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Abstract

Title of Dissertation: Cost and Benefit Analysis of Port Investment Projects:
A case study of Rades Container Terminal (Tunisia)

Degree: Master of Science

During the last decade Tunisia has made much political progress in the way towards
democracy and significant steps forward in new open system of governance. However,
the economic situation has not followed the positive political changes.

In fact, it has deteriorated since the revolution in 2011.

Ports are gates to international trade and the catalyst for national economic growth
however, Tunisia has suffered in this area due to continued poor quality of services.
In this respect, Rades Container Terminal is the major asset for Tunisia’s general cargo
trade and through which more than 60% of the country’s traffic passes. However, it
losses 271,9 M€ annually to the national economy (OBG, 2016) because of its time
and costs inefficiencies.

The study of different Port Performance Indicators has revealed that the losses are
attributable to low cargo handling operations performance rates compared to regional
and international standards mainly as a result of outdated equipment, inadequate port
infrastructure for containerized traffic and the lack of storage areas due to long average
dwell time of containers. Consequently, congestions, high turnaround time of
container vessels, berth unavailability and frequent interruptions of the port logistics
and supply chain have been observed. The attractiveness of the port has suffered due
to the poor liner shipping connectivity and the introduction of congestion surcharges
to containers shipped to or from Rades Terminal.

It is clear that urgent and adequate investment in infrastructure the terminal equipment
was needed to allow for this important asset to reach its economic potential and to
mitigate the mentioned losses to the national economy. This research looks into
possible alternative investment projects to address the issue and has investigated their
financial feasibility by applying a Cost and Benefit Analysis (CBA) that will allow for
the choice of a suitable operating system for the terminal, enable the wise allocation
of limited resources for the maximum long term profits and highlight the importance
of port investments to avoid interruptions of the port logistics chain.

KEYWORDS: Container Terminal Efficiency, Port Logistics, Tunisia, National
Economy, Port logistics, KPI, CBA, Port Investment Projects
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Chapter 1. Introduction

1.1. Background and context

Trade has always been considered an important factor in the economic growth of
nations. In observing the historical evolutionary trend between the world Gross
Domestic Product (GDP) and global trade it was found that both variables were
connected (WTO, 2018). Scholars have also come to the conclusion that trade is one
of the drivers of economic growth, through analyzing the long term macroeconomic
data of many countries, and they found that economic growth was the reason for an
increase in growth in their trade during the same period (Frankel & Romer, 1999;
Alcala & Ciccone, 2004 Ortiz-Ospina, 2018).

Nowadays, seaborne trade accounts for a significant share of world trade with more
than four fifth in volume and over 70% of value (United Nations Conference on Trade
and Development [UNCTAD], 2018, 2019). Therefore, it is considered to be the
biggest contributor to many countries’ economies. Consequently, this huge cargo
volume is handled by ports all over the world serving the global economy and the
world supply chain.

In this context, ports are the backbone of this trade and represents the first interface
for cargo exchange between sea and shore on one hand, and on the other hand, they
are the gateways to securing such growth.

Despite all the uncertainty in the current global trade environment, statistics provided
by UNCTAD (2019) show that seaborne trade keeps growing at a pace of 2.7% in
volume during 2018 and it is predicted to continuously grow by 3.4% on average
between 2019 and 2024, however, due to the unpredicted Covid-19 pandemic,
seaborne trade growth will certainly be affected and forecasts may no longer be
accurate.

In this respect, containerized general cargo is also gradually increasing its share of the
world’s cargo volume with a steady growth of at least 4% during the last 4 years
(Statista, 2020a). As a consequence, 793.26 million Twenty Equivalent Units (TEUs)
were handled in worldwide ports in 2018 with an increased rate of 4.7% (UNCTAD,
2019). Thanks to its modularity and flexibility, containers not only become the first
choice for carrying goods by sea (Fenton et al., 2018) but also facilitate door to door
services that increasingly are demanded by customers (Frankel, 1999).

Taking into account this fast growth rate in container tratfic and the rise of new service
demands and pressure, port terminals have to cope with the emerging challenges
imposed by its stakeholders and the economic needs of the country.

On one hand, containers are carried by liner shipping companies that operate on
defined routes with fixed schedules and with a certain number of port calls and




rotations (WSC, n.d.). In this respect, liner shipping services are more time-sensitive
while they must maintain low transit times, frequent services, remaining punctual and
reliable (Notteboom, 2004). It has always been seen that ports are the black box to
where most of the delays occur and high costs are embedded which are mainly caused
by poor port performance that greatly affects shipping line schedules. As a
consequence, in order to reduce losses, shipping companies increase their freight rate.
Therefore, higher transport costs discourage foreign investment, limits the export of
services, decreases employment opportunities and leads to a lower savings ratio. It has
been estimated that doubling transport costs, decrease the rate of economic growth by
more than 0.5%, it might be negligible but considering the long term effects it has a
negative impact (Dwarakish & Salim, 2015, p.297).

On the other hand, port as nodes of the entire logistics chain have to avoid a disruption
to the supply chain and ensure the continuity of the firm’s production. Avis et al.
(2007) argues that poor logistics facilitation heavily impacts the country’s competitive
advantage in a way that the high logistics costs will be transferred to the final product
price which might be higher than its competitors. The same perspective, Tovar et al.
(2007) confirms that port operations have a direct impact on some economic factors
such as export competitiveness and final import price which ultimately affect
economic development.

Beside the importance of cost and time, today’s just-in-time production process
requires the need for a reliable and predictable shipping delivery (Munim & Schramm,
2018), and poor logistical performance generates higher inventory maintenance
requirements for firms (Avis et al., 2010).

Bearing the above in mind the primary component of maritime transport logistics as a
link to the global economy, port performances are crucial to reducing the total
transport costs and promote the national economy.

Nowadays, there are more container terminals than piers, due to the time sensitivity
of containerized general cargo, ports are evolving over time to provide efficient
operational services and better logistical solutions in a cost effective way. In this
context, port operational performances are paramount to port infrastructure as well as
its superstructure which are the principle tools to providing high performance levels.
Actually, what differentiate the countries’ logistics performances and seaborne trade
is the quality of the port’s infrastructure (Munim & Schramm, 2018)

Investing in port infrastructure will foster economic development, since quality
infrastructure permits handling more cargo in a shorter time period with the same
amount of resources but at a lower unit cost (Chang & Talley, 2019). Unfortunately,
the rapid growth of seaborne trade, the evolution of globalization, alliances, big
shipping companies merging and the scale of ship enlargement makes port adaptation
to this fast change a very challenging task especially in terms of the development of
infrastructure and investments. (Xiao et al., 2016)




Nevertheless, an estimation shows that there was a 10% increase in the overall quality
of infrastructure measured by Logistics Performance Index (LPI) would increase
seaborne trade by 50% (ITF, 2016, P. 77).

However, ports are capital driven and investments in infrastructure are very expensive.
To allocate public resources, which are naturally limited, governments have to firstly
justify the need for the development of a larger infrastructure facility and calculate the
precise economic impact that the country may assume or earn respectively in the case
of making non-investment or investment decisions. Thereafter, they have to
meticulously prioritize the investment of a specific project over others in the selection
process by adopting a scientific approach ranking the different projects on a feasibility
basis, including costs and their return on investment (ROI).

In this setting, Cost Benefit Analysis (CBA) is a widely utilized methodology by
governments to deal with such tasks and helps to better allocate public funds to ensure
that public investment will be used in an effective way.

1.2. Problem statement

UNCTAD (2019) has classified countries based on the time spent in ports for container
ships. As shown in Figure 1, Tunisia was ranked as one of the top 10 slowest
economies for container handling in 2018. In addition, the largest ship in terms of
Gross tonnage doesn’t exceed 18,000 which means that Tunisian ports can only handle
Feeders of less than 1500 TEU of capacity.

Also, the average time spent in ports (4 days for relatively small ships) is considered
very high, compared with the top ranking countries that deal with bigger ships in
capacity, which can explain the uncompetitive nature of Tunisian ports.

Table 3.4 Ten highest- and lowest-ranking economies: Median time spent in port by container sh
—g---ﬂ“
of port calls
tons) in 2018
Faroe Islands 023 11635 17 368 14 : 276
Saint Vincent and the : 028 © 13325 © 18358 : 1 : 114
Grenada 3 030 © 13899 . 6182 10 85
Gibraltar | 4 : 031 e . 35878 : 14 ] 40
Norway 5 i 033 i 8377 ;21586 § 15 ; 3536
Jagan | 6 © 035 D733 S oarenr 12 . 38238
Saint Lucia 7 0.40 i 12620 © 16182 : 1 § 137
Taiwan Province of I 8 0.46 29 444 217 617 : 14 15616
Honduras 9 i 0.46 : 17 887 © 3z : 14 : 1297
| 10 - 0.49 21242 214 286 : 13 11N
Myanmar 147 : 277 ; 14 676 . 25165 i 19 i 55
Guinea-Bissau | 148 286 13278 T 17 : 59
Algeria 149 296 12145 28 397 16 926
Bangladesh | 150 297 18 306 94511 12 1338
Gambia 151 339 18174 32903 17 144
Guyana | 152 : 153 o 2518 .o : 8 : 65
Yemen 153 362 20 603 © 34610 16 187
Tunsia | 154 - 380 9356 .oy - 18 - 4
Sudan 155 : 43 26 581 . T3E09 : 16 ] 182
Mald: | 156 648 17 075 39 753 15 87
World 0.70 . 38520 S NTem . 13 0

Figure 1. Median time spent in port by container ships in 2018 (UNCTAD, 2019)




Besides dealing with feeders it means that the country is not availing the benefits of
the economies of scale, but it also means that the freight rate will be higher due to the
accumulation of transshipments and poor port performances costs.

On the other hand, ports are looking to be more profitable in addition to only serving
national economies in this competitive market in which they operate, and it is essential
to increase performance in order to attract more customers. However, upgrading port
performance is mostly related to investment either in infrastructure or superstructure.
Sorgenfrei (2018, p. 44) confirmed that “investments in port and terminal infra- and
superstructure are often very high, with costs for a new terminal easily reaching one
billion USD”. In this respect, to provide the appropriate equipment and tools, ports
have to bear huge expenses.

Moreover, port authorities as both a public asset and business entity have to allocate
limited public funds to well targeted investments in projects that have the highest
profit return, and generating economic growth and social wealth to ensure port
sustainability. Unfortunately, this task is quite difficult and a tricky for decision
makers.

1.3. Research aim and objectives

The aim of this research is to firstly, provide an insight into the Rades Container
Terminal (RCT) which is the main terminal in Tunisia in terms of annual container
throughput, then to investigate and identify the causes behind the high median time
spent by container ships and find the answer to the question to the ranking that Tunisia
is one of top 10 weakest economies handling container ships. Thereafter, the second
aim is to identify solutions to the above problems.

To reach these goals, the study will have the following objectives:

1. Identify the root causes of deficiencies that might occur on berth, yard and gate
operations affecting their overall performances.

2. To recognize the bottleneck where Rades port is not performing using
comparative analysis of Key Performance Indicators (KPIs) with other
regional and international standards and benchmarks.

3. Propose solutions to the identified problems and compare those alternatives
using CBA

4. Select the best alternative method to address the problem and recommend it to
decision makers.




1 4. Research questions
This paper aims to address the following questions:

Research Question 1: What are the root causes that hinder Rades Container Terminal
from fostering the national economy?

Research Question 2: What is needed to resolve the problems to get the port back on
the right developmental track and have it play its role in driving economic growth?

Research Question 3: How to classify and adopt the selected projects that might
address port performance problems on the basis of ROI?

Research Question 4: What are the necessary measures that need to be taken in order
to overcome the issues of implementing a solution and the feasibility of the selected
project in the field?

1.5. Research methodology and methods

This research is founded on a quantitative methodology that describes the first stage
of the status quo in the case study focusing on calculating the actual KPIs, then to
compare it with standard benchmarks and world container terminals in the same region
to find how much of the port is the norm and to identify the bottleneck.

A deductive reasoning will be conducted in a logical manner to investigate the
causality relationship, between the port deficiencies and a potential infra- and
superstructure quality and if necessary the needs for port investment. In light of this
approach, the proposed solutions will be compared using CBA and the best solution
will be recommended to decision makers.

In the process of elaborating on this research, secondary data and statistics has been
collected from official sources of the port authority, the port operator and the ministry
of transport. To a lesser extent, some other data will be gathered from existing
databases such as AXS Marine and UNCTAD.

In addition, a literature review of relevant articles, World Bank, Tunisian Central Bank
of Tunisia and the Organization for Economic Co-operation and Development’s
(OECD) data will be used to make appropriate assumptions in the course of setting a
CBA analysis.

To analyze the gathered data, excel spreadsheets will be used as a tool for categorizing
different information, to visually present the findings and to process different
calculations of the CBA methodology.




1.6. Scope and limitations

The scope of this dissertation will study the enhancement of the RCT performance
through assessing Port Performance Indicators (PPIs). This paper is limited also to the
study of liner shipping services in Tunisia and the implications of port logistics in
national economy.

In addition, the CBA methodology will consider the projects that are not yet finished
(ex ante) or the ongoing ones in the course of analyzing and ranking different
solutions.

1.7. Structure of the dissertation

The next chapter will look at the literature review highlighting the role of ports in the
national economy, the importance of using PPIs as a tool for assessing port efficiency
and as a method for port development decisions, the impact of port infrastructure and
the investment and use of the CBA in public asset investment assessment and as a
decision making tool.

Chapter Three includes the general description of the case study, also present the
different KPls, identify the bottleneck of the port performance and highlight some of
the impacts of this on the national economy.

Thereafter, the CBA will be applied to compare and identify solutions and to help in
the adoption of the best alternative based on profitability criteria which will take place

in Chapter Four.

Chapter Five discuss the findings, also touches the challenges for implementation and
providing recommendations to decision makers.

Finally, Chapter Six will conclude the research and highlight its limitations.




Chapter 2. Literature review

2.1 Role of ports in national economy

Ports as nodes in the maritime logistics and transport chain and play an important role
as a platform for trade exchange, they foster the growth in the service sector and
provide jobs directly and indirectly to people in the surrounding areas (Santos et al.,
2018).

For instance, they are a catalyst for different economic activities to be agglomerated
in its vicinity for the facilitation that can provide in terms of added value logistics
services, intermodal transport integration and overall costs minimization which had a
multiplier effect on local, regional and national economy (Deng, Lu, & Xiao, 2013)

Notteboom, Pallis and Rodrigue (2020) have described ports as “Funnels” to
economic development as the following figure shows.

g Port services
Direct Transport services
. Port users (import
Indirect and export firms)

Economic multipliers

Induced . o
Economic opportunities

Figure 2. Ports as a funnel to economic development (Notteboom et al., 2020)

The authors have classified the effects of ports into three different categories:

- Direct benefits derived from port activity which generate revenue from ships
and cargo dues as well as incomes from concession and land rental agreements.

- Indirect benefits involving cost cutting that the port provide to its users and
customers raised from the reduction of operating, transport and interest cost
related to the firm’s inventory, all gained from efficient port operations, time
saving measures and logistical integration solutions.




- Induced benefits which are reflected in job creation in port related activities,
incomes earned by industries providing supplies and services to the port and
which indirectly also creates jobs.

Integration into the global supply chain in the last decades has resulted in higher inter
and intra port competition and the growing demand for integrated logistics services,
ports become more than just piers that focus only in cargo handling. Therefore, such
integration allows collaboration between port operators and different stakeholders in
the supply chain to improve reliability, predictability of shipping delivery, on time
performance and minimizing the overall transport costs (Han, 2018).

Increasing port competition has also pressed ports to extend their hinterland coverage
to areas ignored before (Marcadon, 1999) and implementing dry ports (Jeevan et al.,
2019) which improved inland connectivity, encouraged firms to be more productive
and eased the import and export of goods in previously isolated zones (Paardenkooper,
2019). On the shipping side, Marcadon (1999) has also confirmed that such wide
coverage motivates shippers and carriers to call into such ports where there is an
opportunity for higher cargo volumes and to establish economies of scale. In this
regard, important shippers and shipping lines mainly choose to call into a specific port
for the logistic chain solution that it can provide (Notteboom & Yap, 2012).

As a result of having good hinterland and maritime connectivity this avails the national
economy with the benefits of economies of scale and supports the competitiveness of
exported product in the international markets by reducing its final prices. Jouili (2019)
has comes to a conclusion that seaport infrastructure, logistical performance and
shipping connectivity has had a positive impact on export and national economy in
general.

Furthermore, most of the industrial zones are mainly located on port borders or in its
immediate hinterland driven by the fact that today’s port centric logistics and port free
trade zones are more cost efficient locations and providing more added value services
and logistic solutions (Santos et al., 2018; Alavi et al., 2018). This has created a
competitive advantage that attract industries and direct foreign investments (FDI).

The impact of port logistics on economic growth has been studied by many scholars
who found a positive relationship between the two variables in the scope of specific
ports and regions such as Shanghai, The Pearl river delta, Rotterdam and so many
others Asian and European areas (Shen & Yang, 2010; Zhang & Ning, 2012; Bottasso
etal., 2014; Artal-Tur et al., 2016; Yudhistira & Sofiyandi, 2018; Sun & Yu, 2019).

In contrast, Notteboom, Pallis, and Rodrigue (2020) have criticized the economic
impact of ports arguing that existing literature is restricted to only the scope of
studying single ports in a predefined and limited range which complicates the
deduction of a general assessment. Thus, the authors claimed that port are becoming
more capital driven, consuming more land and relying less on labor forces due to




automation and digitization. Therefore, they admit that ports still have benefits in
employment, however, the growth in the amount of cargo that goes through ports are
competing for an insignificant increase in employment with less than 0.05 job per 100
tons, which is the weakest rate in the transport sector. Santos, Salvador and Soares
(2018) also supported the idea that socioeconomic significance of ports could not be
well assessed if taking the trend of port automation into consideration.

Narrowing the scope to ports is part and parcel of the holistic maritime logistics chain,
ports have to ensure their central function is to efficiently transfer cargo between shore
and sea in a cost efficient way and that reduces transport costs, and promotes the
competitiveness of exported products and reducing final price of the imported ones.

In this context, port efficiency and performance are negatively linked to transport costs
(Sudrez-Aleman et al., 2016). Evidence from Latin America shows that doubling
efficiency in two ports, reduces transport costs by halving the distance between them
(Wilmsmeier, Hoffmann, & Sanchez, 2006). Similarly, increasing port efficiency
from 25% to 75% decreases shipping costs by 12% in the same region (Dollar et al.,
2002). Furthermore, the maritime transport costs could be reduced by 0.9 to 3.8%
when there is only an 0.1% increase in port efficiency (Dollar et al., 2002; Clark et al .,
2004; Blonigen & Wilson, 2008).

