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Abstract

Purpose – The importance of container transportation has increased due to the globalization of the world
economy. The purpose of this research is at proposing a framework to enhance the container terminals
performance through evaluating efficiency and competitiveness.
Design/methodology/approach – The researchers used data envelopment analysis to assess the efficiency
and fuzzy analytic hierarchy process to measure competitiveness of container terminals. The proposed
framework captures key performance indicators to evaluate the container terminals’ performance and identify
areas that need improvement. It was applied to the Egyptian container terminals from the period of 2015–2019
as an empirical study.
Findings – Findings highlights the highest utilization of resources of Alexandria port while more attention
should be given to the level of service provided. On the other hand, El-Sokhna should focus on more utilization
of the available resources. The performance evaluation showed that the rest of Egyptian terminal ports should
improve both competitiveness and efficiency at different levels based on their performance ranking.
Research limitations/implications – The developed framework can be used as an evaluation tool to
evaluate the performance of container terminals in other countries, and can be utilized as a performance
benchmark tool to compare the performance of container terminals of competing ports.
Practical implications – The developed framework can help policymakers to assess efficiency and
competitiveness based on both quantitative data and experts’ judgement in order to help in formulating
government logistics strategy.
Originality/value – The research provides a comprehensive framework to measure and evaluate
competitiveness and efficiency of container terminals based on both quantitative data and experts’ judgement.

Keywords Container terminal, Efficiency, Competitiveness, Data envelopment analysis, Fuzzy analytic

hierocracy process, Egypt

Paper type Research paper

1. Introduction
Ports are no longer only the nodes where goods and ships are handled but they have become
economic competitive areas (Lu and Wang, 2017). The map of the world economy is
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determined by the global transport map, it was found that the place and map of transport
trigger economic prosperity (UNCTAD, 2018). Accordingly, ports will not be able to survive
and compete unless they complied with the international efficiency and the competitiveness
standards (Ismail, 2019).

Production capabilities of container terminals cannot be ignored because container
transportation and container industries play an indispensable role in the economy of the
world (Cullinane et al., 2006). Container ports play a vital role to the efficiency of the global
logistics chain as they link between different modes of transportation (Wang et al., 2005).
Therefore, enhancing terminal efficiency is important for the welfare in any country
(Esmer, 2008).

Terminal efficiency is a leading indicator of terminal performance; efficient terminals
lead to lower transportation costs and facilitate the imports and exports process of a
country. Therefore, inefficient terminals lead to high freight and handling cost, which
contributes to increasing the prices of import and export. Improving container terminals
efficiency remains a high priority issue in any country; therefore, the efficiency plays a
significant role in the competitiveness of a container terminal (Almawsheki and
Shah, 2015).

The competitive position of a container terminal is determined by what this terminal is
offering to host shippers and shipping lines. Container ports should be able to effectively
organize their activities by offering nowadays – appropriate range of services. In addition,
there is a need of regular evaluation of the effectiveness of their operations in order to plan for
the future growth (Munim and Saeed, 2019).

Container terminal performance depends on enhancing efficiency and competitiveness
(Yap, 2019). This research aims at proposing a framework to enhance container terminals
performance through evaluating efficiency and competitiveness. An empirical study was
conducted on the Egyptian container terminals to show the applicability of the proposed
framework.

This paper will start in Section 2 by providing a thorough understanding of the concepts
of container terminal efficiency and competitiveness and a review of the literature conducted
on container terminal efficiency and competitiveness. Section 3 will present methodology
used in this research. Section 4 will illustrate the empirical study on the Egyptian container
terminals and finally conclusion and agenda for further research will be discussed in
Section 5.

2. Literature review
Maritime transportation plays an indispensable role in the economic growth and the
international trade for all countries. Therefore, maritime transport carried around 80% of the
world trade, thus the performance of ports is a key determinant of countries’ competitiveness
as a gateway for international trade (UNCTAD, 2018).

Competitiveness and efficiency level in a container terminal are the main indicators of
terminal performance (Serebrisky et al., 2016). Worldwide experience has demonstrated that
an improvement in the efficiency of the terminal will subsequently increase terminal
competitiveness (Chang and Tovar, 2014). Recently, the efficiency of container terminals
assists the reduction of maritime cost also; it is one of the key factors of survival in the
shipping industry (Ismail and Elgazzar, 2018).

