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Abstract

Despite being the most carbon-efficient way of transportation, shipping is an
important contributor to air pollution especially in coastal areas. The sector’s impact
on the environment still need mitigation, through different measures undertaken
so far. Operational optimization of ports and ships is a step in shipping progress
towards reducing the pollution. The main purpose of this research is to reduce
the degree of error and uncertainty of some operational parameters using Machine
Learning models, and provide port managers with accurate information to assist
them in their decision-making process. Therefore, they will be able to manage
ships speed and port times for a better monitoring of ships emissions during sea
voyage and port stay.

1 Shipping and climate change:

Over 80% of international trade by volume is carried by ships, and relatively speaking, they are the
most fuel-efficient means of transportation in terms of g CO2/ton-km [1]. However, the sector has a
significant carbon footprint as a whole, especially international shipping accounting for 2.02% of
global CO2 emissions in 2018 [2]. No particular economies are directly held liable for this emissions
source, that being so, the International Maritime Organization (IMO) takes the lead to reduce shipping
emissions. IMO is the specialized agency of the United Nations which is responsible for the technical
regulation of maritime transport, in particular the prevention and control of pollution engendered by
ships. By taking actions to mitigate climate change, IMO supports the UN Sustainable Development
Goal 13, and contribute to the global fight against climate change.

IMO has just released the final report of Greenhouse Gas (GHG) study [2], stating that shipping share
of global CO2 emissions increased from 2.76% in 2012 to 2.89% in 2018. Total maritime transport
GHG emissions increased by 9.6% from 977 million tons in 2012 to 1076 million tons in 2018.
However, IMO’s ongoing efforts toward low-carbon shipping were reflected by 10% lower emissions
level in 2018 compared to 2008, although seaborne trade increased by 40% in the same period.
Despite further efficiency gains, the study forecasts that 2050 shipping emissions will increase by up
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to 50% over 2018 levels, as a result of the high prediction in transport demand. Furthermore, shipping
is still responsible of important emissions of other relevant substances. Annual global contribution is
estimated to be 13% in Sulfur Oxides (SOx) as most marine fuels has high sulfur content, and 15%
in Nitrogen Oxides (NOx) [3]. Shipping emissions have a significant impact on human health and
were responsible for approximately 400 000 premature deaths from lung cancer and cardiovascular
diseases and 14 million childhood asthma cases annually; measures such as adopting low sulfur
fuel in shipping would save 266 300 lives from premature death in 2020 [4]. For instance, between
14 500 and 37 500 premature deaths were caused by shipping in East Asia during 2013 [5]. The
health impact of ship emissions is particularly concentrated in dense coastal areas, as most of ships
emissions are generated during routine operations such as in-port activities, with approximately 70%
of ships emissions happening within 400 km of coastlines [6, 7].

In order to minimize maritime pollution, the IMO developed the International Convention for the
Prevention of Pollution from Ships called MARPOL [8], with requirements regarding dumping, oil
and air pollution. With the purpose of further minimizing airborne emissions from ships, a number of
regulations have been defined under MARPOL. The actions include the introduction of Emission
Control Areas to reduce air pollutants in specific regions and the use of low sulfur fuel oil to become
effective from 01 January 2020 [9]. Two major actions were added in 2011 about energy efficiency
of ships [10]. The first is the Energy Efficiency Design Index (EEDI), a mandatory technical measure
for new ships, and the second is the Ship Energy Efficiency Plan (SEEMP) which is an operational
measure to monitor ships energy efficiency. The SEEMP is based on a wide range of measures to
increase energy efficiency either from ship design or operations. One of the operational measures is
voyage optimization, including all the actions for optimizing ship operations considering logistics,
scheduling, and contractual constraints, and this measure can itself achieve 1 to 10% savings in CO2
emissions [11]. Voyage optimization includes just-in-time arrivals policy, which aim is to make
ships reach their port destination at a revised arrival time when delays are detected at port. The
implementation of just-in-time arrivals require a commitment from all stakeholders to improve the
ship-shore relationship, as well as an amenable operation model. IMO is pushing for the adoption of
just-in-time ships operations through its public-private partnership initiative the GIoMEEP Global
Industry Alliance [12], which focuses on measures to overcome operational and contractual barriers.

The importance of just-in-time sailing is shown by the results of a study commissioned by the Port of
Rotterdam Authority and the TNO research institute (Netherlands Organization for Applied Scientific
Research) [13]. According to the study, keeping ships updated accurately about berthing times enable
them to adjust their speed and lower their gas emissions. Moreover, further reduction is feasible
through shortening waiting time at the port area. The study found that for the Port of Rotterdam,
adopting just-in-time arrivals could help avoiding 4% or 134 000 tons of CO2 emissions every year
from containerships activity. For the waiting times, the study found that shortening the waiting time
of bulkers by 12 hours could reduce the emissions by 35% or 188 000 tons of CO2. In another
evaluation, for a particular voyage, the application of just-in-time measure led to 23% less fuel
consumption compared to usual practice [14]. However, the implementation of this measure may
be difficult, as it depends on many uncertain parameters. This implementation requires updating
arriving ships with their estimated time of berthing. Also, the time spent by previous ships must be
determined with precision. To do that, cooperation is needed between different actors in order to
control the time needed for different tasks executed at berth.

