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With congestion, environmental Impact, and the price of oil becoming topics that

influence businesses and individuals in a daily basis, measures need to be undertaken in
order to accommodate the growing demand for freight transportation. By directing many
of the trucks travelling along the National Highways Systems to the Marine Highway
corridors developed by the U.S. Maritime Administrations, many of the problems can be
addressed in the Short and Medium terms. In order to do so, Short Sea Shipping, through
the use of Ro/Ro (Roll-on/Roll-off) Vessels, needs to be implemented. Although the
environmental and congestion reducing benefits are considerable, the profitability of this
transportation mode needs to be considered. A cost benefit analysis can determine the
margin of profit, and attract investors and businesses. By developing a mathematical
model that accounts the costs associated with transporting trucks along a particular
corridor, the competitiveness of Short Sea Shipping can be determined.
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1.0 INTRODUCTION

All throughout history, mobility and transportation have played a key role in the
shaping of the world as we know it today. From daily delivery services such as mail, to
the transport of food and essential supplies to areas battered by human and/or natural
disasters, they have allowed civilizations and society as a whole to continue expanding
and to improve our ways of life. There are many modes that comprise the field of
transportation, which includes land, sea and air. Although their evolution has been
determined depending on the technology available at that period of time, their basic
concept and operations are very similar. In all of these modes, the origin, destination and
route are the factors that are necessary to have a meaningful network that fulfills the
purpose of transportation. Due to the expansion of communities, land transportation has
been the most exploited mode as the preferred method for transporting people and/or
goods (Blank et. al., 2008). In a daily basis, people need to commute from their homes to
their workplaces, and at the same time, essential resources including food, water, natural
gas, and even electricity need to be delivered to their destinations at an increasing rate, in
order to sustain the current level of growth. But this increase in traffic has already started
to show signs of strain in areas of high population density (Farrell, 2007). With the high
costs associated with increasing the capacity of the land transportation networks, the
increased congestion is becoming a difficult and costly problem to undertake.
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Congestion affects mostly the people who are jammed in the affected road
section, but it also has the characteristic that it indirectly can affect a wide range of
aspects governing modern day societies. An ambulance stuck on traffic and not being
able to transport an organ for a transplant or a delivery not being distributed on time can
have indirect repercussions that expand beyond the physical bottleneck. As such, even
agencies whose primary role is not related to transportation are showing interest and are
sponsoring research and studies to better understand the reasons for congestions, and thus
develop methodologies and solutions to deal with it (U.S. Government Accountability
Office, 2005). Such studies have come up with a wide range of solutions, from the
application of technology through Intelligent Transportation Systems (ITS), to a basic
modification of a speed limit present at the network under analysis. Although in most
cases these enhancements have proven successful, once the road conditions have changed
from the initial setting found during the study, the improvements might prove to be
insufficient, or even problematic. This occurs because the traffic conditions are usually
very dynamic and depending on variations such as population growth and the expansion
of the surrounding area, the traffic will experience dramatic changes (U.S. Government
Accountability Office 2008).
Many areas showing critical congestion conditions in the surrounding
transportation networks need to implement further measures in order to ease the strain
placed in the transportation system. Figure 1 depicts the expected level of congestion by
2035 in the National Highway System. The main solution relies in the redistribution of
traffic from the current highway systems to other modes of transportation, most favorably
mass transit for the movement of the public, and other underutilized modes of
2

transportation for the movement of freight (Henesey et. al., 2005). In regards of public
transportation, the expansion of existing Metro, Light rail, Bus systems, etc, would help
ease the situation, but the problem lays in the freight transportation, since there is no
viable alternatives to the trucking businesses that currently accounts for the transportation
of over 60% of all domestic freight movements by volume (Trego, 2008). The only land
transportation alternative falls in the rail system, but taking into account the redistribution
factor in mind, then other modes of transportation need to be considered. Air
transportation is currently not viable due to the high costs associated with it, so the only
remaining alternative falls in the hands of water transportation (National Cooperative
Freight Research Program, 2010).

Figure 1: Congestion found in the Highway System (U.S. DOT FHWA, 2011)
Water transportation takes into account the transportation of people or goods over
bodies of water. The main advantage of this mode is that it exploits an underutilized
3

environment which has proven in the past to be a key factor in the expansion and
economic growth of the United States (Perakis et. al., 2008). With the continuing
industrial, population and economic growth, along with the globalization factor, the
expansion of water transportation and shipping is expected to continue growing in order
to maintain and support this trend. As such, a waterborne transportation system that will
bear the increasing freight needs to be adopted in order to prevent further losses in
resources and competitiveness due to the congestion over the land transportation network
systems (Quesada 2007). Such system relies on the implementation and support for the
Short Sea Shipping principle, already being used successfully in other parts of the globe.

1.1 Short Sea Shipping
In recent years, and in parallel with the increase demand and costs associated with
the movement of freight, the urgency of adopting new measures to stabilize the situation
has made the implementation of Short Sea Shipping also referred to as Marine Highways
by the United States Maritime Administration (U.S. MARAD), a serious discussion
among politicians and businesses (Transportation Research Board, 2004). This type of
shipping differs from the commonly referred shipping in that it is restricted from crossing
deep water and oceans, so that the movement of goods is maintained through a single
nation or continent, but not further. Currently, Short Sea Shipping has found much
acceptance in the European and Asian Markets, where much of the total goods
transported are carried by ships. In Europe for example, as much as 49% of all goods
transported have in some part of the journey been transported by ship between different
European Union member countries (Yonge, 2004). This measure has allowed European
Nations to effectively diversify freight movements through different modes of
4

transportation and by doing so, expand their transportation network, particular that
concerning with freight. This has helped European transportation and other government
agencies to engage issues such as increased congestion, rising transportation costs and
environmental concerns with more flexibility. Figure 2 illustrates the environmental
impact of different modes of transportation.

Figure 2: Environmental Impact by Transportation Mode (Lloyd’s Register of Research
& Development Department, 2011)
The construction of new transportation infrastructure that includes roads, bridges,
tunnels, etc. is a very costly business, and since traffic is outpacing the speed at which
new road miles are added to the national land transportation network, it is an unsuitable
solution to relieve the current congestion (National Ports and Waterways Institute, 2004).
Therefore, and keeping in mind that the number of vehicles in the roads is unlikely to
diminish, and the funding to increase the rate at which infrastructure is constructed will
not experience any sudden increase, Short Sea Shipping becomes a solution that without
any excessive increase in funding, can accept large amounts of truck and freight traffic
(Trujillo et. al. 2009). Ships involved in this type of transportation are smaller in size
5

compared to the ships commonly used in the transshipping market. This enables ships to
operate in shallower waterways, allowing them to access additional locations.
Vessels involved in Short Sea Shipping include:

(a)

(b)

(c)

(d)

Figure 3: Types of Vessels used for Short Sea Shipping (a) Barge indiantalkies.com,
2011 (b) Ro/Ro Vessel Shipsandharbors.com, 2011 (c) Lo/Lo Vessel Mmred.com, 2011
(d) High Speed Vessel Anardetapes.com, 2011
• Barges
As shown in Figure 3, (a), a typical barge has a capacity of between 400 and 700
TEU, and usually operate with the support of tug boats. At speeds of approximately 10
knots (11.5 miles per hour), barges are common in U.S. Short Sea Shipping operations
due, in part, to federal regulations governing domestic maritime trade. These types of
vessel are particularly popular in the transport of goods through rivers such as the
Mississippi, where bulk cargo is transported in calm, shallow waters.
6

• Roll-On/Roll-Off (Ro/Ro)
These vessels are used in Short Sea Shipping of rolling cargo. Ro/Ro vessels as
the one shown in Figure 3 (b), typically call on smaller and less-developed ports,
reducing the need for cargo handling systems and personnel and lowering port costs.
These vessels carry trailers, chassis-mounted containers, cars, and other rolling
machinery. The capacity of Ro/Ro vessels is typically half that of a Lo/Lo vessel of
similar size, as cargo cannot be stacked and significant space is needed for on-load and
off-load ramps, This type of vessel is very popular in areas such as the East Asia and
Europe, where there is a lot of marine traffic, and not a lot of restrictions between
neighboring countries (Roca 2003).
• Load-On/Load-Off (Lo/Lo)
Ships categorized as Lo/Lo, often referred to as container ships, are used to
transport containers as seen in Figure 3 (c). These self-propelled vessels, similar in design
to the large ocean-going container ships, are built on a much smaller size, with a capacity
between 100 and 1000 TEUs, in order to provide feeder services between major ports,
and other more regional ports. As such, these vessels have found acceptance everywhere,
since it allows shippers to provide service and connect with smaller and shallow ports.
• High-Speed
These special vessels such as the one shown in Figure 3 (d), are capable of
attaining speeds of 28 knots (32 mph) or higher, thus, decreasing the transit time between
ports-of-call. In order to conserve the high speed, size and type of type is usually a
consideration. There are several types of fast ships, including catamarans, hydrofoils, and
traditional displacement ships utilizing lighter construction materials. These types of
7