Different techniques have been used to evaluate and benchmark the efficiency of a
container terminal from different perspectives depending on the research aims and
objectives. Sarriera et al. (2013) and Serebrisky et al. (2016) used stochastic frontier analysis
(SFA), Cullinane et al. (2005) and Cabral and Ramos (2018) used Free Disposal Hull (FDH).
Kutin et al. (2017) and Ismail (2019) used data envelopment analysis (DEA); while other
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researchers have used integrated approaches combing several techniques such as DEA, SFA
and FDH (Serebrisky et al., 2016).

Lu et al. (2015) used a DEA approach by applying Charnes Cooper and Rhodes (CCR),
Banker, Charnes and Cooper (BCC) and Scale Efficiency (SE) models to measure the
operational efficiency of the 20 leading container ports. Li et al. (2015) evaluated the
relative efficiency to determine the current level of efficiency for the major 16 ports in Asia
using DEA technique by applying CCR and BCC models. Baran and G�orecka (2015) used
DEA to assess the Overall Technical Efficiency, Pure Technical Efficiency and Scale
Efficiency of container ports based on CCR and BCCmodels. Nguyen et al. (2015) used both
DEA and SFA to underlie the factors of the low levels of efficiency. Jang et al. (2016) used
five DEA models to evaluate the efficiency of Asia’s container ports. Wi�snicki et al. (2017)
mentioned that the automation level of a terminal is not neatly correlated with terminal
efficiency by using CCR model on nine European container ports.

The previous analysis declared that DEA technique (particularly its two basic models,
CCR model and BCC model) is the most applicable technique has been used to measure port
efficiency. It has been used in several earlier studies such as (Chirwa, 2001; Tongzon, 2001;
Cullinane et al., 2002; Cullinane et al., 2005; Cullinane et al., 2005a; Cullinane and Wang, 2006;
Al-Eraqi et al., 2007; Lin and Tseng, 2007; Al-Eraqi and Khader, 2009; Merk and Dang, 2012;
Dyck, 2015). Table A1 summarizes previous research conducted on port efficiency from
different perspectives.

In recent years, there has been an exponential growth in the number of publications
related to theory and applications of DEA. Cavaignac and Petiot (2017) mentioned that the
average annual growth rate of published articles using DEA during the period “2008–2016”
in transport fieldwas 36%.Moreover, the number of articles that usedDEAduring the period
“1989–2016” in the maritime transport sector is 25.7% “91% in ports and 9% in shipping
companies” from total articles in other sectors.

Efficiency has always recognized as a vital port competitiveness factor (Kammoun et al.,
2018). Competitiveness is the ability to provide products and services as or more effectively
and efficiently than the other competitors. Port performance measurement remains a
challenge for the port industry as ports strive to compete in an extremely competitive
environment. Yeo et al. (2008) identified port cost, port infrastructure, port services quality,
hinterland connectivity and port geographical location as main factors in port
competitiveness.

Following this study, Yeo et al. (2011) stated that there are 38 factors that affecting the
competitiveness of a container terminal; such as quality of the service, transfer and storage,
cargo handling cost, efficient inland transport network, terminal productivity and 24 hours/
seven days a week service. Cho and Kim (2015) found that the competitiveness of seaports is
correlating with the quality of infrastructure of container.

Analytic hierarchy process (AHP) and technique for order of preference by similarity to
ideal solution (TOPSIS) used by Zabihi et al. (2016) to find out the best location in southern
seas for container transhipment hub. Hales et al. (2017) used AHP technique to assess the
change in port competitiveness.

AHP is the most widely used technique in decision-making due to its promising accuracy,
simplicity, ability to handle both qualitative and quantitative criteria or tangible and
intangible aspects, also, its ability to measure the consistency of judgement of respondents
(Muhisn et al., 2015). The previous analysis declared that AHP as a multicriteria decision-
making technique can help container terminals’ managers to enhance terminals’
competitiveness through identifying the relative importance weight of each dimension of
competitiveness and define dimensions that are working well and those that need
improvements. Table A2 summarizes previous research conducted on port
competitiveness from different perspectives.
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Efficiency is one of the important factors affecting port competitiveness, which ultimately
affects port performance.Merk andDang (2012) stated that port efficiency is a vital element that
affects port competitiveness. From previous studies, it can be noted that limited research tried
to provide a comprehensive view of evaluating both terminal efficiency and competitiveness.

