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Abstract

The U.S. Navy recently conducted an analysis of alternatives (AOA) to set the stage for determining the characteristics and acquisition strategy for its next generation aircraft carrier.  The platform design selected is expected to be in service throughout the 21st century.  The parameters under consideration for change in the new carrier design lie in the areas of propulsion and electric power generation, aviation, survivability, service life and total ownership cost (TOC) reduction.  The issue of affordability is paramount.

This paper focuses on the need for the program management office and its supporting cost analysis staff to understand the life cycle cost (LCC) of the existing and proposed future aircraft carriers and to then translate these LCC’s into meaningful information for cost-conscious decision making.  The challenge is to relate the LCC in terms the key decision-makers and the engineering team can utilize to satisfy their respective roles. Thus, it is necessary to translate the results of the given ship design alternative LCC’s into the paradigms of the respective stakeholders:

· Fleet User (operators of aircraft carriers),

· Ship Designers (translators of the fleet operator requirements), 

· Program Sponsors (providers of the funding resources), 

· Program Management Office, Shipbuilder and Supporting Industry (executors of the acquisition and construction of the ship), and 

· Navy and OSD decision-makers (overseers of program execution).  

The paper describes the aircraft carrier LCC breakdown structure that has resulted, in part, from a recent navy/shipbuilder integrated product team effort to capture total ownership costs.  The structure has been used in the AOA as a tool to identify cost drivers and to add the time element to the cost equation in order to perform return on investment and program affordability analysis.  The expanded ship work breakdown structure (ESWBS) has emerged as the central backbone of the cost work breakdown for AOA  work.  The ESWBS structure is a natural choice as it is the framework within which the design and engineering community works, it forms the basis of weight estimating for ships, and it has been widely used in ship acquisition cost estimating for years.  In addition, the ESWBS provides perhaps the best framework from which to relate to program requirements, as it describes the ship by ship system.  The approach, for the first time, provides a breakdown of the operating and support (O&S) cost elements by ESWBS.  From this nucleus structure, it is possible to present costs in other required formats such as the: Office of Secretary of Defense (OSD) cost analysis improvement group (CAIG) summary level LCC categories, by ship capability or design feature, and by cost driver hierarchy.
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Introduction

Traditional LCC Breakdown Structure
Historically, the life cycle cost of weapon systems has been presented in a standard format to satisfy program milestone requirements.  Essentially the format was one dimensional and provided cost data in a summary fashion with little insight into variables which drive cost, especially at the ship system or design feature level. In view of the need to reduce the costs of aircraft carriers and to account for total ownership costs, the Future Aircraft Carrier Program Office has developed a comprehensive life cycle cost baseline far surpassing the detail and content of previously developed life cycle cost estimates.

The traditional LCC structure is shown in Table 1 and is composed of acquisition, operation and support, and disposal costs.  

	Acquisition

	        Non-recurring 

	                Research and Development 

	                Detailed Design 

	                Facilities & Tooling

	        Procurement

	                Shipbuilder Labor and Material

	                Government Furnished Equipment 

	Operating and Support 

	        Manning

	                Direct Manpower 

	                Indirect Manpower (excluding variable indirect)

	        Maintenance 

	                Depot Repair

	                Shipyard Repair

	                Organizational & Intermediate Repair          

	                Fuel

	Modernization

	Disposal


Table 1 Traditional Life Cycle Cost Breakdown Structure
Total acquisition cost consists of non-recurring and procurement costs.  Non-Recurring includes the costs of technology, design development and startup costs.  Procurement includes the cost of constructing the ship together with all shipbuilder-furnished and government-furnished equipment.  Operating and support cost consists of manning, maintenance, and mid-life overhaul.  Manning includes direct and indirect manpower costs, but does not include variable indirect manpower and infrastructure costs that are included in today’s definition of TOC (the TOC definitions are described further on in this paper).  Maintenance costs include depot, shipyard, organizational, and intermediate repairs, and fuel costs. Modernization includes subsequent technology changes and ship alterations.  Disposal costs include the cost of removal of hazardous materials and removal of reusable equipment as well as removal, shipping and storage of spent nuclear fuel.

TOC Definition

Due to decreasing budgets within the Department of Defense, new reporting requirements have been put in place to increase program focus on cost reduction.  Programs must develop TOC estimates for their systems and submit a TOC management plan.  The Office of the Deputy Under-Secretary of Defense for Acquisition Reform defines TOC in the following manner.

"Total Ownership Cost includes all costs associated with the research, development, procurement, operation, logistical support and disposal of a weapon system, including the total supporting infrastructure that plans, manages, and executes the program over its full life.

TOC includes the cost of requirements for common support items and systems that are incurred because of introduction of the weapon system but ‘excludes indirect non-linked’ infrastructure costs that are not affected by individual weapon systems’ development, introduction, deployment or operations."
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Figure 1 provides the authors’ conception of the above definition for a ship.
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As a result of new OSD requirements, programs must establish TOC reduction goals, associated metrics and processes to evaluate progress in reaching the goals.  One of the first orders of business then is to determine what cost reductions are achievable. The Navy has established a set of TOC reduction goals (Table 2) for future aircraft carriers along with technology insertion and ship design improvements that are projected to reduce TOC while maintaining, and in many cases increasing, the capability of these ships relative to the current NIMITZ Class baseline.  A major area of concern is the dollars that are needed up-front in non-recurring investment in order to achieve the desired results in future aircraft carriers. 

	
	Baseline
	CVNX-1
	CVNX-2

	
	CVN 76
	Threshold
	Goal
	Threshold
	Goal

	   TOC Reduction %
	
	16%
	22%
	22%
	33%


Table 2  TOC Reduction Plan – Thresholds and Goals
NIMITZ Class LCC

In constant FY 2000 dollars, the LCC of a NIMITZ Class carrier is estimated to be approximately $28 billion. Figure 2 provides a hierarchical breakdown of the LCC by major cost elements.  This LCC includes the traditional elements of LCC plus it includes the variable indirect costs of manpower.  It includes applicable costs related to the operation of the ship but it does not include other costs related to the air wing and the ship’s mission such as air wing personnel, aircraft and munitions.  The LCC includes the costs of the initial and refueling cores.  The cost of the initial cores is included in the procurement element while the cost of the refueling cores is included in the mid-life overhaul element. 