vessels are most commonly used in short duration trips, such as the crossing of straits. In
Europe, these vessels are used in the Mediterranean, where the distance between
Morocco and Spain, for example, is shot, and there is a high demand for quick crossings.
Depending on the characteristics of the route and the cargo, different ships can be
assigned, for example if relatively small group of people need to be transported quickly
across a short distance, then a High Speed vessel would be the most suited for such task.
If the cargo is containerized goods, and there is no urgency in the delivery, then a Lo/Lo
vessel would be optimal, since it can load large amounts of containers. But if
containerized goods need to be transported in a certain amount of time, then a Ro/Ro
vessel would be the best suited since it is capable of transporting considerable amount of
cargo, yet load and unload quickly at ports.
1.2 Trucking
For the past five decades, and combined with the introduction and continuous
expansion of the Dwight David Eisenhower National System of Interstate and Defense
Highways, commonly known as the National Highway System, trucking has been the
primary transportation mode in connecting different areas of the country. The
connectivity surge produced by the introduction of this transportation network enabled
the expansion of private trucking businesses, where individual entrepreneurs could
purchase a long haul truck, obtain a driving license and open their own business,
becoming owner-operators. With the advantage of providing a door-to-door service, the
expansion of the trucking business took a strong leap, since it provided a unique service
that the railroad companies could not (Trego, 2008). As such, the trucking business has
been on the incline for much of the past 4-5 decades, due to its routing flexibility, low
8

maintenance and that all revenue was collected by the owner-operator. Furthermore, with
the increase in global exports between the U.S. and other markets, the freight movements
also experienced high levels of growth, which proved to be a good opportunity for the
trucking industry to grow.
But much of that trend is no facing many obstacles. With the expansion of the
National Highway System, not only did trucking businesses find opportunities, but also
common people who used these networks for their day-to-day commuting as well as for
road trips and vacationing. With the growth of the American population and economy,
families began purchasing additional cars, so the amount of vehicles found in the
Highways and other roadways has increased considerably since then. This growth has
been outpacing the rate of construction of new transportation infrastructure, where as the
number of vehicles found in the roads has doubled in the past two decades, the addition
of new miles in the Highways Networks has only increased by one percent. This situation
has led to an increase in congestion in highly populated areas, where freight transport and
everyday commuting meet (Chang, 2007).
Additionally, the business of trucking itself is not, nor is it seen as lucrative as it
once was. Besides the introduction and expansion of the Highway System, an added key
factor that permitted trucking to be so profitable was the low cost of fuel. For the most
part, except in a period of the oil crisis in the 1970’s, fuel was cheap, and easy to obtain,
so it was not a major concern when pricing the transported goods. But in the past decade,
there has been a major shift on this tendency. From the period between 2001 and 2011,
the barrel of oil has fluctuated tremendously, as shown in Figure 4 below.
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Figure 4: Oil Barrel Price Fluctuations over the Past Decade (Oilprice.net, 2011)
With gas prices wedged in a state of oscillation and uncertainty driven by issues
such as political instability, economic downturns and lack of knowledge regarding the
remaining oil reserves in the world, the businesses of trucking, more exposed to higher
oil prices, the stability in transportation relies on being able to transport as much freight
with the least fuel consuming medium. Although truck design and engines are more
efficient, it still requires too much energy to transport per Twenty-foot Equivalent Unit
(TEU) container than other modes. This also posts another question, which is related to
fuel consumption: Environmental concerns.
With the advances in technology, and continuous research by scientists, the
impact that burning fossil fuels has on climate change. The burning of fossil fuels which
are responsible for powering the combustion engines that currently power the vehicles
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that transport all freight and people, are a major polluter of greenhouse gases (Chang
2007).
With the increase fuel, maintenance and most other costs associated with
trucking, the margin for profit is becoming smaller (Brooks et. al., 2006). In the past
decade, the price of a barrel of oil has increased dramatically. As such, environmental
concerns and the taxation on higher polluting vehicles is a topic that is contributing in the
wearing down of the business. And as drivers are concerned, the aging of the long-haul
drivers, combined with society’s current less favorable vision of working away from
home, has led to a shortage on this type employees and businessmen (Lee et. al. 2010).
In order for a particular business to become more attractive, the salaries as well as
the working conditions need to improve, and since in the business of long-haul trucking
the working conditions do not have much room for improvement, then a raise in salaries
is the only viable solution. But in order to do so, the transportation fees need to be
increased in order to accommodate the new driver’s requirements as well as all of the
other rising expenditures.

1.3 Research Objectives
The objective of this study is to determine the main factors associated with the
cost of transporting goods through trucks and Short Sea Shipping. By developing
mathematical models that account the factors affecting the cost for transporting freight
through Short Sea Shipping as well as through trucking, the total cost can be determined.
Once the models are made following the information gathered through the
literature review, Linear Programming optimization tools will be used to simulate the
models and determine the cost for moving freight. Furthermore, by using a case study
11

where existing ports can be connected through trucks as well as through Short Sea
Shipping, then the applicability of this study in the real world can also be estimated.
Finally, with the results obtained, conclusions will be drawn regarding the
practicality of the models, as well as determining the optimal conditions to conduct Short
Sea Shipping operations. Additionally, understanding the this study is only a section of
the whole Short Sea Shipping optimization process, the necessary recommendations will
be made for future studies aimed at improving and continuing the research presented.
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2.0 LITERATURE REVIEW
With the introduction of containerization, globalization and the expansion of
freight transportation, numerous studies have been performed focusing on understanding
and improving methods and techniques associated with freight transportation. Keeping in
mind the topic being discussed at hand, papers where issues related to Short Sea
Shipping, as well trucking have been reviewed. It is also important to point out that the
use and expansion of Short Sea Shipping has been widely conducted and studied in areas
such as Europe, where policies promoting Short Sea Shipping have been implemented for
decades. With regards to optimization techniques and Mathematical Modeling, studies
associated with the application of Linear Programming will also be included in the
literature review.

2.1 Short Sea Shipping in Europe
Since the introduction of the European Economic Community (EEC) in 1957, and
its expansion along the decades, European economist, policymakers and member nations
began introducing free market policies in order to promote a common market. By
removing tariffs and other restrictions, and establishing similar fees on transported goods,
transportation rates new markets emerged, and the transportation rates became more
competitive. This situation allowed the expansion of land transportation, which helped
stimulate the European economies, but in the downside, increased the amount of
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congestion found in the road networks caused by the increase of trucking. As the
situation in some areas became very problematic, and the use of rail remains equally
divided for freight and cargo movements, Short Sea Shipping became the most feasible
alternative mode for freight transportation.
Over the years, several studies have been conducted in Europe regarding Short
Sea Shipping, its benefits, and ways to improve their operations.
In a study developed by the European Community Ministers of Transport
(ECMT) at the Council of Ministers in Prague 2000, the negative impacts that the
expanding Short Sea Shipping policies might have in the trucking business were
discussed. From the meetings and feedback gathered, it was concluded that Short Sea
Shipping must be regarded not simply as an alternative to road transport, but also, in the
context of modal complimentarily, as a separate component in its own right of an
integrated transport network aimed at optimizing the efficiency of logistics. In other
words, by integrating these two modes of transportation, the opportunity to improve
transportation services is raised.
Another study, conducted by the European Commission in 2001, labeled as the
White Paper, the goals and policies influencing the European Transportation scheme for
2010 were established. In this thorough plan, the main problems as well as the solutions
for solving these problems were identified.
The main objectives included:


Managing the risk of congestion on the major arteries and regional imbalance,



Supervise the conditions for shifting the balance between modes,



Prioritize the clearing of bottlenecks,
14



Give priority to users, at the heart of transport policy,



Manage the effects of transport globalization.
As results, the study concluded on the need to expand Short Sea Shipping by

introducing new routes, and allocating new funds destined to upgrade new ports in order
to accommodate Short Sea Shipping vessels.
Furthermore, Maritime Transport Coordination Platform in 2006 developed a
report where the main focus is placed in analyzing the implication of using Gross
Tonnage as a measure to charge different types of Short Sea Shipping vessels (Ro/Ro,
Lo/Lo, Barges, etc.). However, from the research conducted, there are many important
conclusions affecting this study that can be used as valuable information, the main one
being that the handling charges for Ro-Ro units in the port are much lower than the
handling charges since there is basically no need to use cranes. Port costs including
handling are lower for the Ro-Ro mode and the ports increase the port dues since they
know about that. Because of it, it seems that some ports purposely discriminate against
Ro/Ro, since there is an opportunity to overcharge in order for Lo/Lo to remain more
competitive.
In a study by Gross et. al., in 2008, the factors affecting the operational costs of
conducting Short Sea Shipping was analyzed. Regarding the pricing policies, fuel was
considered the most important. Indeed, this item was considered the principal cause for
annual price variations, followed by charter rate or ownership, related either with charges
for hiring a ship or depreciation costs, when Short Sea Shipping operators own the
vessels. Even though these two costs are not exactly the same and therefore, are
influenced by different elements, it is assumed here that are both high fixed costs, from
15

these operators’ point of view. It is also clear that the market adds dynamics over the
price strategy for every operator. The Short Sea Shipping market is highly competitive
with different operators on a wide variety of routes.
The study also indicates that in the context of transportation, it is easier to enter
the trucking industry as the trucks are cheaper to run and operate than ships. It is due to
particular topic that special attention needs to be put on in analyzing and understanding
the overall cost of Short Sea Shipping operational costs by examining the factors that
influence it.
In a visit to Germany conducted by Decas et. al., in 2010, a group of American
committee members from George Mason University and from the Virginia Port Authority
examined the use and methodologies of Short Sea Shipping in Europe. From this visit,
the committee members were able to extract the following lessons:


The Roll-On Roll-Off (Ro/Ro) operation is highly effective for Short Sea
Shipping.



