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I, EXAMINATION OF TH:Z PROBLEM

L

1. e Importance of Maintensnce end Repair for Economie
Revelopment |

A. Ihe situation of maintensnce and vepair in dev '

One of the characteristics of developing countries is the great

. soareity of capital, It should be expected, therefore, that
oapital goods in these countries are maintained better than in
industrially developed nations which have a relative abundance
of capital goods. Besifdes, the natural conditions in many
developing countries call for gpecisl care of machinery andstrue-
Sures: tropical climate, extremely high or low hwuidities pose
their own maintenance probloms unimown in temperate zones.

Unfortunatoly, the saotual situation is anything but adequate to
the eonditions prevailing. Since many years, experts have stressed
the lack of propor maintenance and repair in developing countries.
-In 1958, Hirschman wrote in his Stratery of liconomic Deve 3

*Mis is porhaps one of the most characteristioc failings
of underdeveloped countries and one that is sproad over the
Whole economic landscape. Eroding soils, stalled trucks
lukinﬁ roofs, prematurely run-dovn machines, unsafe bridgu,
slogged-up irrigatiocn ditchos - al)l testify to the same
pervasive and paradoxical trait: the insdoquate care for
existing capital in eapital-poor countries.” 1

In the sane yoar, the United Nations Secrotariat stated:

'ﬁouuu of inadequate maintenance, 1ndustr{11n nany under-
Cmmod countries suffers frem an unduly high rate of
depletion of capital assets and a chronie waste of production

m
1 Aldert 0, Mirsotman, The Strategy of i v
Yale Ihivorut{ Press, Hew Haven . ’
o 1966, p. W41,

(Paperbdound)
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“ﬁ M'a:on sconomically stronger eountries eeuld

e situstion hes hardly ehanged since this was written, The

same eomplaints adout neglect of maintenance and inadequasy of
spare parts mlymehmwmarwtdmudhm
Teshnical Assistance Experts ir 1959 Wuamm
of %he steel industry in a devesoping sountry, published ia 1966 3,
80 the United Nations Seoretariat's suggestion for urgent uthl
made in 1950 has nothing lost of 1ts toploality:

* The attontion of goverments and industry is drewn %0 the
wrgent need for adop proper maintenance methods and
prestices, and to estad sh proper fasilities for training
of nsintenanee persomel.” 4

e lask of proper maintenance prectices has serious eonsequenses
for Whe csonomis develepment, Possible losses in produstion

and grovih resulting frem, and possidle gains forgone by,
inedoguate mainsonance and repair are the subject of the fellow-
ing sestion,

» Bev York, March 1959, pp. 53-57.

> it 4, o B
University Press, e, rassachuse s PP YT 22,

'} Ntod u.m
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The most eye-natehing loss caused by poor maintenance or inad-
oguate repair is the prrmature doterioration or total destrustion
of productive capital, The already cited report of the United
Nations Technical Assistance RExperts mentions mmerous instances
of "equipment deing allowed to deteriorate beyoud repair and
having to be replaced”.! Negligence in the maintenance of build-
ings and structures can ceuse - in addition to direct losses -
secondary damages to the machinery that is unadequately protected.

Sinoe oapital is scarce in developing countries, tho relative
importance of ocapital destructions is much greater than it would
be in an industrialiscd country., Thus, the narginal impact on
grovwth is likewiss greater.

b) Produotion losses

Deterioration or dostruction of equipment leads to losses in
produstion, These losses are twofold: a falling-off in produst
Quality and frequent disruptions of the produstion progess (or
oven a combination of both),

Undetected or unredressed wear and tear of machinery, or lask of
eare for control devices, typically results in deterioration of
product guslity. In other cases, inadequate maintenance or wn~
competent ‘epair causes frequent breakdowns of machinery lesding
to disruptions in the production process, During downtimes,
vhen the production factors do not render productive services,
wages of 1dled labour and capital cost for idled squipment still

1 "Some Problens of Industrial Hdmgmont Reportéd by Technioal
Assistance Experts”, op, oit., p. 55.
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have %0 be paid, The consequent offects are emhanced if the
repalr camnot be ocarried out, or the spare parts cannot be
delivered, immediately. The coonomic penalty for stoppage of
operation is highest in continuous process-type industries, The
608t of interruption to operations is lowor in tho ouo of
tthﬂuuon or assambly of discrete unlto.

o) Induced (gooondary) losses

Primary production losses caused by poor maintenance and repair
have negative effects on thoss fimsa which are customers of the
£irmm in question,

Zoor gquality of intermediate goods deteriorates the qualisty of
the final products as well - or roguires additional treatmens or
processing by the fina) manufacturer. If the quality is so poor
that the material camnot be used at all but is still passed on

to the customer, tho wastc is oven greater becausc of needless
haulage by railways or truoka.z Azain, it should be mentioned
that tho lossos through waste impair economic growth and develop-
nent relatively more in a devcloping country, whore resourdes

are particularly limited and the industrial seotor is only amsll.

Frequent breakdovmns of nachinery which reduce the output of a

firm or industry, or lead to ir agular deliveries, also affect

the industry that is supplied by these products. Here, %00,
disruptions in procuction may beoomo unavoidable., In order to
roduce their dependency on unroliable suppliers and, thus, to keep
their produotion flou more constant, it has become oormon preag-
tico with many fims to keep - norrially unnecessary - high

stocks of intermodiate products, This, of course, is an uneoconcm-
ical tying up of scarcs capital and hence a waate of resourses, to0o.

1 %(. "Bottor Way to Cenpare Your Plant's Maintenance Prastices”,
Kactory, Hanagsement and heintenance, August 1958, p, 140,

2 Cf. VW.A, Johnson, op. eit., p. 163.




The gopstruotion industries illustrate particularly well the cese
of induced 1osssd. Negligence in the maintenance of construction

oquirment drings about delays in the completion of buildings

and struotures. If impusiant industrial projects are conserned,
this delay will cause new delays and inconveniences in the"inter-
related” industries; the set-bdack in programed industrial per-
formanse, 1,8. in the inmplementation of the nation's economie
plan, will alltogether be multiplied.

Other induced losses occur because of bottlenecks in the supply
of gpare partg, be it that their import is restricted or that
their shipmsent is just impossible without lengthy dohyn.' ™he
consequence is that many firms try to hold an abnormally large
stook of spare parts, Prom the individual fim's point of view,
this {s an absolutely rational policy, but for the overall
national econcny this is a waste of resources detrimental to
growth; it might be overocome by & revision of the country's

spare part supply polioy.

d) Djsguised losges

It is well-known today that in nny developing countries installed
sapacities are under-utilige . It 18 less known that excess
sapsaoity quite often disguisos inadequate maintenance, at least
Semporarily. The breakdown of an ill-kept machine need not dis-
rupt the firm's production process: a switch-over to idle equip-
ment {8 an often used device, Only if the prectice of poor main-
tenance and incompetent repair is continued over a longer period
of time, deterioration and frequent breakdowns of tho whole

set of equipment will become apparent.

1 0f. “Some Problems of Industrial Managemont Reported by
%th!:'tmal Assistancs IExperts", on, oit., pp. 5§5-56.

2 .g.t ‘ﬁ Under-utilizasion of Industrial Cavacity, National
of Appiled J-con%rﬂo Tcsearch, fdew u'c%ﬁ! 1966, esp.

PP. .!"90




The cannibalisation of machines aiso belongs $o the category of
disguised losses due to excess oapacity: parts are stripped from
14le machines in order to obtain the spares needed for broken
mashinery., Again, this can only be a short-lived prastice
averting from the real prodlem: shortconings in the country‘s
development policy to provide for an adequate supply of spare
parts, and, &s a 0oi..equenc., uneconomic investment desisions on
he part of the single firm,

Deterioration and delays in delivery can be disguised in &
situation generally desoridsd as a gseller's market, Producers are
able to dispose of poor-quality products - at any time - vhere
there is a serious shortage of supply., The situation is nmot un-
familiar to devoloping sountries vhere tariffs or quotas bdbar
the import of oompeting goods, FPoor performance is partioularly
well diaguised if the product allocation is no longer left to
the market forces of supply and demand, dbut is replaced by an
edministrative distribution system which forces consumers to
purchase from firms not necessarily of their own ohoolins.‘
Here, consumers will have to accept whatever quality is made
available at whatover tine.

o) Poreimn exechanie losses and damacé to good will

The doveloping countries ganarally have to import most of their
industrial equipment fo:» investnient and most of the spare parts
to maintain this equipriont, Inadequacy of maintenance makes it
nocdpury to replaco parts excesnively ofton, sometimes even
%0 exchange the whole icachino baforc it roaches its normal

service 1life, ihis implies an umnecsssary loss in foreign exchange;

4t {s an absurd sitvation in countries which suffer notoriously
from severe rtages in hard eurrencies.

1 g_r_. '.A. Jonn'on. op. c}_to, PPe 158. 162,




Possible 10sses on the expors side should mot de overlooked,
either, The supply of poor quality products and lengthy times of
delivery sre badly suited to gain export narkets, Once the
deterioration of quality has been roau:od. future exports -i.ﬂt
become jeopardised. The "MADE IN ... * mark of origin may lose
14e attraction, and tho loss of confidonce need not remain eon-
fined to the actucl low-quality produst; it may juss es well
affect other export products of the sountry. The loss of prestige
night bessme 80 serious that not even expensive marketing
esmpaigne adroad or partisipation in international trade-fairs
will ﬂll’ restore ‘t.




2. 4 Re
A_Theoretics] Anslyeis®
A, offect ffercnces 1 e interes

a) longevity, durabllity ogth;'! and maintenanee outlays

Malntenance and ropair costs can be oconceived as outlays aimed

at extending the service 1life of the equipmont whioh oscur emly
after the equimment has been installed and began to operase,
Spending on maintensnce is only one way to extend the serviee 1ife,
the "longevity" of cspital goods, The other way is spending em
higher quality at the time of purshase of the capital goed,

80 that it 1z less prone to wear and tear, Longevity outlays ean
thus be broken do'm, as suggested by Blitz', into durability
outlays and maintcnanse outlays., Both are interrelated and are

to be concidered together,

Durability outlays are madc for the built-in enduring quality ef
a capital good, The price of higher durability can be compared
with the cost of maintenance of initially less durable equipmens
vhich can only roaasch the samc longevity if it roceives better
care and 1f parts are changed more often,

It should be pointed out thai the variations in durabilisy are 2
assumod for equipment having tha samo oporating charasteristles,
wWwhoreas groater dvrability ooulc be reached by dispensing with
ecouraecy of oneration, spccd, vorsatility, complicated contwel
deviceg of a machine - in short: by sinpler consirustion and hemse
at a cheaper price - the operatins oharacteriastics of the mashime

would thus be altorasd, On the othar hand, groater durability

1 udolph C, Blitz, "Capital Longevity and Koconomic Deve as”
The eric reoncriie Revieu, Vol, 48, No. 3, June » ".315 £L.
- Rugolpﬁ ﬁ. BLlitz, "haintenunce Coats and koonomic Devel s,
The Journal of pPoliiical Esonomy, Vol. 67, 1959, pg. ‘5‘0 N
n the followins cited as: a:d, 1953, rosp. 3, 1959,) -

“he discusslion in ihis puragravh haa benefited particularly
from this author,

2 Cf. W, Paul Strassmann, Tecimoloiical Oha.n:ao and_ Heonomie w*-
opmont, Cornell University rroas, lthaca, N.X., s PP. .

# A graphical prusenteilon 4s given in tho Appendix,




for equipmont of the same kind 1s onI{‘ ssidle by uld.ni it more
expensive: by choos Detter materials, a costlier eonstruetion,
by assembling $he narts mors carsfully and inspect the work
u::o often and more thoroughly. Thus, greater durability has ics
price.

To got a certain desired longovity of equipment, a firm oan spend
more on durability and le<s on mrintenence, or vice verss.
Generally a mix of both, durability and maintenance outlays, is
needed. In an extremo case, longevity oan be obtained by spending
only on durebility, without any uintonmc.‘ on the other hand,
it 1s not possidble to get longevity oaly by maintenansce; some
durability outlay is always required.

Blits dravs an analogy to the fastors aoummmg the lifespan
of a human being: "This initial durable endowment is te de ton-
soived as similar $o the innate physical endowment of a hman
deing; on the other hand, maintenance expenditures are analegeus
S0 subsequent efforts of dossors %o extend lengevisy.” 2

¥ishin the a.m, limits which are imposed by technieal sonstrainss,
a substitution of meintenance outlays for durability outlays is
possidble, Por evory invostment the optimal combination of both
kinds of outlays is to be defined, The optimal combination is thas
vhieh, for any assumed longevity, mininises the total eest of
longevity,

Durability eutlays ocour innediately at the time of the imitial
investment. Maintcnancc outlays are $o be made only in the future,
To eampare ooth, the future eosts of maintenanse have %o be dio-
sounted o the present, using the given rate of interess. The level

——

! T™his is pessible in the case of eapital geods sueh as buil ’
ots, Fer exemplo: more oxpensive construetion material is
which need not be painted; instead of a cheaper material whish has
% be painted periodieclly te reash the same lengovisy.

