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ABSTRACT

The Estimating Services Department of the Fernald Environmental Restoration Management
Corporation (FERMCO) is formalizing the process of life-cycle cost analysis (LCCA) for the
Fernald Environmental Management Project (FEMP). The LCCA process is based on the
concepts, principles, and guidelines described by applicable Department of Energy's (DOE)
orders, pertinent published literature, and the National Bureau of Standards handbook 135.
LCC analyses will be performed following a ten-step process on the FEMP at the earliest
possible decisicn point to support the selection of the least-cost alternatives for achieving the
FERMCO mission.

BACKGROUND

In August 1992, Fernald Environmental Restoration Management Corporation (FERMCO) was
selected as the environmental restoration management contractor for the Fernald site.
FERMCO then became the Fernald site management contractor on December 1, 1992 after
a three-month transition.

FERMCO's mission as the management contractor is: "Together DOE and FERMCO are
committed to the safe, least-cost, earliest, final cleanup of the Fernald site, within applicable
DOE ordars, regulations and commitments and in a manner which addresses stakeholder
concerns." With this working philosophy in mind, many improvements have been made by
FERMCO to date at the Fernald site. One of the improvements on site was the establishment
of the Estimating Services Department.

The major objective of Estimating Services is to develop a formalized process based on quality
principles to create accurate and timely cost estimates, and to establish final review guidelines
that ensure total compliance prior to completion. The LCCA is part of the formalized
estimating process. Estimating Services of FERMCO has established the LCCA process for the
FEMP to support the least-cost goal of our mission.

LCCA DEFINITIONS AND PRINCIPLES

Life-cycle cost as described in DOE Order 5700.2D, "...is the total of the direct, indirect,
recurring, nonrecurring, and other related costs incurred or estimated to be incurred in the
design, development, procluction, operation, maintenance, support, deactivation, and/or
disposition of a project or ,,;ystem over its anticipated useful life span..." (1)

Present worth analysis which is essentially the same as LCC is described by the U.S.
Environmental Protection Agency (EPA) as, "An evaluation of expenditures that occur over
different time periods by discounting all future costs to a common base year, usually the
current year. This allows the cost of remedial action alternatives to be compared on the basis



of a single figure representing the amount of money that , if invested in the base year and
disbursed as needed, woutd be sufficient to cover all costs associated with the remedial action

over its planned life." (3)

Both DOE's and EPA's definitions are based on three major LCC principles. They are:
alternatives, objective, and time value of money.

A LCCA is a comparison evaluation between two or more feasible alternatives leading to the
identification of the most economic alternative. As a consequence, A LCCA will be
meaningless if there is only one alternative. For most cases on the FEMP, do-nothing is not
a feasible alternative due to the legal drivers.

Once all feasible alternatives are identified, the economic objective of the LCCA must be
defined. There are three categories of economic objectives (2):

1. The objective is to maximize the benefit when the cost (i.e., the amount of
money to be spent) is fixed.

2. The objective is to minimize the cost when the benefit is fixed.

!

3. The objective is to maximize the profit (i.e., benefit- cost) when neither the cost
nor the benefit is fixed.

In most t;ases, the economic objective for the FEMP is to minimize the cost since the benefit
(i.e., final cleanup of the Fernald site) is fixed.

"Time value of money" is also known as "opportunity cost." The opportunity cost is the
return that could have been realized if the funds were used for the best available alternative

instead of the project being considered. The time adjustment is accomplished by applying
appropriate compound interest formulas (5), (e.g., discount rates), to the future dollar
amounts. The value of the discount factor depends on the discount rate and the period of
time. This operation is called "discounting cash flows."

A LCCA uses an economic evaluation method to compare the sums of discounted dollar value
of all cost elements incurred over the life cycle of each feasible alternative. Based on the
results and the economic objective, the least-cost alternative could be identified.

IMPORTANT LCC CONCEPTS FOR IMPLEMENTATION

Various concepts are important for the implementation of LCCA on a environmental
remediation/restoration project. These concepts include: sunk costs, constant dollars,
discount rates, and replacement costs. The following is a brief discussion of each concept.

Sunk costs are costs which have been incurred prior to the life-cycle cost analysis. They
should not be considered in making a current economic decision. The only relevant costs in
an economic analysis are pr_sent and future costs; past events and past costs are gone and
cannot be allowed to affect future planning. Costs incurred at the Fernald site from the time
of the facility's existence to the present, therefore, are not considered in the LCCA.

When performing a valid LCCA on the FEMP, all the alternatives identified for a given project



must be compared equitably. That is, an economic evaluation requires that all dollars have
the same purchasing power. This means stating amounts in constant dollars. Constant
dollars indicate what the same good or service would cost at different times if there were no
inflation or deflation to change the purchasing power of the dollar. The most direct way to
express cash flows in constant dollars is to establish a reference year, for which the value of
the dollar is set, and at the outset of the evaluation to state all present, and future amounts
in dollars as of that reference year.

The effect of discounting is to reduce the value of future cash amounts. The higher the
discount rate, the lower the present value equivalent of a future amount; the farther into the
future cash amount, the lower its present value equivalent. Since the rate affects the present
value of cash flows and, hence, whether or not a project will be acceptable, the value
assigned to the discount rate is an important element in an economic analysis.

The proper discount rate to use depends on whether the benefits and costs are measured in
real or nominal terms. A nominal discount rate that reflects expected inflation or deflation
should be used to discount nominal benefits and costs. A real discount rate that has been

adjusted to eliminate the effect of expected inflation or deflation should be used to discount
constant-dollar or real benefits and costs (4).

