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Abstract

The lack of measurement and evaluation of flexible manufacturing possibilities seriously handicaps the appraisal and
justification of investments in flexible technologies. It is the goal of this paper to formulate a comprehensive definition for
manufacturing flexibility which can be explicitly translated into economic and financial variables. Further translation is
based upon the financial instruments of cash budgeting and capital budgeting.

The sensitivity of the economic and financial variables to shifts in manufacturing/operational flexibility will be
discussed from a theoretical point of view. It is concluded that operative variables for flexible technologies can become

indicators of economic and financial aspects.

Key words: Manufacturing flexibility; Capital budgeting; Cash management; Advanced manufacturing technologies

1. Introduction

Considerations of improved productivity and
production flexibility have assumed major import-
ance in the design and operation of manufactur-
ing systems. The globalization of competition has
clearly underlined the need for greater manufac-
turing effectiveness. Moreover, shorter product
life cycles, and greater product proliferation and
market fragmentation indicate that manufacturing
flexibility should be considered for the long-term
viability of many firms [1].

It is well recognized that advanced manufac-
turing technologies (AMT) are not inherently
profitable. Everything depends on their strategic
selection and creative development. Large payoffs
await companies willing to experiment with new
managerial approaches to these technologies. Real-
izing the full potential of new computer-controlled
design, production, and manufacturing planning
and control requires developing (the knowledge of)
the technical and infrastructural elements which
create flexibility. This implies that the need to
understand the sources and uses of flexibility has
never been greater.

Although manufacturing flexibility has generally
been recognized as an important competitive
weapon in operations management (OM) [2], it
seems that the concept itself has not yet been clearly
understood in the industry [3]. If this is so, or if its
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Fig. 1. Conceptual framework — links between strategy and
flexibility.

value cannot be ascertained in a way that is mean-
ingful to operations management, it is less likely to
be incorporated into the OM strategy [4].

To explore the links between strategy and flexib-
ility, it is useful to work within a broad context
[5, p- 22], as suggested by the conceptual frame-
work illustrated in Fig. 1. This framework is
a modified contingency model that came forward
from organization theory and manufacturing strat-
egy literatures [6, 7]. Manufacturing strategy and
investments in production technology, such as in
AMT, are related by virtue of their interactions
with environmental uncertainties, manufacturing
flexibility and performance measures. The driving
force is an organization’s task environment; man-
agement has to learn to cope with uncertainties
arising in the product market or in the production
process and its inputs. Managerial learning is re-
flected in a manufacturing strategy that tries to
adapt to the uncertainties and/or attempts to con-
trol uncertainties proactively [8]. Manufacturing
flexibility is needed to adapt to uncertainties; it
allows a corporation to respond effectively to
changing circumstances [9].

In the above conceptual model, any need for
flexibility is supposed to be met through capital
investment in production technology, thus making
the design and justification of AMT a salient issue.
However, this does not imply that other means
cannot be used to create flexibility, for instance by
product design, subcontracting, work organization,
materials management and so on.

A majority of plant managers identity flexibility
as a critical task for future competitiveness [10].
However, none of the plants included it among
their top three formally tracked objectives for

planning and control. This observation was recon-

firmed by the research conducted in 1987 by The

Manufacturing Roundtable of Boston University

[11]: flexibility was ranked from fourth to eighth

(depending on the industry) in importance for fu-

ture competitiveness, and first in the size of the

strategic gap (i.e., the difference between current
capability and future needs). Typically, flexibility

did not appear at all in a list of ten key performance

measures. The 1990 Boston University Manufac-

turing Futures Survey [12] also confirms it. Two
explanations were proposed for the discrepancy
between the strategic role of flexibility and the little,
if any, attention paid to the development of flexibil-
ity performance measures. First, in contrast to cost,
delivery and quality, which have been the corner-
stones of manufacturing planning and control for
many years, flexibility as a top priority has only
recently come to the fore. Consequently, even on
a conceptual level, it tends to be discussed relatively
less often and, if discussed, usually on a somewhat
abstract basis. Second, and linked to the first argu-
ment, the technology for measuring flexibility is
poorly developed. That is, in spite of its importance,
flexibility is rarely explicitly measured and is often
excluded from the operational control systems of
manufactures. From these observations, it is con-
cluded that there is a strong necessity to develop

a measure of manufacturing flexibility, both con-

ceptually and operationally [10].

The problem of understanding and measuring
manufacturing flexibility has received considerable
attention in recent years. Further research has
pointed out that major hurdles to our understand-
ing of manufacturing flexibility are the lack of
a consensus on the terms used to describe flexibility
[8]:

(i) the scope of flexibility related terms used by
various authors overlap considerably;

(ii) some flexibility terms are aggregates of other
flexibilities terms;

(i11) identical flexibility related terms used by more
than one author do not necessarily mean the
same thing.

A large number of studies have looked at the
various types of flexibility in manufacturing sys-
tems and have proposed different approaches to
measure it. In an extensive survey of the studies on



the issue of flexibility in manufacturing [13], it was

observed that at least 50 different terms for various

types of flexibilities can be found in the manufactur-
ing literature and that several terms are used to
refer to the same type of flexibility.

The multitude of flexibility measures contributes
a great deal to our understanding of the multi-
dimensional nature of manufacturing flexibility [4].
However, many of the measures suffer from the
following limitations:

(1) They are non-financial measures, except for
a few in which dollar values have been sugges-
ted for the shadow prices of resources or for
product switching costs.

(2) They are local measures, i.e. they look at only
a few dimensions of manufacturing flexibility
and thereby ignore possible trade-offs that
may exist between the different dimensions.

(3) They are isolated measures, i.e. they are for-
mulated independent of the environment in
which the manufacturing system functions.

A further complicating factor, these authors com-
ment, is the fact that an appropriate time horizon
must be specified to measure the value of any type
of flexibility. It is thus evident that it is perhaps
impossible to find a general measure of flexibility
that captures its value along all dimensions and
that is appropriate over all time horizons.

Although there is as yet no complete consensus
on the definition of the dimensions of manufactur-
ing flexibility, insight has advanced to the point
where the focus of research on flexibility should
shift [14]. However, much less has been done to
make these measures operational [15, 16].

So far, there is an imperative need to ascertain
the value of the flexibility of a manufacturing sys-
tem as a whole; this value has to be stated in such
a way that managers can appraise and justify the
flexible technology investments. With this need in
mind, it is the goal of this paper to propose (1)
a value-based approach for the measurement of
a manufacturing system’s flexibility which focuses
on the manufacturing variables that are parti-
cularly relevant in the economic and financial justi-
fication of manufacturing flexibility; this approach
will consider both long-term and short-term manu-
facturing/operative and financial variables, and (2)
an early warning system for the study and sensitiv-

ity analysis of the financial and economic variables
to shifts in manufacturing flexibility.

The remainder of this paper is organized in the
following manner: First 1 characterize the specific
nature of the manufacturing flexibility that is being
evaluated and identify the different types of flexibil-
ity that are included in this characterization.
A capital and treasury budgeting-based approach
is then proposed to measure and justify the invest-
ments in flexible technology. A numerical example
is developed to provide some guidance on the
translation process of the manufacturing variables
into economic and finance variables, and to illus-
trate how the suggested approach works. Next, an
early warning system is suggested that can be used
to forecast the financial impacts of the different
manufacturing flexibilities. Finally, a summary and
some concluding remarks are provided.

