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Technical Objective:

The overall objective is to develop a comprehensive, modular, and user-friendly model for properly assessing and comparing marine transportation systems that include different modal components from both economic and environmental viewpoints.  The model needs to be highly modular with appropriate guidance so that the appropriate elements and proper-acceptable methods for their evaluation are included that will ensure a fair and balanced comparison analysis.

The intended users include not only ship owners and their consultants, but shipyards contemplating entering specific markets and/or developing standardized designs, financial planners investigating investments in shipping, shipbuilding or enterprises dependent on trading costs, and governmental or other institutional policy makers including NGOs, involved in assessing developmental plans or evaluating environmental impacts of shipping related development.
Strategy for Accomplishment:


The overall economic model will be developed as a series of interlocking “sub models” through the separate design efforts of multiple participants, as considered prudent by SNAME.  It is desired that the sub models be developed in a manner that facilitates their integration in a generic software environment using modern tools, even if they have been written in different languages or software environments.  An integrator will merge the separate pieces of the model once developed and ensure their coordinated functioning.

The strategy for accomplishment envisions using a phased approach.  By this, we mean that although each of the sub models would be developed in parallel, the degree of development would occur in stages.  In other words, a very basic functioning model would be developed and tested first, additional refinement of each sub model would occur in succeeding phases followed by additional testing, and final validation would occur upon completion of the overall model.  To this end:

1. The overall model should be transparent, such that all of the internal workings of the sub models are easy to see and validate.  The standards (necessary analysis procedures) must be carefully delineated and documented so others can build their models and perform analyses to conform to these standards.  This transparency and adhesion to a documented standard will facilitate user verification, thereby enhancing confidence in the model’s ability to produce meaningful results.

2. The model must be flexible enough to allow a wide variety of service scenarios, fleet compositions, and cost profiles and must use consistent terminology and measurement units to refer to this information in each sub model where it becomes appropriate.

3. The overall model must embody a basic, consistent method for bringing all expenses and revenues to common net present values on a specific cargo basis and allow for complete origin to destination analysis of cargo flows including the time and cost associated with each transportation segment. Accordingly, the summary result of the analysis or methodology should include a line item breakdown of the required freight rate (RFR) on a per unit cargo basis on a net present value (NPV) basis. 
4. The overall model should establish the basic cost/expense and revenue streams such as Capital Expense (CAPEX), operating expense (OPEX), fuel, voyage (charter) costs, terminal charges and any other significant charge line item for the entire supply chain the model is covering.  The CAPEX line item, for instance, may be further parsed into equity and multi-tier debt items.  The OPEX line item may be further parsed into components such as manning, procurement, maintenance and repair.  Similarly, the total time associated with the cargo supply chain should be indicated as well as the amount of time associated with each major step of the cargo’s journey from origin to destination.  For example, the supply chain for liquid cargo would include not only the total costs and time for the entire origin to destination movement, but also the cost and time associated with each of the following steps: movement from origin to loading terminal (such as through pipelines), holding at the loading terminal, transit on any marine asset(s) including lightering, holding at the discharge terminal and final delivery.
5. Consideration should be given to adding capability within the model that would allow other threads besides time and money flows to be passed through the model methodology, such as environmental attributes like NOx, SOx, and PM. One possibility is to examine an Environmental Impact Flow, and attempt to reduce that to “Net Present Impact.”
6.  Consideration should be given to incorporating a time line based on program life (as distinct from the cargo time line) in order to allow incorporation of book value, resale value, stranded value and disposal costs (as appropriate) for assets over the time line of the program.  In this regard, some events in a ships life may have much higher environmental impact per dollar than when the ship is in operation.  The dollar cost of disposal is only one aspect to consider.  Ship breaking can be energy intensive, and may have environmental implications.  There may be a one-to-one parallel between lifetime cost flow and lifetime energy flow, or between lifetime cost flow and lifetime environmental impact flow.
7. The modeling methodology should have a “black box” capability, allowing the model to export data to and import data from other sources.
8. The model should have the capability to transition steady-state, steady-flow (SSSF) cargo movements on the inland side into “parcels” or shiploads for the maritime leg(s) – in other words, the model should provide a capability for syntesizing the equivalent of dock-side tank farms or container marshalling yards.  This will have an impact on demurrage and port handling capability.  It is also a significant factor in computing “average” delays or potential delays in movement of the cargo.
9. The number of variables should be simplified as much as possible without sacrificing basic utility of the overall model.

10. The overall model and its submodels should incorporate, as appropriate, the means for conducting sensitivity analyses on given parameters such as ship speed, fuel cost, “unplanned maintenance,” CAPEX, etc.  The methodology, in an ideal situation, would even allow one or more parameters to be coupled, where feasible and useful.