In this context, this research will provide a comprehensive framework to measure and
evaluate competitiveness and efficiency of container terminals. The framework will utilize
DEA to assess the efficiency and Fuzzy Analytic hierarchy process (FAHP) to measure
competitiveness of container terminals. The review revealed that DEA as a measure of
efficiency deals with quantitative data to measure container terminal performance through
evaluating container terminal’s facilities as performance input and container terminal’s
throughput as a measure of output performance. While FAHP as a measure of
competitiveness can deal with multicriteria qualitative assessment of various container
terminals’ performance indicators based on experts’ judgement.

3. Research methodology
One of the most applicable tools worldwide to evaluate and rank port performance is
Logistics Performance Index (LPI). The LPI was created to demonstrate the logistics
comparative situation of countries (Çemberci et al., 2015). It is an international tool for
benchmarking key barriers and opportunities for improvement as it summarizes the
performance through different criteria such as customs; infrastructure; international
shipments; logistics quality; tracking and timeliness (Ojala and Çelebi, 2015).

Egypt implemented infrastructure reform, targeting improving logistics performance and
competitiveness. However, Egypt’s ranking in LPI dropped 18 positions between 2016 and
2018 to rank 67th on the LPI in 2018 as Egypt’s logistics performance has worsened in all
indexing criteria compared to 2016 (Worldbank.org, 2021). In this context, it is essential to
propose a procedure that can help policymakers to assess logistics performance from
different dimensions based on both quantitative data and experts’ judgement. This can help
in identifying the required corrective actions which can ensure the targeted outputs from
reform strategy. This research proposes a framework to measure and evaluate
competitiveness and efficiency of the Egyptian container terminals, which will be
illustrated in this section.

Dependent variable

Efficiency:

Independent variables

Competitiveness:

Figure 1.
Research framework
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Based on previous studies that have been illustrated in literature review section, the
research identified performance measures and proposed the framework – as illustrated in
Figure 1 to measure a container terminal performance in terms of efficiency and
competitiveness.

The proposed framework defines container throughput (TEUs) as the dependent
variable in this research to measure performance output as a result of efficiency and
competitiveness (the independent variables). It has been found that most studies widely
used container throughput (TEUs) to evaluate port terminal performance as output of
the level of efficiency and competitiveness (Hlali, 2018). In this research, TEUs is used as
the dependent variable to measure performance output as it is considered a primary basis
on which container terminals are compared and benchmarked. Unlike other
performance output measures that are too difficult to standardize such as ships call
number where two ports could have same ships call numbers while they have different total
cargo handled.

In this research for measuring port efficiency, four measures are used based on the most
common used measures in literature; “storage capacity” as the total available area for cargo
storage, “draught” as the distance between waterline of the ship and the ship’s keel, “berth
length” as the total available length of berth, and “gantry cranes”which is the equipment that
used in container handling process.

Derived from LPI measures, port competitiveness is measured based on quality of
transport infrastructure, IT services, customs and timeliness as they present the key drivers
of port competitiveness. Quality of transport infrastructure reflects quality of transport-
related infrastructure. IT services measures the port IT capabilities and features. Customs
refers to the efficiency of the customs clearance process in terms of speed and simplicity.
Timeliness assesses timeliness of shipments in reaching port destination (Ojala and Çelebi,
2015; Roekel, 2017).

The efficiency measures were assessed using DEA technique. The most popular of the
nonparametric approaches is data envelopment analysis “DEA”. The main attraction of DEA
is that it can deal with multiple inputs and outputs. The units in any DEA assessment are
generally homogeneous and are independent units performing the same function
(Nwanosike, 2014). DEA technique is useful in resolving the measurement of port efficiency
because the calculations are nonparametric that can handle more than one output and do not
require an explicit priori determination of relationships between output and input
(Elsayeh, 2015).

FAHP techniquewas used as ameasure of terminal competitiveness. FAHPhas the ability
of handling both qualitative and quantitative criteria; it measures the consistency of
judgement of respondents, as it is suitable for understanding complex problems by using a
hierarchical structure (Elgazzar, 2013).

In the next section, an empirical study on Egyptian container terminals is presented. The
applicability of the proposed framework to assess terminal performance in terms of
efficiency using DEA technique and competitiveness using FAHP approach will be
illustrated, upon which containers’ terminals can be ranked and areas of improvement can be
identified.

