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Giovanni Satta - Francesco Parola - Francesco Vitellaro - Giorgia Morchio

ABSTRACT

Liquefied Natural Gas (LNG) as a marine fuel constitutes a valuable
technological solution for making the maritime and port industry more sustainable.
However, the progressive diffusion of LNG requires huge investments for
bunkering and storage facilities in the port domain to develop an LNG supply chain
capable to satisfy the demand of LNG-propelled ships. Although this topic is
attracting increasing attention from both academics and practitioners, no prior
scientific contributions have provided a holistic and structured conceptual
framework to disentangle the main pros and cons related to the diverse LNG
bunkering and storage solutions. This study investigates the four most promising
LNG bunkering technologies (i.e., Truck-to-Ship, Ship-to-Ship, Port-to-Ship and
Terminal-to-Ship, and Mobile Fuel Tanks) by applying the SWOT analysis
methodology to the Mediterranean port context. The analysis focuses on relevant
technical and managerial, including storage capacity, bunkering efficiency, plant
scalability, operational flexibility, economic and financial performances, social and
environmental impacts. The outcomes unveil the managerial strengths, weaknesses,
opportunities, and threats of each technological solution, feeding the academic
debate on this topic. Moreover, the paper provides empirical implications for
public authorities and port managers improving the knowledge concerning LNG
bunkering and storage solutions available in the maritime and port domain.

Key words : LNG bunkering, LNG technologies, SWOT analysis, marine propulsion.
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1. Introduction

The last years have shown increasing attention on the environmental
impact of maritime logistics operations and development (Dinwoodie et al, 2012;
Lam and Lai, 2015; Puig et al., 2020). Port managing bodies (PMBs), port
authorities (PAs) and shipowners are facing higher pressure from the public in
terms of performing their environmental and social responsibility (Tang and
Gekara, 2018; Geerts and Dooms, 2020; Ashrafi et al., 2020). The introduction of
more restrictive regulatory requirements at both national and international level
have also forced these maritime and port actors to carry out green strategies and
investments for reducing emissions and other environmental impacts (Lam and
Notteboom, 2014).

A wide array of green technical and operational solutions is currently
available on the market, both on landside and seaside (Ren and Liitzen, 2015; Lee
and Nam, 2017; Metzger and Schinas, 2019). Among them, Liquefied Natural Gas
(LNG) as an alternative fuel for marine propulsion is argued as one of the most
mature and commercially diffused technical solutions (Balcombe et al., 2019). It
provides shipowners with potential cost savings in addition to ensuring compliance
with the international environmental regulation and very positive impacts
concerning environmental issues. Indeed, LNG is capable to eliminate Sulphur
Oxides (SOx) emissions and reduce up to 20-25% of Greenhouse Gas (GHG)
emissions, 85% of Nitrogen Oxides (NOx) emissions, 95% of Particular Matter
(PM), compared to traditional marine fuels (Burel et al., 2013; Acciaro, 2014).
These benefits turn out pivotal for protecting the environment as well as the health
of people living and working in port and coastal areas where the impact of ships’
exhaust pollutants has a direct effect on the local communities (Tzannatos, 2010;
Dragovi¢ et al., 2018).

Although LNG-propelled ships still constitute a small proportion of the
worldwide merchant fleet and the overall demand for the LNG bunkering facilities
is still in its inception phase, the investments carried out by shipowners in LNG as
an alternative marine fuel are rapidly increasing, especially in Europe as well as
both within the cruise and the container line industries (Aronietis et al., 2016; DNV,
2018), as suggested also by the most recent dynamics experienced by international
shipping new orderbooks. Huge investments are required to refit existing vessels
and to acquire newbuilding but also to plan and construct adequate bunkering and
storage facilities in ports for meeting the increasing LNG demand (Wang and
Notteboom, 2015). Indeed, the development of a capillary LNG supply chain
capable to satisfy the bunkering demand of LNG-propelled fleet is attracting
increasing attention from the industry. In particular, Mediterranean ports are
challenged to take relevant strategic decisions to define their supply of LNG
bunkering services (TDI RETE-GNL, 2020). Given the novelty of LNG as
alternative greener fuel for shipping and the complexity of estimating the uprise of
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LNG maritime demand as well as the innovative and unexplored nature of LNG
bunkering technological solutions and related high investment costs, the decision-
making process for planning, constructing, and financing LNG bunkering facilities
in the port domain would greatly benefit from a comprehensive methodological
approach to evaluate alternative strategic options.

In this context, the SWOT analysis (Strengths, Weaknesses, Opportunities
and Threats) constitutes a valuable managerial tool for evaluating alternative
technical solutions, especially when assessing technological investments
characterised by a high level of uncertainty concerning their adoption and market
success (Leigh, 2009). This approach has already been applied in some previous
academic port management studies. Among others, Chang and Huang (2006) use
the SWOT analysis to assess the competitiveness of container terminals in the Far
East by analysing alternative investment plans. Similarly, Celik et al. (2009)
identify the main key success factors and business limits emerging from Turkish
container terminals’ growth strategies. More recently, Keceli (2011) provides a
SWOT analysis of different information and communication technologies (ICT)
platforms supporting port activities and operations. These contributions stress the
potential of this methodological approach that is expected to be particularly
suitable to evaluate alternative investments in LNG bunkering facilities in the
maritime and port domain.

In the light of the above considerations, the objective of the paper is to
apply the methodological approach of the SWOT analysis to identify the strengths
and weaknesses as well as the opportunities and threats characterizing the four
main LNG bunkering technological solutions (i.e., Truck-to-Ship, Ship-to-Ship,
Port-to-Ship or Terminal-to-Ship, and Mobile Fuel Tanks) in the Mediterranean
ports. The study focuses on technical, managerial, and organizational profiles, such
as storage capacity, bunkering efficiency, plant scalability, operational flexibility,
economic and financial performances, technical requirements as well as social and
environmental impacts.

The results of the SWOT analysis feed the academic debate on the
introduction of innovative green technological solutions in maritime logistics. The
paper highlights the strengths, weaknesses, opportunities, and threats of each LNG
bunkering solution, providing a more comprehensive understanding of the
operational benefits and criticalities. This stimulates future studies on
sustainability and innovation management in the industry. Finally, the
considerations arising from the Mediterranean port domain suggest empirical
implications for public authorities and port managers when they are called to take
investment decisions concerning LNG bunkering and storage facilities within this
specific geographic and institutional context.

The paper is structured as follows. Section 2 provides the main theoretical
constructs of the SWOT analysis, stressing the managerial benefits both at strategic
and operational levels of its application for decision-makers. In Section 3, the four
LNG bunkering solutions are introduced and discussed. Then, the paper describes
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the methodological approach and the application of the SWOT analysis on the
specific European domain of LNG bunkering operations. Section 4 reports the
outcomes of the analysis. Empirical implications are debated in Section 5 before
the conclusion (i.e., Section 6).

2. The SWOT Analysis

From the 1980s the SWOT analysis has begun to be applied for evaluating
public interventions (Pickton, 1998). The comparison of multiple development
scenarios provides policymakers with valuable insights for interventions and
policies. This managerial model is still widely used by also academics and
practitioners within the management and marketing domain, especially for market
analysis and evaluation of alternative investment strategies (Hitt et al., 2016).
Indeed, the SWOT analysis enables managers to rationalize data gathering and
improve the evaluation procedure of alternative strategic decisions (Leigh, 2009).

Nowadays, most organizations fail in engaging in strategic management
because they wrongly allocate their resources (see, e.g., Giirel and Tat, 2017). This
deals with strategic planning and the continuous process of creating, implementing,
and evaluating decisions that enable an organization to achieve its objectives in the
long run (David et al., 2013). In this scenario, the SWOT analysis emerges as a
relevant managerial tool for external and internal analysis of the business (Giirel
and Tat, 2017). While external analysis focuses on the threats and opportunities
emerging from the competitive environment, internal analysis supports an
organization with the evaluation of its strengths and weaknesses, also identifying
the resources and capabilities that are likely to be sources of competitive advantage
(Hitt et al., 2016).

The SWOT Analysis provides managers with a 2x2 matrix that highlights
strengths and weaknesses (i.e., internal factors and attributes of the organization),
opportunities and threats (i.e., external factors and attributes of the competitive
environment). Although it may appear as a simple tool, it can size up the
organization’s resource capabilities and deficiencies, as well as market
opportunities for developing the business and external threats which may harm its
competitiveness (Thompson et al., 2013). In this vein, it can significantly support
decision-makers with a systematic and operational representation of pros and cons
related to a specific project or investment, easing strategic choices of growth and
positioning in the market (Hitt et al., 2016). This also allows identifying drivers
and actions to be prioritized as well as key performance indicators (KPIs) to be
selected as selection criteria or technical support within monitoring systems.