2 R.C, Bll‘l. m' ‘959. Pe 5‘10
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‘of the interost roie will influscnce the prosent value of the
‘llintrmmo costs oscurring in the future: Discounted at a higher
(lower) interest rate the present valuo of future costs will be
less (higher). Iv. other words: The anount of money to be put out
at interest now, can be low.r il tiie interest rate is high; it has
to de highoe— if the intereat rste 1s low.

Assume t.o countrias, one havlng a relatively low, the other one
having a relativily high, intorost rate. The equipment invested
and the maintonance technigquas ars suppossd to be identical in
both ccunir.es, an! it is aleo assumed that the future piice of a
"mainienance unit" (labour plus mnterisls) is the same in both
seuntries, T '¢ soua technical conmbination of durability and main-
tenance ocontains, in th: high inter2st ocountry, a lowar preaent
value of future muintecaance oublays, That is, the present sum of
money that 1s nccoesary for raintenaince outlays in the future is
lovwer beceauszo the interest rate is hisli, The same longevity can be
reached , in the kigh intersat country, at a lower present cost.

A technical combination of durabilisy and maintenance which reaults
in minimal total outlays for a2 ziven longevity in & low-interess
country is, l:owoevcr, not the optimal poliey under th2 different
sonditions of a hi;h-int«rost country. Since in the latter country
the factor "maintenance™ is reiatively cheaper than the factor
"durability", ceonomic rcationnlity requires to buy relatively more
maintenanc® @nd reintively lors uurab.lity than is optimal in the
formor country, The ninimel-cost combination of durability and main-
tenance for any given l....viiy is thus, in the high-interest eoun-
try, not only at a loiuir lovel of total (present) costs than in the
low-interest country (prico effcat); it reflects also another com-
bination of the two coti Inpredients: relativoly more will te
spent on maintenancc and rclatively less on durability, compared
to the low-interest count~y (guhstitution effect).

Hence folleowua the first r..oruenantion for sn optimal poliocy: Pro-
UL alld ethor thincg tr: 2qual, tho country with a higher

vided tha
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interast rate should spend more on maintenance and less on builg-in
duradility to obtain & given longevity, than the country vhere
capital is available at a oheaper rate,

o) e influence of the interest .ate on the longevity ohogen

80 far our analysis started from the assumption that the lonrvity
of the equipment was given, and the question was which mix o -
bility and maintenance wouid be optimal to obtain this longevity.
Now we ask whioh longevity will be chosen. The decision, again, is
influensed by the prevailing interest rate.

In determining tho optimal longevity of equipmont at the moment
when the investment deoision is made, two factors have to be taken
into eonsideration. One is the cost of additional longevity, the
other are the "savings" which result from postponing the capital
Tepla-eements in the future.' '

Suppose that a machine of higher longevity is chosen for initial
investment, It follows thut wo have an increnent in cost, but the
next and all successive replacements can be postponed by the incre-
ment in lifetime, Postponing all fuiure roplacements brings abdout
a stream of "savings", These savings may be considered as a capital
gain or a marginal revenue of ineroased longevity. he prosent
‘value of this stream of futurec savings can be determined by dis-
counting it at the prevailing interest rate,

The capitalized value of the savinzs has to be coipared with the
inerement in cost caused by the greater longevity, It is eoonomieal
"to chooss a higher longevity - and thus to incroase the total cost
of longevity - as long as the marginel revenue of longevity is
greater than the marginal cost of longoevity, Tho optimum is reached
Viaen the capitalized value of the stream of savings equals the ine
crement in eost for higher longevity. At this point the sum of the

1 c£. R.C. liits AFR, 1958 ﬁp. 3 £f. = W.P, Strassmann t.
bR, 195 28, ' » Satdt.s
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608t of the initial investment and the discounted values of all
future replacements is a mini‘mu.‘

e interest rate has a decisive influence on this computation,
e present value of the stream of ~uture savings will be less if
it it discounted at a higher interest rate. If the savings are
maller, the increment in cost of longevity has to be smaller.

It follows that tho optimal longevity will be shorter 1 the
interest rate is higher, ‘

All other things being equal, the optimel cholce of capital longev-
1ty in the country with a relatively highor interest rate would

thus be a lower capital longevity ocripared to the ocountry where the
interest rate is relatively 1cw. ' '

4) Ihe oonbined effoct of the intorest rate: level snd

gtrusture of longevityr

In section b) and ¢), the effects of differences in the interess

Pates were analysed separately. Now the eombination of the effects
1s exanined.

T™e longevity impact of a higher intecest rate is a combination of
b1 effects on the level and on the strusture of the longevity of
equipmont, ‘he erfect on tne structure of 16:gevity (the mix of
durability and maintenance) always has an unequivocal direction,
Sowards more maintenance (ef. section b)., Tho effoot on the level
of longevity (1.9. the longevity chosen) consists of a direot ten-
dency towards shorter lifetimes of capital goods (gf. seotion e),
eombined with an indirect offect via the substitution of mainten-
ance for durability. The indirect effect goos into the opposite
direction: it lowers total cost of longevity (gf. section b) and
sherefore curbs the tendency towards shorter lifetime, The shange

L S,
1 Por a mathematical treatisont sce: Fred 1, Westfield, "A Mathemat-
Re

ieal Noteon Optimum Longevity," The American Roonemie viev,
'010 ll.a. 'O. 2. J\I.na 1953’ pp. - .
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in direction of the levcl of longevity is, therefore, not determine-
able on a priori grounds., It 1s likely that the direct incentive
to shorten longevity will not de counteracted entirely by the a.m,
indirect offect, '

This 1s sssw:ed decause of the following consideration: All sav-
ings ocour in the future, and therofore the interest rate affects
the savings EE toto., As to the cost aspect, onli part of the lon-
gvity mix, vir. axpendituro on meintenancs, will oocur in the
ture, 80, the fact that the interest rate is higher will affect
3 the cos: side, Thue, the impact on the savings side
_ eater, The higher the share of maintenance costs in
total longevity costs, tho leas the longevity will be reduced by
impact of a high intevcst rate, ~

All other things being equal, the country with a relatively high
interest rate should tend to reduce the lungevity of its capital
go0ds. However, if the country ecan rely heavily on maintenance
(and less on built-in durability) in order to obtain a desired
longevity, the optimal policy would be to realize thia substitution
as far a3 possible; thon longevity will not be reduced very much

= in the extreme case, it may remsin almost unaltered.

B. The offects of difforences in the wage rate

Up to this ‘romt. the aua:iy\ain was concerncd vwith the isolated
effeot of differsnces in tho intorcst rate, resulting in differen-
608 in the m%; (discounted) v luo of futuro costs and revenues,
It was essumed that tho tcchnical corposition of a “maintenance
wnit" as well as the priee of such a unit were idontical 4n
either country, rogardless of whether the countries had high or
low interest rates. This asswiption is now dropped, .

Differences in tho interest rate between two countries - if we dise
regard distortions of the market forves by political interveations

- reflest differences in the factor endowments in these countries,

A high interess rate indicntes a relative scarcity, a lov interest

rate, & relative adundance, of capital. A relative scaroity of

capital eorresponds to a relative abundance of labour, and

LH,P}.‘ That 1s & .country with a relatively high interest rate
v, &ve & relativoly low wage rate, and a country with a relasive-
1y low interest rate will have a relatively high wage rate, o
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Differences in the wage rats influwnce the (future) value of
maintenance costs., Suppose that the same techniques for mainten-
ance and repair are applied in either country, the maintenance
wage per hour, and therefore the total cost of maintenance, will
be less in the low-wage country.

Bev, maintenance and repair costs are not composed only of wage
outlays but also of outlays for sparc parts, tools, materials,
mechaniocal aids, To a certain dogree a substitution detween labour
and oapital is possible: maintenance work can be done with more
oFr less mechaniocal aid; ropair may be moro or less labour-intens-
ive depending upon whether a broken part, or ¢ whole aggregats,

fa replaced by a new one or fixed again,

If the price of maintenance oapital is tho same in bdoth ocountries,
esonoumic rationality should induce the low-wage country to substi-
~ tute labour for ospital in maintenance and repair activities; and
all the more so if tho price of maintenance capital in the low-wage
eountry is relatively nighor. In the ideal cass, this sudstitution
would take place untii the marginal costs of labour and capital
were oqual to one anothor and to their marginal products., The sub-
stitution of relatively cheaper maintenance labour for maintenance

eapital will result in an even greatcr reduction cf total (futurs)
maintenance costs,

The same longevity can be obtained at a considerably lover (dis-
ocounted) cost; or by spending the same amount, the low-wage/high-
interest country cen obtain a higher longovity than the other
sountry, In othor words, a reduction in total cost of longevity,
induoed by the nigh interest rate, is possible without redueing
longevity, perhaps even extending it.

The ooncluaion drawn in sestion A.d ought to be modified now,
taking intc accomnt the influence of wage differentials: The com-
bined offect of a high interest rate A4 & low wage rate will malke
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1t economically optimal for a country to choose a greater capisal
longevity than & low-interest/high-vage ocountry. The higher longev-
ity should be achieved by substituting maintenance for durability
and, in addition, by choosing maintenance techniques which are’

nore labour-intensive, On the other hand, the optimal polioy fer

s cownsry with a low interest rate and a high wage rate would de
to ehoose equipnent of less longevity, to spend relatively more on
built-in duradility than on maintenance, snd to apply capitale
intensive maintenencs techniques.

o. ts ® e £ capi

If the capital goods which two countries invest, and some of the
"maintenance capital” (o,g. spare parts) whioh is used in both,
are produced only in onc of the countries, yij. the low=interest/ .
high-vage country, it is most likely that the price of these
kupiul goods will be higher in the other country which has to
import these goods: Transportation ecost and customs duties will
raise the prioe.

It has already been pointed out in section B that a higher priee
of maintenance capital will reinforce ths, already existing, Send-
enoy in the high-interost/low-wage country to substitute mainten-
ance labour for maintenance capital, A higher price for investment
will also make the (initial) capital expenditure on built-in
durability less attractive.

The cc-bl.mdhyut of differences in interest rates, Wages, and

prices of eapital goods between two countries can now be swmar- 9

ised: ' | )
;
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Suppose there sre tvo douatriest country A has a relatively low
interest rate, a high wage rate, and low prices for capital goods}
country B has a relatively high interest rate, a low vage rate,
end high prices for capitul goods. Undor these sssumptions it 1s
optimal for country A to invest in capital goods of a relatively
short lifetime, to obtain the choscn longevity by spending ;'oht-
ively more or. built-in durabilit, and less on maintenance, and

to sarry out the indispensable maintenancs and repair work by
relatively capita.-intensive methods, The optimal poliey for
country B would be to choose capital goods of a relatively long
scrvice 1ife, to obtain this longevity by spending less. on built-in
duradbility and more on maintensnce, and rely for the maintensnce .

and repatr activities on relutively mors labour-intensive teche
niques,

b) A nuwerical exemple

The preceding analysis can be illustrated by a numerical exemple
computed by the United Nations Buroau of conomie Affairs.

(CL. table 1.) The example compares the average yearly costs of
depreciation and maintenunce for a nitrogenous fertilisoer plant
in the Unitod States andin Central Amcrioa, Alternative lifetimes
of 10 and 15 years are assumed in both regions, Tho oomputation
does not take into account differences in intercst rates but gives
duo weight to wage and price dif: oroncoa.‘

It is assumod that the oxtonsion of longovity of the fertiliser
plants can be achieved by increasing the out ays on maintenamee
and repair, Agoording to the 'tnctioo in the United States, main-
tonanece costs &re equally divided between labour cost and outlays
for spare parts, Plant equipment and spare parts are only prodused

1 For another example ¢f. "Use of Industrial Bquipment in Under-
developed Countries: Problems of Maintenance, Ropur:i Replace-

nent and Obsolescence”, Induatrialguug; W
Bulletin lj, United Hations, . partmeni o ononls an al
Affairs, New York, April 1961, Pp. 33-36.
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in the United 3tates and have to be imported to Central Ameriocs,

This reises their costs in Centrel America to 135 pereent of the

008t in the United States. On the other hand, labour cost in Oen-

::"1 Ameorica is estimated at 4O percent of the labour cost in the
[ ]

It ars that the gshorter lifetime of 10 years is most econom-
ioal in the United 3tates, where.s in Central Auerica the extension
of longevity tc 15 years is the uconomically rational choice, even '
if the same techniques in maintenance and repair were applied as
in the US, Central America could even gain a higher cost advantage
from the extension of longevity to 15 yoars, if relatively more

was used ia maintenance, According to the example, the
optimm is reached in Central America when the substitution hits
point whore tho costs of labour and spare parts are equal.

It may be added that the cost of longevity, in absolute terms,
is lower in the United States even if a lifetime of yoars is
shosen; Central America achisves a relative cost advantage only
by extending the service 1life of the capital good,

R. licability of the mode

Bpirical evidence shows that the theoretical model presented here
ey fairly woll be applied to maintenance and longevity decisioms
in the United States as compared to industrialised burope,

There is enoupgh ovidence, indeed, that the Unitod States - thwat has had
& relatively hizh vage rate and a relatively low interest rate
auring the poat-liorld-War II gor'.od - acted according to the prin-
eiples doducted in tho procedin~ theoretical analysis: it is a
well-known tendency in the US economy to make ths equipment oasy~
ssrvigcendls, to oichango parts and units rather than to repair

thom, to design tho equipment in a way that repairs and lace-
nents of ts can bo executed with a maximum of mechaniocal aid.

