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ABSTRACT

There is a growing consensus among academiclians, business leaders and
govemment officlals that the American competitive problem rests centrally on the
slowing raote of Investment to Integrate new automation technology Into
manufacturing operations. Although the source of major innovations in automation
technology s from United States universities and research centers, American fims have
been too slow In adopting these technologles. One of the major factors underlying this
problem Is the lack of an economic analysis technique specifically aimed at esiimating
the benefits of automation technology. This paper offers an economic analysis
technique based upon the premise of increased probablity of capturing the market
segments through economies of scope. The paper first demonstrates the inodequacy of
current economic analysis techniques to assess the benefits of automation technology.
then proposes o new methodology \hich can be integrated to an expert system to
assess the economic impact of various types of automation technology.




1. INTRODUCTION

it b a well-documented fact that the American economy has been losing Its competitive edge
reigtive to s mgjor trade partners, Japan In particuiar. Between 1970 and 1987, for example, real
production of manufactured products has more than doubled in Japan but has Increased only by 50
percent in the Unlted States (Kutay, 1989).

There I8 abundant evidence that productivity grows more rapidly in countries where
investment in new plant and equipment Is highest. In fact, there Is a growing consensus among
ocademicians, business leaders and govemment officials that the American competitive problem rests
centrally on the slowing rate of Investment to integrate new automation technology Into
manufacturng operations (Kutay, 1989; Hayes etf.al., 1988; Cohen and Zysman, 1987). Although the
source of magjor innovations in outomation technology Is U.S. universities and research centers, the
American firms have been oo slow in adopting these technologies.

One of the major factors underlying this problem is the lkack of an economic analysls technique
specffically aimed at estimating the benefits of automation technology. This paper attempts to fill this
gap by offering an economic analysis technique based upon the premise of increased probablity of
capturing the market segments through economies of scope.

In the subsequent sections of the paper, it is first demonstrated that the conventional
economic theory upon which the curent economic impoct methods are based can not assess the
economic benefits of automation technoiogy. In the mass production system, capital investments in
new technology could usually be justified by their potential to replace human labor by machines to
improve productivity. In the new system of flexible production, however, the economic foundations of
the benefits derived from automation technology are fundamentally different from the beneflts obtained
from capital iInvestments on new technology In the mass production system. The use of conventional
methods of economic performance, such as productivity Improvements, would merely be a
mismeasurement of the potential benefits that could be obtained from automation technology.

In section two, o new conceptual framework Is developed to evaluate the economic impact
of automation technology. The new conceptual framework suggests that the economic foundation of
the benefits of automation technology b the economies of scope based upon the premise of shorter
lead times, increased flexiblilty in production, and improved product quality.

in section three, it s demonstrated that the economic Impact of automation technology,
considered ‘intangible’ and therefore left unquantified in conventional economics, can be evaluated
through potential gains in inventory costs, sales revenue, and lower operating and labor costs due to
improvements In lead times, flexibliity In production, and product quailty. It is suggested that the entire
analysis can be integrated Into a standard economic justification technique such as Discounted Cash

Flow analysis, to make it understandable to company managers, accountants, and economists. An
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expert system can then be developed to aid the users of gutomation technology to identity the
benefits they may obtain from its implementation.

Once the mode! of economic impact analysis of automation technology developed in this
Paper Is tested, the ultimate goal Is o develop an expert system to achieve the following:

1. Prior to the Integration of a new technology. the expert system will enable a company to
identify the areas in the manufacturing process in which the use of automation technology would be
economically viable,

2. if the company ks Interested in developing a new technology. the expert system will guide
company managers to make a beftter allocation of the research and development funds Into areas
which give the best retum on investment.

3. The expert system will enable companies to make o better speclfication of the general
range of conditions where new technologles can generate acceptable retumns to justify their
investment.

The arguments supporting the line of reasoning set forth In this paper need to be empirically
verified by further research. This effort, nevertheless, s meant to provide o new Imefhodology upon
which future economic Impact studies of new automation technoiogy may be based.

2. THE NEED FOR A NEW CONCEPTUAL FRAMEWORK TO ANALYZE THE ECONOMIC IMPACT
OF AUTOMATION TECHNOLOGY

In recent years, a growing body of Iiterature has deveioped on the fundamental changes in
the production process facilitated by the new automation technology. The research In this areq,
however, tends to emphasize either direct labor displacement effects without considering the changes
in the nature of work (for exampie Ayres and Miller, 1983), or tends to be advocacy type of efforts
which assert the existence of certain benefits from automation technoiogy without explaining the
precise source of these benefits (Hayes et.al., 1988; Cohen and Zysman, 1987; Jelinek and Goldhar,
1984).