4. Empirical study
This section attempts to measure the efficiency and competitiveness of the Egyptian
container terminals to find out the present status and the weakness points of these container
terminals. The results will highlight areas of improvements that could enhance the efficiency
and the competitive position of these container terminals.
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The empirical study focuses on six Egyptian container terminals: Alexandria,
El-Dekheila, Port Said, East Port Said, Damietta and El-Sokhna. Adabiya container
terminal was excluded due to limitation of data. Secondary data were collected from the
Egyptian Maritime Data Bank (EMDB) for the period from 2015 to 2019, while primary data
were collected through questionnaires distributed to experts and stakeholders in the field.

4.1 Efficiency assessment of the Egyptian container terminals
The researcher used DEA to assess the efficiency of the Egyptian container terminals.
Secondary data were collected on: storage capacity, draught, berth length and gantry cranes
as measures of performance efficiency input and container throughput as a measure of
performance output. Data were collected from the EMDB for the Egyptian container
terminals (Alexandria, El-Dekheila, Damietta, East Port Said, Port Said and El-Sokhna) for
the duration of five years (from 2015 to 2019) in order to analyse a complete shipping market
cycle of the Egyptian container terminals.

Three different DEA models were used to assess the efficiency score of the Egyptian
container terminals: CCRmodel, BCCmodel and sensitivity analysis (SA) (Cabral and Ramos,
2018). CCR model measures the overall technical efficiency, while BCC model measures the
pure technical efficiency (Elsayeh, 2015; Ismail, 2019). SA examines the impacts when an
input variable deleted or added (Ramanathan, 2003). This will help to identify the weight of
each variable that affects the efficiency score of a container terminal. In this research, theMax
DEA v.8 software program, written by Beijing Realworld Software Company Ltd; was used
to solve CCR, BCC and SA.

Table 1 shows the Egyptian container terminals’ efficiency CCR and BCC
scores during the period from 2015 to 2019. The efficiency score of Alexandria terminal
was equal to unity only in 2016 and 2019; Port Said port had an efficiency score equal to
unity only in 2015; Damietta port had an efficiency score equal to unity only in 2018; East
Port Said port had an efficiency score equal to unity only in 2019; under CCR and BCC
models. In addition, El-Dekheila port had an efficiency score equal to unity only 2015
and 2019 and El-Sokhna port had an efficiency score equal to unity only 2016 under
BCC model.

Based on the analysis, we found that most of the Egyptian container terminals suffer from
inefficiency during the period of the study. In addition, it shows that Alexandria container
terminal had the highest mean efficiency estimating of 0.838 for both CCR and BCC models.
While El-Sokhna container terminal had the lowest mean efficiency estimating of 0.747 for
CCR analysis.

SA results are illustrated in Table 2. The distraction of storage capacity decreased the
efficiency score of El-Dekheila, Damietta and El-Sokhna from 0.863 to 0.847, from 0.928 to
0.776 and from 0.742 to 0.564, respectively; while increased the efficiency score of Port Said
port from 0.952 to unity. The removal of storage capacity has not changed the efficiency score
of Alexandria and East Port Said; which is the same equal to unity.

The omission of draught from the input variables combination decreased only the
efficiency score of El-Dekheila from 0.863 to 0.8.7. Nevertheless, the omission of the same
variable increased the efficiency scores from 0.928 to 0.952 to unity in Damietta and Port Said,
respectively, and from 0.742 to 0.798 for El-Sokhna port. The removal of storage draught has
not changed the efficiency score of Alexandria and East Port Said port, which is the same
equal to unity.

The removal of berth length has not changed the efficiency score of El-Dekheila, which
is 0.865 and equal to unity for Alexandria and East Port Said port. However, the removal of
berth length has increased the efficiency score of Damietta from 0.928 to unity and
El-Sokhna from 0.742 to 0.760, while decreased the efficiency score of Port Said from 0.952
to 0.659.
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Egyptian container
terminals’ efficiency
CCR and BCC scores

from 2015 to 2019
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The omission of gantry cranes has not changed the efficiency score of East Port Said and still
the same equal to unity. However, it decreased the efficiency score of Alexandria and
El-Dekheila from equal to unity and 0.863 to 0.828 and 0.750, respectively. While Damietta
and Port Said port became efficient and equal to unity instead of efficiency score 0.928 and
0.952, respectively. Nevertheless, the omission of gantry cranes has increased the efficiency
score of El-Sokhna port from 0.742 to 0.798.