In addition, studies conducted on the countries located in the Indian and western
Pacific Ocean have shown that increased efficiency in container port facilities gain
significant benefits to their trade and economy. It concluded that if a given country
becomes as efficient as the country with the most efficient port sectors in the
mentioned area, it can reduce its average maritime transport costs by up to 14% and
increase its exports by almost 2.2% (Herrera Dappe et al., 2017).

As conclusion, based on the previous research work and studies reviewed, this
dissertation takes the view that the first contribution of ports to the national economy
is to secure its core function of efficiently transferring cargoes from sea to land side
to reduce the maritime transport and port logistics costs as Sudrez-Aleman et al. (2016)
suggest. Then, this study differs from previously mentioned studies who treated the
subject from job creation point of view or developing additional logistics services such
as Santos et al. (2018), Deng, Lu, & Xiao (2013) or Han (2018) suggest. This approach
is taken because in Tunisia, ports still negatively impact the national economy by
adding more costs to the maritime transport due to poor efficiency and cargo handling
performance as Dollar et al (2002); Clark et al. (2004) and Blonigen & Wilson (2008)
have previously addressed.

2.2 Port performance and indicators

Port performance is determined by how efficiently the port handles ships and cargo.
There are a panoply of indicators that could be categorized in various ways and its




assessment could be viewed from different angles depending on the interest of the
port’s stakeholder.

Port performance stands for setting a course of KPIs that serve as a benchmark
measure the quality of service levels and monitor the performance with the intended
objectives and modern port management tends to line up with the port strategy
planning (UNCTAD, 2016).

In focusing on performance management, the purposes of port manager is to improve
efficiency and effectiveness in order to reduce costs and increase incomes (Woxenius,
2012) and to allocate the appropriate resources and respond quickly to the
international market demand (Brooks & Pallis, 2013). Starting from the fact declared
by Peter Drucker that “yvou can’t manage what you can’t measure”, thus, measuring
port performance could be made via indicators to be used by port organizations or
companies to assess and measure their overall performance has on a particular activity
which they are engaged in (Turi, Goncalves, & Mocan, 2014).

Sorgenfrei (2018, p. 40) stated that “Port performance can be measured with a set of
indicators, often referred to as Key Performance Indicators...they should provide
insight for the port managenient into operational details of the key areas of port
business. They can be used, first, to compare performance levels with targets and
second, to observe industry trends in performance levels.”

In this aim, researchers have been engaged in measuring port performances using
various methodologies such as DEA (Diaz-Herndndez etal., 2014; Talley et al., 2014,
Wan et al., 2014), Stochastic Frontier Analysis (SFA) (Cullinane & Song, 2003; Ju &
Liu, 2015; Sudrez-Aleman et al., 2016), Free Disposal Hull (FDH) (Cullinane et al.,
2005; Lu, 2014).

Although, what and how to measure and which criteria to adopt in evaluating port
performance still depends on the perspective of different port stakeholders who
naturally have different interests. In fact, ports are complex entities where a lot of
activities have to be conducted from the arrival of the ship to the cargo left on the port
premises. This process makes the study of ports difficult as a homogeneous unit as
different tasks are conducted by various interveners (Lei & Bachmann, 2019). Dappe
et al. (2017) highlighted that, due to this complexity, identifying consistent measures
for port efficiency is a tricky job where literature on maritime logistics have struggled
to clarify it. Furthermore, considering only the sheer size of traffic flow in ports, this
does not reflect productivity, efficiency or responsiveness to customers. It could serve
only as a criterion among others that shippers might consider in evaluating
performance (American Association of Port Authorities [AAPA], n.d.)

However, the increased cargo volume handled in ports especially for containerized
cargo and the furious competition between ports have stressed the need for
establishing PPIs. In this context, Burns (2015, p.39) said “As transportation nodes
are handling increasingly larger cargo volumes, port authorities have been asked to
measure and maximize their performances in terms of ships’ turnaround time,
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efficiency, cargo operations, congestion and market concentration through their
regional clients.”

Moreover, internal and external demands of measuring port performance by
policymakers, port users and other stockholders in environmental and safety issues for
example, have increased in the last year, leading port manager to deliver those
indicators to a critical level (UNCTAD, 2016).

However, port cooperation in this process is still stagnant. Brooks and Pallis (2013)
state that “If ports do not proactively participate in efforts to bench their performance,
we expect that a number of stakeholders will do it for them”. UNCTAD (2016) also
estimated that in the next five-years performance benchmarking will take place in the
areas of efficiency and effectiveness with or without participation from the ports while
in the aim of measuring end to end supply chain management and improving their own
competitiveness. port users will be more engaged in this process.

Actually, port performance is not a new topic, it has been addressed by UNCTAD in
1976 and 1987 where it established a set of indicators which ports have to follow and
the rationale behind its settings.

Reviewing the Port Performance Indicator report issued by UNCTAD (1976), the
following objectives from establishing PPIs were detected:

1. Collecting data to calculate PPIs can be used by port authorities in two ways,
firstly to improve port operations and secondly to build up plans for future port
development.

2. PPIs serve as indicators for key areas of operation with the aim to compare
performance with targets and monitor the trend in performance levels, for
example how the cranes move per hour could vary from month to month, so if
a decline in performance is observed, actions have to be taken in order to
recognize the deficiencies factors leading to this and proactively mitigate it.
Thus, it is used as a feedback system for port operation performance (Figure
3).

3. PPIs are also used as factors for negotiating port congestion surcharges, port
development, port tariff adjustment and investments decisions.

4. PPIs serve also as a reason to justify the necessity for strategic investment in
ports and to prioritize the allocation of limited resources.

5. PPIs allow port managers as well to improve asset utilization by highlighting

problems, then upgrading port services and reducing unit costs through
appropriate interventions.
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Figure 3. PPIs’ port operations performance monitoring (UNCTAD, 1976)

In addition, the report is defining and delimit operations and financial indicators which
are still relevant today in assessing port performance, as illustrated in the following

figures.

Indicators Units

Tons

Monetary units/ton
Monetary units/ton
Monetary units/ton
Maonetary units/ton
Monetary units/ton
Monectary units

Tonnage worked . . .. ....... e e
Berth occupancy revenue per ton of CAIgo . . . . oo e
Cargo-handling revenue per ton of cargo N
Labour expenditure perton of cargo . .. ... .ol
Capital equipment expenditure per ton of mgo .......... e
Contribution per ton of cargo . . . . ... . e e
‘Total contribution . . . . ... ... e e

Figure 4. Summary of financial indicators (UNCTAD, 1976)

Indicator Unirs
Armival late . . . e e Ships/day
Waiting time e v e .. .. Hours/ship
Servicetime . ... ... ... ........... S - Hours/ship
Tum-tound time . .. ... . ...l vans cvve s .. Hours/ship
Tomnnage per ship~. . . . . . ..o v v v e nmE s enddiE L

‘Tons/ship
Fraction of time berthed chlps worked . ..... e e -

Number of gangs employed per shippershift . . . .. ........ oo Gangs
Tons per ship-hourin port . . .. . ... ... ... ... 0 ... .. Tons/hour
Tons per ship houratberth . ... ... ....................... Tons/hour
Tons per gang-hour . . ... ... .. L e .. Tons/gang-hour

Fraction of time gangsidle . ... . ... .........

Figure 5. Summary of operation indicators (UNCTAD, 1976)

12




More recently, UNCTAD (2016) provided more comprehensive approach in defining
areas for port performance assessment by proposing a scorecard that introduce more
issues that have to be considered as PPIs such as environmental and market indicators
as shown in Figure 6.

Port performance

scorecard

Figure 6. Port Performance scorecard components (UNCTAD, 2016)

Nowadays, the shift towards landlord of port governance and new models of
organizational structure and ownership (Verhoeven, 2009; Brooks et al., 2017), mean
port authorities lose the holistic and integrated role within port activity (Brooks et al.,
2017), therefore, the establishment of PPIs becomes not only a duty of the port
authority but also the responsibility of port operators and the other stakeholders
directly involved in daily port operations. In this context, port performance is still a
field of interest for researchers and scholars. Considering the fact that every port has
its own characteristics therefore need to adopt different kinds of indicators, Morales-
Fusca etal. (2016) have conducted research in 61 Mediterranean ports to find 77 where
different KPIs have been used. After analysis, the authors classified 27 of them into
six categories: Traffic, Financial, Operational, Customs procedures, Sustainability and
Security.

Similarly, Ha. et al. (2017) have reviewed literature from 1970 to 2016 to find the
analysis of the 16 principal KPIs and 60 other indices categorized also into six
categories: Core activity, Supporting activity, Financial strength, Users satisfaction,
Terminal supply chain integration and Sustainable growth.

Furthermore, Hinkka et al. (2018) listed indicators for evaluating terminal
performance into five categories, all differentiating between KPIs which are written
in normal text and performance indicators written in italic (Figure 7). The authors have
also highlighted the degree of difficulty to obtain such indicators through simulation
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or calculation models starting from the color green for the easier ones to the color red
for the most difficult ones as shown in figure 7.

Operational Financial Quality Environmental
Intermodal terminal Turnaround time Energy consumption
throughput (volume) per handled unit
Equpment utilization ~ Terminal’s profitability = Waiting time Carbon footprint per
unit
Gate utilization Operating efficiency Easmess of entryand = CO, NOX, SOC, PM
exit from highways emissions
Labour utilization rate Easiness of entry and
exit from rail network
Storage area Delays produced
(reliability) - rail
Berth ufilization

Road and rail track

maintenance cost

Manoewvring time Capital expenditures Unproductive time Use of alternative fuels
(CAPEX) from total consumption

Service time Operational
expenditures (OPEX)

Berthing time Corrective maintenance
cost (equipment)

Idle time (equipment) ~ Preventive maintenance

cost (equipment)

Figure 7. List of indicators for evaluating terminal performance (Hinkka et al., 2018)

To summarize, the calculation of different PPIs depends on the nature of each port and
the type of activities. In particular, considering the classification provided by (Hinkka
et al., 2018), this study will consider some of the already mentioned operational,
financial and quality performances. The case study is based on the available data and
statistics with the aim of monitoring and detecting deficiencies therefore recognizing
areas that need immediate interventions based on the feedback obtained from the
performance indicators as UNCTAD (1976) described.

2.3 Impact of port infrastructure and investment

One of the most important factors that determine port performance is the Quality of
Ports Infrastructure (QPI). An effective investment in port infrastructure or
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superstructure could have a great impact on cargo throughput and efficiency of cargo
handling operations in particular on trade and country economy on general.

Munim and Schramm (2018) investigates the impact of QPI by establishing the
following framework (Figure 8).

Quality of Port

Infrastructure
H1(a) Seaborne > National
Trade Economy
y
Logistics
Performance

Figure 8. Impact of QPI on logistics performance, seaborne trade and national

economy (Munim & Schramm, 2018)

The authors have found three positive impacts of QPI on logistics performance H1(a),
seaborne trade H1(b) and national economy H1(c), and they come to a conclusion that:

Better QPI such as having new equipment and technologies to improve the
logistical performances of the country in the way of reducing the delivery of
variability to the supply chain, reliability and delivery timeliness.

Better QPI such as appropriate navigational channels depth, quay wall length
and sufficient storage areas increases Liner Shipping Connectivity (LSC). In
this respect, Wilmsmeier and Hoffmann (2008) have estimated that one
standard deviation increase in LSC reduces the freight rate by 287 US$ in the
Caribbean region. Similarly, one standard deviation in port infrastructure for
an importing country reduces the freight rate by 225 US$.

Observations also led to a conclusion that ports having better quality
infrastructure are more efficient and have better logistics performances, thus,
attract more FDIs to the country (Panayides et al., 2015).

Consequently, if the QPI is not continuously improved or maintained, it might have a
substantial impact on the economy of the country. For this reason, investment in port
infrastructure is required.
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De Langen et al. (2018, p. 17) stated that investment in port infrastructure is needed
to enhance performance, remove bottlenecks and ensure the sustainable function of
ports as an efficient gateway to manufacturing and logistics clusters.

The authors (p. 23) have distinguished twelve types of infrastructure investments that
could take place either in upgrading existing facilities or constructing new ones, they
also saw the potential value created by investing in each category as the next figure

highlights.

Type of port
infrastructure

F ec value ¢ =

F societal value creation

Maritime access

Reduced unit shipping costs in case of
improved maritime access (for larger ships).
Reduced risk of catastrophes and port
blockages if the works improve resilience

Increased trade as a result of reduced
import/export costs; increased safety.
Reduced environmental footprint and
better air quality if investments enable
deployment of more efficient and state-of
the art ships and/or a shift of cargo flows
to the port closest to the cargo destination.
In case of locks and breakwaters:

flood protection

Baslc port Reduced costs for present (and future) port  Reduced environmental footprint if
Iinfrastructure users (shipping lines, tenants and shippers) investments enable deployment of more
in the port fuel-efficient ships and/or a shift of cargo
flows to the port closest to the cargo
destination
Equipment and Value for port users through more capacity Reduced environmental footprint if invest-

superstructure ¥

andfor higher productivity

ments enable deployment of more fuel-ef-
ficient ships and/or a shift of cargo flows to
the port closest 1o the cargo destination

Infrastructure for
smooth transport
flows in the port

Value for port users through lower
generalised transport costs and efficiency

Reduced pollution through more efficient
operations and/or more use of environmen-
tally friendly transport modes

Energy-related

Value for port users through lower

Reduced emissions. Increased energy

infrastructure production costs efficiency and energy independence

Rail transport Value for port users through lower Increase of trade due to the extension of

connection generalised transport costs hinterland. Increased use of environmental-
ly friendly transport modes and decreased
carbon footprint

Road transport Value for port users through lower Increased trade. Reduced emissions

connection generalised transport costs (e.g. due to reduced congestion) or local

poliution (through removing traffic from
urban areas)

Inland waterway
transport connection

Value for port users through lower
generalised transport costs

Increase of trade due to the extension of
hinterland; reduction of the carbon footprint
and road congestion

ICT/digital Value for port users through lower Reduction of emissions due to better utiliza-

Infrastructure generalised transport costs tion of assets (e g less empty trucking)

Intermodal/ Value for port users through lower Increase of trade due to the extension of

multimodal terminals generalised transport costs hinterland. Increased use of environmental-
ly friendly transport modes

Infrastructure No direct economic value creation for port  Reduced {local) pollution and

for reducing users, unless such infi ture CO2 emissi

environmental costs of users to meet their environmental

footprint requirements (SECA, LNG, etc)

Sites for logistics Value for (future) port tenants that benefit Support regi 1 d I h gh

& manufaciuring from a location in a port cluster facilitation of i in facturing

activities and logistics

Table 1.Relevant types of ports infrastructure investments and its potential value

creation (De Langen et al., 2018)
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However, the selection of investment on one or more of these twelve categories
has to be argued based on a pragmatic approach and the actual needs of that
particular port.

Finally, as Munim and Schramm (2018) have highlighted the importance of QPI,
this research is addressing the impact of low quality of port super-infrastructure of
the case study in affecting port logistics performance and retaining the national
economy growth. Nevertheless, as De Langen et al. (2018) have identified
different types of port investment which are capital intensive by nature, this work
will provide an accurate assessment on which infrastructure have to be upgraded
basing on performance indicators and CBA in order to better allocate the limited
resources and achieve the intended outcomes.

2.4. Cost Benefit Analysis

Cost benefit analysis was firstly used as a concept to evaluate the public utility of a
project by assessing its costs and benefits (Mills, 2018) and served also to compare
the net benefits between different projects (Ekelund et al., 1999) in order to give a
sufficient justification to prioritize them among others (Fuguitt et al., 1999). It has
been used by governments and international organizations to minimize the uncertainty
of the evaluation of the potential benefit of public investment (Nas, 2016; Sarkar et
al., 2017; Mishan & Quah, 2007).

According to Nas (2016), CBA is an “evaluation procedure that provide a systematic
and careful assessment of all costs and benefits relevant to projects under
consideration... it's a method specifically developed for evaluation of public project...
to ensure efficiency in resource allocation and to achieve maximum gains in social
welfare”, which means that the CBA values the respective costs and benefits of a
specific project mainly in the public sector taking into consideration the society pros
and cons from developing such projects and all in safeguarding the available
resources.

Mendez (1992) highlighted also that “Cost-benefit analysis estimates and aggregates
the monetary equivalent of the present and future social costs and benefits, from the
citizens’ point of view, for the public investment projects, in order to decide if these
are in the public interest”. In this context, CBA allows public authorities to allocate
resources for a project where the marginal social benefit is greater than the marginal
social cost during its life cycle (MOSTEANU & lacob, 2007).

However, focusing on social benefit does not mean that government investments
cannot achieve what private sector does. It can provide at the time a clearly monetary
value profit as well as public prosperity.

To summarize all the above, CBA it is about listing all the costs on one side and the
benefits on the other side, determining the future net benefit of similar projects then
to classify them based on that value in the aim to certainly select the highest one in
term of ROL.
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In this case study that focus on public investment in a public infrastructure operated
by a public entity, it is essential for the government to argue the selection criteria of a
specific investment. In a world of uncertainty, high risk and limited resources, CBA
can provide a clear vision about choosing between an alternative course that have the
highest financial and social benefit even in short, medium or long term by allocating
minimum resources.

From this perspective Boardman et al. (2001), distinguish between two main types of
CBA. The ex-ante, that will be adopted in this paper, which is the standard CBA that
is performed before the project process being and the ex post analysis that is conducted
after the project has been completed. Between these two stages, a CBA analysis could
be performed also for ongoing projects. The principle value of the ex-ante analysis is
to help governments to select the best project, making “go” versus “no-go” decisions
and which resources should be allocated to that specific project during the
consideration stage.

At the end, the steps and methods of performing CBA in the case study will in due
course be described in Chapter 4 of this research.

2.5 Conclusion

Most of the studies of port performances have been conducted in major container
terminal around the world that handle millions of TEUs annually focusing on their
contribution evolved from their development over years, but only few researches have
looked into feeder ports in the Mediterranean and the North Africanregion where most
of them, contrary to developed countries ports, negatively impact economic growth
due to their low performance.

In this paper, the implication of port performance and the quality of its infrastructure
on the nation’s economy will be addressed, through the study of the principle container
terminal in Tunisia and it will look at how the detected deficiencies could be mitigated
by an efficient and effective investment in port infrastructure to foster their role as
gates for international trade.
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CHAPTER 3. Rades container terminal: The case study

3.1 General description

Rades Container Terminal (RCT) is considered as the principal asset for containerized
cargo transit while in 2013, 76% of the total country container TEUs and 80% of
rolling units were handled in this terminal (OMMP, n.d.). The port is governed under
the Landlord model where the port authority belongs to the Office of Merchant Marine
and Ports (OMMP) and operated by a state owned company (STAM). Further details
regarding the port governance and structure are provided in Appendix A.