The first economic or socletal Impact studies of automation technology overwhelmingly
emphasized labor displacement Issues which unfortunately encouraged the formation of a hostlle
attitude toward automation technology particularly on the labor side. While It s true that automation
technology repiaces human labor directly Involved In the production of goods on the tactory floor,
creates more jobs In processes invoived In the production of goods. Automation technology transforms
the nature of work from directly contributing to the production of finshed goods to contributing to
production Indirectly by generating information to reduce uncertainty In decisions related to the
production, exchange. clrculation, distribution and consumption of goods (Cohen and Zysman, 1987).
Consequently, more jobs are created In setting up the production systems, in designing the products, In
R&D efforts, and In finance, marketing. and distribution stages of production. Direct human labor In




production has nevertheless been reduced for repetitive and hazardous tasks where displacement s
more advantageous for labor In the long term.

One of the key arguments of this paper is that the lack of an economic analysis technique
specifically aimed at assessing the benefits of automation technology is the major cause of the confusion
observed in the prior studies of automation. In the next section we direct the attention to the

‘ inadequacy of conventional economic theory to assess the beneflts of automation technology.

2.1. The Inadequoacy of conventional economic theory to assess the benefits of automation

technology

The foundations of traditional economic theory were developed during the time of the
industrial revolution when mass production and mass consumption prevalied in the world economy. In
the system of mass production, the major production strategy to expand profits was to Increase the size
of the total target market. The major dllemma a firn faced to meet competition was therefore to lower
unit costs to expand the skze of the market for s product(s). The unit costs were lowered through
economies of scale (l.e., producing an Increasing quantity of the same product) and by lowering lobor
and raw material costs through capltal investments. The economic perfornance of a firm, an industry, or
the iarger macro economy was therefore evaluated by ‘productivity” which measured the Increase in
outoput reiative tc a untt increase in capital, iabor and raw materiais.

The first recognzed methods to increase productivity were:

D To Increase the division of labor, and

D To delegate repetitive tasks to machinery.

These methods became economical at higher outputs sourcing In scale economies. Adam
Smith's famous division of labor and Its heightened productivity from performing a single repetitive task
could only be achieved by increasing the division of labor and specializing jobs into repetitive tasks
which could then be replaced by machines. Capltal investments in new technology couid therefore be
Justtfied by their potential to replace human labor with machines to increase productivity.

Finally, productivity improvements through the increased use of machinery was only possible
through further standardization of products which led to a substantial decline in unit production costs.
Given the emphasis of lowering the unit costs of standardkzed products to expand the total target
market skze, productivity was perfedtly relevant to measure economic performance in the system of
mass production. .

Once the world markets begon to scturate during the 1940s and the 1970s, #t became
increasingly clear that mass production of stondardized products was no longer profitable since the skze
of the total target market couid noi be expanded. At the same time, with an increase In intemationat
competition, the number of manufacturers attacking a market multiplied, resulting In a large  number of

differentiated product versions on the market. The emphasis to gain the markets shifted from economies




of scale to economies of scope. That Is, manufacturers produced o variety of products to satisty a far
greater range of market needs by Increasing the capaclty to manufacture goods cheaply in small
batches. Even If the sze of the total target market couid not be increased (or even if the size of the pie
could not be expanded), economies of scope ascertained that the probabiiity ot actually capturing the
targeted total market could be increased through product differentiation. New trends toward
Intemationalization of the world economy aiso increased competition which, in tum propelied the need
to shorten the period of time necessary to introduce o varety of products to the market in small
batches. As one can see, these trends In fiexible production were In contrast to the way firms
competed In the system of mass production by producing large quantities of similar products. The new
automation technology consequently became crucial in production since t improved product lead-
time, product quailty, and the capability to increase product diversity.

Once the rules of the economic system started to change, one expected to a see a change
in the performance measures of the economic system. While the measure of economic performance
through labor, raw material, and muitifactor productivity were perfectly relevant In the system of mass
production, these techniques were inadequate to measure economic performance In flexible
production.

The key point Is that, the economic foundations of the benefits derived from new automation
technology are fundamentally different from the beneflts obtained from capital investments in the mass
production system. The use of conventional methods of economic performance, such as productivity,
would merely mismeasure the potential beneflts that could be obtained from automation technology.
The main beneflts of automation technology. such as reduced lead times, faster response to market
shifts. and increased fiexibility in product differentiation, do not enter Into the caicuius of the
conventional measures of economic performance. it is no wonder that productivity studies of information
technology conciude that user firms haove not experienced productivity gains from aqutomgtion
technology and that the investment In other technologies wouid be more beneficial Loveman, 1988).
Fims which were the earty users of automation technology do experience increases in employment. The
conventional measures of economic performance which regard reduction in labor costs due to capital
investments as a positive change, only mislead us. The recent productivity measures developed by the
Bureau of Labor Statistics (Dean and Kunze, 1988), on the other hand, consider technological change
or multifactor productivity as the unexplained residual In output growth without providing any meosure
of how much of the increase In muitifactor productivity could be attributed to automation technology.