Customer outreach for improving the performance of marine freight operations by
European shippers helps to reduce the cost of shipping and provide efficient doorto-door delivery.



Outreach and research on waterborne shipping has significantly helped Germany
and other European countries. The promotion models for Short Sea Shipping used
in Europe have worked well and could be adopted to promote marine highways in
the United States.



Several technology innovations and advances in intermodal communications in
place in Europe are potentially suitable for the United States.
16



Addressing emission and environmental issues: This could be an area where the
U.S. can explore the potential of reverse technology transfer to European
waterway transportation systems.
Furthermore, the visitors were able to observe that in Europe, Short Sea Shipping

was encouraged to expand and adopt new routes. As such, It might be appropriate to
consider the general European term on Short Sea Shipping in two parts: 1) Short Sea
Shipping in open seas that have no efficient highway or rail option, and 2) those that
serve as motorways of the sea, substituting highway freight ton-miles.
In comparing Short Sea Shipping with other road transportation modes, it was
established that it is able to compete for traffic from shippers located within about 110
km of the water route. Shipment distances exceeding 350 kilometers were stated to be
within the competitive range. The waterway and roadway options appear to have
comparable costs, excluding the cost of public benefits such as reducing congestion,
pollution, improving safety and reducing use of fuel, where the Short Sea Shipping
option shows considerable advantages.
With the lessons learned, the recommendations made in order for the
implementation of this system in the United States included increasing the public-private
funding in order to change the public’s negative perspective, since aside from being a
competitive transportation mode, adoption of RO-RO systems could possibly provide the
flexibility for rapidly boosting marine highway operations in the United States in the
short- and long-term with minimal infrastructure investment.
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2.2 Short Sea Shipping in the United States
With the increase in traffic and congestion along the major U.S. Highway
corridors, the increased awareness of the negative environmental impacts by the public,
and increasing transportation costs, the need to adopt more efficient and adequate
transportation policies has only recently become a mentionable concern in the United
States. As a result the interest in Short Sea Shipping has only recently started to develop.
According to a study conducted by Luskin et. al., in 2002, trucks weighting
between 75,000 and 80,000 lb, pay 80 percent of their share of the federal highway costs,
while those weighting between 80,000 and 100,000 lb pay about half. This problem
translates into a problem of allocation and the unfairness collection of revenue for
Highways maintenance, since five-axle trucks generate 16.4 percent of revenues, while
generating 29.7 percent of maintenance costs. This implies that the business of trucking is
actually costlier than what some shippers may present since some of the external cost
generated by their operation is paid by taxpayers.
In an article published by Flott, S. in 2004, data is provided that arguments that
the expansion of privately owned and operated Short Sea Shipping would add capacity to
the U.S. surface freight transportation at a cost and duration comparable to other land
transportation modes. The adoption of this mode is the most cost efficient method that
will allow the continuation of the expansion in the transportation of freight businesses,
while at the same time maintaining the capacity in the road networks at an acceptable
level. As such, recommendations are made for federal and state policymakers to develop
new programs and allocate funding to foster Short Sea Shipping.
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Through interviews conducted, Yonge et. al., in 2006, published the results and
analysis of the responses obtained by users and providers in the Short Sea Shipping
businesses. The results showed that there is a positive view concerning Short Sea
Shipping and that in recent years, the interest on the adoption of this mode, but that in
order to allocate federal funding from the U.S. Department of Transportation, and/or
other agencies, stakeholders need to assist in providing information and results of studies
conducted.
Along with the increased interest in Short Sea Shipping by the public as well as
politicians in the U.S., The United States Maritime Administration (USMARAD) in
2006, conducted a study of potential areas where this mode of transportation could be
exploited. In the report, 4 regions are identified: 1) The Great Lakes, 2) The Atlantic
Coast, 3) The Gulf of Mexico, and 4) the Pacific Coast. The study also identified the
major opportunities found in all of these scenarios, the major being that all regions have
room to accommodate relatively large vessels, if necessary, in order to compensate for
more favorable terms in regards to operating and capital costs. Additionally, by
combining with local trucking businesses in order to achieve door-to-door type
operations, the advantages in reducing congestions and bottlenecks in urban area scan be
achieved. By reducing the presence of a majority of the heavier trucks, the maintenance
costs of the majority of road networks can be greatly reduce, since it is this type of
vehicles which cause the most damage on the pavement. Furthermore, hazardous
materials could also be moved using Short Sea Shipping, which would help prevent
property and personal damages in case of an accidental occurrence.
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In a paper developed by Mulligan et. al., in 2006, for the World Maritime
University Journal of Maritime Affairs, entitled “Short Sea Shipping: Alleviating the
Environmental Impact of Economic Growth”, various aspects regarding the benefits of
external costs associated with Short Sea Shipping are discussed, primarily does related to
the impact on the environment. In the paper, the authors present several equations to
estimate fuel consumption of a ship according to the route distance and the vessel’s
deadweight (DWT) and shaft horsepower (SHP).
In a publication by Perry et. al., in 2008, various aspects concerning Trucking
and Short Sea Shipping are compared. In his study, the professor observed that while
Highway congestion is measured in the billions of dollars, Short Sea Shipping can
operate at a fraction of that amount. The research also indicates that with an investment
of 50 million dollars, the ports in the Atlantic region can increase their capacity by as
much as 21,000 trailers daily. It also pointed out the negative effects of trucking in the
nation’s infrastructure, stating that although truck only correspond to 10% of the vehicle
miles traveled, 75% of the funds directed by the Federal Highway Administration’s
pavement maintenance costs are generated by trucks.
On a technical Report by Transportation Economics and Management Systems in
2008, the state of the American transportation as well as ways of easing the high volumes
of trucks found in the nation’s highways is analyzed. In the report, the need to establish
Feeder Services using Ro/Ro is identified as a viable solution for the East and West Coast
regions. Furthermore, it is pointed out that in Europe, the higher costs of inland rail and
trucking allows Short Sea Shipping to be considered a cost-effective transportation mode,
not just for containerized goods, but for the transportation of consumer goods using
20

Ro/Ro. It also mentions that in conditions such as that experienced in 2008, with high oil
prices, the cost difference between inland transportation and Short Sea Shipping in the
United States would be minimal.
In a study conducted by Darcy, J. in 2009, entitled “Short Sea Shipping: Barriers,
Incentives, and Feasibility of Truck Ferry”, many issues discussed by previously
mentioned studies are addressed. The paper contains important topics concerning Short
Sea Shipping that are addressed very effectively. In it, the costs associated with Short Sea
Shipping are discussed in detail, including crewing, Maintenance & Insurance, Fuel
consumption, etc. Furthermore, the paper presents several origin/destination matrixes
regarding the movement of freight carrying trucks along the I-95 corridor, in the east
coast of the United States in an annual basis. In this paper, Marine Sealift Command
(MSC) ships are recommended to be use for the movement of freight in wheels due to
their large capacity, Ro/Ro capabilities and because of their purpose. MSC vessels are
designed to move massive amounts of equipment to faraway lands in case a conflict
erupts, where the U.S. armed forces are required to intervene in a fast and considerable
number. But for the majority of time, these vessels are anchored at port, unproductively,
while costing millions of dollars annually in maintenance costs. As such, the lending of
these vessels by the U.S. Department of Defense to National transportation companies
could generate revenues that would pay for their extensive maintenance fees, while at the
same time serving the general public by reducing the congestion along the national
roadways.
More recently, Kruse and Hutson in 2010, in a report published in the National
Cooperative Freight Research Program of the Transportation Research Board, entitled
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“North American Marine Highways”, many topics regarding Short Sea Shipping in the
United States are discussed. The main topic though, is the advantage of using Ro/Ro as
the best alternative of shipping in order to compete with trucking and achieve the main
objective of directing the bulk of freight transported by and on trucks to the sea and away
from the already heavily congested Highway Systems. This type of vessel, although
suffers from transportation capacity compared with barges and other Lo/Lo
containerships, does not waste time in port loading/unloading containers that then need to
be placed on trailers since the trucks transported can immediately head to their
destination once the unloading from the ship has taken place. Additionally, the report
recommends that ships with a capacity to transport around 150 trailers are the most suited
for the Atlantic’s I-95 corridor scenario.