To conclude, the efficiency score of Alexandria port decreased when gantry cranes
measure was removed, the efficiency level has not been affected when removing remaining
inputs. The efficiency score of El-Dekheila has decreased due to the omission of storage
capacity, draught and gantry cranes.While it remained the same when berth length removed
from inputs list.

The efficiency score of Damietta has decreased due to removal of storage capacity, but it
improved when removing draught, berth length and gantry cranes. The efficiency score of
East Port Said has not been changed while removing any of the inputs variables and it
remained the same equal to unity. The efficiency score of Port Said has increased due to the
removal of storage capacity, draught and gantry cranes, but it decreased when removing
berth length. Finally, the efficiency score of El-Sokhna port has increased due to the removal
of draught, berth length and gantry cranes, but has decreased due to the removal of storage
capacity.

4.2 Competitiveness assessment of the Egyptian container terminals
The research assessed container terminals competitiveness using FAHP technique. Four
main criteria were used to measure the container terminals competitiveness, namely: quality
of transport infrastructure, IT services, customs and timeliness.

A survey was distributed to a group of experts in the field to evaluate the competitiveness
level of the Egyptian container terminals. The survey was classified in two main parts. The
first part was structured using FAHP approach based on a pairwise comparison scale
ranging from 1 to 9 to determine the relative importance weight of each competitiveness
criteria. The second part was structured using Likert Scale from excellent to very poor to
evaluate the current performance of the Egyptian container terminals in each criteria of
competitiveness.

Table 3: illustrates the FAHP questionnaire form to prioritise the competitiveness criteria
of a container terminal. While Table 4 illustrates the Likert scale questionnaire form using
performance rating scale (excellent, good, very good, poor and very poor) to rank the
competitiveness of container terminals, where 1 signifies excellent performance, 0.8 signifies
very good performance, 0.6 signifies good performance, 0.4 signifies poor performance and
0.2 signifies very poor performance.

A group of 72 experts in the field from the shipping companies, Egyptian Port
Authority and shipping agencies filled the survey. Surveys’ responses were analysed

Egyptian container terminals CCR Storage capacity Draught Berth length Gantry cranes

Alexandria 1.000 1.000 1.000 1.000 0.828
El-Dekheila 0.863 0.847 0.807 0.865 0.750
East Port Said 1.000 1.000 1.000 1.000 1.000
Port Said 0.952 1.000 1.000 0.659 1.000
Damietta 0.928 0.776 1.000 1.000 1.000
El-Sokhna 0.742 0.564 0.798 0.760 0.798
MEAN 0.865 0.934 0.881 0.896

Table 2.
Egyptian container
terminals’ efficiency
sensitivity analysis
scores for year 2019
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using Excel Spreadsheets and Pop Tools to determine the relative importance weight of
each criterion.

The maximum accepted Consistency Ratio (CR) to ensure the consistency of the survey
findings should be lower than the CR (0.1). In this research, CR was calculated for survey
responses (CR 5 0.0159); to verify the consistency of responses, which ensures the
consistency of the survey findings as it is lower than the maximum (Saaty and Kearns, 1985;
Mu and Rojas, 2017).

Based on survey responses; Table 5 presents the relative importance weights
of the measures. The results revealed that: Timeliness has the highest priority with
33%, IT services is placed in the second position with 31%, and Customs has the third
priority with 27%, while quality of transport infrastructure comes at the fourth priority
with 10%.

After determining the relative weight (W) of each measure, the performance rates (R) for
each terminal based on Likert survey responses were determined. The weighted rate (WR) of

Container
terminal Excellent V. good Good Poor V. poor

Quality of transport
infrastructure

Alexandria
El-Dekheila
Port Said
East Port Said
Damietta
El-Sokhna

IT services Alexandria
El-Dekheila
Port Said
East Port Said
Damietta
El-Sokhna

Customs Alexandria
El-Dekheila
Port Said
East Port Said
Damietta
El-Sokhna

Timelines Alexandria
El-Dekheila
Port Said
East Port Said
Damietta
El-Sokhna

Criteria Priority

Quality of transport infrastructure 10% 4
IT services 31% 2
Customs 27% 3
Timeliness 33% 1

Table 4.
Survey on evaluating
the competitiveness of
the Egyptian container
terminals

Table 5.
Relative importance
weights of the
container terminals
competitiveness
measures
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eachmeasure for each terminal was calculated bymultiplying the weight by the performance
rate of each measure. Finally, the weighted rates of all measures of competitiveness in each
terminal were calculated and aggregated to determine the competitiveness index of each
terminal. Based on the aggregated weighted rates, Table 6 shows the competitiveness index
of the Egyptian container terminals.