The O&S elements comprise approximately 80% of a NIMITZ Class carrier LCC.  Manning is the single largest element and comprises approximately half of the total LCC.  Therefore, it is well recognized that manpower reduction is one of the principal keys to reducing the TOC of an aircraft carrier, and thus it is an area of primary focus in the new designs under consideration.  But the drive to reduce TOC in aircraft carriers is not limited to the manpower element and is being actively pursued across all the LCC elements, including forward-fit and back-fit opportunities.
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Determination of NIMITZ Class Baseline LCC

The Problem

In order to understand the life cycle cost and the impact of design on affordability, a baseline LCC for the NIMITZ class needed to be developed.  The first step was to develop an LCC baseline that both the aircraft carrier program office engineers and upper management could use in making cost-based decisions. The initial problem to be overcome was that the Navy’s visibility and management of operating and support cost (VAMOSC) database did not capture all the data nor did it possess the data at the level of detail desired. Although it has been extremely useful in estimating relative costs among programs, VAMOSC, in addition to not capturing all O&S costs, does not present the data in a ship system format. Therefore, it is of limited use by those who are designing, managing, overseeing, and executing the program with respect to design features and design tradeoff issues on the basis of cost.  To overcome this problem, a navy/industry team was assembled to seek out the total carrier cost database and then compile it into a total ownership cost estimate.  The effort consisted of re-engineering the LCC structure to organize the data for utility in the design, engineering, and decision-making process.

Navy/Industry Team Approach

Initially, a government-only team of the Program Office, Naval Sea Systems Command Aircraft Carrier Cost Analysis and Industrial Engineering Group (NAVSEA 017) and the Naval Surface Warfare Center, Carderock Division, Philadelphia Detachment was formed to explore the issue.  The initial team determined that an ESWBS structure offered the greatest promise for a meaningful total LCC structure.  But the team recognized that it would need industry involvement in order to make this approach work.  Therefore, a navy/industry integrated product team (IPT) was formed.  The IPT consisted of the Newport News Shipbuilding Innovation Center Office, PEO for Aircraft Carriers Logistics Support Group, Naval Center for Cost Analysis Ship Cost Analysis Group, NAVSEA 017 and other involved NAVSEA field support offices. The team, headed by NAVSEA 017, identified the data, data sources, and compilation 

method to be used in the baseline LCC.  The team and their areas of expertise are shown in Figure 3.
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The IPT work has led to a better understanding of aircraft carrier component and systems costs.  The group has established a structured and comprehensive life cycle cost database and cost modeling approach that enables better informed decisions regarding economic consequences.  The cost model framework developed by this group integrates over 10 million data items that can be accessed as source data and sorted in various ways to concentrate on particular ship systems and cost drivers.  This capability will help ensure the most affordable and capable carrier force, by highlighting the cost elements and areas of greatest potential for return on investment, and by economically focusing the complex planning and engineering effort associated with our most expensive ship weapon system. Additionally, this IPT work has served to remove barriers to open and direct cost analysis dialogue between the shipbuilder, Navy project management offices and associated cost analysis groups for aircraft carriers.  

This pioneering work has significantly advanced the abilities of the Navy to address the cost details of aircraft carriers and provide the key information essential to manage the program, make cost-conscious decisions, and determine resource and technology investment strategies.  The new approach enables a better understanding of the economic consequences of acquisition decisions and operational choices from a total life cycle cost perspective.  For the first time, we have established a methodology and database framework that identifies aircraft carrier cost drivers comprehensively, and establishes a life cycle framework for design trade-off analysis using cost as an independent variable.  This tool will permit a clear focus on aircraft carrier ownership and cost reduction initiatives, and provide a mechanism for continued process improvement towards a more affordable fleet. This new database and methodology has been and is being utilized to develop the transition technology implementation, the requirements setting process and the analysis of alternatives for future carrier planning, and will be a key instrument in identifying and achieving cost reduction goals in aircraft carrier ownership.

The IPT Result

The aircraft carrier LCC that resulted from the IPT effort is depicted in  Figure 4.  The vertical pyramid is the ESWBS hierarchy flowing from the total ship level down to the ship system level (ESWBS level 3) of the work breakdown structure.  The horizontal axis accommodates the new NAVSEA TOC structure that is shown in abbreviated form in Figure 5. It is readily seen that an explosion of data must be dealt with. While an even lower level of detail is desired, it is not generally practicable to delve further, as the size of the database becomes too large and difficult to manage.
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Analysis of Data

The new comprehensive data structure facilitates a far more insightful view of the cost drivers underlying an aircraft carrier’s LCC.  Figure 6 shows how the traditional limited LCC breakdown can be decomposed into its subordinating elements and ranked from highest to lowest cost, by cost element.  This allows one to identify (using the Pareto technique) the hierarchy of cost drivers within the ESWBS 1-digit, 2-digit or 3-digit (ship system level) framework.  The data also permits drilling down to even lower levels to get to components and piece parts of the ship if necessary.  But as previously mentioned, this involves an exponential increase in the data and would not likely be required in most up-front analysis scenarios. 

The data is useful to ship designers and others as it shows where the cost drivers are and, in turn, where to focus design efforts for maximum economic effect.   Similarly, the effects of systems or requirements changes can be readily assessed and compared to the baseline cost data to illustrate the cost effects. The data has been useful to both Navy and Department of Defense management, as it has helped to justify the Navy’s R&D investment strategy.  
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It makes sense to invest in the top cost drivers where the most significant cost reductions can be achieved.  The aircraft carrier program, in fact, is pursuing this strategy.  On CVNX1, the propulsion system is being replaced with a new design which greatly reduces TOC and enables follow-on technologies to be introduced as a result of increased electrical power capacity.  The aircraft launching system, which falls in the second highest cost driver ESWBS, Auxiliary Systems, is also being introduced on CVNX1.  And, on CVN 77 a new warfare system is being introduced which falls into the third highest cost category, Command and Control Systems.