2. Flexible manufacturing: operative variables
(characterization and measure)

The starting point for the development of
a value-based approach to the measurement of the
flexibility are studies by Gupta and Somers [17]
and Sethi and Sethi [13]. This approach will sim-
plify the financial justification of flexible manufac-
turing technologies investments. According to the
outcomes of the study by [17, pp. 170-171], it can
be suggested that the manufacturing flexibility is
a compound of the following flexibilities.

Machine flexibility deals with a variety of opera-
tions that a machine can perform without incur-
ring high costs or using prohibitive amounts of
time in switching from one operation to another.
Machine flexibility allows small batch sizes which,
as a result, result in lower inventory costs, higher
machine utilizations, ability to produce complex
parts, and improved product quality.

Material handling flexibility is defined as the abil-
ity of material handling systems to move different
part types effectively through the manufacturing
facility, including loading and unloading of parts,
intermachine transportation and storage of parts
under various conditions of manufacturing flexibil-
ity. In the end, material handling flexibility may



increase machine availability and reduce through-
put times.

Process flexibility is defined as the ability of
a manufacturing system to produce a set of part
types without major set-ups, which is sometimes
referred to as mix flexibility [ 18, 197. Process flexibil-
ity is useful in reducing batch sizes and, as a result,
inventory costs. Since it allows the sharing of ma-
chines, it minimizes the need for duplicate machines.

Product flexibility is defined by the ease with
which new parts can be added or substituted for
existing parts, i.e. the ease with which the current
part mix can be changed at relatively low cost in
a short period. Product flexibility helps the firm to
be market responsive by enabling it to bring newly
designed products quickly to the market.

Routing flexibility refers to the ability of a manu-
facturing system to produce a part by alternate
routes through the system. The purpose of routing
flexibility s to continue to produce a given set of
part types, albeit at a lower rate in the event of
unexpected machine breakdown. It allows efficient
scheduling of parts via improved balancing of ma-
chine loads.

Volume flexibility is the ability of a manufactur-
ing system to be operated profitably at different
overall output levels, thus allowing the factory to
adjust production within a wide range.

Expansion flexibility is the extent to which over-
all effort is needed to increase the capacity and
capability of a manufacturing system. Expansion
flexibility may help shorten implementation time
and reduce cost for new products, variations of
existing products, or added capacity.

Programming flexibility is the ability of the sys-
tem to run virtually unattended for a long enough
period. Programme flexibility reduces the through-
put time via reducing set-up times, improving in-
spection and gauging, and better fixtures and tools.

Production flexibility is the universe of part types
that the manufacturing system can produce with-
out adding major equipment. This type of flexibility
is dependent on several factors such as variety and
versatility of available machines, flexibility of ma-
terial handling systems, and factory information
and control systems.

Market flexibility can be defined as the ease with
which the manufacturing system can adapt to

changing market environments. It allows the firm
to respond to changes without seriously affecting
the business and to enable the firm to out-
manoeuver its less flexible competitors in exploit-
ing new business opportunities.

Gupta and Somers’ study deals with the develop-
ment of a standard measure of manufacturing flex-
ibility. The authors analyse, by means of the fac-
tor analysis technique, how the different items
measuring manufacturing flexibility have been in-
corporated by the literature; they sum up 34 items,
explaining the different types of flexibility suggested
by [13] and their relative relevance for companies.
This standard measure of manufacturing flexibility
only considers 21 items from the above 34. The 21
manufacturing variables to be considered in the
model are described in the following terms:

A time required to introduce new products is
extremely low

D  time required to add a unit of production
capacity is low

E  shortage cost of finished products is extreme-
ly low

F  cost of delay in meeting customers orders is
extremely low

G size of the universe of parts the manufacturing
system is capable of producing without
adding major capital equipments is extremely
large

H  the manufacturing system is capable of run-
ning virtually unattended during the second
and third shift

I cost of doubling the output of the system is
likely to be extremely low

J time that may be required to double the out-
put of the system is likely to be extremely low

K  the capacity of the system can be increased
when needed with ease

L  the capability of the system can be increased
when needed with ease

N the range of volumes in which the firm can
run profitably is extremely high

P cost of the production lost as a result of
expediting a preemptive order is extremely low

Q  decrease in throughput because of a machine
breakdown is extremely low

S number of new parts introduced per year is
very high
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Fig. 2. Model for measuring manufacturing flexibility.

X  changeover cost between production task
within the current production programme is
extremely low

Y  the ratio of the total output and the waiting
cost of parts processes is extremely low

Z  the ability of material handling system to
move different part types for proper position-
ing and processing through the manufactur-
ing facility is extremely high

AA the ratio of the number of paths the material
handling systems can support to the total
number of paths is very high

BB the material handling system can link every
machine to every other machine

CC the number of different operations that a typi-
cal machine can perform without requiring
a prohibitive time in switching from one op-
eration to another is very high

DD the number of different operations that a typi-
cal machine can perform without requiring
a prohibitive cost in switching from one op-
eration to another is very high

According to the outcome of the study by [17], it
can be suggested that the manufacturing flexibility
is a compound of the following flexibilities:

— expansion and markets flexibilities;

— volume flexibility;

— product and production flexibilities;

— market flexibility;

— machine flexibility;

|

process flexibility;

— programming;

— routing;

material handling flexibility.

See Fig. 2 for an illustration of Gupta and Somers’
model.

In order to translate the above-mentioned manu-
facturing/operative variables into financial vari-
ables, it is necessary to identify first the types of
flexibility which have relationships with various
decisions [20]. This can be achieved by classifying
the types of flexibilities according to their impact
on long-term and short-term decisions [20]. Con-
ventionally, long-term decisions are financially as-
sociated with long-term capital budgeting, while
short-term decisions are associated with cash man-
agement and treasury budgeting.

Long-term decisions concerning flexible techno-
logy acquisitions are strategic decisions and involve
substantial investments. They relate to design flex-
ibility and are concerned with the decisions that
must be made before installation of the sys-
tem/technologies. This flexibility reflects, or should
reflect, the needs for flexibility directly derived from
the strategy of the firm with reference to its markets
(see Fig. 1). Accordingly, it relates to the capacity of
the production technology to introduce changes in
the product mix, in the design, and in the scope of
new products and new products generation [21].
So far, design flexibility refers to the ability to vary
production across a greater range of volumes; to
attain faster a new production level within its vol-
ume range; to increase the breadth of the product
line; the extent of product variety, etc.

Coming back to Fig. 1, design flexibility would
influence the strategic type of production techno-
logy investments that a firm should accomplish.
Short-term decisions concerning flexible techno-
logy implementation and control are involved with
the operation of the plant and linked to operational
flexibility [21]. This operational flexibility relates
to the capability of the equipment/production pro-
cess/plant to respond on time to changes in plans,
programmes and schedules, within the require-
ments set by the operations strategy, and thus in-
fluencing the performance of the firm. (See Fig. 1).