From the methodological perspective, endogenous factors are analysed
through ad hoc evaluation parameters related to the specific project/investment
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or/and the investigated domain. On the contrary, the opportunities and threats (i.e.,
exogenous factors) arise from the socio-economic, political, environmental, and
demographic factors of the external environment and thus are more complex to
evaluate. While opportunities are linked to potential spill-overs of the investment,
such as the opening of new markets, economies of scale, availability of new
technologies, and synergies, threats are dangers and risks that the organization is
exposed to when investing in a specific project (e.g., political uncertainty, market
instability, increased competition in the sector, etc.). Typically, these factors cannot
be directly managed or predicted by the decision-makers.

Given the above, the SWOT analysis represents a pivotal managerial tool
to evaluate all alternative possibilities and potential drawbacks. For this reason, it
is widely used in uncertain and dynamic contexts, especially those characterised
by the frequent introduction of innovative technologies or products/services, such
as the high-tech and science-based industries (Hitt et al., 2016).

3. Empirical Background and Methodology

3.1 The main LNG bunkering technological solutions

In line with the academic literature (e.g., Néslund, 2012; Acciaro et al.,
2019; Satta et al. 2019a; Satta et al. 2019b) as well as the most recent European
institutional documentation (EMSA, 2018) and consultancy reports provided by
experts of the industry on the technical-engineering and economic-managerial
aspects related to LNG bunkering (ABS, 2014; DNV, 2015; Wartsild, 2019), the
paper addresses the four main technological solutions for LNG bunkering in the
port domain:

* Truck to Ship (TTS);

* Ship to Ship (STS);

* Port-to-Ship or Terminal-to-Ship (PTS)
* Mobile Fuel Tanks.

The TTS solution requires a tank ruck for both the storage and transport of
LNG. The vehicle is positioned on the quayside following safety procedures of the
port and hoses between 2 and 3 inches are connected from the truck to the ship's
tanks (ABS, 2014). LNG is transferred through a pump installed on the truck or
attached externally to the tank when the truck is not sufficiently equipped. When
bunkering operations are over, the truck leaves the quay and reach the LNG storage
facilities which may be located inside or outside the port area to resupply the tanks.
In this case, flexible pipes are used to connect the tank to the LNG storage plant
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which speeds up the operation. Although the temperature must be constantly
controlled for preventing risks and the evaporation of LNG (i.e., the temperature
of the tank must be above -162°C), this procedure allows to drastically reduce the
time necessary to resupply the tank.

The STS solution employs barges or small naval units (also called bunker
supply ships). Bunkering operations are carried out both offshore and within the
protected waters of the port. The bunker supply units come alongside the vessel to
be supplied and transfer LNG using flexible pipes and pumping systems onboard.
In the same way, barges are pulled/pushed by tugs to approach the vessel and start
the operations. Thanks to the large storage capacity of bunker supply units, the STS
solution is appropriate to refuel ships with an LNG demand between 1,000 and
10,000 m*. Moreover, they can be used to reach ports or coastal areas where there
are no LNG storage and/or bunkering facilities. The design of barges and bunker
supply ships must comply with the standards of the International Code for the
Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC
Code) which provides international standards for the safety of transport by sea bulk
of liquefied gases and other substances with similar criticalities'.

The PTS solution deals with the refuelling of LNG-propelled ships through
pipelines directly connected to the LNG bunkering station at the quayside. The
pipelines allow speeding up the operations and serving different types of ships
without changing the layout of the bunkering system. The LNG storage tank is
located inside the bunkering station on the quayside and can have either a large
dimension (at atmospheric pressure) or a small dimension (in the case of pressure
tanks). The PTS solution requires ships to be docked at the quay where the
bunkering station (or plant) is located. However, alternative solutions have been
recently developed at the international level based on the floating pontoon where
the LNG storage tank is placed. In this case, ships can refuel even at a certain
distance from the quay.

Finally, the Mobile Fuel Tank solution involves the use of tanks or
cryogenic ISO-containers with double-walled or single-walled polyurethane
insulation as temporary fuel storage facilities. Indeed, when ships are docked, these
tanks are transported to the quay to refuel the LNG-propelled ships (Wértsila,
2019). The advantage of this solution is the possibility of moving fuel tanks where
they are needed, using simple rails or trucks. Therefore, it is a very flexible solution
that allows to quickly modulate the supply according to the manifested LNG
demand. However, the storage volumes are quite small, about 40-45 m® for the 40-
foot ISO LNG containers, making it suitable only for small supplies. At the
operational level, bunkering procedures are carried out in the same way as the TTS
solution, even though ISO containers can be also loaded on board and used as a

1 The IGC code establishes the design and construction standards of ships involved in liquefied gas operations
and indicates the set of equipment required to minimize risks to the ship, its crew, and the environment.
Together with the International Maritime Dangerous Goods (IMDG) Code, the IGC code also provides the
principles and recommendations to transport dangerous substances and materials. Practices, packaging,
storage, and handling of such cargo are included in these recommendations.
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tank to power the ship during navigation. This innovative solution is particularly
advantageous when the ship has enough space on board to accommodate the ISO
container because it greatly reduces the time for bunkering.

Each technological solution has distinctive characteristics and features
resulting in strengths and weaknesses that are not extensively investigated by
academics and practitioners yet. In light of these considerations, the SWOT
analysis appears as a promising tool for evaluating and identifying the most
suitable LNG bunkering solutions. Indeed, the endogenous factors of the
innovative bunkering technologies and the exogenous variables related to each port
region as well as the high uncertainty of the LNG maritime demand worldwide put
a lot of pressure on port managers concerning the decision of new investments on
LNG bunkering facilities. In this perspective, the SWOT analysis can provide
decision-makers with an overarching framework to deepen the comprehension of
this emerging challenge. Moreover, it enables the comparison of alternative
available LNG bunkering solutions supporting the strategic planning of value
creation in the port domain.

Therefore, the application of the SWOT analysis can unveil both the
endogenous factors (i.e., strengths and weaknesses) and the exogenous factors (i.e.,
opportunities and threats) associated with each LNG bunkering technological solution.

3.2 Methodological approach

According to the theoretical constructs of the SWOT analysis ( Leigh, 2009;
Hitt et al., 2016; Giirel and Tat, 2017), the applied methodological approach is
divided into two phases. The preliminary phase deals with the most challenging
and pivotal tasks of the whole process: the designing of the evaluation process and
related parameters. All the Authors were involved in this phase since it
significantly affects the reliability of the results. The set of parameters was defined
based on the Authors’ managerial knowledge on maritime logistics issues and
practical experience gained during the three-year European project “TDI RETE-
GNL on which they worked on. To validate and integrate the set of parameters
as well as to deepen knowledge on each technological solution, a panel of
European stakeholders of the maritime logistics industry, LNG providers, experts,
and consultants for the assessment of the environmental impacts from
infrastructure projects was composed, including, among others, two associations
of Italian shipowners, namely Confitarma and Assarmatori, and the Port System

2 The project “Technologies and size of bunkering and storage facilities for the LNG network” (TDI RETE-
GNL) is a European project financed by the Programme INTERREG MARITTIMO 14-20 with an overall
budget nearly €0.8 million and leaded by the Unmiversity of Genoa. It aims to identify the most efficient and
effective technological solutions for the distribution and bunkering of LNG in the ports within the cross-border
maritime area of the North Mediterranean Sea between the Italian and French regions. The project provides
shared operating standards for LNG bunkering operations. Moreover, it identifies the possible location of
bunkering and storage facilities for the LNG primary distribution network, stressing their potential externalities
as well as the economic and financial sustainability of investments.
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Authority of the Western Ligurian Sea. The Authors organized several one-to-one
meetings and two focus groups in the period 2018-2020 to debate the features of
each LNG bunkering solution and related opportunities as well as the threats that
may endanger the environment and surrounding port areas. The considerations of
the experts were transcribed in an ad-hoc database developed by the Authors with
the technical documentation presented and shared during these events. The Authors
defined specific labels to code each meaningful statement and document. This
organisation of data gathered was pivotal to not omit valuable information.

In line with this process and the general criteria suggested by the
management literature on the SWOT analysis, the selected evaluation parameters
and potential KPIs for monitoring the performance of LNG bunkering solutions

are reported in Table 1.