2.3 Trucking and additional Literature Review
In a report prepared by Dobbins et. al., in 2007, for The Center for Intermodal
Freight Transportation Studies (CIFTS), entitled “Overview of the U.S. Freight
Transportation System”, data regarding the mode choice and freight volume movements
are presented. The report provides a good overview of the goods moved by preferred
mode, as well as other interesting information regarding employment by mode, expected
growth in freight movements by mode, etc.
In regards to Trucking, a report prepared by Trego in 2008, for American
Transportation Research Institute entitled “An Analysis of the Operational Costs of
Trucking”, evaluates the aspects influencing the operational costs for conducting a
trucking business. Aspects such as drivers’ salary and bonuses, s well as the fuel,
maintenance, tires, Insurance, permits, etc are accounted. As options, the paper presents
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the cost estimation as a measure of the distance travelled, or as the duration of the
journey.

By using the values given as per mile, and as per hour, an approximate

transportation cost for moving freight by truck can be determined.
Gaun in 2009 used Generic algorithm to analyze marine terminal gate congestion
and quantify truck waiting cost, as well as using optimization modeling to determine the
minimum gate system cost. The results suggest that the most effective method of
reducing gate congestion and improve system efficiency is through the use of
optimization modeling.
In a paper developed by Sirajuddin, in 1995, Linear Programming is used to
optimize highway Maintenance allocation funds. Using LINDO, the paper presents a
tabulated manual procedure to obtain optimal or “near optimal” solutions for the
problem. Using mathematical modeling, results are obtained using two different methods,
and then compared in order to determine the efficiency of its usage.
In a research conducted by Chu et. al., in 2003, a mixed integer programming
model is developed in order to evaluate the optimal sequence of port calls and the number
of containers transported between port pairs given the trip cycle time. Using actual
information and ports from the Trans Pacific shipping routes, the computational results
suggests that the use of mixed integer programming optimally, is an efficient an practical
method applicable for multiple real world problems.
Karaoglan in 2007 used optimization techniques when determining the most
advantageous schedule for tanker ships. Using scheduling applications for the shipping
industry, a new approach for solving scheduling problems is introduced. In this method,
the branch and bound algorithm is used in order to optimize the schedules for for tankers
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when servicing multiple ports. The results indicate that with adequate scheduling, and
improved fleet utilization, the financial benefits are considerable.
In a study conducted by Chou in 2008, an optimization model is presented, where
the multiple factors associated with transshipment operations are taken into account.
Factors such as fuel consumption, Port dockage charge, crew salary, port tonnage tax, etc.
are introduced as a mathematical modeling method to construct a quantitative model for
shipping companies to choose the seaport with lower transshipment cost.
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3.0 METHODOLOGY
From the Literature Review, it was observed that many studies focused on steps
taken by many government agencies in pursuing the implementation of Short Sea
Shipping through direct government action. By reducing the constraints and burdens on
domestic maritime freight, the water transportation is proven to be competitive. But, it
was also observed that not much work had been dedicated into the actual cost benefit
from the private sector’s point of view. This sector, which is skeptical to changes unless
results are shown to be very satisfactory, is the main protagonist in the transportation of
Freight, and as such, studies need to be focused in convincing Private sector stakeholders.
The objective of this study is to conduct a cost benefit analysis comparison
between the transportation modes of Trucking and Short Sea Shipping using
mathematical modeling. By determining and collecting the factors that influence in the
operational cost of each particular mode, the total cost can be estimated using
mathematical tools such as Linear Programming (LP). Once the models are developed,
the optimization tools will be executed in order to determine the total cost for conducting
operations with different transportation modes. The results will vary depending on the
constraints chosen, such as the amount of Trucks needed to be transported, as well as the
distance travelled, but by conducting sufficient optimization simulations, a relationship
can be drawn, and conclusions established.
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3.1 Methodology Procedure
In order to have a set of rules, and an organizational structure throughout the
realization of the study, a set of steps are followed in which the work conducted is
summarized. These steps ensure that the objectives are accomplished by documenting the
procedure and by the progress attained after each step.
The methodology is a basic representation of the work completed, along with the
methods and theories used to develop the solution to the existing problem. Figure 5,
illustrates the Methodology flowchart implemented in this study.

Start
Collect
Input
Data

Short Sea
Shipping
Model

Trucking
Model

Optimize
Models

Update
Shipping
Constraints

No

Determine
Breaking Point

Yes

Finish

Figure 5: Methodology Procedure
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The first step of the Methodology Procedure, as shown in Figure 5, emphasizes
the gathering of required information in order to understand the relationships between the
different factors affecting the operational costs. Once this data is obtained, and the
recommendations made by previous studies and literature review understood, it was
concluded that a feasibility study comparing Short Sea Shipping and Trucking would
merge properly with many of the studies conducted previously, in determining whether
Short Sea Shipping is a viable alternative to Trucking for the transportation of Freight
Cargo.
Once the proper information regarding each transportation mode was obtained,
the next step, as seen in Figure 5, was to develop the appropriate mathematical models.
With information regarding fuel consumption, salaries, Maintenance and Management
costs, Leasing and purchasing costs, Insurances, etc. was compiled and written in such a
format, where a linear relationship was established, then Linear Programming was used
to model the selected modes of transportation. By doing so, the results could be obtained
in a short period of time, and the constraints manipulated in order to model multiple
conditions. Once the Models were established, the minimum cost of moving Freight
through Trucks by Sea and by road was determined.
Keeping in mind that the conclusions to be drawn from this study are related to
determining whether Short Sea Shipping can be used to replace Trucking as the primary
mode of transportation, it is also important to determine which conditions favor Short Sea
Shipping. So, once the scenarios selected are simulated, the results need to be examined,
and constraints reevaluated in order to consider how Short Sea Shipping can compete
with Trucking even in situations where it currently cannot.
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3.2 Mathematical Modeling
The main concept needed to be understood before the modeling task starts is that
an existing problem has been identified, and sufficient data has been collected in order
for the model to represent the observed problem and have validity on the results that are
to be obtained. In the case of this study, the problem identified suggests that trucking has
been the preferred method for transporting goods in America, but the conditions that once
favored this mode of transportation to succeed and have such a favorable treatment from
the public, private and public entities is showing changes from which it’s advantages are
being reduced. Furthermore, trucking is now proving to be a difficult topic in the field of
transportation, because it is now identified has having high external costs associated with
it that negatively impacts the public. Since this conditions are also experienced by other
land transportation modes, which includes Rail, then the solution relies on adopting new
modes that can carry the Freight that trucking currently does while at the same time,
diminishing the negative impact. Keeping that in mind, the most suited mode of
transportation falls in Marine Shipping, and more particularly, Short Sea Shipping.
Currently businesses are seeking opportunities to exploit in other modes of
transportation, but unless the new system proves to be beneficial, then few if any will
embark in such fruitless endeavors. So, in order for entrepreneurs and transportation
businesses to consider investing or starting businesses in Short Sea Shipping, a feasibility
study needs to be conducted, where the Trucking and Short Sea Shipping businesses are
compared. These two modes of transportation, which differ in many aspects, have
multiple similarities that allow them to be compared using similar models. For starters,
both modes rely in origin and destinations, route selection, cargo to be transported, and
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the costs associated on performing such a task. Figure 6 shows the type of network to be
considered for this study, which is a typical Distribution Network, where freight is
transported in a point-to-point basis. In the mentioned figure, P1 is the Origin where
Freight is distributed to other locations, in this case labeled from P2 to P6, and to where
freight originated in these locations is transported. As in any trip made where two
different locations are connected, the route selection is also a major key component, and
in Figure 6, these routes are labeled as R12, R13,…, R16, which represent the points being
connected.