As the following table and figure detail, the terminal has as infrastructure of 3 berths
with total quay wall lengths of 480 meters dedicated to container ships and 4 berths
for Roll-on/Roll-off (RoRo) ships.

Figure 9. RCT Map (Alphaliner.com)
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Navigational Approach
Length 3.5 NM
Canal Width 100 M
Depth 12M
Surface 80 Ha
Basin Depth 105 M
Turning circle 430 M
Berths
Berth
Number 1 2 3 - 5 6 7
Type | Container | RoRo | RoRo | RoRo | RoRo | Container | Container
Length | 54 150 | 150 | 150 150 180 150
(m)
Depth 9 9 9 9 8 9 9.2
(m)
Storage Area
Hangars of 2 Ha nﬁ Yard 48 Ha

Table 2. RCT main infrastructure (ommp.nat.tn)

As shown in the above table, most of the berths are dredged to 9 meters which is
sufficient for all RoRo but only adequate for small container ships. In addition, the
quay lengths are not appropriate to accommodate larger container vessels.

3.2 RCT Performance Indicators
3.2.1 Container throughput

Based on statistics provided by the port authority starting from 2010 till 2019, the
container volume that RCT handled during the last decade has been progressively
decreased as the following figures shows.
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Figure 10. RCT Container throughputs (Source: Author)

The terminal has lost almost 33% of the TEUs recorded in 2010 compared with 2019.
Considering that the total country containers TEUs were always around half-million,
leads to the conclusion that RCT is losing its market share for other ports.
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

M Rades MBizerte M Goulette Sousse M Sfax

Figure 11. Tunisian container ports volume share evolution (2010-2019)

(Source: Author)

Observing the container traffic for the rest of the Tunisian container terminal, it shows
in the above figure that the container volumes previously handled in Rades were
redirected towards other terminals where in comparison with 2010, in 2019 the
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number of TEUs handled in Sfax and Bizerte ports increased by 10%, 12% in port of
Sousse and some container traffic (between 1 to 2%) was handled in the passenger
port of La Goulette. One of the relevant reasons for ships to call in other ports is the
unavailability of berths in RCT, therefore the examination of other PPIs such as
waiting time, berth occupancy, loading and unloading operation rates, are able to
explain the root causes that may lead to the decrease in RCT’s activity.

3.2.2 Other RCT’s PPI and Impacts

A~

» Data collection:

In the aim of calculating the performance indicators, data was collected from AXS
Marine databases for the year 2019 on a monthly basis. It provides the number of calls
per ship per operator, vessel time in berth and number of TEUs per ship. As well, other
data is provided from the OMMP and the Ministry of Transport such as the average
waiting time, crane productivity, and container dwell time.

A~

» Methodology:

In order to make an appropriate assessment, the container traffic in RCT must be
distinguished between the volume carried by Roro and container ships. In this process,
eight main liner shipping operators have been identified. Thereafter, having the
number of calls of each ship type per operator, the number of TEUs that were carried
and the time spent at berth (Table 3), different KPIs are established to compare
performances between container handling operations for Roro and container ships and
to calculate and compare the obtained results with benchmarks to detect deficiencies
(Table 4). Calculation and data details are provided in Appendix B.

% of
Liner containers Number Mean Average
shipping Service Type | carried from of calls Turnaround | TEUs per
operator total time (h) ship call
throughput
CTN RORO 21% 132 31 752
Cont. | 200 | 44 175 794
CMA-CGM | Combined [ Ships
Roro | 19% 158 19 585
Cont. | 1o, 3 248 1118
MSC Combined | Ships
Roro | 13% 95 38 683
GRIMALDI RORO 10% 138 6.5 342
LINEA o S
MESSINA RORO 4% 38 39 520
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CONTAINER o 5
ARKAS SHIPS 11% 51 89 1020
EXPRESS INE
FEEDER COI;IIFL_—HPS R 12% 64 151 876
GROUP
SEALAND | CONTAINER .
EU & MED SHIPS 2% 13 170 877
Average Roro 67% 561 27 576
Total Cont. Ships 33% 175 166 937
Table 3. Liner shipping operator’s performances
KPIs Roro | Coneiner Benchmarks Remarks
Ships
Lowest rate which make
TEUs per Tunisia ranked as one of Consideri I
ship hour at 28 6! top 10 slowest onsicering only
S . container ships
berth economies in container
handling (Figure 1)
Crane gross 15-17 for mobile cranes | Hamburg Port
productivity* - 7 20-25 for Ship to Shore Consulting
(moves) cranes (STS) (HPC), 2017
Drewry: 116.130 in International
Africa and 105615 in A‘;;g}ztizﬂzf
unE;JZ per L] 316662 South Europe Ports and
69.993 minimum in | Harors (IAPH),
. 2016
Africa
Average
waiting time™* 6 219 - Mm"::l:athqan 0
(h) Y
ocfuer;irllc - 95% Drewry 65%
rafe 3 y Unctad 55%

* Data provided by port authority
! Average container ships Turnaround time divided by average TEUs carried per ship
2 1/3 of container throughput in 2019 divided by 3 cranes, one crane per container

berth

3 Container ships total time spent at berth divided by total hour container berth
available (362 working day/year x 24h x 3)
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Drewry: 776 in Africa
and 774 in South International
TEU per . Europe. Association of
meter of quay i 198 . . Ports and
380 as minimum rate in | Harbors (IAPH),
Africa, 526 in South 2016
Europe

Table 4. RCT’s KPIs and Benchmarks

3.2.2.1 Roro shipping versus Container shipping lines performances

Results of the analysis of containers throughput and liner shipping operator’s volume
share show that two thirds of the total of TEUs handled in RCT in 2019 were carried
by Roro ships. Therefore, it is unusually that containers are carried by Roro while the
horizontal handling costs are usual higher than vertical operations. For instance, to
accommodate a container onboard a roro vessel, it has to be loaded on a roll trailer
which have to be rented for the whole voyage causing extra unit costs.

Beside the fact that the port is more efficient in handling roro ships (28 TEUs per hour
and a waiting time of no more than 6 hours), however, it is not efficient from an
economic perspective to use roro ships as container feeders while they have lower
carrying capacity (576 for roro vs. 937 for container ships). For this reason, and in
normal cases, liner shipping operators have to deploy more ships to maintain its
schedule reliability. However, comparing turnaround time and waiting time for both
services, it is more efficient for shipping companies to use Roro ships instead of
container ships, even if it is costlier in normal circumstances but still more profitable
in this case while to ensure one round for a short intra Mediterranean trip a container
ship has to spend almost one month, therefore, shipping companies needs 3 to 4 ships
to ensure weekly calls.

In this respect, MSC and CMA-CGM have changed their operations toward Roro
service to call RCT, while only 3 and 44 calls have been provided respectively by their
container ships in 2019 (Appendix A). According to Alphaliner (2018), MSC has also
deployed in 2018 a Roro ship to connect RCT and Gioia Tauro port in Italy instead of
its three container ships.

To conclude, it seems that some shipping companies have found solutions to avoid
losses from operating container ships by deploying Roro ships instead but it still
causes losses to the Tunisian economy making the unit costs higher and eradicate the
advantages of economies of scale.

*1/3 of container throughput in 2019 divided by 480 m length of container ship berths
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3.2.2.2 High Turnaround and waiting time and low berth productivity

Summarizing Table 3, all obtained KPIs are below Benchmarks in Africa and southern
European ports reflecting low performance and container handling operation
inefficiency. In addition, the average turnaround time is about 7 days which is higher
than recorded in the southern European ports which is around 0.5 to 1.5 days and from
2.5 to 5 days in the north of Africa as shown in the figure below.

2011
" ‘ f ' :
ATt
(¥
*o i g
.
: y .
. a et T »
| ; - ",'@"ﬁ‘:\'-‘ ' a
- @ -
X o L -
(0 T,
e > e
2 P e+
s
3 ] BT o
Avg. turnaround ; &°
Number of time (no. days)
vessel calls L 15 <
e M, , . |
b 25 .
- . 3000 km

Figure 12. Average Turnaround time in ports (Ducruet & Merk, 2013)

In Appendix B it has been observed that SEALAND EU&MED stopped its service in
March after 13 calls. Thus, handle an average of 937 TEUs container ships that have
to stay 7 days in berth with an additional 9 days spent at anchorage caused by the low
handling rate of 6 containers per hour. In this respect, Tunisia has lost over the last
years in its LSC due to such port performances where index provided by UNCTAD
has fallen from 11.46 in 2014 to 7.59 in 2019 (UNCTAD, 2020).

Clearly, the berth unavailability generates long waiting periods which is a result of
congestion in the terminal despite the moderate volume that it handles. The main
causes are related to three legs of cargo handling operations as described in Figure 13
that could be behind low performances:

1. Berth operation: Crane productivity, equipment utilization, equipment
downtime,

2. Yard operation: Yard equipment, storage capacity, and terminal planning,

3. Gate operation: Container numbers leaving and entering the terminal
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Figure 13. Typical container terminal operations (Steenken, Vob, & Stahlbock,
2004)

3.2.2.3 Cargo handling Performances

A container terminal is as strong as the weakest link in its logistics chain, then
determining the drop in performance and an assessment of each operational stage must
take place.

To operate the port, the STAM has 3 shifts of 6 hours each, working 362 days
annually. The following table provided by the technical department of STAM
indicates the different equipment utilized and the working statue of each type dated
May 2019.

Equipment type Number Out of order Availability rate
Mobile crane 8 4 50%
Roro truck 31 18 42%
Straddle carrier 21 8 38%
Reach stacker 9 4 56%
Forklift 6 3 50%
RTG’ 6 1 83%

Table 5. Equipment and availability rate (STAM, 2019)

5 Purchased in 2017 and starts operation in the end of 2019
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The above table reveal that more than 50% of equipment were out of order when this
information was collected. The situation might change overtime but it will not change
the fact that shortage in equipment has affect the terminal performance. Furthermore,
because of the uncertainty of which type of equipment is being utilized to berth-yard
or yard-gate transfer, the terminal operating system could change overtime from reach
stacker with chassis system to straddle carrier system or even RTG system, making it
impossible to assess yard capacity, equipment productivity or other KPls.

A~

#» Crane downtime and container transfer interruptions:

Therefore, the OMMP has monitored the cranes downtime and period where
operations were stopped due to containers berth-yard transfer. Taking the month of
January 2019 as a sample, the following table was established in light of container
operation statistics provided by the OMMP. Calculation details are presented in
Appendix B.

TOtaill(;T;;;kmg Suspended operation time (h)
Berth to Yard to Total
Crane
22326 breakdown yard berth
transfer transfer
481 183 1435 807.5
Daily
operation
suspension 4 15 1 6.5
average/crane
(h)
Percentage of
suspension per 59.5% 22.7% 17.8% 100%
category
Crane 64%
utilization
Berth 7
utilization rate 5%

Table 6. Cranes working time statistics (Appendix B)

Analyzing results from the above table, the breakdown of cranes is often the major
cause of cargo operation interruptions, to a lesser extent transfer from and to yard

® Number of available cranes (4) x Working hours per day (3 shifts x 6h) x working
days in January (31)
7 Considering 18 hours working time per day (18/24)
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activities also contributes to the drop in performance clearly due to unavailability of
equipment and difficulties to track containers in the yard while the terminal is not
using any digitized Terminal Operating System (TOS) that helps to synchronize cargo
flow and track containers in the terminal.

In addition, without taking into account interruptions due to other circumstances such
as bad weather and Idle time®, the crane utilization will be lower than 64% while the
optimal rate have to be around 85 to 90%.

#» Long container dwell time
On the other side, delays have also occurred due to yard congestion as result of long

dwell time that reached 17 days in 2018, historically, container dwell times have never
been below 14 days as the following table shows.

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
14 15 16 17 18 17 16 n/a 17

Year

Table 7. Container dwell time (Source: Ministry of Transport (2015, 2016, 2018))

Long dwell time tremendously affect the capacity of the port yard which creates
congestions and delivery delays as well as stack shifting that will inevitably increase
affecting the entire logistics chain and handling costs.

A sensitivity analysis has been conducted by WSP a consultant company to assess the
impact of dwell time on the yard capacity of RCT as the following figure shows.

Yard capacity (TEU)

788,382
683,006
614,706
558,823
512,255
472,850
439,075
409,804
384,191
361,592
341,503

Figure 14. Dwell time and yard capacity (WPS, 2020)

Dwell time (Day)

-
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Comparing with Sub-Saharan Africa countries, Tunisia has a much higher dwell time
than for example Kenya, 8.7 days or 3.9 days in South Africa (Beuran et al., 2012).

¥ Time from berthing time to cargo handling start and from cargo handling finish to
the departure of the ship.
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Limited productivity of handling operations and the ineffective management of the
port land interface is one of the reasons for long dwell time, however, some others are
the most influential factors which are beyond the control of the port management. For
instance, customs formalities which is a significant pillar to assess the gate
performance, seem to be the major cause for containers to be stuck in the port while
according to a declaration by the head officer of the customs office in Rades port,
Dean Gharbi Idriss said in a local channel interview, 13.000 customs infractions have
been recorded only in the beginning of 2016 mainly due to incorrect declarations
(Gharbi, 2016). Besides, clearance procedures take a longer time compared with
countries in the region while Tunisia scored 2.38 in custom’s LPI in 2018 against 2.54
for the Middle East and the North African region (World Bank, 2018a).
Furthermore, some shippers are using the port yard as a storage area due to low user
costs and high level of security.

3.3 RCT identified bottleneck and implications on the economy

The limited performance and productivity at the port can be explained by the following
factors identified from the above analysis of ditferent PPIs:

e Non availability of berth for container vessels due to limited number of
dedicated berth and long container ships lead time,

e Limited port infrastructure (draught and quay length) which limit the size of
container vessels that can be accepted into the port,

e Low productivity of mobile cranes,
e Low utilization rate of equipment due to breakdowns,

e The terminal operating system depend on the availability of equipment which
makes it difficult to establish a KPI feedback control system,

e Lack of 24/7 operations and digitization for daily terminal operations,
e Non linearity of quays which narrow the maneuvering space,

e The port authority has no financial autonomy to conduct investment in port
infrastructure,,

e Poor storage tariff strategies that contributed to the extension of container
dwell time, and

e Absence of inter-port competition.
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Given that 98% of Tunisia’s foreign trade is conducted by sea making ports the
principle nodes in the country’s trade network (Oxford Business Group [OBG], 2018),
however, unlike playing its role as a forester of economic growth, the poor RCT
logistics negatively impacted the Tunisian economy.

For instance, due to its bad performance, shipping companies have introduced a port
congestion surcharge applied to all containers heading and coming from RCT. For
example, CMA-CGM has implemented an additional fee of 120US$/TEU since 2018
because of their high operating costs and the severe disruption to their services (CMA-
CGM, 2018). Similarly, OOCL has increased their tariffs by 92 and 110 US$
applicable respectively to exported 20 and 40 feet containers and 120 to 141 US$
applicable to the imported ones (OOCL, n.d.). Hapag-Lloyd has also adopted the same
approach by implementing a dynamic surcharges fee depending on the port
performance where the amount fluctuated between 125 US$ in 2016 and 98 US$/
Imported TEU in 2018 with the highest recorded rate of 225 US$ applied in the month
of May 2018 (Hapag-Lloyd, 2016; 2017a; 2017b; 2017¢; 2018a; 2018b).

According to government figures, congestion at RCT has incurred added costs of 650
ME€ in 2016, about 1.8% of the country’s GDP for that year (OBG, 2018).

Moreover, the time and cost bottlenecks have made logistics expensive for firms
operating in Tunisia which represent 20% of their operating costs and shippers have
to pay an average of 469 US$ to export a container in terms of border compliance,
much higher than Morocco which is estimated at only 156 US$ (World bank 2018b).

In general, the whole logistics costs in Tunisia have risen from 12% of GDP in 2010
to 20% in 2016, higher than most emerging economies which is accounts for 15% and
10% in industrialized countries (OBG, 2017).

3.4 Needs for investment in RCT super and infrastructure

In order to reduce the impact of RCT on the logistics chain and to minimize its impact
on the national economy and to avoid losses in foreign currency, port authorities and
operators have to invest in both infrastructure and superstructure. However, the
options on the kind of equipment to be utilized and port development projects have to
be studied further before making any decisions. In that respect, allocating funds will
be processed based on a CBA in the next chapter.

» Port operator options:
Adopting a clear TOS is crucial to upgrade performance and monitor different

KPIs. To do so, the port operator has options and can choose between different
configurations as shown in the figure below.
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Figure 15. Different Terminal operating system options (Kraemer, 2020).

Considering the Terminal size and the annual container volume that handles, the Rail
Mounted Gantry cranes (RMG) system could not be an appropriate option for the case
study, for this reasons, it will not be considered in the upcoming analysis. Similarly,
the reach stacker system is not an option either due to its low storage capacity of 500
TEU per hectare (Kalmar, n.d.).

» Port authority options:

Separating the traffic of trailers and containers on berth and yard operations should
result on better management of the terminal. Also, extending berth length and
providing sufficient depth will allow the terminal to accommodate bigger ships and
realize to some extend the economy of scale. The project has to develop as well
sufficient berth linearity for better cargo handling efficiency.
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Chapter 4: Cost-Benefit Analysis of the different investment

projects

In this case study, the analysis started in the previous chapter reveals the need for
increase investment in port efficiency. The upcoming research aims to assess whether
the intended project will be economically and financially beneficial, to help to adopt
the best approach in terms of ROI and to estimate savings to the national economy
after enhancing the port performances.

4.1 Data and Methodology

4.1.1 Data

In due course of this research data was collected from various sources and literature,
therefore it could be categorized as follows:

Financial data: Projects with different magnitude will be assumed to be
financed through both debt and equity with respectively 67% and 33% ratio,
5.43% and 8% of the total interest rate (Libor + Spread) and a Front-end fee
of 1% of the loan amount. Amortization is considered for 8 years on a
semiannual repayment basis.

Equipment performances, costs, life cycle and operational expenses (OPEX)
data: Information is gathered from port equipment manufacturers, Global
terminal operators and a study provided by the OMMP proposed by WPS in
2020, a consultant company that recently conducted research on ameliorating
and developing RCT infrastructure and container handling operations. As well
as reports from UNCTAD and the World Bank that are used as guidelines to
assess maintenance and operational costs.

Port and cargo dues: Port fees and charges are the main income for port
authorities and the terminal operator which represent the main benefits.
Tunisian seaport fees are determined by law Number 2017-915 dated August
16", 2017. Also the maximum port operator charges are fixed by order of the
Minister of Transport in January 16", 2014 (The official Gazette of Republic
of Tunisia [JORT], 2014; 2017). While the STAM is the only operator, the
charges are counted to the maximum of what the law permits.

