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Summary

Our decision-making processes through the years have been based primarily on "shortterm" time horizons, and the design, development, and production (or construction) of
new systems have only considered the initial procurement and acquisition costs. The
consequences of this approach have been rather costly, since experience has indicated
that many of the engineering and management decisions made in the early phases of the
system life cycle have had a great impact on the sustaining operation and maintenance
support of that system later on. Further, these "downstream" activities often constitute a
large percentage of the total cost of a system. Thus, it is essential that we extend our
planning horizon and decision-making to address system requirements from a total lifecycle perspective from the beginning. The purpose here is to identify the need for and
applications of life-cycle costing, describe the life-cycle cost analysis process, and to
discuss some of the benefits from its application.
1. The Need for Life-Cycle Costing

Do you know the actual true cost of your system? Can you identify the cost of each
functional element or activity? Are you aware of the high-cost contributors? Can you
identify the causes for these high-cost areas? Can you truly assess the risks associated
with the development, production, operation, support, and retirement of your system
and its components? The answer to these and many questions of a related nature is a
definite "NO!"
A system in this instance constitutes a complex combination of resources in the form of
materials, equipment, software, facilities, humans, computer resources, data and
information, integrated in such a manner in order to accomplish some designated
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function in response to an identified need. There are many categories of systems,
including electrical and electronic systems, transportation systems, communication
systems, production or manufacturing systems, information processing systems, and the
like. Included within the structure of these "systems" are not only those elements that
are directly involved in the accomplishment of a give mission scenario, but also the
maintenance and support infrastructure that is necessary to ensure that the system will
be able to successfully meet its objectives. If one is to manage all assets in an effective
and efficient manner, then it is necessary to view these assets in the context of a system
and in terms of its life cycle.
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In recent years, experience has indicated that the complexity and the costs of systems, in
general, have been increasing! A combination of introducing new technologies in
response to a constantly changing set of performance requirements, the increased
external social and political pressures associated with environmental issues, the
requirements to reduce the time that it takes to design and produce a new system, and
the requirement to extend the life cycle of systems already in operation constitutes a
major challenge! Further, many of the systems currently in use today are not adequately
responding to the needs of the consumer, nor are they cost-effective in terms of their
operation and support. This is occurring at a time when available resources are
dwindling and international competition is increasing worldwide.
In addressing the issue of cost-effectiveness, one often finds that there is a lack of total
cost visibility, as illustrated by the "iceberg" effect in Figure 1. For many systems, the
costs associated with design, production, the initial procurement of capital items, etc.,
are relatively well known. We deal with, and make decisions based on, these costs on a
regular basis. However, the costs associated with utilization and the maintenance and
support of the system throughout its planned life cycle are somewhat hidden. In essence,
we have been successful in addressing the short-term aspects of cost, but have not been
very responsive to the long-term effects.

Figure 1: Total Cost Visibility
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At the same time, experience has indicated that a large percentage of the total life-cycle
cost for a given system is attributed to operating and maintenance activities (e.g., up to
70 per cent to 75 per cent for some systems). When looking at "cause-and-effect"
relationships, one often finds that a significant portion of this cost stems from the
consequences of decisions made during the early phases of advance planning and
conceptual design. Decisions pertaining to the design of a process, the selection of a
technology, the selection of materials, the selection of an item of capital equipment,
equipment packaging schemes, decisions pertaining the use of humans versus the
incorporation of automation, etc., have a great impact on the "downstream" costs and,
thus, on the life-cycle cost. Additionally, the ultimate maintenance and support
infrastructure selected for a system throughout its period of utilization can significantly
impact the overall cost-effectiveness of that system. There are many interactions that
can occur when dealing with systems and their respective elements. As illustrated in
Figure 2, it is at the early stages in a program where the greatest gains can be realized in
terms of the ultimate life-cycle cost of a given system.

Figure 2: Opportunity for Impacting Cost-Effectiveness

Given these relationships in today's environment where available resources are
dwindling and international competition is increasing, there is a need to re-evaluate our
methods used not only in the design, development, and production of new systems but
in the sustaining operation and maintenance of existing systems that are currently in use.
Addressing system requirements from a total life-cycle perspective is essential, and the
application of life-cycle cost analysis methods can be highly beneficial in facilitating
this objective.
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2. Application of Life-Cycle Costing Methods
The application of life-cycle costing methods can be effectively implemented in:
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1. The design, development, and production (or construction) of a NEW system.
Every time there is a newly identified need, there is a new system requirement.
Further, there are a series of top-down steps required in evolving from the
identified need to the delivery of the ultimate system for operational use (i.e.,
definition of system requirements, functional analysis and requirements
allocation, trade-off studies and design optimization, synthesis, and test and
evaluation). The objective is to establish, from a top-down perspective, a
quantitative "design-to-life-cycle-cost" requirement, and then design, build, and
operate to meet this requirement. This must be accomplished from the
beginning, as illustrated in Figure 2.
2. The evaluation of an EXISTING system capability, with the objective of
implementing a "continuous-product/process-improvement" approach to
increase the effectiveness while reducing the life-cycle cost of that system. This
involves the initial determination of some quantitative goal(s) based on a defined
need (i.e., the establishment of some "metric" for benchmarking purposes),
describing the system and its processes in functional terms, collecting the
appropriate data and identifying the resources being consumed in accomplishing
the various functions, identifying the high-cost contributors and determining the
cause-and-effect relationships, and initiating the necessary recommendation(s)
for improvement of the system and its operation. This is an on-going iterative
process.

Figure 3: System Evaluation and Improvement Process
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The process recommended for both applications is illustrated in Figure 3. One would
commence with the establishment of some initially-specified system requirement and
then proceed through the steps shown, "tailored" to the requirements of the specific
system evaluation effort.
-
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