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The choice of vessel for most ferry services 
is normally left to the procurement process. 
Based on anticipated ferry ridership and 
service schedule, the owner specifies the 
route requirements and chooses from 
several designs to select the right ferry for 
his operations.  Most often, acquisition cost 
of the vessel is the primary discriminator in 
the choice of vessel. In recent times, 
environmental impacts of fast ferry 
operations like wake wash and NO(x) 
emissions have also become parameters in 
making the right choice of ferry. However, 
the operational costs are the principal driver 
of the success or failure of ferry services. 
The operational cost of the ferry, over its 
lifetime is many times that of the acquisition 
cost and is often inadequately considered 
until after the vessel is in service.  
 
Over the years, the use of whole-ship 
design synthesis models has enabled naval 
architects to evaluate several competing 
platforms for a given set of mission 
requirements like speed, payload, range 
and ride comfort. These models allow the 
user to vary principal characteristics and 
subsystems to determine the optimum 
dimensions of the vessel and fleet size to 
meet the ferry operator’s performance and 
financial requirements. Further, the model’s 
capability to estimate the operating and 
acquisition costs allows the potential ferry 
operator to determine, at the planning or 
early design stage, the impact on ticket 
price of vessel and vessel subsystem 
choices. 
 
The use of computer models to predict the 
economics of ferry operations is not new. 
Economic assessment models usually are 
employed with a high degree of success by 
ferry operators and city planners to 
determine the feasibility of ferry operations. 
Economic models, such as those employed 
by operators are based on past experience 

gleaned from years of operational 
experience and hence are, by design, 
incapable of accurately evaluating the 
impact of emerging technologies and new 
types of vessels on the operational costs of 
a fleet.  This results in the operators having 
to assume a higher level of risk and has 
often times proven to be too much to 
overcome. This is especially true in the case 
of the augmentation of an existing fleet with 
new vessels. Poor choice of vessels for a 
given ferry service has in recent years been 
the primary reason for the failure of many a 
fledgling ferry service. The use of a whole-
ship concept exploration model designed to 
overcome this limitation is the goal of this 
section. 
 
DESIGN SYNTHESIS MODELS 
 
Whole-Ship Design Synthesis Models have 
been developed and employed for many 
years.  Additionally, the recent growth in 
computing power has resulted in rendering 
these very powerful tools readily available to 
the naval architect to perform rapid ship 
design and assessment studies.  Whole-
ship design synthesis models are designed 
to simulate the typical naval architecture 
design spiral in a rapid, automated, and 
consistently repeatable manner.  This is 
accomplished in order to quickly produce 
and visualize a balanced design and 
provides the capability of running systematic 
parametric variations of important features 
of a vessel in order to evaluate the key 
drivers of the design being developed. 
 
In the past, design synthesis models have 
often been finely tuned to represent, with 
good accuracy, the type of design primarily 
performed by naval architects.  Models were 
designed to handle specific hullforms such 
as monohulls, catamarans, SWATHs, etc. 
As a result, these models are built on 
algorithms that reflect accepted design 
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practice and tend to be primarily empirical in 
nature.  This limits the user from utilizing 
these models to investigate the impact of 
new and emerging technologies without 
undue bias from built-in empirical algorithms 
that represent the paradigm of existing 
trends. 
 
The incorporation of capabilities to include 
emerging technologies in synthesis models 
will result in their use with greater reliability 
to help shape investment strategies for 
future research and development.  This 
requirement is a challenge and calls for the 
use of physics-based algorithms that will 
allow us to depart from our existing or prior 
technology base and incorporates new 
technology trends as and when they occur.  
This has led to the development of a new 
generation of design synthesis models. 
 
PASS, for “Parametric Analysis of Ship 
Systems” [1, 2] is a physics-based design 
synthesis model that satisfies this emerging 
requirement. The parametric nature of 
PASS is ideal for quick exploration of the 
design space or for examining the sensitivity 
of ship characteristics to changing 
requirements or subsystem choices.  PASS 
was developed by Band, Lavis & Associates  
(BLA), under a Small Business Innovation 
Research (SBIR) effort lead by the U.S. 
Office of Naval Research (ONR) and 
monitored by the Carderock Division of the 
Naval Surface Warfare Center. The effort 
primarily involved the integration of BLA’s 
existing design synthesis engines in an 
object-oriented architecture in a windows-
based environment.  BLA has been a world 
leader in the development of physics based 
design synthesis models for advanced 
marine vessels for more than 23 years. 
 