Further information and details on data sources and assumptions are provided in
Appendix C for each proposed project.

32




4.1.2 Methodology

Stages to undertake CBA are almost standard. Based on the steps cited by Newcomer,
Hatry, and Wholey (2015) and Boardman et al. (2001), the CBA proceedings will be
as follow:

Step 1: Select the investment needed to increase the terminal performance. The
projects have already been discussed in chapter 3 addressing identified deficiencies.

Step 2: ldentify whose costs and benefits should be recognized

Recognize the particular group of people who will be impacted by the establishment

of the project. In this case study, the port authority and operator will underpin the
costs, however benefits, in general, will be reflected in the country’s economy and
specifically spread out to all port stakeholders.

Step 3: Distinguish and categorize costs and benefits

Consist of setting out the costs on one side and the benefits on the other side. It is
about identifying as many as known impacts and the most significant ones. Costs and
benefits could be tangible and intangible, financial and social, direct and indirect, real
versus transfer (Musgrave & Musgrave, 1973). However, the disadvantage of CBA
here is that, for certain, costs and benefits may not be all known. This research is
considering the capital and operational expenses (CAPEX + OPEX) as the main costs
of the project during its life cycle and the benefits are the financial income generated
directly by the project activity.

Step 4: Project costs and the benefit over time

Is to predict the quantitatively impacts over the life of the project and thinking how
costs and benefits could be changed over the time. These include different cash flows
of profits generated during that period, maintenance costs, loans or any other financial
support and payback period.

Step 5: Discount costs and benefits to obtain Present Value (PV)

In this stage, costs and benefits that will occur in longer life years of the project have
to be discounted to its real value of today. This means that the value of an amount of
money is much higher for a person or organization to get now rather than one, five or
ten years later. The idea is that money has an opportunity cost for the public or
investors, most people prefer to get the benefits now and if it will be received in the
future, they will prefer to invest in other projects. For that reason, analysis has
introduced a discount rate. It is a percentage that has to be deducted from benefits and
costs which occurs in the future. In this case the financial discount rate will be
considered as the Weighted Average Capital Cost (WACC) while projects are
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suggested to be financed by both debt and equity, it could be calculated using the
following formula:

D E

D: Debt value

E: Equity value

Rd: Cost of debt

Re: Cost of equity
Tc: Corporate tax rate

The calculation of PV for costs and benefit is as follow:

- (B,O),
o] (1+s)t

PV (C,B) =

The costs (C) or Benefits (B) that occur in year t is converted to its present value by
dividing it by (1+s)", where “s” is the discount rate and “n” is the number of years of
the project life.

Step 6: Compute the Net Present Value (NPV) of each alternative

It is simply the difference between the PV of Benefits and the PV of Costs. In CBA
the most important calculation is NPV. For a single alternative, it is obtained as follow:

NPV = PV(B) — PV(C)

When NPV value is greater than 0, then it is safe to say that particular project is
profitable. If it is not, then it is better not to invest in it.

In the alternative where many projects are proposed, the selection criteria is based on
choosing the project with the largest NPV. In fact, to supplement the calculation of
NPV, the following formula helps decision makers to choose between potential
projects.

e Internal Rate of Return (IRR)

As it name tells, IRR determine the rate of return of an investment of a particular
project.

0=NPV = En CF
- - < (1+ IRR)!
t=

where:
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CF= Net cash inflow during the period t
IRR=The internal rate of return
t=The number of time periods

IRR is generally used by organization to rank between competing investment projects.
It aims to define the discount rate where NPV is zero. If IRR is greater than the
discount rate, then the project is worth investing in, otherwise it is not profitable.

However, IRR assumes that the cash inflows are re-invested at IRR rate which
overstate the expected return. Using Modified Internal Rate of Return (MIRR) allows
avoiding this issue and permits to correctly assume the reinvestment at opportunity
cost in a project. It could be calculated as follow:

n |FV (positive cash flows * Cost of capital)
MIRR = — , - -1
PV (initial outlays * financial cost)

FV: The future value of positive cash flows at the cost of capital of the project
PV: The present value of negative cash flows at the financing cost of the project
n: Number of periods

Actually, IRR and MIRR are a financial indicator from a private investor point of view
while NPV is an economic indicator of capital investment from the society point of
view (Tang & John Tang, 2003). Ports combine the two perspective. It can generate
financial incomes and social welfare at the same time. That is why in ranking potential
project both of approaches will be considered.

Step9: Suggest recommendations where appropriate

The final stage in developing a CBA is to make a recommendation to decision makers
to adopt projects that have the highest NPV, IRR and MIRR and to help them choose
between the alternatives. At the end of the day, CBA tends to push toward efficient
resource allocation to get the highest benefit from it. The decision making is still down

to the politicians and bureaucratic lense. This research will try to be one input into the
equation of decision making in the Rades port development plan.

4.2 Port operator investments

Different equipment investments are evaluated in the following section form berth
side to yard and gate operations.

e Costs depend on the type of equipment and its specific operational expenses
that is suggested to be escalated by 2% per 2 years.

Costs = CAPEX + OPEX
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e However, benefits are calculated based on the specific handling tariff of each
operation and the expected increasing cargo volume due to the amelioration of
the terminal efficiency. According to WPS (2020), the expected container
throughput in Rades would be around 650,000 TEU by 2040 for the base case
(Figure 16) which could be accepted while in 2010 the terminal handled almost
424 000 TEUs with older types of equipment.

TEU

Figure 16. Annual container throughput projection in Rades from 2017-2040 (WPS,
2020)

Therefore, benefits will be calculated based on the yearly cargo volume
increasing and the tariff escalation of 5% per 5 years that reflects the
willingness of customers to pay for the quality of service during the period of
each equipment type life cycle.

e Calculations are also conducted on a 24h operation basis divided into 3 shifts
and 3 gangs (gang per container berth) for 362 p.a. working day. All types of
equipment are estimated to operate at 80% of utilization rate and 10% in
seasonal peaks.

e All calculation details are provided in Appendix C.

4 2.1 Ship-Shore interface
One of the major deficiencies in the terminal operations is the low performance of
mobile cranes as well its high downtime rate. Investment in modern STS will increase

the un/loading operation rate. The project consists of the investment in 3 new Panamax
gantry cranes with estimated productivity of 22 moves/h and an expected 25-year life
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cycle based on the industry standard for STS cranes. The following table summarizes

the obtained results.

Costs

CAPEX Cranes purchase cost $ 30,000,000
Rail installation $ 2,000,000
Total interest $ 8,538,216
(Debt + Equity)
Front-end fees $ 320,000
Total $ 40,858,216

OPEX Manning $ 3,360,000
Energy $ 12,796,652
Maintenance $ 28,587,549
Inventory $ 2,684,835
Emplovee training $42,444
Total $47,471,480

Benefits

Cumulative Net incomes (25 years)

$439,504,029

Net before Tax

$ 345.080.693

Net after Tax

$ 258,810,0520

Results
WACC 5,62%
NPV $ 115,118,737
IRR 26%
MIRR 12%
Payback period (years) 4,09

Table 8. CBA for Panamax STS Gantry cranes

The project has a positive NPV, its IRR and MIRR are greater than the WACC leading
to the conclusion that the project is profitable for the next 25 years and it could be paid
within around 4 years after starting operations.

4.2.2 Berth-Yard transfer

The transfer rate of containers from and to the yard has to be synchronized with the
ship-shore interface performance, thus, the amount of equipment is calculated on this
basis. Also, yard capacity varies as well depending on the equipment type and their
maneuvering capacity. With this in mind these conditions to transfer systems was
adopted. A supplement investment in TOS is also considered to ensure better yard
management and to avoid cargo flow interruptions.
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A- Straddle carrier system

Based on calculations provided in Appendix C-II, 9 straddles are needed for container
transfer in accordance with STS cranes peak performance and 8 moves/h straddle
productivity. The expected life cycle was fixed as 12 years. The following table

presents the results of the analysis.
Costs
CAPEX Straddles purchase cost $ 9,000,000
TOS purchase cost $ 2,350,000
TOS implementation $ 3,500,000
Total interest $ 3,962,266
(Debt + Equity)
Front-end fees $ 149,985
Total $ 18,962,251
OPEX Manning $ 4,032,000
Energy $9.792,373
Maintenance $ 12,960,000
Inventory $1.243,118
Total $ 28,027,491
Benefits
Cumulative Net incomes (12 years) $ 170,983,276
Net before Tax $ 122,555,710
Net after Tax $91.916,783
Results
WACC 5,62%
NPV $ 59,657,459
IRR 40%
MIRR 20%
Payback period (years) 2,86

Table 9. CBA for Straddles carrier system

Results show a positive NPV with IRR and MIRR higher than the WACC, therefore,
the project could be accepted while it is profitable during its life cycle and its payback
period is less than 3 years.

B- Tractor-trailer with Rubber Tyred Gantry cranes (RTG) system

The same approach in calculating the number of straddles is adopted in calculating the
needed number of equipment (Appendix C-II). In the same context, Tractors and
RTGs are estimated to have respectively a productivity rate of 8 and 20 moves/h, 15
and 20-year life cycle as well. The overall project life will be considered as 15 years
only.
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- Number of Tractors: 9
- Number of RTGs: 4
- Number of Trailers: 18

Considering the existed 5 RTGs purchased in 2017, thus there is no need to purchase
additional ones. The results of the analysis are shown in the table below.

Costs
CAPEX Tractors purchase cost $ 900,000
Trailers purchase cost $ 360,000
TOS purchase cost $ 2,350,000
TOS implementation $ 3,500,000
Total interest $ 1,897,085
(Debt ~ Equity)
Front-end fees $ 71,100
Total $ 9,078,185
OPEX Manning $ 3,024,000
Energy $ 5,997,803
Maintenance $ 17,130,000
Inventory $ 1,565,300
Total $ 32,757,103
Benefits
Cumulative Net incomes (15 years) $ 235,459,888
Net before Tax $191,403,117
Net after Tax $ 143,552,337
Results
WACC 5.62%
NPV $ 86,509,547
IRR 76%
MIRR 25%
Payback period (years) 1,27

Table 10. CBA for Tractor-trailers with RTGs system

The obtained results lead to accepting this alternative as well while it also has a
positive NPV and its IRR and MIRR are superior to the WACC with a short payback
period of less than one year and a half.

On the whole, the CBA permit also, in this case, choose between the two systems by
comparing different indicators such as in the following table.
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System Type Straddles Tractor-trailers with RTGs
NPV $ 59,657,459 $ 86,509,547
IRR 40% 76%
MIRR 20% 25%

Table 11. Straddle carriers Vs. Tractor-trailers with RTGs systems

The Tractor-trailers with RTGs systems have a higher ROI while all its indicators are
greater than the straddle carrier system, thus, it is better to adopt it to ensure transfer
between berths and the container yard. In addition, RTGs have a better utilization rate
of the storage area with around 700-1000 TEU/ha against 400 TEU/ha for straddle
carriers (HPC, 2017).

4.2.3 Yard-Gate interchange

Container delivery could also be ensured with even RTGs or Straddle carriers.
Numbers of the required equipment is calculated based on the evolution of annual
container moves and every equipment type productivity during the life cycle, taking
into consideration the equipment utilization rate, peak time factor and extra moves for
housekeeping.

A- Straddle carrier system:

Calculations to determine the required number of straddles are provided in Appendix
C-III where 8 straddles have been determined. The STAM has already 8 available
straddles purchased in 2016. Taking into consideration their remaining 8 years of
service, the investment will occur in 2028 for new straddles. Therefore, the total life
cycle of this project is extended to 20 years.

Costs

CAPEX Straddles purchase cost $ 10,000,000
Total interest $ 2,668,193
(Debt + Equity)
Front-end fees $ 100,000
Total $ 12,768,193

OPEX Manning $ 5,040,000
Energy $ 9,625,761
Maintenance $ 24,000,000
Inventory $2,117.470
Total $ 40,783,231

Benefits

Cumulative Net incomes (20 years) $ 214,852,032

Net before Tax $241,811,987
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Net after Tax | $ 181,358,990

Results

WACC 5.62%
NPV $ 96,408,397
IRR 55%
MIRR 19%
Payback period (years) 0,89

Table 12. CBA for Straddle-Truck interchange

The above table indicates favorable indicators to accept the project while it has a
positive NPV for the next 20 years, IRR and MIRR greater than the WACC and less
than 1-year payback period.

B- RTG system

Similarly, to the previous analysis, the terminal needs 3 RTGs for container delivery.
Therefore, the terminal operator has to invest in two additional RTGs considering
the remaining existing one. The CBA is highlighted in the next table.

Costs
CAPEX eRTG purchase cost $ 5,000,000

Total interest $ 1,334,096

(Debt + Equity)

Front-end fees $ 50,000

Total $ 6,384,096
OPEX Manning $ 2,016,000

Energy $1411,775

Maintenance $ 8,000,000

Inventory $2,117.470

Total $ 13.545245
Benefits
Cumulative Net incomes (20 vears) $ 361,844,063
Net before Tax $ 340,482,573
Net after Tax $ 255,361,930
Results

WACC 5.62%
NPV $ 134,305,363
IRR 124%
MIRR 29%
Payback period (years) 0.64

Table 13. CBA for RTG-Truck interchange
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The above results indicate the profitability of the project similarly to the straddle
system, however, both projects analysis favor the adoption of the RTG system as the

following table shows.

System Type Straddles RTGs
NPV $ 96,408,397 $ 134,305,363
IRR 55% 124%

MIRR 19% 29%

Table 14. Straddle carriers Vs. RTGs systems

In summary, combining all the above CBA results, the terminal operating system that
RCT have to adopt is STS gantry cranes for the Ship-Shore interface for the three
container berths and RTG with Tractor-trailers system for yard operations and
different transfer activities.

4.2.4 Impact of superstructure investment on the national economy

Effective implementation of the suggested project would extend benefits to the overall
supply chain intervenient, and secure savings to the national economy. Therefore, the
reduction of unit costs will not only be realized by savings in port logistics but also in
maritime transport while reducing ship’s turnaround time, shipping lines will
eliminate the port congestion surcharges. In the previous analysis, ships have to spend
15 days to handle an average of 937 TEUs. After the implementation of the project,
typical feeder ships would only spend 1.5 days at berth.

Vessel time in berth =
Ship carring capacity (TEUs)

+ Idle

Crane No.#(Crane moves per h+Teu factor)+(daily working hours+equipment Utilization rate)
time

Idle time” is estimated to be around 2h, then the resulting time in berth equal to:

937 )
1+(22+1,5)+ (24 80%) *

= 1.5day (37,5 h)

As consequence, the berth would be available for the next ship within 1.5 day
maximum. Thus, Ship’s turnaround time will be reduced from 15 days to 3 days (1.5
days for cargo operation plus 1.5 days waiting time) saving 12 days of ship OPEX.

According to Drewry (2012), a feeder container ships carrying a capacity between
1000 and 2000 TEUs would have the following daily fix costs.

? Time between the ship arrival at berth and cargo operations commence and period
between cargo operations ends and the ship sailing time.
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Manning $2,128
Insurance $ 388
Stores $ 269
Spares $ 353
Lubricating oils $ 650
Repair & Maintenance $ 388
Management & Administration $ 436
Total $4,613
Total for 12 days $ 55,356

Table 15. Container feeder daily OPEX (Drewry, 2012)

Hence, considering the 175 container ships calls in 2019, the national economy could
save $ 9,687,300 p.a. It could save even more considering the demurrages applicable
to late delivery of boxes.

Furthermore, the maximum annual throughput that berths could handle with new
cranes could be calculated as follow:

Maximum berth's annual throughput (TEU)
= No.of cranes x (Productivity rate x TEU factor) x (Daily working hours
x Utilization rate) x Working days p. a.x berth occupancy rate

Then, the annual throughput would be equal to 412.853'° TEU greater than 285,000
TEUs recorded in 2019 but still below 650,000 TEUs that the RCT is expected to
reach by 2040. Therefore, it is necessary to expand the terminal while it is expected to
reach its maximum capacity by 2026 (Figure 16).

4 3 Port Authority infrastructure investment

The port authority investment project aims to separate the container ship traffic from
Roro traffic to ensure better port operation efficiency and reduce congestion. WPS
(2020) has proposed the following project that consists of three main pillars in order
to address the issue.
» Divide the terminal into two sub-terminals one for Roro and the other for
container ships by transforming berth No. 1 into two Roro berths and to keep
the peer No. 5 empty in order to allow more operational length to peer 6, then
to accommodate bigger container ships. Peer No.5 could be used as well when
peer No. 6 is not expected to be used. Therefore, all Roro ships will be served
in Terminal 1 starting from former peer 1 to peer 4 and container ships to be
served in peer No. 6 to 9 where building two new berths (No. 8 and 9) have to

10 Productivity rate = 22 moves/h; TEU factor = 1,5; Daily working hours = 24;
Utilization rate = 80%; Working days p.a. = 362; Berth occupancy rate = 60%

43




take place with 530m quay wall length. Thus, all container ships will be
accommodated in Terminal 2. Then, the linearity problem will be solved while
continuous quay wall will be around 680 m long from berth 7 to berth 9.

- RoRo Terminal 1

Container Terminal 2

Figure 17. Proposed berth option

» The creation of new Gates which consist of building a new one for Terminal 1
and to supplement the existing gate of Terminal 2 with an additional one to
split the incoming trucks from the leaving ones. All gates investment has
considered to digitize all operations by the implementation of a smart gate
system. This will reduce the gate congestion and reduce the gate-yard
interchange time. The following figure illustrate the proposal.

Ro-Ro Gates
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Zone (underpass) m
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Interterminal Access Road

Container Out-Gate

Container In-Gate

Figure 18. Proposed gate configuration
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» Demolition of existing warehouse which will provide the terminal with
additional 2 Ha and permitting to lay container stacks much closer to berths,
reducing equipment travelling time, as a consequence increasing berth-yard
transfer productivity.

Figure 19. Warechouses demolition

The upcoming CBA was conducted to assess whether the project will be financially
viable and if it is profitable to the port authority or not during its expected life cycle.
In this case, the project costs were identified by the consultant company WPS (2020)
where it is expected to have a life cycle of 50 years before a major overhaul has to
take place. On the other hand, benefits were calculated based on the generated incomes
from vessel dues calling the container terminal and the expected container volume to
be handled during that period while the port authority secure incomes of $1/TEU.
JORT (2017) provides all the port tariffs that have been used in this analysis. In
addition, the project assume that yard paving costs will be assumed by the port
operator therefore, costs consider only the previously mentioned pillars. The following
table summarizes results of the analysis, further details on data and calculations are
provided in Appendix C-IV.