Replacement cost "...is a future cost, included in the capital budget, to replace a system or
component during the study period." (2) Replacement cost should be included in LCCA if i
there is a continuing need for a system or component and there is a need to extend the useful
life of some alternatives to the study period. For most cases on the FEMP, once a cleanup
objective is met there will be no continuing need for its supporting system or component. For
this reason, replacement costs are not used for all cases. Also, the discount rate used for a
LCCA is based on the alternative with the longest useful life. All other alternatives with
shorter useful lives will indicate zero cash flows for the years beyond their individual useful
lives.

NEEDS FOR A FORMALIZED LCCA PROCESS

In early 1993, FERMCO met with one subcontractor that was previously performing the LCC
analyses for the FEMP. The purpose of the meeting was to understand their LCC approach.
Based on the data gathered at the meeting and the review of their written procedure it was
concluded that the subcontractor's approach contained some opportunities for improvement.

In the subcontractor's approach, all cash flows were escalated to current dollars in different
years and the time value of money was not considered for future cash flow amounts. In
addition, it is important for the subcontractor to know the purpose for a LCCA is to help
identify the least cost alternative from the economic perspective. The resulting discounted
dollar value should not and cannot be used to support budget development.

Based on the evaluation of the existing LCC approach then, Estimating Services of FERMCO
decided to develop a formalized LCCA process to ensure that future LCCA for the FEMP will
be performed in a consistent and theoretically sound way.

A FORMALIZED LCCA PROCESS

When developing a formalized LCCA process, Estimating Services of FERMCO used the



National Bureau of Standards (NBS) Handbook 135 (5) as a guide. The Handbook was
developed for DOE to provide guidelines for the economic evaluations of energy conservation
and renewable energy projects. However, the suggested ten-step LCC process in the
Handbook is very generic and is applicable to remediation and restoration projects.

The formalized LCCA process consists of the followlng ten steps:

1. State the Objective.
A clear statement of the specific objective to be accomplished by the economic
evaluation is important in selecting a mode of evaluation and structuring the
problem for solution.

2. Identify Constraints.
By identifying constraints which will cause certain strategies to be infeasible
(e.g., technical, physical, functional, and budgetary requirements), the analyst
can reduce the number of candidate strategies for an economic evaluation.

3. Identify Technically Sound Strategies.
The economic evaluation must be applied to potential capital investment
projects which are technically intact.

4. Choose a Method of Economic Analysis.
Evaluating proposed capital investment projects under the Federal LCC Rule, the
following modes are to be used:

A. Total Life-Cycle Cost (TLCC).
B. Net Savings (NS).
C. Savings-to-Investment Ratio (SIR).
D. Payback Period (PB).

The TLCC analysis is the approach being utilized at the Fernald site. The TLCC is
essentially the same as present worth analysis.

5. Compile Data and Establish Assumptions.
Assemble cost elements of the significant effects quantified in dollars which are
expected to result from each alternative strategy being compared.

6. Calculate Measures of Economic Performance.

Compute the costs and/or savings elements for each economic alternative
depending on the analysis approach used.

7. Compare Alternatives.
Arrange the mathematical calculations in the form of costs and benefits to
provide a meaningful comparison among the alternatives.

8. Perform Sensitivity Analysis.
Sensitivity analysis is performed by' repeating an evaluation using different input
values. This technique is useful for evaluating an alternative project when
uncertainty exists about the data and assumptions.



9. Take Into Account Unquantified Effects.
When all sigllificant consequences of an alternative are not captured in the cost
elements, the measure of economic performance calculated may be misleading.
Both unquantified and quantified effects should be taken into account in
economic alternative comparisons.

10. Advise on the Decision.

The results of the economic evaluation should be an aid in the decision making.
Good judgement should always be used by exercising all the preceding
processes.

IMPLEMENTATION STATUS

Earlier this year, Estimating Services completed a preliminary LCCA for DOE (6). The analysis
is being used to justify the start-up of the on-site rotary kiln. The rotary kiln will be used as
an alternative for processing Defense Programs waste material under the Safe Shutdown
Removal Action. Figures 1 and 2 illustrate the net present value results in a cash flow
diagram form of two of the alternatives identified in the rotary kiln LCCA. Currently, the
rotary kiln LCCA is being finalized.

PLACE FIG. 1 HERE

PLACE FIG. 2 HERE

Also, a LCCA training program has been developed by the Estimating Services and Waste
Management departments of FERMCO. The purpose of the training program is to explain the
LCC analysis process as applied to selecting the most economical waste management
alternative. Figure 3 shows a flow diagram to help identify all feasible alternatives associated
with a waste management project.

PLACE FIG. 3 HERE

Estimating Services is also in the process of training estimators to perform LCCA for the FEMP
as well as compiling a cost data base to support LCCA.

LESSONS LEARNED

1. Top management support is important for the implementation of LCCA.

2. Training is required to overcome many misconceptions of what a LCCA really
illustrates and provides. Training also needs to emphasize benefits of LCCA
more than the theory.

3. The cost data base to support LCCA is different from that to support the
development of construction estimates. The data base almost needs to be
developed on a case-to-case basis.

4. It may be difficult to collect cost data for certain alternatives. A good example
is an alternative which requires the use of a new technology.



5. A review process must be developed and implemented to verify the validity of
a LCCA.

6. LCCA guidelines and procedures must be developed and followed to produce
consistent, objective, and valid LCC results.
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LCC CASH FLOW DIAGRAM
PROCESSING OF DEFENSE PROGRAMS WASTE MATERIAL

ALTERNATIVE 1
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Fig. 1. Cash Flow Diagram for Alternative 1 With
Net Present Value Results At Time 1993,



LCC CASH FLOW DIAGRAM
PROCESSING OF DEFENSE PROGRAMS WASTE MATERIAL
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Fig. 2. Cash FlowDiagramforAlternative2 With
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Fig. 3. Waste Alternative Flow Diagram.
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