Table 1. The evaluation parameters for SWOT analysis.

Parameter Description KPIs
- Overall storage capacity of the solution
(m
- Storage capacity of the single facility
3
Storage and It quantifies the volume of . m%ber of storage facilities (no.)
transport LNG that can be stored and | Transport capaci?y of the single.
capacity transported. vehicle/barge/ship/container (m®)
- Time necessary to complete the
refuelling of the facilities/tanks in port
(hours)
- Bunkering time (hours)
It deals with the efficiency of | (Trigquersf;ecessary to complete bunkering
bunkering operationsand | . . 3
Efficiency the poss[bility of carrying . aﬂ?nege?fot;unkermg operations (m°/h)
out _slmultaneous 3 vehicles/barges/ships/tanks to
operations (SIMOPs). perform bunkering (no.)
- SIMOPs (Yes/No)
- Minimal number of
- vehicles/barges/ships/tanks used to
Scalability of It evaluates the adaptablll_ty perform bunkering (no.)
of the plant to market . X
the plant chanaing conditions Maximum number of
ging : vehicles/barges/ships/tanks used to
perform bunkering (no.)
.- - Number of meteorological events that
It evacl)??[’;]ees tlrz;?\ tafsgtit,’['“ty do not allow to perform bunkering (no.)
Flexibility chan ir? con ditigns - List of meteorological events that do
9ing iy not allow to perform bunkering
(e.g., weather conditions). (qualitative)

3 The refueling of the ship can be carried out during the simultaneous loading/unloading of goods and/or
passengers (Stavros, 2015).
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Parameter Description KPIs
Financial and It includes Capital
; Expenditure (CAPEX) and | - Capital Expenditure (CAPEX)
economic . .
e Operating Expenses - Operating Expenses (OPEX)
implications (OPEX)
- Permanent occupation area (m?)
- Temporary occupation area (m?)
- Time occupation area (hours)
It covers all the aspects . _
P - Distance port gate—quay (metres)
related to specific :
. - Time necessary from port gate to quay
requirements of (minutes)
.5‘p¢_90/f/c |nvest_|gated technologlcal - Water depth (metres)
requirements solutions, both technical
. - Length of the quay (metres)
of the plant (e.g., occupied areas, . i .
oo - List of specific equipment necessary
accessibility, etc.) and legal : e
( o to perform bunkering (qualitative)
e.g., certificates and - Number of certifi / |
approvals) umber of certificates/approvals
) necessary (no.)
- List of certificates/approvals
necessary (no.)
. - Number of incidents per year which
. It evaluates the negative . -
Environmental NN cause environmental impacts (no.)
. implications on the . S .
impact . - List of incidents per year which cause
environment. . : -
environmental impacts (qualitative)
It deals with the potential
Safety and risks risks for the surrounding - Number of !nplqents per year (no.)
port area and people who | * Number of injuries per year (no.)
work or live within.

Source: authors’ elaboration

The SWOT analysis of the technological solutions for LNG bunkering in
the port domain cannot be separated from the evaluation of exogenous factors,
including the location and size of the port, the volumes of LNG maritime demand,
the license to operate from local communities for the installation of new facilities
in the port area, the regional, national, and international regulations. However,
most of these factors are strictly related to specific port cases (e.g., normative, and
social issues). Therefore, the effort of the Authors was to generalize the results
achieved in the European project “TDI RETE-GNL” on the West Mediterranean
ports, providing an overarching comprehension of this unexplored topic.

The second phase of the SWOT analysis that consists of evaluating
strengths, weaknesses, opportunities and threats related to each technical solution
is reported in the following Section 4, being the core part of the research outcomes.
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4. The SWOT Analysis of LNG Bunkering Solutions

4.1 Truck to Ship (TTS)

The SWOT analysis of the TTS solution is reported in Figure 1 which
summarizes the endogenous and exogenous factors of this bunkering technology.

Figure 1. The SWOT analysis of TTS solution.

Strengths

Weaknesses

- Operational and management flexibility

- Low investment costs and reduced sunk
costs

- Refuelling ships even in adverse weather
conditions

 Bunkering supply mainly aimed at spot
demand

- Small tank capacity

+ Low refuelling speed

- Specific safety regulations

* Need of different units for meeting single

demand

Opportunities

Threats

- Cost-sharing between different ports and
stakeholders
- A suitable solution to test the LNG

- Distance from LNG storage and LNG

storage facilities

- Costs of motorway tolls and fuel usage

- Traffic congestion in surrounding port area
- Slowing down operations of loading/
unloading of cargo and passengers

bunkering market
- A technological solution to stimulate the
LNG transition

Source: authors’ elaboration

The main strength of the TTS technological solution is the high level of
operational flexibility. Bunkering procedures can be carried out in different port
quays depending on the demand of LNG-propelled ships docked in the ports and
can be arranged rapidly even at short notice. Furthermore, tank trucks can move
from one port to another, thus grouping the supply of different stakeholders
(EMSA, 2018). The possibility of changing the place of refuelling is also crucial
from safety issues. Indeed, bunkering operations can be performed in adverse
weather conditions as the tank truck can be placed near the most sheltered basin
where the ship is safely moored (MarTech LNG, 2014).

When it comes to financial and economic perspectives, the TTS solution
requires low initial investments and maintenance costs which significantly reduce
potential sunk costs. In this perspective, the TTS solution is particularly suitable to
verify the economic convenience of developing a new system for the supply of
LNG bunkering services by local public authorities, PMBs, PAs as well as various
public and private stakeholders especially when the maritime LNG demand is
particularly uncertain. In other words, the TTS solution can be seen as a pilot
solution for medium and large size ports to test the LNG bunkering market as well
as to stimulate the maritime demand and incentive the transition of shipping
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towards the use of greener fuel. Finally, it can be adopted as a “back-up solution”
to allow LNG-propelled ships to refuel just enough to reach a port equipped with
better LNG bunkering facilities. In this perspective, the TTS solution may
contribute to the development of the overall LNG distribution network, by
strengthening the resilience of the entire LNG supply chain.

Although the above strengths, the TTS solution has multiple weaknesses
concerning operational issues. First, tanks have a small capacity (usually between
40 and 80 m®) and the refuelling speed is very low (around 50 m*/h). This results
in a long time to complete the bunkering procedure and thus increasing port dues
for shipowners, especially in the case of large ships with a high LNG demand. A
further critical aspect is the location of LNG storage facilities. If the distance from
port terminals is too long, it may reduce the overall efficiency of the TTS solution
because of the increasing time needed for the travel and the higher costs of
motorway tolls and fuel usage of the truck. Therefore, the feasibility of the TTS
solution depends not only on the specific costs of bunkering operations but also on
the costs related to the transport of LNG and the availability of trucks and tanks.
This demonstrates the TTS solution is efficient only for small LNG maritime
demand (i.e., small-scale ships).

Besides, safety and security issues may emerge. In this perspective, the
national and international regulations establish a maximum number of LNG tank
trucks that can transit/stay simultaneously within the port area. This limit is defined
according to the size of the port and the specific safety measures adopted by PMBs
in accordance with the Maritime Authority and other local public authorities.
Moreover, the bunkering operations carried out in the TTS solution can interfere
with the loading/unloading of cargo and/or passengers. This increases the risk of
damage to third parties as well as a slowing down of terminals’ activities.

4.2 Ship to Ship (STS)

The SWOT analysis of the STS solution sheds light on several strengths
related to storage capacity and bunkering speed. The bunker supply units (i.e.,
barges and small naval units) have large LNG storage capacity and the bunkering
speed can reach up to 1,000 m*/h. Another advantage is the possibility of SIMOPs,
even though specific authorizations are required from the PMB and local public
authorities to ensure the safety of the procedures. This constitutes a relevant
strength of this solution that reduce the port dues incurred by shipowners.
Therefore, the STS solution is particularly suitable for meeting the LNG demand
of big ships.

Unlike the other technologies, the STS solution can be performed both
inside and outside the port, although specific meteorological conditions have to be
taken into account (EMSA, 2018). In the case of offshore bunkering operations,
the risks for coastal territories arising from possible technical incidents are reduced
(Amet, 2014). Moreover, the option of offshore LNG bunkering facilities
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simplifies the strategic decisions related to their localization which often cause
debates with local communities. As concerns operational issues, the refuelling at
the sea does not require specific land-side investments and reduces the risks of
inefficiencies caused by port activities. Based on the above considerations, the
flexible features of the STS allow using this solution in countries or ports where
an efficient LNG distribution network has not been developed yet. Therefore, it
constitutes a relevant technology to stimulate the adoption of LNG by shipowners.