Costs
New Wharf $31,150,000
Crane beam on piles $7.840.000
. Earth work & basin dredging (-12m) $16,130,000
Comstotion Terminal works-civil & yards $5,550,000
cost Execution engineering $1,520,000
construction contingencies $12,750,000
Total construction cost $74.,940,000
Design & Design fees $2.500.000
supervision | Construction supervision $1.790.000
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Design & supervision contingencies $880.000
Total Design & Supervision costs $5.170.,000
Weighbridges $1.,000,000
Scanners $500,000
T2 gate cost | OCR $500,000
Canopies $700,000
T2 total Gate cost $2,700,000
Weighbridges $600,000
T1 gate cost Scanners $300.000
OCR $300,000
T1 total Gate cost $1,200.,000
.. Demolition T1 $310,000
De“;f)’;'t“‘m Demolition T2 $2.660.000
Total demolition cost $2.970.000
Total interest $83.,275.544
Total costs $171,125.344
Benefits
Cumulative incomes over 50 years $ 248,304,509
Results
WACC 6,28%
NPV $-13,673,933
IRR 2%
MIRR 4%
Payback period (years) 35.02

Table 16. CBA of port infrastructure development project

As a result, the project is not financially profitable to the port authority while its NPV
is negative. As well, its IRR and MIRR are below the WACC. Nevertheless, it has
long payback period of around 35 years. Thus, the port authority might not adopt the
project with the present conditions while it cannot pay the cost of capital during the
first 10 years (Appendix C-1V), however, considering its return to the national
economy in establishing some extent economies of scale and its positive impact in
reducing logistics costs, other benefits could be generated that might not be directly
gained by the port authority but perceived by other stockholders.
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Chapter 5: Research Findings, discussions and
recommendations

5.1 Findings

=

» RCT superstructure investment

In assessing different KPIs obtained from the available data, it has been observed that
RCT is far below performance benchmarks of similar container ports in the region. It
has been found that low container handling operation efficiency in RCT is one of the
major deficiencies that has led to long container ships turnaround time. The main
causes are the shortage and non-availability of equipment, where one shift of 6 hours
is wasted daily due to equipment breakdowns (Table 5&6).

As result, to ensure the continuity of the service, the port operator uses a combined
operating system based on the availability of equipment which makes it difficult to
monitor operational efficiency and equipment productivity. As a consequence, it has
been identified that operations were interrupted at many legs of the port logistics chain
causing congestion at berth and yard.

As a solution, investing in new equipment with new technologies will help to
decongest the port and ensure smooth container flow from the ship side to gate
delivery. Investing in new cranes is an urgent measure that the port operator has to
take because of the frequent breakdowns of the existing cranes.

Replacing mobile cranes with STS gantry cranes will positively impact berths
productivity by increasing hourly moves from 7 to 22 then increases the number of
TEUs per crane from 31,666 to 130,333'! annually even higher than benchmarks in
Africa and South Europe (Table 4), an expected utilization rates up to 80% instead of
64% if proper maintenance is applied, rising annual throughput to 391.000 TEUs and
berth productivity to 815'> TEU/meter instead of 198 TEUs (Table 4).

However, other equipment that ensure different port logistics chain legs have to keep
up with the STS productivity. For Berth-Yard transfer two system options were
identified based on equipment storage capacity, the terminal size and the expected
annual container throughput criteria. Similarly, for the Yard-Gate interface, two
possible options were adopted.

The adoption of one of the preselected projects is based on results obtained by the
CBA. Analysis conducted in chapter 4 helps decision makers to assess the discounted
future incomes, thus, to decide whether to invest in such project or not. Furthermore,

1391 000/3
12391 000/480 (container berths length)
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the CBA also helps to choose between the available equipment to be utilized that have
similar productivity and expected return. Therefore, the choice of the RCT operating
system was based on the ROI of projects that address the weakest chain of the terminal
logistics performances taking into account various factors (Appendix C).

Table 17 below summarizes the results of all potential equipment investment projects
that have been treated by the CBA. Hence, RCT operators have to opt for the RTG
system for yard and container delivery operations along with Tractor trailer system for
transfer operations and STS gantry cranes for Loading/Unloading activities. The
straddle carrier system project is also profitable but RTG system has a higher return.
Investment, has also considered implementing TOS software and its appropriate
equipment in order to synchronize the terminal logistics chain and enhance tracking
and traceability.

The expected results of implementing this project are mainly to reduce cargo handling
operation from 7 days to 1.5, ship’s waiting times will be reduced as well to 1.5 days
instead of 9 days while the berth is expected to be occupied during that time and
increasing berth availability to accommodate 417'3 container ship at 60% of the
recommended berth occupancy rate instead of 175 calls p.a. with 95% of the actual
occupancy rate.

Increasing numbers of calls will also permit increasing the annual container
throughput up to 391,000'* TEU instead of approximately 285,000 TEU in 2019.
However, the terminal is expected to reach this capacity within the next 7 years as
forecasted (Figure 17), thus, the investment project will mitigate actual deficiencies in
the short term without any further investment in infrastructure but in the medium to
long term the port authority has to consider expanding the terminal accordingly with
the projected increasing cargo volume.

13362 (working days p.a.) * 3 (berth no.) * 24 (berth availability p.d.) / 37,5 (ship
time at berth)] * 60% (berth occupancy rate)
417 (expected no. of calls) * 937 (Average TEU/ship [Table 3])
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» RCT infrastructure investment

The investment project in Terminal infrastructure has considered three main aspects,
firstly, to adapt the terminal capacity to the future demand and upgrade its capability
to accommodate bigger ships, secondly, to separate Roro and container ships traffic
and cargo flow by creating two terminals with separate digitized gates and finally, to
provide more storage capacity by demolishing the existing warehouses which will also
approximate container stacks to wharf. The CBA results indicate that the suggested
project is not financially viable. The project is highly expensive and needs to generate
income to the port authority within the next 50 years, even when considering that the
yard and storage areas will be developed by the port operator and the project will be
exonerated from Taxes and VAT (Value Added Tax), it is still unworthy from the port
authority perspective.

Even though, the project is expected to generate indirect benefits to the port users and
stakeholders and induces the development of additional services, create more
economic opportunities and multiply chances for better shipping lines connectivity.
Furthermore, more container berths should be constructed accordingly with the
projected increasing cargo volumes otherwise the terminal will suffer again from
congestion in the next few years despite the increasing operational efficiency after the
terminal operator’s investments. For instance, the total capacity of the terminal after
enhancing the overall performance is expected to increase to 391.000 TEUs sufficient
for the projected cargo volume until 2026, thereafter, terminal expansion is needed to
be able to handle up to 650.000 TEUs by 2040. Building the additional 530 m linear
quay walls and freeing berth No. 6 from Roro activities in berth No. 5 is expected to
increase RCT capacity to 632.200'° TEUs annually. This increases the need for this
project otherwise RCT will suffer again from congestion by 2026 if container volume
increased as predicted.

Thus, while construction takes around 5 years to complete, the port authority has to
proactively consider expand the terminal for the benefit of the national economy and
society.

5.2 Discussion and recommendations
Upgrading port infra-superstructure quality will positively impact terminal efficiency
and performance, however, it has to be supplemented by other measures to realize the

desirable outcomes.

» Importance of efficient management and planning

Efficient planning will ensure that all equipment performs at the intended productivity.
On one side, good berth planning will avoid vessels from being crowded in the
anchorage area and consequently reduce ship waiting time. The above analysis

15 See Appendix C-1V
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assumes that all vessels are expected to wait 37 hours which is the maximum time
needed for the berth to be clear but with good berth scheduling the waiting time could
be reduced if not eliminated and equipment will work properly as expected. To realize
such synchronization, mainly the port authority, operator and shipping companies
have to establish a weekly or monthly plan in a way that all vessels will be served at
the time of their arrival or to inevitably wait for a certain short period. The Terminal
KPIs always have to be monitored to proactively take measures when necessary in the
aim to not affect the agreed planning. Meanwhile, information exchange between
stakeholders is crucial, updates in cargo operations progress and ship’s estimated time
of arrival will provide a clear vision on the expected berth availability while either the
port operator could adjust the cargo operation rate if possible or the ship may adjust
its speed accordingly. From this perspective, developing a Port Community System
(PCS) will facilitate real-time information exchange between the ship through its
agent, the port authority and the terminal operator.

In addition, berth planning is closely related to vessel planning where for an efficient
container loading and unloading operation, vessel stowage plans have to be priorly
communicated to the operator to avoid delays relating to tracking and containers
plotting.

On the other hand, ineffective management of the port land interface has also
contributed to the degradation of services and delays while there is no clear
delimitation between the container yard and trailers, in addition due to the bad
management of truck delivery time where trucks are mostly contributing to
congestions. Therefore, good planning is also about yard management and container
delivery operations. The terminal operator must easily identify containers in the yard
either for export or for gate delivery to avoid interruptions and effectively ensure the
intended equipment utilization rate. Technology plays an important role in such cases,
while the utilization of TOS software is broadly utilized in all container terminals in
the world, it proves that investment in technology is also crucial for a well-functioning
of the terminal. Furthermore, container delivery has to be scheduled out of peak times,
thus, to cope with unexpected and increasing container volume, equipment reserved
for delivery operations might be used for berth-yard interchange and vice versa.
Again, well informed customers and port users through PSC will permit avoiding gate
congestion and better yard management.

To conclude, proper planning, appropriate management and the use of technology are
the keys for a successful investment.

» Terminal layout

An appropriate terminal layout will enhance equipment productivity by reducing
travelling time, and energy cost and provide better yard storage capacity.
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In this context, dedicating linear quay walls in the new terminal 2 and approximate
storage yards by demolishing unnecessary warehouses will eliminate obstacles to the
flow of cargo which will ameliorate handling operations.

Using the RTG system will also allow the establishment of a bloc layout rather than a
linear layout which has a lower storage capacity due to the extended need of aisles for
equipment maneuverability and safety.

Moreover, taking into account that the terminal handles only transit containers,
perpendicular stacks would facilitate yard interchange operations by separating
delivery trucks from the tractor trailer traffic and provide better storage area utilization
compared to parallel configurations as shown in the Table below.

Stack configuration Parallel to the berth Perpendicular to the berth
Row 7 8
Bay 40 38
Tiers 4 4
Capacity (TEUs) 1120 1216

Table 18. Container stacks configuration capacity

Stacks were assumed to be 260 m in length equivalent to 40 TEUs using 7 wide plus
truck lane RTG. As shown in the above table, the perpendicular configuration has a
better ground utilization rate while it has a greater capacity of around 100 TEUs per
stack. Hence, losing 2 bays for interchange interfaces is better than keeping an entire
truck lane in comparison to a parallel configuration.

As a result, it is strongly recommended that the terminal transform from the

conventional to an emerging terminal layout configuration (Figure 20) after the new
equipment and infrastructure investments have been done.
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Figure 20. Conventional Vs. Emerging container terminal configuration (Rodrigue,
2020)
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» Equipment maintenance and working hours

Investing in equipment without proper maintenance and refurbishment scheduling will
rewind the terminal to its first situation and all deficiencies will appear again. It has
been observed that less than half of the existing equipment is available (Table 5).
Beside that the STAM does not accurately give the number and type of equipment that
could be recovered, the aging factor could explain the reason for this low availability
rate. However, bearing in mind that straddle carriers were purchased in 2016 and
RTGs since 2017, already 62% and 17% respectively are out of order, which reveals
a failure to properly maintain equipment.

Therefore, proper maintenance will extend the economic life of equipment and will
prevent unexpected breakdowns and additional investment costs.

It is recommended in this case to monitor the working hours of each piece of
equipment, perform preventive and routine maintenance on time, use new
technologies such as sensors to detect mechanical performances and implement a
Computerized Maintenance Management System (CMMS) to collect data, ensure
maintenance intervention happens on time, keep records on spare parts and purchase
costs and comply with recommended maintenance plans.

In this context, an efficient inventory will permit to avoid waiting time for importing
spare parts, skillful employees are needed as well to make repairs rapidly therefore
training is crucial from this perspective and conduct daily routine checks which is
necessary to avoid unexpected breakdowns.

Furthermore, the new trend of equipment maintenance is heading toward Condition-
Based Maintenance (CBM) rather than preventive maintenance which are scheduled
in intervals or working hour basis. In this respect, CBM aims to extend the machine
life, increase productivity and lower OPEX by relying on the actual equipment
condition to dictate exactly when and what maintenance is required. For this purpose,
substantial amounts of data are collected from different equipment through detectors,
cameras and sensors, and transmitted to a data center via a high speed wireless network
(5G) and then the data is analyzed to create patterns in real time to monitor how the
equipment behaves. This system also known also as Internet of Things (IOT) permits
detection and alerts when there is a drop of the equipments performance by surveilling
time series data patterns then enabling timely decision making. Hence, it will avoid
breakdowns, reduce downtime and decrease maintenance costs. The system could
gradually be implemented in each of the RCT’s logistics segments until the terminal
has become fully digitized.

On the other side, working hours have to be extended to cover 24 hour operations daily
which will increase the overall productivity. The case study has assumed that cargo
handling operations to be secured in three 8 hours shifts instead of 6 hours and at an
80% equipment utilization rate that gives almost 5 hours daily for routine
maintenance, breaks and shift changes.
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» Dwell time problem

One of the biggest problems of RCT is the long dwell time of containers in the terminal
yard that reaching 17 days reducing the annual terminal throughput capacity to
361,592 TEU (Figure 14). Some of the reasons causing these issues are beyond the
control of the OMMP or the STAM because of customs clearances, administrative
formality procedures and technical control on cargo are currently performed within
the terminal causing excessive delays, are time consuming and do not generate any
commercial revenue. As a result, all uncompliant containers cumulatively were stuck
in storage areas for a long time reducing the terminal capacity and ultimately affecting
its efficiency. Although, the relocation of these activities onto a new site out of the
terminal could relieve congestions and minimize dwell time. Typically, customs
clearance does not exceed 4 days in Tunisia (World Bank, 2018b) and considering all
formalities, the assumption of 8 days of dwell time is achievable by accelerating the
clearance and administrative processes. Therefore, the Tunisian government has to
make those decisions not only to enhance the terminal efficiency but also to ameliorate
the logistics chain reliability.

In this respect, the creation of an integrated management system that digitizes and
computerizes administrative formalities, customs procedures, technical controls,
transactions, licensing requirements and all international trade steps will simplify and
accelerate procedures, then container transit time will tremendously reduce. Known
also as single window, the system will link and coordinate all involved parties through
a single digitized network point to transmit documents, deliver permits and proceed
all needed transactions even before the ships arrival which will provide more
transparency to shippers, eliminate unexpected additional formalities that extend
dwell time and avoid high fines due to delays then reduce the final consignment costs.
Consequently, digitization and new Information Technology systems will offer more
simplicity and predictability of customs procedures which will speed up container
delivery, reduce dwell time, minimize congestions and permit efficient berth and yard
planning.

Despite that some new importers are not sufficiently familiarized with customs
clearance procedures and administrative formalities to import goods which
contributed to long dwell time, some other shippers are using the terminal as a storage
area due to low tariffs imposed by the STAM which is highlighted in the following
table.
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Time period Container storage tariffs/day ($)
20° 40’ or more
From the 3 to the 7t day 0.4 0.5
From 8% to 15t 1.8 2
16 days or more 4,6 6

Table 19. Container’s storage tariffs (JORT, 2014)

Hence, low storage tariffs have aggravated the dwell time situation and it have to be
revised urgently.

» Port governance and investment funding

As discussed in Appendix A, the structure and the governance model that RCT is
operating reveal too many obstacles for securing funds for investments which could
explain the aged and outdated port super-infrastructure. The total reluctant on the state
budget, the absence of the port self-funding and the dependence to the government
decisions eradicate the chances for the port authority to respond to the fast changes of
the maritime transport. For instance, the national debt to the GDP ratio was 62,28%
in 2016 and it is expected to reach 78.68% by the end of 2020 (Statista, 2020b),
explaining the serious shortcoming of ports infrastructure due to the stagnated public
investment. Results, it is no longer being possible to secure funds for national projects
through debt financing.

However, financing public projects could be secured away from the government
budget, loans or credits such as alliances co-funding stands for covering a part of the
project costs through grants to governments from being members in regional or
international union agreements, takes the case of the European Structural and Funds
(ESIF), Connecting Europe Funds (CEF) and so many others. However, it might not
be the case for the Tunisian government.

Another way of financing is to open the door for the private sector to invest in the
infrastructure development project through Public Private Partnership (PPP).
The projects could be financed by private investor through:

e Built, Operate and Transfer contract (BOT) or derivative forms with the
OMMP through long term arrangements. The private partner finance, build,
operate and maintain the infrastructure for a specified period where the
investor collects all vessels and cargo dues on top of cargo handling fees, then
transfer the assets to the OMMP without any compensation at the end of the
contract. This will shift all investment expenses and risks to investors and it
will introduce at the same time an intra-port completion that will have an
impact on increasing the quality of services at lower costs.
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Private Finance Initiative (PFI) where the investor builds the infrastructure
without delegating the public service itself. After the project construction the
asset is directly transferred to the port authority and the investor is reimbursed
through a rent agreement with the port authority for adetermined period (rarely
achieved in the port sector).

Institutional PPP (IPPP) which consist of cooperation between public and
private parties through joint venture allowing private investors to hold
corporation shares in return for his investment. It is more likely applicable to
the STAM where the government can cede up to 49% of the corporate shares
in order to secure funds for equipment purchase and to take advantage of the
private know how in managing the company and its resources.

In this context, PPP is only feasible with the following measures:

Deregulation and laws relaxation, consist of opening the public sector
monopolies to private sector competition by partially eliminating
governmental rules and preadaptation of laws that constitute a barrier for PPP.

Corporatize the port authority to run on a commercialized basis by giving it
the status of a private company while the public sector still retains ownership.
The OMMP will operate under market discipline, decentralize decision
making from the central government, regain control of its financial income,
can get more flexibility on budgeting and procurement and can also resort to
the IPPP financing solutions.

Liberalize the cargo handling operations from public monopoly to set the stage
to private companies to invest and operate in the terminal and to compete with
the STAM which will provide better quality of service and price reductions.

To conclude, investing in the suggested projects will address the main detected
deficiencies and bottlenecks of RCT and it will increase its efficiency and
productivity, but aclear strategy, appropriate reforms, good planning and management
and all the above mentioned conditions and recommendations are decisive to achieve
the intended outcomes.
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Chapter 6: Conclusion and limitations

6.1 Research conclusion

This research is a study of Rades Container Terminal that looks for reasons for the
terminal low performance and its implication on the national economy. Thereafter, it
examines possible solutions for the detected deficiencies and suggests the best
alternative to take from the lenses of the CBA.