Moreover, the aircraft carrier project is striving to strike a balance between producing highly effective warships and reducing the burden on fiscal resources throughout the life of the ship.  This is illustrated in Figure 7 where ship capability parameters are balanced against TOC.  The existence of a decomposable LCC structure allows the cost implications of particular design parameters to be discretely determined through direct mapping to the ESWBS, or where discrete mapping is not possible, systems engineering techniques can be readily applied to determine the cost effects through project team participation.
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Of course, the issue of the cost impact of a single ship is not the totality of the discussion.  Aircraft carriers have a 50-year life expectancy and the cost impacts of given changes, insertions of technologies, cost reduction initiatives, etc. can also be evaluated for their influences over the long haul of a total class of ships.  In this sense, the carrier LCC structure has another dimension, the life cycle profile of the cost elements.  The carrier cost team has performed some analysis in this area as well.  Each of the major cost categories (manning, maintenance, procurement, mid-life overhaul and disposal) has been profiled over the 50-year life span of an individual carrier and for a class of carriers spanning over a century timeframe. 

Figure 8 provides a profile for the maintenance cost cycle based on the incremental maintenance plan (IMP).  The profile illustrates the periodicity of the maintenance cycle.  A nuclear carrier will undergo one refueling and complex overhaul (RCOH) of 32-month duration at its mid-life.  In the intervening years, the carrier undergoes additional maintenance availabilities with nominally an 18-month operational period in between.  The intervening availabilities are referred to as planned industrial availabilities (PIA) or dry-docking planned industrial availabilities (DPIA).  PIA’s are generally of 6-month duration and DPIA’s last approximately 10-1/2 months.   Current legislation precludes modernization improvements in the last five years prior to decommissioning of a ship. The profile is shown as being uniform in terms of the costs indicated on the vertical axis of the figure.  However, the reality is that ship age induces an upward influence on the magnitude of the maintenance costs experienced.  The LCC that has been estimated as described in this paper incorporates this effect.

Figure 9 illustrates the benefits versus costs projected over a class of aircraft carriers spanning 100 years based on an initial non-recurring cost investment on the order of that estimated for a clean-sheet CVNX design.  All the LCC elements for the entire class of ships are included in this constant-dollar plot.  This cost information can then be converted to present value to test the cost-effectiveness of the investment. 



Figure 10 provides the associated present value for the above case (using the OMB discount rate as of this time for a program having a life expectancy of over thirty years).  Because the area under the curve for the cost avoidance portion is greater than the area under the curve for the investment portion, a positive cost benefit ratio is indicated.  This technique can be applied at the individual technology level as well to determine the cost benefit ratio and return on investment.  For CVNX, over 150 technologies have been considered and the cost team has performed a cost benefit analysis for over half of them to date.  This information has been used to aid decision-making at all levels of the process in the analysis of alternatives and the development of the program objectives memoranda budget proposals.


The information can then also be used to illustrate the overall cost avoidance versus the baseline program as illustrated in Figure 11.  Here the case of continuation of the current NIMITZ Class is compared to a new CVNX Class of aircraft carriers.  In the new carrier design, design features, technologies, functional improvements and ship configuration changes to reduce costs will be applied consistent with the program TOC goals.  Nominally, the chart shows the effect of a 20% TOC over an assumed 10-ship class.

Evolutionary Acquisition Strategy

The LCC analysis has served perhaps its most important function in providing the information utilized in arriving at the current aircraft carrier evolutionary strategy.  Initially the approach to the new class of carriers was a clean-sheet design, or a one-step approach to a new design where all changes from the baseline NIMITZ class would be made in the initial ship of the CVNX class.  Although the LCC clearly showed the greatest potential for TOC reduction across a class of aircraft carriers, the near-term affordability constraint carried the most weight in the decision process.  Clearly, there would be an overbearing up-front cost that would be borne in the near-term future years defense plan (FYDP).  The near-term timeframe in this case proved to be the measure of greatest importance regarding the affordability issue.  This conclusion is borne out in the non-recurring cost estimates that were developed as illustrated in Figure 12. 

As an alternative to the clean-sheet approach, an evolutionary strategy of gradual change to the NIMITZ Class leading to the CVNX Class was proposed.  The LCC estimates for this strategy also demonstrated significant TOC reduction (see Table 2).  This strategy permits the program to stay within the affordability constraints of the near-term FYDP as shown in Figure 13.  The DOD approved the Navy’s approach at the DAB following AOA Part 2 completion in September 1998.


Application to Analysis of Alternatives

The LCC database and cost structure was instrumental in addressing the cost issues and questions during the AOA. Some 70 ship design study options and well over 100 new technologies were considered in the three-part AOA evolution.  Each part of the AOA was performed during approximately a one-year period. A brief description and summary result of each part of the AOA follows.

AOA Part 1:  Two key issues were addressed in AOA Part 1: Air-wing Size and Aircraft Type. These are discussed below.

Air-wing Size: Today’s large-deck carriers can accommodate roughly 75 aircraft.  For AOA Part 1, Air-wing sizes ranging from 40 to 80 were evaluated on the basis of operational capability, cost effectiveness, and ship size.  Part 1 results indicated that a carrier with a small air-wing would not have sufficient aircraft to conduct battle-space dominance and high-intensity strike operations at the same time.  At the same time, building one large deck carrier is less expensive than two small deck carriers required to maintain the same level of compatibility. 


Aircraft type: The other major issue in AOA Part 1 was whether the CVNX should be limited to Short Take-Off and Vertical Landing (STOVL) aircraft.  This would permit the elimination of catapults and arresting gear and allow reduction in the size of the flight deck.  The AOA designs and cost analysis showed that an STOVL-only carrier would reduce CVNX construction and life cycle costs by approximately 6 percent.  However, tailoring CVNX for STOVL by eliminating catapults and arresting gear had a number of disadvantages including the inability to operate legacy aircraft, less endurance, altitude, mission payload of aircraft, range, etc.  The AOA judged that these disadvantages outweigh the modest cost savings of a STOVL only carrier and thus recommended that STOVL-only designs be eliminated.