Let us review the basic calculations of productivity to support this argument. The most
common measures of productivity calculate the growth In output due to growth In capttal and labor
Inputs. The rate of growth In output per hour of all persons employed In a firm or Industry is recognzed as
‘labor productivity’, and the rate of growth In output per unit of capltal services Iis recognkzed as ‘capltal
productivity'. in recent years, the Bureau of Labor Statistics (BLS) has started to measure muttifactor




productivity by calcuiating the portion of growth rate in output that cannot be accounted for by the
growth rate of combined inputs of kabor and capital and s therefore attributed to technological change.
The term named as multifactor productivity (or what BLS recognizes as the beneflt derived from
technological change) s actually the unexplained residual in the calculation. BLS does not even
provide a method to attributing changes In the growth rate of output due to specilfic technologles such
as automation. These formuiations have been derived from the production function Q = A f(KL), where
A represents the state of the technology and Q, K, and L denote output, capital oand Iabor
respectively. Nowhere in this calcuiction can the potential benefits of automation technology such as
product quallty, the length of lead time, product differentiation, and flexiblility be evaiuated.

The conventional methods of measuring economic performance served us well when the basic
dilemma foced In the production process was to reduce the unit costs through economies of scaie to
expand demand for a standardized product. inflexdbie manufacturing based upon the economies of very
iarge scale production of standardized products, however, severely limits the number of product
versions. Retooling of a plant or a production line to meet the customer demand which a competttor Is
challenging. usually means the sacrifice of another market segment uniess new piants are added to the
manutacturing capocity with substantial costs. The long lead times from the conception of a new
product to production reduce the ablitty of the firm to meet competition on a timely basls. Automation
of manufacturing operations is, therefore, absolutely necessary to compete successfully in the system of
flexible production.

What s needed most is the development of new measures of economic performance which
can evaluate the economic impacts of automation technology In the system of flexible production. In
the next section, we review the current methods used to assess the economic benefits of automation
technology In U.S. firms and suggest that these techniques are ineffective In evaluating the economic
beneflts that can be obtained from automation technology.

2.2. The inodequacy of economic impact anatysis methods to evaiuate the beneflis of
autornation technology

The economic impact analysis aimed at Integrating new technology or equipment into the
monufacturing operations of U.S. firns is In the form of a capltal investment procedure which typically
aliocates current resources in the prospect of future retums. The princliples of these techniques were
laid down In 1934 when lkabor was the chief variable cost and when mass production propelied U.S.
industry to world dominance These techniques simply shaped and generated declisions In such a way
that a required level of financial attroctiveness was achleved by simply focusing on short term financial
goals and responding to the Implied needs of o forecasted future by reducing labor costs.

Over the last 20 years, however, direct labor costs have been reduced to about 10 to 12% of
the total production costs (Kutay, 1989). The major attributes of many of the new technologles are, for




example, long term strategic goals such as the product quality, dellvery speed aond rellability, and the
rapidity wtth which new products can be infroduced to the market. Yet the pool of labor from which the
savings would come to justify the investment on new technology has dwindied. Glven the focus on
reducing labor costs, strategic factors cannot be quantified within a traditional economic analysls.
Therefcre, capital investment on fundamentally different technologies is much more difficutt to justify In
economical terms. Retaining the existing manufacturing equipment consequently performs as a better
aitemative than investing In new technology.

The reluctance of many U.S. companies to adopt new technologles. therefore, partty reflects
the inabliity of traditional economic analysis procedures to evaluate the long term strategic benefits of
automation technology. Firms which could achleve substantial benefits from new technoiogles may fall
to use them simply because there is no acceptable methodology to quantify the retum on Investment.

Exsting Iterature, when describing the advantages of new automation technology. suggests
that a large number of ‘intangible’ benefits exist which, by implication, are unquantifiable and thus are
precluded from any rigorous economic evailuation (Cohen and Zysman, 1987. Meredtith, 1986). Recent
reports on the progress of automation In American manufacturing (Business Week, 1987, 1988) sugges*
that top management often accept the automation technology as being a 'justifiable act of faith on @
strategic technology’ and Impliement them without the necessary understanding of the Implications
critical to their successtul operation. This approach stlll poses serlous problems. First, although {t Is less
likely that such strategic investments will be tumed down by standard procedures because they do not
meet fraditional financial criteria, it tends to be highly dependent on a selection process that separates
‘strategic’ from ‘nonstrategic’ investments. Unfortunately, most U.S. companies treat the choice of
manufacturing technology as a ‘nonstrategic® Issue (Hayes et:al., 1988). Most proposals of the
investment on new equipment, therefore, end up getting evaluated within the standard budgeting
process.

