugary solution is
knives with its weight. The sliced parts fall onto a further thickened. Granules of sugar floating on the
conveyor belt with a rubber belt or multi-segment belt, surface fall below, where they are caught in huge pans.
which transports the slices to the next location. The solution remaining at the end of repeated

3. Pressing and releasing the sugar: The beet/cane thickening (about three times) is molasses, which is
enters a second water circuit. After the outer water also used in confectionary preparations (in the past), in
circuit of the washing, this is the internal sugar factory fodder and in the preparation of syrups.
water circuit. In this water circuit, the vegetable slice$0.Shaping: The small crystalline material created is
are first soaked in warm water so that the sugar goes molded into the shape characteristic of the products. It
into solution through the cell wall (diffusion). The used to be used in Hungary to sugar loaf. Today, it is
place of action is the diffusion tank. The beet/cane mostly crushed into sugar cubes or refined into
slices leaving the process are first pressed, because thepowdered sugar. However, most of the production
loosely structured material still contains a lot of sugar remains in the form of granulated sugar. If we want to
solution. In the case of beets, the pressed material is get brown sugar, we can achieve it by incompletely
valuable feed, which is constantly transported, and in separating the molasses (impurity) or by adding it
the case of sugar cane, feed, manure, and wax areafterwards.
produced from it, and then the remaining dry part i$1.Packaging the final products. Granulated sugar
used to heat certain processes of sugar production. households is placed in 0.5/1/2 kg mostly paper

4. Clarification: The impurities in the sugar solution are  packaging or 15/25/50 kg paper-based bags or 1 ton big
precipitated, clarified (with lime milk) and fixed (with ~ bags. Sugar cubes come in half-kilo or one-kilo boxes
carbon dioxide). These operations are also carried out [39].
in large tanks. The lime milk is added to the solution in
the first step of clarification. Ca(OH)reacts with 2.2  Main and by-products of the sugar industry
impurities. Even in the case of sugar cane, they use The main and by-products of the sugar industry have
mainly lime milk for the clarification process, howeveralready been mentioned in the literature research, but the
to extract the harder-to-access sugar even faster ayainplete list and areas are shown in Figure 2. It shows us
more effectively, phosphoric acid is also added to that nearly 40 different products can be produced by
sugar solution. processing sugarcane, of which energy production plays a

5. Precipitation of impurities. Carbon dioxide (Cg) is prominent role, which can be used for heating the furnaces
added to the solution. The carbon dioxide introduceahd reactors in the sugar processing plant or release for
into the solution reacts with the calcium hydroxidesale. Fibers play a huge role in the paper industry, as
(Ca(OH)) and the impurities are precipitated intocellulose or paper raw material, or as in the food industry
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as Xylitol (sugar substitute). In addition, it places majoethanol. It can also be used to make feed for animals and
role in the plastics- and construction industry, not téertilizer. When fermented, vinegar, acetic acid, citric acid,
mention being used as litter or as a base in mushroatycerol, lactic acid or yeast can be produced from it or
production. Many things can also be made from molassetth it. It also plays a major role in the chemical industry
It is used in the alcohol industry: rum and other spirits ages a component of organic substances [25].

mainly produced for consumption, as disinfectants and

n 2 ]
Protein in Juice | |$ Main product: 2| ° giilt:‘c:;eam 3| o Fertiizer
3 SUGAR g * Briquuettes g| »Feud
L o * Methane & gas =
Filter cake ".n [5] « Rum
— 3 T [ + Cellulostic pulp & paper E' » Ethanol
Qe o ﬂ,‘; 8| ¢ Paperboard :—_,:: « Distilled spirits
ombusion w * Aglomerate = + Anhydrous ethanol
gasses f: h Sugar cane ﬂ % « Alpha cellulose @ e « Alcohol derivatives
p Qo M ol o Xylitol @| g| * Vinegar
Ash .y g| ¢ Plastics m § = Acetic acid
-~ | - Litter for poultry g T| -+ Acetone-Butanol
m - 3 * Feed oo + Citric & Lactic
a2 Main product: @| e Concrete for bagasse 8| « Glycerol
Tops & leaves | | g ALCOHOL =| « Composts 2|« Yeast
 ———r » Substrate for mushroom @ » Aconitic acid
9 * Monosodium glutamate
s « Dextran
% | ¢ Lysine
8| s Xanthene
= « |taconic acid

Figure 2 Sugarcane and sugar industry products and byproducts [25]

Now that we have become familiar with the processef)e collection points where the harvesting equipment
technology, infrastructure and production tools that am@llects the cut sugarcane and places it on the truck on
available or that are proposed by other researchers, we sameral plantations in a larger production area. From now
see the system as a whole and make recommendationsofor these collection points can be considered fix points

it. since the area and yield rate of the lands will not change
significantly in the future. As a proof of this, the authors
3 Optimization methodsin logistics created an algorithm written in Excel, which can calculate

One of the most obvious long-term cost reductiohe ideal location of these points with various parameters,
methods is to replace outdated tools and machines witich also take into account the costs of transportation and
newer, more modern and more effective tools. This is al§@llection, thus achieving an 8% fuel saving. A similar
true for the technology equipment that is in the sug&fudy was carried out by researchers in lowa (USA), where
refinery, as well as for the means of harvesting arifiey collect methods for gathering and transport challenges
transportation. A truck made in the 1950s-1970s cd¥f local farming, including but not limited to the sugar
consume 2-3 times more fuel than one made after 2000, Hlustry [43]. In logistics, these are called the Center
to mention the better working conditions and comfort in thgéarch or Multicenter search (defining and grouping of
newer vehicle. This is also true for hand-poweregeveral locations) problem, in which the transportation
machines, tractors, harvesters, and for railway vehicle¥ork and transportation costs are usually the most
Although this is a large investment and maintenance is aiggnificant components, but local features such as labor-,
more difficult for newer machines, the payback time i§ental-, construction-, and infrastructure costs can also be

expected between 5 and 10 years [19]. taken into account. In the method of center search, the
selection of the optimal location can be determined with
3.1 Location of oneor more collection points iteration steps and ever-increasing resolution, however, in

the case of multi-center search, clustering (group

formation) is also involved, so this is a much more difficult
sk (NP-Hard) and there are no exact method for it.
a;ually, the location of several collection points is
prmined using heuristic methods and simulation [44].

from an area-based source
From a logistical point of view, a more serious task i
the number of collection points to be established in
production area and the planning of transport routes a
schedules for the harvested sugar cane to reach the s
refinery. This can be seen through a specific example in the
publication [33], in which they investigated the location of

~ 271~

Copyright © Acta Logistica, www.actalogistica.eu



brﬁ Acta logistica - International Scientific Journal about Logistics
g Volume: 10 2023 Issue: 2 Pages: 267-278 1SSN 1339-5629
3 [ Optimization and process development methods in the production of sugar from Cuban sugar cane
?}o Peter Veres, Peter Tamas, Bela Illes, Norge Isaias Coello Machado
(3
3.2 Multi-stage collection and pre-processing Squeezed and condensed juice requires much less space

method and mass than fresh sugar cane, but a vehicle with tanks is

The next cost reduction method is based on simil&gquired to transport it. The less space and weight
principles as the previous one, but it handles the problegtgnificantly reduce the transport work and cost, if a
one level higher. Instead of small local sugar processors,fgflway line is built between the pre-processing plant and
which there are relatively many in Cuba, only the largdgefinery, the transport cost can be reduced to tenth up to
ones would operate; they are more efficient anyway; af@entieth of the original (truck) one. In addition, the
the smaller ones would only carry out the first three steg¥essed biomass, which rich in fiber, remains in the place
These would be the pre-processing plants, that collectd)ere it is used for energy (burning) or fertilizing the crop
chops, and presses the received sugar cane. The pfi&dds. For other uses the pressed pulp also needs to be
squeezes out the sugary juice and deliver it to the refineri&@nsported, but in a more compact way. Burning is
in tankers (trucks/wagons). The process of this can be sé¢essary anyway to thicken the thin sugar-rich juice. The
in Figure 3. Systems operating on a similar principlere-processing plant would also be good, as it would
already exist in other areas [45]. In this case, a lot of idfeéduce the amount of machines, which would give more

traffic can be eliminated or reduced, since the vehicles f@ftention to equipment where maintaining cost can be
of sugar cane only have to travel part of the lengtheduced and more effective ones could be bought from the

same budget.

Sugarcane
plantation

Tranport by
cart or truck

Sugarcane Collecting and Pre-
[ processing plant

Sugarcane
plantation

Tranport by
truck or train

/

Sugarcane
plantation

Sugar refinery

Sugarcane
plantation

Collecting and Pre-
processing plant

Sugarcane
plantation

Figure 3 Multi-stage collection and pre-processing

3.3 Multi-stage collection and preprocessing these machines and the entire system are located at ground
method level, typically arranged in a line or U-shape, which means
Although the process, technology and machines RSy access gnd less stress on the foundatic_m. Thg layout at
sugar refining are constantly developing, there are rsound level is only permissible from the point of view of
major changes or variations in the process. The entfi@tal or purchase costs if the area on which we are
process forms a large chain, where sugar cane/beet enfééding is considered cheap on an area basis, if this is not
the system from one direction and two important producté!e, the upward expansion must be considered. Easy
(sugar and molasses) come out at the end of the procé$§ess at ground level also has the advantage for
For this, of course, other generally liquid or gaseou®aintenance and cleaning, however, if this is not usuallyg
substances must be added; mainly water, lime milk afgioblem and can be solved in another way, then the multi-
CO2; but the process, as shown in Figure 1, is very linedgvel arrangement is preferable. In the case of a multi-level
In the case of sugar processing, most technologfrangement, the placement of machinery and technology
equipment is tank-like in which various physical ofquipment IS more expensive, as a supporting structure
chemical modifications take place. These machines aRtHst be created for it, and maintenance is considered more
systems are large, require a lot of energy and move largjéficult due to the more compact arrangement and the
quantities. In order to primarily save energy (transportatioork must be performed high up. However, multi-level
and thermal energy), the basic principles of logistics mufgcilities have a big advantage compared to ground-level
be taken into account when designing the refinery. OfteRnes, which is also true for liquids and bulk solids: once
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the material has been lifted, it can move with the help of 2. Ranking of objects:
gravity without much energy input. This one-time, larger Following the CORELAP methodology, we add the
lift is generally much smaller than multiple smaller liftsweights (or other data) of the indicators in the relationship
and requires fewer machines, usually pumps. In additiomatrix for each object, the obtained values are presented,
the outlet of the machinery and the inlet opening of the neahd the largest one is selected. It gets the highest rank of 1.
equipment can be placed closer to each other, whichAs a next step, we add the relationship matrix with the
associated with the shortening of the transport routeseights again, but remove the already ranked object(s)
which in this respect results in less investment and lesm the calculation. The object with the highest value will
maintenance. be ranked 2nd, then 3rd, and so on. This process is repeated
Unfortunately, there are not many well-developedntil all objects have a rank.
methods in the literature for arranging the equipment of
multi-level production, most people only listen to their 3. Construction taking into account ranking and
inner intuition even at ground level. There are othatirection:
heuristic methods, that uses heuristic algorithms, such asBased on the received ranking and raster/volume
Genetic Algorithm for single floor layout design [46]. Onerequirement, we start placing our objects on a grid. The
of the most used single-level methods is the CORELARst rank should be in the middle of the middle level and
(Computerized Relationship Layout Planning) methodye try to distribute the rasters so that most of them stay on
which is an improved version of the MUTHER methodhe middle level, but if there are too many, we can flow
[47,48]. Once the relationships between the various objeciger to the level above or below it. If possible, try to give
(machines, technology equipment, locations, etc.) havegular shapes and do not fragment the objects if possible.
been determined using the MUTHER method, thAs soon as the first one is taken down, the next rank can
relationship matrix is created from it, which iscome, right next to it with all its rasters, if possible at the
characterized (numbered) either by specific valuesmme level. After that, you can unpack all the rasters in a
(amount of material movement, work) or importanceounterclockwise direction until the first rank has been
indicators. Based on the previous findings the connectionscled around. After that, it is worth using the middle of
between objects needs to be classified into 6 groufie level below and above the first rank, then the main

[49-51]: diagonals in the plane, then the main diagonals in space.
« A: absolutely necessary connection; weighFigure 4 helps to understand the directions in which 1 is
number: 4. the first-ranked place and then the other rasters should be
« E: especially important relationship; weightplaced in those directions in ascending order.
number: 3. The description is not exact, it only gives guidelines as
I important relationship; weight number: 2. to where you should start when designing a layout. It is

. O: okay (general) relationship; weight number; 1/ecommended to experiment with different raster group

«  U: unimportant (no connection required); weighfhapes and then check with the TCR value.
number: 0.

e X: undesirable (contact must be avoided); weight

number: -1. Upper floor

We do this in the same way with the Multilevel
CORELAP method, if we do not have specific numbers to
describe the relationships.

The main steps of the Multilevel CORELAP method Middle floor 7 7
are as follows:

1. Gatheringthe necessary initial data:

 defining the connection matrix of the objects to be
installed, a clustered quadratic material matrix
must be created [52]

 the size of the available area,

» the approximate area requirements of the objects
to be arranged,

» determination of the raster size (based on area or
volume), which must be taken so that the smallest 4. petermination of TCR value, evaluation of
object is at least twice the raster size, but shoufghor plans
not be fragmented too much, as the calculation The TCR (Total Closeness Rating) value shows how
demand increases. close the objects are to each other in the prepared layout,

Lower floor 7

Figure 4 Direction of rastering in multilevel design

~ 273 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 10 2023 Issue: 2 Pages: 267-278 1SSN 1339-5629
3 / Optimization and process development methods in the production of sugar from Cuban sugar cane
?}o Peter Veres, Peter Tamas, Bela Illes, Norge Isaias Coello Machado

(A

which is obtained by adding the weights of all the objects Consider a system of 8 machines that we want to
adjacent to the object as seen from the relationship matrideploy. We know the floor space requirements of the
If an object is not directly related (they do not have eachines and we have received how many grids they can
common side anywhere), then that object is not counteatcupy. Machines 2, 3, 5 and 6 can also be placed
The higher this number, the better the layout performs. vertically, they do not have to be on the same level. The
In the following example, we would like to demonstrateonnection matrix, with the MUTHER methodical ranking,
the operation and effectiveness of the method. The areaan be seen in the first segment of Table 1 (Machine-
connections and approximated material handling valud4achine grids). The Quantity of types counts how many
came from a real-life sugar factory in Kaba (Hungarygonnections has a machine with the same category of
which represents a sub-modern sugar factory which ysdUTHER classification. The total score calculated by
can also see in Cuba. The connections (A...X) the type amdiltiplying each category's quantity with it's weights,
power of connection and also takes into account thehich are shown in brackets. Based on this the first rank
material flow in those connections. These connections asas given to the 5th machine based on the results.
mostly approximations based on the opinions of experts.

Table 1 Rank 1 of Multilevel CORALAP example task

Machine Quantity of types (score) Fota scorel Rarking Raster/

2314|567 8|A4|E3)|1(2)|0(1)|U(0)X(-1) Volume
1 ujojujo|ul] o 0 2 2 3 0 6 3
211 ujojuju|o] o 0 1 3 3 0 5 5
31]1]0 uljtryojo|Eey| o 1 2 3 1 0 10 6
41U|U|U OjO|O|X]|] O 0 0 3 3 1 2 12
5/]0|0|1]O A|lA|O]| 2 0 1 4 0 0 14 1 7
6J|U|JUJO|O|A 10| 1 0 1 2 2 0 8 8
7/]0/U|O|O|A | 1 0 2 3 1 0 11 4
el 8J|U[O|JE[X]|]O]|O 0 1 1 3 1 1 7 7

Based on the description we did the ranking procedure
and obtained the following ranking, which is visible in the
Ranking column:
Table 2 Ranking of objects in Multilevel CORALAP example task

- Quantity of types (score) Totsl Sobive| Rariking Raster/

8 |A(4)| E(3) | 1(2) |o(1)| u(0)|X(-1) Volume
1 uj o0 0 0 0 2 0 6 3
M| 2 O] 0 0 0 1 1 0 4 5
als3 E] O 1 0 0 1 0 2 6
cl 4 X|] O 0 0 0 0 1 7 12
hls ofojJojJo|2|o]oO 1 7
i|6 olojlojJo|2|o]oO 5 8
nitp7 | 0 0 1 1 0 0 3 4
€138 0 0 0 0 0 1 8 7

Next is the creation of the floor plan by rastering basedatrix. This value should be compared with another layout
on the description. We first made it one-story, as shownin order to get an idea of its effectiveness, however, the
the original method, which only came out so compact aftemost significant categories A and E have all been preserved
several attempts and redrawings. Figure 5. also shows thmtthe connection matrix, which indicates a very good
the neighborhood value of the TCR is 32, where we lealeyout.
out non-neighboring connections from the connection
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(A

TCR Machine Quantity of types (score) TCR
2|34 |5|6)|7/|8/|AM4))EB3)|12)]|0(1)|U0)]X(-1)

1 o|U 0 0 0 1 2 0 1
M| 2 0,00 olofo[1]2]0o 1
al|s3 || O|E|] O 1 1 1 1 0 6
c| 4 0 0 0 0 2 1 -1
h]5|]0]0] I 2 0 1 2 0 0 12
i 6|U|U 1 0 0 0 2 0 4
n[7] Tulo] 1JofJolalafo| s
e| 8 E 0 1 1 0 0 1 4

Total TCR: 32

Figure 5 Single floor layout and outcome

Lastly, we also made the multi-level version. We Its appearance and calculation can be seen in the

solved the problem on 3 levels. following figure.
ToR Machine Quantity of types (score) TOR
2 3|4 /|5|6|7|8/[A4) E3) I(2)0(1)|u(o) ‘X(»l)

1 o 0 0 Q 1 1 0 1

M| 2 (0] 0 0 0 1 3 0 1
al|3 | 0 1 1 1 0 6
c| 4 0] 0 0 0 2 1 1 1
h |5 2 0 1 4 0 0 14
i|6|U 1 1 0 0 2 0 A
ni|7 1 0 2 2 1 0 10
e | 38 0 1 1 1 0 1 5
Total TCR: 45

Figure 6 Multi floor layout and outcome

Due to the multi-level arrangement, this layout cato solve them with either a theoretical or an engineering
have more neighbors than a single level, so the TCR approach. Our team in the field of logistics would like to
most times became bigger then in a single layout. In thisinsfer and implement this knowledge to the sugar
case the TCR score was 45 and most important elememsustry environment, and for this purpose it has set itself
and connections were also preserved. The theoretithé goal of familiarizing existing and new methods. In the
maximum of TCR score in this task is 65, if you add allvork, we presented the cost-cutting methods and
weights except then negative ones, but this score magttimization procedures suggested by others, a multistage
certainly can't be reached, due to the massive networkingdel for lowering transport cost, and a layout planning
arrangement. algorithm called Multilevel CORELAP method. Because

As we have already written, the process of sugdine Algorithm is a new method, we provided an example
production is not as complex as the connection matrix &r easier understanding.
the system created as an example, it is much more linear,
so simplifications can be applied. The vegetable to & Conclusions

processed must be placed on the highest level and theThe Cuban economy and sugar industry have recently
subsequent technological steps, such as shaping @&n hit by major disasters. We cannot alleviate them, but
packaging, on the lowest level. the intermediate steps Wm can Change the processes, which are Currenﬂy very
machines and fluid tanks can be given as dimensionsgasteful of energy and resources. In the research, we
rasters to the method. With these facilitation we can eaSHycommend three main methods for Optimizing the Cuban
achieve close to optimal results especially with the help &figar industry and for better realize its inherent potential:

a computer program. (1) Use the multistage model for lowering transport and
) ) storage costs. There should be local or regional logistic
4 Resultsand discussion centres, with the primary purpose to handle sugar

As the literature research revealed, many people deal products and materials.
with the Cuban sugar industry, but most of these works &) Use these logistic centres near the sugarcane fields to
more historical, political, and statistical in nature. Very few decrease transport cost by lowering the heavy direct
works deal with the problems of sugar production and try
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transports length and pre-process the canes to low&id] POLLITT, B.H.: The rise and fall of the Cuban sugar
their volume and mass for even lower transport needs.  economy,Journal of Latin American Studiggol. 36,

(3) Use the layout planning algorithm called Multilevel No. 2, pp. 319-348, 2004.
CORELAP method, that can help to create bett¢i2] SALAZAR-CARRILLO, J.: The collapse of the
optimized factories, not just for the sugar industry. Cuban sugar industry: An economic autopsy,

Department of Economics Florida International

With these models and other suggestion both external University Press, 2013.

and internal logistics can be more efficiently for a sugdi3] YAFFE, H.: Rice in the Time of Sugar: The Political

industry company, not just in Cuba. Economy of Food in Cuba, by Louis A. PérezNew
West Indian Guide / Nieuwe West-Indische (Qits.
Acknowledgement 94, No. 3-4, pp. 371-372, 2020.
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Abstract: The current research is to ascertain the effect of human resources (HR) policies and procedures on employees.
The study is based on the quantitative method. The employees at the United Arab Emirates universities are the selected
audience. Google Forms was used to disperse the survey, where 100 responses were collected in this study. The
guestionnaire adopted a Likert scale of seven points. Tests such as factor loading, internal consistency, Convergent
Validity (AVE), Discriminant validity, Coefficient of determination {Rand adjusted (®, Path Coefficientf{), and t-

test through ADANCO were conducted. This research shows that performance evaluation of all other variables, such as
compensation, promotion practices, training and development, and employee involvement in decisions, has a really
beneficial impact on PEP. The current research helps universities to plan the practices of HR and increase the PEP of their
teachers. This is because it has the potential to provide professors, academic leaders, and supervisors with fresh
perspectives that will aid in the spread of knowledge and the efficient operation of the academic workplace. Employee
turnover in UAE government agencies is affected by management style and a lack of employee empowerment, according
to the study. There were signs that workers' distaste for centralized leadership influenced their desire to remain with their
current employers. Many research papers have been done on this topic in developed countries. However, none of these
studies has been accomplished.