All this 1s done in order to avoid high costs of labour-intonsive
maintonance and repair,

Unlike the US, wages in indusirialised surope were lover and
interests rates higher., Labour-intensivc maintenance and repaiy
used to de of much greater inportance.




As o the lon!;vtty of oapital goods, thore is not much reliable
information, the US, many "durable” conswier goods as well as
less valusble production goods are cheap to buy and disposable
afser a relatively short servico life, Thore are some indications
that the longevity of capital in general is lower in the United
States than In Zurope and that it is declining over time imn all
industrialised countries,! This insue, however, gronnto too
many statistical uncertainties to bo decided unambiguously.

The model nay be applied particularly well to industrialised
sountries, on the one hand, and to developing countries on the
other, Generally, the developing countries have relatively high
interest ratos and low wage rates and the prices of capital goods
are high, compared to industrialiscd countriea. However, some
modifications have to be introduced that take the specific eondi-
tions of developing countiries full into ascount,

Vef RO Mits, AW, 1958, pp. 3267, - 2.0, Blits, 1999,
o $02-4, - L, Hostas, .gg&._ra ive Productivity in

and jmerisen Industry, Wew York,
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3. Mo Problew of Kaintenanse und Repaiy under the Speeifie

Conditions of Develooins Countries

A. The quantity end qua.ity of svailable laboup

80 far it has boen assumed that *he guality of labour vuimh in
& couniry is homogerieous ancd thus the single "labour units®

(wan-hours) interciangeable. In reality, however, this is not the

sase, and we have to consider the impact of this faet on eur model,

Generell:, there cxists a relative abundenco of nggresate labowr
in devaloping covntrics, but skilled labour is usually searce,
Oonsequently, 1asl:illad labour is cheap while the wagcs of the
skilled workoers are high, in sonc instances even extremely high
compered with the wage relations in industrialized countrles.
Since most of the maintenaincc and repalir activities require
skillod or ovcn hishly akilled (specialized) workors, the sest of
labowr-intenaive maintenance and repail may bo extremely high

in the developing couniries, too,

o real situniion &in the doveloping countrics roquires shat we
differontiate again and consldor shori-run and long-1un solutiens
and different kinds of dsveloninz countries.

For our purposc hewc, deveicping couniries e¢an be divided inte
two 3roupss‘

(V) Troditionclly ju-cly agrarian countirien which are now making

first stens towords industrialization, which have only @
poor traditicn In Liandierafts, and ero not faaniliar with even
the simpic» poderi tochnoloxies (countrics of type I).

(2) Counirics wnicl hove alrcady a eortain industrial Sreditien,
which can dlsposc of a cadre of industrially trained werkers
and, in zdultlcn, have a conslderuble nwiber of craftsmen femile
iar uith the basie toechnicues of woriiinz metal and vood
{(countrics of tLype 1Y), |

1 Undor cerdsin sirvewictances, this distinction 1:0y rofleet twe
stazes of development, too.,
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a) Countries of type I

What i3 the opflmum poliey for countrios of typa I in the ghopt

pup vhere skilled rizintenance workera are prectically not available?
The most ohvious solution would be o shoose thoss projects thich
d0 not requirc mainteninoe and renair voocause thoy have enough
buili-in durability to reach a ccriain longovity., However, this is
only possible in very restricted cases: for projccts guch as
buildings, roads, or bridges, All kinds of machinery vith moving
parte necd a cextalrn amount of maintenance.1 Hence, other solutions
have to be looked rlor.

In tho short run, thesc countiios have to empley toreign special-
fats for praciicaily ol) maintenance and ropair work of complicatec
industriel devicnz, Theso apeoclalisis rcozive en e¢ven highed
reruneration than in thoir home countries, On tns other hand, in-
vestuent foods and maintensnes equipuent, too, have to be Laported
completely Ifrom irdusiriclized covntrics and hence will be more
exponsive than i the exporting ccuntries, In this cituation the
fecior-pricc relations will not induce & svstliution of mainten-
anco labour for msintenance eapital, nor ol malntenenc: outlays in
general for durability outlays. The only influenoing factor will
be tho higher int:oicat rate inducing a substitution of (future)
nalntonanso ovtlays for (prescnt) dusebility outlays, and, eventu-
ally, & sli:ht shortening of the lifetimo of equipmcut, If houever
- a8 is usnal in tho eanrly stase of industrialization - very

. favourable ¢i-edi. sondilions arc offered for the initial invest-
mont, the burden of durability outlays will be roducéd, and honce
the interest rate effoct will be nodzratod or totally oqualized,

Undor thesc conditions, the optimwa short-run policy for a country

of type I would bo to ehoose the saiic production teohniquo as an
industrialized country shori of skilled labour: i,8. to rely less

on naintononce end wore on durebllity wid to ciiond tho lifetime of
the equipnent only to thu point that is optinal in dovalopod sountries,

‘ g{OQOOO "‘r.('h“ml’ 02' Oit_.., pl). ‘l" -2. - &{.C. I.-;).itz’ A}:IR' ’958.
Pe bo ,




If thers 13 & choice betweon two types of equipment, one requir-
ing hizhly spocialized production workers but loss skill in
maintenance and repair (simple machinery), the other doing with
semi-gkilled vorkars in production but requiring highly skilled
meintenancc workers (sophisticated equipment), the decision should
be in favour of the sccond type ~f equipment (what, by the way,
would also be the optimel ehoice in the industrianlised country).
This is so boocause maintenance workers have to be "imported® any-
way - for both types of squipiient, The differences in wage pay

for theso more or less specialized foroign workers aro only
"marginal"; so 1t 13 cconomically rationsal o eu:loy them in nain-
tenance activiyies where profassional skill requirenents are
highest. Sc:rig'tilled production workers, on the othor hand, can de
tralnod in a rclatively shori timo, henen foreign assistanco is
neoded here only in the very beginning of indusirialisation,

The long-run asnoot adds a new engle to this polloy, idere, the
dynanie offcots of ocoromie develornsnt cone into play. .iithin the
eontext of our theorotical mod:zl, tho most important effect of
econowic development is the developnent of nanpoveyr skills, We
have suon that eountriss in the early stages of indusirialisation
do not coimmand over a labour force whose akills ers comparable

to thots ol workers in tndustrialized countrics, and optimal
poliey in the shori run has to follos the pattern of investment

as 4f thorc was no abundanee of ‘abour, Cpti:al noliey in the long
Pun has to develo, & M7l  ckilicd labour forc: because this is
the only way for ¢ country in aerly stogos of dovelopment to reach
eventunlly the point of subsiituting soarce capital by abundant

= skilled - labour, i,:, profiting fron its natural comparative
adventage by using its cheaper (abundant) factor of production,

The training of workers, tho tyoe of treining offered, is elosely
rolated to the tyvec of industry choson, .hother 1t is casier to
train peonln for production rathor than for maintenance is oon-
troveraial; experts have expresscd both oninions, Hirsclusan, for
examplo, considers proventive maintencnce (nou ropairl) as an




adninistrative process which is "intrinsically harder to naster
than production jobs".' Conacquently it presents a particular
prodblea in oarly stages of industrialization, Hirscuran states:

"Any production activity has these throo asscts: the target
48 clear-cut, We know it can be roached, and succoss in doing
so ia suibjeot to an objective test... :

The basic diffieculty about waintenan:e of capital - as opposecd
to operation on the cne hand and repair on the other - 1s
that it is praventive activity vhich must be performed ai
fairly long Intervals tnst are neither known with precision
nor » f‘ded by he capital itaself,.. For maintonance to be
effeotive, pooplo must be similarly nmade to act as ?-_ou% it
had to be undortakon at pirecise intervals, sappressing oir
better lmowledge that defermant by a day, & week, or a nonth
nay not mattor; thoy must orgenisze this fiectlion, submit to
it, and set up a sicnaling syston to enforce it, In other
words, raintcnance is pradouinantly an adnhinistrative prooess
1f we 8o define an asctivity whosc prrfomaance is not dircotly
{nvited or compelled by the production proceas or the product
1tself, and as such it requircs sn especlally high degres

of organlaational ability." 2

The oppositc opinion is expressod by an Anerican stcol cngineor:

"Lack of exporienccd and tcchidoully siilled workers can Leat
be offset by usin; methods and procesces in wnich the
operations roquirfng skill arc ontruatcd to machinory to the
greatost posnidle extent. Skill in nuiniensnoe, ncchanical
and eloctrical ucrk seoms to be rore easily found or developed
than that required for complicated manuval opnrations such,

for cxa=nle, as in shcot or tinplate rolling.” 3

Perhaps it is not poesible to maltc a generally valid statenent
deoiding a priors that waintensnss sklills or production skills aro
saslor to transuit. Diffurent eultural baskgrounds of tho devol-
oping ocountries may partly induce the difforent attitudes of
labour towards a certaln job. Tho gencral under-evaluation of
maintenance sotivities is most 1ikely, houwever, to affect the
professional status of the repair-and-raintenanco nan nogatively,

1 A.0, Wiraschman, 2p, 6it., p. 154.
2 A0, Hirsohman, gn, ¢ik., Pp. 154 and i1,

3 44124 am A, Haven, "Solection of 3teclmaiting Procossos and of loca-
tions for Integratod Iron and Steel 'jorks”, A _Stulv o

Stecl gt n Letin Angriea, United sacions, i“:“ %
i&o =QIO§§. P. ;&. Cit e% 5$ U.P. Strassmamn, op. oit., P. 201,
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hence the psyshilogical obatacles for naintensnce training may
be substantial,

T™he type of indusiry thati is best fitted for vooational training
in maintenance skills in developine countries depends to sone
extent on the 'weakest" pointi in ~kil) defiociencles which again is
8 matter of ths degree of industrialisation alrecdy obtained: in
the very early stages of devolopment munurl abilities as well

&8 & "maintonancc habit" are lacking.

The generally accepted expert opinion secms to bo that maintonance
habits are tho most difficult to promote, Some experts therefore
@ive prefersnce tc those industries which have the hizhest
"eduoatiune)" oifect, Hirschman, for oxarmple, recormaends that
developing countries should concentrate on new ventures with a
somplicated teclhnology (preferadly machine-paccd, process-centered)
which pressnts a compuleion to maﬁxtnin‘: |

"industrics end processes uherc lack of maintonanoe carries
8tiff ponaltica in the fomi of sorious breakdoira and
ascidents insinad of sirply leading to a slov doterloration
in tho quolity and quantity of output or to bdrief outazoes of
ii:g;‘llolma?'hinca that do noc disrupt the wnole production
schodule,

Asoording to Hirseiunan, "simple" industries presont too nany
"Latitudos", too :uch tolierance fop poor pexrfornicince in maintemancse,

- Hirsehuan's proposstion: irply that the cepitial- and maintenance~
intensive produstiuns chocea at the early stazon of industrialie
gation should not only bc continuad but evon be o:.paiided dwing the
proyrossing steges of incdustrialization, ‘imis hovever raisos the
question o. tho availabllity of carital, The United iiations
Depertment of ssonomic and Scoizl AfTairs, for exsnple, pointed
out that the propocition i "gonerally too oxpensive in terms of
capital and si<illed lnbour to be introduced on 2 mass acalo".z

1 A.0, Hirschman, op, eit,, p. 142,

2 "Uso of Incustirlal iq.ipusnt in Under-develojed Countrios”,
op, oit., p. 31,
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The cost argument is indeed fundamental, The linitod access to
foreign capital has actually induced most devaloping countries to
pursue more modest industrial projects as well, This may: allow
snother way of training professional skills and sdvancing the
dovelopment. of maintenance habits: "breakdown maintenance”, in caso
of simpler technical devices,

Repair after breakdown is seid to have the same psychologiocal
assots as production activity: succoss or failure in performance
are immediately apparent.‘ loreover, "breakdown maintenance"” or
"roplacement at failure" is by no means an inferior way of main-
taining oequipment: (1) It may be cost-saving - in case the cost of
dovmtimes is snaller than tho cost of preventive maintenance,

(2) It is the optirel poiicy for all oquipment with a failure rate
that is independant of age or decreases with age - whether or no%
roplacoment cost is higher after failure than beforo. Investiga-

tions have shown that a uide varisty of devices falls into this
(mtcgoz'y'.2

Exuiples cited are: Powor hand tools, ball bearings, electric motor
contrifugal switohos, linotype machines, automatic caloulati
mochines, bus motors (subscquent to the second major ovorhmﬁ.
most olectronic eonponents, etec,

The training of repairmon for "breakdown maintonance” of simpler
industrial equipment has the advantagoe of femiliarizing tho workers
with relativolyr sinmplo techniques ,ut avoiding the discouraging
"latitudes" and the high organizational requircments of preventive
maintonanOe.3 This form of training appears to be particulsrly
tuitablo for developing countries with a poor stock of skilled
maintenance workers, By comparison, the training of experiencod
repairmen for proventive maintenance would be the "second" step.