Second, the process of automation through the use of automation technology represents o
long term commitment, with implementation extending over several years. The lack of quantifiabie
objectives prevents progress from being monitored In financial terms which are understandable to
management. Without defined financlal objectives, any disruption can be used to abondon the new
technology whose economic benefits are realizable In the long term. Kaplan (1986) suggests that
problems arise because the benefits of new technology are not defined In financial terms that top
management can understand. American machine tool suppliers, for exampie, are not fully committed to
the production of new robot systems because they perceive that It their potential customers cannot
clearly identify defined economic justifications then they will not purchase such systems (American
Machinist, 1988). These difficulties can be overcome if a new conceptual framework which caon quantity

the ‘intanglble-strategic' beneflts of automation technology Is developed and Is Integrated in a




standard economic analysls procedure acceptable to company managers, economists, and

accountants.

3. THE CONCEPTUAL FRAMEWORK FOR ECONOMIC IMPACT ANALYSIS

As pointed out In the previous section, the beneftts derived from new automation technoiogy
are fundamentally different from the beneflts obtained from capital investments in the mass production
system. Using the conventional methods of economic performance would only mismeasure the
potential benefits that could be obtained from new automation technology. The main benefits of
automation technology such as reduced lead times, faoster response to market shifts, and increased
flexibliitty in product differentiation as well as s significantty enhanced capabilitties to produce complex
products of higher quallty and reliabliity levels, do not enter the calcuiations of the conventional
measures of economic performance. in this secton, a new conceptual framework which can readily
integrate the benefits of automation technology intc the calcuiations of the improvements In economic
performance, is developed.

3.1. Economies of scope: The economic foundation of the beneflls of automation technology

The economic foundation of the automation technology ks the economies of scope as
opposed to economies of scale which necessiates o paradigm shift In the way we measure economic
performance. Economies of scope are said to exist if a single piant can produce a varlety of products at
lower unit cost than a combination of separate piants each producing a single product at the given
level of output. More formally, there are Increasing retums to scope to a plant producing X and Y If

CX.Y) <« CX.0) + C(O.Y)

where X and Y are the given levels of output of each product and C(.) are their respective
cost functions.

Automation technology has the potential to make It just as cheap to produce say fiftty
different versions of @ product as It Is to produce fifty identical pleces of o given product. The
fundamental production problem faced by fims today Is to capture different segments of a broadly
defined market wh different tastes. If, for example, refrigerators constitute g broadly defined market, o
given fim may produce a number of different models each of which is aimed at capturing a subsection of
that broadly defined ma.ke: for the firm. This can be made possible by producing a certain mode!l with
the attributes which no other firn competing for the same market can produce. In this new system of
flexble production. firms no ionger confront a sttuation of single uniform demand for a commodity called
refrigerator (as it was under the mass production system), but face distibuted demands for ditferent
types of refrigerators: soime with ice makers, some with double doors, some powerful, some small and so
on. Offering a standard model which only comes in white is not likely to suffice in capturing the entire

market for refrigerators. in the flexible production system, as the consumer tastes become diversified




and more compiex. manufacturers must Identify the segments of consumer demand within which tastes
and purchasing power are reiatively uniform. They must then offer those segments the products that
closely match each segment's expectations.

The markets are no longer as predictable as they used to be under the mass production
systemn. Ther have become more uncertain and compiex. in order to quantity the benefits derived from
automation technology in this new system of production, we have to move away from the traditional
concept of ‘product’ in conventional economic theory. Products should not be defined as physical
commodities but should be conceptualzed as a bundie of characteristics sought after by consumers.
Going bock to the refrigerator exampie, these charcctepsﬂcx may be skze, color, interior room, exterior
image. reliobllity, and energy consumption. We, therefore, can conceptualze a product as an n-

eiement vector:

X = (x1, x2, x3, ... , Xn)
where 'xi' Is the product characteristics

In the same n-dimensional space, a given consumer can be conceptualzed In the form of a

characteristics vector:

C = (¢, c2, c3, ....... , en)

where ‘cl' Is the characteristics the consumer seeks In a product

if x=c In the case of a given consumer, the probability for this consumer to buy the ,-roduct
should be 1. If xec, the probabliity of a sale to that consumer is less than one.

Given the conceptual framework above, we can measure the performance of a firm not by
growth rate of output reiative to a change In labor and copital (as Is the case in measures of
productivity), but rather we measure the performance of a firm through the degree of product
differentiation. This In tum determines the probabillity of capturing the segments of the market for which
the firm s competing.

We can express this reigtionship more formally with a stochastic function F(M) designating the
probabiitty of capturing a marxet segment:

FOM) = 1(3.8.0.0)

whefe d = xi - ¢l < 0 for every Ah characteristic In the n-space, 2 Is yl - ¢l < 0 for every | Inthe

n-space, where yl is an element of the product characteristic quantity vector y of the next most




competttive product to the product question. The partial dervatives of F(M) are negative with respect
10 9 but positive with respect to B and Q and e Is the error tem.,

This formulo suggests that the firm can capture the entire market by reducing 9 to zero or by
producing as many custombked varieties of the products as there ore potential customers through
automation technology. The degree of the minimization of 3. or the probablity of capturing a market
segment i detemmined by the degree of flexibllity in product varation which is in fum dependent upon
the use of automation technology. If Z Is the number of modeis or varieties of @ given product that are
produced by the firm, the smaller the 2, the karger the sze of the consumer population the firm Is trying
to appeal to, the larger the variabllity of tastes in this particular consumer population, and therefore
the smalier the probabiliity of capturing the consumers in that particular popuiation.