FIRST-PRINCIPLE ALGORITHMS 
 
A dedicated effort for PASS was made to 
continue the development of algorithms 
based upon first-principle physics. This was 
achieved most effectively for analyzing and 
designing hull geometry, hull structural 
loads and scantlings, hull resistance, 

propulsors, power plants, power 
transmissions, stability, seakeeping, cost 
and, to a limited extent, for electrical, 
auxiliaries and outfit and furnishings of a 
ship.  Algorithms were also included that 
allow the examination of numerous options 
for structural materials, propulsor types and 
power plants. This approach has lent itself 
to the development of a very robust analysis 
and design capability within PASS that has 
both sufficient accuracy and flexibility to 
represent technology advances that, at the 
same time, will not permit the development 
of results that are physically impossible to 
achieve. 
 
PASS with its emphasis on the use of 
physics-based algorithms, is the first of a 
new generation of concept exploration 
models that allows rapid and reliable 
exploration of the available design space 
beyond that which can be explored reliably 
with normal empirically based tools.  
Intrinsic capability for technology innovation 
characterized in terms of its mass 
properties, energy-needs, geometry and 
cost to develop, build and operate is 
included in PASS as illustrated in Figure 1. 
Including this information along with the 
other inputs required to describe the type 
and operational needs of the ship(s) being 
examined will allow the user of PASS to 
determine the whole-ship cost and 
performance impact of the innovation.  
Comparing this with the investment cost to 
develop the innovation will then allow the 
user to judge whether the investment would 
be worthwhile. 
 
PASS provides the user the option of: 
 
 Developing a new design from 

scratch 
 Developing a new design from a 

parent design available in the 
program’s database 

 Modifying an existing design 
 In any of these cases, examining the 

impact of new technologies 
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Currently, the PASS ship database includes 
several commercial ships including fast 
ferries, research vessels, combatants and 
naval auxiliaries.  Advanced ships that can 
be modeled include SWATH, semi-SWATH, 
catamarans, trimarans, slender 
displacement monohulls, planing and semi-
planing monohulls.  The BLA synthesis 
engines for ACVs and SES currently 
operate as flat files and have not yet been 
added to PASS. 
 
OPERATING COST ESTIMATES 
 
In order to provide a sound basis for 
evaluating the retail price of the passengers’ 
ticket, it is essential to calculate global 
ownership costs without leaving out any 
cost that the operator will have to face. 
Inputs specific to the operating cost 
estimates have been defined to describe the 
route characteristics, schedule and 
expected load factors for passengers and 
cars (when applicable). Inputs to describe 
the infrastructure of the ferry operations and 
personnel wages are included. Based on 
the required fleet size to ensure the desired 
service without interruption, the following 
costs are estimated: 
 
 The development cost 
 The fleet acquisition cost (based on 

the number of craft required) 
 The interest on loans for the 

construction of the fleet 
 The annual operating costs 

 
Great attention is paid to include all costs 
not directly related to the construction such 
as engineering, management, profit margin, 
spares and documentation, etc. The 
algorithms are designed to distinguish 
between various options of structural 
material, power plant types and subsystem 
types. 
 
The contributions of the following elements 
are included in developing an annual 
operating cost estimate: 
 

 Personnel cost including crew and 
administrative personnel 

 Maintenance cost, based on craft 
type and size as well as the number 
of operating hours per year 

 Fuel cost based on the annual 
number of trips per craft and fuel-
consumption data calculated by the 
design synthesis model 

 Rental cost for offices (if applicable) 
 Legal fees, including licenses and 

lawyer fees 
 Harbor fees, which also includes 

terminal infrastructure cost  
 Insurance cost, including property 

insurance and liability insurance 
towards passengers. 

 Miscellaneous costs such as 
advertising, printing, etc. 