This paper has answered the following four main research questions:

RQ 1: What are the root causes that hinder Rades container terminal from fostering
the national economy?

To answer this question, different KPls of RCT were calculated from different data
sources and comparing them to benchmarks of similar ports in the region and
internationally, it has been revealed that the main problems are related to low
operational performances that have led to high berth occupancy, berth unavailability
and long vessels turnaround time. As a result, the country has lost in liner shipping
connectivity due to the abandonment of shipping lines calling into the terminal, other
companies findings solutions in carrying containers on board Roro ships causing
higher unit costs and others imposing congestion surcharges to consignments,
affecting the competitiveness of local product and incurring losses of foreign currency
and to the national economy. Low operational performances are mainly related to the
unavailability of equipment and frequent breakdowns resulting low productivity rates
and excessive delays. In addition, the interference between container ships and Roro
cargo traffic, shortages in container vessel berth numbers and inadequate
infrastructure to accommodate bigger container feeders are leading to congestion
problems deterioration and time losses. Long containers dwelling time is another issue
that the terminal should deal with as it greatly affects the annual yard capacity.

RQ 2: What is needed to resolve the problems to get the port back on the right
developmental track and have it play its role in driving economic growth?

Investing in new equipment and establishing a clear TOS was the short term solution
to deal with low performance of container handling operations. An efficient cargo
handling operation needs sophisticated equipment and appropriate maintenance. Thus,
investing in new equipment and technologies will fosterer the terminals performance
and result in lowering berth occupancy and vessel turnaround time. As a consequence,
RCT would be able to accommodate more ships, increase its annual throughput and
decrease the overall maritime logistics costs.

Enhancing RCT’s performances will encourage shipping lines to again call in to the
terminal which will increase annual container throughput in the medium and long
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term. Hence, infrastructure expansion will be needed in the future to cope with the
expected and increasing cargo volume. For instance, investing in the terminal
infrastructure consists of separating Roro and container activities, provide sufficient
berth depth and linearity for container ships and ensure sufficient yard space by
eliminating unnecessary warehouses. Gate operations also have to be adapted to the
expected container volume growth. Therefore, it will realize to some extent economies
of scale and a better quality of service at lower expenses.

RQ 3: How to classify and adopt the selected projects that might address port
performance problems on the basis of ROI?

The use of CBA has permitted not only to classify potential projects that address the
problem but also to assess its financial feasibility by projecting its future returns during
their economic life cycle. It, hence, helped the decision makers to choose between
alternatives and to decide whether to endorse the project or not. Firstly, by using the
methodology, tractor-trailer with RTG system has been identified as the most
profitable operation system rather than the straddle carrier system. Secondly, the
analysis also suggests the purchase of STS gantry cranes to replace mobile cranes.
Finally, the results obtained regarding port expansions show that the project is not
financially profitable if evaluated for the port alone and in the short term, however, it
has to be accepted as a strategic asset while considering its benefits to other
stakeholders and to the national economy.

RQ 4: What are the necessary measures that need to be taken in order to overcome
the issues of implementing a solution and the feasibility of the selected project in the
field?

Mainly there are five pillars that should be considered to ensure the success of the
investment plan. Firstly, good management practices and the planning of berth, yard
and gate operations. Secondly, the establishment of an appropriate terminal layout and
moving from conventional to a more advanced terminal configuration. Thirdly,
appropriate equipment maintenance and monitoring policy and plans that are needed
in order to achieve the expected productivity. Fourthly, the digitization of
administrative and customs formalities which should be implemented to accelerate the
import/export processes and the relocation of those activities outside the terminal with
the aim to reduce dwell time and increase the yard capacity. Finally, the
reconsideration of regulations and laws that should be put in place to encourage and
facilitate the private sector integration to finance the projects and alleviate the burden
from the state budget.

In this context, digitization and the use of new Information and Communication
Technologies (ICS) would help to achieve the above mentioned measures more
effectively.
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6.2 Limitation and future research

This study, as with all research, had limitations that were represented in the
assumptions of different variables that constitute the CBA. For instance, different
equipment productivity and OPEX could vary from one terminal to another. This
paper has considered the most reliable sources of information available in recent
research relating to the subject, however, on site surveys have to be conducted in order
to more accurately assess factors that affect those variables such as the equipment
travel distance and speed, ease of access to storage areas, human resources
productivity that greatly depends on a degree of skills and motivations and costs to
conduct maintenance and repairs which may change from country to country and port
to port. As a result, different productivity assumptions and OPEX may vary. Future
research could be conducted in simulation approach of the obtained operating system
using new software technologies and foreseeing the exact equipment needed for
productivity at each leg of the terminal logistics chain.

In the same context, other assumptions could vary over time such as the LIBOR rate,
costs escalation, peak time rate, equipment and the utilization rate, for this reason
future research may apply a sensitivity analysis that supplement the CBA like, for
example, the Monte Carlo simulation model. It consists of creating scenarios with
varying assumptions susceptible to change and to see whether the project is still
profitable or not. It is obvious to recommend at the end of the research and to adopt
the project with the highest NPV, but the NPV is just a predicted value. In performing
the sensitivity analysis, the project with the largest NPV may not necessarily be the
best alternative under the circumstances. That is why the best alternative is to
recommend the project that has the highest NPV value in the worst case
circumstances. Therefore, based on this, different benchmarks could be established to
ensure the feasibility of those projects and to monitor these outcomes at a later stage
and compare them with the initial assumption to ensure that the projects are on the
right track.

Finally, this research has focused on the direct financial return of the project to the
party who assumed the costs, thus, it could be extended to cover benefits or costs to
other parties. For instance, port infrastructure development is considered to be a
strategic investment which has other benefits to the economy and society such as
creating jobs, enhancing connectivity, encouraging FDIs, providing better logistics
solutions, becoming more environmentally friendly, therefore, quantifying all those
variables and including them in the analysis will encourage more the adoption of the
project. Future research could consider those inductive benefits and costs to all
involved parties including port stakeholders and the society in the surrounding areas
to enrich the analysis.
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Appendices
Appendix A: General description of Rades Container Terminal

Ty

# General description: Location and infrastructure

Start in service since 1987 and located on the Mediterranean Sea, approximately 10
Kilometers East of central Tunis, Rades port is the main commercial seaport of the
greater Tunis area. Geographically, it is the extension of the passenger port of La
Goulette in the South Bank of the access canal. It compromises two terminals for both
containers and bulk cargo like it shows in the figure below (Office of Merchant Marine
and Ports [OMMP], 2017).

Rades Bulc Terminal

La Goulette and Rades port location Map

Beside its activity for bulk and wet cargoes, the port encompasses the biggest gateway
container terminal that serve feeder ships, and since it being in the capital city, it gains
an advantage over other ports thanks to its proximate to the most of production sites
in the country in one side and the main liner shipping routes crossing the north of
Tunisia in the other side.
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» Rades port governance model

The port is governed under the landlord model where the port authority belongs to the
Office of Merchant Marine and ports (OMMP) and the port operations are secured by
the Tunisian Stevedoring Company (STAM), a state owned company.

1- The port authority:

As shown in figure 12, the governance model of all Tunisian port is following the Latin
model where the central port authority is controlling each port authority or
administration. The OMMP is a governmental organization that exercise the function
of both maritime authority and administration and port authority by virtue of the law
number 98/109 dated December 28™, 1998. It assures the governance of all Tunisian
ports including Rades port, all under the auspices of the central government
represented by the Ministry of transport.

Tunisian Central Government
Ministry of Transport

(Office of Merchant Marine and Ports
(OMMP)

Governamental organization

Bizerte Port é é , ‘ é

Regional Port Authority
[OMMP)

Rades port governance model (Source: Author)

Port Operator
(STAM)
Non listed public
Compay

In the first sight it seems that the Rades port authority have a certain degree of
autonomy where the port management have control over budgeting, procurement and
purchasing, formulation of strategies and programming, salary and employment
conditions and setting performance target and objectives, however, the process of
decision making should be always in accordance with the central authority and the
final decision for big investment or procurement have to be approved by the central
authority.

The OMMP in general as a central port authority runs on a commercial basis enabling

it to operate under market disciplines which alleviate to a certain degree the
interference of the government in decision making but restrain it to have full autonomy
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on port financial incomes that have to be accounted in the annual country budget.
Furthermore, as public entity, the OMMP is bound to follow the law of public
procurement regulation which is a very slow process that doesn’t respond to the fast
changes in the immature liner shipping market and customer’s needs.

The most problems that could be identified from the structure of the port authority are:

e Port’s strategic decisions, objectives and performance targets are subject to
central port authority approval, also procurement and maintenance budget
should be priory accepted by it and with limited budget. As result, decision
making take longer time and implementation is limited due to finance shortage.

e Disguised autonomy of the central port authority because of the interference of
the government in port decisions and limited accessibility to port incomes.

e Inefficient and lack of implementation of strategies while contracting practices
and procurement are subject to national government regulations.

e All ports are governed by the same body that eliminate competition between
ports and attenuate market pressure that may leads to a potential lack of
efficiency.

e Total dependence to the national budget which make the port development and
investment tightly related to the economic situation of the country that is
already exhausted.

2- The port operator:

RCT is operated by the STAM which is a non-listed public company that have the
monopoly in operating Rades port by virtue of a concession agreement with the
OMMP (Decree n°® 2014-1471 dated 23 April 2014) as well as jointly operating all
other ports in Tunisia with the private sector.

In one hand, being a non-listed company deprived the STAM from private financial
support, therefore, it retained from raising its capital and upgrade its activities.

In the other hand, it has been observed that introducing private sector in port operations
and creating inter-port competition have enhanced port performance and increased
service quality with a reduced cargo handling costs. For this reason, it might be
beneficial for the STAM to be in monopolistic position but it is not the case for the
port stakeholders and customers.

However, a counter-example of Singapore port which is operated by a single public
company has challenged this hypothesis. Furthermore, the size of RCT might not allow
for a second port operator to be involved in the terminal operation while it might cause
conflict in the management of limited storage arcas and the operations of different
equipment.
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To summarize, the centralization of decision making, the luck of full financial
autonomy and the absence of competition are strong reasons to observe RCT
performance indicators and assess the efficiency of its container handling operations.
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The above figure highlights the main liner shipping companies that secure services
from and to Rades container terminal. Data were collected from AXS marine where it
identifies 8 liner shipping service operators in 2019 and the service type they provide

(Roro or Container).

Container throughputs were counted for each operator every month depending on the
type of service they provide (RoRo or Container). As well, the time spent at berth for
all their vessels per type per month and its monthly calls was counted during 2019.

Explanation of different rows calculations:

e TEU per H =

* % of container carried =

e AVG vessel time at berth =

o AVG TEU per ship =

e Turnaround Time (roro) =

e Turnaround Time (cont.) =

e Total avg TEU per RoRo =

e Totalavg TEU per Cont.=

e TEUs per roro ship hour at berth =

e TEUs per cont.ship hour at berth =

e (ont.berth Occup. =

Total TEUs per operator

Total Time spent at berth for the same operator

Total carried container per operator per service type

Total carried container by all operators

Total Time spent at berth per operator
Nbr of calls of the same operator

Total TEUs per operator

Nbrof callsof the same operator

¥ AVG vessel time at berth of all roro operators

Number of roro operators

¥ AVG vessel time at berth of all cont. operators
Number of cont. eperators

Y AVG TEU per roro operator ships
Number of roro operators

Y AVG TEU per cont. operator ships
Number o f cont. operators

Y. TEU per H of rorooperators
Number of roro operators

Y.TEU per H of cont. operators
Number of roro operators

Y. Total time spent at berth by cont. operator
Working days p.a. * berth avail. hours p.d./Nbr. of cont. berths
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II. Crane downtime in January 2019

1/3/2019

1/4/2019

1/5/2019

1/6/2019

1/7/2019

1/8/2019

1/9/2019

1/10/2019

1/11/2019

1/12/2019

1/13/2019

Shift No Crane breakdown Transfer berthtoyard | Transferyard to berth
1 12 3.5 1.5
1/1/2019 2 0 0 0
3 6 0 0

_

1 8.5 1 5.5
2 2 4 1.5
3 6 2.5
1
2

w
o

1 8 2.5
2 11 4 4
3 16.5 1.5 2.5

1 7.5 3 5
2 8.25 5
3 9 1
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_

1/15/2019

_

1/17/2019

1/18/2019
1 10.5 2 15
1/19/2019 2 6.5 6.6
3 6 2.5
_
1 5.5
1/21/2019 2
3
_
1 7
1/23/2019 2
3 10.5
1/24/2019
1 3.5
1/25/2019 2 75
3 13.25
_
1 3 5.25 1.5
1/27/2019 2 3.5 1.5 1
3 12 3.5 3

‘
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1/28/2019

1/29/2019

1/30/2019
1 f 225
1/31/2019 2 6.25 3.5 1
3 4
Total 480.7 183.1 143.45 807.25
percentage of suspension per category 59.5% D.T% 17.8%
daily average per crane (h) 3.876612903 1.476612903 1.156854839
Crane utilization 64%
Working hours available cranes per month 2232

The above figure summarizes the container handling operation interruption time
during January 2019. Three main reasons were identified and for each one, the wasted
time was counted for every shift.

At the end of the table, the total unproductive time was around 807 hours where almost
60% of it was due to the crane breakdown, each crane is stopped to work for almost 4
hours every day due to breakdown, 1.5 hours due to container transfer from the berth
to the yard and 1 hour due to interruptions of container transfer from the yard to the
berth. Thus, the resulting crane utilization rate is 64% obtained by the following
formula.

L Crane available working hours per month — Total unproductive Time
Crane utilization rate =

Crane available working hours per month

Where:

Crane available working hours per month = Working hours p.d. (18) * Month days
(31) * Number of cranes (4)




Appendix C: Cost-Benefit Analysis of different investment projects
» Loan and equity conditions:

The world bank loan terms and conditions have been used as a reference for all
investment projects presented in the following analysis.

- The advance ratio: the world bank has financed the Tunisia third export
development project (EDP III) in 2015 which aims to enhance customs
procedures efficiency and reduce delays. The total project cost was US$ 74.50
million where the bank has accorded US$ 50.00 million as a loan. Thus, the
loan amount was around 67% of the total project cost (World Bank, n.d.).

- Interest rate: The world bank finance support to the Tunisian government is
provided by the International Bank for Reconstruction and Development
(IBRD) in terms of Fixed Spread Loans (FSL) of 4.13% (World Bank, 2020).

- Amortization and repayment: The repayment maturity for IBRD Fixed Spread
Loans (FSL) is settled between 5 and 10 years and 3 to 5 year grace period
with 6 months of repayment frequency. Therefore, for the case study, the loan
maturity is fixed for 8 years with semiannual repayment without a grace period
(World Bank, 2018).

- Front-end fee: IBRD has fixed a front-end fee of 1% of the loan amount (IBRD,
n.d.). This percentage is generalized as well for the equity amount.

- LIBOR:

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
0,8 |10l 0,68 056 [0,79 138 |1,79 [2,76 [237 |1,02

The historical 12 Month LIBOR rate (Macrotrends, 2020)

LIBOR rate is fluctuating over time, for this reason, the LIBOR rate utilized in
this case study (1,3%) was obtained in averaging the last 10 years 12 month
LIBOR rate.

- Equity: The investor has to provide 33% of the project cost
- Preference share coupon: The preference share coupon is considered as the
equity interest. Thus, in Tunisia, the interest rate of local banks is composed of

the Money Market Average rate (TMM) fixed by the central bank at 6,.82% for
July 2020 (BCT, 2020) and a margin estimated at 1,18% for corporate loans.
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L%

TEU

Corporate Tax: The standard corporate income Tax in Tunisia is 25%
(Tradingeconomics, 2020).

General Assumption:

Annual throughput evolution: future projection for the container throughput
evolution is provided by WPS (2020) on three scenarios basis.

1. Base Case: Projected on a TEU/GDP multiplier of recent years and IMF
projected growth for 2019-2024 resulting in a national TEU growth rate of
3.03%. Assumes the current market share between Rades (60%) and Sfax
(20%) remains constant. This would generate total container throughputs in
2040 of 641 464 TEU.

2. Aggressive Case: Assumes a national TEU growth rate of 5% based on
comparisons with World Bank funded studies. However, these growth rates do
not consider the relationship between GDP growth rates and trade volumes and
have clearly not materialized so far. This case considers a market share
allocation of Rades (65%), Sfax (30%) and remaining Tunisian ports (5%).
This would generate total container throughputs in 2040 of 908,403 TEU.

3. Conservative Case: Assumes economic conditions in Tunisia deteriorate
with a TEU growth rate of only 1.5%. Assumes the current market share
between Rades (60%) and Sfax (20%) remains constant. This would generate
total container throughputs in 2040 of 451,965 TEU.

Annual container throughput projection in Rades from 2017-2040 (WPS, 2020)

In this case study, the base case seems to be the most reasonable to achieve
while in 2010 the terminal handled 424000 TEUs without any amelioration in
equipment technology and infrastructure.
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Therefore, annual throughput was assumed to be constant at 285,000 TEUs for
the first 2 years (2020&2021) as the volume recorded in 2019 while the cargo
handling performance will not be perceived immediately after the project is
done. Thereafter, the volume is estimated to increase constantly with 20,277
TEUs every year to reach in 2040 650,000 TEUs as the base case indicates,
assuming also that after 2040 the volume will stop increasing.

Benefits: The benefit of each project investment is calculated based on the cash
incomes derived from the direct activity of the project itself. Cargo taritfs and
port dues are fixed by the Tunisian law, however, the case study introduced
5% of fee escalation every 5 years that reflect the willingness to pay of the port
customers to the enhanced performance that increases the efficiency of their
supply chain and reduces their container delivery time.

TEU factor: Estimated at 1,5
No. of TEUs = No. of equipment moves * TEU factor

Statistics provided by the port authority shows that in 2019, the terminal
around handled 285,000 TEUs where almost half of the are 40 feet
containers.

Working hours: Actually, the port is working 362 days p.a. and 18 hours/day
divided into 3 shifts of 6 hours. Calculation of CBA considered 24h working
time, 8h/shift as a recommended reform for better performance.

Equipment utilization rate: equipment are used at a 67% rate, thus, with new
equipment, an estimation of 80% was adopted.

Peak time factor: It was estimated by WPS (2020) at a level of 10%.

OPEX escalation: Operational expenses were estimated to increase by 2%
every two years. While the big portion of those expenses is the manning cost
of equipment drivers and the maintenance team. Estimation was based on the
tfrequency of increasing wages in the public sector in Tunisia where wages
are increased every 2-3 years.
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CBA of STS Gantry crane project investment
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Cranes purchase price: $ 10,000,000 (Gantrex, 2017; WPS, 2020)

Rail installation costs: $ 2,000,000 estimated to be between 1.5M$ and 2.5 M$
for 500 m of quay wall (Gantrex, 2017).