This conceptual fromework ascertains that increasing product differentiation Increases the
probability of capturing the market segments which In tum Improves the economic performance of the
firn. This new evaluation technique based on the degree of product differentiation Is @ more effective
way of measuring economic performance than measuring performance through productivity by
emphasizing the abillity to lower the unit cost of a single product. The new conceptual framework
ascertains that the probabliity of capturing the targeted total market increases with product
differentiction and breaks the role of product differentiation out of the bounds of being strictly an
attempt to Increcse sales. The abliity to increase the number of product versions, on the other hand, Is
constrained by the degree of Integration of automation technology to the production process. The less
the firm uses automgation technology. the fewer the number of product versions it can offer to
consumers, therefore the less the probabliity of capturing the market segments and ts economic
performance willl be lower.

By shiffing the emphasis from economies of scale to economies of scope, the new conceptual
framework suggests that the economic benefits of automation technology are:

- fo Increase product differentiation

- to shorten product lead times, and

- to improve product quality,

Within the wisdom of conventional economics, however, the main benefit of new technology
k aimost always recognized as the abliity to lower units costs to improve productivity. The beneftts that
can be derived from automation technology are therefore overlooked as 'intangibles’ and are not
incorporated into an economic impact analysis.
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4. THE ECONOMIC IMPACT ANALYSIS OF AUTOMATION TECHNOLOGY

We suggest that the economic benefits derived from automation technology considered to be
‘Intangibles’ and are overiooked in conventional economics, can be quantified and incorporated into a
standard method of economic evalugtion.

The benefits of automation technology include Increased flexibllity, faster response to market
shifts, Improved product quality, and reduced lead times. These beneflts represent a comparative
advantage which may increase the competitiveness of the firm in the markets. Making the corect link
between the benefits of automation technoiogy and the traditional categores of accounting can
remedy the problem of quantification.

One way of quantifying strategic benefits s to consider the varigtions in inventory which can
be highly influenced by, for exampie, reduced lead times. Another way of quantifying benefits may be
through sales expansion and revenue enhancement. Some of the benefits obtained from reduced lead
time, for example, can be incorporated into an estimate of savings from inventory reductions. The
process flexibility, better product flow, higher quallty, and better scheduling, cut both Work In Process
(WIP) and finished goods Inventory levels. The reduction in average inventory leveis provides a large
cash inflow which can be captured in a Discounted Cash Factor (DCF) analysis. Better quallty products
can be quantified through reductions in the defect rate, waste, scrap, rework, inspection stations and
inspectors, and reductions In waranty expense. Reductions in ‘Accounts Receivable' can aiso be used
to quantify the benefits from better quallty products since the incidence of customers who defer
payment until quality problems are resclved can be eliminated by producing better quality products.
Since the new technologies also have the potential to Increase sales, increased cash flow from the
inventory reductions will continue in all future years by reducing the cost of sales. The major impact,
however, will be on marketing advantage and on the abllity to meet customer demand with shorter
lead times and to respond quickly to changes in demand which can be estimated from past marketing
and sales data. The generation of extra sales due to strategic benefits, such as reduced lead times,
faster response to market shifts, and increcsed fiexibility will result in an increased contribution to
revenues.

The impact of reduced product costs on product prices and market share can be estimated
from past sales and marketing performance of the product. Declining cash flows, market share, and proftt
margins may aiso be possible f the firm decides not to invest in automation technology since there is
always the likellhood that some competitors may start. using the new technoiogy gliving them the
competitive advantage.

Savings In the cost of space, either through square-foot rental vaiue or the annualzed cost of
new construction, Is another beneflt tem which caon be computed in terms of the opportunity cost of
the space.




11

identification of benefits within the standard accounting cotegories of sales, inventory,
operating costs, and labor costs enables their quantification since data on these categories should be
nomally avaliable in the accounting records of a firm.

The conceptual framework, which we will develop in more detall In the rest of this paper,
highly differs from the conventional methods of economic impact analysis used in the cument justification
of new technologies. Cumrent methods only consider possible reductions In costs already incurred using
the existing technologles. Our proposed framework considers revenus enhancements due to strategic
benefits such os reduced lead times and Increased flexibillty as well as cost reductions.

Using conventional methods, Investment on new technology is typically evaiuated against a
status-quo altemative that assumes a continuation of cument market share, selling price, and costs. A
comect altemative to Investment on new technology should aiso consider factors such as declining
cash flows, market share, and profit margins. Once a new technology becomes commercially
applicable, even If one company decides not to invest in it, the likellhood is that some competitors will.
We integrate the possible impacts of changing market conditions and competitor behavior into the
economic impact analysis vio a computer program that simulates the probabllistic occurrences of
altemnative futures. This program readily Interacts with the economic analysls program and provides a
magnitude of benefits under different altematives.