1 Introduction and persons. The interdependencies between these will

Human Resource Management is a significant ration@ftablish the organization's perspectives [6]. Today's
and strategic consideration for the maintenance of aM{prkers appear to have less loyalty to their employers than
organization. It views personnel as essential to corpordfethe past. The age-old contract between companies and
objectives [1]. Organizations require human resources t¢prkers based on loyalty in return for job security and fair
perform various functions like improving employeesfreat-n:]ent has broken down as a result of businesses
performance [2]. Many researchers have studied employ&@bility to guarantee employees’ corporate career routes or
and firm performances that impact HR practiceshe security of their employment [7]. Training and
Moreover, positive relationships were explored in diverséevelopment methods contribute to the organization's
areas [2, 3]. Human resource management is critical fetimate aim. This benefits the organization and its
gaining an advantage over Competitors_ (Schu|er a,iia;:lividuals [8] It has been found that most organizations
MacMillan, 1984). The performance of teachers ifd developing nations, particularly in Pakistan, do not
Pakistan's universities influences compensation practicéistall HRM systems [9]. They will build this culture, but
Promotion methods assist teachers in advancing a#igPWwth will be gradual. Yet, as compared to the public
providing opportunities for professional development [4]s€ctor, companies are implementing an HRM at a rapid
The United Arab Emirates’ two biggest emirates are Dub@ce. Many studies in underdeveloped nations failed
and Abu Dhabi, are known for being at the forefront dpecause of a connection between performance on the job
innovative practices in various industries. To fulfill thednd human resource practices. Efficient HR procedures
demands of the new knowledge economy, the governmé@ntribute to improved and modified employee behavior,
of Dubai established a coordinating agency in 2003 namidnich improves organizational performance. (Hornsby and
the Human Resource Development Authority tduratko, 2003). Although human resource management
collaborate with Dubai's educational institutions. Thi§HRM) is essential for any company that wants to see the
program has been essential in arousing nationwidst possible results, not all of them put enough emphasis
curiosity about the benefits of learning at the persondh it, which can cause HR resources to go unused [10].
group, and corporate levels. For improved performancéhis research pursues the effect of HR practices
large and small businesses have started valuing knowledgPayment practices, promoting practices, performance
management and ongoing education. Worker involveme®gsessment, education and improvement, and worker
in decision_making affects employees" performance [Sﬂnvqlvement n SeleCtlon-makln-g) on PEP ThlS-StUdy.W”l-
The term "performance" relates to Completing a task @iSSlSt the HR managers in pUbllC and prlvate universities in
working. It occurs in the phase of the process, organization,
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UAE. In developing HR techniques to guarantee higivorkers have been shown to have higher rates of
degrees of trainer effectiveness. absenteeism and lower levels of commitment.

Although there may be a clear causal link between Jabnoun and Rasasi [22] evaluated the impact of both
sustainable HRM and desired results [11], previous studigansformational and transactional leadership styles on
have only looked at statistical correlations betweeamployee engagement in United Arab Emirates healthcare
sustainable HRM systems and outcomes of the employdasilities. Workers were chosen at random from six
[12]. Thus, the prime objective of this research is tdifferent UAE hospitals. A Multifactor Leadership
develop a deeper comprehension of the interplay betwe@nestionnaire was used in the study [23]. Employees who
the various aspects that contribute to HRM's long-ternated their leaders high on all three dimensions of
viability and the maintenance of beneficial organizationatansformational leadership  (charismatic  appeal,
outcomes. Considering every possible way, this study wilitellectual challenge, and personal relevance) and greater
enhance the topics related to personal developmelgyels of work satisfaction were indicated by those who
performance consolidation, and worker involvementeceived the contingent incentive of transactional

within satisfactory situations. leadership. Medley and Larochelle [24] investigated the
impact of different nursing leadership types on employee
1.1 Literaturereview morale and work satisfaction. Bush, Michalek [25]
HR practices identified that Community hospital staff nurses'

HRM has received much interest lately in developing€’ceptions of transformational leadership and job
countries' progress procedures [13]. There is little stud{@PPiness were measured using this study's Multifactor
bridging connection between HR behaviors and worké@dership Questionnaire and the Index of Work
performance. Teclemichael Tessema and Soeters I‘E{Qgtlsfactlon.The research found evidence of an acceptance
checked out the relationship between the efficiency of tif transformational leadership among hospital staff nurses.
worker and human aid practices with the position of humakfis results in fewer sick days and a general increase in
resource consequences as a mediating issue [14]. Bgareness of appropriate workplace conduct.
practices of Human Resources with eight numbered facts COmpensation is among the most explored HR
examined were recruitment and choice approachd¥actices [9]. Employee performance is connected to HR
practices of placement, schooling strategies, profits contiyjocedures. For illustration, Olaosebikan [26]assessed the
practices, employee efficiency evaluation practice@uicomes of three HR compensation, practices,
merchandising techniques, social security program@erformance, and promotion ~assessment on the
pension plans, and grievance procedures [15]. Eveffectiveness of non-public universities instructors in
though many authors have explored the topic, there is hgShawar, KPK, Pakistan. He observed that repayment,
consensus on the size or relationship between j@omotion, and performance evaluation have an excellent
contentment and productivity. Some studies with an initi&Onnection with perceived performance. Hashim, Rafi [9]
consideration of identifying happiness and productivity ar@SSessed the outcomes of 3 HR practices; repayment,
carried out [16]. However, there are many who maintafdvertising, and performance assessment at the same
that contentment in the workplace directly impactgniversity. He found some unbiased variables,
productivity, with the former causing the latter [17]. It ha§&imbursement, promotion, and performance assessment,
been argued that the causality should run in the otn@pSitively connected with understandable performance.
direction, with increased performance leading to happi&ducators may now replicate the flow of their staff with the
workers. use of a variety of software solution tools and technologies

Nonetheless, the perspective and data presented rB9de possible by recent technological advancements [27].
Herzberg, Mausnes [18] are by far the strongest in this
regard. They debated and discovered time and time again Employee perfolrmance _ _ ,
that workers' level of happiness in the workplace is what 1€ erpployees conduct is required to determine the
ultimately determines their productivity. Also, some mor&€mployee’s performance [10]. One of the authors, Yiing
positive attitudes toward work typically lead to betteRNd Ahmad [28] found that Employee performance is a
performance [19]. On the flip side, a shift toward negativitgollection of behaviors that contribute to achieving
at work often leads to a decline in productivity. Worker&ompany objectives. Performance is how people behave
output is heavily influenced by their degree of jogather. than what they produce in an organization [29].
satisfaction, as well as that of the organization as a whoféerceived performance refers to an organization's success,
making it an essential concern for businesses [20]. Orgcording to Yiing and Ahmad [28], determined by the
broader scale, it's crucial to the success of the overall [§€neral perception of the employee’'s share of their
satisfaction of working people. Sliter, Sliter [21] also found€havior.  Declarative  knowledge, motivation, and
that a lack of job satisfaction has been hypothesized to B@cedural knowledge are significant in the case of
one of the primary causes of withdrawal, which caRmployee performance [30].
manifest in absenteeism, tardiness, labor turnover, and
even illnesses and accidents. In contrast, dissatisfied
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Compensation and PEP these HRM strategies include selection, compensation,

Compensation is the compensation given to employepsrformance evaluation, and career advancement. Strategic
for services to achieve organizational goals. Sajid arfdiman resource management practices affect not just the
Nauman [31] found that recognition at the social levekillingness of workers to learn new things but also the
improved performance at a specific task by 17%, financiabhgerness of current workers to teach others [42, 43].
rewards by 23%, and feedback by 10%. Compensation Human resource management has undergone a
improved employee performance by 45%, according to thigamatic transformation over the past three decades, going
findings. Shakir and Zamir [32] looked into consideredrom a bureaucratic "people management" focus to a more
effect regarding incentives upon the performance aftrategic "business management" focus. Consequently,
secondary school teachers. The results revealed a Isdnior leadership increasingly sees human resource
between futuristic rewards and performance. Zankojanagement as a strategic partner [42, 44]. Wirtenberg,
Badham [33] considered no hyperlink betweetdarmon [45] agree that HR is now playing a more central

performance and pessimistic rewards. strategic role; one of its main objectives is to ensure that all
the initiatives it oversees align with the company's stated
Promoation practices and PEP aims and values. According to Legge [46], HR managers

Promotional consideration is given when a person igeed to create and pursue innovative policies in employee
elevated from one positional sense of employment selection, compensation, performance evaluation, and
another. It comes with a more excellent wage package ateteer development in order to integrate the HRM function
more work duties. Employees are more motivated whemith the organization's goals of self-renewal and
given the necessary resources to meet their goals [3#hnsformation through continuous learning [47].
According to the authors Teclemichael Tessema and
Soeters [2], Promotional activities impact PEP. If Trainingand development and PEP
businesses wish to improve their performance, they must Arulrajah, Opatha [48] precepted knowledge,
provide promotional possibilities to their staff [35].understanding, methodologies, and practices are all
Zulfgar, Bilal [36] considered the facts of promotionconsidered by the training facts and development. Training
methods moderately influence PEP. Sajid and Naumand development are crucial in HRM because they enhance
[31] explained that promotion methods benefit PEP anddividual, team, and organizational performance [49].
promotional tactics. The availability of a writtenTahir, Yousafzai [8] checked the effect of T&D on the
operational policy and seniority preference are all factoekills and attitudes examined to link them to employee

to consider. performance levels in Pakistani banks. Kalyani and Sahoo
[50] highlighted that most personnel agreed that T & D
Performance evaluation practices and PEP greatly impacted their job know-how, work satisfaction

Evaluation of Performance is based on the perceptioasd quantity, practical abilities, motivation, and loyalty.
of friends, supervisors, subordinates, managers, or evalh related to performance in a helping route. Imran and
people themselves. It contributes to increased productidanveer [49] discovered that training and development
because it supervises the employees. Evaluation agise employees opportunities for career advancement, thus
improvement of productivity rely on effective performanceémproving the organization's efficiency. Employees, yet,
management systems [37]. According to Shahzad, Rehmane an organization's resources and assets. Those qualified
[38], evaluation methods used in the pharmaceuticalill outperform the incompetent and untrained.
industry businesses impact PEP. Sajid and Nauman [31] Albrecht, Bakker [51] considered some researchers at
found that performance evaluation processes, tliee precision of micro and meso levels to see the global
availability of written and operational performanceTalent Management and Development (TMD) process as
evaluations, feedback, management recognition of tla everlasting, steady notion that deserved investment.
value of assessment, and competent performance assed€ester [52] proposed that dealing with global TMD
all play a crucial role in improving employee performancenecessitated a consistent, continuous bondage that included

discipline, decisiveness, and taking appropriate risks. Kim

SOHRM practices and MclLean [53] argued in favor of a TMD

Strategic HRM is essential to spreading the LO concegpystematization on a global scale, in which practitioners
since it introduces cutting-edge HRM techniques angbnsidering HRC would lead and have well-defined duties
reward systems to encourage organizational growth aadd responsibilities.
development through knowledge sharing. Some of the They hypothesized that a globally standardized
authors, like Boohene [39], Siddique [40], illustrated thaapproach to TMD would produce organizational and
the term "learning organization" serves this purposédividual benefits, provided that the system considers the
Human resource management (HRM) strategies ca&arious cultural norms. Schuler and Jackson [44] Multiple
encourage workers to improve their abilities and put tho$actors, such as (a) managers' lack of experience with
improvements to use in ways that benefit the company81D, (b) varied organizational structures, (c) managers'
performance objectives. Tangeman [41] evaluated thiaick of adoption and engagement in TMD, (d) employees'
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lack of performance, (e) human resources' lack of expertiBeomotion practices, Training and Development, and
in dealing with TMD challenges, and (f) upperEmployee involvement in decision-making. This research
management's lack of time investment in TMD, wershows that the practices of HR have a crucial impact on
identified mentioned researchers as impediments to gloEP and can lead to enhancing PEP in the universities of
TMD initiatives. Dirani, Bowman [54] also addressedhe United Arab Emirates. During the quantitative phase, a
these limitations for any worldwide TMD strategy toquestionnaire designed by researchers was sent out to all of
succeed the facts about participation of workers ithe schools in the city of Al Ain and then collected by
policymaking and PEP. graduate student researchers two days later. The
Akuoko, Dwumah [5] found that employeequestionnaire had a total of 35 questions, all of which were
participation in decision-making impacts workertaken from previous research on teacher leadership
performance. Cooper, Bottomley [55] outlined thre¢echniques. The participant's demographic information was
distinct approaches to teacher leadership: the "eveggthered in the first section of the questionnaire, and the
teacher is a leader" model, the "lead teacher" model, anelxt section of the question-related facts contained
the "many leadership positions" model. One definition of statements that investigated the participants' level of
lead teacher is "advising teacher," while others includegreement considering the leadership practices of the
"helping teacher" and "staff development associate." Theachers. Both sections of the questionnaire were divided
head teacher is responsible for collaborating with otharto two parts. Responses were rated on a seven-point
educators to develop and execute high-quality pedagogitakert scale, considering four of them, with four
practices. In education, there are a wide variety oépresenting strong agreement and always, three
leadership positions that may be filled, and the variouspresenting agreeing often, two representing disagreeing
leadership roles model accounts for all of them. It als@arely, and one representing strongly disagreeing never. A
includes roles such as mentor to new teachers, teachesup of specialists comprised of four teaching staff at the
trainer, member of the school's governing body, arldnited Arab Emirates University, especially the College of
member of a university team in charge of planningzducation members, examined the questionnaire to
coordinating, and supervising preservice teachers. THetermine its validity in terms of its content and
various leadership positions paradigm is the result appearance. Transcripts of the interviews were sent to us,

combining these functions. and we read through them in turn. We jotted repeated
words or phrases in the document's margins considering
Graphical representation various down notes and descriptive codes. Following that,

Figure 1 shows a conceptual framework. This studye conceived of many classes or topics for these codes.
includes two variables which are HR practices and PERuotes from the interviews were used to illustrate each
Human resource practices are the independent varialileeme and provide support for them. To provide answers
while PEP is the dependent one. The five HR practicés the research questions, we went over the themes and
included are Compensation, Performance evaluatiotiscussed them.

Compensation

Performance
evaluation

Promotion
practices

Perceived
Employee
Performance

Training &
development

Employee
involvement
in DM

Figure 1 Conceptual framework
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Research hypotheses have been depicted in Table 1questions about the demographics of the respondents as

Table 1 Research hypotheses

dy

Numbers Hypotheses

H1 Compensation Effects Perceived
Employee Performanc
Employees' Perceptions of Their Own

H2 Performance are Affected
Performanc Review:.

H3 Promoting practices affect Perceived
worker performanc

H4 Training and development affect
Perceived Employee Performar
Employment involvement in decision

H5 making affects Perceived Employee
Performanct

2 Methodology

The quantitative method is one of the most effect
methods for understanding this research. The reseal
intends to understand the highly impacted practice of

iv

gender (male and female), age (22-50 and above),
qualification (graduate to doctorate), and designation
(lecturer to professor). The second section of the
guestionnaire included questions related to the independent
and dependent variables of the study. The second section
focused on the research variables and their associated
guestions. Five questions were about compensation, four
related to performance evaluation, and two were about
promotion practices. There were two questions about
training and development, two about employee
involvement in decision-making, and five about PEP. The
responses were compiled into a 7-point Likert scale, with
one mentioning "strongly disagree" and seven mentioning
"strongly agree".

The primary data used in this study was gathered via a
customized questionnaire and replies from university
employees. The use of literature, e-books, e-journals, and

a. Google Forms were used to collect the data. A total
100 replies will be evaluated, ADANCO was utilized.

E-articles allowed for the collection of secondary source

by practicing PEP. It includes respondents with similg

characteristics, but from different places, so the testi

Result and discussion

method is cross-sectional [3]. University employees of the Reliability and validity

United Arab Emirates are the target audience. The adaptedFactor loading is used to identify which factor
questionnaire is utilized to fit the need of the researdhfluences each variable most. 0.4 - 0.7 is the acceptance
better. The research's participants provided one hundf@derion 0.7. Its value is 0.7 and above, which indicates

responses, which were gathered. Non-probability sampli
techniques, such as convenience sampling, were also u$

t the factor considerably influences the variable [56].
factor has a weak influence on the variable if the

in this investigation. In convenience sampling, a sampl@adings are near zero. According to the model, no factor
from a population subgroup is taken. This kind of samplingading value is below 0.4, indicating indicators’ impact on
is suitable for pilot testing. There are two sections in tHeach variable.

study's questionnaire. The initial section included five

Table 2 Factor loading (FL)

Employee . Performance Promotion Training and : Employee.
Compensation i ; involvement in
Performance evaluation practices Development DM
Indicators| FL |Indicators| FL [Indicators| FL |Indicators| FL |Indicators| FL [Indicators| FL
EM1 |0.846" C1 0.854: PE1 |0.844: PP] |0.955¢ TD1 |0.776: Ell 0.928¢
EM2 |0.782: (oy) 0.809° PEZ |0.865¢ PP: ]0.923(| TD2 |0.932¢ El2 0.901(
EM3 ]0.920° C3 0.846¢ PEZ |0.875¢
EM4 |0.823: C4 0.774: PE< |0.889:
EM5 |0.796¢ C5 0.734:

Internal consistency

Alpha Cronbach's alpha value greater than 0.6 is a
reliable and appropriate index. The value of Cronbac
value is low when it is below 0.6. Alpha Cronbach'sEmployee Performance
coefficient range is 0.60 to 0.80, which is acceptabl@Compensation
(Khidzir, Ismail, and Abdullah, 2018). Cronbach alpha'sPerformance evaluation
value in this research is between 0.6 and above, whi¢hromotion practices

shows the reliability of this research.

Table 3 Cronbach's Alpha
Construct Cronbach's alphaj

0.890¢
0.863¢
0.892:
0.868¢
0.663¢
0.806¢

Training and Development
Employee involvement in Decision making
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Convergent validity (AVE) Reliability (CR) to assess the measurement model's
The consistency of the constructs with one other monvergent validity [58].
assessed using the Average Variance Extracted (AVE)

approach. The ideal range for AVE is 0.5 or higher (Fornell Table 4 Convergent Validity
and Larcker, 1981). This study's AVE values are highe Construct
than 0.5, indicating better consistency. AVE
Employee Performance 0.697.
Discriminant validity: Fornell-Larcker criterion Compensation 0.648(
Assess the paradigm of shared variance among theerformance evaluation 0.755(
model's hierarchy of latent variables. Fornell and LarckgPromotion practices 0.882:
[57] criterion has been utilized. This criterion uses th¢Training and Development 0.736:
Average Variance Extracted (AVE) and Composit§Employee involvement in Decision making| 0.837:

Table 5 Fornell-Larcker criterion

Employee
Employee . Performance | Promotion | Training and | involvement
Construct Compensation ! . . -
Performance evaluation practices | Development| in Decision
making
Employee 0.6977
Performanc
Compensatio 0.733° 0.648(
Performance 0.5241 0.7673 0.7550
evaluatiol
Promotion 0.3977 0.5155 0.7775 0.8824
practice
Training ang g 445 0.5009 0.5800 0.4299 0.7363
Developmer
Employee
involvement i 0.4892 0.5933 0.6941 0.5282 0.5733 0.8371
Decision makin

Coefficient of determination (R?) and adjusted (R?) Per Employee (PEP) has a positive and statistically

R? measures the consideration of an endogenosignificant (R = 0.9568) relationship with compensation.
variable that defines the independent construct. Its valueEP and performance reviews have a weak negative
range between 0 to 1 depending upon the type of reseacthrelation (R=-0.5281). The correlation between
[59]. The mutual effect on the latent variable will be weakromotional methods and PEP is favorable and statistically
to be assessed from a practical perspective if the valuessigfnificant (=0.2147). There is a statistical and positive
R? coefficients and adjusted® Rre less than 0.02 [59]. value of a significant link between T&D and PEP

Table 6 depicts the value of an endogenous variab{®=0.1474). Employee participation in DM is positively
Proposed Coefficients of determinatiorf{Bnd Adjusted related to performance evaluation performance (PEP)
(R?) are above 0.02, which states that mutual impact in #R=0.1348).

outstanding variable is not weak.
Table 7 Path coefficienp)

Table 6 Structural model . Dependent variable
— - Independent variable

Construct Coefficient of Adjusted . Employee performance
determination (R?) (R? Compensation 0.956¢
Employee Performance evaluation -0.528:
performance Eesh e Promotion practices 0.214°
o Training and Development 0.147:
Path coefficient N Employee involvement i NET:

The beta value path coefficient represents thpecision making :

relationship between the two constructs. The correlation
has a range of -1 to +1. The correlation is shown as -1 for The path coefficient) H1, H3, H4, and H5 are

a negative correlation, +1 for a positive correlation, and dccepted. Compensation, Promotion practices, Training
for no association [60]. Table 6 shows the correlatioand Development, and Employee involvement in Decision
between HR policies and promotional effectiveness. Payaking positively impact PEP. However, H2 considers
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they are unaccepted, while Performance evaluation ADANCO. The considerations for evaluating facts are

insignificant in influencing PEP. compensation, performance evaluation, promotion
) ) practices, T&D, and Employee involvement in DM. Every
Graphical representation of the model consideration has its owr? Ralue, and the cumulative one

The graphillustration for this study divides some of thgggests that it is a united satisfier one by the ADANCO
evaluation factors into employee performance, where thgodelling.

value of R is 0.765, and presents every element by

0.854
-—
0,810
|
0.846 |
0.774|

0.734 |
il

Compensation

0.957

0. B55 Performance Evaluation

0.876 ’

L 0.528 0.847
0.889 | —

0.782

0.955
0.923

Promotion Practices -—_0'_21_5_.__, Employee Performance 0.921

R2 =0.765 0.823

0.796

0.147
q%3. T&D

0.135

— Employee involvement in DM

Figure 2 Model through ADANCO

Personal factors schools increasingly demand that educators work together

Qualitative research has uncovered two kejo develop and implement strategies for school
characteristics that encourage or discourage educatorprovement. The qualitative evidence confirms this
from assuming leadership responsibilities. These factdiading, as colleges have long been the target of several
shaped teachers' definitions of teacher leadership and theitiatives to modernize and reform them. As part of the
comfort levels with taking on leadership roles. A minoritynew college reform, it is not unusual for faculty members
of the educators we spoke with had a firm grasp on thetake on leadership positions in classroom instruction and
magnitude of their leadership potential. However, most hatudent learning. One such example is the requirement to
never heard of teachers in a leadership capacity. Finallyork together to organize their lessons and
knowing more about the inner workings of the universitgxtracurriculars.
is helpful for assuming leadership roles. This happens Most teachers believed that their "leadership”
when educators step up and offer to take charge. As a rukssponsibilities were best served by focusing on classroom
this occurs with freshly employed educators or nativiastruction and encouraging student improvement in
English speakers hired to teach in colleges. academic performance. We found that the term "teacher

The aim of this mixed-methods research was teadership" was rarely utilized in the schools we observed.
investigate the phases considerable in which educatorsMiany people we talked to had no concept of "teachers as
the United Arab Emirates are using leadership, as well keders" and only connected the term “leadership” to
the variables that have either encouraged or discouragadhoritative titles. Perhaps this is because they realized
them from becoming teacher leaders. While the nhumbeteir work was about education, not leadership, as Fairman
painted a positive picture of school leadership, thend Mackenzie [61] discovered. Our findings are
qualitative data painted a quite different picture. Theupported by the fact that not a single educator we spoke
quantitative findings showed that both male and femalgith included "coaching" or "mentoring” among the duties
teachers regularly took on leadership responsibilities in tiieey felt instructors should do. To a similar extent, Xie and
classroom, perhaps because principals of second&fen [62] discovered that the vast majority of educators
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believed their leadership responsibilities ended with the
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Abstract: Ports and terminals are directly related to world economic development due to international trade. In this sense,
port management has expanded actions in terms of sustainability and mainly linked to circular economy (CE). The port
environment is not alien to society's developments and for that it needs to improve its efficiency and operability, reducing
the waste of time, processes and waste generated within it. In this context, this research links the Lean 4.0 concept with
the circular economy as an alternative for the development of the port sector. The study is based on highlighting the
challenges and advantages of implementing CE in ports through Lean 4.0. To achieve the objective of this research, a
literature review was carried out based on the Sytematic Research Flow - SSF method proposed by Ferenhof and
Fernandes (2016), followed by a content analysis based on Bardin (2011). Based on the findings, it was possible to list
the key elements linked to Lean 4.0 correlated with the circular economy to stimulate the sustainability of the port sector.
It was identified that Lean 4.0 presents itself as a simplifier for the implementation of the circular economy culture, since

it enables the alignment of people to identify waste, stimulates innovation and the development of a culture aimed at
continuous improvement in the sector.