 
Once the total fleet ownership cost over the 
lifetime of the vessels is known, it is 
possible to calculate the cost of transporting 
one passenger and if applicable, one car. It 
is essential in this process to account for a 
realistic load factor. A profit margin for the 
operation is finally added to evaluate the 
suggested retail price for the ticket. 
 
A great number of applications of the tools 
described in this paper may be envisioned. 
Typical studies that could be conducted are 
listed below: 
 
Compare a high-speed ferry with a 
conventional ferry to determine the most 
effective solution to a ferry service. 
 
Compare various types of hull forms such 
as SES, Catamarans, ACVs, wave-piercer 
catamarans, SWATH, etc. for a given 
service. 
 
Optimize the vessels characteristics, the 
number of craft required and the service 
schedules to minimize the passenger ticket 
price. 
 
Compare, for a given vessel, various 
subsystems such as structural materials, 
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engine types, propulsor types, etc., in terms 
of cost effectiveness. 
 
Determine the influence of a seakeeping 
requirement on the optimum vessel and the 
optimum service. 
 
Two examples of vessel selection based on 
mission and route requirements are 
presented to highlight the model’s 
capabilities in performing design and 
technology trade-offs vis-à-vis the cost of 
integrating them in a ferry. First, an analysis 
of existing ferry operations is presented to 
highlight the strengths of the economic 
assessment models in predicting operating 
and support costs for a ferry service. The 
costs of the unknowns on the continued 
profitability of a ferry service are also 
highlighted with wake wash as an example. 
Second, the design synthesis model is used 
as a tool to assess options for a long-range 
ferry service. Naval architectural and 
economic design trade-offs are considered 
and a quantitative representation of the 
costs and benefits of several technological 
paths are highlighted. 
 
ECONOMIC ASSESSMENT OF EXISTING 
FERRY SERVICES 
 
In this example, the relative economic 
success of three different vessels on a 
given route is evaluated.  Three fast ro-pax 
ferries, currently in service in different parts 
of the world were modeled in PASS, based 
on available design information. Principal 
particulars of the three designs are provided 
in Table 1. As seen in Table 1, the vessels 
were chosen as they have identical car 
capacities. Two of the three vessels (Cat2 & 
Mono) are larger and have comparable 
passenger carrying capacities, while the 
other vessel has only one half of the 
passenger capacity.  All three vessels have 
the same operational speed and employ 
waterjets for propulsion. Two of the three 
vessels operate in open ocean conditions 
and this is reflected in the higher installed 
power to achieve the requisite design speed 
in seas. 

 
Acquisition and operational cost estimates, 
as determined by PASS for the three 
vessels, are presented graphically in 
Figures 2 and 3. The predicted acquisition 
cost of each vessel was compared against 
published acquisition cost estimates and is 
presented in Figure 2 as a ratio.  The 
predicted cost estimates appear to be in 
reasonably good agreement with published 
cost. 
 
The operational cost of the three ferries 
were determined based on published 
service schedule and are presented in 
terms of a passenger ticket price for each 
route. The published fare data varies 
depending on the season and hence the low 
and high fares, representing seasonal 
differences, for each route were identified 
for the purposes of this study. An average 
ticket price was estimated from the 
operational cost estimates predicted by the 
PASS model and is presented in 
comparison to the published fare data in 
Figure 3. The agreement in ticket prices 
between published and predicted fares 
appears very favorable for Cat 1 and Mono. 
However, the model predicts a higher ticket 
price for the route operated by the larger 
catamaran, Cat 2. This difference was 
attributed to government subsidies that 
were unaccounted for in the modeling effort.  
 
In an effort to study the impact of vessel 
size and operational characteristics on the 
potential for profit, the operational 
economics of the three vessels were 
evaluated for two routes. The routes on 
which the Cat 2 and Mono operate were 
chosen as test routes to study the impact of 
changing vessel characteristics on ticket 
price.  These two routes represent the 
shortest (40 nm) and the longest (90 nm) 
routes considered in this investigation.   
 
The operational cost estimates of the three 
vessels for the shorter route in coastal 
waters were estimated and converted into 
ticket prices and are presented in Figure 4. 
As seen in Figure 4, the ticket price required 
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to successfully operate a ferry service for 
this route is slightly higher for the smaller 
catamaran Cat 1 and at least 25% higher if 
the monohull vessel was to be introduced in 
to this sector. These differences are 
attributable to the excess passenger 
capacity on the monohull and the increased 
trip frequency required to operate the 
service with a smaller catamaran.  
 