We suggest the framework depicted in Figure 1. Depending on the type of robot or
automation system, certain cost or benefit categories identified In the framework can be omitted or
expanded upon.

4.1. Identitying the benefits and costs associated with automation technology

This stage inciudes a detalied tembzation of all the broad scale benefits and costs identified In
the first stage within standard occounting categories and theilr quantification using the existing
accounting records of a firm or manufacturing plant. Identification of costs and benefits within the
standard accounting categories enables their precise quantification since data on those #tems should
nomally be avdliable In the accounting records.

4.1.1, strategic Denefits

A. Reduction in Inventory costs:

Reduction In iInventory costs Is g benefit item which s usually overiooked in most economic
impact studies. The new automation technology, on the other hand. offers the possiblity of reducing
stock leveis in work-in-process (WIP), finished goods and raw material Inventory due to greater
predictabliity of the production process, faster throughout times and due to the reduction of scrap and
rework. Caiculating the financial savings resulting from a given Inventory reduction Is more complex

than nomally assumed. The only benefit item that has been included In prior studies has been the direct




12

IDENTIFICATION OF
THE COSTS & BENEFITS

ASSOCIATED WITH
THE TECHNOLOGY

!

REDUCTION 1IN
LABOR COSTS

nventory
reduction

TRATEGIC
ENEFITS

v

v

v

IDENTIFICATION
DF COSTS
- Start-up

Sales

enhancement

= Running

l._

TIMING OF CASH
FLOWS

y
DISCOUNTED CASH FLOW
ANALYSIS
SIMULATION OF
ALTERNATIVE
MARKET
CONDITIONS

ANALYSIS

ECONOMIC JUSTIFICATION

Figure 1 - The conceptual framework

SIMULATION OF THE




13

cash savings (See for example Kaplon (1986) and Meredith (1985)). Within our conceptual
framework, we suggest the inclusion of the beneflts beiow:

a. Direct cosh savings: Any savings In inventory costs due to the Introduction of a new
technology shouid be valued on the basis of old technology since the existing levels of stock are
produced by existing manufacturing processes. Savings In the raw material stock should be considered
not only In raw material iInventory but aiso in WIP and finshed goods inventory. Reduction in those
inventory ftems should aiso be reflected to the direct iabor content of WIP and finished goods, an ftem
which s disregarded in prior studies. Since these reductions appear in the balance sheets as an increase
in cosh rather than an increase in profits, no additonal tax expense should be Incumed.

b, Overhead savings: Since the reduction in inventory levels will alter the book value due to a
reduction In fixed and variable overheads, a decrease in profits will be incurred. Since the decrease in
profits Is purely a reduction on paper, the tax liabliity will also fall which should be included as a benefit
in the economic impact analysis.

The reduction in average inventory levels represents a large cash Inflow at the time the
automation technology becomes operational. Automation technology. on the other hand, reduces
scrap and rework, increases the predictabllity of the production process, and shortens lead times. These
improvements permit a major reduction In average inventory levels. The following is a list of benefits that
should be included in the economic impact analysis:

BENEFITS METHOD OF QUANTIFICATION

Shorter iead fime Reduction In WIP due to shorter
lead times

Reduced delays Reduction In assembly WIP

due to the avoldance
of unplanned shortages

Shorter lead time

Shorter lead time
and improved ordering policy

improved quality

Reduction in raw materiais

inventory

Reduction In finished goods

Inventory

Reduction In unwanted stock

due to the avoldance of
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duplicate parts
improved quality Reduction In obsolete stock
Identified for disposal
improved quailtty Reduction in spares stock
Improved quality Reduction in scrap material
Shorter delivery time Reduction In finished product
stock.
Lower tax ilability Overhead savings due to the

reduction of inventory.

B. Sales enhancement:

A major advantage of automation technology is the generation of extra sales because of
strategic benefits, such as reduced lead times, faster response to market shifts, and increased fiexibllity
resutting In an increased contribution to revenues which can be identified through sales enhancement.
The method of calculcting the additional contribution primarlly reiates to the question, "What 'x’
percent of increased sales can be expected from g 'y' percent reduction In say lead time?" Although It
Is difficult to determine the apptopriate value of 'x' to insert in the above question, It is also frue that an
estimate should stil be made of the potential increase in sales. This estimation can be made by using the
existant information on sales lost due to rejection, iate delivery, or not being able to meet customer
needs In product specification. Another way to estimate soies enhancement is to forecast the growth In
market share due to lower prices because of a reduction In product costs.

Automation technology reduces delivery times and increase the reliabllity of a firm which may
improve the sales record and prevent potential sales from being iost. Sales lost due to dellvery time,
rejection of products, lower quality can be obtained from the marketing data. Marketing can also be
used to provide an estimate of the percentage increase in sales due to reduced deilvery time. The
increase in sales con be easlly converted fo a reduction in overhead costs.