11. The overall model should be sufficiently flexible to allow incorporation of “game changing” events and “what if” analyses, such that it could be used to assess the future impact of a new regulation, practice, or externality that would substantially alter one or more major model parameters.  Consideration should be given to how the model might address non- or quasi-quantifiable externalities – apart from vessel-related environmental considerations which are expressly considered – such as utility of sevice to enhance strategic mobility capacity (a public good), ability to assist in external emergencies (adding national defense features), road congestion mitigation, and the like.
12. The overall model should embody simplicity and modular concepts in the basic modeling techniques to allow “quick and dirty” analyses yet support additional complexity and nuance in more detailed or refined modeling efforts by either modifying or substituting sun models as the analysis progresses.  One example of how these two objectives might be accommodated could be through providing default values for common parameters such as days of operation, for instance, in the basic model while allowing the user to reset these default values in connection with a particular project.
Scope of Modeling Effort:

The model should consist of following task elements, which can be undertaken in concert or as separate design efforts:


Task Element 0:  Survey of Existing Models


Description:  Before commencing the actual modeling effort described below, it is recommended that a “Task Element 0” be undertaken, consisting of a disciplined survey of existing models and modeling tools that could inform this modeling effort, to be presented along with a recommendation respecting whether any of these models or modeling methodologies would be usefully employed in the current effort.  Otherwise stated, the survey should envision the possibility that one or more of the sub models outlined below may be accomplished by acquiring and modifying an existing model or methodology for use here, as needed, rather than developing it independently through the instant modeling effort.  The survey should examine, at a minimum, the following attributes of existing models: methodology, source, quality or “pedigree,” data needs, applications, limitations, utility within the present modeling framework, availability (including any cost of licensing or acquisition as applicable compared to the projected cost of independent development), ease of integration with other sub models, media/software technology employed.

Sources of Data:  Publicly-available models and methodologies should be reviewed, including those from government, academic and private sources.  The survey need not be exhaustive, the main goal being to determine where significant cost or time may be readily avoided by using publicly available, purchased or licensed models or methodologies.  This modeling effort must not “reinvent the wheel” wherever such can be reasonably prevented.  It is also possible that, where separate models are readily available, the modeling effort may refer to and be compatible with these outside models rather than incorporating them.

Task Element I:  Map the Trade


Description:  This task involves a determination of the basic trade characteristics that will guide use of the model in a particular application.  Later adjustments to the initial parameters are envisioned as part of an iterative refining effort, so this part of the modeling effort is meant to identify basic parameters of the modeling effort, such as the load port(s), voyage characteristics, discharge port(s) and other main considerations of the trade.  Often it is desirable to compare multiple types of trades with each other, so the mapping of the trade ultimately requires the end result be expressed as the net present value (NPV) on a cargo-specific basis.  The methodology should allow multiple types of trade patterns –  such as single source/single discharge, multiple source/single discharge, single source/multiple discharge – and direct vs. multi-stop voyages.  In other words, the first task of the user is to establish the number of moving parts and their coordination before getting into the specifics of the analysis.

Sources of data:  This data is primarily supplied by the user.  The model must be flexible enough to allow a wide variety of service scenarios.


Task Element II:  Fleet Analysis


Description:  This task is a roll up of the fleet costs associated with a particular trading strategy to participate in the trade defined in Task I.  It rolls up the ship costs for all ships the operator will use in the trade and ultimately facilitate the comparisons that will allow an operator to select the optimal number, size, and procurement strategy (lease/buy; construct/second hand) for ships needed to participate in the trade defined in Task I.  There may also be a time related aspect to this portion of the model to the extent that the operator’s participation in the trade is not static, but develops over time as the overall volume of cargo grows or the operator increases market share.

Sources for Data:  This task receives its inputs principally from the ship construction and ship capital cost models, below.  It also accepts inputs from the voyage cost and time models as an indication of numbers of vessels required to provide the desired level of service on the Task I Trade.


Task Element IIA: Ship Construction Cost


Description:  The ship construction cost model is dependent on two groups of parameters: ship-specific design data and shipyard-specific factors. The ship-specific factors include design producibility considerations as well as the costs of purchased materials and equipment, often dependent upon their source and the purchasing power of the shipyard.  Shipyard-specific factors are reflective of shipyard productivity and labor considerations including but not limited to: (i) yard layout and organization; (ii) employee skills and labor work rules; and (iii) series production of vessel designs.  The ship construction cost model should allow investigation into the influence of ship parameters and different production assumptions on ship cost and cost of risk.  Overall cost should include production cost, nonrecurring costs and risk assessment, which might be also the function of environmental characteristics—see below.  Given that this model is basically a transportation model, there is a question whether second hand vessel acquisition will be permitted (or known vessel prices substituted), perhaps short circuiting this model element in some applications.