AOA Part 2:  The second part of the AOA focused its attention on the propulsion alternatives.  Ultimately, the choice boiled down to greater capability versus cost.  In addition to nuclear propulsion, a range of non-nuclear propulsion alternatives was considered.  These included gas turbine, diesel, and steam with mechanical or electric drive.  On the basis of cost, performance, and infrastructure considerations, gas turbine propulsion was the clear winner of the non-nuclear candidates.  Therefore, it finally came down to the gas turbine versus nuclear propulsion.  The key question then became were the LCC savings due to the gas turbine plant (approximately 10%) sufficient to justify sacrificing the advantages of nuclear power and accepting the risks and uncertainties with a new propulsion concept.  AOA Part 2 found that the war-fighting advantages of nuclear power justified the additional cost.  Hence the program is proceeding with the development of a new nuclear propulsion plant for CVNX1 which will introduce a substantial increase in electrical power generation capacity.  The greater electrical power capacity will enable significant reduction in total ownership costs by eliminating steam catapults (replacing them with an electromagnetic aircraft launching system), and introducing electric auxiliaries to replace maintenance and manpower intensive steam and mechanical auxiliaries. 

The issue of deck size was also still in question.  With regard to the deck, several key issues were discussed including what aircraft would fill the deck, force levels and presence, and joint forces.  After considering all aspects of these arguments, the large-deck carrier (75 aircraft) was the unanimous choice.

AOA Part 3: This final phase of the AOA focused on planned technologies and the state of the art flight deck design candidates for CVNX2.  Two families of ship design options evolved: one a NIMITZ hull derivative constrained to fit within existing docking facilities, and one an unconstrained hull dimension design. Each of these family of designs considered the incorporation of a  “pit-stop” aircraft handling concept, electromagnetic aircraft launching system (EMALS) and electromagnetic aircraft recovery system (EARS).  Additionally, habitability improvements, manpower reduction, survivability enhancements, and restoration of the ship’s service life allowances were studied. Cost, performance, and cycle time of planned technologies in terms of contribution to life cycle cost reduction were evaluated.  A clear winner has not yet been fully reconciled but the current Navy plan is to explore further the maximum enhancement that can be incorporated in the NIMITZ derivative design inter alia to accommodate affordability constraints in the near-term.  

Conclusion

Aircraft Carrier cost analysis has progressed dramatically over the past several years. This is the result of the renewed emphasis now placed on ownership cost reduction along with the realities of tight fiscal constraints. It is imperative that all elements of cost are well understood and that this understanding is manifested in cost-conscious decision making starting with the requirements setters and carrying through to every aspect of program management and execution. Moreover, advances in the relationship between the shipbuilder, the aircraft carrier program office, the engineering community and the NAVSEA cost analysis group working as a team has set the stage for continued improvement in our collective understanding and awareness of ship costs and program objectives.  This affords maximum opportunity to leverage the collective knowledge and interests of the stakeholders towards a common objective. A carefully thought out life cycle cost structure with supporting data is an invaluable tool in identifying cost drivers and providing essential information for investment alternatives.  Timely, comprehensive and meaningful life cycle cost information can enlighten the management of ship design, acquisition, construction and ownership of naval warships.

ACRONYMS

AIMD   
 -Aviation Intermediate Maintenance Department 

AOA
 
 -Analysis of Alternatives

CAIG   
 -Cost Analysis Improvement Group

CV

 -Carrier Vehicle (Navy designation for aircraft carrier)

DAB

 -Defense Acquisition Board

DPIA

 -Docking Planned Incremental Availability

EARS  
 -Electromagnetic Aircraft Recovery System

EMALS
 -Electromagnetic Aircraft Launching System

ESWBS 
 -Expanded Ship Work Breakdown Structure

FYPD

 -Fiscal Year Defense Plan

IMP

 -Incremental Maintenance Program 

IPT

 -Integrated Product Team

LCC    

 -Life Cycle Cost

NAVSEA  
 -Navy Sea Systems Command

NCCA  
 -Naval Center For Cost Analysis

NPV  

 -Net Present Value

OMB

 -Office Management Budget

OSD 

 -Office of Secretary of Defense

O&S  

 -Operating and Support

PERA 

 -Planning And Engineering for Repair and Alterations  

PIA 

 -Planned Incremental Availability

R & D

 -Research & Development

RCOH    
 -Refueling and Complex Overhaul 

STOVL 
 -Short Take-Off and Vertical Landing

TOC 

 -Total Ownership Cost

VAMOSC 
 -Visibility and Management of Operation & Support Cost  

FYDP 

 -Future Years Defense Plan

WCRE  
 -Work Center Responsible Equipment

3-M     

 -Maintenance and Material Management

Biography

Irvin M. Chewning

Mr. Chewning is currently the Director of the Aircraft Carrier Cost Estimating and Industrial Analysis Group of the Naval Sea Systems Command.  Over the past four years, Mr. Chewning has guided the cost analysis effort for the new CVNX class aircraft carrier through a three-part analysis of alternatives and is currently steering it towards Milestone I in June of 2000.  In 1999, the CVNX cost analysis team was presented the NAVSEA Association of Scientists and Engineers “outstanding team achievement” award for its work on the CVNX analysis of alternatives. 

Mr. Chewning’s professional career includes over 16 years as an employee of Newport News Shipbuilding as a Pipe Fitter, Piping Systems Designer, Piping Systems Engineer and Cost Engineer.  He has worked at the Naval Sea Systems Command since 1980 as a Senior Cost Analyst, Branch Head, and Deputy Division Director of the Cost Estimating and Analysis Division. He has preformed cost analysis work for virtually all USN combatant programs including submarines, cruisers, destroyers, frigates and aircraft carriers.  He also performed the cost analysis work for the OSD evaluation of the Israeli Naval Modernization Program in the 1980’s. Mr. Chewning is also Chairman of the NATO Specialist Team on Ship Costing, a subgroup of the NATO Naval Group Six on Ship Design.  Under his leadership, two Allied Naval Engineering Publications have been completed in the 1990’s: ANEP-41 on Ship Costing, and ANEP-49 on Ways to Reduce Costs of Ships.  In 1999, the NATO Specialist Team on Ship Costing completed a paper titled  “Manpower Reduction and the Use of Commercial Standards and Practices to Reduce Costs of Ships.”  The result of this work will be incorporated in a future revision of the aforementioned ANEP’s.