Cranes life cycle: estimated to be 25 years (Miranda & Gil, 2014; WPS, 2020).

Crane productivity: 22 moves/hour as suggested by WPS (2020), a typical
value for peak production of an STS crane is between 30-40 moves per hour
therefore a productivity of 22 moves per hour is considered achievable.

Headcount: Estimated to be 1.5 employees per crane per gang.

Electricity consumption: Estimated to be 8 Kwh/move (Wilmsmeier &
Spengler, 2016).

Electricity price: 0.11$ for industry use provided by the Tunisian Electricity
and gas company (STEG, 2019).

Energy expenses were divided into 3 segments assuming that during the first 2
years the annual container throughput will still the same (285,000 TEUs),
thereafter for the next 18 year energy expenses will rise with the yearly
container increasing volume (20,277 TEUs), for the rest of the 5 years the
annual throughput will stop at a level of 650,000 TEUs and electricity expenses
are calculated on this base.

Maintenance costs: Divided into two categories, repair and refurbishment cost
which include a major overhaul in the half life cycle of the cranes estimated at
50% of the crane costs (WPS, 2020). Estimating as well that during the first
two year repairs will be offered by the equipment provider company as a
warranty. The second category is the preventive maintenance cost, all data for
the sum of maintenance expenses was extracted from Miranda & Gil, (2014).

Inventory costs: Calculated on 5 years escalation basis (Miranda & Gil, 2014),
Inventory cost estimations are generated for all other equipment investment.

Training course: STS gantry cranes are new equipment for the employees
therefore a training course is needed. Costs are calculated for 12 drivers and
the course cost is provided by the National Maritime College of Ireland
(NMCI, 2020). While this cost is not recurring, it has been eliminated from the
OPEX after the first year.
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The above figures show calculations of amortization repayment of the loan and
equity for the first 8 years of the project life cycle as well as OPEX for 25 years
escalated at 2% every 2 years.
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Cash inflow = Annual moves/crane * No. cranes* Move price
Move price: 40$ escalated by 5% every 5 years

Annual moves/crane: escalated by 6760 TEU/year/crane for the period 2022-
2039

Cash surplus = Cash inflow — (loan and equity payment (principle+interest) +
OPEX)

Cash inflows minus (OPEX+interest+tax) is used to calculate the payback
period without including the project cost. The same row is utilized to calculate
IRR including the first cell (- $ 32,000.000) which is the project cost.

Net income Row is utilized to calculate the NPV.

A summary of the CBA results is shown in the above figure.
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II.

CBA of Berth-Yard transfer project investment
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A- Straddle carrier system

- Number of needed straddles

No of straddles for:
STS-Yard transfer

sts moves /h 22 TEU factor 1.5
nbr sts 3 Annual throuput (TEU) 650000
Struddle Utilization rate 80% Working days/yr 362

Daily handling volume (moves) per activity (peak)

Total STS moves /h 66 moves/h

Peak surcharge 10%

moves peak/h 72.60 Moves

Hourly performance 8 moves/hr/straddle
Resulting no of straddl no.

Straddle carrier productivity has to be synchronized with STS crane productivity.
Thus, in peak time STS cranes are expected to perform around 73 moves/h with 80%
utilization rate. Considering that a straddle performs 8 moves/h then the resulting
number of straddles is 9.

No. straddles = STS cranes move peak per h / Straddle hourly performance
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Straddle carrier purchase price: According to Logistics Middle East (2015), DP
world Southampton has invested 9.1 M$ in 10 new Kalmar straddle carriers.
Thus, the 2020 straddle carrier price is estimated to be around $ 1,000,000.

Straddle carrier life cycle: Estimated to be 12 years (Huang & Chu, 2003)
Productivity: 8 moves/h (Thomas & Roach, 1987).

TOS purchase and installation cost: In virtue of the PDE 1II program supported
by the world bank, the STAM will benefit of 7 million Dinars to purchase the
TOS and 10.5 MD to implement it (Business News, 2019). Also, Cerderqvist
& Holmgren (2010) highlighted that the cost of TOS is 2 M$.

Straddle hours/year: itis the result of the division of each year's total moves by
the straddle moves/h.

Diesel consumption: Each straddle is estimated to consume 23,3 L/h for all
activity combined (traveling, hoisting, lowering and adjustment) (Hangga,
Shinoda, Takahashi, & Hiyoshi, 2014).

Diesel price: 3 dinars in Tunisia equal to 1$
Maintenance cost: Estimated at 12% of the purchase price. It is the mean of
estimated annual maintenance costs that vary between 8% and 15%
(UNCTAD, 1985; Thomas & Roach, 1987).
The above figures show calculations of amortization repayment of the loan and

equity for the first 8 years of the project life cycle as well as OPEX for 12 years
escalated at 2% every 2 years.
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WACC

Project cost $14,998,500 5.62%
Total Interest $3,962,266| NPV $59,657,459.58
Opex $29,466,300|IRR 40%|
Cumulative Tax $30,638,928| MIRR 20%
Total costs 579,066,494

2.86
Cumulative Incomed $170,983,276
NET before TAX $122,555,710
NET after TAX $91,916,783

- Cash inflow = Annual throughput (TEUs)* Move price

- Move price: 303 escalated by 5% every 5 years

- Annual Throughput: escalated by 20,277 TEU/year for 12 years period

- Cash surplus = Cash
(principle+interest) + OPEX)

inflow

— (loan and equity payment

- Cash inflows minus (OPEX+interest+tax) is used to calculate the
payback period without including the project cost. The same row is utilized to
calculate IRR including the first cell (- $ 14,850,000) which is the project cost.

- Net income Row is utilized to calculate the NPV.

- A summary of the CBA results is shown in the above figure.
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B- Tractor-trailer with RTG system

- Number of needed Tractors, Trailers and RTGs

No of RTGs for:
STS-Yard transfer sts moves fh i) TEU factor 15
nbr sts 3 Annwal throuput {TEU in 2019) 285000
RTG Utilization rate 8% escalation throughput /yr a7
Existing RTGs 5 (2022-2040)
Working days/yr 362
Daily handling volume (moves) per activity (peak) . Daily handling volume (maves| per activity (peak
Total STS moves 66 moves/h . Taotal STS moves /h | 66 moves/h
Peak surcharge 10% Peak surcharge 10%
moves peak/h 260 Maoves moves peak/h 7260 Moves
Hourly performance 20 moves/hr/RTG Hourly performance & moves/hr/Tractor
Resulting no of RTGs I:lno. Resulting no of Tractors Elnc.
Equipment hours 6,500 Equipment hours 3,750

Similarly, to straddle carriers, with estimated productivity of 8 moves/h the terminal
needs 9 tractors to ensure the container berth-yard transfer.

RTGs have higher productivity of 20 moves/h, consequently, the resulting number of
RTGs is 4.

The STAM has already 5 available RTGs starts operating at the end of 2019, thus there
is no need to purchase more.

For the 9 tractors, it has been estimated that each one needs 2 trailers.

The equipment hours/year is the result of the division of each year's total moves by the
equipment type productivity.
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- Tractors and Trailers purchase price: Estimated at $ 100,000 and $ 20,000
respectively per unit (WPS, 2020).

- Equipment life cycle: 20 years for RTGs and 15 years for Tractors (Thomas &
Roach, 1987). The total project life is counted as the lowest equipment life
cycle (15 years)

- Productivity:

eRTG: Estimated productivity for container handling: Loading and unloading of
railcars: 30 moves/hour, stack work: 20 moves/hour and for loading and unloading of
road trucks: 15 moves/hour. Then, 20 moves/h was estimated as an average of eRTGs
productivity (Kalmar, nd.).

Tractors: Estimated to have a productivity rate of 8 moves/h (Thomas & Roach, 1987)

- Diesel consumption and maintenance cost: Thomas and Roach (1987) have
estimated that each tractor is consuming 10 1/h and needs 30% of its purchase
price for maintenance every year.

- eRTG electricity consumption and maintenance cost: Thomas and Roach
(1987) estimated that maintenance cost is counted at 8% every year of its
purchase price. Also, an eRTG consumes 40 Kw/h (VUOJOLAINEN & VAN
DER WAAL, 2015).

- The total energy cost is the sum of diesel and electricity costs which are
calculated on the equipment working hours that depends on the projected
increasing container volume for the next 15 years as the figure above shows.

- Trailer maintenance: It consists mainly of tires replacement, estimated at 20%
of its purchase cost every year (Thomas & Roach, 1987)

- The above figures show calculations of amortization repayment of the loan and

equity for the first 8 years of the project life cycle as well as OPEX for 15 years
escalated at 2% every 2 years.
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WACC
Project cost $7,181,100 5.62%
Total Interest $1,897,085| NPV $86,509,547.90
Opex $34,078,586|IRR 76%
Cumulative Tax $47,850,779|MIRR 25%
Total costs $91,907,550

1.27

Cumulative Incomesd $235,459,888
NET before TAX $191,403,117
NET after TAX $143,552,338

Similarly to previous calculations and analysis, the above figures show the benefit
gathered during the project life where:

Cash inflow = Annual throughput (TEUs)* Move price
- Move price: 30% escalated by 5% every 5 years
- Annual Throughput: escalated by 20277 TEU/year for 15 years period

- Cash surplus = Cash inflow -

(principle+interest) + OPEX)

(loan and equity payment

- Cash inflows minus (OPEX+interest+tax) is used to calculate the
payback period without including the project cost. The same row is utilized to
calculate IRR including the first cell (- $ 7,110,000) which is the project cost.
- Net income Row is utilized to calculate the NPV.

- A summary of the CBA results is shown in the above figure.
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[I- Yard-Gate interchange
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A- Straddle carrier system

- Number of needed Straddles

Yard-truck interchange
Daily peak Daily handling volume (moves) per activity * peak factor
# |=
equipment demand Hourly performance of equipment * avail. oper. hours per day
Daily handling volume (moves) per activity (peak) No Straddels from 2020-2027
r
Total annual moves 433,333 Moves Total annual moves 271,108 Moves
Daily moves 1,197.05 Moves Daily moves r 748,92 Moves
Peak surcharge 10% Peak surcharge 10%
L
Daily moves peak 1,317 Moves Daily moves peak 823.81 Moves
Avail. oper. hours/day 19.2 hours Avail, oper, hours/day 19.2 hours
Hourly performance 8 moves/hr/straddle Hourly performance 8 moves/hr/straddle
Resulting no of streddq:l no. Resulting no of straddl no.
Equipment hours 54,167 hours Equipment hours 33,889 hours
Housekeeping Daily handling volume (moves) per activity (peak)
=moves not paid for 5 % of daily moves pea 66 Moves
Avail. oper. hours/day 19.2 hours
Hourly performance 8 moves/hr/straddle
Resulting no of slraddl*zl no.
Equipment hours 2,708 hours

The straddle number needed for container delivery depends on the annual container
throughput. Taking into consideration that the terminal has already 8 straddles that can
be exploited for the next 8 years, thus there is no need for investment till 2027 where
during this period the port is expected to handle 406,662 TEUs (271,108 moves).
Thereafter the terminal needs 10 new straddles to secure the delivery of 650,000 TEUs
p.a. including the housekeeping moves which are not paid for and counted as extra
costs. The resulting number of straddles is obtained through the following formula.

Daily peak Daily handling volume (moves) per activity * peak factor
: [#] =
equipment demand Hourly performance of equipment * avail. oper. hours per day

The resulting equipment hours is the division of the total annual moves by the hourly
performance moves of a straddle (8 moves/h)
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OPEX: the operational costs are divided into two periods, the first 8 years to
be secured by the available straddles and the next 12 years with new ones where
the investment took place.

Diesel costs (2020-2027): calculated on the base of straddle working hours in
accordance with the increasing yearly moves. Taking into account that the first
2 years the annual throughput still the same and to be increased with 20277
TEUs p.a. thereafter. Besides, an additional 5% of annual moves are added for
housekeeping activities.

Diesel costs (2028-2039): During the remaining life cycle of the project, diesel
cost is counted as well based on total equipment hours in relation with the

escalated annual throughput and housekeeping moves.

Project life cycle: It is the summation of the existed and the new equipment
economic life

111




48!

-aj11 302l0xd oy Jo s1eak (g oy Sunnp sreak 7 £19492 95,7 £q pajeresss st X440 -

S€0z 1 puaxa [im judwiedar £3nba pue urof 2y ‘a10J019Y) ‘g7 (T UI INDOO0 [[IA JUSWISAAUT AL, -

| 19'8r8'c60'cHS | w101
teroceeeTs | tevoceesTs ] ewwssonls D SLESLI00ETS | 9L'E5L 008 TS p| PE079'S5T 15 | 6 0r355T 15 J| 99T TIL S | BITINTIL TS ]
000ZZT T8 osvizs  [osieers  Joootess  Josceees osires  [osissis  Jooowszs  [ostiizs  [oosoets  [osceeis  [ooolezs  Jostsues
A foos 315 oszves 0o0EeS oszTrs joossrs  fosciss josomss [oseres 005785 |osc06s  Joooees
OsTS0cs  fostsots  fostsors  fostsocs osTS0ts fostsoes  |ostoous  [oscsocs  [osceots  |oscoors  [oscsoes  ostsocs
[szsees Joosziws  [oscetss  Jooosces  [0SCTEOTS  |O0Siects  |OSLErwts 00008 1S [05C9E8 TS [00S080¢CS  |0sL@9Les  Jo00SLYS |
E6T'9¥S'TS ETTOEYS BBy TrvS LSBTErS 9T vars S5 SIS ra6'98rs EEE 9615 B0L 6085 CLOTZES Tt TESS _n..w.mqmu 6LT G555
1oL BIETIS BELTTS TYES 9Lt'STS 58955 IPEz 895 EBS 6.5 ES6 065 TTETOLS 169 €115 090'STTS 620 9615
0SLBTFS JosLBTvS OSLBTHS 05LBTFS 0SLBTYS JOSLBTHS 0S4 8BTS JosL8TvS 05 BTFS 0SL BTYS 0SL'8T#S 054 8TvS
|osietes  Joosiess  JoszeazTs  [000's/9TS [0sLEAOTS  [0OSTISTS  [OSITEETS  [OOODSE'ES  [05/'99iES  [00SUSTRS  [0ST'909%S  [000GIO'SS |
[ & [ ® [ & [ ® [ & [ ® | & [ ® [ © | ® [ & [ ® ]
[ 1 [ 1 9507 | SE0C | 7E0C | £E07 | TE0T | 180 | 0502 |
I wwwme [ wwwn ] wewssw0ns [ mas0ns ] oowweets [ OreETs ] eevRCael | BerRCO6T | £3765608 7S £3765506 15 _ S|
OSEIes [T oones  [stees  [os [os Jos Jos Jos [os Jos Jos Jos Jos [os [os Jos Jos Jos Jos N
A T T T [0S [o$ 0§ [os [0S [o§ [0S |08 [og [05 |05 |08 [0§ | |08 g v
parss s ertos oz o8 Jos [o$ [0 |6 [0 [o8 [t [of |of |os |os [of [0 o8 [of Ve Bl
Psrtesss [o0sIizs  [OSCES0ES [D000BEES 0§ |os [os Jog [os [os |os [os |os |og |os |os |os |os o8 Jog _ uad O/
s [oeus oo [sws B [os oS o5 |05 |05 [0S |5 0§ Jos |05 |os Jos 0§ |0 ]
| T e oS |68 o8 5 oS [0 Jos [0 [0 o8 [o§ |os [os [os R
N SO e Jos [0 [0 |t [0 [0 [t [0 [os |os |os [ [0 08 Ve By
Gims [Weos  [bTEd (000 |08 [os o8 Jos [o§ [o§ o8 [o§ o8 Jos |0 [0 Jos o8 |os Jos 2034 0T
5 | 0w 5 | ® JENUW35
[ [ o [ | o | 0 £10 0 T [ I




€1l

9083691715 | 95C00LLLETS | 9589TBLSELS 950 CETETS 8698 885 115 TETSEGBLTTS EL9E5POETTS 70105 68015 $5 885 L0E 015 98'86Y 16L 65 SL907 €985
PETIBETHSTS | PB6E968'HTS | 9S9LT6SO'ETS 95829 UTETS 96'9r8'8EL TTS T8 TS8'SE50TS £L'965'50019 $0'L05'665'65 SG88S'L50'6S 9BBEY'IHS8S SLIOV'EISLS
TELBGLETSS 18769595 BT 76065575 6T'9L806E TS 996671665 03056 TIS'ES ST TS TSEES 89'SE6LIES 8796061065 19667 (875 168970575
STBPETSSOZ S |SITESTORST & [SLOGETRET  § [SLWOSESSLI § |sBB0L5eR LS _E_ms_mam ELOTLER0LS |L9TR0WI0LS JU0P8TILS _a_“mﬂ_,ﬂmmé%_g_am_mm _g_ﬁ_wm_a 06T078R0'9S _mm_zm_ms.a LL'B0R'P0L'SS |TL6AE'SR8'SS J9E LoLRI0SS _%mmﬁ_gm_a
Si6/00€ 615 SEQT699TS T9TTETHIS 186725218 959096918 SETSEN'STS BEBTLEDTS 9E9THTS LhS'66961S LETTROTETS 065°L6LTTS
05996317 S | OFE'SR0'TZ § | ceo'a 0z S | 0206986t S 5E0Y TSL'ES 09'688'5EL LIS 0965 LITLTS 09687615918 09656 018'STS 09669708518 Tr9'596'ETS
SESISHETE ¢ |SUSETOSTW S| eSUETSS0T 5 [RLTOTG6T HERET m_mﬁ.ﬁ.m.w HEEID EETE EES QE.E.: SE96529 6 JSE965U §|oe'sseL S ; 0BrSS6L § |STETSIL SJSIETSOLS [ To8T86 ﬂ 187969 §
T %07 _ 50t _ 1507 | £ _ 800 _ [ _ 0602 [ 0 |
SOLIETLIES T8 17083 T (EIPT6S1 LS TEIPTT6095 P99LTH98SS FLPBS L0 St ES S0E 03619 5505 086'%S 00000007+ [EEEETTT o
SO MO ysed
| 066 85E'T81$ JALYINAND
90'L1E'526'98 LTOTETHORS LLLYsesLs LEOTESTLS LETTT6L'9S PHOTI998'SS BTH60 LSS £5'S0E'086'YS £5'606086'%$ WO JaN
SETLLU0ETS 919908978 97'666'825'28 oSI98 TS Oy Lh0'L6078 BEB0LYSETS BETE0'208TS PET0T099'1$ ¥ T0T'0097 (552 v
a.qmm.m&_ﬂ.mﬁma tys'TeLons LEr'yTrond 199'695'6$ 061'88E'8$ 95E818S 92501248 10100998 (0V0p9'98 SIS UsR)
8UBRITIS LS TLLOTS SOLETHITONS EBT995H565 £68T S 7556891948 15T 0TT LS B L0V 05995 5 L0V 059’95 YROWI YD
TEELSEEIS 106 TIS TR IS W 2ES TIS 066 PLEOTS 019°95L 55 TEEST65 000055 85 (00055 8 Aay
R TR el 5R))
G
[ i) _ M _ 0t | it _ 0t _ i _ T _ ]




—

Project cost $10,100,000| 5.62%

Total Interest $2,668,193|NPV $96,408,397.45
Opex $43,093,849]IRR 55%|
Cumulative Tax $60,452 927|MIRR 19%)
Total costs $116,315,038

0.89

Cumulative Incomey 5214,852,032

NET before TAX $241,811 987

NET after TAX $181,358,990

Similarly to previous calculations and analysis, the above figures show the benefit
gathered during the project life where:

Cash inflow = Annual throughput (TEUs)* Move price
- Move price: 30$ escalated by 5% every 5 years
- Annual Throughput: escalated by 20277 TEU/year for 20 years period

- Cash surplus = Cash inflow - (loan and equity payment
(principle+interest) + OPEX)

- Cash inflows minus (OPEX+interest+tax) is used to calculate the
payback period without including the project cost. The same row is utilized to
calculate IRR including the first cell (- $ 10,000,000) which is the project cost.

