
Freight transportation plays an extremely 
important role for the economy in many 
countries, as it substantially contributes 
to the national Gross Domestic Product 
(GDP). Based on information released by the 
United States (U.S) Bureau of Transportation 
Statistics, the transportation-related 
products and services constitute around 10% 
of the U.S GDP. Sea serves as a primary mode 
for distribution of cargo across the world, as 
more than 90% of the global trade is carried 
by oceangoing vessels. The international 
seaborne trade volumes have been 
steadily growing after the world’s financial 
crisis of 2007-2008. There are different 
alternatives that can be used by marine 
container terminal (MCT) operators, who are 
responsible for the service of arriving vessels, 
in order to cope with the growing demand 
for the international seaborne trade. These 

alternatives include, but are not limited 
to, expanding the existing infrastructure, 
purchasing more advanced equipment, 
automation, deployment of innovative 
information technologies, optimizing MCT 
operations planning, and others. Many MCT 
operators focus on optimizing planning of 
their container handling processes, as such 
an alternative can significantly improve 
the MCT productivity and does not require 
substantial monetary investments.

BERTH SCHEDULING PROBLEMS
Optimizing MCT operations is a quite 
difficult task, considering the fact that MCT 
operators have to deal with various decision 
problems at the same time. The berth 
scheduling problem is considered one of the 
most challenging decision problems in MCT 
operations planning. The berth scheduling 

problem aims to assign the vessels arriving 
for service at a given MCT, and determine the 
service order of vessels at each one of the 
available MCT berthing positions. Without 
efficient berth schedules, MCT operators 
will not be able to provide a timely service of 
vessels. Violation of vessel departure times, 
which are generally negotiated between 
a given MCT operator and liner shipping 
companies in contractual agreements, may 
cause negative externalities for the MCT 
operator and, in the worst case, may result 
in diversion of vessels to other ports or even 
in a customer loss.

For example, significant vessel service 
delays were observed at the Port of Los 
Angeles (U.S) due to labor strikes in 2015, 
and certain liner shipping companies had to 
divert their vessels from the U.S West Coast 
for service at the East and Gulf Coast ports. 
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In some instances, liner shipping companies 
are willing to request handling rates with 
higher handling productivities at ports of call. 
The latter will allow liner shipping companies 
to save time at ports. Such time savings can 
be utilized at sea in order to reduce vessel 
sailing speed and fuel consumption when 
sailing at the next port of call (i.e., allow 
vessels to sail at a lower speed to the next 
port, which will require less fuel). Efficient 
fuel consumption management is crucial for 
liner shipping companies. An increase in fuel 
prices in the first quarter of 2017 resulted 
in a $66 million loss for Maersk Line, the 
largest liner shipping company in the world 
with more than 18% market share (as of 
April 2018).

COMBATTING EMISSIONS
Optimizing MCT operations plays a critical 
role in supporting maritime commerce 
and achieving goals of MCT operators and 
liner shipping companies, but it cannot 
be accomplished at the expense of the 
environment. The International Maritime 
Organization highlights that the maritime 
sector is responsible for approximately 1,000 
million tons of carbon dioxide and around 
2.5% of the global greenhouse gas emissions 
which cause global warming. Based on 
predictions of the Intergovernmental Panel 
on Climate Change, the average global 
temperatures may rise by up to 5.8 °C towards 
the year of 2100. Certain MCT operators 
already started taking necessary actions to 
improve environmental sustainability of the 
container handling processes.

Many U.S West Coast ports (e.g., Long 
Beach, Los Angeles, Oakland) are mandated 
to use 'cold ironing' for a significant amount 
of the arriving vessels. A cold ironing 
technique allows the use of electrical power 
for the vessels, which are moored at berthing 
positions, instead of diesel-burning engines 
that are used in sea for generating power. A 
significant amount of emissions is produced 
not only by vessels, served at a given MCT, 
but also by conventional container handling 
equipment with diesel generators (e.g., 
Rubber Tyred Gantry cranes that are used 
to handle containers at the MCT storage 
yard, yard trucks that are used for transfer 
of containers between the seaside and the 
storage yard). 

Nowadays, a lot of MCT operators in Asia, 
Europe, and U.S are replacing conventional 
container handling equipment with electric 
handling equipment, aiming to reduce 
greenhouse gas emissions. The Port of 
Vancouver (Canada) and the Port of Montreal 
(Canada) have been using advanced 
information technologies for several years 
to assist their trucking companies with 
selection of the appropriate arrival time for 
pick-up of the import containers, which were 
delivered by vessels. The latter strategy helps 

MCT operators reduce congestion at the 
gates substantially and decrease emissions 
produced by drayage trucks while waiting at 
the gates for the container pick-up.

ENVIRONMENTAL CONSIDERATIONS
Thus, MCT operators across the world have 
been using different strategies for reducing 
emissions produced by the vessels, served 
at the assigned berthing positions, as well 
as emissions produced by the handling 
equipment responsible for container transfer 
at MCTs. However, the question “How do we 
design efficient berth schedules considering 
negative environmental externalities?” still 
remains open. The majority of mathematical 
models and solution algorithms completely 
ignore emissions produced by vessels and 
container handling equipment. 

Only a very limited number of previously 
conducted studies accounted for emissions 
generated by diesel engines of vessels 
waiting for service at the MCT or being 
served at one of the MCT berthing positions. 
As discussed earlier, vessel handling rates, 
negotiated between a given MCT operator 
and liner shipping companies in contractual 
agreements, are an important factor that 
influences not only vessel departure times 
from the MCT but also affects the design of 
berth schedules (e.g., if a handling rate with 
higher handling productivity is requested, a 
given vessel will be able to finish its service 
earlier, and its berthing position would 
become available for service of another 
vessel earlier).

However, in order to provide a higher 
handling productivity, the MCT operator 
will have to allocate additional handling 
equipment for service of vessels (e.g., deploy 
more quay cranes for loading and unloading 
containers at the seaside, allocate additional 
internal transport vehicles for transfer of 
containers between the seaside and the 
storage yard, deploy more yard cranes for 
handling containers at the storage yard), 
which will increase the amount of emissions 
produced through container handling. 
Furthermore, the design of berth schedules 
will affect the arrival pattern of drayage 
trucks and may even result in congestion at 
the gates without efficient management of 
the MCT operations. 

Congestion at the MCT gates will further 
increase emissions produced by drayage 
trucks. Therefore, new mathematical 
models and solution algorithms are needed 
for berth scheduling, which will assist MCT 
operators not only with providing timely 
service of the arriving vessels, but will 
also account for emissions, produced by 
vessels and container handling equipment. 
Moreover, these models should capture the 
conflicting nature of certain objectives (e.g., 
allocating additional handling equipment 
to reduce vessel departure delays and 
emissions from vessels that are being served 
at berthing positions vs. reducing emissions 
from handling equipment). Enough damage 
has been done to the environment by the 
transportation sector at this point. It is time 
to focus on environmental sustainability and 
preserve nature for future generations… 
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