Automgation technology aiso enabies the earlier launch of new products to the market and
therefore Increase sales due to market penetration. While accurate doilar estimates of such a saies
improvement Is more difficult to obtain, estimates can be obtalned by analyzing the marketing data. The
following Is a list of benefits due to sales enhancement that should be included in the economic impact

analysls.
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BENEFITS

METHOD OF QUANTIFICATION

Shorter lead time

Shorter delivery time

Improved quality

improved quaitty

Increased flexibllity
In product

Increased market share

Increased saies due to capactity
increase and shorter sei-up

time

Saies lost due to delays In
ordering policy

Sales lost due fo rejections

Sales lost due to Incorrect
parts

Sales lost due to the
dissatisfaction of customer needs
Potential increase in sales due to
more precise products based on
customer needs '
Potential increase In sales due to
increased market penetration
and more variable product mix

Potential increase In sales due to

jower prices.

4.1.2, Reduction In igbor costs

Automation technology reduces labor costs in the design, production ond maintenance

stages as well as In the supervision and inspection of the manutactured components or products.

Although labor costs currently constitute 8 to 12% of total production costs, the magnitude in savings
shouid stiil be Included In the economic impact analysis.
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Automation technology offers the potential to reduce labor costs In the design, production
and maintenance stages as well as in supervision and inspection of the components. Since the
technology offers the potential to produce components In precise accuracy. supervision and inspection
costs should be signigicantly reduced. The benefits due to lower labor costs have been identified as
reduction in:

- direct production kabor costs due to fewer set-ups.

- support labor costs due to supervision and inspection.

- labor costs due to overtime payments.

- lobhor costs due to recrultment and training.

- Inventory control kabor costs due to lower WIP and finished goods Inventory.

- labor costs due to tooling.

- labor costs in manufacturing design.

- labor costs due to maintenance.

- operating costs due to englneering and design

- labor costs due to the reduction of fitting and assembly requirements.

- labor costs In prototype production.

- labor costs In materiais handling.

- labor costs In fixturing.

- production control costs.

4.1.3. Identitving costs gssocigted with gutomation technology

It Is Important that the potential user of @ new technology s aware of all the costs assoclated
with the new technology. so that they can be adequately aliowed for. Costs should be distinguished
oased on whether the costs Incurred are ‘one-off type or ‘ongoing' costs to be able to identity the
timing and magnitude of cash flows. For example, the initial cost of customizing software shouid be
separated from that of the software programmers required to keep the system operational.

The most immediate cost reduction in the introduction of new technology Is the savings In
labor costs. However, 1t Is equally important to Identity departiments where extra staff may be needed to
opercate the system. Most automgation technology. for example, Invoives the development of CAD
software with the need for computer support staff to be considered.

instaliation and start up costs should include:

- Computer Hardware

- Computer installation costs

- Software costs

- Cost of writing software in-house

- External costs for customizing purchased soffware
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- Intemal costs for custombizing purchased software

- Consulting costs

- Company-wide education of personnel who need to understand the system
- Educdation and training cost of pecpie who will directly operate the system
- Cost of temporary staff to install and run the systern

- Cost of disrupted production during implementation

- Cost of subcontract work to avoid iost production during Implementation

- Redundancy costs

The Running Costs shouid inciude:

- Hire or iease of hardware and software

- Maintenance contract for hardware and software
- Insurance

- Operating costs

- Consumables.

- Cost of Software updates.

- The management costs of the system.

- Programmer costs.

- Ongoing education and training.

- Staft upgrading costs.

4.2. Linking the economic impact analysls to Discounted Cash Flow (DCF) analysis

Once costs and benefits are quantified, the Discounted Cash Flow (DCF) analysis Is aimed ot
measuring the economic retums on Investment of new technology over time.

DCF anaiysis Is based on the concept of ‘time value of money’ approach. The basic Idea
undertying this approach is to fransiate the retums that can be obtained from a certain investment over
a certain period of time Into an amount equivalent to a value today. All cosh inflows (benefits) and
outflows (costs) associated with an investment are discounted to a certain value today so that the
magnitude of investment is not larger than the present value of future savings. The discounting function
serves to make cash flows received In the future equivaient to cash flows received at the present.

There are other capital investment evaluction methods such os the payback, payback
reciprocal, and accounting rate of retum which are simpier to use than the DCF method but ignore the
time value of cash flows. These methods simply determine the period of time It takes for a project to
retum the original amount of money Invested in it. This is particularly disturbing If we consider the long
term commitment the implementation of automation technology requires. Since the potential benefits of
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the technology can be realzed only in the long term, any short run disruption can be used to abonden
the new technology. By providing quantifiable objectives, the DCF method enabies progress to be
monitored In financial terms understandable to management.