Tho country would eventually rcach the stage which is typical for
corniries of type II,

ROt A ey

' 4.0, Hirschman, op, oit., p. 154.

¢ bV, Jorﬁooncon, J.J. loGall, R, Hadner, Oguga;‘doglagﬁgt
Poliey, rth-lolland Publishing Company, ordan, » 08P,
Pp. 1'1'.. 70"71. ‘32 ff., ‘h6 l‘f., ‘50 b ¢ W

3 ;U.l.;jor Industrial Equipment in Under-doveloped Countries™, 9p,8it.,
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In sountries of sype II the situation of latour supply is "bettes*
1f eompared with the situation in predominantly agrarian coun~
tries: eountries of type 1I can count already on a cadre of workers
femiliar with maintaining and repaliring simpler, conventional
devices. In the ghort run, these countries may have to rely oa
foreign specialists for the servioing of some oomplisated modern
industrial equipment, But their mcin task is that of advisers
training people rather than doing tho job themselves for a hnﬂ
period of sime,

™he prodblen of tratining in nanual skills might satisfactorily be
solved within rolativoly srort periods of time, dut the problem
of developing s maintenanse hedit romains the pivotal point of
long-term deveologment efforts. As pointed out before, maintensmee
end repair do not enjoy high evaluation in almost any developing
oomntry whers the mentality of negligence is not oonfined o

the ladbour force; equal indifferonce, even strong avorsion, is

found on the part of the managemont to engage in maintenance
aotivitios.

‘A change in the nentality of management is therefors as mt

as the acquisition of mainteonance and repair skills by the werker,
T™he treining of supervisory ckills (“to organise, to instruct,

and %0 motivate subordinates”) ar 1 tho instruotion of foremen

("a nesessary social stratum leoking in preindustrial mioun").'
Bay b added to thu cataloguo of preoconditions which are necessary
to ralse the "preduction factor” labour to a level comparadle

to industrialised countries.

Onse this problex of developing & maintcnance habit is howeves

solved, the developing counirics in the long run should gain
an advantage in maintenance and rcpair costs compared to the

1V, p, lﬁhm. op, eit., p. 273.
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industrialised ¢:cmnt;x-1¢u.1 Although training and upgrading of
mintenance workers as well as greater awareness of the maintenancs
prodlem will eventually cause a& rise in weges, it is most likely
that maintenance labour will remain cheaper than in industrialiszed
comntries, On the other hand, capital = which is not only needed
in real assets dut also for educrtion and training - will continue
to be searce; therefore, :he inturest rate will tend to be higher
than in already industrialiszed countries,

Regarding our theoretical two-ocountry model, we may conclude that
developing countries of type II, especially in the long run, are
adoquately prosented in tho low wage/high interest-country model,
vhereas paradoxically the model of the high wage/low interest-
country . (nornally the indusirialised country) is applicable for
the short-run conditions of countries of type 1,.

B, AMternative sholoes of eavital and teshniquos in developing
sountries

After having discussed the production factor labour in developing
countrics the choice of capital will now be taken into considers-
tion, Exoept for the case of a country of type I undor short-run
conditions, the factor relatsons in developin; countries suggested,
as optimal policy, a "m-utnge" substitution of labour for olpi-
tal:t (1) by spending less on durapbility than in industrialised
cconomies, but extending the lifetime of equipmont by more intonsive
naintensnco and repair; and (2) by relying on more labour-intensive
nmethods of maintonance and repair than is custoaary in developed
countries.

H°',' far ean thoso propositions bec followed undoer presont-day
conditions?

1 0f., also R.C, Blits, JPR, 1959, pp. 560 and 564 ££.




a) Pegree of durability of equipment

Lot us first consider the docision for more or less built-in
durability at the time tho initial investment is made, Enterprises
in & developing country have to buy most of the investment joods
from producers in industrialized countries. Naturslly, this
equipment is generally decsigned to the nesds and requirements of
fimms in industrioclized countries that make up the bulk of the
ocustomers, In those cases, the developing countries will have no
ochoice betwoen more or less durable capital goods, They will have
%0 put up with the equipment that is more properly suitadle in
industrially aivanceod countries, The only means to approach the
desircd optimum is to extend the longevity of equipment over &
longer period thun is customary in industrialized economies,

in other words: to repair installed plants and equipment whean thoy
would have been replaccd in developed countries,

The choice of capital is, howeveor, not sluays restricted to such
an extont, In particular, there are three poasibilities of which

. developins countries govld take advantage to et loss dbuilt-in
durebility of equipient and hence to lower prosent cost of
invostnont:

(1) 8ome of tho equipment which dsveloped countries supply has
different dogrees of built-in durability and ropairabdility, that
is, require more or less maintonance, Firms in industrialised
-oountrios nake use of this choice, and so could the induatrially
less developod oountrics, Sometimes changes in maintenance
requiremonts entail chanzes in operating chasacteristics, m.'
As lonz as thoso changes do not impair tne quauﬁy of the final
product, trey arc unobjectionable, They may sometimes suit the
typica) noeds of developing economies even bettor (smaller scale
production, lower speeds of output, etc.).

1 E,g. machines may be run at different speeds ete.




.(11) In the more advanced developing oountries (countries of

type 1I) where mochinery is already produced locally, foreign prote-
type machines may Le redesigned .to fit local materials, standards,
or skills of operators, Maintenance and repair requirements may
also be subjected to rodu.tsn.tns.‘_ Initial costs for duradbllity
can bo reduced (at the expense of higher maintenance and repair
costs) by using cheaper material., a simpler construction, or by
pernitting less acouracy in assembling,

(111) A third way to purchase less durability is the import of
gooond-hand equipment from industrialized countries, High-wage/
low=intereat countries replace tholr oquipment whon the cost

of maintenance and repair risos with the growing age of the equip-
ment, At this point, it can still dbe econonically used in devel-
oping countries.(of type II) which have cheaper skilled labour
available for maintenance, Provided that the cost of tranaportation
and mounting is not excessive and that spare parts will de
available, it pays for a low-wage/high-interest country to use
sesond-hand machinory,

Second-hand cquipment may be all the more advantageous if the
oquipment was »eplaced in the industrialired countxy only beocause
more modern equipment needing less maintenance had become available.
Tn other words: labour-displacing inventions can make replacement
of 014 nechinery profitable in the high-wage countriocs without
doing so in the lov-wage oountrirs; the latter may make a bargain
by buying thosc machines, Tho problems involved in the use of

socond-hand machinery will be analysed more thoroughly in chapter
I1 of this study,

b) The oapital-intensity of msintenance and repair

Compelled by rising wage rates firms in industrialised countries
try to substitute capital for labour in produstion and weintenance

1 0f. Gerard Xarel Boon Chol %ﬁe agg mgoa
W%ﬁ““, ng company, Amster-

) o PPe
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&8 far as possidle, But the possidilities of labour-saving
operations in maintenance are more linmited than in the manufastur-
ing processes where capital intensity can be pursued up to the
point of automation. Host maintenance and repair vork can never
be done on a largo scale; it is more in the mature of "mede~to-
order" work and, therefore, more labour-intensive.

Gapital/labour substitution in maintenance and repair 1s achieved
in three ways:

(1)  Auxiliary work may de mechanizcd by introducing mechanical
aids for mounting and demounting of rachines, handling of machine
parts and in transportation work.'

(24) The ladour content of repairs may be lowered by a polley of
"wirepairsbility and oxpundebility” of oomponents: not the single .
broken part is identified, renoved, repaired and replaced, dut

& "pacikago® of parts, a "funotional unit”® ias replaced & nevw one}
the old unit is not Aisassembled and repaired any more.“ By this
mathod (1) the time and manpover involved in fault identification
1s rcduced, and (2) hendioralt repuir (rogrinding, reconditioning,
soldering, eto.) is 1ade unnecoassary,

(141) Neonomies of soale can be realised by spocialised shops for
overhauls in case of mase-produsod goods (8.g. truok engines),

. Thede relatively linited iechnoivgical possivilities of reduoing
the ladour contont in maintenance and repair vork demonstrate
that the odds are in favour of devoloping countries of type 1I,
Where wages of skilled workers are camparatively low, These ecun-
tries may vrealisze thoir comparative advantage by:

1 Cf, Productivity Report: ﬂ%n%m_, iteport of a Viais to
o U,3,A. in 1952 of a 3pecialist Team on Plant Haintenance
British Productivity Gouncil, London, Decembor 1952, pp. h6eko.

2 Cf. “"Maintainability of equipmont” in: W~
Se feohnolo Vol, 8, MoGraw- » lHew York e¥e.,
» Po .
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(1) avoiding all eapital-intensive forams of maintenance and
oals; .

(41) nlr.lncon more conventional practices for auxiliary work
a8 well as repeir work proper,

(111) aiming at sdditional capital-saving methods of meinteining
and restoring the proper functioning of the equipment,

T™is includes the identification and exact localization of the
broken oomponent so that the number of machine parts that have to
be exchanged is minimal, Also, the reconditioning of parts would
be preferadle to replacing them by nev ones.

It should also be pointed out that it may pay for a low-wage
country to produce at least some of the spare parts itsolf instead
of importing them, There is a definite advantage if local produe-
tion of spares is labour-intensive; the substitution of labour for
capital would uske the price of the spare parts attractive,!
Production of spare parts in industrialised countries way, hovever,
have reached a point of capital-intensity and large-scale output
vhoere their price is Jower than eny price at which a low-wage
country is able to produce without economic losses. Import sub-
stitution for economic reasons should then be avoided,

°. - - t [

Shortages of roroign exchange ha.e become a ccsm.on oritorion for
all dut a fortunate few of the developing couniries regardless of
the degroo of industrialisetion they may have reached already.

The foreign exchange aspect, thereforo, is a liniting fastor
imposing itself on all ocononic plans for industrial development,
Import substitution and oxport promotion have boen popular recom-
mendations, vhereas the maintenance and repair aspect has enjoyed
much less attention. Its influenvc on the balance of payments, '
however, is anything but negligible,

1 0f. also: "Use of Industrial Zq:ipment in Under-developed Coun-
es", op, oit., pp. 32, L6.




Is 16 evident that the premature destrustion of equipment dwe %
poor - or lack of any - maintensnco causes premature impors noods
for replacement and thus an unnecessary burden on the balanes of
pagments, But there is more to maintenance and repair pelicy than
this general aspect might suggest, The desision on the type of
equipment and the kind of maintenance applied will affest the
mmount and timing of imports, as well,

~ If the choice of machinery follows tiae pattern of industrialised
esomtries, 1,0. if nachines are chosen wita high built-in durabll-
18y requiring rolatively littles bus capital-intensive maintemanse,
the burden on the dalance of payments vwill be heaviost: it means
eshoosing & high import value at the time the initial inveswment

is made, high expenditure on spare parts and other"maintenanee
sapital”, finally high replacement outlays after a relatively
short time,

A foreign-oxchange conscious, cost-saving investniens, Saking the
developing country's factor endowments into assount, weuld de de-
termined by tic following considerations:

(1) Expenditure on the initial investment as well as on later
replacements can be sut down by shoosing equipment of lees dilt-im
durability, be it new or second-hand.

(11) The period between the nee .ssary replacemcnts cam be pre-

. longued by attaching more importance to maintenance and repair,
theredy inoressing tho longevity of equipment. The number of
replacsements within a certain period of time is reduwsed, and eo 1o
the total amount of requisite foreign exshange.

(144) The foreign oxchange content of maintenence and repair
ocutlays oan be reduced by relying more on labour-intansive mein-
tenance and repair methods and by a policy of import substitusien
for spare parts,
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At first sight the highest savings in foreign exshange seem %0
follew from an {xpors-substitusing preduction of the oquipment it-
self. In this case, however, rav materiasls and eomponents et
often bde imported all sne sanc, and this mekes for smaller overall-
savings. (Of eourse, the dovolopment of & domestie nachinery
industery may still be ssonomical 'y ndrventageous foe other reasons.,)

1t appears thas a polley whieh s directed towards saving a naxismum
of foreign exehange is a poliey which, in the leng un, promotes
the moes economiec uso of the produstion factors availadble in &
develeping seuntry,




II. SPECIFIC ASPRCTS OF THE PROBLZM OF MAINTIIANCE AND REPAIR
WEICH SNOULD BR PFOCUSED AT THE NATIONAL LEVEL

The iwport of second-hand machinery by developing ecountries has
been mentioned on various occasions ss one of the vays to eheose
investment goods of less built-in duradility. This prodlem deserves
some furthor considerations here.

In market economies, investment decisions are made by the indivi-
dual firms; bus most markot eoconomies today are mixed econcmies,
l.pnnn{ in developing sountries the "planning ingredient® is
eonsiderablo, Nany of tho industrial ventures are promoted or
owned the govermment. Hence, the question of {upors used or
nev equipment has its bearings also on the public author ties,
Noreover, the -Istm of import licensing and ronign exshange eon-
trol practiced in most develo ing countries makes decisions of
the govermmont relating to ® problem necessary.