1 Introduction economic ones, this article elucidates positive

The advance of international trade and its expansion &@ntributions about Lean 4.0 in the port circular economy
important factors for the economic growth of countries [1RS an alternative for the development of management port
Seaports have an impact on the economy of the port reg
and the environment in which they are located, they are the The circular economy (CE) has become increasingly
gateway to international trade. A large portion ofVidentin the political sphere, after the release of the plan
international trade is handled by seaports [2]. In this waff)at describes actions for the circular economy published
policies aimed at the port system play a role directly relaté 2015 to the Green Deal, launched in 2019 by the
to the economic development of countries [3]. The poRuropean Commission, and the circular economy
sector presents itself as one of the major obstacles 'gPresenting the port authorities belonging to the Member
international trade in Brazil. The need for adequatetates of the European Union, legitimizing ports as
infrastructure implies significant investment to ensure thgomponents of great importance when it comes to
cargo can flow through ports and terminals [4]. achieving sustainability goals [6]. _

With the increase in cargo movement in ports’ it Based on the abOV.e, this article seeks to link Lean 4.0
becomes even more necessary to preserve the ecosysiér tool to foster the circular economy for the development
and the search for resources that reduce environmerfhmanagement in ports. The Lean Port Terminal concept
impacts. Research shows that activities related to tfi@mprises a management system based on the Lean
subject in ports are low, in order to develop initiativedhinking concept, which comprises principles, tools,

focusing on environmental challenges, followed bynethods and management practices for continuous
improvement, increased earnings and elimination of waste
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in the port sector from the perspective of the customer [Hasic principles established in the book Lean Thinking, by
The elimination of this waste results in operationaWomack and Jones (1996):
processes that are more focused on quality, productivity 1) Specify value: identify which activities add value;
and low cost, creating a basis for operational excellence 2) Map the value stream: create a visual representation
and ensuring competitiveness [8]. of all activities to easily identify waste;

With the implementation of this management system, it 3) Flow: products and services must move immediately
is possible to create proposals aimed at ensuring the abiligtween activities that add value;
to compete, maintain, manage and operate the entire port4) Pull: customer demand should dictate the flow rate;
system based on the application of the Green Deal (GD) 5) Perfection: improvement must be continuous
using circular economy resources [5]. Lean brings benefits for organizations to be more

In this way, this research links the Lean 4.0 concepbmpetitive, as it creates value for customers by
with the circular economy as an alternative for theliminating all waste from activities and obtaining lean
development of port management. We hope to answer gh@cesses with high economic efficiency. Due to this there
following research question: How can the Lean 4.Bas been a wide adoption of Lean practices in different
approach support ports and terminals in the context of teectors and scenarios in the last three decades [12-14].
circular port economy? Then, this study is based on Through research in manufacturing companies in
highlighting the challenges and advantages afeveloped countriesitis possible to conclude that Lean can
implementing CE in ports through Lean 4.0. To achieve thee a prerequisite for digital technology using technologies
objective of this research, a Systematic Literature Review production [15]. In this context, Industry 4.0, which
- SLR literature review was carried out based on themerged in Germany, with the idea of an integrated
Systematic Research Flow - SSF method and a contémiustry and expanded to other countries in the world with
analysis. different government initiatives as a global technological

The main contribution of this article is to address #&end, can help in the prerequisites of Lean [16].
topic that is still little discussed in the port environment, as Industry 4.0 is characterized by digital transformation
well as to present alternatives to maximize gains in termasd is considered the fourth industrial revolution. The core
of port sustainability with the adoption of Lean Thinkingof this environment is the integrated use of technologies,
and the circular economy. By combining these twsuch as: Internet of Things, Cybersecurity, Augmented
approaches, it is possible to encourage sustainal®eality, Big Data — analysis and interpretation of large
management for ports, in order to provide operationablumes of data, Robotic Automation, Additive
efficiency and reduce the environmental impact with thilanufacturing, Simulation, Systems Integration, The
implementation of environmental management systen@®oud - Managing Systems in the Clouds [17].
and certifications related to sustainability, based on Lean Taking the Technische Universitat Dortmund study as
management. together with technologies arising from reference, there are four key components for the
industry 4.0. Lean 4.0 allows the adoption of cutting-edgealization of Industry 4.0 [18]. These elements are
technologies and equipment that promote energyassified as Cyber-Physical Systems (CPS), Internet of
efficiency and the reduction of emissions, fostering th€hings (IoT) and Internet of Services (I0S) and Smart
circular economy through the implementation of reuseactory [19]. With Industry 4.0 components, such as the
programs, reduction and recycling of materialsyse of intelligent transport equipment in order to
investments in research and development of newplement a system to gather materials driven by demand,
technologies and solutions to promote the circulat shows when a certain component is ready to be collected

economy and port sustainability. and only authorizes transport when there is demand. With
this, there is a reduction of waste, taking employees out of
2 Research background an unnecessary activity [20].

Lean emerged in Japan, in view of the observation bg Thg automation as_sociated with Industry 4.0, questions
the Toyota automobile industry that it would not pdegarding the integration between approaches and the role

possible to fund the reconstruction of its facilities, whiclf Lean in this industrial revolution are ongoing. As an
were dismantled in the Second World War, and even in trﬁéa”_“p'e* current and future state mapping IS ava|I_abIe on
scenario it was possible to manufacture a wide range bile devices, enabling human-machine integration. As

products and reduce defects, inventories, investments fhe data is stored |n.the cloud”, the information can be
workers' efforts [9]. shared between the different departments, enabling fast-

One of the pillars of Lean is addressed as the humHW.e requests for spare parts, dynamic scheduling of

factor, successfully challenged mass production practic glntenance activities and transparency of the information

providing greater flexibility of production systems an eneratec_i.The resul_ts s.howthatlndustry 4.0 tools can help
processes, resulting in products and supply chains, w an achieve the objectives [10].

less waste [10]. The elimination of waste is guided by five The generallobjectlves of Industry 4.0 are to aII_ow
Improvements in the value streams of companies,

addressing issues related to processes and
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products/services [21,22]. Industry 4.0 is decentralizgghrtners in the implementation of GD objectives. Thus,
intelligence to facilitate the creation of independergeaports are identified as excellent entities for EC practice
process management through the interaction of the real aaml implementation.
virtual worlds. This means that industrial machines no This is due to the fact that ports are interconnected with
longer just deal with products, but products interact wittndustry and urban areas, constantly exchanging flows of
these machines to tell them exactly what to do [23]. materials and resources, including waste, with the
The increase in international competition, the growingnvironment of their neighborhood and the interior, so they
volatility of the market, the great demand for diversifiecre essential entities to develop the EC, and has focused on
services stands out as the main challenges fthis transition [32].
organizations. Ports are facing a myriad of new complex However, there is limited research on ports and their
challenges to meet the high complexity in the producticexcceleration to a CE, especially from a practical and
environment while focusing on customer benefit. [24]  implementation point of view [33-35]. Current EC
The combination of Lean Production and Industry 4.@ctivities in ports are low. Still, substantial improvements
known as Lean 4.0, are interconnected and complexe anticipated when ports overcome implementation
elements to implement. It is essential to develop a referertogrdles, causing the current implementation inhibition in
implementation strategy for the port system. Faced witidopting a CE [36]
numerous challenges for the port sector and considering To eliminate waste and ensure an appropriate
that exports and imports pass through ports, it is essentialstination for waste, in 1996 the term Lean and Green (L
to ensure the efficiency of this sector, which is fundament&l G) appears. It addresses the need for environmentally
for trade and development [25]. conscious manufacturing, integrating process
On the other hand, to extend sustainability throughouhprovements with reduced environmental impact. Early
the supply chain, companies often choose to implemeptiblications on L&G focused on how to make a link
different management practices. In the literature, tHeetween Lean principles, environmental principles and
practices used to manage circularity, efficiency anpractices, with emphasis primarily on manufacturing and
optimization of resources are called Circular Economgupply chain management. L&G emerged as a combination
(CE) [26]. EC proposes replacing wasteful and inefficierdf environmental and sustainability concepts. It refers to
linear and open production cycles with a closed cyckhe synergy between Lean and environmental preservation.
where waste is minimized or transformed into inputs andore specifically, it focuses on how Lean practices can
value is created in the process, enabling the balanoentribute to reducing environmental impact while keeping
between economic growth and a sustainable environmembfits primarily in operation as well as service and product
[27,28]. design. The topic has generated more and more research of
In an EC model, waste becomes resources to beerest since 2013 [37]. The different industries in the
recovered and valued through recycling and reuse, ttransport and logistics sector are often targeted for their
value of the resources we extract and produce must be kgrtenhouse gas (GHG) emissions and their ability to
in circulation through intentional and integrated productiopollute on an intercontinental level. Intercontinental supply
chains [29]. Then, a sustainable approach consists @fains are strongly centered on seaports, which, due to
minimizing negative environmental impacts, reducing thiheir interaction with ships that use fossil fuels, generate
ecological footprint, neutralizing emissions and increasingmissions [38].
resource efficiency, that is, continuing to do things in the
same way, only with less intensity, but not changin@ Research methodology
direction, just ensure that future generations are not The present study aims to recognize the links of Lean
impacted [30,31]. 4.0 in the port circular economy as an alternative for the
The EC has gained significant attention at the policyevelopment of port management. In this sense, the present
level since the publication of the Action Plan for the EC iWOrk has a qua“tative approach, where it is not necessary
2015. In 2019, the European Commission launched thg yse statistical techniques, as this research is descriptive
Green Deal (GD), which is a European green deal withj@ nature, aiming at identifying, pointing out and analyzing
set of strategic policies articulated by the commissiofhe factors, characteristics, or variables that relate to the
European Union in order to contain the threat of 9|0b@rocess [39].
warming. The circular economy represents an essential |n order to answer the problems highlighted in the
component for the future sustainability of Europeapesearch, firstly, a SLR was conducted based on the SSF
society. In addition, the GD recognizes ports as extremalyethod, as a way to recognize in the literature the current
important entities for achieving sustainability goals [5]. theoretical context of Lean and circular economy in the

In early 2020, the European Sea Ports Organizatigsyrt context [40]. The Figure 1 exposes the steps of SLR
(ESPO), representing port authorities in member states @fnducted.

the European Union. A position paper on a GD and circular
economy was presented, mirroring seaports as strategic
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Figure 1 - SSF method [40]
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Following the method SSF, the Scopus, Emerald,.0 for the development of the circular economy in ports?
Ebsco and Web of Science databases were consulted. Duees the paper present any insight linked to the
query was carried out on October 17, 2022. For thaevelopment of ports that implies the circular economy?
calibration of the search string, a set of keywords wef@oes the paper have any relationship with the adoption of
evaluated, such as Lean, industry 4.0, among others relatedustry 4.0 for the development of the circular economy
to the scope of the search, but there was no return on theorts?
queries. searches in the consulted databases. Thus, theThen, the title, abstract and keywords of the papers
search string adopted was (“circular economy" AND Leawere read, as a first filter. For the resulting papers, the
AND port*). Boolean operators such as “AND”, “OR” andreading of the introduction and conclusion of the papers
“NOT” were combined in the string calibration step. Tablevas carried out. Finally, the complete reading of the
1 presents the results from the searches conducted in tbsulting papers. Both listed phases were based on the SSF
databases, according to the SSF method [40]. method. A total of 16 papers made up the final portfolio.

Subsequently, the content analysis was conducted.
Table 1 Number of documents consulted by database  Thus, in the first stage, a pre-analysis was carried out, a

Sour ce Database Number of documents bibliographical survey of studies, articles and documents
Scopu 61 related to the difficulties faced by the port system was

Web of Scienc 52 carried out, which provided the basis for the study [41].
Emeralc 44 After that, the interpretation obtained from the previous
Ebsct 23 steps was outlined. In this way, the main limitations to
Total SelectecArticles 18C adopting the circular economy in the port system were

Duplicatec (-51) highlighted, in addition to listing how Lean 4.0 can

Total Evaluated Articles 12¢ effectively contribute to solving these challenges for ports.

With that, the content analysis was developed with the
As shown in Table 1a total of 180 papers were foundcomposition of information that allow the understanding of

in the consulted databases, however, 51 papers wélhg researcher in relation to the materials coming from the

duplicated, which resulted in a total of 151 papers fditerature in an orchestrated way [42].

analysis by the authors. For the analysis of the 151 works, . .

the following research questions were used as criteria for Result and discussion

inclusion or for the analysis of the 151 papers, the Based on the application of the filters proposed by the

following research questions were used as criteria f&SF method, a total of 16 papers resulted. The jobs are

inclusion or exclusion from the resulting portfolio: Doedisted in Table 2.

the paper have any managerial implications linked to Lean
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Table 2 Portfolio of works arising from the Bibliographic Review

Code [Title Author (Year) |Source

Al A Conceptual Model for Measuring a Circular Economy |6tebeka et al., Sustainabilit
Seaports: A Case Study on Antwerp and KcPort: (2022 y

A2 System-based barriers for seaports in contributing to  |Hansini et al., Maritime Business Review
Sustainable Development Gc (2022

A3 Assessing the Possibilities of Integrating Ports into the |Alen et al., Tehnicki Viesnik
Circular Econmy (2022 J

A An overview of operations and processes for circular  |Crocetti et al., Waste Management
management of dredged sedim (2022 9
Nexus of Circular Economy and Sustainable Business Rohit et al International Journal of

A5 Performance in the Era of Digitalization: A Comprehens @022) N Productivity and
Review and Network Based Analy Performance Managem
Digital Technologies for Sustainable Waste Managemen .

A6 On-Board Ships: An Analysis of Best Practices From theés;;;)ta etal, :;EnEIiEn-el—é?{:]saﬁfr?j ?err]nent
Cruise Industn 9 9 9
A Virtuous Circle? Increasing Local Benefits from Ports @by et al., L

AT Adopting Circular Economy Principl (2021 Sustainability

A8 Port City Sustainability: A Review of Its Research Trend%(z'ggoe.t al, Sustainability
The Role of Seaports in Green Supply Chain Managem alrﬁ:eo ot al

A9 Initiatives, Attitudes, and Perspectives in Rotterdam, (2020) N Sustainability
Antwerp, North Sea Port, and Zeebru
Seaports as Nodal Points of Circular Supply Chains: |Marta et al., -

A10 Opportunities and Challenges for Secondary | (2020 Sustainability
Patterns of Circular Transition: What Is the Circular Elvira et al., Lo .

All Economy Maturity of Belgian Pol (2020 Sustainability (Switzerland)
Port Strategy for Sustainable Development: Circularizat|&tvira et al., -

Al2 and Value Creatic—Introduction o a Special Iss! (2020 Sustainability

A13 |Circular economy: benefits, impacts and overlapping (52%*‘1%9”"’ etal. iﬁﬁﬁgﬁgﬁgﬁ%ﬁ?ﬁmem:
Circular economy approach to facilitate the transition of the .

Al4 |port cities into self-sustainable energy ports—a case st %@f tal, X\;Ic\élllilgs.]ournal of Maritime
Copenhage-Malmé Port (CMF
Securing a port's future through Circular Economy: Carpenter. et

A15 |Experiences from the Port of Gavle in contributing to al ?2018)’ Marine Pollution Bulletin
sustainability "

A16 Deep decarbonisation pathways for the industrial clustefSdscha et al., |ECEEE Industrial Summer
the Port olRotterdan (2018 Study Proceedin

After analyzing the articles, we highlighted the mostlevelopment of port management. Table 3 was built after
relevant methodologies and studies regarding tleecomplete analysis of 16 articles, and then it was separated
opportunities and challenges to be addressed by Lean hhd the most relevant topics, separated into groups
in the circular port economy as an alternative for thaccording to frequency.

Table 3 Content analysis

Record Unit Context Unit Freq
Al4- Some EC ports have moved towards less dependence on fossil fuels for renewable
sources, systematic improvement of energy efficiency and optimization of waste man
Al1- Industries use port facilities that operate beyport boundarie

A10- Circular supply chains generate a higher demand for transport compared to linear suppfy
chain: 8
Al12- EC transition from ports may imply shorter, more regional and local flows of goods
when favorable transport modes are |

A15- EC can help ports respond to challenges and ensure their competitiveness in thg
limited resources, while promoting innovation and reducing environmental impac

Efficiency gains

face of
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transition can imply shorter, regional and locations when favorable modes of transport|are
use(

A15- Research on EC in ports is quite limited, although there are several practical exal
European por

A15- EC in ports can minimize the use of inputs, eliminate waste and reduce pollution] such
as maximizing the value created at each stage, improving the management of bio-basgd
resource flows and recovery of r-renewable resource flows in circuit closed efficie

A15- The EC in ports establishes beneficial relationships between companies to promgpte a
circular chail

Sustainability

A16- The production of base chemicals in the port can shift from using mineral oil prod
a feedstock to natural gas liquids, or it can be radically transformed to rely on plastic waste as
a feedstock in a cycapproach. closed carb

A16- Sustainably produced biomass is a scarce resource that is likely to be needed ag a
feedstock for lov-carbon fue

A8- Ecology is directly related to ecosystem services and sustainable deve

A8- The development of clean energy technologies contributes to the reduction of pollution i
ports and port citi¢ 7

A4- Acid wash to remove heavy metals evidenced in coni

A15- The port lifecycle in EC literature presents a case study demonstrating how both |can be
combined to help secure a sustainable future for one of Sweden's largest containers (i
ports

A15- EC in ports is a synergistic approach that combines economic, logistical and indystrial
activities with the cultural heritage of the port and the creativity of its wider community,
resulting in a dynamic, complex process and a sustainable ¢

Operational
Pr ocesses

Al- Transition from linear to circular economy using the 9R method that allows a systgmatic
distribution of ten circular economy strategies. These are recovery, recycling, reuse,
remanufacturing, refurbishment, repair, reuse, reduce, rethink, and refuse st

A3- “Cradle to Cradle” with the systems thinking approach that aims to extend the usage tim¢
for all material 5

A4- BioGenesisSM sediment washing technology that uses physical and chemical opgrationg
to wash and decontaminate pollut

A5- Digitization of processes and documents as one of thfacilitators

A5- The 3R principle, reuse, reduce and recycle resources to reduce environmenta

Operations
management

A2- The importance of port management as a success or failure of susta

A6- Adoption of digitaltechnologies for waste management processes improved sustai
goals in port

A9- The Sincro Port Platform modality, which aims to implement different means of trapsport
for a logistics service provider in a flexible and sustainable way, as well as digital for waste
management processes, has improved sustainability goals |

A6- Technologies reduce GHG emissions, through synthesis gas generators installed pn
modern ships and the transformation of waste into exploitabl

Integration of
actors

A3- The reverse logistics of materials from the closed cycle effectively contributes to the
competitive potentii

A7- Cooperation between ports and cities can be drivers of progress in the circular economy
in the port syste| 4

A9- The greening of supply chains building a potential for competitive adv:

Al12- Collaboration between ports and stakeholder co-creation must be organized, thig
effectively impacts the transition to the circular econ

Cultural
change

Al1- The evolutionary process in ports consists of successive levels of maturity and pfovides
the prerequisites for improvements that lead to the next stage. These levels drive grov
on continuous improvement and incremental changes rather than rransformation: 3

A3- Industrial Ecology aims to help companies to use their main res

A7- Land use is one of the biggest obstacles to port industrial develc
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A10- Chains with dangerous loads, require appropriate administrative licenses, or whgn the
production plant in the port uses pollutioitiensive technology, obstacles can be overcon
Investment in |ports through investment in alternative technolc

the sector Al4- There are port challenges such as insufficient budget, allocation of sources to tr ns%or
from the linear structure of the ports to circular models and integration of port development
plans in the city's municipal pla
Al4-Ports suffer from a lack of specialists, professional role and validated business fof new
Labor circular models 5
Qualification |Al4- There is no clear balance of responsibilities and gains between the urban areas ¢
and the port are

After Aspects related to the findings presented in Tablepact on the efficiency gain of circular chains [32].
3 for each of the groups are discussed below, in order@dircular chains are strategies and have the ultimate goal of
assess the managerial implications and/or correlation ioferactively supporting sustainability [44]. Therefore, via
Lean 4.0 for the adoption of the circular economy in theean 4.0 applied to the port sector, it can positively impact

port sector. the reduction of environmental problems, increase its
operational efficiency and higher quality of customer
A) Efficiency gains services, as well as economic benefits and environmental