The results revealed that El-Sokhna has the first position with a competitiveness index
(0.83), East Port Said comes in the second position, Port Said is in the third position,
Damietta is evaluated as the fourth position, El-Dekheila has the fifth position, while
Alexandria container terminal takes the lowest position with the lowest competitiveness
index (0.69). This index identifies the criteria that need improvement in each Egyptian
container terminal.

Table 7 summarizes the performance of each of the six Egyptian container terminals
compared to others. As illustrated, although Alexandria container terminal has the
highest efficiency level, this is associated with the lowest competitiveness performance
compared to other container terminals. This highlights the highest utilization of resources
while more attention should be given to the level of service provided in terms of (time,
quality, cost and automation). On the other hand, El-Sokhna has the highest
competitiveness level while the lowest efficiency level which highlights the importance
to focus on more utilization of the available resources through attracting more ships and
shipping lines.

The performance evaluation showed that the rest of Egyptian terminal ports should
improve both competitiveness (in terms of level of service provided) and efficiency (in terms
of resources utilization) at different levels based on their performance ranking.

5. Conclusion
This research provided a framework for assessing a container terminal’s performance in
terms of competitiveness and efficiency. The framework captures key performance
indicators to assess the container terminal’s performance and identify areas that need
improvement. An empirical study on the Egyptian container terminals from 2015 to 2019was
conducted to evaluate their performance and demonstrate the applicability of the proposed
framework. This can help policy makers to assess efficiency and competitiveness based on
both quantitative data and experts’ judgement in order to help in formulating government
logistics strategy.

Further research can propose a future agenda to improve the Egyptian container
terminals performance through identifying a road map to improve their efficiency and
competitiveness based on the assessment provided in this research. The developed
framework can be used as an evaluation tool to evaluate the performance of container
terminals in other countries, and can be utilized as a performance benchmark tool to compare
the performance of container terminals of competing ports.

Egyptian container terminals Efficiency ranking Competitiveness ranking

Alexandria 1 6
El-Dekheila 3 5
Damietta 5 4
Port Said 2 3
East Port Said 4 2
El-Sokhna 6 1

Table 7.
Performance of the
Egyptian container
terminals

MAEM
4,1
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1 Tongzon
and Heng
(2005)

Cobb–
Douglas
model

25 container ports
(1999)

Length of the
quay, terminal
surface and
numbers of quay
cranes

TEUs Private sector
participation improves
port operation efficiency
and will increase port
competitiveness

2 Sohn and
Jung
(2009)

(DEA) and
(SFA)

16 major Asian
ports (1995–2005)

Berth length,
yard gantries
number and
number of ship
shore gantries

TEUs Competitiveness of a
port effected positively
with the port size

3 Hung et al.
(2010)

CCR
model

31 container
terminals in the
Asia–Pacific
region (2003)

Gantry cranes
number, handling
equipment and
labour

TEUs Resource allocation is
needed to maintain port
competitiveness

4 Demirel
et al. (2012)

CCR and
BCC
models

16 East
Mediterranean
container ports
(2006–2008)

Berth depth,
berth length
terminal area,
equipment
number, quay
crane

TEUs To achieve a competitive
advantage; public ports
should maximize the
efficiency of their
container terminal

5 Yuen et al.
(2013)

DEA 21 China and
Asian container
ports (2003–2007)

Number of berths,
berth length,
terminal area,
yard and quay
cranes

TEUs Terminal efficiency
could be enhanced by
inter-port competition

6 Ismail
(2019)

Five DEA
models
and FAHP

Six container
terminals in Egypt

Berth length,
storage area,
berth depth,
number of
handling
equipment and
terminal area

TEUs DEA and FAHP
revealed different
ranking score for the
same container terminals
under study for the year
2016

Table A2.
Previous research on
port competitiveness

Egyptian
container
terminals

performance
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