It may be useful to point out that the utilisation of second-hand
machinery in developing counsries by no means relegates these
sountries to a second-class status, nor perpetuates the techmolo-

. glocal gap hetweon induetrialised and developing countries, In fast,
most of the second-hand equipmont that is available in industria-
11sed countries is installed agein in these cowatrics: In the
nid-1960's, almost 95 percent of the seocond-hand nachinery shas
vas offerod on the US market was purchased by US firms.! A% leest
two second-hand machine-tools were ecld in she United Stases for




overy new m.‘ In Japan, too, the use of second-hand equipment

is widespread, particularly among small ard medium-sisze firme,
as may be seen from table 2.

Tedle 2: Second-hand equipment a&s parcentage of total fixed assets
in Japanuo indvsatry, by sise of firms

Mmtugo of second-hand equipment
1958 1956 1957
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There has been a eersain tendency among developing nations to
‘refuse the import of second-hand equipment. The aituvation in
industrialised countries like the USA or Japan suggesta that the
arguments against using second-hand equipment need some rethinking.
¥o one, of course, should advise a developing country to ssquire
Only used nachinery, no more than a developed ecountry should dbe
advised not to use it at all,

The causes for the genoration of second-hand oquipment are many,

and 80 aroe the motives for using it. Main factors thas have obwvi-
ously influensed the employment of second-hand equipment are the

size of the firm, type of owmership, the physical charasteris-

1 Albers daterston, "Good kmough for Donlop g Comtriest” e
Yund end Bank Review: Finance and Develogpment, Vol. I, Ne. 2,
‘.Dm 19&. P . .




tiss of processes (metal working versus chemical industry) and
their rate of obsolessence, !

Preference for second-hand equipment has been relatively strong in

metal working, in the production of lower precision itens, for

equipment 4ith an average rate of %echnical obsolescense, and as

a means to ot tain equipment rola ively chesp in’tially, therefore

ar with smaller fir... whic'. Lave scarce fiianeial resouroes.

to ownership, foreign firms ostablishing subsidiaries in a de-

veloping country have been found to employ :%z;_o_ used equipment

than local entreprenours, pactly because o eir greater familliar-

$ty with the market of second-hand equipment.

To fllustrate the use of seocond-hand equipment in developing
eountries, the results of an invostigation eovering 70 Central-
American manufacturing firms are partly reproducod in table 3.

The most general prerequiasito for the use of second-hand maschinery
is satisfactory perforaance. In the words of a Group of Experts
of the United Nations: "Seoond-hand equipment which only produces
goods which are not ocompetitivo in price and quality at least
domestiocully is not a bargain at any price and should dbe rejected
outrl;ht.'z If a machine doos not produce goods of the absoludely
best quality, theso goods can still be compotitivo provided the
oconsumers acoept their quality - possibly at s lovwer price. Under
these conditions it can be acvisable to asquire older equipment
that was replaced bocausc now machines had been availadle whieh
produse imprived goods, Yct in & st ocases luors.ive acquisitions
of second-hand oquipmont pertain to maschinery which produces goods
of the sane quality as the new one, dbut does it under the eondi-
tions of a developed country at & higher cost ~ under the condi-
tions of a developing country, however, at a lower cost, than new
oquipment, In the following discussion we have only this latter
case in mind, the analysis being 1fuitod to the maintensnce aspeot,>

1 ¢f. W.P, Strasmsann, op, oit., pp. 201-20S.
e ¢t of (4] of ExXperts..., wc. PATR, 62.

3 For a more o shensive discussion g_gu R
mt.ooo. o} AX, Son, 0P, 81%. )
%‘ to second-hand sransportatIon equipmen

;" .
® Ssmann,
| ¢ of. Johm R, .
Transport Teohnologies for Doveloping Countries®, Jhe Americsn
mﬁmﬁ vol.56, Nr.2, Kay 1966, pp. 63-90,
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Tader the absence of technological progress, the operating ehares-
seristics of a nev machine will be the same as thoee of the o=
placed machine, that ie, the nevw mschine is not superior to the
used one. The only reason for iratalling a nevw wachine is the -
inerease in maintenance coets of the machine in use, Theoretieally,
this would be the case for a low-wage country to buy the old
mechine if its maintenance costs are below the costs inourred in
the sowntry of origin of the machine,

In reality, however, thie may not be a sufficiently etrong ineen~
tive to duy usod equipment, If no improved models are on the
sariket to induce an earlier ("promature”) replacement of the old
machines, the potential buyor nay fear - and his apprehension may
sotually be justified - that the old equipment is replaced only
vhen physically worn out end.that satisfastory pertmmo nAy no
longer be expected from such equipment. kven if the said equipment
88411 works rathor well, the differonce in maintonanco cost may
206 ex000d tho "threshold of peroeptidility"; whether it does or
not, depends largely on the extent of the wage differentials,

While in reality differences in maintenance costs are likely %o
affect the decieion in favour of second-hand equipmont. ‘only in
sonneetion vith other factore (whioh are discuesed in sectiom 0),
the influcnce of differenses in maintenance ocosts is isolated in
the following discussion so that their proper effects become more
‘detinot.

The rising maintenance costs of older equipment are largely due

%0 a higher prodability of unexpooted breakdowns, Their impros
varies, dopending upon difforent eets of conditions, Por the indi-~
vidual firm, the coet of breakdowns oonsists of the fixed eost

of idled oqutmt and of tho wages of idled operators. Part of
the variadble esosts are down during disruption or produouom
ospocially the consumption of Mtorhh and power is reduced. 8o




the oost of breskdowns for the individusl fim is not identical
with the productisn loss during do\mtma.'

(a) In case of highly capital-intensive production of process type
or continuous production lines, a breakdown at one point of the
production line affects other atages, snd sometines the whole, of
the mamufacturing procou.z In thase cases the fixed cost of idled
equipment will be rather high and will outveigh the cost of idled
labour. If dreakdowns are frequent and have alverse effects even
on those industries which are supplied by the affilcted industry,

a temporal setback in econcnic growth might result. |

A developing country should, therefors, refrain from buying used:
equipment of the a.m, kind with a high probability of breakdowns.

A semple study of two Central-Amorican countries demonsirates very
convincingly an avareness of the risks involved: the firms
that @id not uso second-hend equipment, about half did so in
approhension of production losses in their integreted plants, 3

(b) The situation is different in case of industries of fabrication-
and-assembly type or benchwork type that use light equipment and
are less oapital-intensivo, Mero, the breakdown of one. machine

will affect the operation at other production stages very little,

or not at all. The cost of breakdowns oconsists mostly of the wages
of 14led operators of the machine in question; and these are lovw

in doveloping countries. Under thu.se conditions, & low-wage/capi-
tal-gbaroe country could still moke a "bargain” buying second-hand

machinery even if the machines wore ‘14able to more frequent break-
downs, : -

The considerable advantage which dovolopins eo.,imtﬂu nay gein by
using second-hand equipment in produetions of t!po b) oan de
£llustrated in an ari tical example ‘(of. table h).

1 ¢f. R,0. Blit 19 i1t., p. 568, - W,P. Strassmann
m"’. 563‘:@” 59.92,._9.__. ’.5 n,

2 Cf, "Botter Way to Compare Your Plant's liaintenance Practices”,

op, _eit., pp. 39-140,
3 U,P, Strassmamn, 9p. oit., p. 213.




. | . R ) ‘. .. .ﬁ. . ... .
3.-130}?% ‘ST °O wdToymy SUINVY

sapyos _
1940 AR JO
| -Qﬂ IR, gﬁg (8)

sugyosn b“nu- »MNM
uRopaveIn
~I9quy £YIveL pezoedxy (4)




Loy

~ 3.
.
,

Ao

3.

Ce

IX.

1.
A,
B.

C.
D.

2,
A.
B,
. c.
D,

3.

b

The Prodblem of Maintontuce wnd Repidr ades thw Specific
Conditions of Developing Couatrics

The quantity and quality of avaiiakble laiouy

&) Oountries of type I

) Counbrics of type iX

Alternative cicicos of capit.l snd teck.ig :¢3 in developing
eoumtries

a) Degroe of uurability of equipment

b) The capitai-intensity of meintenance anc ropair

The balanco-of=payments aspect

SPLCIFIC ASPICTS 0OF THT FROBLEF OF Lot NTir AL 1 AV REPAIR
WHICH SHOULD BY FOCUSTD AT TE HATIONAL LOVL

Busio Considerutions wit Regard uo t. > impors of Lew
veraus Zecond-Hind Zquipnient

The roloe of sceond-aa=d equipment {n Industriviized and
developing countries

The isolated efiect of alfferencos in maint.rance coscs
The ~ffsct of nraeuature ohiolescence

8pecinl problams of meirtenance end spavé=-part sapply for
socoond-hmnd wguipment

Availability of Snare rarts

The importanca of a rezuler sparc partz cupply
Decentraligod large atocks of ipare parts &iv itho individual
plant

The establishing aund icoping of Genirs) stozls
at the notional, reglonnl, and branch levol
Possibilitios for fmport sulatitutdon of sparo parts

The Z3teblishing of 3jecieliz-d “epaly and Yalntonanco
Shops in th- Coutoxl of Indusiiial Matetes

Quantitative Aso.~ce

ool Fointunnee and Neondr

of spsre parts




43~

In this example, yearly intersst and breakdown costs of a new
versus a used machine sre compared in an industrially advanced

and a developing country respectively. The wags~-cost relation be-
tween the two couniries is assumed to be $ 25 1 § 2. As expected,
the high cost of idled labounr nakes the utilisation of the second-
band machine with its higher freq.enc of breakdowns unattractive
in the high-wage country despite of the low capital cost of the
used machine versus a new one, But the low-wage country is able %o
nake "net savings" totalnnﬁ $ 32 by prefering the second-hand
mnachine to a now one (lir~ 8), Tn other words: as long as net
naintenance and repair cost of the used machine is be this
smount, it is econonically advantageoua to prefor s ussd machine .
to & nevw one. In the arithmetical example presented hare, the cost
of each repairing may even Le ten times as hig: as daily opoerating
ocosts, 1.0, 2 20 per rcpair exeoutod, the advantage of using an
0ld’ mao ‘no nstead of & new one would still be substantial:

’m- 160-‘1820

This {s an extremely favourable result regarding tho uss of seoomnd-
hand equirment, vhich is d&ue, of course, to the assuncd high wage
difforontials {»woon an industrially advancad and o devoloph:g.
country, But even if ws assume higher daily labour cost in
developing country, o.%. : 8 instead of § 2, all othor things being
] , the case for sccond-hand equipnent would still de res=- '
sives: tho ennual interest and brecidowm ocost of the new ne
(1ine 7) would de § 740; that of the usod machins $ Whi6. The “net
savings® of tho used machino (1line &) would thus be § . The
used machine is proferable to0 & new ono &s 1ong &s repair coste

for ossh breakdown aro less than four timos the dally operating
costs, 1;0, loss than § 32 per repair. Tho cost advantags afforded
by the used machino would still be: $ 294 - $ 256 = § 30,

It should be noted that the price assumptions in tho exxple even
understate somewhat tho advantage of the used machino,

C. The effect of premature obsolescence

8o far our muliuh was basod on the simplifying assuwsption of
unchanged techuological stundards. In the absonce of tochnologieal
progress, nachinos vill be rephood when they booone physically
worn out, and san no longer be sconomiocally naintainsd, They will
be roplacod by thes same type of mechins, |




Por a developing oountry which plans to import second-hand equip-
ment, the physical condition of this equipment is, of courss,
very important., The physical condition is primarily influenced by
the factors vhich have caused the generation of second-hand

nachinery.

The principal causes for the genaration of second-hand equipment
in an industrialized oountry - bosides mergers of fims and liqui-
dations of plants - are:

(1) the switoh-ovor to a larger scale of operations, oaused by
inoreascd marlet denand;

(i1) modornization of plants and equipment up to the point of
automation, caused by labour shortage and high wages.