Thus, although both types of flexibility are tied
closely and are interdependent, they refer to



complementary stages in the appraisal of the new
production technology investments process: design
flexibility has to be incorporated into the assess-
ment, justification and financing of the investment
(ex-ante justification), while operational flexibility
has to be taken into account for the monitoring and
control of performance (ex-post justification).

It is assumed that investments leading to a higher
design flexibility should be appraised as long-term
capital investments given the nature and content
of such flexibility. This implies that (1) capital
budgeting techniques are suitable for their financial
justification and that (2) a linkage has to be made
between the financial variables used by those tech-
niques, and the manufacturing variables measuring
the strategic or long-term performance of the flex-
ible investments. It is also assumed that financial
monitoring and control of these investments should
be performed by cash budgeting and control tech-
niques, 1.e. a second linkage has to be established
between the financial short-term variables and the
operative or manufacturing variables measuring
the daily performance of the flexible investments.
i.e. the operational flexibility.?

This distinction between long and short-term
flexibilities and capital and cash budgeting tech-
nigues will allow the ex-ante and ex-post justifica-
tions of investments in flexible equipments. It tries
to show in an easy way the likely consistency be-
tween the measures of the productions process and
the organization’s actions and strategies. Accord-
ing to Nanni’s comments {29, pp. 7 and 8], and the
fact that senior management will more readily ac-
cept a new radical technology if it is justified on
familiar grounds rather than with a completely new
approach, simplicity has been pursued: the classi-
fication proposed here focuses attention such that
there are enough measures to reveal and solve
critical problems, but not so many as to create
confusion.

Design flexibility provides data that helps to
calculate the net present value (NPV), the internal

2 There is a big controversy on the suitability of conventional
capital budgeting techniques for the advanced manufacturing
technology investment appraisals. The main pitfalls of DCF’s
procedures have been widely discussed, see for instance {22-28].

rate of return (IRR), or any other capital budgeting

index. If the strategy of the firm is to acquire flex-

ible equipments, one action to perform will be to
determine its economic and financial feasibility.

Operational flexibility provides data on whether

the strategic objectives are successfully completed,

the manufacturing activities are being done waste-
fully or not, and on the way the firm is organized to
do these activities.

The next step is to identify those manufacturing
or operative variables related to design flexibility
and those related to operational flexibility. Most of
the firms that have already acquired flexible tech-
nologies have employed conventional justification
techniques like NPV or IRR,? and the tangible and
quantifiable benefits of the new technology have
been taken into account. These benefits are sum-
marized as [32, pp. 205]

— increased market share;

— increased sales volume;

— increased production volume;

— successful development of new products;

— reduced product development time;

— development of new markets;

— fewer customer complaints;

— reduced defect costs and reduced scrap costs;

— shortening of delivery time;

— direct labor savings;

— reduced work-in-process and finished-goods in-
ventory levels;

— reduced floor space requirements;

— improved product quality leading to reduced
inspection, rework, scrap, warranty, and service
costs;

— reduced tooling, utilities, maintenance, produc-
tion control, fixturing, and material costs.

The economic value of these benefits can be known

with certainty or at least up to a probability distri-

bution. According to 5, pp. 52] this type of benefits
can be categorized as “zero-order intangibles”. For
the purpose of this paper, the ex-ante quantification
of these benefits are well suited. If a direct linkage
can be found between the above benefits and the
nine flexibilities suggested by Gupta and Somers

3 See the empirical evidence provided by [22,30,31].
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[17, pp.17], then a group can be formed that

relates to design flexibility. Equally, a second group

can be formed relating to operational flexibility.

The latter will include all flexibility types that are

not linked to the above benefits. Consequently, this

second group contains a limited chance, if any, to

estimate ex-ante their tangible benefits. As a result,

the second operational flexibility group can be con-

sidered to comprise all intangible benefits, which

can be summed as [32, pp. 205]:

— increased product uniformity;

— increased ability to quickly enter new markets;

— increased goodwill generated through the new
reputation the firm acquired;

- synergy with other equipment;

— better scheduling/workfiow;

— increased strategic options and reduced risk of
obsolescence;

- improved product quality leading to improved
market image;

— ability to respond quickly to future technology

~advances;

— offset technology adoption by competitors;

— increased employee morale;

— better customer service;

— reduced training and supervision;

- increased utilization of manpower and equip-
ment;

— reduced expediting;

— reduced materials handling;

— more disciplinated manufacturing process;

— increased safety.

According to the definitions given for the nine
different types of flexibility and their direct rela-
tionship with the tangible benefits, the design flex-
ibility category will consist of the following types:
— machine flexibility,

— process flexibility,

— product and production flexibility,
— volume flexibility and

— expansion and market flexibility.

The operational flexibility category will include:
— material handling flexibility,

- routing flexibility,
- programming flexibility and
— market flexibility.*

The proposed classification gives way to a modified
version of Gupta and Somers [17] model. This
proposed modified version is illustrated by Fig. 3.

“It is assumed that direct linkages can be traced between rout-
ing, programming, market, and material handling flexibilities
and those benefits classified as intangible ones [32] or, as

- “first-order” intangibles, i.e. those whose economic value is
not quantifiable but can be readily stated in physical terms
with certainty or by using probabilities,

- “second-order” intangibles which are nonpecuniary factors
that can be enumerated but are not measurable in physical
terms except perhaps on a qualitative basis,

— “third-order” intangibles which represent factors producing
unanticipated benefits and costs that are typically not
measurable [5, pp. 52].

In this regard, it can only be assumed that these intangible
benefits properly fit the ex-post justification of the flexible tech-
nology investment.



3. Flexible manufacturing and capital budgeting

Once the flexibility identification has been com-
pleted, both types of manufacturing flexibility (de-
sign and operational) variables can be linked to
corresponding financial variables, thus leading to
the translation of operative measures, i.e. the 21
manufacturing variables identified by [17], into
financial and economic measures.

Investment in flexible manufacturing equipment
is expected to modify the design and/or opera-
tional flexibilities of the investing company.
No matter how relevant these changes can
be for that firm’s survival, if they are not financially
justified, the investment will not get the approval
and the go-ahead; the justification process is largely
strategic in nature but must also involve finance
issues.

Consequently, the main objective of the transla-
tion system proposed here will be to provide both
financial and operations managers with a tool that
indicates them:

— which of the operative variables explaining
design flexibility may modify the estimates
of the long-term capital budgeting variables (see
Fig. 3),

— which of the operative variables explaining op-
erational flexibility may vary the estimates of the
short-term cash and treasury budgeting and
management variables (see Fig. 3).

Once this correspondence i1s defined, the next step

will be to develop a procedure to determine when

such linkages should be considered in the NPV
and/or IRR computations and how. This will be

done in Section 4.

3.1. Design flexibility and capital budgeting
techniques

Capital budgeting techniques, such as the NPV
or the IRR, are often used for capital investments
appraisals. They concentrate in the appraisal of
long-term assets being mainly financed with long-
term funds. The financial variables used by these
techniques are initial investment outlay, expected
cash flows, residual or salvage value and discount
rate. These variables are the ones which have to be

linked to operative variables associated with design
flexibility.’