Sources for data:  SPAR's ESTIMATE model and work done by Herbert Engineering could provide much of the data for these analyses.  An additional option should be a “first principles,” “best practices” option to be able to analyze the effect of improvements in producibility and shipyard capability based on NSRP and related efforts.  Recent series production runs at NASSCO and the Aker Philadelphia shipyards could provide information on current U.S. shipyard experience.  Herbert Engineering may maintain a comprehensive database of commercial ship parametric costs for vessels built in the international marketplace.  Recent broker reports may be used as a starting point for costs associated with new construction or second hand vessels.  Several brokers publish new construction prices, second hand ship prices, spot and time charter rates for common sizes/types of ships in international service.  Note that for vessels to be operated in domestic service, the U.S.-build (Jones Act) requirements may be taken as a given for purposes of this modeling effort, obviating the need to explore non-U.S. construction costs per se in domestic shipping scenarios;  however, international vessel pricing may be pertinent in the context of evaluating methodologies for U.S. shipyard improvements.

Task Element IIB: Ship Capital Cost


Description:  The ship capital cost model is primarily a financial model, which would accommodate time-related factors, conditions of financing, Title XI, terms of ship ownership, and the like.  Ship capital cost may be expressed for either purchase or lease scenarios.  Big variables include time of project, cost of capital, leverage and lead time from outlay of capital to first revenue.  It is important to develop concept of “capital consumption.”  Book value and residual values play an increasingly important role in short term projects.  Suggestion is to consider the capital cost elements to bring to a net present value on a specific freight rate (e.g., USD/ton).  Ship capital cost may also include features needed to allow for ship disposal or sale of existing assets as the operator’s participation in the trade matures.  The ship capital cost to the owner-operator is dependent on the shipyard “sticker price” for the vessel plus the costs of financing.  This in turn will depend upon the owner’s (i) factual situation and the choice of financial model, (ii) access to and choice of construction period, and (iii) post delivery financing alternatives.  Use of the MarAd Title XI guarantee and Capital Construction Fund tax deferral programs will generally result in the lowest capital costs.  This is by reason of the availability of 20- to 25-year financing, approximating vessel service lives, a lower interest government guaranteed rate, and tax sheltered debt service.   The “lease financing” exception to the U.S. citizen ownership requirement will allow non-citizen equity investments and should enlarge to the pool of funds potentially available for ownership in leasing transactions.
  
Sources for data:  Ship cost becomes an input while the output is capital cost contribution to the required freight rate (RFR).  Information on U.S.-flag vessel mortgage and lease financing is commercially available, including access to a variety of financing models either in the public domain or available under license.  Comparisons can be made on the basis of fully financed out of pocket costs, or present values, and are easily incorporated in business plan case studies.

Task Element III:  Voyage Analysis

Description:  This task is an aggregation of the voyage costs associated with a particular trading strategy to participate in the trade defined in Task I.  It rolls up the voyage costs for all ships the operator will use in the trade and ultimately facilitate the comparisons that will allow an operator to select the optimal service configuration strategy (frequency of service, size and number of vessels) for the trade defined in Task I.  There may also be a time related aspect to this portion of the model to the extent that the operator’s participation in the trade is not static, but develops over time as the overall volume of cargo grows or the operator increases market share.


Sources for Data:  This task receives its inputs principally from the voyage cost and voyage time models, below.  It also takes into account the other operating costs associated with a particular fleet deployment and service strategy for the Task I Trade.

Task Element IIIA: Voyage Cost


Description:  The voyage cost model, central to functioning of the overall model, must address the following: fuel, oil, port fees and other voyage specific costs.   Demurrage may be considered as part of voyage cost to a charterer.  The costs of handling in the ports and port charges should also be considered.  Cargo handling should be rather detailed, allowing port costs to be estimated in different loading/unloading modes, both lift on/lift off and roll on/roll off.  Ideally, if defaults were based on an actual database, they should allow filling out this data for each potential port.  Besides defaults, there should be an opportunity to estimate port times and port costs when loading and unloading containers by cranes vs. on wheels and so on.


Sources for data:  It is likely that representative voyage cost data exists, including port cost data, but these data need to be gathered and analyzed before applying them to this part of the overall model.  Port cost data might be difficult to obtain or unavailable.  One solution to the unavailability of port data would be to leave these cost port fees as input for individual users to fill out from their own sources.


Task IIIB:  Voyage Time


Description:  The amount of time to complete a voyage is fundamental to determining the total transport cost.  The time may be expressed in separate buckets such as time associated with: load port(s), voyage, discharge port(s) as the main elements with consideration for weather delays, planned maintenance, port delays, cargo handling capabilities of the port and ship, ship speed, and the like.  The voyage time may be expressed probabilistically (e.g., +/- one standard deviation) or as best, most likely and worst case scenarios.  The rates associated with cargo handling would factor into this part of the model. 