From the adoption of Lean 4.0 Lean 4.0 in the pogreservation for the port sector and society [33].
circular economy as an alternative for the development of
port management, advantages of efficiency gains can be B) Sustainability o
Observed, since the EC can help ports to respond to SUStalnablllty has beCpme Olt]e of the maln |SS.UQS When
challenges and ensure their competitiveness in a world wigated to development in society and in the industrial
limited resources, so that inefficiencies and waste in ti§€ctor. In port cities, the sustainability relationship related
port sector are combated, as well as the flow can Eethe operating limits between ports and ships is one of the
improved in ports [10,12]. factors promoting a with Lean 4.0 approaches, and many
In this sense, innovation can be a strategy for mitigatirRprts operate beyond their limit. Lean 4.0 brings
environmental impacts, from the internal perspective of tifgistainable gains in the sector port, the sustainability
port and the neighboring community of port regions [15Fategory brings techniques to reduce gas emissions through
In this sense, the reduction of pollution through the use 8ystems for transforming waste into fuel, which acquire the
alternative fuels can be considered as an example, whR@ssibilities of being explored by ports [45].
can impact on the reduction of production costs and The production of base chemicals in ports can shift
environmental protection, via the reduction of emissiorf§om using mineral oil products as a feedstock to natural
from ports [15]. gas |.IC]UIdS, or it can be radlca_lly modified to give rise to
At the same time that it promotes innovation an@lastic waste as a feedstock in a cycle approach. closed
reduces environmental impacts, considering that ports d@rbon. Sustainably produced biomass, on the other hand,
relevant indicators for the world economy, due to their rol§ @ scarce resource that s likely to be needed as a feedstock
in global production and distribution systems. For thifr low-carbon fuel [46].
reason, they are under increasing pressure to becomeln this way, the development of clean energy
increasingly environmentally conscious [31,61]. technologies seeks to generate a broad perspective for the
EC in ports focuses on: minimizing the use of inputeduction of pollution in ports and cities [47]. For this
and the elimination of waste and pollution, maximizing théeason, the EC concept is an important factor for ports to
value created at each stage, management of bio-ba&espond to challenges and ensure their competitiveness in
resource flows and recovery of non-renewable resourtie face of limited resources, while promoting innovation
flows in a closed loop. In this way, the closed-loop modend reducing environmental impacts [31]. Another strategy
based on the circular economy, becomes viable, seekind@ removing pollutants is acid washing to remove heavy
add value to the large amount of waste generated in the ghtals and the BioGenesisSM sediment washing
sector. Some EU ports have moved towards le&gchnology to wash and decontaminate sediments. This
dependence on fossil fuels for renewable sourcetechnology has already been adopted in ports of Venice,
systematically improving energy efficiency and optimizindNew York and New Jersey, its removal varies from 60 to
waste management, in response to resource performar80%, depending on the sedimentary matrix [48]. In this
With this, the aim is to replace the linear model that th&ay, we can highlight as an important factor for the impact
port system currently adopts “take-do-discard” wittPf the environment a “green” management for companies
sustainable structures [43]. that get involved in the supply chain, allowing to obtain a
Circular supply chains generate a higher demand fépmpetitive advantage and, even so, to contribute to a
transport compared to linear supply chains, which has gHstainable environment [50].
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In this sense, studies demonstrate the advancemenvigiw of the circular processes of seaports from the
technology in equipment at container terminals as the mamdicators and makes it possible to use the method as a
factor in creating value in terms of port sustainability, agcilitator for the implementation of this new model in the
the use of advanced technologies can reduce operatpat system, enabling the construction of a human behavior
costs and improve efficiency, while at the same tim@ commitment to environment [5]. The Cradle-to-Cradle
minimizes the environmental impact. approach of Lean, which consists of creating products and

For example, equipment such as cranes, forklifts amddustrial processes inspired by natural methods,
conveyors are responsible for handling cargo within poriscreasing the useful life of materials used in ports,
and with the advancement of technology they have becomentributing to environmental preservation, reducing
more efficient and less polluting. In addition, thepollution and soil contamination, in addition to energy
technology can also be used to improve safety in tlsavings [49].
workplace by reducing the risk of accidents, with sensors
and cameras to monitor the movement of equipment and D) Oper ations management
loads, and the implementation of warning systems to avoid The Operations Management category shows how the
collisions and other risk situations. It is, therefore, a cruciglerception of port management of a port can influence the
sustainability factor in ports, allowing them to becomsuccess or decline in development and recognize the
more efficient, safe and environmentally responsible [57]mplications of Lean 4.0 for the development of the port

circular economy. In this case, an innovative port

C) Methodological tools management is necessary in terms of managing the system

In the topic of methodological tools, we highlight theand implementing a new philosophy in the sector [7,52].
use of technologies to assist the port system in the Ports and maritime shipping networks are essential for
transition to EC that can be implemented through the Le@nansporting goods and materials in the global supply
4.0 methodology. Smart digitization stands out as one ofain, but they can also be significant sources of energy
the transitions to EC, creating possibilities for new flowsonsumption and pollution. Ships and port operations
and greater data control, reducing the number of leaves thahsume large amounts of fossil fuels, emitting greenhouse
are usually used in these processes, and consequegtges and other pollutants that affect air and water quality.
reducing carbon emissions into the atmosphere [49,62]. To mitigate emissions from ships in ports, it is essential

The 3R principle is an important approach tdhat port managers adopt sustainable practices and seek
sustainability in the port sector, as it seeks to minimizenovative solutions to reduce the environmental impact
waste and reduce environmental damage in porend promote sustainability in their operations [51].
promoting the most efficient use of resources and waste Investment and the search for digital technologies are
reduction. Reuse involves the practice of reusing materigleesented as a contribution to the development of a “green”
or products before discarding them, this can includeulture in ports. The adoption of these technologies aims to
reusing transport packaging such as wooden or plastidng about improvements in indicators in the fulfillment
crates rather than simply discarding them after use. Thésustainability goals when applied, for example, in waste
reduction, on the other hand, brings a decrease in ti@nagement processes. In this way, it is possible for ships
consumption of resources and materials, involving th® map the stages of waste disposal or recycling and
reduction in the use of energy, water and raw materials éstablish short-term events during the voyage, not only
the port operation. sharing data regarding the use of digital technologies in
While, recycling, seeks to transform waste into neundividual processes, but also developing best practices in
products or materials, reducing the amount of waste thaie port system [45].
ends up in landfills or in the environment, with programs At the same time, the flexible and sustainable
for selective collection and recycling of solid waste, suctieployment of diverse transport modes in a logistics
as cardboard, plastic and metal. In addition to the 3R, ottsarvice provider framework. This allows the customer
sustainable practices in the port sector include the progshipper or dispatcher) to obtain an integrated transport
management of hazardous waste, the conservation of losalution called Synchro modality. Thus, it is defined as the
biodiversity, the use of renewable energy sources and fitexible and sustainable deployment of different modes of
promotion of environmental education among port worketsansport in a network under the direction of a logistics
and the local community [49]. service provider [48].

The importance of the transition from the linear to the
circular economy is highlighted, through the 9R method, E) Integration of actors
which uses recovery, recycling, reuse, remanufacturing, From the adoption of Lean 4.0 to promoting a CE in the
reform, repair, reuse, reduction, rethink and refusgort sector, one can observe the advantages of cultural
strategies, enabling a systemic structuring of ten circulahange in the face of the challenges of the sector. Despite
strategies of the economy through the recognition diie existing conceptual diversity, it is possible to note that
weaknesses, strengths, opportunities and possibilities foe idea of innovation is related to changes and new factors
improvement. This method provides us with a detailetthat disrupt the existing balance [53].
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In view of this, it is essential that this change badequate training and support to become adapt to new ways
promoted in view of the transformation of procedures arof working and thinking, recognizing the benefits achieved
the need for adaptability of employees, resulting in ttwith the implementation of the circular port economy, such
recognition of the benefits achieved with the developmeas cost reduction, improved operational efficiency,
of the port circular economy. The evolutionary process promotion of innovation and strengthening of the
ports at successive levels of maturity provides tlinstitutional image [6].
prerequisites for improvements leading to the next stage  In this sense, the promotion of cultural change in the

Integration between actors from a Lean 4.0 perspectiport sector requires leadership and commitment on the part
can be characterized, for example, with the collaboratiiof companies and institutions in the sector, in addition to a
of ports with other actors in the business environmeilong-term strategic vision. Only then will it be possible to
which go beyond the value stream (value chain), such promote the necessary transformation for the
universities and centers of research, which requiimplementation of the circular economy and for the
knowledge and information to help build the circulaconstruction of a more sustainable and efficient port sector
economy in the port system and can bring many benefit<[36,53,56].
the implementation of this new approach such i Industrial ecology and the contribution to the use of key
knowledge sharing, since universities are institutions tkresources by companies account for a product throughout
constantly produce knowledge and innovation, and cits life cycle, such as tracking the flows of materials, energy
bring new perspectives and solutions for the challengand water [52]. At the same time, the use of land as the
faced by the port sector and the awareness and engagermain obstacle in port industrial development, both
of the population with the active participation of the wholapproaches cause a change of culture due to greater
society, including companies, consumers arexploitation of existing resources [36].
governments, resulting in the development of research In addition, citizens play an important role in driving
projects that seek innovative solutions for specifithe transition to a circular economy and are increasingly
challenges faced by the port sector [36,63,65] central to the implementation of other strategies in different

Industrial ecology and the contribution to the use of kegectors, influencing the demand for circular and
resources by companies account for a product throughautstainable goods and services, having a positive impact on
its life cycle, such as tracking the flows of materials, enerdhe transition to a sustainable port [58].
and water [52]. At the same time, the use of land as the
main obstacle in port industrial development, both G) Investment inthe sector
approaches cause a change of culture due to greaterFrom research on the adoption of Lean 4.0 to promote

exploitation of existing resources [36]. a circular economy in the port sector, one can observe the
need for and importance of investments in the sector. These
F) Cultural change investments can generate positive results, due to the intense

From the adoption of Lean 4.0 to promote a CE in theonnection  with  transport modes, technological
port sector, one can observe the advantages of cultudalvelopment, job growth, as well as improvements in the
change in the face of the challenges of the sector. Despitérastructure of the cities in which they are located and
the existing conceptual diversity, it is possible to note théteir surroundings [56]. Investment in alternative
the idea of innovation is related to changes and new factéeshnologies helping ports to overcome obstacles, such as
that disrupt the existing balance [53]. dangerous cargo chains, appropriate administrative

In view of this, it is essential that this change bécenses, when the production plant in the port uses
promoted in view of the transformation of procedures ambllution-intensive technology [35].
the need for adaptability of employees, resulting in the The port system faces challenges such as insufficient
recognition of the benefits achieved with the developmebudget, allocation of sources to transition from the linear
of the port circular economy. The evolutionary process istructure of the ports to circular models, integration of port
ports at successive levels of maturity provides thdgevelopment plans in the city's municipal plans, causing
prerequisites for improvements leading to the next stagaterference and delay in the development of ports.

Tiers drive growth based on continuous improvement and In this way, some measures and investments can be
incremental change rather than radical transformatiopsnsidered important for the implementation of these
[35]. practices, such as updating and modernizing the port

These changes involve the transformation dhfrastructure, including the implementation of state-of-
procedures, the need for adaptation of employees and the-art technologies and equipment that allow greater
recognition of the benefits achieved with the developmenperational efficiency and lower energy consumption,
of the circular port economy. Employees in the port sectqualification and training of employees to adopt Lean 4.0
play a key role in adopting more sustainable practices aadd the circular economy, in addition to creating incentive
promoting the circular economy, and it is important thgirograms so that employees are more engaged and
they are engaged and committed to this change in tbemmitted to sustainability. In addition, the
routine of professional activities [56] and that they receivienplementation of environmental management systems
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and certification by regulatory bodies can be important change, investments in the sector and qualification of the
ensure that the adopted practices are effective eworkforce. In addition, Lean 4.0 allows for guidelines for
internationally recognized [54]. actions aimed at reducing errors and operating time in
Finally, we can highlight the need for investments iproduction, increasing production and reducing costs and
research and development of new technologies ausing resources, reducing operations and increasing
solutions for the implementation of the CE in the posupervision. In addition, the management tools arising
sector. This can be done in partnership with universitifrom Lean in line with the technologies of industry 4.0
and research institutions, aiming at innovation armake it possible to streamline support in decision-making
continuous improvement of adopted practices [43,62]. in an agile way. Through the listed actions, port processes
and operations can be improved from a sustainable
H) Labor qualification perspective. Since Lean 4.0 is an enabling approach for
With the aim of reCOgniZing the main implications (0] imp|ementing improvements in the sector.
Lean 4.0 for the development of the circular port econon  Thys, the tools from Lean 4.0 can help deal with the
the contribution of qualified professionals during thirgot cause of the port sector's obstacles in the transition to
transition is important. The results of an organization agc and avoid future problems, driving an improvement in
related to the capacity of its professionals, however, tport management within the national and international
number of companies that prioritize professionals (competition environment. In this way, it is possible to
excellence is still low [55]. apply the Lean 4.0 concept in the port circular economy
The shipping industry is one of the most globalized (and obtain efficiency gains, develop a sustainable port, use
all industries, characterized by complex modular suppmethodological tools for the development of port
chains, inCIuding a Iarge outsourced workforce (management, promote cultural Change and the
temporary workers from developing countries anqualification of the workforce.
countries in transition around the world. Despite long- |ean 4.0 practices tend to be impactful, as the
standing efforts by international bodies to regulate thgundations of Industry 4.0 allow a better understanding of
education and training of seafarers, differences in practic@gstomer demands and accelerate the processes of sharing
and standards persist [43,60]. In this sense, Lean aimsbrmation in real time. With this, it improves efficiency
the continuous development of people, througnd port operations in order not to exceed service limits
development through the management of the professionald promote a circular and sustainable port.
routine, thus, the organizational culture of employeesinthe The achievement of results in ports will depend on
port sector aimed at continuous improvement, from th@chnology and operations strategies, to be able to operate
perspective of Lean, are based in training and developmemt conjunction with processes, trained and qualified
of people based on the scientific method [56]. professionals is essential to promote a change in culture
Due to the lack of qualified professionals, there is nghd procedures, since the findings indicated that Lean 4.0
clear balance of responsibilities in the port sector, igresents itself as a simplifier for the implementation of EC
addition to the lack of experts and validated businessegd innovative technologies for the development of ports,
which makes it difficult to develop circular models in port%ince it enables the alignment of a new management that
[43]. The qualification of the workforce is an importanidentifies waste, develops a culture based on the proposed
factor for developing professionals, enabling them tgodel and increases the competitiveness of the sector.
understand their responsibilities and obtain results such aspased on the findings of the study, we show that Lean
qualified labor and operational efficiency for the4 g allows reducing waste in port processes and operations,
development of ports in the EC context [10]. In additioras well as presenting lean and technological strategies for
Lean 4.0 allows developing new skills and abilities ofhe development of a modern and sustainable port. So that
employees through learning routines [40], so that obstaclgg port sector transitions from the linear economy to the
linked to lack of knowledge, methods and techniques fefrcular economy, guided by the Lean 4.0 concept.
adopting EC in the port sector can be developed from the Thijs work is limited to theoretical findings arising
Lean perspective. The Toyota Kata concept allows thgym systematic searches in the literature. Thus, future
development of a culture of continuous training oktudies can be directed to identify in practice the

employees based on Lean and the scientific method to deghilenges and strategies to adopt EC in ports in the
with the continuous improvement of the port sector angerspective of Lean 4.0.

change in the culture of the actors in the port sector [56].
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Abstract: In today's manufacturing industry, digital transformation has become a focal point for academia and
practitioners due to its potential to drive supply chain management and sustainability outcomes. This transformation
provides numerous opportunities to improve strategic, tactical, and operational capabilities to meet sustainability goals.
However, the high level of uncertainty associated with digital transformation programs has created doubts among many
manufacturing companies about the successful adoption of digital transformation in their supply chain processes. While
previous studies have examined digital transformation technologies and their implementations in supply chains, little
attention has been given to the drivers and barriers associated with adopting digital technologies for sustainable supply
chains, especially in the context of manufacturing. Therefore, this study aims to fill this gap by providing a comprehensive
overview of digital transformation adoption in manufacturing supply chains and identifying the critical drivers and
barriers to successful digital transformation implementation. A total of six barriers and eleven drivers have been selected
from the literature. Finally, this study provides insights for decision-makers to overcome the main barriers that hinder the
successful implementation of digital technologies in supply chain functions, which can lead to a higher ethical supply
chain level from a sustainability and operational efficiency perspective.

1 Introduction potential to revolutionize the way SC processes are
Over the past few vyears, the term --digitapxecuted by making them more efficient, transparent, and

transformation” (DT) has gained significant importance ifeécure [3,7]. In addition, they help manufacturing
the business world [1]. This is due to the impact of digitiompanies —enhance flexibility, transparency, and
technologies on manufacturing processes, which has leddi@ductivity, generate innovation and optimize SC
a change in the way businesses operate. This chang@Rgrations. Therefore, integrating digital transformation
often referred to as the second machine age. Due to Rehnologies into business models and SC operations leads
competitive and volatile nature of the trading environmenf@ more efficient and sustainable operations [2]. DT
organizations must develop capabilites to handl@volves the entire business and needs to be m_tegrated into
technological and operational mutations [2]. Thus, DT h&®rporate strategy. It allows firms to achieve more
become a buzzword concept. For example, in Germany, §riisfactory customer service, enhanced relationships with
transformation of manufacturing companies into digitafuppliers, creating real-time visibility on their internal and
entities is called "Industry 4.0" [3], whereas in the Unite@xternal operations, and thus, a more potent competitive
States, the term "industrial internet" is commonly used [4¢dge [8,9]. Reaching well-balanced sustainable supply
However, DT is broadly characterized as leveraging digit&hain performance levels depends on tracking current
technologies to devise novel business models af@chnological trends and being aware of digital
opportunities that align with the rapidly changing busineggansformation while focusing on operational excellence.
landscape, which puts intense pressure on supply chiinthis context, DT represents a strategic decision that can
managers [5]. As a result, many organizations haygsult in improved supply chain performance and
adopted DT to improve systems integrations [6]. Theompetitive advantage [10,11]. _ _
significant transformation in supply chain management Despite the potential advantages and benefits of DT in
(SCM) is due to the emergence of disruptive technologi€ operations, its adoption is subject to high levels of
under digital transformation, such as the internet of thinggicertainty, leading many manufacturing companies to
(I0T), cyber-physical systems (CPS), big data analyti¢pubt its adoption. This uncertainty arises from the various
(BDA), machine learning (ML), cloud computing (CC),operational, environmental, social, and financial factors
radio frequency identification (RFID), and business-tothat affect the long-term performance of companies
business (B2B) networks. These technologies have tHe2,13]. However, DT adoption in sustainable supply
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chains (SSCs) is not free from barriers. Few scientific RQ3. What insights can be provided to practitioners
studies have been conducted on the barriers to DT and policy-makers to overcome the identified DT
adoption. Some have developed a conceptual framework to adoption barriers?
address these barriers in the manufacturing context [12], The paper is structured as follows: Section 2 describes
while others have focused on analyzing the barriers to Qfie methodology used to conduct the study. Section 3
adoption in the supply chain context [9], High-Technologprovides a comprehensive review of the relevant literature.
Manufacturing [14], and logistics service providers [15]in Section 4, the study focuses on identifying the drivers
Some research has even looked into barriers specificdnd barriers to DT adoption in SSCs. The main findings
micro, small, and medium-sized enterprises (MSMEg)nd related discussion are presented in Section 5. Section
[16]. However, there are only a few studies on the drive6s discusses the study’s implications. Finally, the
and advantages of DT adoption in the supply chain conteednclusions and recommendations for future research are
[15,17,18]. outlined in Section 7.

However, current research has not tackled the
taxonomy of DT drivers and barriers in SSCs from 2  Research methodology
manufacturing context. To fill this gap, the authors have The first objective of this study is to conduct a literature
conducted a comprehensive overview of DT adoptiofyiew focused on DT technologies and their adoption in
drivers and barriers in the sustainable supply chain contexiscs. with the aim of identifying the key drivers and
The novelty of the proposed paper includes the selectiongfrriers associated with DT adoption in SSCs. To achieve
the DT adoption drivers and barriers in SSCs from @js the authors have used online databases such as
manufacturing perspective based on current literaturecopus and 1SI WEB OF KNOWLEDGE to select
Therefore, the main objective of the proposed study W@sievant peer-reviewed journal papers and book chapters.

translated into the following research questions: These databases are widely recognized as two of the most

* RQL What barriers hinder DT adoption in SSCs fromtomprehensive and reputable academic research tools
the manufacturing context? globally [11]. In addition, a total of eleven drivers and six

* RQ2. What are the drivers of DT adoption in SSCsarriers to DT adoption in SSCs have been selected
from the manufacturing context? through an extensive literature review.

Figure 1 provides an overview of the step-by-step
research methodology followed in this study.