The initial investment outlay information to be
gathered refers basically to the acquisition cost of
the new production capacity, with the acquisition
cost depending upon both the time needed for the
completion of this new capacity, and the alternate
uses of such capacity. Next, what needs to be esti-
mated is the incremental initial investment outlay,
which can be computed as the initial investment
outlay needed for the “rigid” (i.e. non-flexible) tech-
nologies minus the investment outlay referring to
flexible technologies or vice versa if the initial in-
vestment needed for the flexible technology is high-
er than the one required by the “rigid” technology
acquisition.

The proposed model assumes that machine, pro-
cess, production and product, volume, and expan-
sion and market flexibilities associated with both
flexible and rigid technologies, may help in the
assessment of their acquisition cost, as well as the
time needed for the achievement of new production
capacity and the alternative uses of such capacity.
These flexibilities can provide insightful informa-
tion on the variety of products and volumes that
the firm may offer, thus indicating which markets
can be served. According to the outcome of the
study by [17], these types of flexibilities are ex-
plained by the manufacturing variables DD, CC
(machine), X, Y (process), S, G (production and
product), N (volume), and J, I, K, L, A, and D (ex-
pansion and market) (see their definition in the
previous section of this paper and Fig. 2).

Apart from depreciable assets, the investment in
flexible technologies, as any other type of invest-
ment, often requires an investment in the working
capital. The financial items underlying working
capital relate to the current dealings of the organ-
ization [33]. In general, it is depicted as a cycle, tied
to the operating cycle of production [26]. It is in

SAs is previously stated, this proposal is aware of the many
pitfalls of DCF procedures. The main goal of the suggested
approach is to provide management with more accurate and
operative-oriented data so that they can avoid some of the
inherent weaknesses of the cash and capital budgeting tech-
niques.



this operating cycle that some types of design flex-
ibility (process flexibility) and operational flexibil-
ity, (programming, routing and material handling
flexibilities), relate to working capital, having their
effects mainly on cash outflows.

The question to assess then is how investments in
a working capital associated with flexible technolo-
gies, differ from those of rigid technologies invest-
ments, so that the incremental working capital
(being positive or negative) can be estimated. Ac-
cording to our flexibility definition (see Section 2),
operational flexibility may lead to reduced through
put times via a reduction of the set-up times, the
continuity of the production process and the in-
crease of the machine availability. This may lead to
lower work-in-progress inventories [5, pp. 21-42].
Process flexibility (included in the design flexibility
group) also contributes to lower work-in-progress
inventories, because it is useful in reducing batch
sizes and, in turn, finished goods inventories [5,
pp- 21-42]. Equally a lower amount of current as-
sets can be expected, other balance sheet related
accounts remaining unchanged, giving way to a de-
creased need of working capital. The manufactur-
ing variables to be analysed will be X, ¥ (process),
H (programming), Q, P (routing), and Z, AA, BB
(material handling). (See Fig. 2 again.) Reliable esti-
mates of the incremental need of working capital
will not be available until a first manufacturing
cycle has taken place. Since more reliability is ad-
visable, the estimates should be made ex-post, i.e.
once the new flexible equipment has been acquired
and implemented. Nevertheless, this does not imply
that ex-ante estimations will not have to be per-
formed. For example, additional long-term capital
funding could be needed for the first new manufac-
turing cycle or, vice versa, financial resources can
be freed and, thus, employed for alternative pur-
poses [34]. At minimum, aggregate estimates are
revised on a yearly basis, and information provided
by operational flexibility can be of significant help,
as will be discussed in a later section of this paper.

Design flexibility may significantly influence the
expected cash flows. Once again, the relevant in-
formation is tied to the differences between the
expected cash flows of the firm when employing
rigid technology (the “base case™) and the expected
cash flows due to the use of flexible technology.

Typically, data to take into account refer to the
expected increments in sales, costs of goods sold,
and operating expenses. It can be assumed that all
flexibilities explaining the design and operational
flexibilities are likely to influence the cash-flows
figures. However, for the ex-ante calculations,
data will only be available on the manufacturing
variables explaining design flexibility. Revised esti-
mates of the actual cash-flows figures will be in-
fluenced by operational flexibility related data. It
means that for incremental NPV and/or IRR calcu-
lations, manufacturing variables to be considered
will be the ones related to design flexibility, i.e.
DD, CC, (machine), X, Y (process), S, G (produc-
tion and product), N (volume), and J,I, K, L, A
and D (expansion and market). (See their definition
in the previous section of this paper and the link-
ages illustrated in Fig. 2).

The incremental initial investment outlay — ac-
quisition costs plus or minus the working capital
needed — equals the incremental funds that will
need to be sourced. During the expected life of the
new flexible equipment to be acquired, funds can be
provided by the potential increase in self-financing,
to be obtained if higher incremental cash flows
(after taxes) are expected to occur and the dividend
payout and non-distributed benefits policies re-
main unchanged. As a result, the amount of ex-
ternal funds needed can be lower, which in turn
may influence the cost of capital. Therefore, the
discount rate to be used for the NPV computations
should be equal to the cost of capital for the in-
cremental funds.

It is difficult to estimate the future residual or
salvage values of flexible technology, as well as
assessing the gap between continuing to use rigid
technology equipment and flexible technology. It is
assumed that the depreciation of machines can be
estimated from their usage rate, and thus their
residual value; aggregate estimates can be obtained
by considering the design flexibilities.® The manu-
facturing or operative variables to be analysed will

By definition, higher design flexibility allows higher usage rates
provided there is a higher uncertainty in the demand side.
Nevertheless, for accurate (and ex-post) estimates, data on the
operattonal flexibility of the investment should be used.



be CC,DD, X,Y,S,G,N,J,I,K, L, A and D (see
their definition in the previous section).

3.2. Linking design flexibility variables and capital
investment appraisal ones: main assumptions
and an illustrative example

Given that a company might not be interested in
achieving any kind of manufacturing flexibility and
since companies usually have a budgetary con-
straint and they are more or less forced to achieve
a given level of profitability, some questions have to
be answered before a new equipment is acquired.
Different and independent flexibilities provided by
any new equipment have to (1) be suitable for
serving the company’s market and to react ad-
equately to changes in that market, (2) fulfill the
budgetary constraint, and (3) fulfill the profitability
constraints.

So far, the company has to identify first the main
features of the market it is serving. These features
relate to variables like the requested amount, price
and types of products, the accepted level of quality,
admissible delivery time, and so on. According to
these characteristics, the company has to identify
which equipment or equipments, among the many
ones in the market, provide the different degrees of
design flexibilities that are more suitable to gain
a competitive advantage in the company’s market.
Flexibility variables to take into account are DD
and CC, machine flexibility; X and Y, process flex-
ibility; N, volume flexibility; J, I, K, L, A and D,
expansion and market flexibility. More relevant
information to be gathered here relates to the pro-
duction capacity, i.e. the number of new products
which can be introduced if they are demanded,
maximum and minimum total output which can be
produced if required, maximum and minimum
achievable delivery time, etc. It is assumed that the
above-mentioned variables are independent and so
are their effects.