P2

R12

P6

P3

R16
R13

P1

R15
R14

P5

P4

Figure 6: Methodology Network for Optimization
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When conducting a feasibility study the major assignment is identifying the cost
associated with every component attached to the network. In this case, the costs
associated with the locations (P1, P2, P3, P4, P5 and P6) may include the actual location,
accessibility, taxes implemented on freight passing through the point, weight of the
cargo, the equipment used at the location, the number of operations conducted on site,
time spent on site, among others. All of these factors can be accounted in an
mathematical model by determining their relationship, and their impact on the overall
cost of using the location under scrutiny.
Furthermore, the route selection has also a major influence in determining the
costs associated with moving freight from one location to another. Factors that influence
route selection, and thus impact its cost include, distance, time, speed, transportation
mode and/or vehicle assigned, number of people involved in the voyage, taxation or fee
for the route usage, maintenance and management of transportation fleet, among other
items.
As in any study conducted, the data to be used is enormous, but since its
collection can take a long period of time, the efficiency of conducting such research can
be jeopardized. So, in order to limit the time spent on gathering data, general information
can be taken as assumptions, which can greatly simplify the models developed, and thus
make the process of determining the value being looked into much more efficient. In the
next sections, the major assumptions used throughout this study are presented,
differentiating between those used in the Trucking Model, the Short Sea Shipping Model,
as well as other general assumptions used.
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General Assumptions
For this study, the amount of information obtainable was very limited, but in
order to formulate the desired equations properly, the following general assumptions
were considered.
1) All Freight transported through Short Sea Shipping will be conducted using trucks in
Ro/Ro vessels.
The reason why Ro/Ro vessels were considered for Short Sea Shipping, was
because in order develop a research that would also consider easing the congestion in
highways, then vessels that would transport trucks directly was needed. Ro/Ro, has been
used successfully in Europe, where much of the trucking traffic in the highways has been
moved to the sea routes where these types of vessels operate.
2) The amount of Freight (measured in number of trucks transported) is the same when
connecting point (a) with point (b) or when connecting point (b) with point (a).
In any scenario, the freight transported to a point is rarely the same as what is
brought from the destination back to the origin. With containers this is condition is seen
in some routes, where in many cases transporting empty containers is more expensive
than purchasing new ones. With trucks and Ro/Ro in the other hand, this is not the case,
so it is understood that at the end of a trip, the truck needs to end up in its point of origin.
3) At sea, the cost is measured in time, and as such the rate of expenditure is the same
for all routes.
At sea, conditions may vary in any given point given the weather, but most
importantly, some areas may have strong currents sea currents that may affect the power
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that an engine may need to deliver in order to maintain the speed of a ship. But for
practical purposes, this study will not consider any differences in the sea condition, and
thus the sea voyages will be computed in the same manner for all routes.
4) Vessels of the same type consume the same amount of fuel, regardless of the amount
of cargo transported.
The weight of freight transported in any mode of transportation is an important
factor when considering fuel consumption by the vehicle. As such, a ship transporting
heavy freight will require additional furl to maintain cruising speed, in the same route as
if it were transporting lighter cargo. Similarly, trucks carrying lightweight freight will
require less fuel to cover the same route length than when transporting heavier freight.
But in order to make the models developed simpler, there will be no differentiation on the
weight of the cargo.
5) Out of 365 days in a year, vessels are operational for 343 days, the remaining time is
spent in maintenance inspections and renovations
From the literature review section of this paper, an interesting suggestion pointed
out that a vessel can be operational for 343 days of a year, while the remaining days, the
vessel would be in docks, attending repairs and for maintenance testing. During this time,
the vessel is not operational, and thus it cannot transport any trucks between ports. So, the
model needs to exempt this period from the model, and as such 343 days will be taken in
the formulations.
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6) The model only accounts for point-to-point services, where trucks through land, and
vessels by sea, connect only two points.
Many shipping businesses use particular networks where various locations may be
served in a single trip, in order to maximize the operational capability of the conducting
trip, and by doing so, minimize the costs of providing such service. For these models
however, the main objective is to determine whether Short Sea Shipping is competitive
with trucking business, and to identify the difference. As such, there is no need to
determine whether a point-to-point distribution or a network of multiple connections per
trip is more optimal, and by using a point-to-point assumption, the data obtained can be
compared more appropriately.
7) The Short Sea Shipping model only considers the cost for moving freight, in this case
trucks, from port to port.
Freight transported through sea, usually requires additional modes of
transportation in order for it to end its journey in the assigned destination, which in rare
occasions is the actual port itself. Freight, especially what is moved through trucks, has
specific origin and destination, and is not limited to where it can conduct its operations.
Vessels in the other hand, can only operate between ports, and as such, their range of
operations is severely limited. Ro/Ro type vessels, since they transport truck and/or
trailers, do not require additional trucks, but there are additional costs associated to the
trip truck takes from the port to the Freight’s final destination. In order for the model to
be simpler, aside from only considering trucks as the only Freight transported by the
Vessels, the Origin and Destinations considered will be the actual ports of the connection.
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8) The costs of berthing is calculated and applied in the same manner at all ports.
Rates at for berthing vessels can be measured differently by different port. For
example, it can take into account how much space or time the vessel occupies or, who
much equipment it needs to conduct its operations. In the Short Sea Shipping model
idealized, all ports are considered to use the same method to determine a docking charge
for the vessel using its’ installations. This rate depends on the length of the vessel as well
as the period that it stays in port unloading/loading, resupplying and/or conducting other
businesses.
By keeping these considerations in mind, the following Linear Programming
equations were developed to estimate the operational costs associated with the Trucking
as well as the Short Sea Shipping modes of Transportation:
Mathematical Modeling for Trucking Analysis
With the literature review conducted regarding trucking, information regarding
the factors influencing the operational costs of this mode were identified. After analyzing
the multiple factors affecting trucking businesses in general, and after establishing a
relationship between them, the following equation was formulated. The mathematical
formulation enables the estimation of the cost associated with transporting a truck on a
round trip between any two given points:

T = Number of Trucks
d = Distance covered on a one-way trip
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Xn = The constraints used for the study, measured in cost per mile
The Xn, will account for any constraint used to evaluate the cost of operating a
truck. Additionally, the model also uses a constant 2 as a multiplier, since the objective of
this study is to determine the costs as a round-trip basis, considering that the Truck will
need to return to its original starting point from which it normally operate.
Mathematical Modeling for Short Sea Shipping Analysis
Most of the issues that have an influence in the cost for trucking operations, have
also an impact in the operations of Short Sea Shipping. As such, fuel cost, crewing
salaries, maintenance and management, Purchase/Lease, Cargo handling, etc. are
important issues that need to be accounted. Since the impact that these individual factors
have on a vessel are different than the impact on a ship, a different formulation is
required. So, by determining the cost associated for a round trip operation between two
ports using Short Sea Shipping, results can be obtained in cost per round trip that can be
comparable to results obtained from the trucking mathematical model.


Fuel Consumption (FC)

Equation (a) is used to determine the fuel consumed per ship taking into account
the amount of fuel used per vessel type, and multiplying it by the number of vessels used
per operation.
, V = 1, 2,…, n
i = 1, 2,…, I
j = 1, 2,…, J
Where:

Vessel type V’s Fuel Consumption connecting ports i and j
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(a)

=

[(SHP x 2 x Route Length)/(23.4s)] x cost per gallon of bunker f
Fuel

SHP =

Shaft Horsepower of Ship = [(s2/3s3)/(1.84s2 – 139.96s + 2791.5)]

d=

Ship’s deadweight capacity

s=

Speed of ship in knots
Number of Vessels of type V connecting ports i and j



Crewing Cost (CS)

The Crewing cost is determined in equation (b), by the number of crew per vessel,
as well as their annual salaries. Once this value is multiplied by the number of vessel per
operations, the annual expense in salaries can be determined, and by dividing it with the
number of annual trips, then the cost in salaries per round trip is extracted.
, V = 1, 2,…, n
i = 1, 2,…, I
j = 1, 2,…, J

(b)

Where:

Annual cost for Salaries per vessel connecting ports i and j
= 1.20 [(NM x MS) + (NCE x CES) + (NFM x FMS) + (NSE x
SES) + (NAS x ASS) + (NW x WS) + (NC x CS)]
NM =

Number of Masters on the crew

NCE = Number of Chief Engineers on the crew
NFM = Number of First Mates on the Crew
NSE =

Number of Second Engineers on the Crew

NAS = Number of Able Seamen on the Crew
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NW =

Number of Wipers on the Crew

NC =

Number of Cooks on the crew

MS =

Master’s Annual Salary

CES =

Chief Engineer’s Annual Salary

FMS = First Mate’s Annual Salary
SES =

Second Engineer’s Annual Salary

ASS =

Able Seaman’s Annual Salary

WS =

Wiper’s Annual Salary

CS =

Cook’s Annual Salary
Number of annual trips by vessel of type V between ports i and j

= (343 x 24)/(



TT =

TS + TB = Total Duration of Round Trip

TS =

Time spent at sea =

TB =

Time Spent Berthing per Round Trip =

=

Time Spent Berthing at Port i

=

Time Spent Berthing at Port j

Ship Cost (SC)

In equation (c), the Ship’s cost is determined by the amount paid annually paid on
the credit per vessel, and type, multiplied by the number of vessels in the operation. Once
this value is divided by the number of round trips conducted annually, the value obtained
shows the expense dedicated to paying for the vessel per round trip.
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, V = 1, 2,…, n
i = 1, 2,…, I
j = 1, 2,…, J

(c)

Where:

=


Annual Credit or Payment on the Ship

Management Cost (MC)

Assuming that the managerial cost can be estimated as a percentage of the
vessel’s value, then by multiplying this factor with the value of the ship, times the
number of vessels in operation, then the annual cost for management can be formulated.
And by dividing the annual cost on management by the number of round trips generated
annually, the management cost per round trip is determined. This is shown in equation
(d).
, V = 1, 2,…, n
i = 1, 2,…, I
j = 1, 2,…, J