Although the above strengths, Figure 2 reports the weaknesses related to
the STS solution. Indeed, significant initial investments are required for the
acquisition of the bunkering units for the supply of LNG (i.e., barges and ships)
which are also associated with high maintenance costs (Mat Tech LNG, 2014).

The SWOT analysis stresses the high risk of collisions between the
bunkering units and the LNG-propelled ships to be refuelled (especially when
bunkering takes place offshore due to potential adverse weather-marine
conditions), port facilities (e.g., port infrastructure and superstructures), and third
parties (e.g., other ships within the port). In this perspective, the extension of the
port basin and the dimension of ships to be supplied must be considered to limit
safety risk.

Finally, the efficiency of the STS solution is related to the localization of
coastal LNG storage facilities. Range distances must be calculated to outline the
area within bunkering operations via STS economically feasible.

Figure 2. The SWOT analysis of STS solution.

Strengths Weaknesses

- Large storage capacity of bunkering units
- High bunkering speed

- Operational flexibility and SIMOPS

- No use of land—port spaces

- Strong initial investment
+ High maintenance costs

Opportunities Threats

- Reduction of negative externalities for
coastal areas and local communities (in

case of offshore bunkering)

- Greater accessibility to the service

- Reduction of investment in port facilities
and equipment

- Reduction of inefficiencies related to port
activities

- Distance from coastal storage facilities
- Risk related to weather-marine conditions
- Risk of damage to collisions third parties

Source: authors’ elaboration

12 KMI International Journal of Maritime Affairs and Fisheries



4.3 Port to Ship (PTS)

The results of the SWOT analysis related to the PTS solution are
summarised in Figure 3. When it comes to the strengths and opportunities, the PTS
solution can manage large volumes of LNG thanks to ground-placed tanks with a
total storage capacity between 500 and 30,000 m* (EMSA, 2018). The refuelling
speed is also higher than the other examined bunkering solutions, reaching up to
2,000 m*/h. This drastically reduces the time needed for completing bunkering
procedures and the costs incurred by shipowners. Bullet tanks with a volume of
about 1,000 m® can be additionally installed to meet the potential increase of
maritime LNG demand. Indeed, given the high uncertainty of LNG demand, the
scalability of storage facilities is a valuable technological opportunity.

Figure 3. The SWOT analysis of PTS solution.

Strengths Weaknesses

- Strong initial investment

- Large storage capacity * High maintenance costs

* High bunkering speed + Operational rigidity

- Usage of port/terminal areas

Opportunities Threats
- Scalability of the facilities - Negative externalities on the surrounding
- Constant and regular bunkering services territory
- Direct connection via pipeline with the | - Restrictive safety regulations
natural gas distribution network - Accessibility of port and terminal

Source: authors’ elaboration

The characteristics and features of the PTS facilities make this solution
particularly suitable to serve ships that operate regular services and have a constant
LNG bunkering demand or naval units used for port activities and/or services, such
as tugs or pilot boats.

As regards the refuelling of the LNG storage tanks, bunker ships or road
trucks are employed. The operations can be also carried out through pipelines
connected to the inland natural gas distribution network. Although this latter
solution requires high investment costs related to the implementation of additional
infrastructure and equipment, including a regasification plant, it allows the direct
provision of gas in the port area.

Despite the above strengths and opportunities, the PTS solution shows
some obvious weaknesses related mainly to the initial investment and maintenance
costs. Storage and bunkering facilities require high investments that may turn out
into grave sunk costs if the maritime LNG demand decreases over time. Decision-
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makers should also consider the costs for the purchase of the equipment and
pipelines needed to safely provide bunkering services. Another weakness is the
localization and dimension of the plant because it occupies large port areas which
can be alternatively used for commercial activities and operations. This may
constitute a loss of opportunities for the port and related maritime clusters. Finally,
the PTS solution is characterized by a strong operational rigidity. Although a
margin of flexibility exists, the size of the plant can be hardly modified without
major changes. Moreover, simultaneous operations (SIMOPs) cannot be carried
out during bunkering operations.

Accessibility to the quay where the plant is located may constitute a major
threat for the PTS solution because it affects the size of the ships that can be
refuelled. In this perspective, the characteristics of the port and the availability of
spaces for the construction of the LNG bunkering station are critical factors in the
evaluation of the PTS solution.

In conclusion, decision-makers are expected to consider also normative
issues. Local public authorities, as well as the Port Authority, may establish specific
regulations to limits the externalities arising from the LNG bunkering and storage
facilities as well as to ensure the safety of operations. Since the LNG tanks are
permanently positioned on the ground in port areas, they may constitute a threat to
the surrounding territory.

4.4 Mobile Fuel Tanks

The Mobile Fuel Tank solution shows several affinities with the TTS
solution since they exploit the same or similar technologies (Figure 4). One of the
main strengths is the high operational flexibility: it allows SIMOPs and favours the
capillarity and simplicity of the LNG bunkering services. A further positive factor
is the low initial investment for the purchase of the necessary equipment. Mobile
tanks and ISO containers can be also used for different purposes than LNG
bunkering services thus eliminating the risk of potential sunk costs.

When it comes to the opportunities, the Mobile Fuel Tank solution is
argued to be easily scalable. Mobile tanks and ISO-containers can be transported
to different ports where the maritime LNG demand shows up. This is a suitable
solution for spot demand, especially in those ports where there are not LNG
bunkering facilities.

However, the Mobile Fuel Tank has obvious weaknesses concerning the
limited capacity of the LNG tanks and the low bunkering speed. Moreover, ISO-
container must be constantly connected to the power grid to maintain the
temperature under -162°C and thus to avoid fuel leaks. This may cause problems
in terms of urgent technical interventions. As concerns safety matters, specific
procedures must be followed to transport and handle cryogenic LNG container
ISOs in the port area. Moreover, the vehicles used for the bunkering operations
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may be hinder terminal operations because they must be parked in the quay near
the ship to be refuelled.

Figure 4. The SWOT analysis of Mobile Fuel Tank solution.

Strengths Weaknesses
- Operational flexibility - Limited tank capacity
- Possibility to carry out SIMOPs - Limited bunkering speed
- Low initial investment - Need to connect to the power grid
Opportunities Threats

- Scalable solution - Risks related to the transport and handling
+ Possibility to load the ISO tank directly on of tanks within the port area

board the ship and reducing bunkering time | - Identification of park area for the vehicles
- Suitable for spot demand used for bunkering operations

Source: authors’ elaboration

5. Empirical Implications

Based on the outcomes of the SWOT analysis reported in Section 4, it is
possible to scrutinise the pros and cons related to each LNG bunkering
technological solution. Table 2 summarizes the main operational benefits and
criticalities as well as the potential risks emerging from their application in
Mediterranean ports.

The comparison provides a deeper understanding of LNG bunkering
technologies. It also suggests European decision-makers the most appropriate
application of each solution consistent with the endogenous and exogenous factors
shaping the specific port case. Indeed, the results may support public bodies (e.g.,
local, regional, or national institutions) and port managing bodies with the planning
of investments related to new LNG bunkering facilities in the port area.

The TTS and Mobile Fuel Tank solutions turn out suitable for ports
characterized by a low LNG maritime demand. The high operational flexibility and
the absence of infrastructure investments suggest their application in ports not
served by the LNG supply network or in those with multiple terminals that require
the movement of bunkering facilities. Furthermore, the possibility of sharing the
initial investment among multiple actors enables TTS and Mobile Fuel Tank
solutions to be used by different ports, boosting the supply of LNG bunkering
services and, consequently, the demand of shipping companies.

Given the high risk of collisions between bunker units (i.e., bunker supply
ships and barges) with ships or port infrastructure/superstructure and the
complexity in managing bunkering operations, the STS solution appears
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appropriate for ports with large watery mirrors and not particularly prone to
adverse weather conditions. However, the operational flexibility and the possibility
of bunker supply ships to move from one area to another enables the STS solution
to optimise the supply of LNG bunkering services among different ports within a
specific range.

Finally, the PTS solution is characterised by a large LNG storage capacity
and high bunkering speed. In this perspective, it can be adopted by medium or large
ports with stable or easily predictable LNG maritime demand. Indeed, the high
initial and maintenance costs make the PTS solution economically unsustainable
in the long run if the LNG maritime demand does not reach an acceptable level.