However, for the longer open ocean route 
(90 nm), the performances of the three 
vessels are markedly different.  An analysis 
of the operational cost estimates of the 
three vessels for the open water route 
indicates that the catamaran vessel, Cat 1, 
designed for open water operation, would 
offer the operator a significant profit 
compared to the monohull operated 
currently on the route (Figure 5).  The 
results also indicate that the larger 
catamaran scores poorly compared to the 
other two vessels due to the fact that the 
vessel, as designed, will not be capable of 
achieving the requisite service speed in 
open ocean conditions.   
 
MISSION REQUIREMENTS & ECONOMIC 
ASSESSMENT USING PASS 
 
One of PASS’s principal strengths and 
hence its application as a high-fidelity tool to 
evaluate system and subsystem options is 
the program’s capability to model a realistic 
mission profile and operating sea conditions 
while designing a vessel. The user can 
specify up to eight different speed cases 
and operating conditions as well as the 
fraction of the time that the vessel is 
expected to spend in each of these 
conditions as part of the overall mission 
profile. The user can also specify the sea 
conditions in terms of the significant wave 
height, modal period of the waves and a 
corresponding wind speed on the route or in 
the theater of operations. The capability of a 
concept design tool to model the route and 
mission profile of a proposed commercial 
operation is very unique and increases the 
fidelity of the use of PASS to realistically 
model technological and economical 

bounds to establishing successful economic 
ventures. The following example highlights 
this capability of PASS. 
 
ATLANTIC COAST AUTOFERRY 
CONCEPT EVALUATION 
 
With the continued increase in population 
densities along the east coast of the United 
States, existing highway capacity and rail 
services are stretched to capacity with very 
little margin for growth. Recent estimates of 
the cost of new highway construction 
indicate that a highway could cost as much 
as $ 32M/mile with the cost of interchanges 
being ten times that amount. The expense 
of laying a mile of railroad track is estimated 
to be twice that of a mile of highway. These 
values represent significant investment and 
may justify the need for a modal shift to the 
transportation formula in the United States.  
Similar modal shifts are becoming common 
in other countries like Japan. The choice of 
a sea-based service allows a relief on land-
based services without the high cost of 
expanding existing infrastructure. With new 
ferry technologies come new opportunities 
for routes and services. 
 
In order to examine a sea based 
transportation alternative, a market 
assessment and preliminary route 
assessment are essential and help 
determine the feasibility of a service prior to 
inviting investment to the venture. The 
assessment methodology can be described 
by defining the problem in terms of five 
distinct issues describing: 
 
 Type and geographic areas of 

service 
 Identification of alternate routes and 

terminal locations within the 
geographic area 

 Determination of the characteristics 
of the competing modes of travel 

 Estimation of travel time and 
potential for future market growth 

 Preliminary analysis of the basics of 
the proposed ferry service  
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Based on statistical studies reported by the 
U.S. Department of Transportation 
(References 3, 4, 5), a likely area that would 
benefit from a modal shift was identified 
along the east coast of the United States 
between Florida and the Mid-Atlantic and 
North Eastern states. Other than the fact 
that this route suffers from a chronic 
shortage of road space, the route records 
seasonal increases in traffic, dictated 
primarily by the existence of several 
avenues of entertainment and excellent 
weather in the south.  In order to serve this 
customer base, any proposed new 
transportation service would have to be 
capable of carrying both passengers and 
cars and compete with other land-based 
modes of transportation on the same route 
in terms of time and cost. 
 
Currently, several travel options are 
available to travelers between Florida and 
the Mid-Atlantic and the North Eastern 
states.  Flying and driving are currently the 
two most popular modes of transportation.  
Airline travel offers relatively short transit 
times and hence is convenient for the 
business traveler.  Airports are generally 
located several per state and are readily 
accessible.  With reasonable planning and a 
little research, a round-trip airline ticket 
between these areas can be purchased for 
$150-$250.  Once at the destination, a car 
can be rented for approximately $40/day.  
Use of a rental car for more than a few days 
can significantly increase the overall cost of 
travel.  For travelers planning an extended 
stay at their destination (a month or longer), 
vehicle rental costs are very high and hence 
impractical.  The option to ship a vehicle, 
while available, incurs the inconvenience of 
transportation of the vehicle to the shipping 
site and can cost as much as $600 between 
Washington D.C. and Florida. 
 