(d)

Where:
=
=


Percentage of the Value of the Ship directed for Management
Given Value of the Ship for the Year

Truck Handling Cost (HC)

The truck handling cost can be determined in equation (e), by adding the charge
for truck handling per port, and by multiplying it by the number of Loading/Unlading
operations conducted per round trip. By then multiplying this value by the number of
trucks transported by the vessel, then the cost associated with handling the trucks can be
determined.
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, V = 1, 2,…, n
i = 1, 2,…, I
j = 1, 2,…, J

(e)

Where:
TO =

Number of Truck Loading/Unloading operations per Truck

=

Truck Handling Cost per Loading/Unloading Operation at port i

=

Truck Handling Cost per Loading/Unloading Operation at port j

= Number of Trucks Boarding the Vessel Travelling from port i to j


Port Dockage Cost (DC)

The Dockage charge is determined in equation (f), by the size and berthing
duration of a vessel at a port, then by multiplying the length of the vessel and the time in
days spent berthing per round trip and the fee at each port per round trip, then the cost for
docking per round trip is calculated.
, V = 1, 2,…, n
i = 1, 2,…, I
j = 1, 2,…, J
Where:

Time Spent berthing at port i
Docking Charge at port i
Time Spent berthing at port j
Docking Charge at port j
Length of Vessel type V
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(f)



Harbor Maintenance Cost (HMT)

In equation (g), the Harbor Maintenance Tax is calculated by taking a particular
percentage of the value transported per vessel. By multiplying the value of cargo per
truck times the number of trucks transported the value transported per trip is determined,
and by multiplying this value by 2, then the Harbor Maintenance Tax cost per round trip
is determined.
, V = 1, 2,…, n
i = 1, 2,…, I
j = 1, 2,…, J

(g)

Where:

Harbor Maintenance Charge Coefficient
Value of Cargo on Truck being transported between ports i
and j
With the formulations developed, the following Objective Function was
established in order for it to be implemented in given Linear Programming software.
Objective Function:
MIN {FC + CS + SC + MC + HC + DC + HMT}
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Subject to:

Constraint (1) means that there will be no negative values regarding the number
of Vessels of different type sailing from port i to port j, (

).

Constraint (2) takes a similar approach as (1), where the number of trucks
transported by Vessel of type V, from port i to port j (

cannot be a negative value.

In case of constraint (3), the number of Vessels of type V sailing from port i to
port j is equal to the number of Vessels being operational at a given time, meaning that
the cost of only the vessel operating between the two specific ports is considered.

Volume of Truck per Round Trip
For constraint (4), the consideration takes into account that the number of trucks
transported by vessels of different type from port i to port j is equal to the total trucks
moved from i to j.

Capacity of Vessel
As for constraint (5), the number of trucks that the vessels of different type can
transport needs to be greater or equal to the number of trucks transported from port i to
port j by vessels of different type.
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Subject to:
(1)
(2)
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4.0 CASE STUDY ANALYSIS

The U.S. Maritime Administration (USMARAD) has identified multiple scenarios
where Short Sea Shipping, labeled by the agency as Marine Highways, can be
successfully implemented. Figure 7 below, shows multiple corridors where the Marine
Highways program is focusing its efforts in. These routes have been identified by the
administration as locations where the trucking traffic in the highways can be diverted to
the Marine Highways through Short Sea Shipping using Ro/Ro vessels.

Figure 7: U.S. MARAD Marine Highway Corridors (U.S. MARAD, 2011)
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4.1 Description of Selected Scenario
In Figure 7 shown previously, the different Marine Highway scenarios were
introduced. For this Research, it was decided that the Atlantic coast of the United States
was to be used as a case study to determine the feasibility of Short Sea Shipping. The M95 or the I-95 corridor as it is more commonly referred to as, consists of routes along the
coast where shipping lines are located. Along this corridor, there are multiple ports of
different sizes and characteristics that can accommodate Ro/Ro vessels for Short Sea
Shipping services. For the selection process, ports needed to be sufficiently close to
major Highways in order for the trucks being transported to be able to get on the system,
and in within minutes, be able to get back in transit to conduct the scheduled delivery.
Furthermore, the ports need to be located in zones where the movement of freight is
considerable, and there is market to be served. So, for this study, the following ports were
selected:


Port of Boston

The location of this port allows services Short Sea Shipping vessels to serve
the New England area. Furthermore, Boston is a major port where freight is
generated. Without many other ports in the area, Boston is an interesting
consideration for this study.


Port of Wilmington

The location of Wilmington can serve the area south of New York,
Pennsylvania, Maryland and Delaware. Although a different approach is used in
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the selection of this port, this port is in close proximity to highly populous areas,
where transportation of freight has a strong presence.


Port of Norfolk

The connection with Norfolk allows companies to serve the Region of
Virginia, North Carolina and Washington D.C. But most importantly, it provides
connectivity for the transportation of materials and equipment to an area where
the industrial and agrarian sectors are very evenly distributed.


Port of Savannah

From Savannah, the states of Georgia and South Carolina can be serviced.
Similar to Norfolk, the area that the port of Savannah could serve is has important
agricultural as well as industrial production, making it a vital location form which
product made in Georgia and South Carolina to be transported to other locations
along the Atlantic coast.


Port Canaveral

The location of Port Canaveral allows Short Sea Shipping to Service Northern
and Central Florida, connecting metropolitan areas such as Orlando, the Tampa
Bay area, as well as Jacksonville.


Port of Miami

Considering the highly populated area of South Florida, the Miami is port
that can allow connection from West Palm Beach to the Keys. With the location
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of this port, manufactured goods produced along the U.S. Atlantic coast would
find market in the South Florida region.
In Figure 8, the East Coast of the United States can be observed as well as the
location of the mentioned ports. The location of these ports allows great coverage to the
entire I-95 corridor, which extends from Maine to South Florida, and covering all states
in between. The dashed lines represent the areas corresponding to each port’s influence,
where trucks being transported from long distance could choose which port would suit
them most, depending on the closest port from their destination.

Boston

Wilmington
Norfolk

Savannah
Port Canaveral
Miami

Figure 8: East Coast of U.S. and the location of the selected ports. (Source, USGS 2011)

After considering the location of the ports, the following step was to determine
the distance between these locations by road as well as by sea. First, the distance by road
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was determined by entering the addresses of the ports on google.maps, and extracting the
distances. In Table 1, a matrix where the distances needed to be covered are shown, if the
freight transported by trucks were to be travelling by road.
Table 1: Distance in Miles between Selected Ports by Road
To
Boston

From

Boston

Wilmington

Norfolk

Savannah

P. Canaveral

Miami

344 m

582 m

1,029 m

1,318 m

1,507 m

245 m

689 m

978 m

1,168 m

482 m

772 m

958 m

298 m

484 m

Wilmington

344 m

Norfolk

582 m

245 m

Savannah

1,029 m

689 m

482 m

P. Canaveral

1,318 m

978 m

772 m

298 m

Miami

1,507 m

1,168 m

958 m

484 m

199 m
199 m

The distance to be covered is one of the main features needed to be determined. In
short, with this constraint known, other important information can be obtained, such as
speed and transit time of the trip. Furthermore, some variables, such as the calculation of
the fuel consumption per round trip needs to be determined according to the route length,
verifying the importance of establishing the distances to be covered by the modes in any
given network.
The following task was to determine the distance covered by the vessels
connecting different ports. In order to do so, a similar approach was used, but since the
sea routes for shipping are different, e-ships.net website was used. From this site, the sea
routes were obtained in nautical miles by entering the ports’ names. These distances can
be seen in Table 2, where a nautical mile is equal to 1.15 miles.
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Table 2: Distance in Nautical Miles between Selected Ports by Sea
To
Boston

From

Boston

Wilmington

Norfolk

Savannah

P. Canaveral

Miami

509 nm

559 nm

946 nm

1,089 nm

1,199 nm

235 nm

658 nm

799 nm

916 nm

505 nm

646 nm

762 nm

247 nm

404 nm

Wilmington

509 nm

Norfolk

559 nm

235 nm

Savannah

946 nm

658 nm

505 nm

P. Canaveral

1,089 nm

799 nm

646 nm

247 nm

Miami

1,199 nm

916 nm

762 nm

404 nm

176 nm
176 nm

Once the location of the ports to be used on the model was selected, the following
task was to determine the assumptions that were going to be considered for the models to
be used.
4.2 Assumptions and Considerations
In addition to the general assumptions previously mentioned in the methodology
section, there are additional considerations needed to be taken into account when
adjusting the Mathematical models developed to embody the case study scenario selected
for this research.
In regards to trucking, and as previously established in the methodology section
of this paper, the following assumptions were considered.
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Where:
T=

The Amount of Freight Transported.

d=

Distances will depend on the routes, and thus obtained from Table 1

Xn = The values for this term can be found listed in Table 3.

