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n selecting process equipment,
most engineers acknowledge the
importance of trying to look beyond
the actual purchase and consider
future costs. But, few engineers know
how to identify these, and the same is
true for the vendors. So the initial pur-
chase price, being more certain, often
becomes the dominant or even sole
input for the selection decision.

This is unfortunate because in many
instances the initial cost proves to be a
relatively insignificant component of
the total cost incurred by a piece of
equipment over its lifetime. The service
life, energy consumption, product yield
(when relevant), number of required
spare parts, and cost and frequency of
maintenance can all have an impact.
The sum of the present values of the fu-
ture costs attributable to these factors,
plus the initial cost of the equipment,
is often referred to as the Total Cost
of Ownership (TCO).

Even though estimating the future
costs may involve a considerable degree
of educated guesswork, it is better to
take them into account. Here we present
a systematic method for doing so.

Laying the groundwork
The starting point for calculating
TCO is the equation

TCO =IC + FC x PVF (1)

where IC is initial cost, FC is future
cost and PVF the present value factor.

The PVF determines the present
value of a future cost. For a single fu-
ture cost,

PVF(1) = 1(1+iN (2)

where PVF(1) is the present value fac-
tor for a single future cost, ¢ is the ap-
plicable annual interest rate (reflecting
either the cost of capital for the busi-
ness or the expected internal rate of re-
turn) and N is the number of years into
the future at which the cost occurs,

If the future cost instead reoccurs on
a regular basis (for example, annual
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maintenance costs, or biennial replace-
ment costs),

PVE(r) = [(14z)% — 1)/z(1+2)n (3)

where PVF(r} is the present value factor
for repeating future costs, n is the num-
ber of times the future cost repeats over
the service life of the equipment, and z is
the applicable interest rate for the pe-
riod between future costs. The last-
named term can be found as follows:

z=(1+p -1 (4)

where p is the period of time, in years,
that elapses between each repeating fu-
ture cost.

For simplicity, the equations in this
article do not distinguish between oper-
ating expenses and depreciable eapital
investments. The tax effects, and thus
the net cost, of investments and ex-

penses will vary depending on
» the depreciation and tax struc-
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tures applicable
to each company. The equations can

easily be modified to take into account
these and other specific circumstances,
as well as any constraints specific to
any given plant.

Initial cost
The initial cost (IC) of a piece of equip-
ment has four components. These are
selection, actual purchase outlay, in-
stallation and startup.
Selection costs: These must cover the
resources needed to determine the
process requirements, write the specifi-
cations, issue and evaluate the bids and
alternative proposals, produce and
study any drawings or other required
equipment documents, and choose and,
in some cases, test the equipment.
These costs may be significant. In

many cases, however, the equipment
vendor now absorbs some of them as a
consequence of a supplier-partnership
relationship with the customer.

The selection cost is of course larger
for major projects than for day-to-day
upkeep and repair operations. How-
ever, as a percentage of total cost, the
selection costs for the latter are often
much higher than for praject work.
Actual purchase outlay: As already
indicated, this is the most visible and
easily measured component of TCO.
Installation and startup costs: It is
difficult to generalize about these. They
differ greatly, according to not only the
type of equipment that is involved but
also the different designs available for
a given kind of equipment.

This latter point is especially true for
instrumentation. For example, some
microprocessor-based instruments may
require only a single pair of wires to es-
tablish two-way communication be-
tween the field and the control reom,
whereas other options may entail far
more complexity. Similarly, some in-
struments may be easier to modify and
debug, which streamlines the startup.
(It also reduces the future maintenance
and operating costs, discussed below.)

In summary, one may expand the IC
term in Equation 1 above as follows:

IC=E+8Se+1In (5)

where E is the actual purchase outlay
(i.e., the equipment purchase price), Se
represents the selection costs, and the
In term stands for the installation and
startup costs.

Future costs*

As pointed out earlier, this is the more-
speculative, but at the same time the
more-important, element of TCO. It

*The potential future cost of accidents and outage
is not considered in this article. Such cost may
stem from lost production, eguipment damage,
cleanup, regulatory penalties, and lawsuits, The
likelihood of such an oceurrence being caused by a
given fpiccc of equipment is small; conversely, the
cost of the oecurrence would in many cases be s0
large as to overshadow any other elements of the
TCO. If an equipment alternative under consider-
ation seems more likely to cause such an event
than do the other options, it is wise to eliminate
that alternative from consideration,
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