To exemplify the above argumentation, the Authors provide anecdotal
evidence referring to one of the most important Mediterranean ports (i.e., the port
of Genoa in Italy). Since 2018 the Port System Authority of the Western Ligurian
Sea has begun to evaluate alternative investments for the installation of LNG
bunkering and storage facilities in the port of Genoa. However, the port suffers
from the lack of available areas that restrict the potential storage capacity of LNG
facilities. This is also affected by the proximity of Cristoforo Colombo airport that
imposes further limitations on the dimension of the plants for safety reasons.
Moreover, the urban planning restrictions and conflicting expectations of the local
community, that have just expressed opposition to the installation of LNG facilities,
have narrowed the pool of potential LNG solutions. Given the importance of the
port of Genoa for the maritime traffic in the Mediterranean Sea and the high
number of ship calls every year, the STS solution appears as the most suitable for
meeting the growing demand for LNG-propelled ships, especially cruises.
Therefore, the Port System Authority of the Western Ligurian Sea is expected to
invest in bunker barges or ships, even though there are still other possibilities it can
evaluate. In the last case, potential synergies may arise from the collaboration with
the nearby Port System Authority of the East Ligurian Sea (i.e., the port of La
Spezia®) to optimise the supply of LNG bunkering services within the ports
managed by these two port authorities. Indeed, in October 2020 the first LNG
bunkering in Italy was carried out at the port of La Spezia by using the STS solution.
The Costa Smeralda cruise ship was refuelled by the Shell's Coral Methane ship
with an LNG storage capacity of 7,600 m®, which have previously completed this
operation 49 times at the Mediterranean ports of Barcelona and Marseille. The
bunkering took place in just 5 hours with a maximum bunkering speed of 630 m*/h.
After this positive experience, the Port System Authority of the East Ligurian Sea
stated the STS solution will be adopted by the port for providing future LNG
bunkering services.

4 The port of Genoa and La Spezia are distant approximately 100 kilometres.
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6. Conclusion

The paper applies the managerial approach of the SWOT analysis to
deepen the understanding of LNG bunkering solutions in the port domain. Based
on recent studies and empirical evidence of Mediterranean cases, it examines and
compares the four main available technological solutions worldwide (i.e., Truck-
to-Ship, Ship-to-Ship, Port-to-Ship and Mobile Fuel Tanks).

The urgent global environmental challenge, the rapid growth of the LNG
market and the increasing demand for LNG bunkering services urge ports to
provide effective answers to shipping companies for boosting the diffusion of this
greener alternative marine fuel. In this perspective, the paper shows the strengths,
weaknesses, opportunities, and threats of each LNG bunkering technological
solution in a holistic and structured manner according to the theoretical constructs
and methodological steps characterizing the SWOT analysis. The study focuses on
both endogenous factors (e.g., storage capacity, bunkering efficiency, plant
scalability, operational flexibility, economic and financial performance, technical
requirements, etc.) and exogenous factors (e.g., social and environmental aspects)
to support public authorities and port managers with the investment decisions on
LNG bunkering technological solutions.

The outcomes provide useful insights and empirical implications for both
academics and practitioners. From the academic perspective, the paper suggests a
valuable managerial tool (i.e., the SWOT analysis) to evaluate innovative
technological investments in the port domain, opening new avenues of research.
From the industrial and practical perspective, the paper reports a systematic
framework for each LNG bunkering solution, identifying the most appropriate port
application according to the endogenous and exogenous factors, thus supporting
both private and public port managers in related strategic and operational decisions.

The paper essentially grounds on the research performed by the Authors
during the three-year European project “TDI RETE-GNL” on Mediterranean ports.
Although the endogenous factors related to each LNG bunkering technological
solution are not affected by the competitive environment, the exogenous factors do.
This represents an inherent limit of the study that may be overcome in future
research by performing an analysis on Asian or American ports and comparing the
outcomes with the present work. Differences and similarities should be discussed
to unveil to what extent exogenous factors influence strategic investment decisions.
Moreover, future empirical contributions could benefit from a GAP analysis of
LNG bunkering projects in combination with the results of the SWOT analysis.
The GAP analysis could provide port managers and institutions involved in the
decision-making process with valuable managerial implications to identify the
deficiencies of the LNG bunkering solutions adopted. Academics are also expected
to further investigate KPIs for monitoring the performance of LNG bunkering in
the port domain which are only introduced by the Authors. Indeed, potential
improvements or radical changes in LNG bunkering facilities and procedures may
be evaluated in-depth.
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1. Introduction

The global shipping industry transports over 80 per cent of international
trade in physical terms (UNCTAD, 2017). While container shipping provides the
transportation services of manufactured cargo, bulk shipping delivers bulk cargoes
such as raw material (dry bulk shipping) or oil (wet bulk shipping, i.e., tanker
shipping). However, the dry bulk shipping markets can be classified into four sub-
sectors based on the ship sizes. These four dry bulk ships are Capesize, Panamax,
Supramax, and Handysize. A Capesize ship, at about 180,000 dead-weight tons
(DWT) primarily transports iron ore and coal; a Panamax ship (about 82,000 DWT)
transports grain, coal, and iron ore. Because a large portion of the cargoes delivered
by each ship (Capesize and Panamax) are the same such as iron ore and coal, their
transportation demands co-move. This co-movement of cargo demands causes
their freight prices (rates) to move together. The popular BDI (Baltic Dry Index)
can be regarded as representing this co-movement in the dry bulk shipping freight
markets.

Despite the possibility of synchronicity between the dry bulk shipping
markets, however, there are various peculiar factors to each market. For example,
due to their deep draught and limited number of commodities that they transport,
the operation of Capesize vessels in terms of trading routes and ports they can
approach is restricted (Alizadeh and Nomikos, 2010, p.324). That is, Capesize ship
is involved in narrower shipping service than other ships. This inflexibility causes
high volatility of Capesize market prices (esp., freight rates). In summary, these
synchronicity and idiosyncrasy in dry bulk shipping markets should be analyzed
simultaneously (e.g., see Ko 2011a, 2011b).

A plausible way to analyze the synchronicity and idiosyncrasy is to assume
that there are some common (i.e., synchronistic) and peculiar (i.e., idiosyncratic)
factors. As suggested by Kim and Nelson (1999), synchronicity can be captured by
common stochastic trends in a non-stationary case or dynamic common factors in
a stationary case. The non-stationary common stochastic trend and stationary
dynamic factor models can also be constructed in an unobserved (or latent)
components (permanent trends plus transitory cycles) model framework. It is
important to note that the data generating process with common non-stationary
stochastic trends can be represented by a vector error correction model (see Stock
and Watson, 1988, and Watson 1994, pp.2870-2876). The presence of co-
integrating vectors implies a long-run relationship between the integrated variables,
but this approach is not useful for decomposing the variables into common and
idiosyncratic components in an orthogonal way.

This paper adopts various dynamic linear models including common
stochastic trend model, dynamic common factor model, and unobserved
component model in order to quantify the synchronicity and idiosyncrasy in the
dry bulk shipping markets. In particular, the unobserved component model
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proposed in this paper is most generalized and novel to the best of our knowledge,
as it incorporates both common stochastic trend and common mean-reverting
cyclical components. More importantly, it turns out that this model is preferred to
the other models. This finding implies that the presence of both common stochastic
trend and cyclical components is significant, indicating strong synchronized
dynamics between the Capesize and Panamax freight rates. Furthermore, this paper
discusses the parameters instability problem by rolling the estimations whose
sample consists of one year daily observations. One additional contribution of this
paper is to suggest an estimation algorithm for decomposing the non-stationary dry
bulk freight rates into common component and idiosyncratic component within the
unifying framework.

Numerous previous empirical studies attempt to analyze the unobserved
common and peculiar components in various economic variables. In general,
common factors are interpreted as aggregate or global events, and the idiosyncratic
factors are regarded as variable-specific events. However, the traditional notion of
time series econometrics that the unobserved commonality would exist in observed
economic realities (or variables) may not be acceptable for non-econometricians.
They can argue that the actual existence is indeed the concrete activities (or
variables) and thus unobserved commonality is simply an artificial concept for
enhancing the understanding of actual concrete phenomena. This hesitation to use
virtually unobserved statistical metric is not new. For instance, Stigler (1986)
showed that social scientists “tried to overcome the conceptual barrier” in about
eighty years during the historical process of regression analysis’s (in 1885)
following the least squares (in 1805). That is, the simple development from least
squares method to regression analysis took about eighty years, which had been due
to the difficulty in overcoming the “conceptual barrier” (p.5).