S
Databases a SCOPUS and IS WEB OF
selection i KNOWLEDGE
Time range: | cottection | Title, abstract, keywords based approach:
2015-2023 of papers o Digital transform ation adoption in
sustainable supply chains.
™~ o Digital transform ation barners
Sorting the papers o Digital transform ation drivers
based on: o Digital transform ation adoption
e Vearwise driversin sustainable supply chains
L e Joumal-wise ) e Digital transform ation adoption
l barriers in sustainable supply chains
7 ~ e DT adoption drversin supply chains
Analyzing the research o DT adoption barriers in supply chains
papers addre ssing
DT and its adoption in
33Cs
. T J
4 \
Identification of DT
adoption drvers and
barriers in35Cs
\ J

'

Identification of research issues

Figure 1 Step-by-step research methodology
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3 Literaturerevien reshape how they create and deliver value to their

3.1 Digital transformation customers [37].

DT has become widely recognized as a driving force L ) )
for academicians across various disciplines, as well 82 Digital transformation for sustainable supply
practitioners and decision-makers [15]. DT involves digital chains
platforms, high-level asset management, and inter- Digital technologies arising under the DT umbrella
organizational and intra-organizational interactionfave created numerous opportunities and positive
induced by digital technologies [2,19]. Over the 21sgxpectations for reducing the environmental impact of
century, the digital policy has evolved from a decentralizegkpanding supply chains and conserving resources [2,38].
hierarchical functional structure to a globally connecteBT technologies across the SC network help achieve SDGs
IT-enabled network structure [20]. DT enables newy creating more visibility into the system concerning
business workflows and extends the trading environme@missions [39]. This highlights the need to move from a
by utilizing digital technologies [21]. At a high level, DT classical supply chain to a sustainable and digitally enabled
leverages digitally integrated technologies to develop moé#ie [26,40]. This transformation includes product
intelligent  manufacturing  processes.  Innovativelevelopment, procurement, manufacturing, logistics,
technologies under digital transformation, such as loBuppliers, customers, and services [41]. In addition, DT
CPS, BDA, ML, CC, and RFID, lead to smarter productiotechnologies provide crucial advantages for SCs, such as
processes as they are the prerequisites for a smarter criggroving information availability and creating real-time
linkage of systems [22,23]. According to Nayal et al. [13}ransparency, agility, and flexibility, which leads to
DT is the process by which organizations transform theinproved profitability and efficiency, optimized SCM
business models and eco-system by engaging digifgactices, and reduced cost and delivery times, thus,
capabilities. Also, digital technologies provide numerougontributing to sustainable development [2,42].
socio-managerial and strategic opportunities for For example, blockchain technology (BT) is a
organizations. They generate opportunities to create matecentralized technology that guarantees information
flexible, responsive, and integrated business models Bypnsparency, traceability, and security. BT differs greatly
networking with a broad range of partners, includinggom other information systems (IS), such as enterprise
customers and suppliers [24]. Due to these disruptivesource planning systems (ERP), by having four key
technologies, companies could generate additiontgatures in its design: non-localization (decentralization),
customers, revenues, and business value [25]. Thus, Bacurity, verifiability, and intelligent execution [43].
features a new way of using and connecting digit&during the last years, companies adopted ERP systems for
technologies, blurring corporate boundaries [26] aridheir SC processes [44]. However, they lacked an overall
allowing new market behaviours and transactions [27iew of their SC, as they were unable to track their
Despite being risky, DT drives long-term organizationgproducts’ status beyond their SC network [45]. Moreover,
performance by reshaping the overall financial valu=RP, as a centralized system, saves all information in a
creation process [28], particularly internal processes asthgle central location/server, which makes it easy to be
customer and supplier relationships [29,30]. Thereforaftacked, corrupted, and hacked [46]. BT is a solution for
decision-making has shifted from the asset level to the fldbis issue as it improves SC processes and makes the SC
one [31]. system energy efficient, thus increasing customers' trust

Despite the numerous benefits of DT, the adoption @hd further enhancing SC performance [47,48].
DT is challenging for incumbent organizations. As theyurthermore, BT plays a crucial role in achieving SC
seek to break new ground in their digital business modélstainability, addressing sustainability challenges through
they frequently face trade-offs between traditional and neifye use of immutable and decentralized data, transparency,
working methods [32,33]. In short, Digital transformatiorand smart contractual relationships to solve growing
leads to three fundamental changes within companiesstainability concerns [49,50]. Aside from the above, BT
namely digitally-enabled and interconnected operationgpuld decrease the environmental and social issues related
digitally-enabled communication, and new value creatioi® SC by reducing and controlling the recall and rework
patterns through digital innovation or acquired digital dat#51].
These changes are evident across all industries worldwide. Likewise, 10T meets the requirements of the
Organizations could initiate minor changes, such aistainability pillars [52]. It involves a set of devices
disconnected digitization efforts, to progressively shifinterconnected with each other to exchange data that
their traditional business model into a digital onefequire minimal or no human intervention by using sensor-
However, DT can require a significant deviation from th&ased technology. 10T technology could contribute to
status quo and make existing business models obsolegerational efficiency and revenue growth, providing a
[34,35]. As a result, DT forces companies to reconsidépmpetitive advantage for companies that can implement
their managerial practices [27,36]. So, manufacturing [53]. However, 10T also poses security risks and
companies need to develop their digital capabilities t#fruggles to manage and control information shared among

stakeholders [52,54]. To address this issue, 10T can be
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integrated with BT to enable effective stakeholder dafesent and predicting future social problems, BDA

exchange and enhance SC profitability [54,55]. capabilities align with the Triple Bottom Line and
Furthermore, big data analytics (BDA) is characterizedontribute to enhancing sustainability performance

by the collection, extraction, and storage of massi&6,60,65].

datasets, commonly known as the “6Vs” ( Volume,

velocity, variety, value, veracity, and variability) [56]. 1t4 |dentification of digital transformation

associates with analyzing and examining extensive adoption drivers and barriers for
amounts of data with variable types to identify hlddend sustainable supply chains

patterns, trends, and correlations using advance A ious| d desoi h h d
technologies to enhance operational efficiency and further S previously stated, despite the strengths an
dvantages of DT technologies in SC operations and

explore new markets and opportunities [57]. BDA ha80Vvan bil h on DT adootion in SSC
become vital for organizations and society [58]. Indeed,tl*?é’St"’“na llity concerns, research on adoption in SSCs
s been unexplored in the extant literature review.

complexity of supply chains makes monitoring S o . "
plexity PRy 9 anufacturing firms strive to reach the global competitive

functions difficult, especially when following a : d q . hil hievi
sustainability agenda, since some SC players might not%@var_]tage of products and services while achieving
stainable development goals. This comes by creating

transparent [59]. However, BDA helps to analyze dati! isibilit q t 1 SC .
from each SC player at different decision-making level r?re fV'S' ('j' y an d.ra.?slpareancy t'f? bl operla |or|]15_.
which can help in SC planning and visibility decisions [60]. eretore, designing digital and sustainablé supply chain

From the sustainability perspective, BDA could minimiz %?tef_“s IS ne%dedh_to eérglénca SC prcgllgabtljhty_an.d
delivery time by integrating numerous customers, whicfTectiveness and achieve SDGs. However, adoption Is
ot free from barriers. For this paper, barriers are related to

can be achieved through real-time information sharing, . . .
thus reducing energy consumption [61,62]. Also, BD actors that hinder and prevent the implementation of DT

allows SC members within each SC function to uncovdp the sustainable supply chain context. These factors affect

unsustainable and unethical activities or other negati\r)%aEUleiCtL.mngf compar1{|e{s b.?fforts to i ad?_||ot DT
environmental conduct, as well as it could measure carbfF'nologies from a sustainability perspective. However,

emissions and air pollutants [63,64]. BDA applications a e drivers of digital transformation adoption in SCs refer

also likely to support SSCs from the social dimension the fac'gors that motivz_ﬂe organizations to adopt digital
minimizing SC risks related to the procurement o chnologies and strategies to improve SC operations.

goods/services [65]. Additionally, BDA can minimize _Tables 1 anc_i 2 summarize the Iltergture relqted to
supply chain risks related to procurement and supp ivers anq barriers to digital technologies adoption in
social sustainability. By comparing past performance withlPPly chains.

Table 1 Summary of studies investigating drivers of DT adoption in different supply chains

References Analytical methods Key features
Gupta et al. [7] Literature review and BeMtforst Methogldentification and ranking of digitizati
(BWM) based on experts' opinions. enablers for supply chain
performance improveme
Yang et al. [25] Literature review Identification of the main drivers behi
manufacturing firms' adoption of digi
technologie
Queiroz et al. [32] Conceptual analysis Exploring the enablers and capabilitie

digital supply chain

Agrawal and Narain [35] Literate review, expert interviews, dldentification and Analysis of the k
Interpretive Structural Modeling (ISM). |enablers for digital transformati
implementation in supply chai
Alzarooni et al. [36] Literature review, Decisiomaking tria|ldentification and analysis of the m
and evaluabn laboratory (DEMATEL)enablers for digital supply cha
and Interpretive Structural Modeling (ISl|transformation in the service indus
Yadav and Singh [48] Principal Component Analysis (PCA) gldentification and analysis of blockch

Fuzzy-Decisiommaking trial an(critical success factors for sustaing
evaluation laboratory (DEMATEL). supply chains.

Attaran [66] Literature review Exploring digital technology enablers &
their implications for supply cha
managemer
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Table 2 Summary of studies investigating barriers to DT adoption in different supply chains

References

|Analytical methods

Key features

Kumar Dadsena and Pant

[6terature review and Fuzzy Analy|
Hierarchy Process (FAHP) based on expg
opinions

Identification and ranking of supply ch
digitalization barriers in the light
sustainable development go

Agrawal et al. [9]

Literature review, experts' interviews, §
Interpretive Structural Modeling (ISM).

Identification and analysis of the mg
barriers to digital transformati
implementation in supply chai

Jones et al. [12]

Literature review and research agenda.

Description of DT in manufacturing 4
the main barriers to adopting it fbee,

during, and after the COVIR9
pandemic
Kouhizadeh et al. [49] Literature review and DecidtekingAnalysis of the main barriers

Trial and Evaluation Laboratg
(DEMATEL) based on experts' opinio

Blockchain technology (BTadoption i
sustainable supply chai

Chaouni Benabdellah et
(50]

Literature review, Analytical Hierarc

Making Trial and Evaluation Laboratq
(DEMATEL) based on experts' opinio

Process (AHP) method, and Decisitm-Blockchain technology (BT) adopti

Identification and ranking of ehbarrier

in viable circular digital supply chai
(VCDSCs)

Kusi-Sarpong et al. [57]

Literature review and Béairst Methog
(BWM) based on experts' opinions.

Selection and analysis of the main r
associated wit the implementation of b
data analytics (BDA) in sustaina
supply chain:

Moktadir et al. [61]

Literature review, Delphi technique ba
on Analytic Hierarchy Process (AHP).

Analyzing the major barriers to f{
implementation of Big Data Analyti
(BDA) in supply chains within th
manufacturing industry in Banglade

Selguk Percin [67] Literature review, Delphi method, gldentification of barriers to big dg
Pythagorean fuzzy analytic hierardanalytics (BDA) adoption in circular ag
process (PFAHP) based on exp{food supply chains in Turkey.
opinions

Bag et al. [68] Literature review and Fuzzy TolExploring the main barriers and th

Interpretive Structural Modeling (TISM).

interactions with BDA in sustainal
humanitarian supply chai

Raut et al. [69]

Literature review, DEMATEL, Interpreti
Structural Modeling (ISM), and fuz

MICMAC.

Identification and analysis of B[
implementation challenges in Ind

=

manufacturing spply chains

Through literature review, both drivers and barriers toost, and return on investment (ROI) issues [68,69,71],
DT adoption in SSCs have been identified. The mosixternal barriers which reflect the market competition and
critical drivers and barriers have been selected consideridgmand uncertainty, lack of stakeholder involvement in
the manufacturing and sustainability contexts. Indeed, ti¥T adoption, lack of industry commitment to ethical and

DT adoption drivers incl

ude process

improvementsafe practices, legal and regulatory uncertainties, and

workplace improvement, cleaner production, vertical aneelocity of technological development [50,61,70,71],
horizontal integrations, visibility, information sharing,social and environmental barriers which are related to low
sustainable technology capabilities, cost savings, wasexvironmental regulations, wasted resources, lack of
and emissions reduction [1,66,70]. However, the D@ualified human resources, lack of information sharing
barriers involve organizational barriers which are related tquality, lack of understanding of the interplay between
lack of top management support and strategic orientatitechnology and human beings, lack of collaboration
and the lack of organizational readiness [9,61,68,6%¢etween stakeholders and Lack of SC partners’ awareness
technological barriers which refers to lack of digital skillsbout social and environmental concerns and digital
and infrastructural facilities, privacy and security concerngansformation technologies [9,39,50,68,70]. Figure 2 and
low maturity levels of DT technologies, and scability3 summarizes the DT adoption barriers and drivers in
challenges [61,70], financial barriers which are related 8SCs.
high implementation and running cost, high sustainability
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External barrierg Financial barrierp
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SSCs.

Environmental
barriers

Social
barriers

Figure 2 Barriers to DT adoption for sustainable supply chains
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integration integration
Information Cleaner productio]v
sharing
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Emissions reductio

-

Cost savings

Figure 3 Drivers of DT adoption for sustainable slypghains

5 Findingsand discussion to the lack of digital skills and infrastructural facilities.

A total of six barriers and eleven drivers have beeMost of the current technologies are still not able to meet
selected from the literature review. The barriers to Dthe present infrastructure needs. For example, to run BDA
adoption have been categorized into six dimensiongfograms, data collection, storage, and processing are
organizational, technological, financial, external, sociaghallenging due to the lack of infrastructure readiness
and environmental. Organizational barriers refer to the latk0, 73]- Also, digital skills include IT knowledge, machine
of management commitment, support, and strategarning, data mining, and optimization [59,66,70].
orientation. Indeed, SC managers need to make long-teffawever, these skills are lacking in the manufacturing
commitments and support sustainable supply chaf@ntext, e;pemally in under-d_evelopmg countries. Privacy
management practices using DT technologies. Hence, #@pd security concerns can discourage SC managers from
management support is required for a sustainable at@plementing DT technologies. Data security and privacy
digitally enabled supply chain [9,70,72]. An organizatiofdre critical barriers to manufacturing companies that are
needs to define various Strategic orientationsi such \ggrried about hacker attacks. This could be possible due to
customer and supplier orientations, technologicdhe increasing exchange of information between suppliers
orientation, and smart orientation, to create successfild customers. Data security is needed for companies to
sustainable and digital transformation initiatives. Yegompete in the global market [61]. Furthermore, low
manufacturing companies worldwide need mor&aturity levels of DT technologies and scalability
management support, leadership, and relevant experieé@llenges are also affecting DT implementation in supply
to take advantage of it. In addition, it provides a cledihain systems. These technologies may lack stability and
vision and strategy for digital transformation programs ifonsistency regarding standards, and the increasing
companies. In fact, older employees are unfamiliar with tHimber of partially tested devices may lead to uncertainty
latest technology and their benefits, so without top/3,74]. Financial barriers refer to high implementation
management commitment, these employees will res@hd running costs, high sustainability costs, and ROI
change. Moreover, organizational barriers also address thgues. Indeed, data collection across the supply chain
lack of organizational readiness. So, manufacturingetwork and conversion to a digital system are costly for
companies need to create a cultural shift to cultivating@mpanies. Similarly, sustainability practices adoption

data-centric mindset [68,73]. Technological barriers refépose costs. Furthermore, the ambiguity and lack of
clarity on ROI benefits make stakeholders reluctant to
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implement DT technologies. The fear of a failed Dlpartners’ awareness about social and environmental
implementation leads to a loss of confidence in recoverimpncerns and DT technologies.

the investment made. Otherwise, high investment needs to Furthermore, the proposed study has also identified the
guarantee the readiness of new digital technologieB;T adoption drivers, which are as follows: process
resources, skilled workforce, and new organizationainprovement,  workplace  improvement, cleaner
capabilities. Manufacturing companies need to providaroduction, vertical and horizontal integrations, visibility,
digital technologies training, such as IT systems training toformation sharing, sustainable technology capabilities,
their workforce to achieve a positive return on their digitatost savings, waste and emissions reduction. Drivers can
transformation efforts [41]. External barriers reflect thdbe viewed as external or internal enablers of why
market competition and demand uncertainty, lack afrganizations embrace digital transformation [17,71].
stakeholder involvement in DT adoption, lack of industnAuto-adaptive systems handle the planning, control, and
commitment to ethical and safe practices, legal arekecution of production. Hence, the expected benefits
regulatory uncertainties, and velocity of technologicahclude higher efficiency and reduced error rates. In
development. In fact, the adoption of sustainable practicaddition, the use of disruptive technologies can ensure
and digital technologies into SC operations is timeergonomic work since robots perform complex and
consuming [67]. This could affect the organization'slangerous activities [71]. DT adoption can also improve
market competitiveness and ultimately providenanufacturing processes while minimizing breakdowns
competitive risks, including uncertainty regarding thend setup times. This leads to reducing costs. Sensor
market demand for sustainable products, customi&rchnology collects data directly at the operational level
behavior, and future sales [49,75,76]. External pressurasd processes it for integration at the management level.
and support from external stakeholders to adofithe associated control information is returned through the
sustainability practices and DT technologies could pudfierarchy to the production systems [75,76]. With this
manufacturing companies to integrate them into their S@formation exchange, production-level planning can be
operations and activities. However, the inappropriat@ore accurate, leading to running a wide range of products
government and industry policies and commitment to drivend production in smaller lots. Otherwise, the integration
and support sustainable and safe practices act asofavarious IT systems used in different SC functions and
roadblock to achieving sustainability and advancedctivities allows better exchange of materials, energy, and
technologies in business processes [43,49]. Finally, sociaformation within the supply chain system. Digital
and environmental barriers refer to DT technologies arichnsformation serves the environmental pillar of
their relationships with the two pillars of sustainabilitysustainability, as it fundamentally involves optimizing
These barriers include low environmental regulationsesource consumption, energy efficiency, and waste and
wasted resources, lack of qualified human resources, laghissions reduction, thus enhancing SC profitability and
of information sharing quality, lack of understanding of theffectiveness.

interplay between technology and human beings, lack of Tables 3 and 4 classify and rank key drivers and
collaboration between stakeholders, and lack of Skarriersto DT adoption for SSCs.

Table 3 Key drivers associated with DT adoption for SSCs

Rank Drivers Ngmb_er of Sour ce
citations

1 |Information sharin 9 [1,2,25,32,36,40,48,66,7

2 |Visibility 8 [1,2,35,40,48,65,66,7

3 |Emissions reductic 7 [2,25,30,35,40,70,7

4 |Cost saving 6 [32,35,40,48,66,7!
Waste reductio 6 [2,12,30,40,66,7!
Process improveme 5 [25,38,48,52,7(

5 [Cleaner productic 5 [2,30,36,38,7(
Sustainable technology capabili 5 [1,30,40,70,7¢
Workplace improvemer 4 [15,25,38,52

6 |Vertical integratior 4 [12,25,34,3€
Horizontal integratio 4 [12,25,32,34
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Table 4 Key barriers to DT adoption for SSCs

Rank Barriers Number of Source
citations

1 |Organizational barrie 14 [6,9,12,14,16,49,50,57,61,67,68,69,71
Technological barrier 14 [6,9,12,14,16,49,50,57,61,67,68,69,71

2 |Financial barriel 13 [6,9,12,14,16,49,50,61,67,68,69,71

3 |Social barrier 8 [6,12,50,57,67,68,69,7

4  |Environmental barrie 6 [6,9,12,49,50,6°

5 |External barriel 4 [6,50,67,71

6 Study implications the importance of addressing them. Therefore, they could

This study contributes to digital transformation andtart to take the abovementioned initiatives sequentially to
sustainable Supp|y chain management researéH“y develop the required Capabilities for a sustainable and
Nonetheless, quantitative and qualitative studies on drive#igitally enabled supply chain.
and barriers to DT implementation for SSCs still need to
be included. Firstly, both drivers and barriers have beeéh Conclusions
selected from the current literature. The selected drivers The present work aims to identify and discuss the key
and barriers may provide a roadmap for academia addvers and barriers to digital transformation adoption for
policy-makers to comprehensively overview digitakustainable supply chains from a manufacturing context.
transformation implementation in the supply chain contexthe adoption of DT is the main agenda for both developed
Manufacturing companies need to introduce suitablnd developing countries in the context of manufacturing.
strategies to achieve a high level of success in tl@&urrent research has not tackled the taxonomy of DT
implementation. Findings reveal that decision-makedrivers and barriers in SSCs from a manufacturing context.
should consider the organizational, technologicallherefore, this study was conducted in two stages to fill
financial, external, social, and environmental barriemhis gap. First, the authors have analyzed the past and
before the DT implementation. However, manufacturingurrent literature on DT and SSCs. This step was important
companies need to create and retain a sense of urgencfoasinderstanding the current status of digital technologies
a first step in the digital transformation process, as mamyplementation in manufacturing supply chains. The
firms have already started implementing digitasecond step was to select the critical drivers and barriers
technologies in their business activities. Alsofrom previous studies. A total of six barriers and eleven
organizations should create a suitable environment thdtivers have been selected. A comprehensive grasp of DT
focuses on innovation, a culture of commitment, and dimensions is needed to shift to sustainable and digital
digital mindset at all decision-making levels. The resultsupply chain systems successfully. The selected drivers
also argued that manufacturing companies require datan motivate manufacturing companies to shift supply
scientists and analysts, as they can collect, refine adldains from a classical level to a sustainable and digitally
analyze data. In addition, digital transformation programenabled one. Digital transformation program allows
could only be successful with these skills. Digital securitpnanufacturing companies to process improvement,
skills, mobile technology skills, blockchain, 10T, and cloudvorkplace improvement, cleaner production, vertical and
computing skills are also required for the digitahorizontal integrations, enhanced visibility, high level of
transformation of firms. Therefore, manufacturingnformation sharing, enhanced sustainable technology
companies need to invest in specific training and hiringapabilities, cost savings, and waste and emissions
programs to enhance workforce skills and allow them t@duction. A better understanding of the drivers allows
cope with new technologies and smart digital solutionsaanufacturing companies to proactively and positively
Otherwise, SC managers should promote the benefits sifape the digital adoption process. However, DT barriers
digital technologies and improve collaboration byhave been explored to mitigate the risk of implementation
improving the quality of information sharing among SQailure. These barriers have six dimensions: organizational,
partners, focusing on organizational, technologicalechnological, financial, external, social, and
financial, external, social, and environmental barriers. l&nvironmental. Overcoming these roadblocks will increase
units and organizations must jointly formulate sustainabtbe successful adoption of DT and, subsequently, the
and digital strategic plans to address all the opportunitieffectiveness and efficiency of supply chain systems.
to cope with all selected barriers and further achieve However, this study had limitations that paved the way
sustainability goals. This study is the first to identify théor future research directions. Firstly, this research could
drivers and barriers to DT implementation in SSCs fromaot be generalized, as it was devoted to the manufacturing
manufacturing context. sector. In addition, the selected barriers and drivers need to

From the above discussion, a clear overview of drivelse checked by experts. Their insights and feedback can
and barriers will allow manufacturing companies to realizeelp to ensure the relevance and accuracy of the identified
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drivers and barriers, thereby enhancing the overall quality Transformation on Supply Chain Process Management
and reliability of the study. This makes it challenging to Using Text Mining,Processesyol. 10, No. 5, pp. 842,
generalize the obtained results. Future research could apply2022. https://doi.org/10.3390/pr10050842

other potential unique techniques to select the key barrigég§ KUMAR DADSENA, K., PANT, P.: Analyzing the
and drivers, such as qualitative studies and direct barriers in supply chain digitization: sustainable
interviews. Although the proposed paper is the first to development goals  perspective, Operations
identify the barriers and drivers of DT implementation in Management Researctol. 2023, 2023.

sustainable supply chains from the literature, quantitative https://doi.org/10.1007/s12063-023-00351-6

studies are needed to prioritize key barriers, sub-barriefg] GUPTA, H., KUMAR, S., KUSI-SARPONG, S.,
and drivers and evaluate their cause-effect relationships. JABBOUR, C.J.C., AGYEMANG, M.: Enablers to
Thus, multi-criteria decision-making (MCDM) methods  Supply Chain Performance on the Basis of Digitization
could be considered for this analysis. Moreover, a Technologiesindustrial Management & Data Systems,
systematic approach is needed to identify key drivers and Vol. 121, No. 9, pp. 1915-1938, 2021.
barriers, allocate available resources wisely, and create thehttps://doi.org/10.1108/IMDS-07-2020-0421
environment necessary for sustainable and digital supgB] ALSUFYANI, N., GILL, A.Q.: Digitalisation
chain systems. Empirical evidence on ranking DT drivers Performance Assessment: A Systematic Review,
and barriers and assessing their relationship should be Technology in SocietyVol. 68, No. February, p.
carried out for both developed and developing countries. 101894, 2022.