Source:  Largely a function of the routing selected (including the ports chosen) and the transit speed(s) made by the ships selected.  Many of the elements here may be driven by the results from other task elements in the model.

Task Element IIIC: Operating Cost


Description:  This part of the model compiles operating costs that are independent of voyage costs – akin to the “overhead costs” associated with operation of the vessel – including but not limited to the costs of home office, crew, maintenance and repair (consult Class Rules), insurance, and legal.


Sources for data:  These costs are difficult to develop in a purely generic environment – for instance, crew costs vary widely according to the country of registry and the prevailing manning rules.  For this reason, the modeling effort should start by looking at a confined and well-known operating scenario such as coastwise domestic operation (in other words, marine highway or short sea service), trying for practicality to introduce as many defaults in the input data as possible.  Moore Stephens publishes an annual report on ship OPEX.  The divergence occurs primarily on national flags (e.g. U.S. or Australian flag) where distortions in the cost structure lead to different transport models:  http://www.moorestephens.co.uk/websites/uk/uk.nsf/pages/issues.opcost2007.

Task Element IV:  Inland and Port Cost

Description:  This task element converts a pier-to-pier analysis tool into an origin-to-destination model, providing for “vertical integration” across service modes as appropriate to the service being analyzed.  Otherwise stated, this is a place holder for other attributes of providing a shipping service on the trade as defined by Task I.  The model may interface with or incorporate inland modeling programs or methodologies that synthesize information for actual cargo flows from origin-to-destination (or inland models giving door-to-pier data).  At a minimum, however, this task element must allow incorporation of any additional cost and time elements of providing a given service to allow comparison between service strategies, such as the impact of: providing door-to-door service via truck or rail; running cargo consolidation facilities (stuffing/stripping sites); warehousing, RITF or other cargo back lot facilities; and use of either dedicated or common terminal facilities (perhaps waiting times, customs variations between locations, longshore factors etc.) to the extent not modeled in other tasks as these costs are needed to develop an operating profile.

Sources for Data:  Highly variable – depends on cost element to be estimated.


Task Element V: Environmental Factors


Description:  This task develops “environmental friendliness” of design and operational considerations as a monetized direct input to the ship, operations, and inland/port costs outlined in the foregoing task elements.  The basis for this approach is that improvements made for environmental purposes have a capital and/or operational cost and a readily monetized benefit in the capital or operational part of the program.  Although the implications of environmentalism extend beyond pure economics, they have an impact on economic parameters (such as ship machinery selection, if considering gaseous emissions).  For instance, a ship that is operating in coastal waters may substitute distillate fuel for heavy fuel oil (the distillate costs more) in exchange for emissions credits that have a salable value or even the privilege to compete against other forms of transport and the monetized aspects of these considerations could be folded into the model. Ability to incorporate environmental cost impacts of specific service selections (e.g., vessel routing decisions or inland transport requirements) on air quality, coastal waters, or fisheries could also be considered.

Sources for data:  This part of the model is to be developed in conjunction with the SNAME LEED effort under Bill Hurley.  The use of this part of the model may create a multi-criteria optimization problem where the user may optimize some weighted combination of RFR and environmental factors in the desired manner.  In this case, the user should be able to search for best compromise solutions, otherwise known as a Pareto set of solutions.  It is important that this environmental model is consistent with models for different modes of transportation (truck and rail) so that the user may compare road or rail alternatives, should these alternatives be available transportation alternatives for the particular service being studied.


Task Element VI:  Integration


Description:  This task element guides and provides direction to the development of other task elements to ensure that all sub models function smoothly together once assembled.  The task involves establishing a common vocabulary for the sub models and task elements and managing the interfaces between the developed sub models.  The integration task is also primarily responsible for the user interfaces to the overall model – model inputs, outputs variables and constants as well as any “cloaking” that makes the model user friendly (for example, establishing any prompts that would guide the user to enter specific data, provide guidance for interpreting results, or provide a “sanity check” on inputs and outputs that could alert the user to possible errors).

Data Sources:  Primarily other task elements and software for integrating architecture of sub models/ task elements. Commercially available ModelCenter or iSight tools and the work that has been done by CSC under CCDOTT sponsorship could provide much of the software capability necessary to link models / task elements and perform various parametric and Design of Experiment analysis.

Task Element VII:  Validation


Description:  Functioning of the model should be validated by using one or more test cases.  We suggest that two pertinent scenarios be examined in this context to demonstrate the model’s functioning and ability to produce relevant results for a domestic case study (such as a marine highway service) and an international case study (such as a Middle East-U.S. Gulf tanker service).  Thought should be given to using case studies that would assist current ongoing efforts, such as those of U.S. government entities.