Mr. Chewning is a graduate of North Carolina State University with a Bachelor of Science in Mechanical Engineering.  Mr. Chewning has also completed courses at the University of Virginia and Christopher Newport University.  Mr. Chewning is a graduate of the Program Management College at Fort Belvoir, Virginia and the Federal Executive Institute at Charlottesville, Virginia.  He is a graduate of the Newport News Shipbuilding Apprentice School as a Piping Systems Designer. 

Stephen J. Moretto

Mr. Moretto works  as an engineer in the NAVAL SEA SYSTEMS COMMAND’S Cost Engineering and Analysis Division.  Over the last 5 years he has supported the Aircraft Carrier programs as a Cost Engineering Process Team leader in charge of estimating the operating and support costs of ship designs, and developing Total Ownership Cost Data and Cost Estimating Models.  Mr. Moretto has received several special act awards for his leadership in developing total ownership cost tools and Operation  and Support Cost models in support of PEO Carriers Programs.  Mr. Moretto also worked on the CVNX award winning Analysis of Alternatives Team developing Acquisition, Operation and Support costs. of ship concept studies.  He is  a member of ASNE, Society of  Manufacturing Engineers, and the NAVSEA Association of Scientists and Engineers.  Mr. Moretto is a graduate of  the  State University of New York at Buffalo with a BS  degree in Industrial Engineering.  He also holds a MS degree from VA Tech. in Systems Engineering Administration and is a graduate of the Navy’s cost analyst intern program.










Figure � SEQ Figure \* ARABIC �9� Net Cost Avoidance for New Class of Ships (Undiscounted)




















Figure � SEQ Figure \* ARABIC �6� Nimitz class Life Cycle Cost per Hull





Figure � SEQ Figure \* ARABIC �4� TOC Indenture Level Pyramid




















Figure � SEQ Figure \* ARABIC �3� Government/Industry Integrated Product Team on Cost




















Figure � SEQ Figure \* ARABIC �8� Incremental Maintenance Program








Figure � SEQ Figure \* ARABIC �10� Net Cost Avoidance for New Class of Ships (Discounted)








Figure � SEQ Figure \* ARABIC �11� Life Cycle Costs for New Class of Ships








Figure � SEQ Figure \* ARABIC �2� Aircraft Carrier Life Cycle Cost Major Element Breakdown
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Figure � SEQ Figure \* ARABIC �1� Ship Total Ownership / Life Cycle Cost Composition








� EMBED PowerPoint.Slide.8  ���





� EMBED PowerPoint.Slide.8  ���





� EMBED Word.Picture.8  ���





� EMBED PowerPoint.Slide.8  ���





� EMBED Word.Picture.8  ���
































Figure � SEQ Figure \* ARABIC �5� NAVSEA TOC Structure - Abbreviated





Figure � SEQ Figure \* ARABIC �7� Metrics… Which Side of the Scale?
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Figure � SEQ Figure \* ARABIC �13� Evolutionary Concept: Affordable





Figure � SEQ Figure \* ARABIC �12� Clean Sheet, One-Step Approach Unaffordable
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      Ashore Direct Maintenance Labor


3.4.1.2.1.1.2


            Labor


3.4.3.2.1


        Planning


3.1.1.3


      Civilian


3.3.2


    IMA Overhead


3.4.1.2.1.1.4


            Material


3.4.3.2.2


        Procurement


3.1.2


    Indirect Pay


3.3.2.1


      Afloat


3.4.1.2.1.2


          Private Shipyards


3.4.4


    Miscellaneous Rework


3.1.2.1


      Officer


3.3.2.2


      Ashore


3.4.1.2.1.3


          Ship Repair Facilities


3.4.4.1


      Naval Aviation Depot


3.1.2.2


      Enlisted


3.3.3


    Repair Parts / Supplies


3.4.1.2.1.3.1


            Overhead


3.4.4.1.1


        Labor


3.1.2.3


      Civilian


3.3.3.1


      Afloat


3.4.1.2.1.3.2


            Labor


3.4.4.1.2


        Material


3.2


  Unit Level Consumption


3.3.3.2


      Ashore


3.4.1.2.1.3.3


            Material


3.4.4.1.3


        Overhead


3.2.1


    POL


3.3.4


    Commercial Industrial Services


3.4.1.2.2


        Technical Availability


3.4.4.2


      Ordnance Rework


3.2.1.1


      Fuel (Fossil)