However, future studies need to be directed toward https://doi.org/10.1016/j.techsoc.2022.101894
different sectors. In the future, DT adoption strategies f§®] AGRAWAL, P., NARAIN, R., ULLAH, I.: Analysis of
sustainable supply chains can be pinpointed and assessedarriers in Implementation of Digital Transformation
using empirical research models such as small sample sizesof Supply Chain Using Interpretive Structural
using structural equation modeling (SEM). Furthermore, Modelling Approach, Journal of Modelling in
future conceptual frameworks and empirical evidence Management,Vol. 15, No. 1, pp. 297-317, 2019.
about the impact of digital transformation adoption and https://doi.org/10.1108/JM2-03-2019-0066
sustainable supply chain performance may be investigadd] MANGLA, S.K., KUSI-SARPONG, S., LUTHRA,

to evaluate to what extent manufacturing firms could S., BAIl, C., JAKHAR, S.K., KHAN, S.A.
involve digital transformation technologies to improve Operational Excellence for Improving Sustainable

their sustainable supply chain performance. Supply Chain PerformancBRgsources, Conservation
and Recycling, Vol. 162, No. November, p. 105025,
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Abstract: This study aims to measure the overall technical efficiency score and analyze its determinants in the Vietnamese
shipping industry. The data used in the study is the enterprise census data set collected by the General Statistics Office of
Vietnam from 2016 to 2020. A major difference in this study compared to other empirical studies about the efficiency in
Vietnam is that we applied the stochastic frontier analysis with four random components. The results of measuring
efficiency scores show that: The average overall technical efficiency (OTE) score of Viethamese shipping firms is 0.539.
In which the persistent technical efficiency (PTE) score averaged 0.883 and the transitory technical efficiency (TTE)
score averaged 0.60. It shows that the potential for operational efficiency of Viethamese shipping firms is still very large.
The results of the analysis of the determinants of OTE showed that. Internal firm characteristics such as firm size, firm
age, return on equity of firm have a positive effect on OTE. And state-owned firms are less efficient than non-state firms.
Besides, factors such as participation in international shipping, the quality of economic institutions also have a positive
relationship with OTE. However, financial constraint, specifically the level of credit outstanding, is the main cause of
slowing OTE growth.

1 Introduction trade agreements such as Comprehensive and Progressive

Ocean shipping plays an important role in the logisticAgreement for Trans-Pacific Partnership (CPTPP),
service chain, and it is even more meaningful for countrié&ropean-Vietnam Free Trade Agreement (EVFTA),
with long coastlines like Vietnam. Well aware of this, thékegional Comprehensive Economic Partnership (RCEP)
12th Central Committee of the Communist Party dpeing signed and put into effect. Therefore, the volume of
Vietnam issued Resolution 36-NQ/TW in 2018 on thg0ods through Vietnamese seaports is growing.
strategy for sustainable development of the marinepecifically, the volume of goods through Vietnamese
economy. This resolution emphasized that "By 2030, ttf€aports reached 692 million tons in 2020, up 4%
shipping economy will take the second position in theompared to 2019, of which container cargo reached 22.41
development strategy of Vietnamese marine econoniiillion TEUs, up 13% compared to 2019 [1]. This has been
sectors, focusing on the effective exploitation of seaporééeating great advantages for the development of
and shipping services". And to do this, the Government hietnamese shipping firms.
issued Resolution No. 26/NQ-CP on the master plan and 5- Although Vietnamese shipping firms have experienced
year plan in the strategy of sustainable development ®hd significant growth over the years, this development is
Vietnamese marine economy to 2030, with a vision t80t commensurate with the role and position of Vietnam.
2045. The volume of goods imported and exported by sea in

Over the years, the system of Vietnam's seaports héi¢tnam is largely handled by foreign shipping lines. The
developed strongly and has received the world's largdaernational shipping market share of Vietnamese
tonnage ships to transport goods. Seaports meet the ne@tBping firms tends to decrease, mainly exploiting short
of ships entering and leaving the port, the waiting time fdPutes to China and countries in Southeast Asia. Sea
ships to dock at the port is short, well serving the clearanéé@nsport routes to developed countries in Europe and
of import and export goods and goods transporteynerica are almost_lmposs_lble for. dpmestlc firms to
domestically. Moreover, Vietnam is integrating deeply andndertake. Vietnam's international shipping vessels are still

widely into the world, as evidenced by new generation fréry limited in meeting the requirements of safety,
maritime security and environmental protection, so many
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ships are kept in foreign seaports. New-generation fréechniques to find a set of weights for each firm that
trade agreements expand the transport market foraximizes their relative efficiency score [8]. There are two
Vietnamese fleets in other developed countries, but thechniques following the non-parametric approach: Data
domestic transport market will also have to open to foreigenvelopment Analysis (DEA) and Free Disposal Hull
fleets. The services of transporting empty containers aégproach (FDHA), in which DEA is the popular use. DEA
consolidating goods for domestic seagoing vessels wilieasures technical efficiency by estimating the production
face fierce competition, which may lead to Vietnameskontier based on research data. The most effective
shipping firms losing their domestic market share. lsombinations will lie on the frontier and TE is measured by
addition, the fleet structure of firms is not reasonable, sméafie concept of the distance function from the frontier [6,9].
tonnage ships and bulk carriers account for a largehe concept of "data envelope analysis" was first used by
proportion, large transport ships and container shi$0]. From the idea [3] of the production frontier and the
account for a very small number. Human resources of thee of linear programming techniques in the analysis of
shipping industry are lacking and weak in quality. On thisoquant curves, [10] developed a model to measure the
other hand, with the achievements of the fourth technologjficiency of decision-making units (DMUs). They used
revolution, the trend of applying technology to the logisticthe input-oriented distance function concept and assumed
platform is accelerating and has a great impact on thenstant return to scale in this model. Several other studies
efficiency of a supply chain [2]. However, the logistichave developed this method by removing the above
platform of Viethamese shipping industry is still weak andssumptions [11]. The DEA builds the production frontier
has not caught up with developed countries. The abokeased on the data, so it does not need to make assumptions
factors will lead to low operational efficiency ofabout the functional form or distribution of the efficiency
Vietnamese shipping firms. The competitiveness of firmiactor. But the frontier of this method is very sensitive to
is not high, and it is difficult to win shipping contracts indominant observations because it is made up of the most
the market. efficient combinations. Furthermore, the DEA does not
Measuring efficiency at the firm level was suggested ake into account the influence of statistical noise. In order
[3], which uses concept of efficiency by [4] and radialo overcome these Iimitations, [12] introduced the
efficiency measure by [5]. Efficiency measures can Heootstrap technique to analyze the sampling
divided into three different measures: technical efficiencgharacteristics, thereby obtaining the confidence intervals
(TE), allocative efficiency (AE) and economic efficiencyof the estimate. However, DEA still does not allow us to
(EE) [6]. In which, technical efficiency (TE) is the ability perform statistical tests and this is one of the biggest
to minimize using inputs to produce a given output vectadimitations of this method.
or the ability to obtain maximum output from a given input Meanwhile, the parametric approach uses maximum
vector. It reflects firms trying to avoid waste by optimallylikelihood estimation techniques to compute the frontier
combining the inputs of the production process [6Junction on a given sample [8]. With this approach, one
Besides, the identification of factors affecting technicaleeds to assume that all industries use the same technology
efficiency is also a very important issue to identify thand have the same production frontier. There are three
source of inefficiencies in production [7]. main techniques in parameter frontier estimation, namely
Stemming from the above reasons, this study aims stochastic frontier analysis (SFA), thick frontier analysis
estimate the overall technical efficiency of Vietnamesg€l'FA) and distribution free analysis (DFA). Of these, the
shipping firms. At the same time, the study will construcitochastic frontier analysis is most commonly used. SFA
and analyze the model of the factors that determine thees econometric models to estimate production frontiers
technical efficiency of firms. The results of the study arand the technical efficiency corresponding to these
an important scientific basis for planning new developmefitontiers. Although SFA requires imposing a specific
policies for Vietnamese shipping industry. parameter form for the common technology and assuming
a specific distribution for the inefficiency term, it deals
2 Literaturereview and theoretical basis with random noise and allows for statistical testing of
2.1 Estimation of technical efficiency hypotheses regarding production structure and level of
Since its suggestion by [3], the measurement arfgefficiencies [13]. Thus, it becomes one of the most
analysis of technical efficiency has been of great interestRgWerful techniques in technical efficiency measurement
economists. Along with the development of computationdpday. Since first independently introduced by [14] and
techniques and the application of mathematics 2], SFA has been developed through increasingly more
economics, methods of measuring and analyzing techni@lvanced theoretical models. It is widely applied in
efficiency have been strongly developed. Those methofficiency and productivity research in various socio-
are divided into two groups, namely parametric approa&fonomic f|eIQS such as: Agriculture [16], health care [17],
and non-parametric approach. tax [18], banking [19]. , o
The non-parametric approach focuses on solvin The basic stochastic frontier model is written by [14] as
problems by maximizing or minimizing a given goal withfollows (1): _
some constraints. This approach uses linear programming Iny; = f(xlB) + &, ((=1,..,n) 1)
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wherexy; € RY is outputsy; € R} is inputs, angBis a where: c;~N(0,02) denotes the unobserved individual
vector of the parameters correspondingcfoThe error heterogeneity, 7,~N(0,02) denotes the persistent
term & includes noise with standard distributign inefficiency,u;,~N(0,52) denotes transitory inefficiency,
representing measurement errors, and positive disturbaregiv,,~N(0,52) is the regular disturbance. Model (3) can
w; with half-normal distribution that representsbe estimated using the single-stage maximum likelihood
inefficiency (v; and u; independent),s; = v; —u;; method of [24] or the multi-step estimation procedure of
v;~N(0,02); u;~N*(0,0%);. With the distribution [25]. Although the multi-step estimation procedure is not
assumptions on; and v;, the likelihood function for the as efficient as the single-stage maximum likelihood
model is built and then the model is estimated by thmethod, it is simpler and easier to implement. For the

maximum likelihood method. multi-step estimation procedure, model (3) can be
However, the basic stochastic frontier model is built forewritten as
cross sectional data, so there are certain limitations. This Yie = B5 +xi B+ o + &, (4)

has been pointed out by [20] such as: Not exist consistent

estimate of specific efficiency; Assume ineffectivewhere:

independence yvith the regre;siqn c_:oefficients _of the g; = B, - E[’h] — Eug,);
model; Requesting parametric distribution assumptions for , _ .~ _ .
. X > ! o =c¢—n + E(?].), (5)
ineffective and disturbance components to estimate the ~ _ = + E[L ]

model. After that, many studies were conducted to solve it = Vie ~ Uit Uie -

these limitations. In particular, the special concern revolvg; Model (4) is a standard panel data model and can be

around the advantage of panel data structure. In [20 timated by using typical panel data estimation method.

authors are one of the first to develop theoretic fter estimating (4), we get the predicted valdesz;, of
framework to expand the stochastic frontier model for 9 (%), 9 pre BSE,
iand &, these values are substituted dgrand ¢;, in

cross sectional data to a stochastic frontier model for parjg We  th v the standard stochastic  fronti
data. But the technical efficiency is estimated by [2 € then apply the standard stochastc frontier

which is time-invariant. This is a big limitation when chnlqugs for (5) to .obtam the e_stlmate.dlvalﬁlleﬁft of )
applying the model to practice, especially for long pandl:: %it: Finally, persistent technical efficiency (PTE) is
data. [21] has overcome the model of [20] by constructirdefined by exp(—ﬁl), transitory technical efficiency
ineffective is the quadratic function of time variable(TTE) derived fromexp (—u;), and overall technical

Meanwhile, the models of [16,22] allow the mean ogfficiency (OTE) of the firm is defined by [25] as follows
inefficiency to change over time, but they are simplegiB):

because the time variable only depends on one or two

parameters. OTE = PTE «TTE (6)
The above-mentioned panel data models have a big

drawback that cannot be distinguished from technical2  Technical efficiency determinants

efficiency with the unobserved individual heterogeneity. | [7], Timmer applying a two-stage regression model
Therefore, the technical inefficiency confuses all timep study the influence of factors on production efficiency
invariant unobserved individual properties. There are magyqued that determining the level of technical efficiency is
dlfferent approaches that have been proposed to OVErcOfE important issue, but determining the origin of
this problem. In [23], Greene has proposed a stochasfifficiency is even more important. If the production

panel data model in which unobserved individuaiactors of the firm grow steadily, the production process is
heterogeneity is distinct from technical efficiency. Theyptimized, the productivity and operational efficiency of

model is built in the form as (2) the firm will be higher, and the cost of each output unit will
) decrease. This leads to improved competitiveness of the

Yie = € + % B + & With &, = v —uy (2 firm [26]. There are many factors that determine the
technical efficiency of firms that have been shown by many

where,v;, is disturbancey;, > 0 is inefficiency. studies. In this study, we group the factors according to

Although model (2) distinguishes between unobservegbme aspects such as the internal characteristics of the
individual heterogeneity and technical inefficiency, it onlyirm: international trade activities; financial constraints;
considers transitory inefficiency. In [24,25], the authorgnd the quality of economic institutions.
replaced model (2) with a model with four random Among the factors of firm characteristics, the factor
components. In this model, inefficiency is decompose@cognized by many studies around the world is firm size.
into transitory inefficiency and persistent inefficiency. Thet is the means of production and business operation of

model of [24] and [25] is written as follows: firms. Firms which too large or too small can face
) management difficulties and create technical inefficiencies
Yie =Byt xpB+ci—m + vig — Uy (3) [27]. The expansion of firm scale is an industrial

development trend and an inevitable result of competition
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between firms. With a certain level of science andther tools needed to increase productivity. Meanwhile,
technology, firms can reduce long-term average costs [88] finds a negative relationship between debt balance and
expanding production to achieve economies of scale [2@6fm performance. It can be seen from the [39] that debt
Most studies show that firm size has a positive effect dralance has a positive effect on firm performance at a
firm performance [27-29]. However, there are also studieertain debt level (threshold debt level) and this effect
that show an inverse relationship between these thecomes negative when this threshold debt level is
factors. In [30], Nikaido has shown a negative relationshigached.

between firm size and technical efficiency in small and The important role of economic institutions for
medium firms. He explains the result that in some casafgvelopment has been shown in previous studies. The
small and medium firms often receive significant policyesults show that economic institutions have a direct impact
support from the government, so they have not been alole economic efficiency in the same period and resource
to expand their scale. Next is the number of years dfstribution in the following period [40]. The economic
operation of the firms (firm age). The studies of [7,29] anohstitution contributes to the performance of firms by
[31] all show a close relationship between the age of a firateating favorable conditions for firms to produce or to
and its level of technical efficiency. In [27], authors argudirect their activities. If the quality of institutions is good,
that firm age positively affects production efficiencythere will be no informal costs, reliable legal institutions,
through learning by doing. Most studies argue that firmstrong enforcement of property rights and will have a
increasingly draw on experience to produce morngositive impact on the productivity and growth of firms. In
efficiently. Therefore, older firms will have a higher levelcontrast, poor institutional quality makes it difficult to
of efficiency. This is also supported by the study of [31] oenforce contracts, so paying bribes is necessary. And it will
Vietnamese manufacturing firms. However, authors in [2Tihcrease the operating costs of firms, giving firms an
also show that the marginal effect of this factor tends focentive to absorb ineffective technologies for the
decrease over time as firms mature in their field. This cgmoduction process rather than absorb modern technology
also make the efficiency of the firm subject to the opposifd1]. Most recent research results show a positive impact
effect of time. Moreover, recent empirical evidence showaf the quality of economic institutions on the efficiency and
that young firms produce more efficiently than older onegroductivity of firms [42,43].

This can be explained by the fact that young firms embody

the latest technology and the technological wear and tdr M ethodology and data

of older firms [32]. In addition, there are a number of other The study uses the SFA model of [25] to estimate the
factors such as the type of firm ownership, the rate of retuserall technical efficiency for Vietnamese shipping firms.
on equity, etc., which have also been mentioned by th@e frontier production function of firms can be estimated
studies [28]. in both Cobb-Douglas and Translog forms. Applying

Besides, there have been a lot of empirical studigguations (3) and (4), we can rewrite the frontier

related to international trade activities, especially impogroduction function for Viethamese shipping firms as
and export activities with the performance of firms [33]follows (7), (8), (9), (10):

There are two hypotheses to explain the relationship cobb-Douglas form

between international trade and firm performance, namely n(vA,) = B + B,..LnK;, + B,.LnL; + B,.t + ¢; —
the self-selection hypothesis and the learning by doing o ! 2 3
hypothesis. The self-selection hypothesis holds that only
the most productive firms decide to enter international
markets [33,34]. The learning by doing hypothesis argues
that firms in international markets can take advantage of

n,+ v —uy (7)

Ln(VAy) = B, + B,-LnK; + f,.LnLy + fB,.t + ¢

economies of scale and gain knowledge from greater T &
exposure to best practices, from which promotes the (8)
productivity and performance of the firm [35]. Translog form

Access to credit will facilitate long-term investment, VA = fy + B InKi + f,InLi + ;. t +

reduce volatility a?dr]imgrove firtr)n producti\;_ity [36]. At tlhe 2B, (InK;p)? + % Bs(InL;)* + % Bst? + % B;InK. InL;, +
same time, one of the biggest barriers to firm survival and1 1 ' T o
expansion is access to credit, especially for small andz Pet. InKie + 2 ot. InLye + ¢; = 17, + vie — W ©)
medium-sized firms. Evaluation of the impact of debt

balance on the efficiency of firms has been conducted by Of

many studies. However, the results follow different trends, L

most studies show a positive impact of debt balance onfitmVA;, = g + B, InK;, + S, InL; + B,t + > Bs (InK;)? +
efficiency [37]. The explanation for this positive 1 2, 1p .2, 1 1
relationship is that debt allows firms to export and import 2 Ps(Inlie)” +5 fst™ + 2137an¢. Inlie +5 Pot- ke +
inputs and means of production. It drives firms to scale, 5 Bot.InLiy + o + & (10)
make technological improvements, and invest in R&D and
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where:
VA is the outputKi; andL;; are the two inputs of tH# OTE; = ay + a;.InK;; + a,.InAge;, +
firm at timet. as.InRoe; + a,. Ownership;, + as. Intertrate;, +

i o . ag.InDte;, + + a;.InPciy, + € (12)
The study uses the generalized likelihood ratio (LR)
test to select the form of the frontier produg:tlon functiogyhere. overall technical efficienc®TE) is the dependent
follows (11): belonging to the characteristics of the firm such as firm size
_ (InK, natural logarithm of total assets), the natural
LR = —2{log[L(Ho)] — log[L(HDI}  (11)  |ogarithm of firm agelpAge), return on equity (Roe), type
of firm ownership Qwnership); Variable on international

where: A .
L(H,),L(H,) are the values of the rational functiontrade activities (Intertrade); The variable on debt balance

estimated in Cobb-Douglas and Translog form{InDte), is taken as the natural logarithm; And the variable

respectively. If LR is less than the value gf on the quality of economic institutionsiPci), is also taken

Critical i i
obtained from the table Kodde & Palm [44], then choos%fstrjsgiygrrgd%%aggrsr';réigg ?:?gg : qd measurements

the Cobb-Douglas function. Otherwise, we choose the The literature review also shows that many empirical

Translog production function. studies have focused on analyzing the relationship between

The PTE, TTE values are predicted after estimating trngearch and development (R&D), innovation and firm

fergtn;;zrt.oﬁrogzg'jor:e ;;mzcgorl\n du?rlgr% trfgfe ﬁmgfg_'l? erformance [46]. However, due to data limitations, our
of \I/'etr:amepse sh'u o f['rmlé weg udy has not mentioned these factors.
! IPpINg firms. The data for this study are secondary data about

However, measuring efficiency is only an earjy St9%/iethamese ocean shipping firms, collected by the General
and it is important for this study to determine the 'nﬂuencgtatistics Office of Vietnam. And provincial

of exogenous factors on performance differences betweg&npetitiveness index data, collected by the Vietnam

firms. Because the value of the dependent variable OTE(%@amber of Commerce and Industry. The data are

Itn the I[O,l]tﬁ]censodreld _farTlllplle).dlf[ V\ﬁ uset_the tO;S mei;[h llected in the years from 2016 to 2020. We calculate to
0 analyze the model, it wilf lead to the estimated results data for the variables in the technical efficiency

the parameters may b_e biased apd not con;istent. Inste%s imation model and the model of factors affecting it in
we use Tobit regression to estimate the impact of tré%ch year. Finally, we merge the data of the years to get a
independent variables on the overall technical efﬂmencg/ mple for Viethamese shipping firms. The sample
score [45]. On the basis of the theory on the impact Sﬁtained is the balanced panel data of 78 firms for 5 years

fs?l(j:jorio%r;t:gce:tse;ﬂr(rz:ﬁgg?/o?fs;;rgSfagtrgrssemgf d:tbe?\rﬁ’netrgeao observations), measurement and descriptive statistics
y he variables are presented in Table 1.

technical efficiency of Vietnamese shipping firms, as

follows (12):
Table 1 Definition and descriptive statistics of variables
Variables Definition Obs Mean SD
VA Value added of the firm in the year (calculated at constant
prices in 201( 39C | 29047.36 | 83575.65
K Total assets at the end of the year of the firm (calculated at
constant prices in 201 39C | 126798.30 | 287064.50
L Total number of fu-time employees in the year of the f 39C 47.17: 64.78¢
t Year of study (from 1 to ! 39C 3.00¢ 1.41¢
InVA Is the natural logarithm of V 39C 8.41¢ 1.56¢
InK Is the natural logarithm of 39C 10.06! 1.53:
InL Is the natural logarithm of 39C 3.28¢ 1.03¢
InAge Calculated by the natural logarithm of the firm 39C 1.92¢ 0.56%
Roe Calculated by profit after indirect tax / Equ 39C 0.41¢ 0.49:¢
Ownership | Is a dummy variable that takes the value of 1 if it is a s{ate-
owned firm and otherwise takes the value 39C 0.07( 1.80(
Intertrade | Is a dummy variable that takes the value of 1 if the firm has
international shipping in thyear, otherwise it is equal t 39C 0.31¢ 0.46¢
InDte Calculated as the natural logarithm of total debt / e 39C 1.09i 0.97¢
InPci Calculated by the natural logarithm of the provingial
competitiveness index in Vietn: 39C 4.161 0.05:
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4 Empirical results are statistically significant and in accordance with

We conduct the generalized likelihood ratio test for theconomic theory. In which, the elasticity of capital relative
sample with the null hypothesis "The frontier productiofi© output is quite large (0.548) and is close to the elasticity
function follows the Cobb-Douglas form". The test result8f labor relative to output. This indicates a significant
show that the value of LR is 18.020 is smaller than tHeontribution of capital to output and no labor intensiveness
value of /2. .. is 21.666 at a significant level of 19%.in firms. The sum of _these two elastigity coe_fficients is
Therefore, there is not enough evidence to reject the nlieater than 1, indicating that firms are increasing return to

hypothesis, so the Cobb-Douglas production function forﬁF"",le' B_esides, the _est!mat_ed coefficient of th_e time
is chosen. And the results of the frontier productioﬁa”able is 0.178, which implies that the contribution of

function model for Vietnamese shipping firms aretechnplogical progress to the productivity growth of firms
presented in Table 2. We see that the estimated coefficiefR&ching an average of 17.8 % of the year [16].