Driving offers travelers the flexibility of 
departure time and the convenience of their 
vehicle at the destination.  However, travel 
by road from Florida to the northeast makes 
use of a long stretch of Interstate 95 that is 
often congested.   Though driving may at 

first seem to be the cheapest alternative, 
once the expense of fuel, hotels and time is 
considered, the cost of driving can become 
comparable to that of flying.  Travel from 
Central Florida to the Mid-Atlantic States 
can vary from $390 - $530 depending on 
the choice of hotels and number of stops. 
 
A final alternative for those travelers, who 
will need their vehicles at their destination, 
is the Amtrak AutoTrain. Nearly thirty years 
old, the AutoTrain is still considered a state-
of-the-art mode of transportation. The 
AutoTrain travels from Lorton, VA, to 
Sanford, FL, just north of Orlando, with no 
stops in between.  The trip takes 16.5 hours 
with one departure daily from both Lorton 
and Sanford.  The trains run overnight and 
offer passenger accommodations ranging 
from coach seats to family size sleeper 
rooms.  The trains operate all year, 
adjusting the number of railroad cars to 
meet market demands.  For one-way fare, 
the cost for an adult coach seat is $118, 
with sleeper cabins costing an additional 
$200 per passenger.  One-way carfares 
vary seasonally from $150 to $230. Large 
vehicles such as vans and sport-utility 
vehicles can be transported by the 
AutoTrain for an additional fare. 
 
TERMINAL LOCATIONS & ALTERNATE 
ROUTES 
 
Having defined the type of service, 
alternative routes and terminal locations 
must be identified with the geographic area 
to be served.  The selection of primary 
terminal locations for the proposed service 
was based on the following considerations: 
 
 Existing Infrastructure 
 Convenient access, short access 

and egress times, and have 
adequate parking and staging areas 

 Minimal impact on environmentally 
sensitive areas including wetlands, 
wildlife refuges, and scenic areas 

 
In order to research possible locations that 
match these criteria, resources including the 
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Internet and Marine Product Guides were 
used. Initially, potential terminals were 
defined by identifying the ridership shed, 
which in this case is Florida and the Mid-
Atlantic (Washington, DC,) and northeastern 
states (New York). With a view to 
minimizing infrastructure cost, ports with 
existing cruise terminals received more 
favorable consideration. 
 
In surveying the existing ports it was 
necessary to find locations where one could 
start a ferry service with a minimum of 
infrastructure and building cost. Given this 
fact, only ports that serviced cruise ships 
were considered applicable. The reasoning 
behind this was that cruise ship ports have 
an excellent existing transportation 
infrastructure as well as the terminal 
buildings necessary to serve the customers.  
The survey noted several port locations of 
interest.  In Florida three possible ports, the 
Port of Miami, Port Everglades and Port 
Canaveral were considered. All of these are 
ports of departure for major cruise lines and 
have the necessary infrastructure to support 
an AutoFerry. Port Canaveral was the final 
port of choice because of its location in 
central Florida and its close proximity to 
entertainment and hence tourist traffic. In 
the Mid-Atlantic region, Baltimore 
possesses the requisite infrastructure, but is 
accessible only through the Chesapeake 
Bay and hence would entail restrictions in 
speed for significant travel distances. Such 
a speed restriction would severely impact 
the service schedule required to compete 
successfully. Therefore, Norfolk with its 
easy access was chosen as the port of call. 
However, Norfolk does not possess the 
necessary infrastructure and will require 
significant additional investment.  The final 
port of call for the proposed service was 
located in New York at New York City’s 
Passenger Ship Terminal (PST), another 
cruise ship terminal with minimum 
investment in infrastructure cost. A ferry 
route from Port Canaveral to Norfolk to New 
York City is ideal in that service would be 
provided beyond that offered by the 
AutoTrain. In fact congestion on the roads 

between the Mid-Atlantic and the Northeast 
is more severe than that between Florida 
and the Mid-Atlantic. The choice of Port 
Canaveral and Norfolk also allows a 
relatively direct market comparison of the 
proposed AutoFerry with the AutoTrain. The 
proposed AutoFerry route is shown in 
comparison with the route of the AutoTrain 
in Figure 6. In this paper however, 
discussion will be limited to the Port 
Canaveral to Norfolk segment of the route. 
 