3.4


  Depot Maintenance


3.4.1.2.2.1


          Public Shipyards


3.4.4.3


      HM&E Rework


3.2.1.1.1


        Underway


3.4.1


    Overhaul & Repair


3.4.1.2.2.1.1


            Overhead


3.4.4.4


      Electronic/Periscope Rework


3.2.1.1.2


        Not Underway


3.4.1.1


      Scheduled Ship Overhaul


3.4.1.2.2.1.2


            Labor


3.4.5


    Outfitting & Spares


3.2.1.2


      Other POL


3.4.1.1.1


        Regular Overhaul


3.4.1.2.2.1.4


            Material


3.5


  Miscellaneous Contractor Services


3.2.2


    Repair Parts / Supplies


3.4.1.1.1.1


          Public Shipyards


3.4.1.2.2.2


          Private Shipyards


3.6


  Sustaining Support


3.2.2.1


      Repair Parts


3.4.1.1.1.1.1


            Overhead


3.4.1.2.2.3


          Ship Repair Facilities


3.6.1


    Engineering & Technical Services


3.2.2.2


      Supplies


3.4.1.1.1.1.2


            Labor


3.4.1.2.2.3.1


            Overhead


3.6.2


    Software Maintenance


3.2.2.2.1


        Equipment / Equipage


3.4.1.1.1.1.4


            Material


3.4.1.2.2.3.2


            Labor


3.6.3


    Publications


3.2.2.2.2


        Consumables


3.4.1.1.1.2


          Private Shipyards


3.4.1.2.2.3.3


            Material


3.6.4


    Ammunition Handling


3.2.2.2.3


        Ship Force Materials


3.4.1.1.1.3


          Ship Repair Facilities


3.4.2


    Fleet Modernization


3.6.5


    Simulator Operations


3.2.3


    Depot-Level Repairables


3.4.1.1.1.3.1


            Overhead


3.4.2.1


      Centrally Provided Material


3.6.6


    Support Equipment Replacement


3.2.3.1


      Organizational Exchanges


3.4.1.1.1.3.2


            Labor


3.4.2.2


      Alterations


3.7


  Indirect Support


3.2.3.2


      Organizational Issues


3.4.1.1.1.3.3


            Material


3.4.2.2.1


        Public Shipyards


3.7.1


    Training


3.2.4


    Training Munitions / Expendable Stores


3.4.1.1.2


        Selected Restricted Availability


3.4.2.2.1.1


          Overhead


3.7.2


    Permanent Change of Station


3.2.4.1


      Ammunitions


3.4.1.1.2.1


          Public Shipyards


3.4.2.2.1.2


          Labor


3.7.3


    Administrative Management Services


3.2.4.2


      Other Expendables


3.4.1.1.2.1.1


            Overhead


3.4.2.2.1.3


          Mandays


3.7.4


    Installation Support


3.2.5


    Purchased Services


3.4.1.1.2.1.2


            Labor


3.4.2.2.1.4


          Material


3.8


  Demilitarization & Disposal
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Total Ownership Cost (TOC)  -or - LCC


3.2.5.1


      Printing & Reproduction


3.4.1.1.2.1.4


            Material


3.4.2.2.2


        Private Shipyards


1.0 & 2.0


Acquisition Costs


3.2.5.2


      ADP Rental & Contract Services


3.4.1.1.2.2


          Private Shipyards


3.4.2.2.3


        Ship Repair Facilities


1.1 & 2.1


  Shipbuilder Acquisition Costs


3.2.5.3


      Rent & Utilities


3.4.1.1.2.3


          Ship Repair Facilities


3.4.3.2.3.1


          Overhead


1.1.1 & 2.1.1


    Shipbuilder Acqisition Costs  (Labor)


3.2.5.4


      Communications


3.4.1.1.2.3.1


            Overhead


3.4.3.2.3.2


          Labor


1.1.2 & 2.1.2


    Shipbuilder Acquisition Costs  (Mat'l)


3.2.5.5


      Other


3.4.1.1.2.3.2


            Labor


3.4.3.2.3.3


          Material


1.2 & 2.2


  Government Acquisition Costs


3.2.6


    Other


3.4.1.1.2.3.3


            Material


3.4.2.3


      Field Change Installation


3.0


Operation & Support - O&S (Total)


3.2.6.1


      TAD


3.4.1.2


      Non-Scheduled Ship Repair


3.4.2.4


      Other Modernization


3.1


  Mission Personnel


3.3


  Intermediate Maintenance


3.4.1.2.1


        Restricted Availability


3.4.3


    Design & Planning Services


3.1.1


    Direct Pay


3.3.1


    IMA Direct Labor


3.4.1.2.1.1


          Public Shipyards


3.4.3.1


      Design Services Allocation


3.1.1.1


      Officer


3.3.1.1


      Afloat Direct Maintenance Labor


3.4.1.2.1.1.1


            Overhead


3.4.3.2


      PERA, SUBMEPP


3.1.1.2


      Enlisted


3.3.1.2


      Ashore Direct Maintenance Labor


3.4.1.2.1.1.2


            Labor


3.4.3.2.1


        Planning


3.1.1.3


      Civilian


3.3.2


    IMA Overhead


3.4.1.2.1.1.4


            Material


3.4.3.2.2


        Procurement


3.1.2


    Indirect Pay


3.3.2.1


      Afloat


3.4.1.2.1.2


          Private Shipyards


3.4.4


    Miscellaneous Rework


3.1.2.1


      Officer


3.3.2.2


      Ashore


3.4.1.2.1.3


          Ship Repair Facilities


3.4.4.1


      Naval Aviation Depot


3.1.2.2


      Enlisted


3.3.3


    Repair Parts / Supplies


3.4.1.2.1.3.1


            Overhead


3.4.4.1.1


        Labor


3.1.2.3


      Civilian


3.3.3.1


      Afloat


3.4.1.2.1.3.2


            Labor


3.4.4.1.2


        Material


3.2


  Unit Level Consumption


3.3.3.2


      Ashore


3.4.1.2.1.3.3


            Material


3.4.4.1.3


        Overhead


3.2.1


    POL


3.3.4


    Commercial Industrial Services


3.4.1.2.2


        Technical Availability


3.4.4.2


      Ordnance Rework


3.2.1.1


      Fuel (Fossil)