Operational optimization is an important element in the maritime decarbonization challenge. Adopting
new technologies and green fuels with high expenditure can have a huge impact on shipping global
carbon footprint, but would also take too much time to implement. Achieving short-term performance
is otherwise possible, by adopting efficient operations at the port and ship levels. In this context, we
want to take a further step in the effort to reduce emissions from maritime transport, by improving
port operations planning and scheduling using Machine Learning. This application will help in
implementing just-in-time arrivals to respond to air quality issues experienced in coastal areas.
Adopting such approach not only supports the attainment of the UN Sustainable Development Goal
13 related to climate action, but also Goal 12 of responsible consumption and production, both at the
port and the ship levels.

Our application will focus first on a North African port located in Morocco, but will be extended
subsequently to include other ports. Morocco is one of the most committed countries to fight
against climate change. Ranked third after Sweden and Denmark according to the Climate Change
Performance Index 2020, Morocco has recently invested vastly in renewable energies [15]. On another
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note, with 60% of the population and 90% of the industry located along coastlines [16], an effort for
reducing shipping emissions in coastal areas will be more than welcome. Our work will contribute to
reduce harmful emissions to air from ships, the measures are expected to have a significant beneficial
impact on the atmospheric environment and on health, particularly for communities living nearby the
port area (2 million people). Our work will also establish a methodology for assessing the emissions
generated by ships under the just-in-time policy.

2 Improving port operations planning and scheduling using Machine
Learning:

Ports are considered as complex systems in which many actors interact to achieve the objective of
loading and unloading ships. Optimization models and Machine Learning have been successfully
used to improve port operations efficiency and reduce emissions, through applications using real-time
data from the landside and the seaside [17]. Port terminals rely on optimization models to manage
their operations, but they are still affected by many disruptions, in particular, the uncertainty related
to service time and ships arrival time [18]. To improve operations management and planning models,
Machine Learning can be used to help monitoring operational parameters [19]. Therefore, to assist the
implementation of just-in-time arrivals, we propose a supporting system to improve port operations
planning and scheduling, that would be easily adaptable to any port. This system will forecast ships
arrival time and berth productivity in order to provide reliable planning and optimize ship’s speed
accordingly. We also suggest monitoring ships emissions and emphasize avoided emissions as an
impact of the application of just-in-time arrivals. We will use two maritime data sources, Automatic
Identification System (AIS) data and port operations data. AIS is a vessel tracking system that
provides regular updates on a vessel’s movement and other relevant ship voyage. Data is available
and can be obtained from governmental and open source providers as well as private and commercial
sources [20]. Information about port operations will be provided by port terminal operators and port
authorities. The data include historical details of port calls, berth schedules and times spent by ships
at port. The work presented here comprise three modules that will assist terminal operations planning:

• Ships arrival time prediction: from a dynamic perspective, we will provide real-time
prediction of ships arrival time, thus updating the prediction when needed for a thorough
monitoring of the operations. The proposed framework is based on Deep Learning models
as they are a promising tool for the prediction of arrival times. We will combine ships
trajectory data from AIS and weather conditions to improve the prediction. The challenge
would be to find a generic solution dealing with different types of ships and trajectories.

• Berth productivity estimation: operations at berth are affected by several factors leading
to variations in loading and unloading rates or berth productivity. Disruptions can come
from weather conditions such as wind and tides, human strikes, machine breakdowns and
many others. Being able to forecast berth productivity will reduce the variation of time
spent at berth and provide a better visibility on future operations. We want to work on a
system based on historical operational data with capability of learning from past events
to provide good estimate of berth productivity. Our system will be based on data from
terminal operators and Machine Learning models. For that, we will use data about past berth
schedules and operations records, these documents may vary from port to port, but they
contain more or less the same information. Berth schedules are usually a graphic document
similar to Gantt charts, representing ships at quays with estimated time of arrival, berthing
and departure, number of cranes, berth number and ship length. Operations reports are
documents where details about each port call are recorded. This report contains information
about ships, handled cargo, tonnage, operations suspension and related causes.

• Emissions monitoring: We will set up a suitable port related performance indicator of
energy efficiency that will reflect ships emissions changes as a result of the application
of just-in time arrivals. Activity based emissions inventory will be performed as per
Canada’s National Marine Emissions Inventory Tool [21] approach. This method is based
on ships trajectory data from AIS and Coast Guard information system, associated to engine
and vessel details to provide accurate estimation of emissions. The proposed indicator
will characterize the port-related activity as a responsive tool reflecting daily practices
performance.
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