Driver
Related

Truck/Trailer Related

Table 3: Xn Values for the Trucking Mathematical Model
Cost Factor

Abbreviation

Cost (USD/mile)

Fuel-Oil

X1

0.634

Truck-Trailer Lease

X2

0.206

Repair & Maintenance

X3

0.092

Fuel Taxes

X4

0.062

Truck Insurance Premiums

X5

0.06

Tires

X6

0.03

X7

0.024

X8

0.441

Driver Benefits

X9

0.126

Driver Bonus

X10

0.036

Licensing & Overweight-Oversize
Permits
Driver Pay

In regards to the Short Sea Shipping Model, the assumptions taken into account
for the selected case study were done as follows.
Three types of vessels were compared for this study, which can be seen in Figure
9 while their characteristics are listed in Table 4.
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Table 4: Characteristics of Selected Vessels Used for the Study
Vessel Type I

Vessel Type II

Vessel Type III

Medium Capacity Ro/Ro

Military Sealift Command

Large Capacity Ro/Ro

“Birka Carrier”

“USNS Gordon”

“Stena Forecaster”

Speed
Deadweight
(DWT)

21 knots
6,800 Tons

Speed
Deadweight
(DWT)

24 knots
21,700 Tons

Speed
Deadweight
(DWT)

22.5 knots
12,300 Tons

Length

156 m

Length

291 m

Length

195.3 m

Ship Value

$40,000,000

Ship Value

$132,000,000

Ship Value

$85,000,000

Crewing

33

Crewing

25

Crewing

40

Ship Worth

$40,000,000

Ship Worth

$132,000,000

Ship Worth

$85,000,000

Capacity

145 Trucks

Capacity

340 Trucks

Capacity

360 Trucks

Time
Berthing

2 Hrs

Time

5 Hrs

Berthing

Time
Berthing

5 Hrs

The medium capacity Ro/Ro vessel was selected in order to obtain results for a
vessel with a capacity of 100-200 trucks, as to determine how costly the use of these
types of vessels would be in the network analyzed. The large capacity Ro/Ro vessel was
selected in order to determine how a ship with a large capacity to transport trucks would
perform between the selected ports.
Furthermore, the Military Sealift Command (MSC) vessel was chosen, because
previous studies had focused on analyzing whether this type of vessel could be used for
Short Sea Shipping operations between U.S. ports. So, by comparing this vessel with the
other more conventional vessels, the benefits of the use of this type of vessels for Short
Sea Shipping can be determined.
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(a)

(b)

(c)

Figure 9: Different Types of Vessels used for this study. (a) Birka Carrier, source
shipspotting.com 2011. (b) USNS Gordon, source MSC.NAVY.mil. (c) Stena
Forecaster, source Marinek 2011
Once the types of vessels were selected, and knowing the size and composition of
the corresponding crew, there was a need to determine the salaries for the crews on the
vessels, and as such, the information shown in Table 5 was used.
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Table 5: Vessel Crewing and Salary Costs
Quantity
Salary
(USD)
Master
148,000
Chief Engineer
118,000
First Mate
118,000
Second Engineer
81,000
Able Seaman
62,000
Wiper
62,000
Cook
66,000
Cost Per Vessel (USD)
Cost with 20% Overhead (USD)

Vessel Type
I
2
2
3
4
10
9
3
2,586,000
3,103,200

Vessel Type
II
1
1
2
3
8
8
2
1,869,000
2,242,800

Vessel Type
III
2
2
3
6
13
10
4
3,062,000
3,674,400

Additional assumptions considered for the Short Sea Shipping included a 30 year
credit payment on the vessel, 6% Management cost of the ship’s original value, $200,000
value of the freight transported per truck, and the 0.125% Harbor Maintenance Tax on
transported Freight. Also, the Port Dockage charge will be assumed to be $7.25 per day
per meter used by the vessel at docking, as well as a $70 loading/unloading fee per port
operation per truck.

52

5.0 RESULTS
In the previous chapters, the mathematical models developed were presented, as
well as the scenario where their implementation was to take place. In this chapter, we
will test the mathematical model with fixed generated data. Many factors had to be
considered and evaluated in order to make the experiment both realistic and interesting.
The routing plan is an optimal plan for a situation at a particular period. The results
presented were performed on an Intel® Core TM i5 CPU 3.20 GHz, 4.00 GM of RAM.
The experiments varied according to vessel capacity and numbers of ports considered,
and in the presentation of the experiments, time measurements as well as cargo
parameters are expressed in terms of cost per truck transported per round trip. Once all of
the appropriate information and assumptions were taken into account, and the equations
formulated the Mathematical Models needed to be written in a Linear Programming
program. For this study LINDO 6 Linear Programming optimization software was used
in order determine the minimum costs of the Trucking Mathematical model, as well as
the Short Sea Shipping Mathematical model.
In the models, all assumptions and values were entered either, directly, or by
entering the Objective Coefficients from an Excel Spreadsheet developed, where values
were extracted after the respective equations were calculated. In the LINDO 6 models,
the main objective was to determine the minimum cost associated with moving Freight.
With the Trucking Model the program provided the cost to move a single truck, which
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was then multiplied by the number of trucks intended to be transported from the origin to
the destination, giving the total cost to conduct such operation. In the case of the Short
Sea Shipping Model, the program was asked to determine the cost of assigning a vessel to
a particular route, and by combining this value with the number of trucks intended to
transport, provided the actual number and type of vessels to be assigned in order to obtain
the minimum operational cost.
Once the program was executed, the results suggested that at when transporting
145 or fewer trucks, Vessel type I was the most economical, while when transporting
between 145 and 360 trucks, assigning a Vessel of type III proved to be the most
beneficial. This information, along with additional data obtained from the Optimization
program was then plotted using Microsoft Excel, where the relationship between the total
costs of transporting freight using the different modes was determined for all routes.
Figure 10 shows the cost per truck when connecting Boston with the other ports
being analyzed in this study. An important trend seen in this particular graph is that the
further away the destination is from the origin, short sea shipping is very competitive
even when transporting low volumes of Freight.
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Cost per truck at Multiple Freight Volumes
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Short Sea Shipping (360 Trucks)

Figure 10: Cost per truck by distance between ports at different Freight Volumes
Figure 11 shows the cost per truck when transporting different volumes of Freight
on truck between the ports of Boston and Wilmington. The graph shows that between
these locations, distanced 344 miles apart, trucking business is currently more
economical when transporting around as few as 200 truckloads of cargo, and even though
at higher volumes, Short Sea Shipping is more competitive, the benefit for a round trip is
near $100 per truck. It is important to point out the spiking that occurs in the Short Sea
Shipping line, is a result of requiring an additional vessel to be assigned to the route in
order to accommodate the increasing number of trucks needed to be transported.
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Figure 11: Cost per Truck, Boston – Wilmington
The graph illustrated in Figure 12, uses the same technique as used for Figure 11,
in order to determine the cost per truck associated with the Freight being transported
between Boston and Norfolk. The trend suggests, that except or low volumes, Short Sea
Shipping can generate a benefit of close to $800 when scheduling Ro/Ro connection
between Boston and Norfolk on a regular basis. It is also observed, which is a trend that
continues throughout these graphs, that the cost for trucking is the same no matter how
much freight is moved by road between any two ports. This is a results of developing a
trucking mathematical model that evaluates road trucking on an individual truck basis,
meaning that no matter how much freight is transported, all trucks cost the same.
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Figure 12: Cost per Truck, Boston - Norfolk
The Results for the round trip connection between Boston and Savannah is shown
in the graph shown in Figure 13. The graph shows a continuing trend being carried over
and observed from in the previous graphs, where the Short Sea Shipping mode of
transportation shows a growing profitability as opposed to Trucking. The distance
between Boston and Savannah, at 1,029 miles, suggests that trucking is no longer
competitive with Short Sea shipping, since even at the lowest volumes of trucks
considered, which would impair the benefits of Short Sea Shipping, proves to have a
benefit of around $500 per truck per round trip, while at higher volumes, the benefit can
be as much as $2,000 per truck per round trip.
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Figure 13: Cost per Truck, Boston - Savannah
Figure 13 shows the difference in cost per truck when transporting round trip
trucks by road or by using Short Sea Shipping. From the graph, it is very visible that the
benefits of using Ro/Ro vessels are functional all thought out, even at the smaller
volumes of trucks transported between ports. When transporting as few as 50 trucks,
Short Sea Shipping out benefits trucking by over $1000 per truck per round trip, while at
higher volumes, the differential is as high as $3000 per truck, which suggests that Ro/Ro
has profitability in this route.