The selected equipment or group of equipments
will then have to be analysed to determine if it
(they) fulfill the budgetary constraint. The equip-
ment or equipments which satisfy this constraint
will then be assessed in order to identify which of
them satisfies the profitability constraints. Once the

linkages between design flexibility variables and
capital investments appraisal ones have been estab-
lished (see Section 3.1), the next step will be to
develop a mechanism which allows for the transla-
tion of the design flexibility variables into “mone-
tarized” variables. These “monetarized’ variables
will be used for the calculations of the correspond-
ing NPV and/or IRR values, thus leading to the
selection of the equipment which satisfies better the
profitability constraints.

The mechanism here suggested relies upon the
main assumption that any kind of manufacturing
flexibility might be translated into a percentage of
the operative costs incurred for manufacturing
a product or a family of products. What this means
is that the potential manufacturing advantages pro-
vided for the design flexibility are not free, and,
accordingly, if a firm wishes to become flexible in
the manufacturing sense, it will incur an additional
cost, which has to be assessed.

It is here that the definition of the manufacturing
flexibility variables selected by Gupta and Somers
comes to the fore: most of them are described in
terms of cost and time needed to increase the flexib-
ility of a production system. What has to be done
now is to calculate these costs and times, and trans-
late time’s figures into costs ones.

This is not an easy process since costs and time
figures are closely tied to variable amounts of po-
tentially produced output. This implies that link-
ages have to be traced between units of output and
time and cost figures. For example, when dealing
with the manufacturing flexibility variable F (cost
of delay in meeting customers orders is extremely
low), different cost figures should be considered for
different sizes of delays, i.e. if there is a delay of 50
units of a given item, the cost of the delay will be
Y dollars, while if the delay sizes 100 units, the cost
will be Y + Z, where Z < Y. If the variable to
consider is § (number of new parts introduced per
year is very high), the possible different numbers of
parts have to be estimated and costs for the differ-
ent numbers have to be calculated; for example,
producing 20 different parts will amount for a cost
of X dollars, while producing 40 different parts will
sum up 2X — 10 dollars. For variable J (time that
may be required to double the output of the system
is likely to be extremely low), the required time has



to be assessed not only for the double output, but
for smaller quantities as well, and these required
times have to be translated later into associated
costs figures.

Flexibility variables which have to be monetarize
are DD and CC, machine flexibility; X and 7Y,
process flexibility; N, volume flexibility; J, I, K,
L, A and D, expansion and market flexibility.

This procedure requires a joint effort from ac-
countants and operations managers, which will
have to share information and to elaborate cost
standards for the different degrees of flexibility pro-
vided for the flexible equipment to acquire. The
more accurate estimates they provide, the more
reliable estimates to incorporate to the investment
appraisal process and, therefore, more reliable
values for NPV and/or IRR.

The following numerical example has been de-
veloped to illustrate how the described process may
help a firm in assessing and selecting of the most
suitable equipment to be acquired.

Company X is a Spanish firm which is having
trouble with its market share. It is the belief of its
top management that this situation may improve if
the production process is modified by means of the
acquisition of new equipment. The market which
this company serves demands item A, admits some
percentage of rejected items per order, 25%, and
the normal accepted delivery time per order is
6 days. Demand for item A during the past three
years has been variable; according to marketing
managers, it consisted of 180 units in 25% of the
cases, 200 in 50%, and 220 in the remaining 25% of
the cases. Companies’ gross margin per unit for this
sector is 4 monetary units. The current interest rate
is supposed to be 10%.” Company X has a limited

7122, 30, 31] provide empirical evidence related to this point and

the time horizon to consider:

— The surveyed UK companies permit a longer payback time
for AMT investments, this way contradicting the suggestions
made by some commentators that, owing to the perceived
level of risk, shorter required paybacks are usually set by
investing companies.

— For the same companies, very little difference emerged be-
tween the rate of interest applied to AMT and non-AMT
investments, which may imply that there is a negligible differ-
ence between the perceived decrease in the risks of the forms
of investment when discount rates are applied. There is no

and small budget, accounting for no more than
2000 (monetary units). The acquired equipment
will be used during the next 3 yr, after which the
factory will be dismantled.
There are two equipments available for the com-
pany that suit the budget:
— the “conventional” model, which is relatively
flexible, with a price of 1400 monetary units, and
— the “advanced” model, which is more flexible
according to operations managers, with a price
of 1 700 monetary units (these prices only refer to
the acquisition cost of the equipment).
Technical features for both equipments are as follows

Conventional model

Under standard conditions, the production rate
for this model is 200 units of item A, upper and
lower production rate levels being 250 and 150
units, respectively. It provides a quality level of
rejected items of 25%, but this level can be modi-
fied; the minimum rate of rejected items can be
10%, while the maximum can amounts to 35%.
Although its standard delivery time is 6 days per
order, it can be decreased to 4 days. This equipment
is also suitable for the production of a new product,
B. Thus, its standard process time could be shared
by both products, but no more than the 70% of the
total process time can be dedicated to manufacture
product B.

Deviations from the designed current configura-
tion bring together an increase in the operative
costs, leading to a reduction of the gross margin per
unit. Deviations and their associated operative
costs are shown in Table 1.

(If the demand happens to be 220 units, the
current configuration would be readjusted to pro-
duce this quantity, which represents an increase of
10% in the standard production rate. Since this
equipment only allows an increase or decrease of
20%, the cost effect for each unit of item produced
would be a 4% decrease in its gross margin. If the
delivery time demanded by customers decreases to

evidence from the surveys to support the popular assertion

that excessive discount rates are used for AMT investments.

An interest rate of 10% is reasonable for the Spanish capital
market and the time horizon that companies use to consider
varies between 3 and 4 years.



4 days, the standard time will have to be decreased
by 34%, which reduces the gross margin per unit by
20% (30% < 34% < 40%, then cost increase in
0.05 x 4).

Advanced model

Under standard operative conditions, it can
manufacture 210 units, with upper and lower levels
being 273 and 147, respectively. The quality level is
fixed at a rate of 10% rejected items. This competi-
tive advantage has a fixed cost, which leads to a 3%
decrease in gross margin per unit, no matter what
the level demanded. The standard delivery time is
the shortest in the market: 4-8 days. The company
will have to pay for this feature a fixed amount of
2% of the gross margin. It can be decreased at no
additional cost to a minimum of 3.84 days if re-
quired. It is also possible to produce item B if it is
demanded by customers, the maximum total pro-
cess time dedicated to B not being superior to §0%.

Once again, deviations from the standard rates
diminish the gross margin per produced unit. Devi-
ations and their associated costs are shown in
Table 2. According to the technical features and
acquisition costs of both equipments, any one of
them is suitable for the purposes of the company.

Table 1
The conventional model: flexibilities and associated costs

After applying the NPV technique — assuming
the market would remain the same as it is now for
the next three years, and that demand can be well
described by its expected mean, like in Hillier’s
model [35] — the acquisition of the “conventional”
model seems to be better, since its associated NPV
is higher than the “advanced” model one.