RIDERSHIP & OPERATIONAL 
ENVIRONMENT 
 
The operational characteristics of the 
proposed auto ferry service have to be 
determined so that it can operate 
successfully in competition with the existing 
modes of transportation. A preliminary 
estimate of the transport capabilities of the 
proposed service, like speed, range and 
payload capacity were developed based on 
the capabilities of the AutoTrain. The speed 
requirement of the AutoFerry was based on 
the transit time of the AutoTrain between 
Sanford and Lorton.  This required that the 
ferry cover the 800 NM distance between 
Port Canaveral and Norfolk at an average 
speed of 40 knots to be comparable with the 
AutoTrain. The AutoTrain’s maximum 
payload capacity of 200 cars and 450 
passengers was used as the payload 
capacity for the proposed service. The 
proposed service is designed to operate 7 
days a week for 10 months of the year with 
a load factor of 75% for both cars and 
passengers. 
 
The operational environment between Port 
Canaveral and Norfolk over a significant 
portion of the year was determined to be 
equivalent to NATO sea-state 3 conditions 
and is best represented in terms of a 
significant wave height of 4.6 feet, a modal 
period of 7.5 seconds and a wind speed of 
13.5 knots. This definition of the operational 
environment is significant in that, the 
requisite speed of 40 knots has to be 
attained in these conditions. In addition to 
speed, passenger comfort is the other 
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significant aspect passenger vessel design. 
Motions become a substantial concern for 
high-speed vessels and most designs 
include a ride control device that provides 
for a smooth ride for passengers.  
 
Based on the speed requirements and 
range, the proposed choice of vessel for the 
AutoFerry is expected to be a design that 
melds good ride quality with a design that is 
economical in the use of fuel for achieving 
the requisite speed.  
 
AUTOFERRY DESIGN SPACE 
DETERMINATION 
 
For purposes of this study, surface effect 
ships, catamarans and monohull hull forms 
were considered as these types of hull 
forms represent currently popular choices in 
the fast ferry market. Aluminum was 
selected for the hull material and reflects the 
recent trend in material choice in 
commercial ship construction for large, fast 
ferries with similar operational requirements. 
The proposed designs will utilize marinized 
gas turbines driving waterjets through 
independent elliptical gearboxes. Waterjets 
provide the best propulsor option for speeds 
in excess of 30 knots and gas turbines are 
becoming popular in the marine industry for 
application in fast vessels, as they provide 
superior power to weight ratios compared to 
diesel engines. Table 2 provides a summary 
of the design requirements that are common 
to all hull forms considered in this 
investigation. 
 
PASS was used to develop the design 
space and determine an optimal design for 
the catamaran and monohull.  The design 
development of the monohull is presented in 
detail as an example of the process. Similar 
design trends and constraints that shape 
the selection of design options was followed 
for the catamaran and surface effect ship. 
 
The design space for a monohull auto ferry 
was determined by developing a preliminary 
general arrangement plan required to 
accommodate 200 cars and 450 

passengers. In order to provide passengers 
with cabins along the side hull and to 
provide sufficient lane lengths for 200 cars, 
a minimum length of at least 300 feet was 
deemed essential.  Hence the waterline 
length for the proposed vessel was varied 
from 300 ft to a maximum of 450 ft. The 
length to beam ratio, representing 
slenderness of the hull was varied from 5.75 
to 7.50 and is within the realm of current 
design practice. The parametric variation of 
total installed propulsion power required 
achieving a speed of 40 knots in a sea-state 
3 as a function of the waterline length and 
length to beam ratio is shown graphically in 
Figure 7. The variation in propulsion power 
is used to select an optimum vessel as it 
quite directly reflects the variation of the 
operational and support costs of a vessel. 
For most operators, O&S costs determine 
the economic success or failure of a 
venture. Overlaid on the surface are the 
limits of static stability and a line 
representing the beam required for designs 
with a car deck with 6 car lanes of 9 feet 
width and the required total car lane length. 
Two points representing local minima in 
propulsion power were selected for further 
analysis. Point 1 represents a design with a 
waterline length of 400 ft and a length to 
beam ratio of 7.25, while Point 2 is a 350 ft 
vessel with a length to beam ratio of 6.25. 
Both point designs have a car deck with 6 
lanes and a secondary car deck with three 
lanes.  The selection of a candidate for the 
auto ferry, from one of two design options, 
as was made based on the comparative 
seakeeping performance of the two vessels. 
 