3.4


  Depot Maintenance


3.4.1.2.2.1


          Public Shipyards


3.4.4.3


      HM&E Rework


3.2.1.1.1


        Underway


3.4.1


    Overhaul & Repair


3.4.1.2.2.1.1


            Overhead


3.4.4.4


      Electronic/Periscope Rework


3.2.1.1.2


        Not Underway


3.4.1.1


      Scheduled Ship Overhaul


3.4.1.2.2.1.2


            Labor


3.4.5


    Outfitting & Spares


3.2.1.2


      Other POL


3.4.1.1.1


        Regular Overhaul


3.4.1.2.2.1.4


            Material


3.5


  Miscellaneous Contractor Services


3.2.2


    Repair Parts / Supplies


3.4.1.1.1.1


          Public Shipyards


3.4.1.2.2.2


          Private Shipyards


3.6


  Sustaining Support


3.2.2.1


      Repair Parts


3.4.1.1.1.1.1


            Overhead


3.4.1.2.2.3


          Ship Repair Facilities


3.6.1


    Engineering & Technical Services


3.2.2.2


      Supplies


3.4.1.1.1.1.2


            Labor


3.4.1.2.2.3.1


            Overhead


3.6.2


    Software Maintenance


3.2.2.2.1


        Equipment / Equipage


3.4.1.1.1.1.4


            Material


3.4.1.2.2.3.2


            Labor


3.6.3


    Publications


3.2.2.2.2


        Consumables


3.4.1.1.1.2


          Private Shipyards


3.4.1.2.2.3.3


            Material


3.6.4


    Ammunition Handling


3.2.2.2.3


        Ship Force Materials


3.4.1.1.1.3


          Ship Repair Facilities


3.4.2


    Fleet Modernization


3.6.5


    Simulator Operations


3.2.3


    Depot-Level Repairables


3.4.1.1.1.3.1


            Overhead


3.4.2.1


      Centrally Provided Material


3.6.6


    Support Equipment Replacement


3.2.3.1


      Organizational Exchanges


3.4.1.1.1.3.2


            Labor


3.4.2.2


      Alterations


3.7


  Indirect Support


3.2.3.2


      Organizational Issues


3.4.1.1.1.3.3


            Material


3.4.2.2.1


        Public Shipyards


3.7.1


    Training


3.2.4


    Training Munitions / Expendable Stores


3.4.1.1.2


        Selected Restricted Availability


3.4.2.2.1.1


          Overhead


3.7.2


    Permanent Change of Station


3.2.4.1


      Ammunitions


3.4.1.1.2.1


          Public Shipyards


3.4.2.2.1.2


          Labor


3.7.3


    Administrative Management Services


3.2.4.2


      Other Expendables


3.4.1.1.2.1.1


            Overhead


3.4.2.2.1.3


          Mandays


3.7.4


    Installation Support


3.2.5


    Purchased Services


3.4.1.1.2.1.2


            Labor


3.4.2.2.1.4


          Material


3.8


  Demilitarization & Disposal
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Total Ownership Cost (TOC)  -or - LCC


3.2.5.1


      Printing & Reproduction


3.4.1.1.2.1.4


            Material


3.4.2.2.2


        Private Shipyards


1.0 & 2.0


Acquisition Costs


3.2.5.2


      ADP Rental & Contract Services


3.4.1.1.2.2


          Private Shipyards


3.4.2.2.3


        Ship Repair Facilities


1.1 & 2.1


  Shipbuilder Acquisition Costs


3.2.5.3


      Rent & Utilities


3.4.1.1.2.3


          Ship Repair Facilities


3.4.3.2.3.1


          Overhead


1.1.1 & 2.1.1


    Shipbuilder Acqisition Costs  (Labor)


3.2.5.4


      Communications


3.4.1.1.2.3.1


            Overhead


3.4.3.2.3.2


          Labor


1.1.2 & 2.1.2


    Shipbuilder Acquisition Costs  (Mat'l)


3.2.5.5


      Other


3.4.1.1.2.3.2


            Labor


3.4.3.2.3.3


          Material


1.2 & 2.2


  Government Acquisition Costs


3.2.6


    Other


3.4.1.1.2.3.3


            Material


3.4.2.3


      Field Change Installation


3.0


Operation & Support - O&S (Total)


3.2.6.1


      TAD


3.4.1.2


      Non-Scheduled Ship Repair


3.4.2.4


      Other Modernization


3.1


  Mission Personnel


3.3


  Intermediate Maintenance


3.4.1.2.1


        Restricted Availability


3.4.3


    Design & Planning Services


3.1.1


    Direct Pay


3.3.1


    IMA Direct Labor


3.4.1.2.1.1


          Public Shipyards


3.4.3.1


      Design Services Allocation


3.1.1.1


      Officer


3.3.1.1


      Afloat Direct Maintenance Labor


3.4.1.2.1.1.1


            Overhead


3.4.3.2


      PERA, SUBMEPP


3.1.1.2


      Enlisted


3.3.1.2


      Ashore Direct Maintenance Labor


3.4.1.2.1.1.2


            Labor


3.4.3.2.1


        Planning


3.1.1.3


      Civilian


3.3.2


    IMA Overhead


3.4.1.2.1.1.4


            Material


3.4.3.2.2


        Procurement


3.1.2


    Indirect Pay


3.3.2.1


      Afloat


3.4.1.2.1.2


          Private Shipyards


3.4.4


    Miscellaneous Rework


3.1.2.1


      Officer


3.3.2.2


      Ashore


3.4.1.2.1.3


          Ship Repair Facilities


3.4.4.1


      Naval Aviation Depot


3.1.2.2


      Enlisted


3.3.3


    Repair Parts / Supplies


3.4.1.2.1.3.1


            Overhead


3.4.4.1.1


        Labor


3.1.2.3


      Civilian


3.3.3.1


      Afloat


3.4.1.2.1.3.2


            Labor


3.4.4.1.2


        Material


3.2


  Unit Level Consumption


3.3.3.2


      Ashore


3.4.1.2.1.3.3


            Material


3.4.4.1.3


        Overhead


3.2.1


    POL


3.3.4


    Commercial Industrial Services


3.4.1.2.2


        Technical Availability


3.4.4.2


      Ordnance Rework


3.2.1.1


      Fuel (Fossil)