58

Boston - Port Canaveral
5000
4500
4000

Cost per Truck

3500
3000
2500
2000
1500
1000
500
0
0

200

400

600

800

1000

1200

1400

1600

Trucks Transported
Trucking

Short Sea Shipping

Figure 14: Cost per Truck, Boston - Port Canaveral
When comparing the two transportation modes in the Boston – Miami route, the
results shown in Figure 15, suggest a profitable outcome to Short Sea Shipping at all
volumes analyzed. This cost difference increases from $1,500 when transporting 50 truck
of Freight to as much as $3,500 when transporting as much as 800 trucks per group of
trucks. As such, we see that Trucking can be as much as three times more expensive
when transporting Freight cargo by road, when connecting Boston with Miami.
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Figure 15: Cost per Truck, Boston - Miami
The results shown in the previous graphs were collected and organized in order to
determine whether the scenario and the selected ports were adequate to conduct Short Sea
Shipping operations competitively with conventional Trucking.
Table 6: Summary of Results
Trucking

Max. Short Sea

Min. Short Sea

Margin of Profit

cost

Shipping cost

Shipping Cost

(Min. / Max.)

Boston - Wilmington

1178

1997

1076

-41.1% / 9.5%

Boston - Norfolk

1992

2110

1103

-5.6% / 80.6%

Boston – Savannah

3522

2985

1316

12% / 167.7%

Boston – P. Canaveral

4511

3301

1393

36.7% / 223.8%

Boston - Miami

5157

3556

1455

45.1% / 254.5%

Route
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Table 6 in the previous page, illustrates the cost associated with transporting
Freight between two ports. The trucking cost does not vary no matter how much freight
needs to be transported, while trucks transported via Short Sea Shipping, have a higher
cost when only about 50 trucks are transported per round trip. Conversely, the total cost
is divided among more trucks when there is more Freight transported, and as such, when
as much as 1400 trucks are transported per round trip, then the cost per truck is much
lower.
Additionally, the impact of cost indirectly associated with the transportation of
Freight through Short Sea Shipping was to be evaluated. These factors, which included
the Truck Handling cost, and the Harbor Maintenance tax, affect the total cost that is
charged to shippers, and as such, can account for a large section of the operation’s total
cost. Table 7 shows the cost per truck when the most selected vessels are commuting at
full capacity, as well as the cost per truck committed to Truck Handling and Harbor
Maintenance Tax.
Table 7: Shipping cost per vessel, and additional costs
Additional costs

Min. Shipping

Min. Shipping cost

cost using Vessel I

using Vessel III

Handling Cost

HMT

Boston - Wilmington

1200

1068

280

500

Boston - Norfolk

1239

1095

280

500

Boston – Savannah

1540

1301

280

500

Boston – P. Canaveral

1650

1376

280

500

Boston - Miami

1738

1436

280

500

61

With the Assumptions considered, the results obtained illustrate that when the
vessels are operating at full or near full capacity, a large section of the cost for
transporting trucks is not related to the actual transportation cost, rather costs on ports,
and taxation.
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6.0 CONCLUSION AND DISCUSSION
This study emphasized in providing a mathematical modeling tool where the
traditional and popular trucking business can be compared with the rising Short Sea
Shipping. It was theorized, that by doing so, results would be obtained where the
profitability of using ships to transport trucks would be in manifest, and if the depending
on the range of this margin, provide a tool for stakeholders to base their future moves and
decisions. Furthermore, the impact of factors was also evaluated in order to determine
their respective impact on the total cost for transporting Trucks by using Short Sea
Shipping.
The mathematical models simulated using LINDO 6, accounted key
characteristics affecting the operational costs of conventional trucking as well as the
transportation of loaded trucks by Short Sea Shipping, using Ro/Ro vessels. These factors
included fuel consumption, salaries, management, etc. Once the factors were formulated
into the model with their corresponding variables and constraints, the port of Boston
(MA) was selected as the primary port for operations, connecting to the ports of
Wilmington (PA), Norfolk (VA), Savannah (GA), Port Canaveral (FL) and Miami (FL).
The analysis of the East Coast of the United States showed that for the most part,
Short Sea Shipping can compete with Trucking for delivering freight along the I-95
corridor. It showed a difficulty to compete at short ranges, such as in the connection
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between Boston and Wilmington, where the margin of Profit as only minimal, and it
required large amounts of Freight to be transported. It was also determined that the main
reason for Short Sea Shipping’s inability to compete at short ranges is because of fixed
costs, such as trucking handling fees, as well as the Harbor Maintenance Tax.
Considering the limitations of this study regarding the formulations developed, as
well as the constraints and general assumptions taken, the study successfully compared
the trucking operational cost with the Short Sea Shipping operational costs. With the
margin for profit increasing fast as the transit distance between the ports increases,
transportation companies would see that although the upfront costs are high, by adopting
and investing in Short Sea Shipping the profitability of transportation services increases.
Similarly, companies in need of transporting Freight along the I-95 corridor would find
that by using Short Sea Shipping companies their transportation expenditures would
decrease as the fee for water transport should be lower than by land transportation.
In summary, the work conducted in this study completed the initial step on
developing a complete model that will more accurately account the costs associated with
the trucking and Short Sea Shipping, and obtain accurate results for stakeholders to base
their decisions when considering a shift from trucking to Short Sea Shipping for
transportation services. Furthermore, the mathematical models developed are user
friendly, and can be expanded to merge future studies on this particular field.
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7.0 RECOMMENDATIONS FOR FUTURE RESEARCH
The study conducted, opens multiple doors from which to continue research in
this field. The primary objective for continuing works relies in obtaining additional
information and data to further calibrate the models. By substituting some of the general
assumptions used with actual data and constraints obtained from direct contact with
stakeholders, would provide further validity to the results.
Understanding that Short Sea Shipping is more than just the costs associated with
transporting freight from port to port, the recommended direction that future researchers
should consider includes the following topics:


Assignment problems should be considered when constructing a network,

where the point-to-point service is substituted by a route where multiple ports are
serviced. Collecting data regarding cargo origin and destination is an important factor
when considering this area for research continuation.


Explore the Socio-economic benefits of implementing Short Sea Shipping.

Environmental impacts with the reduction of harmful gases, as well as the impact on the
congestion found in roads by removing the amount of trucks found in the Highways,
from the economic, as well safety point of view.


Conduct additional research in order to complete the models by

considering additional costs involved in Short Sea Shipping, such as administrative
works, Taxation, etc.
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Another important aspect to consider is the evaluation of time as a major

constraint for shipping operations. This factor should be given priority in order for the
mathematical models developed to account for a limitation that is definitely in mind of
customers when selecting the transportation mode for the movement of Freight.


Consider scheduling solutions for the models presented in this study with

information regarding the Freight generation and distribution points. Furthermore, the
reliability of the scheduling study would need to be analyzed.


A comparison and port selection process accounting for aspects that were

taken as assumptions in this particular study would also prove to be productive. Most
ports are operated according to the services and equipment found on site, and as such,
there are important aspects that need to be considered in order to make the analysis of
Short Sea Shipping more precise.


Finally, Short Sea Shipping can be conducted using a variety of vessels,

such as Ro/Ro, Lo/Lo, Barges, etc. A direct comparison between different types would
identify the key advantages and disadvantages from which recommendations could be
made for the application of the proper category in the United States.
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8.0 APPENDIX
9.1 From Port of Boston
Transporting 50 Trucks

Transporting 150 Trucks

\
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Transporting 100 Trucks

Transporting 200 Trucks

68

Transporting 300 Trucks

Transporting 400 Trucks

69

Transporting 500 Trucks

Transporting 600 Trucks

70

Transporting 800 Trucks

Transporting 100 Trucks
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9.2 From Port of Wilmington
Transporting 50 Trucks

Transporting 100 Trucks

72

Transporting 150 Trucks

Transporting 200 Trucks

73

Transporting 300 Trucks

Transporting 400 Trucks

74

Transporting 500 Trucks

Transporting 600 Trucks

75

Transporting 800 Trucks

Transporting 1000 Trucks
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9.3 From Port of Norfolk
Transporting 50 Trucks

Transporting 100 Trucks

77

Transporting 150 Trucks

Transporting 200 Trucks

78

Transporting 300 Trucks

Transporting 400 Trucks

79

Transporting 500 Trucks

Transporting 600 Trucks

80

Transporting 800 Trucks

Transporting 1000 Trucks
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9.4 From Port of Savannah
Transporting 50 Trucks

Transporting 100 Trucks

82

Transporting 150 Trucks

Transporting 200 Trucks

83

Transporting 300 Trucks

Transporting 400 Trucks

84

Transporting 500 Trucks

Transporting 600 Trucks

85

Transporting 800 Trucks

Transporting 1000 Trucks
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9.5 From Port Canaveral
Transporting 50 Trucks

Transporting 100 Trucks

87

Transporting 150 Trucks

Transporting 200 Trucks

88

Transporting 300 Trucks

Transporting 400 Trucks

89

Transporting 500 Trucks

Transporting 600 Trucks

90

Transporting 800 Trucks

Transporting 1000 Trucks
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9.6 From Port of Miami
Transporting 50 Trucks

Transporting 100 Trucks

92

Transporting 150 Trucks

Transporting 200 Trucks

93

Transporting 300 Trucks

Transporting 400 Trucks

94

Transporting 500 Trucks

Transporting 600 Trucks

95

Transporting 800 Trucks

Transporting 1000 Trucks
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