In doth oases, tho equipment is replaced dy technically improved
machinory which will suit the changed market demands or faotor-
supply conditions better than the old machines, We may say, the
technioal progress has ocausod promature obsolesconce, in the indus-
trialized country, of machinery which actually is working still

well, but the conditions in that ccuntiry do not permit an economio
use of these mnohinu.1 |

The very reasons that oaused premature obsolosconce of equipment

in an industrialixed ocountry make these machines partioularly
suitablo for a developin; country: smeller markets call for ameller
outputs, and prodvction on a smaller scale may be more economical
than under-utilization of large-scale capacities; and, as pointed
out befors, tho factor-price rolations in developing countries

1 Reg: , the optimum roplacemont polioy cf.: George Terbdo
o %guimont Policy, MoGraw-Hill, loﬁork-?omto-bm:l.
« = Vernon L, idlmlgsunony end Production, Harvard

versity Press, Canmbridsc, Yess,, . = Ingrid and Per Wolin,

impact of Tcchnologicnl Prozress on the Economic Jife . £
in%ﬁag:{ al ~aulipmen ande)siBzokolan 1 Gbteborg, SKrilter 1967-2
Xkadoxd B Taget. (BEeborg, 1967 "8 S -2
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suggost the use of machinery which necds relatively more labour
than oapital, bo*h in operation and in maintenance. Premature
technioal obsolesccnce (in industrialised countries) will, there-
fore, becomo & special incentive, in addition to the maintenance

aspeot, to profer seocond-hand to n~w equipment in developing
countries,

D. Specia) problems of maintenance end spare-part Supply
for sesond-hnnd equipment

As & United Pations Oroup of Kxperts on Second-hand Kachinery
already pointed out some years ago, "there is no clear-out differ-
once in the magnitude and naturc of maintenance problems between
new and second-hand oqui.pnont".‘ Much deponds, howevor, on the
existence or absonce of technological improvements of the equip-
mont in use,

Undor the assumptions nade in section B, the nature of naintenance
13 the same for nov and ua:d equipment, but the magnitude of re-
quired work is groater for uscd equipmont, In the case di socussed
in sootion G, the magnitudo of the maintenance work be the

sane for old and new equipmont, whereas the naturo of s work
jz differcnt,

It 48 often assumed that the maintenance of equipment of older
design requircs less akills thar that of modern nachinery, vhereas
the ski)l requirements for tho operation of old aschines are
higher than for now onu.z But there is no simplc solution %o
this quostion; it may also be true that wodexrn machines are made
easy-sorviceable, wiih unrepairable and oxpendable units, in
order to save on highly paid, skilled maintenance workers. ™he
situation Jiffors from industry to industry.

| Roport of ths Oroup of Rxperts..., QR, 01%., para. 4S.
2 !b!do. para, 690 )




T™he special prodloms of maintaining second-hand machinery are
mainly of s practical nature. Sometimes, naintenance msnuals and
schedules, or part cataloguecs are missing, or even blueprints of

a machine are not available. Service arrangemonts urc generally
not made for a single machine, but may be obtaingble for a number
of integrated machine units or complete plants. In the latter sase,
nanagement in developing sountries hao often shown reluctance to
rely on ocutside repair sorvices, Strassmann, for examplo, observed
thas:

"Willirgness to buy used equipnmsnt was detormined largely by
confidence in one's own malntunanoce and ropair abilities,

A metalworking plant cah Zrind & Learing or shalt for its own
machinos; an electrical manufacturer iz as good at rewiring
eircuits for his owm as at reuiring those for sale,."

The purchase of sscond~hand equipmont is only recomondable if the
supply of spare parts can be secured. Tit the difflculties of
gotting spare parts should not bo ovor-estinsted. Ko doudbt, spare
parts ure nore cazily available for now mashines than for 0ld ones,
in particular 47 they ere supplied by the machine.-produoing firm.
'Howevor, machine manufacturers generally do produce spare parts
for some yeai's after the particvlar type of machine has gone out
0f produstion, Whun production of thess sparecs is discontinued as
well, manufacturors are wont to hold a certain stock for some more
yoars, It hac beon rerorted that some manufacturers cf toxtile
machinory continus Lo makte spare parta for machines they produced
forty years Ago.a |

There will be a time, of course, whon the avallability of spares
becomos & real probloem: when stocks are dcpleted, or when the
manufactwer of the mashinery is no longer in business. Missing
catalogues o blueprints that aro needed to identily the spare pars
oxaotly will add tuo the difficultios, |

1 W,P, Strassmann, gp, eit., p. 213,
2 Report of the Group of Kxperts..., op. eit., para. 48,
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Before declding upon the import of sesond-hsnd machinery, & .
country would do well to explore the availability of spare parts
thoroughly, including the possibilities to produwe spare parts
in looal machine shops, Frequently, second-hand mashines are less
complicated than newer models, are wade from simpler saterials
and have parts of less sophistiocated design. In this case, the
local produciion of spares in developing countries (of type II)
should not encounter insurmountable difficulties, provided the
necessary steps are taken in time. Local production of spare parts
for very compliocated modern machinery is apt to face m nore
dirfioulties,

The preference of oocond-hmd oqupmnt vorsus new oquip-oat
oombines unral adnnngu: saving in foreign exchange beeause
the priceé ot used machines is substantially lower than of new
equipment; more labour-intensive produc tion ‘and maintenange nd
hence lower production cost; inducement of local production of
spare parts which means adding a labour-intensive sparo perts
supply %0 & labour-intensive production.
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2. Availability of Spere Purty
A. The importance of a rogular spare parts supply

Availadility of spare parts is an integral part of a good mainten-
anoe policy., In developing ccuntries the lack of spares is often
one of the most ssrious bottlenecia in uninterrupted produsction,
™he supply of spare parta, therefore, deserves all the attention of
the policy makers concerned,

In a nixed econony a good sparo parts policy on the part of the in-
dividual fir: 1s not possible without the cooparation of the
pudblic authorities, Problems of priority ailocation arise between
public and private entorprises if sparc parts are gonorally soarce
or not uai{y obtainaltle on othor grounds, Tne puvblic authority
may exeroise its influence on thc alliocation of spare paris by way
of a whole set of instruments of cumeroial policy such as import
lieenasing, foreign exchange eonirol, multiple oxcl:ange rates, eto.

An essentisl aspoct of tho spare parts problem is stook-piling,
There should b no quoatioxi today regarding the genoral importanse
of keeping adequato stocks of spares, although time annd again
expeorts' reports discloso a lack of recognition of this fasct,
especially during the rirst phaxo .of new indusirial vmturu.‘ he
effects on production are aluays detrimental,

One of the solutions which have boen rcoorwmsudod is that individual
enterprisos kecp lar;zo stocks of parts, in particular whon poor
trensportation facidities, rigid foreign exchangs controls, and
eoinoidencos of all kinds impeds theiv quick supnly.

Other solutions that have been proposed are to outablish central
stocks of sparo parias et the nutional, regional, and bransh level
and to enuvisago thoixr dunesiic productiom. :

Tho advantages ant shorteonings of these propositions will be given
speciai attcntion in tho following sections.

1 S0¢ 0,8, "Solveon iteport on Rourkela 8teel Plenc" The %gm
Mﬁlﬁo Vol, 3, No. 7, August 17, 1962, . 36“0 « -
Somo Iroblems of Industria) kenagement Roported by Technical
Assistancs kxperts™, ov, cit., pp. 55-50.
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VB._ Decentralised largo stocks of spare parts at the
individual plent

The advantage of large stocks of spare parts at the plant level
1s that sparos are guickly and ess’)y available if needed, Down-
times of equipment can be kept as shost as possiblo, This is
especially important in case of heavy process-typo production or
continuous lines, whore the economic penaity for any stoppage of
operations is highest. ’

e most serious handicap of decentralised large stocks is that
considerable evounts of capital are tied up. It has been observed
that many firms initially tend to koep aparc parts inventories at
& very low levol but after their bed experionces they fall into
the other extrene of hoarding whatover spare parts they are able
to get. -

The ﬁaruouhr conditions in doveloping countrisa induce firus to
keop groater stooks of parts than is oustomary and neccssery in
similar industrics in doveloped conntrios.‘ The rensons aroes

(1) Spocific olimatic conditiona in many developing countries
uake for deteriorstion of parss that usually have not to be replaced
in countries of termorule zones, Vrong treatmeni snd overloading

of machines by operntors who are not sufficiently trained as well

e incompotent malnienonce - both more froquent in developing
esountries - also contributo to higher dogroos of deterioratiom.

(14) ™o poor comimication and distridution systems in many de-
veloping countries make it often impossible to plece emergeney
orders for spare perts and have shes deliverod within a short time,

1 The Indian Nationul Council of Applied Boonomio Renearsh has
ostimated that in a large munbaor of industries spare parss oon-
stitute ealuoat 15 psrcent of the total invontories, whieh ie

oonsidered as n rather high proportion. Cf. on
National Council of Applied FZoonomic Reassarch, Fow ’ ’

p. Th.
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™e sudject of the nresent study is maintenance and repalr and
spare part usply in manufacturing industry with reference to

the prodblems of developing countries, The subject is treated withe
in the framework of s market economy with planning ingrodients
which is the prevalunt econcmic system in developing countries.

It 43 the purpose of this study

= to descride the role of meintenance and repair for economic
devolopment,
e %0 reviow the situation in developing countries,

= $0 highlight spocific aspects of maintenance and repair assctivi-
ties which shwuld be fooused at the national level, and

- to outline some possible ways and means for irmproving or Pae
tionalising maintersnce and repair in developin; countries,
taking into oconsideration their specific porblems,

Chapter I portrays the general present stato in developing coune
tries. The importanco of maintenance policy is emphasised by skeSch-
ing out the losses in produciion and growth which typioally resuls
from poor maintenance and repair. A theoretlical analysis of optimal
maintenance and repair activitios of a country under different sets
of oenditions provides the dasis for a thourougn discussion of the
prodlem of maintonance and repsir with a view to the specific si-
Suation of developing countries, Thoe quantity and quality of avail-
able Jabou» as well as alternative shoices of capital goods and

maintenance tochniques are taken into conaidoration, Spcoial attem-
tion is drawn to the balance-of-peymonts aspoct of maintenance
policy,
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Speoifie prodblems of maintenance and repalr which should de dsalt

with at the naticual levol are desoribed extensively in Chapter II,
The pros and gons ragarding the .import of new versus second-hand
anlmt are discussed under the aspect of maintenance and repair,
T™he availability of spare parts is treated at some length; partion-
1ar attention 1s paid to the us.ablistment of ventral stocks of
spare parts, and the possibilities for import substitution of spares
and other maintenance materials are reviewsd., Some considerations
soncerning the setting-up of repair shops in the ocontexs of indus-
trial estates follow, The last paregraph gives a statistical swrvey
of maintenance and repair activities in an industrialised ocomtry
vith a view to find olues for estimating present and future needs
for maintonance and repair in developing countries.

The problems of maintenance and repair are analysed with regard o
their relevance for economic policy. Conclusions and recommendasions
are made in the econtoxt of the theoretical dicussion, Ohapter III
roviews some additional ways and means of improving the maintensnce
end repair performanse in devoloping countries. Recosmendations
include plannings activities, policy measures, standardisation of
machinery, oreation of tecnnical supervisory agenoles,and the train-
ing of special repair workers,

Yor the sake of simplifying the terminology, the concept of
"maintensnce” 1s often used in this study in a broader sense in-

" elwding also "repair®, especially in such standard terms as

"maintenance ocost”, "maintenance workers', etc., instead of "main-
tenance and repair costs”, etc, If, however, the oontext required
& olear distinction detween "repair® as replacing or mending of
parts after breakdown of oquipnent, and “maintenance® as the se$
of measures to keep plant and equipment in good operating condition
and toprevent breakdoins ss far as possible, the term "maintenance"
has been used with oxplanatory additions such as "preventive main-
tenance” or "maintenance proper",
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If parts have to be ordored from abroad, the customs clearing
retards delivery substentially; dolays of ten days snd more eaused
only by customs olearing of spare parts flown in %o & developing
country are not unusual,

(114) Import licensing and forei ;n exchange ocontrols which are
practiced in most developing countries got many firme to stock up
more spares than are needed, Uncortainty of future quotas mskes it
eppear safer to utilise import opportunities fully when they are
offered rather than to trust future allocation of import lioences
or foreign exchange when spares would be noeded. Under import
control systems anticipated replacexent neads, &s roflected in
import licence applications, tend to ba overstated, Fear of sudden
ehanges in import regulations (e.g. introduction of new ocontrols,
higher import duties, ste.) also acoounts for excesaive stoek
keeping., It may be pointed out thot it §s the economic system
rather than disability on the sido of the managers vwhich leads
here to the wasteful use of scarce capital resourcos, to a diecrep-
ancy botween & single firu'e gaint end losses and the ovcerall
_economic gains and losses of a eouniry.

Where oconditions in manuvfecturing processes require prompt availe
"ability of spare parts, the system of decontralised stosk koeping
of epares has meny advantegos no othor system offers, If this
gystem is chosen, it is necessary, however, to do everything to
reslise optimum atocking levels, that 48 to sey:

(1) Operaiors and meintonance workers should be well trained
to work with the equipment o that breakdowns are mininised.

(44) Commnication and distribution systeus for spare parts
should be improved. luch could be gainod by facilitating and
socelorating the customs clearing of sparss imports.

(11i) Oontrols of spares imports should become less arbitrery and
should be freed from lengthy administrative prooodures.




3. The Bstablishing of Sgeoialiud Repair and J¥eintenance Shops
in the Gontoxt of Induatrial E-tgtn

Yedium and sxall-scale iims face varticular disficulties in main-
tenance and repair, They are often t2o small to make the hiri.ng of
full-time specialists for maintenance :nd repair economicals bhnu
mon oannot be employed to their .ull capacity. and vhat is -ox-o,
the repair shop of a firm has to be supplied with a certain ninimwa
of machines and tools, These, too, cannot be adoquately utilized
in & small-scsle enterprise. Tho smallsr firms, therefore, have to
rely generally on outside contractors vwhich are not onny found
in developing countries, If maintonanco is assipned to o\m employoes
who have not undergone. appropriate training, the performance is
most 1ikely not of the desirable quality.