Table 2 Estimation results of frontier production function of Vietnamese shipping firms in the period from 2016 to 2020

Variable Cosf. Std. Err. z P>|7

LnK 0.54¢™ 0.03¢ 14.10( 0.00(
LnL 0.57¢" 0.05% 10.08( 0.00(
t 0.17¢" 0.02¢ 7.54( 0.00(
_cons 1.157" 0.26¢ 4.37( 0.00(

Note: ***, ** and * indicates significant at 1%, 5% and 10% level of significance

After estimating the frontier production function ofof Vietnamese shipping firms is still very large, especially
firms, we predict the persistent technical efficiency (PTEJ TE. On the other hand, the standard deviation of OTE is
transitory technical efficiency (TTE) and overall technicastill large and there is no decline during the research period,
efficiency (OTE) of firms. The results of PTE, TTE andshowing a large gap in the performance of firms. However,
OTE are presented in Table 3. We see that the averdgere is a good sign when considering the histogram and
overall technical efficiency (OTE) of firms reached 0.53%he kernel density of the OTE of firms described in Figure
of which persistent technical efficiency (PTE) reaching ah. Most firms have an OTE score close to the average of
average of 0.883 and transitory technical efficiency (TTEhe whole industry and the proportion of firms with OTE
reaches an average of 0.607 in the period from 2016 lezger than the average greater than the proportion of firms
2020. This shows that the room for efficiency in productiowith OTE smaller than the average.

Table 3 Performance of Vietnamese shipping firmsin the period from 2016 to 2020

Year | Variable Obs Mean | Std.Dev. | Min Max
PTE 78| 0.88: 0.04¢ | 0.69¢ 0.95¢

2016 TTE 78| 0.66¢ 0.117 | 0.35¢ 0.86¢
OTE 78| 0.58¢ 0.117 | 0.31¢ 0.817
PTE 78| 0.88: 0.04¢ | 0.69¢ 0.95¢

2017 TTE 78| 0.56¢ 0.147 | 0.25¢ 0.83¢
OTE 78| 0.50: 0.14( | 0.20¢ 0.78:
PTE 78| 0.88: 0.04¢ | 0.69¢ 0.95¢

2018 TTE 78| 0.53¢ 0.131 | 0.241 0.85¢
OTE 78| 0.47¢ 0.12¢ | 0.21( 0.79(
PTE 78| 0.88: 0.04¢ | 0.69¢ 0.95¢

2019 TTE 78| 0.631 0.14¢ | 0.20¢ 0.83:
OTE 78| 0.561 0.14f | 0.17¢ 0.77:
PTE 78| 0.88: 0.04¢ | 0.69¢ 0.95¢

2020 TTE 78| 0.64( 0.16¢ | 0.06( 0.86(
OTE 78| 0.56¢ 0.167 | 0.04¢ 0.77¢

~ 324 ~

Copyright © Acta Logistica, www.actalogistica.eu



- International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 319-329

Acta logistica
ISSN 1339-5629

Performance of Viethamese shipping firms: a four random components stochastic frontier approach
Thanh Khac Mai, Quang Thai Dinh, Ha Thi Quach, Van Nguyen

OTE

Figure 1 Histogram and Kernel density of the OTE (own editing)

The distribution of OTE of firms over the years showethternational maritime conventions, and operating skills of
a picture that did not flourish the performance o€rews are still limited. In addition, firms are still limited in
Vietnamese shipping firms in recent years. OTE of firmspdating information about the situation of shipping, goods
not only without growth during the research period but alstemand, and related policies. These factors are the
seriously decreased in 2017 and 2018. This shows ttiahdamental cause of constraining the technical efficiency
firms do not have the optimal combination of inputs tof Viethamese shipping firms today.
improve their output. It reflects the current production Next, we conduct an analysis of the factors that
situation of Vietnamese shipping firms today. Firmsletermine the technical efficiency of Vietnamese shipping
mainly exploit bulk ships and general cargo ships in ordérms. Before estimating the model (12), we tested the
to save investment and easy to operate, so the productioulticollinearity between the independent variables by
efficiency is not high. Ships that bring high added valuanalyzing the variance inflation factors (VIF). The
such as container ships, liquefied gas tankers account farssimation results presented in Table 4 show that all VIFs
very small proportion in the fleet structure of firms. Theare less than 2, so there is no evidence of multicollinearity.
fleet quality in firms is weak in terms of technicalTherefore, the selected variables in the model (12) are
equipment and operating level. Most of the ships are ol§litable
S0 maintenance costs are high to meet the requirements of

Table 4 The variance inflation factors of the independent variables

Variables VIF UVIF

InK 1.80( 0.55¢

Intertrade 1.78( 0.56:

InAge 1.24( 0.80;

Inpci 1.14( 0.87¢

InDte 1.14( 0.87¢

Ownership 1.04( 0.95¢

Roe 1.03( 0.97(

Mean VIF 1.310

Table 5 Estimation results of factors affecting the technical efficiency of Vietnamese shipping firms
OTE Cosf. Std. Err. t P>t

InK 0.00¢™ 0.00z 3.7¢ 0.00(¢
InAge 0.01¢™ 0.00¢ 3.6¢ 0.00(¢
Ownership -0.012" 0.00¢ -2.3€ 0.01;
Roe 0.00%™ 0.001 4.11 0.00(¢
Intertrade 0.047 0.021 2.2¢ 0.02¢
InDte -0.001" 0.00(¢ -2.13 0.03¢
InPci 0.014™ 0.00¢ 2.82 0.00¢
_cons -1.15¢" 0.51¢ -2.2¢4 0.02¢

Note: ***, ** and * indicates significant at 1%, 5% and 10% level of significance
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Table 5 presents the results of estimation of the factdacal governments in Vietnam have always been improved.
determining the technical efficiency of Vietnames&@hese have had a great impact on the performance of
shipping industry. According to the internal characteristiosnterprises in general and the shipping industry in
of the firm, the coefficients of the variable¥, InAge are  particular.
all positive and have statistical significance at 1% level.

And when these variables increase by 1%, the technigal Conclusions

efficiency of Vietnamese shipping firms increases by This study applies the four random component SFA
0.009% and 0.016%, respectively. This shows that firmgodel and the Tobit regression model in order to not only
benefit significantly from economies of scale. And oldegyaluate the performance of Vietnamese shipping firms but
firms produce more efficiently than younger firms. Iltaiso analyze the combination of factors affecting can
implies that working experience plays an important rolgnprove this efficiency. The research results have shown
and has a positive impact on the performance @hat: The overall technical efficiency (OTE) of Vietnamese
Vietnamese shipping firms. These results are also similgipping industry from 2016 to 2020 averaged 47.4% to
to the work of [31] for Viethamese manufacturing firmssg.8%. In which, persistent technical efficiency (PTE)
Along with that is the positive impact of the return omyeraged 88.3%, while transitory technical efficiency
equity on the technical efficiency of firms. It shows that theTTE) averaged from 53.5% to 66.4%. This result implies
ability to manage and use capital of firm owners is one @lat on average a Vietnamese shipping firm suffers an
the decisive factors to the performance of the firm. IBverall level of technical inefficiencies between 41.2% and
addition, the estimation results of tBnership variable 52 69%. For the factors that determine the technical
show that state-owned shipping firms operate lessficiency of firms, the estimated results show that. Firm
efflClently than non-state firms. In fact, some State'OWn%jze, firm age, return on equity, and international Sh|pp|ng
shipping firms in Vietnam are assigned a large amount gfe positively related to the OTE of firms. Meanwhile,
assets for production, but the management and supervisiggtors such as credit balance and state-owned have a
systems are still weak and do not keep up with practicggative relationship with OTE. From the research results,
requirements. Moreover, these firms have not encouraggd make some recommendations to promote the
employees, and have not paid attention to the responsibil§¥rformance of Vietnamese shipping industry as follows:
of the head for the performance of the firms. These make Management and production techn0|ogy in firms need
them inefficient in production, at risk of business lossegp be continuously optimized to enhance the contribution
and loss of state capital. of TTE to OTE. Firms with low efficiency scores need to
Regarding international trade activities, the resulisxpand their scale, especially when it comes to
show that this factor has a positive relationship witharticipating in international shipping activities. At the
technical efficiency. That is, firms participating insame time, the quality of governance in these firms also
international shipping will achieve higher efficiency thameeds to be improved to catch up with those with high
firms only in domestic shipping. This shows thatechnical efficiency scores. In addition, Vietnamese
Vietnamese shipping firms have taken advantage 8hipping firms can apply different development routes

economies of scale and learned best practices Whgshending on the conditions of each firm to improve their
participating in international shipping activities. It isperformance.

consistent with the argument that international trade is @ The government needs to continue to have better

complementary factor to increase the productivity anhancial policies in supporting firms to develop large
efficiency of the firm [47]. tonnage fleets to replace the current small and old fleets.
The estimated results also show the negative impact&f the same time, firms should be supported to develop
financial constraints on the performance of firms. If thgpecialized fleets such as container ships, oil tankers,
credit balance of firms increases by 1%, the teChniCﬁguefied gas tankers, etc., so that firms can achieve better
efficiency score will decrease by -0.001% at S5%perational efficiency. Those policies should be
significance level. This result shows that Viethamesgoncretized, such as: Exemption of import tax for firms that
shipping firms may have surpassed the debt threshold a@glace old ships with new ships or ships with larger
it is the cause of inhibiting their performances. tonnage or ships with specialized ships; Reduce tonnage
Regarding the quality of economic institutions, theees for a certain period of time when firms put into
research results show the positive impact of this factor @peration container ships, liquefied gas tankers, and clean
the performance of firms in Vietnamese shipping industrgnergy ships; Reduce corporate income tax and other fees
Over the years, the state has issued many legal documeign Vietnamese shipping firms have a large monthly
guiding the Vietnam Maritime Code, contributing tOimport and export container volume or have long-term
strengthening the legal corridor and facilitating theransportation contracts with foreign partners.
development of shipping. These include policies related to The government should step up administrative reform
ships, crew members, and infrastructure for shippings the field of shipping, simplify administrative procedures,

Along with that, the quality of economic managemenkspecially those in ship registration and procedures at
business convenience, and administrative reform efforts @daports. Continue to review, amend and supplement
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Vietnamese legal document system on shipping, creatinga Management science, Vol. 30, No. 9, pp. 1078-1092,

stable and favorable legal corridor to support firms to  1984. https://doi.org/10.1287/mnsc.30.9.1078

operate effectively. Promote digital transformation if12] SIMAR, L., WILSON, P.W.: Sensitivity analysis of

seaports, customs, etc. so that firms can reduce time costs. efficiency scores: How to bootstrap in nonparametric

Actively participate in international conventions on frontier modelsManagement science, Vol. 44, No. 1,

maritime, promote international cooperation in shipping, pp. 49-61, 1998.

support in legal procedures for firms opening shippin https://doi.org/10.1287/mnsc.44.1.49

services abroad. Along with that, local authorities need [13] SHARMA, K.R., LEUNG, P., ZALESKI, H.M.:

be transparent in the implementation of policies, creating Technical, allocative and economic efficiencies in

favorable conditions for production and business of firms.  swine production in Hawaii: a comparison of
parametric and  nonparametric  approaches,
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Abstract: To cope, preserve market position, and achieve sustainable competitive advantage (SCA), companies should
put operations strategy into action systematically and coherently. In this vein, the purpose of this study is to evaluate small
and medium-sized (SME) pharmaceutical firms in southern Vietnam considering their current strategic orientation,
development path, and sustanability of competitive advantage. The method used in this research is Sense and Responc
(S&R), supported with combination of different tools. The data has been gathered from six companies utilizing two
guestionnaires: “Manufacturing strategy index (MSI)” and “S&R”. The results show that, all case companies act as
Analyzer both in the past and in the future when employing operations strategy. In all case companies, quality found to
be the most important competitive priority in the past and future, and the main source of competitive advantage.
Furthermore, spearhead technology and knowledge (T&K) found to be the main source of risk in operations strategy and
SCA. The Weak Market Test demonstrates that the research results are consistent with the actual situations of the case
companies. The research concludes that S&R method works well in evaluating the operative SCA of pharmaceutical
SMEs.

1 Introduction seek out the best approaches to match the requirements of

During the past decade, many studies have presengefgst-changing business environment [9]. Despite the fact
the considerable influence of market turbulence on thBat itis right, the majority of pharmaceutical companies in
business world. In addition, due to the ongoing Covid-19ietnam have yet to focus on developing a comprehensive
crisis, the changes and precariousness have been gred@yelopment strategy [10] and there is currently no specific
accelerated [1]. Thus, to position themselves against thgaster plan for the long-term growth of Vietnam's
competition, companies should put operations strategy ifd@armaceutical industry [11]. Furthermore, the authors
action systematically and coherently, and morgoncluded that research on the pharmaceutical industry in
specifically, should create and develop a sustainab¥detnam has so far been fairly limited. As a result, the
competitive advantage [2,3]. The concept of sustainabhirpose of this article is to evaluate the
competitive advantage (SCA) was introduced by Porter fistainable competitive advantage of pharmaceutical
his pioneering books (1980, 1985) [c.f. 4] and it has sin@MEs in southern Vietnam in terms of their present
progressively developed. For example, SCA has be€fentation, development of strategy, and sustainability.
introduced as a resource-based theory which explaif§e paper, on the other hand, may benefit pharmaceutical
heterogeneously distributed resources and capabilities &ksinesses by assisting decision-makers in better
the sources of SCA and the reason why certain compang@nprehending business climates and reacting more
consistently outperform others [5]. accurately and effectively in the turbulent business world.

Businessesi especia”y SMEs, are Strugg”ng more than To meet these objectives, this research tries to answer
ever, both in terms of increasing competition in the markéte following two questions: _
and responding to the needs of an ever-changing businéssWhat are the sources of pharmaceutical SMEs’
environment [6]. In Vietnam, as an illustration, the Ccompetitive advantages and direction of development?
healthcare market in general and the pharmaceutial HOw sustainable is the pharmaceutical SMES’
industry specifically are growing rapidly [7] along with a  Operations strategy?
shift in demand for medical goods driven by the Covid-19 ) )
pandemic [8]. As a result, to be able to compete in the large In this research, SCA is evaluated based on the
marketplace, pharmaceutical SMEs need to develop Bffnufacturing strategy index (MSI) and Sense and
effective competitive operations strategy. A similaféspond methodology, integrated with various models and
suggestion has been made in the previous study, in ordefagls, such as Analytic hierarchy process (AHP), Critical
remain competitive in the marketplace, companies shoufctor indexes (CFlIs), and Technology & Knowledge
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(T&K) ranking and risk levels [2]. T&K is taken into A successful manufacturing strategy is said to be

account when evaluating SCA levels as it plays a big rotgeated by identifying competitive priorities, which serve

in a company's value chain and can help businesses redase link between competitive strategy and manufacturing

costs and differentiate themselves from competitors [2,12joals [17-19]. Previous studies have stated that the RAL
The paper begins with an introduction of the theoreticéResponsiveness, Agility, and Leanness, see Figure 1)

background, methodologies, and tools connected to theodel has been used effectively to determine strategic

researched topic, followed by the information regardingriorities [20-22].

case companies, data collection procedures, and data

analysis. The results are then offered. Finally, th2.2. @ AHP, senseand respond, CFls

discussion and conclusions are presented. The Analytical hierarchy process (AHP) is a decision-
making method within multiple criteria. To use AHP in

2 Theoretical background practice the decision makers are required to compare the

2.1.  Manufacturing strategy importance of criteria, two at a time, and make a pairwise

Manufacturing strategy is described as a long-term mé;ﬁpmpari_son between the decision variables considering
of manufacturing decision-making which is compatibléelat've importance on thg sgale ofll to 9. Here, 1 indicates
with the overall strategy of the company [13]. Strategyhat both criteria are similarly important, whereas 9
accordingly, is interpreted as “a pattern or plan thapdicates that one criteria is absolutely crucial over the
integrates an organization’s major goals, policies, arfiher. In fact, AHP method helps to convert decision
action sequences into a cohesive whole” [14, p.10]. Mild8aker's evaluation into numbers that can be compared
and Snow's strategy typology is a fundamental tool fgvith the demgon_-makmg variables anq finally, .deC|S|on-
analyzing different types of strategies based on exterfdpker set priorities and select the optimal choice among
and intemal dependent elements [15]. According to thft€cision criteria [24]. _
typology, there are four categories of business strategy: S€nse and respond methodology was introduced by
Prospector, Analyzer, Defender, and Reactor, as shof@eckel in 1992, then further developed by Bradley and
below [16]; Nolan in 1998, and later in 2000, Markides utilized it as the
. Prospector concentrates on innovative product’imary research method for studying dynamm bus_:mess

development and actively looks for new product_strategles [c.f. 25]. S&R methodology aims to provide a

market possibilities. Prospector's strategic priority lie%¥Y {0 tackle the issues posed by disruptions or changes in
in Quality. a continuous process [26]. To put it another way, S&R

. Defender puts emphasis on improving the efficiency 01method is used to assist with flexible decision-making by
learacterizing, assessing, benchmarking, and optimizing

current operations and attempts to keep its markt%] locati ¢ o fulfill : q
share. Defender’s strategic priority lies in Cost. € allocation of resources to Tuthil pertormance needs

* Analyzer combines elements of Prospector anHOth inside and outside the firm [2].
Defender. Analyzer attempts to adjust to new market or The Critical factor index (CFl) method is a

industry developments while preserving its markef'éasurement instrument that identifies which process

position. Analyzer's strategic priority lies in Quality, attrlbutes_are crucial and whlch are not, as claimed by
Cost, and Time. the experience and expectations of the respondents [27].

. Reactor concentrates on everything at once in an effoThe CFI model has been develqped in threg stages, which
to adapt to the constantly shifiing busineSgre known as the Bfallanced cn'qcal factor index (BCFI)
environment; therefore, Reactor exhibits no strate Thodel, the Scaled_ _crmcal facfcor index (SCF1) model, and

L ' ' e New scaled critical factor index (NSCFI) model [2]. In
priority. this paper, NSCFI is employed to assess the business
Quality performance of the companies, as it outperforms the
’ previous models in terms of accuracy and stability [22].
Additionally, a total of 21 attributes are used to define
the technology & knowledge management, processes &
work flow, organizational system, and information
systems of the case companies [22]. In the Results section,
Responsiveness Leanness the attributes are presented as numbers. The detailed names
of each attribute can be found in Appendix 1.

Flexibility
2.3. SCArisk level
Asility Sustainable competitive advantage (SCA) is a
Agility . d .
Time ' Cost measurement of the level of risk at which the operations
Figure 1 RAL moddP23] strategy needs to be enhanced so that companies can

maintain operative competitiveness during the time period
in question [2]. Three indicators are employed in this study
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to measure the level of risk of the operations strategy ovEnese companies, in particular, have been in operation for
the long term, they are Mean absolute percentage er#B years, and their core businesses include retailing drugs,
(MAPE), Root means squared error (RMSE), and Measosmetics, medical equipment, and hygiene items.
absolute deviation (MAD). The threshold value for théurthermore, some companies offer packing, drug storage,
SCA risk level is 0.9 [20]. Closer the SCA risk level to Jand testing services.
higher the consistency between the allocation of resources
and operations strategy. 3.2. Data collection procedure
This research is conducted based on six pharmaceutical

24. Technology & Knowledgerankingandrisk  companies from southern Vietnam, and two
levals representatives of each company join the interview. The

As a company's resources are not infinite, it is vital taterviewees are the middle or top managers, who
determine a technology priority which is connected to ifioroughly understand their companies’ operations. The
business strategy and can deliver a competitive edge dnigrviews are carried out via audio and video calls over the
profitability. Technology is one of the key factors ofinternet. The data are gathered utilizing two separate
completion and it turns into essential if it enableguestionnaires: one relating to the Manufacturing strategy
businesses to minimize costs, create differentiation, afittlex (see Appendix 2) and another for the Sense and
increase product quality [28]. Furthermore, sustainabféspond method (see Appendix 1). In the end, the Weak
competitive advantages are primarily based on knowledgsarket test (WMT) is applied to assess the extent to which
which indicates that figuring out ways to do things i¢he obtained results relate to the real situations of the
equally important as possessing access to specializgmpanies.
resources when establishing a value chain [29]. Therefore,
to obtain information about the technology and knowledg# 3. Methods of data analysis
rankings of a company, technology and knowledge The collected data are analyzed following the six steps,
requirements are included in the S&R questionnaire [2]. mentioned below:

To evaluate the effect of knowledge and technology détep 1: Find a case company and informant, and collect
a company’s business strategy, each attribute related to tieeessary data following MSI and S&R questionnaires.
basic, core, and spearhead technologies is estimated as an this step, it is very important to consider at least two
percentage by respondents, with the total of all three beirgspondents from the top or middle management level who
100% [2]. Here, basic refers to the technology anidas the good understanding of operations strategies of the
knowledge that is most essential to the operation ofcase company and the business environment.
business, while core refers to company-specific technology
and knowledge, and the spearhead is closely related to 8iep 2: Obtain parameters for MSI i.e. determine the
future requirements of technology and knowledge. Rigkriteria weight following the AHP method.
levels then are calculated to identify which type of In this step, data are collected for the MSI questionnaire
technology brings the most uncertainty to a company. (see Appendix 2) and the criteria weight are determined by

AHP method.

3 Materials and methods
3.1 Caseintroduction Step 3: Calculate values of critical factor indexes (CFIs)

The southern market in Vietnam has been identified 28d evaluate resource allocations. _
the greatest drug consumption market, and Ho Chi Minh is The resource allocations can be evaluated by following
the primary municipality in southern Vietnam, consumingny of the methods: CFI, BCFI, SCFI, or NSCFI.
up to 55% of the country's drug products [30]. Therefor&lowever, in this study, the NSCFI mod.el ha_ls been used to
this study considers the pharmaceutical SMEs from thyaluate resource allocations, this is simply because
region i.e. the case companies considered in this resea?tpCF! is the latest model that provides higher accuracy
has offices or principal operations in Ho Chi Minh City@nd stability than other models [22].