However, whether accepted or not, the aforementioned structural
characteristics of dry bulk shipping markets make the Capesize and Panamax co-
move. Therefore, the mathematical modelling of these markets using common
factors enables us to measure their virtual synchronicity and idiosyncrasy in a
unified framework. These synchronicity and peculiarity in dry bulk shipping
markets motivates this study to scrutinize the markets through the three dynamic
linear models. Furthermore, this understanding of the dynamics of freight rates will
help the participants in dry bulk shipping markets enhance the management
efficiency of their revenues and market risks. For instance, the practical advantages
of the state-space models have been demonstrated by policy institutions such as
central banks and ministries (Barigozzi, Lippi, and Luciani, 2016a, p.2,2016b, p.2).

This paper is organized in five sections: Section 2 presents a review of the
relevant literature of econometric approaches of dynamic linear model and their
applications to dry bulk shipping markets; Section 3 describes the empirical
models; Section 4 explains the dataset and the empirical results with discussions;
Section 5 concludes by suggesting future research topics.
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2. Literature Review

In this section, the two strands of literature are reviewed. One is on the
econometric approaches such as dynamic factor, common stochastic trend, and
unobserved component models. The other is on the applications of these
econometric models to dry bulk shipping markets.

It is known that Geweke (1977) introduced the dynamic factor analysis in
econometrics. Compared with the stationary dynamic factor model, there have
been numerous attempts to apply the non-stationary common stochastic trend
models to economic analyses. Inter alia, Chang, Miller, and Park (2009) extracted
a single trend and thus calculated a representative index by using state-space model
with Kalman filter, which is a kind of common stochastic trend model. Clark (1987)
suggested a well-known unobserved component (non-stationary plus stationary
components) model based on univariate time series data and was extended to bi-
variate cases (Clark, 1989).

However, the approach based on dynamic factor models has become
increasingly popular in the econometric analyses. In particular, there have been
various efforts to incorporate the non-stationary dynamic factors (whether of
common components or of idiosyncratic components) in the dynamic factor
models. Barigozzi and Luciani (2017) “first disentangle common and idiosyncratic
dynamics by using a Non-Stationary Approximate Dynamic Factor Model and
then disentangle common trends from common cycles by applying a non-
parametric trend-cycle decomposition to the latent common factors” (p.2). Their
key contribution is to “differentiate from the standard state-space approach in
which the trend and cycle dynamics are explicitly specified and jointly estimated
with the parameters of the model” (p.3). Barigozzi, Lippi, and Luciani (20164,
2016b) constructed the dynamic factor models where the common factors can be
non-stationary and the idiosyncratic components can also be non-stationary. This
possibility that the idiosyncratic components can be non-stationary was a crucial
differentiation from the previous studies with the idiosyncratic elements stationary
(e.g., Bai, 2004 and Pefia and Poncela, 2006). Furthermore, these two studies
allowed cointegration relationship between the unobserved components.

However, the stability assumption of parameters (e.g., factor loadings in
dynamic factor models) in the equations of unobserved components may not be
satisfied. If not stable, there could be two forms of parameter instability. One is to
have some break points and another is for the parameters to evolve over the
considered period. This topic of instability in the parameter values was reviewed
briefly in Stock and Watson (2016, pp.437-440). In addition, when the break time is
unobserved, popular dynamic linear model with Markov switching regimes could be
used in which the so-called Kim filter (Kim, 1994) is known to be reliable and
efficient in both of the classical and Bayesian frameworks (see Kim and Kang, 2019).

In shipping literature, there have been various applications of cointegration
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models. Veenstra and Franses (1997) applied a co-integration model to the analysis of
relationship between Capesize and Panamax freight markets. Particularly, they used a
common stochastic trend approach for forecasting freight rate. Chen, Meersman and
Voorde (2010) investigated the interrelationships in daily returns and volatilities
between Capesize and Panamax price series in the four major trading routes.

Ko (2010a) applied a dynamic factor model to dry bulk freight markets. To the
best of our knowledge, his dynamic factor model using the change rates, not the freight
level, is the first attempt to analyze the synchronicity and idiosyncrasy in a unified
framework. In addition, this study showed that there had been some structural breaks
in the synchronicities of the considered shipping markets. Ko (2010b) analyzed the
same dry bulk shipping markets through the lens of a common stochastic trend model.
He tried to suggest an alternative method of calculating an index representing a general
movement by using the level variables of the dry bulk shipping markets. Furthermore,
his lens of common stochastic trend model could decompose the freight data into
common (or permanent) and idiosyncratic (or transitory) components.

Recently, there have been some notable studies using dynamic factor model
and common trend model. Angelopoulos, Sahoo and Visvikis (2020) analyzed the
interrelationships among the commodity, maritime transportation, and financial
markets with different frequencies (daily, weekly, and monthly) in a single time
series model, i.e., dynamic factor model. Adland, Benth and Koekebakker (2018)
modeled the dynamics of ocean freight rates in a cointegrated time series model.
These two researches adopted the same perspective of this paper in the sense that
there would be some commonalities and idiosyncrasies in the shipping markets.

This paper contributes to the literature in the following three ways. First,
this paper confirms the usefulness of dynamic factor model (Ko, 2010a) and
common stochastic trend model (Ko, 2010b) in the analysis of synchronicity of
dry bulk shipping markets by using more recent data. Second, this study
synthesizes the previous dynamic factor model and common stochastic trend
model by using an unobserved component model. Third, this paper examines the
parameter instability of the underlying model assumed by specified state-space
approach, which will trigger future researches to model the dynamics of the
considered parameters. In other words, this paper shows the future research
direction, for example, to model the dry bulk shipping freight rate movements by
using some synthesizing time-varying coefficients unobserved component model.

3. Methodology

In this section, first, a representative state-space model is presented and its
estimation algorithm is explained briefly. Second, the three state-space models of
this paper, that is, common stochastic trend model, dynamic factor model, and
unobserved component model will be specified.
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3.1 Introduction of state-space model and its estimation algorithm using
the Kalman filter

State-space model is a powerful systematic tool, especially for estimating
unobserved states from observed data (For more detailed information on the state-
space model and its estimation algorithm, see Kim and Nelson, 1999 or the
Appendix of this paper). It consists of measurement equation and state (or
transition) equation. The second state (or transition) equation specifies the
“transition” dynamics of unobserved “state” variables. The first measurement
equation links the observed data with the unobserved state variables. One
representative state-space model is as follows:

[Measurement Equation]

ye = H B+ E¢, - 1)
[State (or Transition) Equation]

Bt = F Br—1 + V.- 2)

The above state-space model is typically estimated by the Kalman filter
(Kalman, 1960), which consists of a prediction step before observing new
information and an updating step after observing this new information. In advance
of explaining the Kalman filter, we define the notations as follows:

Table 1. Notations for State—Space Model

Definition Explanation
y the information set
expectation (estimate) of B,
Btlt—l = E[Btllljt—l] P ( ) Pe

conditional on information up to t-1

covariance matrix of B,
conditional on information up to t-1

Ptlt—l = E[(Bt - Btlt—l)(Bt - Btlt—l)’]

Bt = E[Belw] expectation (estimate) of By,
ot e conditional on information up to t

covariance matrix of B,
conditional on information up to t

pt|t = E[(Bt - Btlt) B — Btlt)’]

Veje—1 = E[yelWi_q] forecast of y:, given information up to time t-1
Neje—1 = Yt — Yeje-1 prediction error
foe-1 = E[T]t2|t—1] conditional variance of the prediction error

Source: Kim and Nelson (1999, p.22)

Based on these notations, we can use the following algorithm (or procedure)
until the estimated (hyper-) parameters maximize the natural log likelihood, as
follows:
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Figure 1. Flowchart for the Kalman Filter of State—Space Model
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Source: Kim and Nelson (1999, p.26)

Assuming that H is available at the beginning of time t and a new
observation of y; is made at the end of time ¢, the Kalman filter consists of the
following two steps:

Prediction

Given the system’s dynamics as expressed in Equations 1) and 2), the
unobserved variable (; can be predicted by using the information up to the last
period. This prediction yields By -1, based on which we can predict y, which
yields yy¢—q. This process includes two uncertainties: The first is derived from the

nature of the unobserved variable, as this variable cannot be directly observed. The
second uncertainty is from the disturbance term in the measurement equation.
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Updating

As the observed variable y, is realized, new information becomes
available; specifically, the prediction error can be calculated from the realization
of y;, and this can be used for a more accurate inference of ;. This updating step
uses the so-called “Kalman gain,” which is the weight assigned to the new
information about B; contained in the prediction error. However, By (the
estimate of [3;) will be used as an input for the prediction in the next period.