However, top management does not believe the
rejection of the acquisition of the “advanced”
model to be advisable, given that the market of the
company is becoming increasingly turbulent, with
changes not only in the demand levels, but in qual-
ity, and delivery times as well. Furthermore, it is
expected that demand for product B will grow.
They assume that operative and competitive status
of Company X will undoubtedly change in the near
future. Under these assumptions, the decision is
reconsidered, and more realistic scenarios for the
production and sales plan are taken into account.
These scenarios are provided by the company’s
marketing experts, and the outcomes of their de-
tailed study are the following forecasts:

(a) Demand fluctuations: The expected total de-
mand for the next three years will take the fol-
lowing values: 180, 210 and 240 with associated
probabilities of 35%, 40% and 25%, respectively.

Deviations Demand Quality
+ 20% of standard + 10 points of the
production rate standard quality level
Associated 4% 7%

costs (Decrease in
the gross margin
per unit)

Products range
+ 20% of the total process
time dedicated to product A

Delivery time
+ 10% of the standard
delivery time

5% 15%

Table 2
The advanced model: flexibilities and associated costs

Deviations Demand Quality Delivery time Products range
+ 10% of standard Level fixed + 20% of the standard + 20% of the total process
production rate at 10% delivery time time dedicated to product A
Associated costs (Decrease 3% 2% 3%

in the gross margin per unit;
penalties for higher quality
levels and shorter delivery
times are not included)




(b) Quality levels: The rejection rate will decrease,
taking values between 15% and the current
25%. Most likely estimates are 15%, 20% and
25%, with associated probabilities of 25%,
40% and 35%, respectively.

(¢} Delivery time fluctuations: Increased competi-
tion is expected, leading to consecutive reduc-
tions. Most likely estimates are 6.5, 5.5 and 4.5,
with associated probabilities of 15%, 55% and
30%, respectively.

(d} Demand consolidation for product B: Product
B is superior to product A, which may lead to
a change in the demand of product A. Market
studies provide the following forecasts for both
products’ demand: 40%A—-60%B, 70%A-30%B,
and 100%A, with associated probabilities of
30%, 40% and 30%, respectively.

In the revised scenario study, Hertz’s approach
[35],% instead of Hillier’s model [36], has been
followed, and the Montecarlo method has been
applied. The variables considered have been total
demand, quality level, delivery time, an process
time for product B. Fig. 4 illustrates the simulation
process.

Initial assumptions are that

— these variables are independent,®

— vyearly cash flows are positive and perfectly cor-

related,

— production, sales and demand are equal.

(these assumptions can be relaxed if desired in order

to simulate different and complementary scenarios).

The “conventional” and “advanced” models
cases have been considered separately, and for each
cases, 1000 and 10000 simulations have been run.
The outcomes of these simulations are shown in
Tables 3-6, respectively.

8 This approach has been recognized as more powerful than
Hillier’s one, it provides not only the expected mean and stan-
dard deviation for the NPV, but its density function, and the
probability for NPV > 0 as well. Moreover, as more different
values can be considered for the different variables, and not only
their mean value, the outcomes of the model are much more
reliable. However, some authors prefer to use Hillier’s method,
as can be seen in Azzone et al. [37].

°As total production for a year will depend on the units de-
manded per year, the number of A or B items to produce will
have to take into account that demand.

As can be seen, for the data employed, the ac-
quisition of the “advanced” model seems much
more advisable, given that the mean and standard
deviation for its NPV are better than those per-
taining to the “conventional” model. Consequently,
Company X would benefit from higher profits if
it acquires the “advanced” model and (1) costs’
estimates for different flexibilities variables are ac-
curate, up-to-date, and reliable, and (2} demand
happens to be exactly the same as its forecasts.

Since the situation described is just an example,
and a very simple example indeed, the generalisa-
tion of conclusions is limited. Nevertheless, in spite
of its many shortcomings, it shows that, under
conditions of uncertainty, flexible machinery can
provide better NPVs than rigid machinery. As nu-
merical results become available, it is possible that
the importance of manufacturing flexibility may be
acknowledged by skeptical financial managers and
accountants,

3.3. Operational flexibility and cash budgeting

The short-term budget or cash budget of a firm is
the cornerstone of the control of its short-term
capital expenditures. In fact, except for firms of very
moderate size, some sort of short-term budget ap-
pears to be a necessity if management is to control
its capital expenditures [30]. Short-term capital
expenditures follow from the operating cycle of
production requirements. Under operational flex-
ibility, the operating cycle is expected to respond in
a timely fashion to changes in plans, programmes
and schedules. Such capability may lead to a im-
proved linkage between manufacturing require-
ments of short-term capital and the forecasted total
current liabilities position of the firm as expressed
in the firm’s balance sheets.

The proposal presented here is an integrated
model for the financial justification process, com-
prising long- and short-term interactions, to be
used not only during the pre-acquisition stage, but
also on a continuous basis, throughout the life of
the investment. Data on each manufacturing or
operating cycle yields, as they are affected not only
by the changing nature of the market in which
a company operates, but by operational flexibility
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Fig. 4. An illustration of the simulation process.

as well, provide the required feedback for the con-
secutive revisions.

As was stated in Section 3.2, the outcome of the
simulation model proposed will strongly depend on
the fitness between (1) the accuracy and reliability
of the costs estimates and current costs, and (2)
actual demand values and features and forecasted
ones. This means that NPV figures are ex-ante
figures, which are useful for the decision-making
process only, i.e. to select the investment to accom-
plish, but completely inadequate for both the
control of the production process and the monitor-
ing and control of the short-term capital expendi-
tures.

The ex-ante calculated cash flows may differ
from current cash flows as changes in the nature
and values of demand might take place. Whenever
these changes happen to occur, the production pro-
cess has to be modified in order to accommodate
the features of the output to the requirements of the
new environment. These adjustments usually lead

to cash expenditures which also differ from the
forecasted ones. Obviously, the gap between actual
and expected expenditures will depend heavily on
(1) the acquired design flexibility and its associated
operative costs, and (2) the operational flexibility
and its associated operative costs.

Costs estimations for different design flexibilities
were already done for the calculus of NPV. Opera-
tional flexibility associated costs have to be esti-
mated now. It is worth noting that operational
flexibility contributes a deal to the smoothing of the
production flow. Its effects, although mainly inde-
pendent of those of the design flexibility, can inter-
act with them, thus providing the company with
a superior capability to adapt to shifts in the ex-
ternal environment. The cost estimation process
might become a complex one since not only costs
for the operational flexibility have to be con-
sidered—manufacturing variables to be analysed
will be H, Q, P, Z, AA and BB — but the estimated
ones for the design flexibility as well.