- Net income Row is utilized to calculate the NPV.

- A summary of the CBA results is shown in the above figure.

114




CIl

f g g £ £ £ £ £ g g { { { i i { [ { { { S04 ON
(STIET |o¥6EET |TEGTT |GTESTT |0O0TZT |TG9ATT (LETIT |S90B0T |ISLG0T (666 [STTSE | ETEOS |00 (TR |MUBLL | T9SEL BH769 | SEGMS (0909|1909 SuicazRSTIOY 35 + 40 A 1]
aeT et | ST 1611 T | 00T (60T |86 176 %06 5% b8 €81 (4] o iy LS L5 fead anow fjeg
PIEEEY  (9086TY  |9B790F  |OLLIGE  (CSTGLE  (vECSOE  (ICCSE  (3GOMEE |OSTSIE  (TO9TIE  [vUEGT  (SSYRC  (BOTTLD  |06SLST  |CLOPRD  (WSSOET  |96OLTZ  |BTSEQC [OODDET  |00CDST SAOW Enuuy
995660 |GOLGTY  |TERG0Y  (SSTEBS  [BLEBSS  (TO9BMS  [PIEATS  |[WOSOS  (OLLL8y (€M% |9TCLRR  |GEGOCr  |19%90P  |SBE9E  [S0T996 |UEBSHE  |BSSSZE  (LLTSQE |OOGET  |00QSET Indugnosyy [enuy
BE0% _EH LE0 0600 560 00 [EE0E 1E00 1600 0807 __msn _E_N 1200 9201 5200 B0 200 e [Tt 0202 gl
sInoy 00'GL6'6 sinoy Juawdinb3
‘ol I 51y Jo ou Supjnsay
O 14/1y/s3n0wW (7 2uewopad Aunoy
sinoy 7'61 Aep/sinoy “Jado (leny
SN 72909 anow Buidaayasnoy oG
I SanoW /7S yead sanow Ajieq
Aep Jad sinoy 'iedo Wwawdinbe jo aduewsoped Anoy | puewep juswdinbe %01 adleyauns yeag
Toyej yead , Jyinae Jad (saA0w] atunjon Bujjpuey Ajjeq yead ) Sanop 98476 sanow Ajeq
sanopy 000061 SanoL [enuue 230

2193 YaN}-pd

SOLY PApeau Jo Jaquuiny -

waysks DL -9




911

0291 ST-11 019 51

BS0D0TS |SL6'965 _m.mu.mmm 0ELDES L09'(85  [SEY'¥ES TOETES  |BETBLS  |LTT'SLS  [vBETLS [TLE'E9S EYLS9S  |9T9'79% £05'655 TBE9SS  |STESS  [SET0SS ET0'LPS 068'€75 068'ERS
tSerizz [ST9EE0ZC [rTOEETZ [Sry0Z907 [E4OTS6T [SEOTOZET |pET6YST S TRLLT [S6TLOLT [SST79E9T [957S9ST  |SORTHERT [(TEECYT |SUVEISET [RIETSCT |SBOWOTZT [BEWEETT  |S69PRI0T  [5L66 SL66
vIEEEY  |9086TF BEI90F  |OLLIGE IST6LE vELS9E 9TIISE BEIBEE OBISIE 19911¢ rr186T 97T BOTTLE 065457 TLOVHD PSS0ET 9E0L1T BISEOT 000061 000061
opeerd  |60.679  [rees09  [scTees [eeess [10gEwS pzeszs  [cv0s0s  focier  [cevioy Jotzive 6E60Zp 79900y  [c@EoBE |B0TOOF  [Te@SyE [pSSSIE LLTSOE 000582 D00SE?
g0z w0z [se0z | Fe0c |0 et oz sz fstor | s20t z20t 700 o0 I
15¥I3404 NOLLAWNSNOD ADHING
96 sJead g fuoiie|elss saad
0€S n3L/ssaq
£L20T uole|edlsa wCh.._v“””umNUMw_uﬁ_uwNH
0z (sieak) appha ayn 000S8T ndysnoiy [enuuy
v sinoy Bujiom 967 siead zfuonie|essy xadg
%08 a3eJ uoneziin Juawdinba xepy _mm.mwm.hhww Jeadfxadg
79¢ Jeahfshep Buiop |38 uodno aJeys aduasRaid
e ON SUIYS [sE°T O8I
z ON DY [seTy (pea.ds) uBiew
1500 UoRpeULIOjU| jLIBURH | SNOLLdWNSSY
0LY'LIT'TS 1500 Alojuanu |30 ONIOTIOH
AHOLNIANI [ooo‘0s0'ss 19301
000°000'8% 1503 BJUBUBIUIRW [B303 O 1Y 005'9TS (96T) @3y pua-juciy _ﬂ JeadfsyuawAeday Jo "o
%8 (2aud aseyond jo g) JA/aueuaiuiew o Y 000°'059°TS (Aunb3) ueo syueg |eao 8 (sJeah jo ou) uonezZIuoWwY|
CLITIV'TS 1502 Aianoa|3 |e1o L D0S'EES (34T ) a3y pus-1uoi4 00°05Z'90Z% Jeah sad uawAhedas Aunb3
1108 aoud ymy] 000°0SE'ES unowy UBOT BM 000'059'TS Aunb3
O (9.0H) u/ymy S1502 12310dd V101 0005 '81HS Jeay, sad uawdeday
000'9102$ (s1ho0z//syiuow $T) saBem sianup O1Y |e10L 000°05€'ES UNoWY ueal
6 (914/1uno> peay 5-1) satojdwy [000°000°SsS 1502 aloud |e10) 9.9 0118 AJUBADY
008% (13aup O H) Aejes Ayjuop 00000525 9142 000'000'55 1507 39alosgd
X3d0 NOILYWILST 1503 123M0Hd NOILDIMOHd MOTIHSYD

-a3reyoins yead jo 9501 pue 23er uonezinn juawdmba Jo 9508 Yim seaow Surdoayesnoy
ayy pue Ananonpoid juewdinbs ayy “IndySnony IoureINod [ENUUE JO UOIN[OAS O] UOTIBIAPISUOD OJUT SUTYR) paureiqo st SO JO Iaquinu ayf,

“I9JSURI) ABO)-pIe & INSUD 0) SO MU 7 UI ISIAUT 0 SPIAU [RUTULID)
oy} ‘DY 2[qe[reAr SuruTewar o) JUnodde ojur Juryel ‘sny [, ‘sOLY ¢ P4 JUR{IOM dNUNUOD [[Im [PUTILID) dy) 83K ISB] O} SULINP Jey) SWNSSE M
‘suonenopes Ajipdurts o) pue ‘poriad 3o4a 2717 100lo1d 1a1ireo opppens oy 0 Aprequus ‘porrad sreak ()7 21) 12400 0] ‘I9AIMOH “§E0T WOI] SunIe)s
SOLY ¥ PUB R€0T PUB (£0T U2amIaq pouad oy 10J SOTY € ‘6Z0T 11N 0TOT WO SOIY T SPAIU [RUILIA) YY) JBY) [22AA SUONR[NIED A0QE Y],




LTI

s1eak 7 A10A2 947
£q pajereasa sreak ()7 12U 9y} J0§ s1s00 [euonjerado Jo wins 2y se [[am se smeak g 1940 Juswledar £ymba pue ueoy oy 1ySyYSTY sainS1y aaoqe Y,

977669585 57080285 L8'8L5'ST8S SOT6E'608 05 E6LS THT96'LLLS LTLOLTLS LTL0LTLS

602 8E0C LEOE 9802 SE0T VEOT EE0C TE0T TE0C 050¢
TEE6E LLE'PTS TLO0L
FOR0EEL Wt | wns | SLLEILS R T L L0063 o ) s B L% EED
0007958 OSTU0TS  [WETIIS  JOSSTIS  [GOSENIS JOSCETS (LTS JOOWETS [GrTEIS [OSTONTS (WIS JOSEIS  JaSuss  [oscests LA 09T EER T 69
—_ ST 0572 GLE7TS 005573 a0z [osLTs BEEH 000665 SITLES ST AES Jo0¢ 6irs 574 868 050168 BERES ho0'ses [edioulig o 153030
) arens  [ares [ GITEOTS  [scveOns  [UVOOVS  [ICEOTS [SUTEOTS [ArROCS JUTROLS [TEONS JaOOENNS ST150TS TS RTLE0TS vawleg ooy
QUWDS  [osTe0ss [LeHORS [00STIN  [SONISS  [osewnas  [STOSS OO0SES [SUTECES  JOSCTEOTS [SLEWECTS [OOSLETTS  JSOORETS OSLEETS[LENSTS  [00seTS #0uEg 03|
960'6LL 805§ N EEE I T S T | BB P62 | N
[
aLE 6T SLEBOTS 5L 60T SLE 6075 4LE B0T5 SLE B0TS Walfeg [poouug
oS3t GLESHOTS [OSTOSTIS [SISSSETS [OOOSLOTS [SLERARTS  [0sLER01S WIS |0 [o000sEES EET

8 | u T [ 1 [ I I 5 | u 3 1§ G N3
60 [ 0 S0 [ [ 50 [ 1 [ )

*$IB2A ()7 1X2U 21} 10 51500 ATIOUD [[B JO wns Y} ST IS0
12101 9y udy I, ‘(noy 1od sorow DY /SOAOW [enuue ) SO JO sINOY Sunjiom [enuue Sunnsar 9y} uo paseq pole[noed si 1y :1s00 A3rouyg -

"000°00S'T $ punoze 2q 01 (0ZOT) SAM Aq parewnsy :eoud aseyomd D2 -




811

T9RETLIEBIS | ELI6LIBETS | O COPEEEELs BULILEME LTS PERLLRSELTS 85'LES L6918 PP LLT LIS 515 69997570515 1119958918 LTLLTS0 TS Y6 VI66BB LIS
T9BET'LIEETS | CTPIELIERTS | OUTHPBEERIS | BTLILBHELIS PEDLLBSELTS 86'L6S'LE09TS P ITTLYS'STS 69'997'6h0'618 LL9'986p1$ LYTLLTS0MTS PEHI6'688T1S
T19h0'6EHSS L6 SOPIRTITYS FIRTAT A TR eLss SYErRaRE'sS SIRLETTSS 06380510'5S TrIpe T8 ATLSTHES S FEREE A
ERMTOSLST | POSEREOTST S |TTOSITSHMT S| POH0S9SLEl S| SPTO'SETEL § | FFEBEEETE § | 85965'67L07 § | 8555£09000 § | 6963 90K'6T § | 89970 LELST § | 65985581 LT §
I 38601526 FABEH £08'96L'578 H0SHTES £96E8E TS L6v62L 028 956090028 0LT'90E1S BI0LELTS 195'98rLs
G B BT BESEH S | PO T6HTT § | E80E2810 S| 1s'esr0 § | TRLYRYEL BIGEH §
BOLIT'SIONLS  6OOL6'SPE'STS  6OSEBOLTSTS  6OP6IL09HIS BOESSBEOETS [ SERRETSNTE HEEATI § | 878067802 N § | SR0RLwRY T § 10089815 L1 §
| s A | 9807 | $607 | 507 | £50 | 80 | 1800 | [ | 5207
TROBR0TF TG §6SBLOL001S FTBLL 60 TTS SETECLITOnS S00CE 1997 OIS T6 160 56095 60917986 CLTETGESs 0000055 O SARUPTA00
[ snuiw mojur ysea
[066T9ESSIS | ALY
180880TY 1S 66 6L T55'TT$ §TBLL RN TS SUTEE LBY'SS 000 SELOITLS 16968'9079¢ 16007 LE0'SS ELTEL01'SS Aoy
(O ST LRSS BB I EELONT WU §E%05%075 OIS BOTELTS Ty
SRS 91 § Jerseressts Tromas swosomonss Jeevavs'ss Josoacone's fovessanssg [ ad's [romossst'ss vomsac i [snomsacss Jornusln's eomeston'ss Jogmserss  [ovssiwrss Jusuowr'ss  ooosons S0/ Gee)
TS T6rET8 5T [ TRTBEEIS SELSTTIS BERTBLONS TSLos; OIS WAL 340104 oD
TR0 § LTI SR WELB0WTS ORRBAL TS ORZERE0%S O9RLES 000085 38 000055 85 [T
TR0 S|ETTIEY S[eOrzes JLETRIL S[MEWSL ) 1s9n0L 100l S JORGY S [OGBGR0B S]0rsTers §[0rsvErs SJUIAEEER S[UNEERGNS JONSZy  §[00Sct S [OSQR [0Sl WOl 5t
i _ i 4 _ i [ _ 1 i _ 1§ u _ i u _ I I _ 1 i 1
[ i 0 S i o m . o




WACC
Project cost 55,050,000 5.62%
Total Interest $1,334,096|NPV $134,305,363
Opex 514,977,393 IRR 124%|
Cumulative Tax $85,120,643|MIRR 29%
Total costs $106,482,133

0.64
Cumulative Incomed 5361 844063
NET before TAX $340,482,574
NET after TAX $255,361,930)

The above figures show the benefit gathered during the project life where:

Cash inflow = Annual throughput (TEUs)* Move price
- Move price: 30%$ escalated by 5% every 5 years
- Annual Throughput: escalated by 20277 TEU/year for 20 years’ period

- Cash surplus = Cash inflow — (loan and equity payment (principle +
interest) + OPEX)

- Cash inflows minus (OPEX + interest + tax) is used to calculate the
payback period without including the project cost. The same row is utilized to
calculate IRR including the first cell (- $ 5,000,000) which is the project cost.

- Net Income Row is utilized to calculate the NPV.

- A summary of the CBA results is shown in the above figure.
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IV. The port authority investment project
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- Different project costs are provided by WPS (2020)

- The project is assumed to be financed by both debt and equity with 67% and
33% ratio respectively.

- Cost of capital repayment is assumed to be amortized during 30 years with
semiannual repayment.

Benefit calculations:

v

- Benefits generated by this project was counted in summing vessel and cargo
dues handled in the container terminal 2 for the next 50 years. Vessel dues are
provided by JORT (2017) where fees are calculated basing on the vessel
volume category (Length * beam * Draft) and days vessels spent at berth, in
addition to the cargo dues which is around 1$ per TEU taking empty and full
20’ containers mean fees as the above figure shows.

- After expansion berth number 6 will be able to accommodate ships up to 150
m of length instead of 120 m length of former vessels. Therefore, estimation
of new vessel dimensions would be around 150m * 22m * 9m when fully
loaded with approximate carrying capacity of 1100 TEUs, the same approach
was also estimated for berth No. 7. Regarding peers No. 8 and 9, they would
be able to accommodate Panamax/Feeder ships of 200 m * 29m * 10.5 m
dimensions when fully loaded with carrying capacity of 1800 TEUs.

- Ship sizes and carrying capacities are provided by Drewry (2012).
- Container handling at berth 6 and 7 was assumed to be secured with one STS
gantry crane with 22 moves per hour, therefore to handle 1100 TEUs ships,

their time at berth will be around 2 days as shown in the following formula:

Vessel time in berth =
Ship carring capacity (TEUS)

+ Idle

Crane No.#(Crane moves per h«Teu factor)+(daily working hoursxequipment Utilization rate)
time

Idle time is estimated to be around 2h, then the resulting time in berth equal to:

1100
1% (22 * 1,5) * (24 * 80%)

+2 = 18 day (43 h)

- Berth No. 8 and 9 have been assumed to be handled by 2 STS gantry cranes
with the same conditions mentioned above, then ships calling those peers will
not exceed 2 days to handle their cargo.
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1800
2+ (22%1,5) * (24 * 80%)

+2 = l.4day (36 h)

- Yearly container ships call for each berth is calculated as well to estimate total
vessel dues incomes that the terminal gain.

Working days per year

Berth 1 lls =
ertiv yearty cais Time in berth per ship » berth occupancy rate

The port is working 362 days p.a. and occupancy rate have to be around 60% for
efficient port operation, then each berth will be able to accommodate 109 ships

pa.

- Total annual throughput is the sum of annual throughput of all container berth
corresponding to vessel size that it can accommodate and its approximate
carrying capacity. It is estimated to be around 632.200 TEUs p.a.

- Marginal incomes are basically the difference in incomes between previously
and new vessel sizes calling peers No. 6 and 7. It serve to assess the real cash
surplus generated from the project. However, to calculate benefits total
incomes has been used instead of marginal incomes which is around $
4,476,228 p.a.
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The above figures present different cash flows over 50 years where costs are
composed by debt and equity principle and interests’ payment over 30 years in
semiannual basis.

Benefits are also projected for the next 50 years with escalation of port dues of
5% every 10 years.

Tax has been eliminated considering that the project has social benefits and
positive impact on the national economy, therefore, the government subsidy
would be presented in Tax exemption.

It has been observed that during the period from 2020 to 2029 costs are higher
than incomes, thus, the project cannot pay the Capital cost during that period.

CBA results are provided in the next figure.

WACC
Project cost $87,849 800 65.28%
Total Interest $83,275,544| NPV ($13,673,933.50)
Cumulative Tax 50.00]IRR 2%

Total costs $171,125,344|MIRR 4%
Cumulative Incomes 5248,304,509 35.02

Results shows that the project is not profitable.
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