3.2 Three state-space models

3.2.1 Common stochastic trend model

The first model of this paper is a common stochastic trend model as follows:
Iny;: = vi X x¢ + e, ;¢ ~i.1.d.N(O, a?),

Xe = Xp—q + Vg, U ~i.0.d.N(0,02).

Inthis model, y is the freight rate of considered dry bulk shipping markets.
Iny; ¢+ is influenced by the unobserved non-stationary common stochastic trend x;.
This trend is assumed to be a random walk process without drift. The influence
degree of estimated common stochastic trend on each variable is the coefficient y;,
which is the measure for synchronicity. The idiosyncrasy is measured by ¢?. In
particular, this common stochastic trend model decomposes the non-stationary (i.e.,
log-level) data into 1) non-stationary common permanent component (y; X x;)
and 2) stationary transitory idiosyncratic component (e; ;). These equations can be
represented by the following state-space model:

[Measurement Equation]

Jo=H X B+ &, & ~i.i.d.N(O,R),

[Transition (or State) Equation]

Bt= F X Bt_l'l' ‘ﬁ’t, ﬂ’vlldN(O,Q),

where J; = (Iny., ln}"p,t),, Br = x¢, & = (et ep,t)’a U = v,

_ A CZ U _
H = [VC )/p] , R = 0 0_2 , F = 1, Q = 0y.
p
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3.2.2 Dynamic factor model

The second model is a dynamic factor model as follows:

Alny; s = a; X ¢+ e, € ~1.1.d.N(O, al-z),
Ct = @ X Ct—l + vt, vt ~ lldN(0,0"g),

In this model, Alny;, is the difference of logarithmic values of the freight
rates, which is influenced by the unobserved stationary factor c;. This common
factor is assumed to be an autoregressive process of order 1 whose parameter is @.
The influence degree of estimated common dynamic factor on each variable is the
coefficient «;. which is the measure for synchronicity. The idiosyncrasy is
measured by ¢?. In particular, this dynamic factor model decomposes the
stationary (log-differenced) data into 1) stationary common component (a; X c;)
and 2) stationary idiosyncratic component ( e;. ). These equations can be
represented by the following state-space model:

[Measurement Equation]

ye=H X B+ &, é~i.i.d.N(O,R),
[Transition (or State) Equation]
Br=F X Bi_q+ U, Uy ~i.i.d.N(0O, Q),

where ¥; = (Alny Alnyy, (), B = cr, & = (ece €pe)’s V¢ = v,

g2 0
0 o5

HE[aCap]’,RE[ =0, Q = o2.

3.2.3 Unobserved component model

The third model is an unobserved component model as follows:

Iny;: = viX x¢+ a; X ¢, + ey, € ~i.1.d.N(O, o?),
— ;s 2
Xt = Xeoq t Uxp, Uy ~1.0.d.N(0,075,),

— P 2
=0 X g+ Vep, Vep ~1.0.d.N(0,05,.),

In this model, Iny;, is influenced by the unobserved non-stationary
(permanent) stochastic trend x; and stationary (transitory) factor c¢;. The
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permanent trend is assumed to be a random walk process without drift and the
stationary factor to be an autoregressive process of order 1. The influence degree
of estimated common stochastic trend and dynamic factor on each variable are the
coefficients y; and a; which are the measures for synchronicity, respectively.
The idiosyncrasy is measured by o7. In particular, this unobserved component
model decomposes the non-stationary (i.e., log-level) data into 1) non-stationary
common permanent component (y; X x;) and 2) stationary common transitory
component (a; X ¢;) and 3) stationary idiosyncratic component (e; ). These
equations can be represented by the following state-space model:

[Measurement Equation]
Ve=H X B+ &, é~i.i.d.N(O,R),
[Transition (or State) Equation]

Br=F X Be_y + Dy, 0p ~ i.i.d. N(0,Q),

where J; = (Iny.; lnyp,t),aﬁt = (xec) € = (ecr ep,t)’,UNt = (Uxt Ver) s

2 fx 0
n=ly ahre=[5 gbreb de=[T 4l

4. Empirical Results and Discussions

4.1 Data

This study uses the dataset consisting of the daily freight rates of Capesize
and Panamax markets. In particular, as of 2021, one of the representative freight
indicators for Capesize (18,000 DWT) is the STC average of the five routes for
BCI (Baltic Capesize Index) produced by Baltic Exchange and for Panamax
(82,000 DWT) is the 5TC average for BPI (Baltic Panamax Index). These data are
all spot rates representing the current price for transporting dry bulk cargoes. The
sample period ranges from 11™ November 2017 to 20" May 2021. So, the number
of observations is 885.
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Table 2. Summary of Dataset

= Capesize Panamax
_— . Average of the 5 T/C Average of the 5 T/C
Definition of variable Routes for BCI Routes for BPI-82
Sample period 11" November 2017 to 20" May 2021
Number of observations 885

Source: Clarksons

Figure 2 shows the movements of the Capesize STC and Panamax 5TC
averages. As seen in this figure, there is some high correlations. The correlation is
0.68 in the level case and 0.30 in the log-difference case (Table 3). In addition, the
determination coefficient (R?) of the regression from Panamax variable on
Capesize variable is 0.88, which means that the two variables are highly correlated.

Figure 2. Movements of Capesize 5TC and Panamax 5TC Averages
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Source: Clarksons

Table 3. Descriptive Statistics

- Capesize Panamax
Mean 16,960 12,740
Level Standard deviation 8,544 4174
Correlation 0.68
Mean 0.0004 0.0008
Log-differenced Standard deviation 0.0651 0.0250
Correlation 0.30
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All the values of original data are transformed into natural logarithms.
Table 4 shows the unit root test results for checking the stationarity of the variables.
For the log-level data, the null hypothesis is that a unit root exists in the case
without a constant or trend. If it cannot be rejected at some significance level, then
this means that the log-level variables are likely to be non-stationary. This non-
stationarity enables us to adopt the stochastic permanent trend model. In addition,
for the log-differenced data, the null hypothesis of the existence of unit root in the
case without a constant or trend can be rejected at 1% significance level. This
means that log-differencing the non-stationary variables makes them stationary.
Therefore, this paper uses these stationary variables in the dynamic factor model.

Table 4. Results of unit root test for the log-level and log-differenced data

Log-level t-value -0.045

Capesize p-value 0.667
Log-differenced t-value ~14.742
p-value 0.000***

Log-level t-value 0.318

p-value 0.777

Panamax

Log-differenced tvalue ~10.441
p—value 0.000***

Note: 1) *, ** *** indicate significance at 10%, 5%, 1% level, respectively.

2) The t-statistic refers to the Augmented Dickey-Fuller test statistic. Refer to Dickey and Fuller
(1979, 1981).

3) For the log-level and log—differenced data, the test does not have a constant or trend.

4) The p-value implies MacKinnon’s (1996) one-sided p-value.

5) The values less than 1/1000 are dropped.

In order to apply the “common” stochastic trend model, there should be a
cointegration relationship between the variables, the existence of which implies
there is a common non-stationary stochastic trend. Table 5 shows that there is a
cointegration relationship as predicted by the aforementioned structural
characteristics of Capesize and Panamax freight markets. Its p-value is small
enough to infer that there would be a cointegration relationship.

Table 5. Results of Cointegration Tests

= Trace statistic p—value
Number of cointegration Relationship: none 22.053 0.028**
Number of cointegration Relationship: at most 1 4,965 0.287
Cointegrating vector [1 S ¢] such that
Cea [1-1.826 7.603]
[T B« [Pt 1l)

Note: 1) ** indicate significance at 5% level.

2) For the explanation of the trace statistic, refer to Johansen (1995).

3) The p-value means MacKinnon, Haug and Michells (1999) one-sided p-value.
4) The values less than 1/1000 are dropped.
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4.2 Estimation results and discussions

Table 6 shows the estimation result of common stochastic trend model. For
the normalization of model, the variance of the shocks in the state equation o2 is
set to be 0.01. Similar to Ko (2010b, p.397), the influence coefficients are
statistically significant. It is notable that the variance of idiosyncratic component
in Capesize market (62) is very close to zero, which means that the unobserved
common stochastic trend is estimated as close to the dynamics of Capesize variable.
However, the two synchronicities of Capesize and Panamax (y, and y,) are very
similar.