Figure 6 is a comparison of the r.m.s. 
vertical accelerations at the center of gravity 
of the 350 ft vessel as ratio of the r.m.s. 
vertical acceleration of the 400ft vessel in 
the corresponding speed and sea state. As 
seen in Figure 6, the shorter vessel has 
greater accelerations in both sea state 3 
and sea state 5. Based on this the vessel 
with the longer waterline length was chosen 
as the candidate hull form. An active motion 
control system that uses retractable T-foils 
at the bow and trim tabs at the stern to 
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provide active motion control is included to 
provide superior passenger comfort. In 
addition to the preferable motions 
characteristics, the longer vessel also offers 
a more accessible vehicle deck and room 
for better passenger amenities. Principal 
characteristics of the selected vessel are 
summarized in Table 3 in comparison to the 
selected design options for the catamaran 
and SES. 
 
ECONOMIC COMPARISON 
 
The results of the parametric evaluation of 
the monohull, catamaran and SES versions 
of the AutoFerry indicate that the mission 
requirement to carry 200 cars and 450 
passengers in comfort between Port 
Canaveral and Norfolk can be satisfied. The 
economic analysis reflects the relative costs 
of travel on only one leg of the proposed 
route for the AutoFerry. In fact, the 
economic outlook for the ferry service will 
get better if the Norfolk to New York sector 
is included, as both congestion and 
ridership potential are much higher for this 
segment. While all the baseline designs 
identified in Table 3 are capable of meeting 
the performance requirements established 
earlier, the economic assessment of the 
performance of the three vessels are 
presented here in comparison to the 
alternate modes of travel including the 
AutoTrain. 
 
As part of the detailed output, PASS 
provides a detailed operational and support 
cost estimation. Utilizing the O&S cost data, 
in conjunction with the proposed operational 
profile of the AutoFerry service, a 
recommended ticket price estimate to 
provide for a profitable AutoFerry service 
can be developed. The cost of transporting 
a car and two passengers from Port 
Canaveral to Norfolk for the three vessel 
types is presented in Figure 7 in comparison 
to the cost of transport for the AutoTrain and 
the cost of airline travel (includes the cost of 
shipping a car).  As observed in Figure 7, 
the monohull and catamaran AutoFerry 
ticket prices are lower than that of the 

AutoTrain, while the SES AutoFerry is 
comparatively more expensive, while still 
comparable to air travel.  
 
One of the primary conclusions that has 
consistently come out from several studies 
on the economics of the use of SES is the 
fact that the vessel transit speeds must 
typically be approaching 50 knots or greater 
before the economics of SES become 
attractive over competing hull forms such as 
catamarans, semi-SWATHs, etc. Below 
speeds of approximately 50 knots the cost 
and complexity associated with the SES 
end seals, lift fans and lift fan prime movers 
required by an SES manifest themselves as 
both an acquisition and operating costs 
penalty that is levied against the SES. This 
is in large part the reason why SES cannot 
economically compete with other hull forms 
such as catamarans at speeds below 
approximately 50 knots.  However, at 
speeds of approximately 50 knots and 
above, the end seals, lift fans and lift fan 
prime movers become significant systems 
that enable the SES to achieve high speeds 
more efficiently than competing hull forms. 
As ferry operators strive to satisfy the 
passenger’s need for speed to alleviate the 
pressures on their time, cruise speeds for 
new ferries will continue to increase. 
Additionally, payload densities are 
increasing, that is, we want to carry 
increased payload on smaller platforms. 
Given these market trends, SES might well 
see resurgence in interest worldwide.  
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