3.4


  Depot Maintenance


3.4.1.2.2.1


          Public Shipyards


3.4.4.3


      HM&E Rework


3.2.1.1.1


        Underway


3.4.1


    Overhaul & Repair


3.4.1.2.2.1.1


            Overhead


3.4.4.4


      Electronic/Periscope Rework


3.2.1.1.2


        Not Underway


3.4.1.1


      Scheduled Ship Overhaul


3.4.1.2.2.1.2


            Labor


3.4.5


    Outfitting & Spares


3.2.1.2


      Other POL


3.4.1.1.1


        Regular Overhaul


3.4.1.2.2.1.4


            Material


3.5


  Miscellaneous Contractor Services


3.2.2


    Repair Parts / Supplies


3.4.1.1.1.1


          Public Shipyards


3.4.1.2.2.2


          Private Shipyards


3.6


  Sustaining Support


3.2.2.1


      Repair Parts


3.4.1.1.1.1.1


            Overhead


3.4.1.2.2.3


          Ship Repair Facilities


3.6.1


    Engineering & Technical Services


3.2.2.2


      Supplies


3.4.1.1.1.1.2


            Labor


3.4.1.2.2.3.1


            Overhead


3.6.2


    Software Maintenance


3.2.2.2.1


        Equipment / Equipage


3.4.1.1.1.1.4


            Material


3.4.1.2.2.3.2


            Labor


3.6.3


    Publications


3.2.2.2.2


        Consumables


3.4.1.1.1.2


          Private Shipyards


3.4.1.2.2.3.3


            Material


3.6.4


    Ammunition Handling


3.2.2.2.3


        Ship Force Materials


3.4.1.1.1.3


          Ship Repair Facilities


3.4.2


    Fleet Modernization


3.6.5


    Simulator Operations


3.2.3


    Depot-Level Repairables


3.4.1.1.1.3.1


            Overhead


3.4.2.1


      Centrally Provided Material


3.6.6


    Support Equipment Replacement


3.2.3.1


      Organizational Exchanges


3.4.1.1.1.3.2


            Labor


3.4.2.2


      Alterations


3.7


  Indirect Support


3.2.3.2


      Organizational Issues


3.4.1.1.1.3.3


            Material


3.4.2.2.1


        Public Shipyards


3.7.1


    Training


3.2.4


    Training Munitions / Expendable Stores


3.4.1.1.2


        Selected Restricted Availability


3.4.2.2.1.1


          Overhead


3.7.2


    Permanent Change of Station


3.2.4.1


      Ammunitions


3.4.1.1.2.1


          Public Shipyards


3.4.2.2.1.2


          Labor


3.7.3


    Administrative Management Services


3.2.4.2


      Other Expendables


3.4.1.1.2.1.1


            Overhead


3.4.2.2.1.3


          Mandays


3.7.4


    Installation Support


3.2.5


    Purchased Services


3.4.1.1.2.1.2


            Labor


3.4.2.2.1.4


          Material


3.8


  Demilitarization & Disposal
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3.2.5.1


      Printing & Reproduction


3.4.1.1.2.1.4


            Material


3.4.2.2.2


        Private Shipyards


1.0 & 2.0


Acquisition Costs


3.2.5.2


      ADP Rental & Contract Services


3.4.1.1.2.2


          Private Shipyards


3.4.2.2.3


        Ship Repair Facilities


1.1 & 2.1


  Shipbuilder Acquisition Costs


3.2.5.3


      Rent & Utilities


3.4.1.1.2.3


          Ship Repair Facilities


3.4.3.2.3.1


          Overhead


1.1.1 & 2.1.1


    Shipbuilder Acqisition Costs  (Labor)


3.2.5.4


      Communications


3.4.1.1.2.3.1


            Overhead


3.4.3.2.3.2


          Labor


1.1.2 & 2.1.2


    Shipbuilder Acquisition Costs  (Mat'l)


3.2.5.5


      Other


3.4.1.1.2.3.2


            Labor


3.4.3.2.3.3


          Material


1.2 & 2.2


  Government Acquisition Costs


3.2.6


    Other


3.4.1.1.2.3.3


            Material


3.4.2.3


      Field Change Installation


3.0


Operation & Support - O&S (Total)


3.2.6.1


      TAD


3.4.1.2


      Non-Scheduled Ship Repair


3.4.2.4


      Other Modernization


3.1


  Mission Personnel


3.3


  Intermediate Maintenance


3.4.1.2.1


        Restricted Availability


3.4.3


    Design & Planning Services


3.1.1


    Direct Pay


3.3.1


    IMA Direct Labor


3.4.1.2.1.1


          Public Shipyards


3.4.3.1


      Design Services Allocation


3.1.1.1


      Officer


3.3.1.1


      Afloat Direct Maintenance Labor


3.4.1.2.1.1.1


            Overhead


3.4.3.2


      PERA, SUBMEPP


3.1.1.2


      Enlisted


3.3.1.2


      Ashore Direct Maintenance Labor


3.4.1.2.1.1.2


            Labor


3.4.3.2.1


        Planning


3.1.1.3


      Civilian


3.3.2


    IMA Overhead


3.4.1.2.1.1.4


            Material


3.4.3.2.2


        Procurement


3.1.2


    Indirect Pay


3.3.2.1


      Afloat


3.4.1.2.1.2


          Private Shipyards


3.4.4


    Miscellaneous Rework


3.1.2.1


      Officer


3.3.2.2


      Ashore


3.4.1.2.1.3


          Ship Repair Facilities


3.4.4.1


      Naval Aviation Depot


3.1.2.2


      Enlisted


3.3.3


    Repair Parts / Supplies


3.4.1.2.1.3.1


            Overhead


3.4.4.1.1


        Labor


3.1.2.3


      Civilian


3.3.3.1


      Afloat


3.4.1.2.1.3.2


            Labor


3.4.4.1.2


        Material


3.2


  Unit Level Consumption


3.3.3.2


      Ashore


3.4.1.2.1.3.3


            Material


3.4.4.1.3


        Overhead


3.2.1


    POL


3.3.4


    Commercial Industrial Services


3.4.1.2.2


        Technical Availability


3.4.4.2


      Ordnance Rework


3.2.1.1


      Fuel (Fossil)


3.4


  Depot Maintenance


3.4.1.2.2.1


          Public Shipyards


3.4.4.3


      HM&E Rework


3.2.1.1.1


        Underway


3.4.1


    Overhaul & Repair


3.4.1.2.2.1.1


            Overhead


3.4.4.4


      Electronic/Periscope Rework


3.2.1.1.2


        Not Underway


3.4.1.1


      Scheduled Ship Overhaul


3.4.1.2.2.1.2


            Labor


3.4.5


    Outfitting & Spares


3.2.1.2


      Other POL


3.4.1.1.1


        Regular Overhaul


3.4.1.2.2.1.4


            Material


3.5


  Miscellaneous Contractor Services


3.2.2


    Repair Parts / Supplies


3.4.1.1.1.1


          Public Shipyards


3.4.1.2.2.2


          Private Shipyards


3.6


  Sustaining Support


3.2.2.1


      Repair Parts


3.4.1.1.1.1.1


            Overhead


3.4.1.2.2.3


          Ship Repair Facilities


3.6.1


    Engineering & Technical Services


3.2.2.2


      Supplies


3.4.1.1.1.1.2


            Labor


3.4.1.2.2.3.1


            Overhead


3.6.2


    Software Maintenance
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