Table 3
NPV estimates for the “conventional” model and 1000
simulations

Table 4
NPV estimates for the “conventional” model and 10000
simulations

NPV Probability NPV Probability NPV Probability NPV Probability
- 975 4.3% -75 2.2% — 975 4.17% - 75 1.98%
— 950 0 - 50 0 — 950 0 — 50 0

— 925 0 —25 1% - 925 0 —25 1.75%
- 900 4% 0 0 — 900 9.6% 0 0

— 875 0 + 25 0 — 875 0 + 25 0

— 850 22% + 50 1 — 850 2.16% + 50 1.09%
— 825 1.8% + 75 1.1% — 825 1.5% + 75 1.04%
— 800 2.3% + 100 4% — 800 231% + 100 3.89%
— 785 0.5% + 125 2.4% — 785 0.5% + 125 2.31%
— 750 0 + 150 2.5% — 750 0 + 150 3.38%
- 725 0 + 175 0.9% — 725 0 + 175 0.95%
— 700 0 + 200 0 — 700 0 + 200 0

- 675 0 + 225 2.2% — 675 0 + 225 1.91%
- 650 1.3% + 250 2.3% — 650 1.96% + 250 2.13%
- 625 2.8% + 275 1.3% — 625 2.98% + 275 1.21%
— 600 3.8% + 300 2.2% — 600 4.26% + 300 2.47%
- 575 29% + 325 0 — 575 2.52% + 325 0

— 550 0 + 350 5.5% — 550 0 + 350 4.57%
— 525 0 + 375 0 — 525 0 + 375 0

— 500 7% + 400 0 — 500 5.98% + 400 0

— 475 0 + 425 1.6% — 475 0 + 425 1.17%
— 450 7% + 450 0.7% — 450 8.04% + 450 1.28%
— 425 0 + 475 0 — 425 0 + 475 0

— 400 1.6% + 500 59% - 400 1.58% + 500 4.62%
— 375 0 + 525 0 — 375 0 + 525 0

— 350 4% + 550 0 — 350 39% + 550 0

— 325 29% + 575 0 — 325 2.5% + 575 0

- 300 0.1% + 600 0.6% - 300 0.3% + 600 0.52%
- 275 4.9% + 625 0.6% — 275 5.61% + 625 0.68%
- 250 0 + 650 0 — 250 0 + 650 0

— 225 0.5% + 675 1 — 225 0.7% + 675 1.47%
- 200 0 + 700 0 — 200 0 + 700 0

— 175 1.5% + 725 0 — 175 1.6% + 725 0

— 150 0 + 750 0 — 150 0 + 750 0

— 125 34% + 775 0 — 125 3.22% + 775 0.48%
— 100 1.6% — 100 1.82%

E(NPV) = — 181, E(NPV) = — 190,

GX(NPV) = 434,

An example is provided. Let us suppose that
Company X already bought the “advanced” model
and the short-term budget for the second year is
being elaborated. The information gathered from
the revised yearly forecast reveals that there will be
an unusual high demand for product B, a delivery
time close to 4.5 days, and that total demand will be
close to 240 units. Let us suppose now that the
advanced model also provides some operational

X (NPV) = 433.

flexibility, for example, H (the manufacturing sys-
tem is capable of running virtually unattended
during the second and third shift). Accountants and
operative managers have facilitated the following
cost estimation: if the machine runs unattended
during the second shift, total operative costs for that
shift may diminish by 35%. If this machine is also
able to run unattended during the third shift, total
operative costs for that shift may diminish to 65%.



Table 5
NPV estimates for the “advanced” model and 1.000 simulations

NPV Probability NPV Probability
- 375 0 + 25 0
— 350 8% + 50 4.3%
— 325 2.9% + 75 9.5%
— 300 11.3% + 100 9.6%
—275 0 + 125 0
— 250 4.2% + 150 1.8%
— 225 0 + 175 0
— 200 3 + 200 9
- 175 0 + 225 4.1%
— 150 0 + 250 7
— 125 0 + 275 0
— 100 0 + 300 2.4%
- 75 0 + 325 4.8%
— 50 8.5% + 350 0
—25 0 + 375 2.2%
0 4.3% + 400 0
E(NPV) = 3.77,
G?(NPV) = 227.
Table 6

NPV estimates for the “advanced™ model and 10000 simula-
tions

NPV Probability NPV Probability
— 375 0 + 25 0
— 350 8% + 50 3.17%
— 325 2.85% +75 11.39%
— 300 10.3% + 100 10.27%
— 275 0 + 125 0
— 250 3.94% + 150 2.19%
— 225 0 + 175 0
— 200 7.57% + 200 8.53%
— 175 0 + 225 3.67%
— 150 2.89% + 250 7.03%
— 125 0 + 275 0
— 100 0 + 300 29%
—75 0 + 325 5.56%
— 50 0 + 350 0
- 25 0 + 375 2.18%
0 8.5% + 400 0
E(NPV) = 4.87,
63(NPV) = 225,

Company X operates on a single shift per day
basis, this flexibility being neglected so far. How-
ever, as a consequence of the fresh information
provided by the revised forecast, the firm has

to determine which option will be more interesting.
The advanced model can be configurated so that it
devotes 80% of its process time to manufacture
product B, thus incurring the corresponding asso-
ciated cost. This adjustment may lead to a certain
delay in the production of product A, and then,
a new cost has to be taken into account, which is
the cost of delay. So, two costs have to be con-
sidered now. Another option would be to operate
during a second shift. For that purpose, the equip-
ment can be reconfigurated so that it devotes 40%
of its process time to the production of B per shift.
Assuming that total production of A amounts for
60% of the process time of the equipment per shift,
no delays can be assumed, and, accordingly, no
costs for this concept are to be expected. The final
decision will depend on the total operative costs of
each option which, in turn, will depend heavily on
the cost of the delays.

The short-term budgeting process will then be
strongly influenced by the final decision adopted,
no matter what it has been, since both options’ cost
differ from the ex-ante estimations. Thus, the oper-
ative adjustments will lead to a new cash-flow fig-
ure. Observed changes in the manufacturing cycle
income and/or outcome levels provided by opera-
tional flexibility would also be employed in the
re-calculation of the working capital needed.

It is also worth noting that the conceptual frame-
work here suggested helps to avoid one of the most
important problems associated with DCF proce-
dures: they are not suitable for the evaluation of the
intangible benefits, while flexible technologies ex-
plicitly seem to promote and ease the creation of
intangible benefits, e.g. technological competencies.
Consequently, expected benefits related to these
technologies are not likely to be translated into
financial variables, nor taken into account for in-
vestments appraisals. The model proposed here in-
corporates the intangible benefits, by means of their
referrance to the Operational flexibility, as far as
computations of the cash budget may take them
into account.

The financial controller has traditionally played
an important role in the evaluation process, espe-
cially in the budgeting process and in setting the
budget control procedures, in defining the type
of financial performance criteria for the different



responsibility centres, and in developing adminis-
trative procedures. The approach here suggested
has a different and complementary aim. Shifts in
operative variables are likely to change the opera-
tive procedures and, consequently, the expected
yields of the production process. The financial vari-
ables will have to incorporate such changes. Thus,
shifts in operative variables show whether the “ex-
ante” budget has become unrealistic and it does have
to be revised. The difference between this approach
and the conventional one is that this revision is driven
by the way acted by plant managers and employees,
while it has been traditionally accepted that the way
financial performance is measured directly affects the
way managers act [38, pp. 4].

4. The early warning system

The example used in Section 3.2 and 3.3 tries to
illustrate how manufacturing variables can be con-
verted into cost figures and then employed for the
calculus of the NPV. A simple spreadsheet can be
used for that calculus and the obtained figures may
be helpful for providing some insight on the profit-
ability of the flexible equipment.