The maintenance problem of amall-scale and m(n\n-auod industries
oould be solved to the bost advantage by establishing neardy
specialiszed repair and xaintenance shops. The oreation of such
ropair shops might bo promoted by tho governmont or & special pudblie
agency, or they may be established by joint action of the indus-
trialists thomselves, possibly on a cooperative basis, In soue cases,
where several firmas pool their demand for msintenance and repeir
services and hence condltute a regular clientels, private industry .
may be induced to set up repsir shops. In the earlior stages of
eoonomic development, however, repair services should be rogarded

as prouutional rather than comercial; initial steps for their pro-
_vision should be takon by public authorities.

A pre-sondition for setting up apooiannd repair shops is, of
oourse, a certain regional concentration of firms demanding these
services, The condition is particulerly wou not. in oo-uno(.
industrial .luhl.v '

W have been founded, within tho last decade, in
ing countries w:.tﬁ the general se t0 promote
the development of small-scale industries, Tndustriel sstates have

been defined as "a plannod clusbering of industrial enterprises,
offering developed sites, nre-built factory accomodation . and pro-
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| small-socale industries.

vision of services and facilities to the oooupantn".‘- Whereas in
industrialised sountries only 1 services - such &s power,
vater, sewsrage, vroads and rai ds, eto, - are uswally provided,
the servioes and fooilities offered in develop oountries ars
of & brosder scope: the speoial sorvices (which differ, of course,
fyom country to oountry, or even from estate to unto’ include
. training facilities, technical counseling, marketing assistance,
rooms, and machine shops, In sone countries, maintenance and
shops have already been added uo this progran of subsidising

Industrial estates must be large enough to gvrarantes the sufficient
usilisation of capacity of the equipment which is installed in the
pepair shops. When planning the shops, the number of firms outside
the industrial estate proper vwhich may share in the services of
these shops could be taken into consideration, bdbut special allow-
ance must be made for the regional factor: longer distances impair
fast servicing. The transportation conditions in developing
eountries mako this factor relatively more restrictive than would
be the oase in developed eoonouies.

Repair shops in industrial estates could be established in oon-
neetion with regional spare parts stooks. It would permit the pro-
duotion of some of the spares in the repair shops, or where exist-
ing, in the machine shops of the estato. It might also be envisaged
using repair shops as training centres where euployees of the
customers firms are trained in routine meintenance work so that
specislised oraftsmon at the repair shops are free for the more
oomplicated maintenance joba, cheok-ups and repairs,

Most of the industrial estates which are promotod in doveloping
sountries are non-specialized, general-purpose -estates accomodating
all categories of mmmll-scale industries. Servioing of firms whioch
delong to A variety of branches makss higher demands on the skills
of the craftamen and tho outfit of the shop: different specialists

1 United Uations, Department of Foonowic and Soolal Affairs,
Rastates: Polioios, Plens and i'rog:ro'ea,' A Comparative
1ot ] zf Yntornational :xporionce, United Nations, New York,
» p'c . k
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for several brenchos and a variety of mashines and tools are
needed, On the othor hand, better utilisavion of capacity may be
gearanteed by & multi-branch clientele: electric motors, fes
instance, aro used in almost every industry.

In single-trade estates vhich provide accomodation only %0 firns
bPelonging to the same trade, repair shops can be smaller u’mo
narrovly specialised, Special adventcages could ensue from oonned -

ing such shops with regional spare parts stocks at the bransh
level. B

If well equippod and manncd, mainienance and repair shops that are
already operating in industrial estatos might provide good oppor~
tunities for on-the-job training of craftsmen vho may later be
placed in newly established estatos.

e




N Susntitative Aspects of Maintenanse sad ReBALX

Is 48 of particular {nterest for the individual fimm feeing an
{avestment decision as well as for the public suthorities engaged
4a mationul economic planning to heve estimates on present and
future maintanance requirements: the total cost, import ceamtent,
and the manpouor needed. In this paragraph, maintenanee end repair
eosts in an induetrialiged country are analysed on the basis of
the stasistics available, Some of the findings are used to estimate
*oum: and future needs for maintenance and repair in develeping
seuntries.

A. Malntenanse and repair in industeielised covntEAsal
Mo _sape of the USA

a) The sost of meintensnce and repair in RmfesPureq

Surprisingly there exists very 14ttle statistical information on
meintenance and repeir activities in the nanufeasturing industry

of developed countries. Only one comprehensive report has been
published by the U.S, Burean of tho Consus as part of the 1958
Oensus of Lianufactures progrsn, The data on maintenance and repair
sost, togethor with other data on selected costs and asset values,
were collected in a special sanplo survey. The investigation |
sovers the yeur 1957; neither in the half century before, nor in
the decade aftor, this date have mairntenance and repair costs been
i{neluded in tho Census of Kanufactures.

The results of this survey are reproduced in table S. The data shov
that, in 1957, over 9 billion dollsrs were spent in the USA for
maintenance and repair on structures, grounds, and equipment of

all operating manufacturing establishments, This sum is rathoer
remarkeble. In the same year, oxpenditures of the manufacturing
industry for new plant and oequipmont totalled 12,145 billdon dollars,
expendi turcs for nevw machinory and equipment 6mi.ng to 8,261 bil-
lion dollars thercof, & sun that is lower than the total spent

on maintenance and r'epair'.’ |
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Sauxes o Table 3t

B.8. Duresu of the Census, Wi, Gansua of Nenutactaresi 184k,
Wel.I: dusmary Statisties, U.S5. Joverment Printing Offies,
Washington, D.C., 1961, pp.9-8 and 9=9. Peroentages: OWn
esaputation,

Sauxea te 2adle 61

@.8. Pureau of the Census, m‘_qmww'
Wol.I: Swmary Statistics., U.8. Government Printing Offiee,
Washingten, D.C., 1961, pp.9-8 and 9-9.

®.8. Bureau of the Consus, Statistical Abatzest st the Uaited
w. (Bightiest edition), Washingten, D.C., 1939,
sabe no,1054, pp.7821f,

BDaroentages: own ocomputation.

Sauree io Iable O

®.8. Bureau of the Census, Stasietical Abatract af the Inited
Shatas11959, (Eightiest edition), Vashingtem, D.C., 1999,

Saidble no.1054, pp.782¢f,

Gulumns ) and 41 own computation on basis of data published ims
®.8. Bureau of the Cencus,U.8.Consus of ManuCantnrastiesli,vel. 18
Summary Statisties. U.8.Goversent Printing Offioe, Mm.n.o..'
261, pp.9=8 and 9-9,




Tre outlays for maintenenr s z.d rensir amouni to § percent of the
gross book valuo of the fixec assetd (that is the actual cost of
the asseis at Lis time of ths purchase, including transpurtation
and installation costs). ™o data for the individual industry
groups show a very even nnd norrut alsiridut.c. wrouni this mark
of 8 perccnt (which is tno sse aa tha medien): 1¢ oui, of 20 indus-
try groupa spent baiween 6 and 10 nercent of the volue of their
rixed asseis for maintensnce and repoirs fer 12 out of these 16,
the pc coentagys rangs from 7 Lo €,

Total maintencince and repailr expenditure 1s boclien down into .
"saleries and vages paid to own employees" and "other maintenauce
and ropair costs”, On the averaze, within all uanurlacturing indus-
tries of tho United 3States, halt the sw of the § billion dollars
spei1t on meintcnance and ropair v'as i the forsi of salaries and
wages paid to own employces. Agein the data soir the different indus-
try groups show only amall devieticns trom this avercge; 15 out of
20 induvstey groups spent botween L5 and 95 percent. Here sgain,
the median proves to be eju-l t~ the aveoraze. Thcre 1s no corro. i~
tion betueen tho deviatiois fri.~ the average cbserved horo and the
éavietions from the avorage of bLotul outlay f{igures.

T.o so-cwdled "othor nsintensice wnd ropadr cosus™ dneluw patericle
snd gupnliles usce for maintunanco wnd repelr cccivitios as vull as
naintenwice and repair scrvicus puwrehased frou othor companies,
Fenee, the breakdovm d.cta not disviazrish beduena lapour cost and
cost of :mterinl of total raintenance aad renalr. Jt is not reporvud
whieh vort of Lno "other souts" is spent fox outside servicos,

that £s8 on the snlu~ics and unges of trployess of olher Tirms. In
a))l probability, this sharce varies betucen dirfiurent indusiry
groups; not only technicel onsona but ¢lso the cosl urpect will
irfluenc: the expendlturs pattera: due Lo econwvales 21 seale,
maintenance an! repair work ray be perfuvned av IJouver costs by
oulside spccialiscs Lhan by oun explogoon, Waoroe npes heen e vogve
indiention citud by lorros oiwi expendlturs on sainterunes pubarlud
equiom nt, enG sunpiies nakoe vn 70 purcent ol the woount poid for
mainieonance vages and saliclea.l Guls Seplies a celnuionship bu-
tween latour eosi and cost sterial in the opder of L3 norsent
to §47 porcent. lFod.on TTrautac 4 Ba Anedinnn rodlew whiech b ¥
nainly eccccrneu Wi La BT NG rAint.one. problens, USCE |
for ite Nainteinneo Lot Traex o relation of 40 pareony Toboue

PR AL P we ve - wne .

to B0 werdint raveriate orryu. uhis orcdduna sos wo be realis-

L8
L5

.
-

tic, and 1% ie uscd in tho loler coupuvaticns, @ i
1 L.C, FNosruy, "Intrcdustion’ to gkﬁégyiqgrq_ag_iagﬂgm%Q}fﬁcyﬁ”ﬂﬂ . ‘
and inaineoring 1954, 1900 Pianl tainte e sy Ine., wed Yorr,

T955, e 1.

2 Cf. Yiaintennce 5ot Tnder - Hetoodwd Lo tho t19f0vs", Lodern v
ilanafseturing, Fobroaors 1970, o, 8¢,

1 (from pooe 62:) U.3. Murcwu of the Sonsua, 3hutlssicsl Abseract of

the Unitoed Strtess 19%9, Jasiiington, D.C.,-‘l.CJS‘), tablo 1061, p.7956.
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Sevoral covoluric:ia may be drava Lfreos he stattlstles of tuble 5
that are relevant for tho nurposc of the present study. '

(1) ®iret, the average manufacturing firm in iho United Statese
spends about § percent per annum of the gross book value of its
fixed nssets on maintenance end repair, 3ince the differcent induse~
try groups show very litt)e davia:ions {~cn the average in this
one yoar for vhich figurcs aic available, it can be esessumed that
for the total maaufaciurin; industry the p:rcentage will not vary
too much over time either, Thue, a percentagc from 7 to 9 nercent
gho1ld bs rep-osontative for 2 number ¢i’ years around 1957,

(41) About 50 neveani ov nointensmuee w.d renair outleys are in

the forr ¢ wages 20d aalurlor nodd o QWL Giip QyGES ¢ the maue-
faoturin: cstehliatment. azain, thers ls very 1ittle doviution
from this ovornga in the difterci:t Industry Jroups; »0 it can be
vogardsd as 8 trpicel sttuasion over sowre time, 199, The sawrs of
total labour cost I mmintenaree end ropudr sxpenditue will be
around o0 ncereunt,

(£11) Since the eorenabe UL 8, moawdaciurdsg

H

iadiitoy covers en
excaptionslly wide ve- s of eatublishants 1l ean be asawied that

“the total casiinl stock rocorasr e on dugiber 31, 10657, was coapasod
of plants and racihinery of cvery oo ( the only cueaption being
equijmiant wsinz vory vecontily doveloped sechniquas), o say that
@ sun o soout & poreent o the total gions book volue is spends,

“dn one yoar, on nalintenarte and wopelr of ala fixcd assots of
evOry agc, is Lhe sir:c 2 uo say that over tinc whole lifetime of
every unlt of eguinasnt o aver: v yeuely exponditare of suproxine
atoly & vecucul of Its purchiaat virdec foomido, bocanro o the un-
certaintics involved, arocin of av londt 10 percent shoudd be

alloved hova, ton,. o thow 2 eereconiaze range of (¢ to Y peroent
woulad b opoardistia,

5 gnonld be enonacsine o Sheb dhic iwoar evooge whion 1u trve only
of tho Lotal eviretoning drducteor, The L 31ivtduel Incastry groups
Wit ohot Gevinsctans Soeu L0t eveie o3 whe geviagions will be
grenber Bl pore Gl sLoeiseioaa boled 1a spldit o on, Ly no meung

————————————_::--------lllll;lllilIIlllllllllllllllllllllll.lii
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should this percentage be regurded as en average tha’ i3 applicalloe
for the individual machine., It is even legs true thus this average
emount is to be 3pont actually every yeor ii. tho course of the
1ifetime of a machino; the expenses will rather be lower for new
nieces of equipment and thon incrsase with its age. 3inco we are
concerned with the moseroecornmic asp.cts of maintenance and rcpalr,
we can disvwezard the deviati-nas from tha averago.