Table 6. Estimation Result of Common Stochastic Trend Model

Iy;s = vi X x¢ + e, €p ~i.i.d. N(0,67)

X = Xe_q + Vg, Ve ~1.1.d.N(0,02)
= Estimate Standard error
Ye 0.659*** 0.015
Yo 0.645*** 0.015
a? 0.000 -
o5 0.203 -

Note: *** indicate significance at 1% level.

Table 7 shows the estimation result of dynamic factor model. For the
normalization of model, the variance of the shocks in the state equation ¢ is set
to be 0.0001. As the same as the common stochastic trend model, the two
synchronicities of Capesize and Panamax (a. and a,) are very similar. However,
the variance of idiosyncratic component in Panamax market (aﬁ) is very close to
zero, which means that the unobserved dynamic factor is estimated as close to the
dynamics of Panamax variable. In addition, it is notable that the persistence degree
of the autoregressive process of unobserved dynamic factor, @ is 0.866, which is
lower than in the unobserved component model of Table 8. However, the value of
0.866 means that the yesterday’s common factor influences today’s factor by this
magnitude, 0.866.
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Table 7. Estimation Result of Dynamic Factor Model

Alny;s = a; X ¢, + ey, €y ~i.i.d.N(0,07)
¢t =0 X cooq + Vg, Ve ~i.i.d.N(0,02)

- Estimate Standard error
(0] 0.866*** 0.014
a. 0.832%** 0.006
a, 0.961*** 0.005
a? 0.004 -
o5 0.000 -

Note: *** indicate significance at 1% level.

Based on the results of Table 6 and Table 7, this paper constructs the
unobserved component (permanent trends plus transitory cycles) model as a
synthesizing model of common stochastic trend and dynamic factor models. That
is, this paper recommends the use of the unobserved component (permanent trends
plus transitory cycles) model rather than the separate uses of common stochastic
trend model and dynamic factor model. Its estimation result is shown in Table 8.
For the normalization of model, the variances of the shocks in the state equation
oz, and of. issettobe 0.0001, respectively. All the measures of synchronicities
of common stochastic trend and dynamic factor (., ¥p, @, and @) are very
significant. In addition, it is notable that the persistence degree of the
autoregressive process of stationary factor (@) is 0.989, which is higher than simple
dynamic factor model in Table 7. However, the variance of idiosyncratic
component in Panamax market (Gg) is very close to zero.
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Table 8. Estimation Result of Unobserved Component Model

Iny;, = yi X X+ a; X ¢, + e, e, ~i.i.d.N(0,07)
Xe = Xpq + Uyg, Ugr ~ i.1.d.-N(0,02,)
=0 X g+ Uy, Vep ~i.0.d.N(0,02,)

- Estimate Standard error
(0] 0.989%*** 0.001

Ye 0.9371*** 0.007

Yp 0.927*** 0.008

a. 0.984*** 0.004

a, 0.823*** 0.014

al 0.188 -

o5 0.000 -

Note: *** indicate significance at 1% level.

Based on the estimation result of Table 8, we can estimate the unobserved
stochastic trend and cyclical factor. This paper calculates the so-called smoothed
estimates of these two unobserved variables by using the full sample information
and corresponding smoothing algorithm (see Kim and Nelson, pp.27-28), which is
shown in Figure 3. As shown, the permanent trend (x;) and transitory factor (c;)
move together.

Figure 3. Evolutions of Stochastic Trend and Cyclical Factor
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Note: x_t is the permanent trend and c_t is the transitory factor.
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As discussed in Ko (2010a), the unobserved component model may suffer
from parameter instability problem. Figure 4 to Figure 6 show the evolutions of
the parameter estimates, rolling the estimation in the way, in which the sample
consists of 12 months (one year) and thus depleting the first observation and adding
the new last one. The choice of one year as the period of parameter rolling
estimation is due to the fact that there is seasonality concern in more frequency
cases, e.g., quarterly, monthly, etc. Overall, there seems to have been parameter
instability. According to Stock and Watson (2016), in coping with this parameter
instability, there could be two different approaches. First is to incorporate the break
times in the considered model and another is to model time-varying parameters
structure.

Figure 4. Evolutions of @, y., and v,
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Figure 5. Evolutions of a. and a,
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Figure 6. Evolutions of ¢ and o}
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5. Conclusions

Based on the data of dry bulk shipping markets, this paper considers the
three dynamic linear models such as common stochastic trend, dynamic factor, and
unobserved component models by using state-space approach. All these dynamic
linear models enable us to analyze the synchronicity and idiosyncrasy in the
Capesize and Panamax freight markets in a coherent and efficient way. In particular,
an unobserved component model, which incorporates the common stochastic trend
and dynamic factor models, is proposed as a synthesizing approach. Using this
unobserved component model, we can estimate the unobserved stochastic trend
and dynamic factor via the Kalman filter and smoothing filter. This empirical
investigation will help for the participants in dry bulk shipping markets to enhance
the management efficiency of their revenues and market risks. In addition, this
paper discusses the parameters instability problem by rolling the estimations
whose sample consists of one year daily observations.

There remain three avenues for future research. First, based on the
statistical significance of the dynamic linear models proposed in this paper (esp.,
unobserved component model), it will be possible to apply them to the more
practical exercises, for example, forecasting the future rates. One of the causes of
forecasting improvement would be the decomposition into the permanent and
transitory components. More is there transitory elements, more successful is the
forecasting. This is from the fact that by definition, the transitory components have
a tendency to regress to the stationary expected value. That is, this tendency makes
predictability. In contrast, the permanent components with random walk process,
by its nature, are hard to predict. In other words, if we measure the transitory
components, whether common or idiosyncratic, then by using this information, we
can forecast the future direction of the considered variable conditioning on the
recent information.
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Second, the parameter instability shown in Figures 4-6 should be studied.
This paper recommends that the first step is to model the variation of parameter
values as an evolving process over time and, the second step is to incorporate break
points if there is sudden change of parameter values. However, if it is
recommended to model these breaks, state-space model with Markov switching
regimes would be an excellent method, whose estimation can be done efficiently
via the Kim filter (see Kim, 1994 and Kim and Kang, 2019).

Third, it would be promising to investigate more structural characteristics
of dry bulk shipping markets based on the reduced-form analyses of this paper. If
the above second future research about the structural breaks in parameter values
would provide some acceptable estimates on the break timings, then the
comparisons among the different regimes would enable us to more understand the
relevant markets. This enhancement of knowledge on the market dynamics will
help the participants in dry bulk shipping markets to manage their revenues, cost,
or market risks.

As a final remark, the recommended model for the dry bulk shipping freight
rate movements by using some synthesizing unobserved component model with
time-varying coefficients can be a good indicator for the decision making on the
chartering strategies of shipowners or charterers. Furthermore, more investigation
of structural characteristics of dry bulk shipping markets based on this model could
yield fruitful information for the market participants and relevant policy makers.
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Appendix. Basic understanding of the state-space model

We see the world. Further we can measure many things, whether they are
physical or social. However, when measuring it, we encounter some uncertainties.
State-space model and its estimation algorithm provide us with a powerful tool to
deal with these uncertainties. In particular, there are numerous examples of
unobserved important variables in social sciences. For example, in economics, the
unobserved potential GDP (Gross Domestic Products) should be estimated from
the observed GDP. The natural rate of unemployment is also an unobserved
variable to be estimated from the observed unemployment data.

Suppose that the unobserved variable(s) is defined as f;. We call this as
the state variable in the sense that 8, represents the hidden state of the considered
world at the time . Next, this state variable determines (or influences) the observed
variable, y,. This determination mechanism is modeled as y, = H f;. However,
due to some causes such as measurement errors (E; denoted in the below equation),
we can state this mechanism as an uncertain regression equation as follows:

[Measurement Equation]

ye = H B + E;.

The above equation is called as the “measurement equation”, which links
the unobserved state variable [5; with the observed variable y,, through the
coefficient H, including the measurement error E;.

However, the state-space model incorporates the hidden dynamics of the
state variable(s). Typically, this dynamics is assumed to have an autoregressive
process of order 1 (hereafter AR(1)). Though not shown in detail, any
autoregressive process of k orders (k=2, 3, 4, ...) can be represented by the AR(1)
process. That is, the state variable is governed by the following state equation (or
transition equation) with the form AR(1):

[State (or Transition) Equation]
Bt = FPr-1+ Vt.

The parameter(s) which governs the dynamics of state variable(s) is F.

The parameters can be estimated by the maximum likelihood estimation
and, at the same time, the hidden state variable(s) are estimated through the
Kalman filter and smoothing algorithm. For more technical explanations for its
underlying idea and estimation, refer to Kim and Nelson (1999).
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