A crifical faoctor in DCF analysis Is the timing of cash fiows associated with the investment.
Traditional capltal investment evaluations generally assume that the total expenditure on a new
technology takes ploce at a single point in time, with full cash flow savings similarly being achieved.
Whh more complex technologies, however, the cost of commissioning and the loss of revenue during a
period of run-up may seriously affect Its financial viabilty. Cautious optimism s necessary in regard to the
start-up period and the timing of expenditure. There may be an extensive period of proving robot
fixtures, and control CAD software and hardware. The level of manning aiso may not reflect the time-
scale of production bulid-up. Prior research on flexible manufacturing systems (Damell and Dale, 1982;
Kutay, 1988q) point out that a period of up to three to five years may be required between the first
maojor expenditure on a system and the commencement of production. This deilay may even be followed
by additional years before ful benefits are achleved.

Conventional techniques aiso assume that when a new technological innovation s
commissioned, the comresponding outmoded faclitty is terminated. Therefore, incremental cash flows of
both cash and savings. occupy the same fime scale. This assumption s certainly invalid in the case of
automation technoiogy whose complexity may complicate s realization and Increase the time at
which it can be considered to be fully commissioned.

This problem will be resolved by developing a computer program to reguicte the iming of cash
fiows with due provision being made for lower savings during the start-up period. Figure 2 depicts
simplistic assumptions incorporated within a traditional evaluation, whereas Figure 3 reocresents the
more compiex way In which cash flows change with ime in o more complex automation technolegy.
The computer program willl determine the net cash flow by evaluating the Individual cosh flows
separately based on three DCF methods:

1) Internal Rate of Retum (IRR): The IRR s the Interest rate that discounts an investment's
future cash flows to the present so that the present value of the cash fiows exactly equals the cost of
investment. The IRR Is, In fact, the Interest rate that is eamed on the investment. Once the IRR Is found,
it wil be compared with the minimum rate of retum which ks the firm's cost of capttal.

2) Net Present Value (NPV): NPV of evaluating an Investment involves discounting all the
project's cash flows to their present value using o target rate of interest, which is the firm's cost of
capital. The computation of the NPV will rest on the assumption that all inflows from the investment are
reinvested at the firm's target rate of retum.

3) Profitabillty Index (PI): Pi will be computed to convert the NPV to comparable figures with
other investments the firmm may be considering to undertake. Pl is the ratio of the present value of cash
inflows to the present vaiue of the cash outflows.
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The DCF analysls also requires the computation of the cost of capital so that the return on
investment on o new technology can be comparable to a target vaiue. Theoretically, the cost of
capltal can be computed as the weighted average of the rates paid to varous Investors. For many firms,
however, the cost of capltal may be difficult to compute because the cost of borowing or the cost cf
equlty funds may change with changes In the economy, govemment actions and changes in the risk of
various types of investments. The DCF approach, on the other hand, usuailly goes wrong when firms set
orblirarty high target rates or “hurdie rates’ for evaiuating the retums on investment.

The computer program wili compute the cost of capttai based on three methods:

1. The opportunity cost of caphtal, which Is the retum avallable In the capital markets for
investments of the same risk.

2. Cost of Common Stock, which Is the ratio of dividend per share to market per share.

3. Cost of Preferred Stock, which is the ratio of preferred dividend per share to market price of
preferred share.

4. Cost of Long-Term Debt.

5. Weighted Average Cost of Capital which s the weighted averages of Long-Term Debt, Cost
of Preferred Stock and Cost of Common Stock based on the proportion of the capitalzation of the debt

of o fim.

4.3. Integration of the variabliity of market conditions to economic impact analysis

Using conventional methods, investment on new technology Is typically evaluated against a
status-quo altemative that usually assumes a continuation of current market share, selling price. and
costs. Comrect altemative to Investment on new technology should also consider a sttuation of deciining
cash flows, market share, and profit margins. Once a new technoiogy becomes commercially
applicable, even if one company decides not to invest in it, the likelihood ks that some competitors will.

In this study, the possible changes in market share, selling price, and costs will be simulated by
a computer program based on decision systems analysis. The computer program will be based on the
probabiltic occumences of possibie aiternatives which results if a irm decides to authorkze or il the
investment on @ new technology. This program willl readily interact with the economic evaluation

program as depicted In Figure 4.
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5. CONCLUDING COMMENTS

One of key arguments of this paper is that the lack of an economic analysis technique
specifically aimed at asssssing the benefits of automation technology s the major cause of the slow rate
of investment on new technologies In the United States. The paper addressed this problem by
deveioping a new conceptual framework based upon the premise of increased probablliity of capturing
the market segments through economies of scope. The paper also demonstrated that the proposed
framework Is conceptually | nplementable In practice and can be Integrated Into a standard method of
economic evaluation understandable to company executlves, accountants and economists. The
arguments supporting the line of reasoning set forth in this paper need to be empircally verified by
further research. This effort, nevertheless, Is meant to provide a new methodology upon which future
economic iImpact studies of new automation technology may be based.
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