However, this example being a very simplistic
one, it does not allow to determine which of the
different manufacturing variables have stronger ef-
fects on the NPV.

Further explorations are in course in order to
identify (1) which flexibility variables influence the
NPV for a given market the most, (2) which flexibil-
ity variables are more convenient for different mar-
kets, and (3) which are the combined effects, if any,
of the different flexibilities.

The results of this research are beginning to pro-
vide relevant information “ex-ante” on the universe
of equipments that a company has to explore, ac-
cording to the flexibility types they possess, the flex-
ibility that the company already has, the conditions
of the market in which the company operates, and
the profitability constraints of the company. This
universe only includes those equipments whose
flexibilities allow the company not only to fulfill its
market requirements, but its financial ones as well.

To this extent, an important change takes place
in the role played by performance measurement

systems and budgeting techniques: they become
tools with a capability to forecast, or, at least, to
anticipate, what is likely to happen and why.
Proper actions can then be taken before the “dam-
age” is done.

5. Summary and concluding remarks

It is the objective of this paper to construct
a translation system of manufacturing flexibility in
such a way that its related advantages can be as-
sessed both financially and operatively. More spe-
cifically, operative/manufacturing variables, are to
be considered as the starting points in capital
budgeting calculative practices. In short, the pro-
posed approach indicates that a variation/devi-
ation in a performance relevant manufacturing
variable has to be valuated and translated into
a corresponding variation/deviation of the related
financial variable. The latter modification of the
financial variables can then be used consequently
for the financial and economical justification of the
investment in flexibility.

Variation/deviations in the operative variables
are grouped and ranked, giving way to an early
warning system. It has the implicit advantage of its
simplicity: operations and financial managers can
concentrate their efforts on the selected variables,
thus leading to important savings of management
time, i.e. indirect costs.

The simplicity of the approach is also important
for other reasons:

(i) It helps the “plant” people (not only manage-
ment or staff people) to figure out their contri-
bution to the company’s profitability while it
also allows the “office” people to understand
where the strengths and weaknesses of the
business are located. Consequently, efforts to
improve the plant performance can be profitab-
ility oriented and budget allocations and re-al-
locations can be performed more efficiently.

(i) The firm can enjoy an increased and more
timely capability to respond to potential in-
vestment opportunities, given that only rel-
evant variables (being operative or financial
ones) are likely to be paid attention to.



{u11) It helps to avoid the development of complex
performance measurement systems whose
inherent difficulty may prevent management
and employees from being involved in “paral-
ysis by analysis™.

(iv) More accurate, updated and reliable estimates
of the relevant financial variables are obtained
because of:

—~ the data used, ie. directly from the daily
operations of the company (as far as the
manufacturing variables are converted into
costs figures)

- no new techniques, nor new capital budget-
ing models, nor new and/or complex perfor-
mance measurement systems for flexibility
models are suggested, thus avoiding adverse
reactions and taking benefit of the skills of
the personnel.

(v) It makes it easier to argue that linkages
between flexible manufacturing and financial
figures can be anticipated by the firm, thus
leading to a fresh approach to the financial
justification of AMT investments.

(vi) A successful implementation of the system can
be expected: it is based upon the conventional
capital budgeting techniques, it does not re-
quire “advanced knowledge” to deal with it
and to understand it.

Other advantages of the suggested translation sys-

tem are related to the following:

5.1. Sensitivity analysis

The response of the financial variables to shifts in
the manufacturing variables can be obtained from
simulation studies. The outcome can be used to
determine how much flexibility the firm can finan-
cially afford itself, and how much the firm is willing
to pay for different levels of flexibility.

5.2. Inexpensive system

It does not need additional expenditure during
the implementation phase, or during its operational
time. Tt does not need to stop the firm activities, or
even to develop pilot studies. Furthermore, com-
mon software appliances, such as spreadsheets, can

be used for the computations of the revised finan-
cial variables.

5.3, Capital investment tool for both financial and
operational management

They are able to participate proactively in the
strategic decision-making process of the firm be-
cause they have access to capital investment
information, i.e. the likely outcomes of the invest-
ments in flexible technologies.

6. Suggestions for future research

Much research remains to be done before all the
cited advantages of the approach suggested here
can be realized. First, the validity of the proposed
classification of flexibilities types into design and
operational flexibility, as indicative of the long-
term and short-term decisions associated with flex-
ibility, has to be tested. Second, the suitability of
conventional capital budgeting techniques for the
appraisal of flexible technology investments has
also to be tested. Third, all the implicit assumptions
concerning the linkages between operative vari-
ables and financial variables have to be tested em-
pirically. Fourth, the combined effects of different
flexibilities have not been assessed as yet, so it has
been assumed that these effects were independent.
Fifth, the suggested early warning system is still in
process, so no concluding guidelines on what types
of flexibility influence the profitability of the invest-
ments the most can be suggested. There is also
another important reason for the urgent need of
developing a refined early warning system, t.e. the
decision makers may try to influence the cost fig-
ures associated to the operative/manufacturing
flexibility variables, thus leading to biased changes
of the financial variables. This has been the com-
mon situation under conventional approaches. One
solution can be to involve more people in the pro-
cess, belonging to different levels of the hierarchy,
other than strictly related to “plant” level as sugges-
ted here. However, this solution will likely lead to
higher complexity while higher accuracy cannot be
granted: further research is imperatively needed to



deal with this point. No solution has as yet been
proposed to solve this problem. As Nanni et al.
[397 note, it is more useful for the data to be
approximate and relevant than precise but irrel-
evant. According to this remark, a strong effort is
needed to identify the different factors leading the
valuation factors so that, at least relevant values
can be obtained in spite of their inaccuracy.

The sixth point to solve is the one related to the
fact that it has been implicitly assumed that the
existing financial situation of the company is irrel-
evant, for the sake of simplicity. This assumption is
obviously wrong, since capital losses due to the use
of the existing rigid systems of the company under
changing conditions may lead to shortages in
long- and short-term finan- cial sourcing. These
shortages alter the budgetary and profitability con-
strains, reducing the investments’ options and,
thereby, the universe of equipments to consider the
types and degrees of flexibilities which can be ac-
quired. If this is the case, i.e. rigid equipments are
generating capital losses, the best option for the
company should be to eliminate these equipments
and replace them for flexible ones. However, this
option may become a mousetrap since it is not
always feasible, easy, and cheap, to change radically
the production process. And, if these three circum-
stances were to exist, a new handicap would have to
be overcome: the company would likely lack the
financial resourcés needed. It is quite difficult to
find a reasonable solution for the whole problem
that not only goes far away from the scope of this
article, but also opens new avenues for future re-
search as well.

In spite of the many shortcomings of this ap-
proach, the theoretical assumptions upon which it
is based might be considered worthwhile, making it
a starting point for further research efforts. It
should be noted that the above system, as it has
been conceived, might easily become a test for itself.
If the assumptions on which the system is based are
wrong, the outcome wiil be a far cry from actual
operational numbers.!?

'® Comments from Hanno Roberts and Algjandro Balbas are
gratefully acknowledged. I thank the referees for their detailed
comments, which contributed to considerable improvements in
this paper.
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