NSCFlI is calculated using the following equation:

\/%*Z?zl[experience(i)]2*\/%*Z?zl[expectation(i)—11]2 +Performance Index

NSCFI = - - (1)
Gap Index’*Development Index’xImportance Index
Here,
Average of expectation
Importance Index = g f1o L (2)
Average of experience
Performance Index = g /i 5 L 3)
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Avg(expectations)—Avg(experience)

Gap Index' =2 10 4)
Development Index' = 2(worse%-—better%) (5)
Sources of equations in step 3 are [31, 32]. Over-resourced levet g* Average resource level ~

An attribute is considered to be under-resourced if its
CFls value is less than one-third of the average resource
level, and it is considered to be over-resourced if its level
exceeds two-thirds of the average resource level. Tg
optimal situation occurs when attributes are in the range 0
one-third to two-thirds of the average resource leveli.e. t

attr:gu;tehsez::flocr?jr;gdered balanced [22]. values and detect the strategic orientation.
’ 1 To identify the strategy type adopted by a company,
Average resource level —~ 0.047619 5| uses Responsive, Agility and Leanness (RAL) model
[23] (see Figure 1). Responsiveness means how quickly the
Here, the idea is that the total resource input is 1 whigdystem responds to unexpected requirements, Agility
has been divided into 21 different portions. means how quickly the system adjusts to the ideal cost
structure, and Leanness means to the elimination of waste
Under-resourced levet 2 « Average resource level ~  in all resources and operations. The four elements of the
3 0.032 RAL-model are Quality, Cost, Time, and Flexibility. An
' example to RAL model/MSI triangle is shown in Figure 1.
To identify the strategic orientation, following
formulas are used.

0.063

Any resource value between 0.032 and 0.063 is
nsidered to be optimum resource situation.

@ep 4. Calculate Manufacturing strategy index (MSI)

The MSI model for Prospector is as follows:

1 1
MSI, =1 — [(1 —(Q)3)*(1=0.9+T") x (1-09%C") » (F')E] (6)
The MSI model for Defender is as follows:
1 1
MSI, =1— [(1 —(C)3) (1 -09%T)*(1-09xQ) (F')E] @)
The MSI model for Analyzer is as follows:
1
MSL, =1- [(1 — F") + [ABS[(0.95 * Q" — 0.285) * (0.95 * T’ — 0.285) * (0.95 * C’ — 0.285)]]3] (8)
Here,
’r_ C
¢’ = Q+C+T ©)
f_ 0
Q' = Q+C+T (10)
r_ T
= Q+C+T (11)
r_ F
T Q+CHT+F (12)

Furtheremore, in equations 9, 10, 11, and 12, C is cof¥)AD). The formulas of these three methods are shown
Q is quality, T is time/delivery, and F is flexibility. below:

Sources of equations in step 4 are [31,32].

Mean absolute percentage error (MAPE):

Step 5: Calculate the parameters for sustainable SCA risk level following MAPE measure =1 —
competitive advantage (SCA) level and evaluate SCA s |BS—BR| (13)
risks. Pyl Bs

The SCA risk levels are identified in different methods; ROt means squared error (RMSE):
Mean absolute percentage error (MAPE), Root means >CATisk level following RMSE measure = 1 —
squared error (RMSE) and Mean absolute deviation BS-BR\?\2

(Z“ﬁ'V( BS ) )

(14)
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Mean absolute deviation (MAD):

SCA risk level following MAD measure = 1 — T&Kpsk core =
|BS—BR| (15) 2
maxepy [~3s ((Sum of CVZ)Q) + ((Sum of CV?2),)% +
((Sumof CV%):)? + ((Sumof CV?)g)?

Where BS is the result of MSI and BR is the results of
CFls. Both BS and BR are the angles in radians. Here, BS
represents the angles of MSI triangle formed by MSI TRK _
values (calculated considering MSI questionnaire, see RISK SPEARHEAD ™
Appendix 2) and BR represents the angles of MSI triangle J((Sum of CVZ)Q)Z + ((Sum of CV?).)? +
formed by MSI values (calculated from CFls considering 2\ N2 2% \2
S&R questionnaire, see Appendix 1). ((Sum of CVE)r)* + ((Sum of (V%))

Sources of equations in step 5 are [12,33].

17

(18)
Where,
Step 6: Calculate and analyse technology and knowled%é= All quality attributes
risks (T&KRrisk). = All cost attributes
Sixth step in implementing S&R in practice is tol — All time attributes
calculate the technology and knowledge risks (kgK. F = All flexibility attributes
T&Krisk is determined in partial and in total using Root CV = Coefficient of variance =

Standard deviation

Mean

mean square (RMS) approach. Partial risks represent the (19)
T&Krisk in relation to the basic, core, and spearhead
independently, whereas total risks indicate the k&K S X—Mean)?
relating to the whole effect of the basic, core, andStandard deviation (o) = / — (20)
spearhead T&K.
The partial risk is calculated using following equationsy/here X is a set of number, N is number of sets.
T&Kp sk pasic =
((Sum of CVZ)Q)2 + ((Sum of CV?))? +
(Sumof CV?) )2 + ((Sumof CV?)p)?
(16)
The total risk is calculated using following equations:
T&KRISK TOTAL = \/(T&KRISK BASIC)2 + (T&KRISK CORE)2 + (T&KRISK SPEARHEAD)2 (21)
Source of equations in step 6 is [12]. prior experience. This signifies that company A's data and
information privacy policy appears to be effective.
4 Results

The data of all six companies studied are analyzed Figure 3 depicts the resource allocation of company A
using the same procedure as presented in the sectidnthe past. Attributes 3, 6, 7, 8, 10, 19, and 21 are
“Methods of data analysis”; therefore, this section providg§scovered to be under-resourced, whereas attributes 2, 14,
details on the results for Company A while the results f@nd 18 are found to be over-resourced. This suggests that
Company B, C, D, E, and F are presented in summary s@mpany A has had the greatest difficulties with

comparison tables. knowledge and technology management, as well as
processes and workflows, while concentrating too heavily
4.1 Company A on the performance of research and development. The

Figure 2 shows that the expectations established Bymber o_f balanced attributes in.the future is exactly the
company A for the attributes mostly surpass paS@Me asin the past, yet the attributes themselves are not
experience. The highest difference between futuftirely the same (see Figure 4). Company A appears to be
expectations and previous experience is 3 (see attribute®8SSimistic about their company's resource utilization in
7,8 and 19 in Figure 2), while the smallest difference is 0tB€ coming years, particularly in the areas of knowledge
(see attributes 11, 14, 15 and 18 in Figure 2). Furthermofé!d technology management, along with processes and

attributes 16 shows no gap between future expectations d¥erkflows. Nonetheless, it is clear that approximately half
of the attributes show an increase tendency in resource

allocations.

~ 335~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 331-344 ISSN 1339-5629

Sources of sustainable competitive advantage and direction of development: a study on
pharmaceutical SMEs
Phung Tieu Nguyen, Binod Timilsina

7.00
6.00
5.00
400
300
3.00
1.00
0.00 . . . .
i 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

B Average of expectation M Awverase of experiences

Figure 2 Average of Expectation vs Experience — Company A

0099
0.080 WNSCE () Nomalized
0070
oo i - = el L L Ll Uinper limit = 0.063
0.050
0.040

- - - o ——— - - - - - — [ 1 ower hnut = 0.032
01030
0.020
0010 I
0.000

1 2 3 - 3 [ 7 8 e 10 8% 12 13 14 13 16 17 13 12 20 21
Figure 3 Resource allocation in the Past — Company A

0100
0050 wNSCFI (F) Normalizzd

0.080

0.070

Upper limit = 0.063

0.060

0.050
0.04
0030 —== =" e - o e e = Lower bmit = 0.032
0020
0.010 I I
0.000
1 2 3 4 3 (] 7 8 9 10 11 12 13 4 15 16 17 18 19 20 b1

Figure 4 Resource allocation in the Future — Company A

L=}

~ 336 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 331-344 ISSN 1339-5629

Sources of sustainable competitive advantage and direction of development: a study on
pharmaceutical SMEs
Phung Tieu Nguyen, Binod Timilsina

Table 1 and Figure 5 show the MSI values for compar
A. The nearer the MSI value is to 1, the more accurately
describes the strategy type of the company [33]. Table
shows that the MSI values for Analyzer are high both in tt
past and in the future, with a value of 0.99. This shows th
Company A's past business strategy was Analyzer, and t
the strategy for the future is still Analyzer, but a bit mor
dominant.

Table 1 MSI result — Company A

Prospector Defender Reactor
Past 0.90 091 0.90 Defender Analyzer
Future 091 0.90 0.90 — i e P

. Figure 5 MSI triangle — Company A
The SCA values calculated based on past scenarios are

greater than those determined based on future scenarios, as Table 2 SCA result — Company A

shown in Table 2. This indicates that resource allocations e

. ; . . Measures of SCA risk level
provided appropriate support for Company A's operations
strategy in the past while in the future operations strategy MAPE | RMSE | MAD
gets less support from resource allocation, possibly making Past 0.87 0.92 0.93
it less sustainable. Future 0.80 0.88 0.91

In terms of technology and knowledge, Company A
employs 31.74% basic T&K, 38.90% core T&K, and
29.36% spearhead T&K (see Figure 6). It can be concluded
that company A prioritizes spearhead T&K the least while
prioritizing core T&K the most.
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Figure 6 Ranking of Technology & Knowledge — Company A

T&K risks for basic, core, and spearhead are 1.74B8sk values implies that spearhead T&K has the most risks,
2.43, and 6.83, respectively (see Figure 7). Furthermokghereas basic T&K has the lowest risks.
total T&K risk is found to be 7.46 (see Figure 7). These
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T&K TOTAL RISK

T&K RISK SPEARHEAD

el

TEK RISK CORE

T&K RISK BASIC

0.000 1.000 2.000 3.000 4.000 5.000 6.000 7000 £.000
Figure 7 Technology & Knowledge risk — Company A

4.2. Company B, C,D, E,and F ranging from 0.98 to 0.99, and will be high in the future,
Similarly to Company A, the expectations establishetnging from 0.96 to 0.99. This demonstrates that these five

by Company B, C, D, E, and F for the entire 21 attributd®, C, D, E, and F) companies' business strategies have

are higher than previous experience. In terms of tHeeen Analyzer in the past and are expected to be Analyzer

allocation of resources, it can be noticed from Table 3 thixthe future, but with a slight decrease for company B.

the number of balanced attributes for all five companies is

greater than or equal to ten both in the past and in tHable 3 Resource allocation in the Past & Future — Company B,

future. Furthermore, it is shown that the number of C. D E and F
balanced attributes tends to maintain or increase in tl Under | Balance | Over
future, except for Company C with a slight decrease. The & p [Past 5 10 6
results demonstrate that respondents from these compar ~ P8 = o oo 3 17 1
seem to ble relatively Ppositive about the usage of the S 5 12 P
companies' resources in the years to come. However, Company C e 4 5 -
strengthen any ineffective attributes that may currentl kit
exist, companies are required to develop a strategic pl company D 2o : 14 4
wisely. Future 4 14 3
Table 3 is read as follows (example with Company B) o £ |Past 5 11 5
Out of the 21 attributes (see Appendix 1), Company B h OTPAY & 1o re 4 14 3
5 under-resourced attributes, 10 balanced attributes, ani P
. . . . ast 3 15 3
over-resourced attributes in the past. Other information ' Company F Hotm i e 3
unre

the Table 3 must be read in the same way.
For the MSI competitiveness, Table 4 points out that
Analyzer results for all five companies was high in the past,
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Table 4 MSI competitiveness — Company B, C, D, E, and F

Prospector | Analyzer Defender Reactor

Past 0.90 0.99 0.89 0.90
Company B —

Future 0.90 0.96 0.89 0.90

Past 0.91 0.98 0.91 0.91
Company C e

Future 0.91 0.99 0.90 0.91

Past 0.90 0.98 0.91 0.90
Company D A

Future 0.90 0.98 0.90 0.90

Past 0.90 0.98 0.89 0.90
Company E =

Future 0.90 0.98 0.90 0.90

Past 0.90 0.98 0.90 0.90
Company F —

Future 0.90 0.98 0.90 0.90

Regarding SCA values, Table 5 shows that over half of Table 6 Ranking of Basic, Core, Spearhead Technology &

the values for Company B, C, and F are close to 0.9 and Knowledge — Company B, C, D, E, and F

will increase slightly in the future. It means that the % Basic | % Core |% Spearhead
operations strategy of these companies was sustainable t0 Company B| 49.52 29.05 21.43
some extent in the past but will become more sustainable in Company C| 39.05 1262 1833

the coming years. The sustainability of Company D and E

. ; 2
also follows an upward trend; however, the values found in Company D) 4150 S5 19,58
the past are not very high. This indicates that in the past CompanyE| 33.10 3321 33.69
their companies’ operations strategy might not have had CompanyF | 40.95 40.00 19.05

adequate support from resource allocations.
Table 7 Technology & Knowledge risk — Company B, C, D, E,

Table 5 SCA results - Company B, C, D, E, and F and F
MAPE RMSE MAD Basic Core Spearhead

Past 0.81 0.88 0.91 Company B 0.24 1.01 1.52

Company B
Future 0.81 0.88 0.91 Company C 0.93 0.32 1.05
Past 0.83 0.90 0.92 Company D 2.52 2.53 4.31

Company C
Future 0.86 091 0.93 Company E 1.40 1.13 3.83
Past 0.76 0.86 0.89 3

CHIPAD as Company F 2.39 1.85 4.18
Future 0.81 0.88 0.91

s o [Past 0.77 0.86 0.89 5 Discussion and conclusion

N e Al P 0.79 0.87 0.90 The objective of this research is to assess the

Past 031 088 0.91 sustamable.competltlve edge of pharmaceutlcal_ SMEs in

Company F southern Vietnam on the basis of current orientation,
Future 0.85 091 092

direction of development, and sustainability of

In terms of technoloav and knowledae cate Or.ecompetetitive advantage. The present strategic priority of
Table 6 indicates that Cgr{]pany B SV an% E givg b;s%I six companies, according to the results, fits into
T&K the highest rank while giving the lowest priority to halyzer. As illustrated by Figure 8, although there is a

- difference in priority order, quality has been identified as
zﬁesargg?ﬁegg‘lfr' &iowﬁ]ae%ai ilsﬁaréfgiﬁeth;;?ita\milg% crucial element in the past and will continue to be so in
P ’ P e future, implying that quality is the primary source of

core T&K. Company E, on the other hand, does not appeg rmpetitive advantage for pharmaceutical SMEs in

to prioritize one T&K above the others. This might indicat%outhern Vietnam. In a similar manner, among basic, core

that, Company E S.hOUId conduct more stu_dles 0 Sond spearhead T&K, basic T&K is figured out to be the
whether the allocation of such strategies impacts tl

competitiveness of the attributes prima_ry source of competi';ive advantagg, z_and spea.rhead
As shown in Table 7, basic T&K has the lowest risks iT&K Is found to be the main source of _nsk In operations
Company B and D whilé core T&K has the lowest risks i‘strategy qnd SCA (see Figure 9). In addition, it can be said
Company C, E, and F. Spearhead T&K has the highEFhat the d|rect!on of dgvelopment of pharmaceutical SMEs
risks across'all ’five corﬁpanies in southern Vietnam is Analyzer because the MSI valugs
' for Analyzer reach the highest level. In other words, their
strategic orientation in the future is toward quality, cost,
and time (see Figure 5 and Table 4). This answers the

research question 1.
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In the Past In the Future

B %% Quality %% Quality
= % Cost B % Cost
i % Time % Time
% Flexibility % Flexibility

Figure 8 Percentage of Quality, Cost, Time, and Flexibility for all the 6 companies on average

The result is in accordance with the nature abptimization of all types of inventories), and attribute 19
pharmaceutical company, where product quality is alwayévailability of information in information systems), while
a top priority. Figure 8 also shows that, in the followindwo attributes are over-prioritized, namely attribute 2
years, cost will rise to second place, while time will fall tqfinnovativeness and performance of research and
third place. Due to the Covid-19 pandemic, as well as tlievelopment) and  attribute 14  (Well-defined
global energy crisis caused by the ongoing Russia-Ukrainesponsibilities and tasks for each operation). Regarding
war, Vietnam's pharmaceutical industry has been facingaétributes that are over-prioritized and under-prioritized,
number of challenges, including a broken supply chaithe companies should think about balancing them
increased raw material and transportation costs, aadcording to their own points of view, internal business
changes in consumer habits and drug demand [7]. Asstiategies, and market requirements. According to the
result, pharmaceutical companies have been attemptingrend, it is clear that respondents are confident about the
cut costs and restructure operations and supply chaifigure of their companies and thatthe companies'
However, the Covid-19 pandemic has also created a strafgyvelopment path seems to be stable and is anticipated
wave of innovation in the healthcare industry in generéb stay the same or possibly get better.
and the pharmaceutical industry in particular [7, 34], which
has led to an increase in competition among enterprises
the industry. In light of this, pharmaceutical companies _____

. . . T&K RISK SPEARHEAD

especially small and medium-sized, tend to choose to
Analyzer in the upcoming years to adapt more easily to tl
new market development and also to maintain the T&KRISK CORE
position in the market. Since the studied companies fav

a quality-cost-time (QCT) operating approach, they shou

aim to become more technologically adaptable i TEK RISK BASIC

achieving higher satisfaction on on-time delivery an

revenue target achievement. 000 050 100 150 200 250 300 350 400
In addition, most of the domestic pharmaceUticaFigure9Technology&Knowledge risk for all the six companies

enterprises in Vietnam have previously focused on on average

producing and trading popular drugs on the market with
limited technology [11]. They also lack knowledge and |n terms of sustainale competitive advantage, all six
high-quality human resources for product research ae@terprises agree that the MAD method, and maybe the
development. Therefore, the fact that enterprisg8MSE method, outperform the MAPE method in
aggressively race to innovate technology to gain markefentifying SCA risks. Nevertheless, if the MAPE method
share will create enormous risks. Because of these matt@i®iduces an index below 0.9, it could mean that there is a
the companies should keep an eye on the rigknall inconsistency between the resources [2].
levels connected with spearhead technology, as it wRarthermore, it should yet be tried with a larger number of
found to carry higher risk (see Figure 9). businesses of various types and sizes to determine the
From the NSCFI chart of resource allocations, it can gptimal formula for validating the strategic decision
stated that in the past, more than half of six compani@gAD, RMSE, or MAPE). Additionally, as seen from
under-prioritized attribute 6 (Design and planning oTable 5, over half of SCA values obtained using historical
processes and products), attribute 10 (Control aiscenarios are close to 0.9 and will increase slightly in the
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future. Hence, the operations strategy of pharmaceutical resource-based viewpurnal of managemenvol. 27,

SMEs was sustainable to some extent in the previous yearsNo. 6, pp. 643-650, 2001.

and will be slightly more sustainable in the coming https://doi.org/10.1177/01492063010270060

years. This answers the research question 2. [6] TIMILSINA, B.: Overcoming the barriers of strategic
Because the data was gathered from only two planning, implementation, and monitoring in turbulent

participants from each company, generalizing the results is business environment: A qualitative study on finnish

problematic. However, one plus side is that, according to SMEs, in MILAN, B. V. (ed.),Optimal Management

the respondents' own opinions, there is a strong correlation Strategies in Small and Medium Enterprisgg. 226-

between MSI (Analyzer) and CFl (P). Regardless, the 248, IGI Global, USA, 2017.

respondents are astonished by several of the unbalancechttps://doi.org/10.4018/978-1-5225-1949-2.ch011

attributes. Another aspect worth emphasizing is that tfié] Vietham ReportAnnouncement of Top 10 prestigious

descriptions of technology and knowledge questions were pharmaceutical companies in 2Q22[Online],

fairly hard for the respondents to fully comprehend; Available: https://viethamreport.net.vn/Cong-bo-Top-

consequently, this may cause uncertainty in the results.  10-Cong-ty-Duoc-uy-tin-nam-2022-10436-1007.html
This research opens a new path for further studies. [01 Jan 2023], 2022. (Original in Vietnamese)

Some future research can be conducted by: [8] QUYNH, T.: The impact of the Covid-19 pandemic on

 increasing the size of the respondents as well as thesome  social  sectars [Online],  Available:
companies participating in the study to increase the https://quochoi.vn/tintuc/pages/tin-hoat-dong-cua-
degree of reliability; quoc-hoi.aspx?ltemID=44379 [05 Jan 2023], 2020.

« comparing the results of the evaluation of sustainable (Original in Vietnamese)
competitive advantages using different methodologief] TAKALA, J., KOSKINEN, J., LIU Y., TAS, M.S,,

« analyzing in-depth the impact of technology and MUHOS, M.: Validating knowledge and technology
knowledge on operations strategy or sustainable €ffects to operative sustainable competitive advantage,
competitive advantages of either pharmaceutical SMEs Management and Production Engineering Reyiew
or the pharmaceutical industry. Vol. 4, No. 3, pp. 45-54, 2013.

https://doi.org/10.2478/mper-2013-0028
To sum up, this study demonstrates that research B®] HA, L.T.V., SON, V.T.:Building a business strategy
sustainable competitive advantage is necessary for for An Phu Pharmaceutical and Medical Equipment
pharmaceutical SMEs as they could be regarded as a Joint Stock Company [Online], Available:
valuable resource for identifying the company's https:/tapchicongthuong.vn/bai-viet/xay-dung-
operational shortcomings and strengths and, as a result, chien-luoc-kinh-doanh-tai-cong-ty-co-phan-duoc-
taking the necessary actions to ensure the company's long- Pham-va-thiet-bi-y-te-an-phu-85648.htm

term success. [12 Jan 2023], 2021. (Original in Vietnamese)
[11] ANGELINO, A., KHANH, D.T., AN HA, N., PHAM,
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Appendix 1. Sense and respond questionnaire
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Appendix 2. M Sl Questionnaire
MSI Questionnaire

Please evaluate the following criteria in every pairwise comparisons what are more important in your opinion. Please
circle (O) the evaluation values for past and future situation considering 2-3 years in the past and future. Here, | means

both the criteria are equally important and 9 means the criteria is extremely important over other.

Main criteria Pairwise comparisons Main criteria
Costs 98765432123456789 Quality

Costs 98765432123456789 Delivery
Costs 08765432123456789 Flexibility
Quality 08765432123456789 Delivery
Quality 98765432123456789 Flexibility
Delivery 98765432123456789 Flexibility

Tablel: Pairwise comparison of four main criteria considering 2-3 years’ experience in the past.

Main criteria Pairwise comparisons Main criteria
Costs 08765432123456789 Quality

Costs 98765432123456789 Delivery
Costs 98765432123456789 Flexibility
Quality 08765432123456789 Delivery
Quality 98765432123456789 Flexibility
Delivery 98765432123456789 Flexibility

Table2: Pairwise comparison of four main criteria considering 2-3 years in the future.
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