(iv) If the avergc annual expenditure ror mairtonance and repair
is multiplied by tho average litetime of Tixed assets, we got the
‘averago tolal cost of maintenance end repalr incurred during the
lifetime of plantes and equipment,

The concapt of average serviee 1lifs of ell fixed asssts is rather
artificlal: thers ar: crout aificreuces in the economie livas of
ceapital <oods, not only betwaon buildings and wpenines, but alsc
between different kinds of machinur:, cte. sstimates of the aversje
sorvice iife of canitel goods - if availuble ai all - vavy subsiune-
tially., Teverthelaess, tie consept is uselful fo- obtaining a glcbal
figoro that indicatcs the order of magnitudee invelved, 1r, for
oxw.ple, we assumo &n avorsge litetime oi 15 yuivs, a Tigure vhieh
oan be considercd cansermts.ve.1 thon o tota! a.ount equivalent

to 120 puroent of the purchass price of the fixoa s-sets has to be
spont on maintenance and rojeir durdng thuis surlod. I oLner Woras:
every doller invested in wmanufesturcs encalls on averijle at leost
another dollar in exnanscs for nointcnanse arnd reasir,

b) Stlaries and wanas of mulnleneace croloyens

peble 6 1llustraroc ansther sspeet of the cost o0 nuiateneneo wa
ropair: Tue amount of solarics and wasces naid Lo oun virnlo; a8
occupiod in mainterance ~wid roposr trocom:nrad L gie totrl payroll
as vwell ag to tho swa of productiiorn usrxgers! waiod,

Vaclav Fesvurs, Sad ou fesewal, opois and o 8inboloned
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a8 She national, regionsl, spd branch level

Less oapital will be tied up if stock-keeping of spare parts is
sc.utralised, The higher the centralisation, the smaller the inven-
toric . needed for every kind of spares, because a sort of "ingur-
snce principle” ocomes into effect. From this point of view, the
highest degree of ocentralisation, i,e. central stock keeping

st §he nationa) level, would be most preferable, Other arguments
in favour of centralising stocks are:

(1) A eentral agency has better information of ponsible suppliers
of spare partas both at home and abroad.

(44) Orders for the domestic fabrication of spare parts can be
pecled and production thus de rationalised.

(141) Spare parts for older models that are mo longer prodused
are better identified; central stosk-keeping makes their availa-
bility mueh essier,

(iv) Administration of import licences and customs slearing is
fasilitated and sccelerated,

The smeoth funstioning of eentral stosk-keeping is, hewever, de-
pendent on a number of conditions which have to be net in order o
avel’ damages to the oconmy whieh are more serious than any
possible gains;

(1) The eomumication system must be well developed; 1% must
permits the prompt plasenent of orders,

(12) Nemagement of the oentral stooks must have excellent prefes-
sienal sta.dards. Acourate bookkeeping and inventory eontrel
should be & matter of course. Moreover, the men in charge of plamm~
ing the inventorios and purehasing the parta must be qQualified
Sesdnisians, famildiar with she teshnologies in the variows
industrica.
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On average, 6 percent of the payroll ocsis in manufactures is spent
on maintenance and repair activities, A somewhat higher percentage
results if maintenance workers' wages are related to production

workers' wages only; for tho total manufasturing industry it is
© percent,

Here, ‘21 both ralations, the frdividuel industry groups show greater
devial ons from the average than "n table 5. The actual values
range from 1 to 23 percen!t for tho share o. maintonance workers'
wages in total payroil, and from 2 to 3l percent if maintenance
workers' wages are reletad to production worlors wages. The high-~
est percentages are showm by tuc industry groups "Potroleum and
conl products”, "Primary metal industries", "Chemicals and Products",
and-"gulp, paper end products’. ALl of then are highly capitale
intensive industries. On tna other hand, in the industry groups
with the loweat percoantags ¢f naintencnce workors' wazes in total
payroll and in produciion workers dages - "Apparel ana related
roducts” and "Leat'sor and lcotner products” - the capltal intenslty
s very low, This sugecrnta that tho shere of malnutenance workers

w;sos in total payroil 1s related to the degroe of capital inten-
aity.

Table 7 gives closer attention to this reletionchip, Here, the
capitel/labour ratics of tho individual indusiry groups (that is:
the ratios of fixed assets to total payroll) ere compared with the
sharc of maintenanas workers' wages in total payroll; the indus-
tries are grouped in ordor of thelr canital/labour ratio, Figure 1
is a graphlcal proesontaiicn of this teblc, Therc proves to be a
strong positive correlation botwuen these two #otc of valuss, 1

j: ean theorefcre be concluded that the share of meintenance vorkers'
wages in the tota) payroll of the U3 malifcotures varios with the
ratic “~ the gross book value of fixed assets to total payroll.
Sinoe wnoe correlation ot tho resncebive valucs for 1957 provues to
bo very strong, there is good raason to asswuie tnat this dependency

%11l also bo true for othor yeart, and porhaps {ndicate & general
regularity.?

1 Analogous rosults ore obtained if, instcad of the capital/labour

ratio usod in table 7, the ratio of fixed assots to nunber o.
employoes (“"capiial per cmployee") 45 used, or if both ratios are
applied only to production workers, not tu &1l cliployees., = Only
onc induatry group, "Primary metal jndastrios”, doos not fit into
this coirrelation. The data aveilable do not present enough clues
to explain sufficienily this doviation. .

2 Cf, also V, Nesvera, op, cit., ». 25,
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+ The share of maintensncs workers'wage
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Pable 8 presents an estimate of the amber of maintenance and re-

* pady workers in the United States manufacturing i.nduntrhc.' The

eatimate is based on the data on muintenance and repalr ooct in
nanufactures in 1957 and on statistics on the mmber of employees

" {n manufeactures in 1957,

The number ol employces oooupied in in-plant maintenance could de
caloulated by dividing the sum of the saleries snd wages paid %o
maintensnce workors (as given in table 5) by the avorage Wage of
these workers., However, on the basis of tho atatistics odb e,

" the average wago of maintenance and repair workers cannot be com-

putfdfed exactly. The statistical sources allow only to caloulate
the average carnings of all employces, of production workers,

 of 81l non-production employeos. The avorng: vage of production

workers in every industry group proves to
average uug: ° uen%o ecarnings of non-produvc tion workers and
employeos ins. logically, above the general AYOrage.

Several considerations which cannot be further expounded in this
study lead us to assume & naintenance workers wage which is below
the non-production workers wage »ub sbove the production workers
wage, the non- duction and the production workers wages being

- the upper and ower limit, The values that are computed for the

nunbes of maintonance workers are thereforo margins determined by

.these limite.

" pne results of our computation are listed in colwum 3 of table 8:

the minimum figure is 722,000 and the maximum figure 1.1q9.000
employees ocoupied in maintenance and ropair activities in total

 us manufactures, in 1957. ‘this corresponds to 4 to 7 poroent of

the total working force in mesnufaciwres (eolum L), Agein, the

higheat, or roapecﬁivoly the louut.% percontages are shown by the

seme industry groups as in table 6,

| These results obtained trom. the statistical survoy of 1957 are

surprisingly in line with an carlier survey and with the latest
figures availablo, |

1 This is not surprising since simplc arithmactics prove that the
values listed in eolwm 4 of tablo 8 are only margins around the
figures listed in colun 3 of tabdle 6. :







‘Table 9t Share of maintenance employees in total plant mployees

‘Industry claseifioation Share in p.mcnt
Neavy equipment, fabrication-and-assenbly 2.5
Iight equipmont, fabr.-and-assemdly type h.p
Services 55
Heavy equipment, progcess-type 8.3
Light equipment, proocess-type 8.3
Miscellaneous 1.9
| Average, all induotriol 6.6

%0 data collested for 1935 whieh cover & “eross section

‘of plants in manufecturing meny kinds of prodneta”, the
sverags proportion of mantenanss bo e Detue P10 per

on 86 v oon -
cent, 4 Bxect mim bohue’n’thou data and those givem in

table 8 1s, however, not feasible becsuse the industry groups
sovered in the 1935 investigation ere not indicated,

T™he . test lgures available are 1isted in tadblo 9. They are pars
of & le survey, gubuohod 4n March 1970, which covers r&ﬂm.
mostly of medium to large sise (59 percent of the ssmple .
hed over 500 gloyou. 40 peroent over 1,000), The date are
probadly of 1965, ,

in US manufactures, in peroent

SER—— do e S

Managenent®, Mode

~ Soyree: Computcd from data in "Survey nirrors today's maintenance
Nodern Mepufaoturing,

)lmh ‘970, ’0 "‘

In this survey, industries are grouped ascording to W
1o industry classirication system. “Heavy equipment,

on-and-assembly type" or “Heavy fabricating™ covers

1 L.C. Morrow, "Maintenance Orgenization and ¥anagement", 'ﬁ'm
t and Maintenance, Vol. 93, Wr. 12, Decembder 1935,
% !%?: Plant Op orat%on Library, p. 3-163. Reprinted ini
m%* }’ﬁ?magt and l'aintenances Phn& QE rngig' umi
eLLs 8 ute © &0 ogy, Vs Q, 8¢y 1.




slectrical esu;puont. non-electric uuchinery, aireraft and space-
eraft, otc. "Light fabricating" refers to fabricaied metal prod-
vets, electronics, instruments, etc, "leuvy proccss’ oovors petrol.
owrn refining, chemicals, subber, primary metal, stonc, clay end
glass, pulp and papers, "Light process’ includes foods, textlles,
apparel, tooscco, part of chenicals, etec, 1

The now classification molkes comparison of perccatages with the
1957 survey rather difficult because the 1957 survey followed tho
sStandard Industricl Clessification systen, In both statistics,
however, the highor shars of meintenance workers in process=-typo
industries than in fahrication-und-asscnbly type industries is a
common feature. The more comprohensivo datn of the Census of lanu-
fastures show that maintenance lgbour and i:tintcenance wege cousts
are relativcly most important in heavy process-type industries
(gf. table 7 and 8). Cowparing tho average rigures betwesn the two
survoys, & ulight increase in the share of maintensnce workers in
total plant force, from 1957 to 1969, cannot be oxcluded. 2

B. Conclusicnas for the plaiming of maintenunce snd repeir
in developing countries,

The rosulte of this rtudy of the quantitative aspocts of mainten-
ance and repair in the United 3tates present valuable clues for
estinating the nceds in developing eountrios, They oan be partice-
ularly helpful for oestimating aggregate manpovor reQuirenents,
ovorall osapital nezds, and forsign exchangs domands rezording
future maintonanec of new investinent projects in manufacturec.

a) Kaintenanco wnd ropeix costs

As va have zcen, averazge annual cosi of nmuintonanco and repair in
Us mapufocturing industry smounte to about 8 percent of the sapl-
tel fnvestea: Labouy rosts accouwt for €0 percent .nd cody el

1 0f. "Bettor Yay to Compure fomr Plenl's iziitonines Practicen™,

Fastory, Manaz:ent and Rainbeneues, suguast 1958, pp. 138 17, ;
2 o othor samle svrveys siving, 1.s,, informuation on tho lm or=- :

tence of malntcneice workars in tovil plant force, arc ovon loas
corpaaablo: "Huintence Nanssoment rroctioen in Industry Today",
g.%ﬁmwgmont and Maintenance, Septenbis 1958, ppe 90 Lf.,
X ! Pulsebcat of Keintenance Today ', Factory, June 1966,

pp. 98 r. | o
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material for 40 percent of total malntenance and repair OXpenscs.
The amount of masntenencs cost ist, of course, deteimined by the
existing wage ratea, prices for spares, and maintanance techniques,
These may be different in a developing eouniry, and any estinate
of agrregets maintenance costs in 2 developing country on the
desis of the Amorican exporionccs must tako thesso differences into
considoraticn, In the following, thres numoriocnl oxamples have
beon computed in order to illustrate what tha average cost of
meintenance will be in the monufecturing indastry of a donlopins
country whorc conditions differ froi the Anoricen example, The
import contcnt of maintenance coals, j.0. necessary foraign exchange
outlays, is also computod,

In oaee 1, it is sasumod that tho devsloping country usss the sane
maintonance and repair techniquos as the U3a, and that all main-
tenance atorials have to be imported, In cese 2, 1t ia apsunod
that tho semc maintenancc tosimiquos as in tho UBA are uged but
that only 50 porcont of the spere part: an? other naintenance
equipnent is imported. In caso 3, tho smime import euntont of 50
percont of maintenance matorials js essumod, but naintonance taeche
niques aro assumed to be mors labour- intensive,

In all threc easca, wagee in the developing country najze up oaly
40 percent of tho wuge ruts in the U3A, ond the cquipnent used in
production is always finorisd, This 1atlte assuption entalls
that transportetion costi snd imyort duvties have to bo added to the
price of the production oguipment ar wecll a3 o the price of the
spares., In other words, tho valve of the fixod sasetz - to which
the maintenance costs arc relatod - is highor in the developing
country by the amount of these sddition:l cnurges. In our examples,
they aro ruwnud to be §O pereunt of the valuo of tho fixed
asssts, Tho samo additional chargo is iwuposed on the import price
of spure parts and othor maintcnance matorials,




Dnited Statess

$
Investment 1,000
‘ | DRg- S - §
MaR costs per anmwa: 8 % of investmont 8o
Woges thersofs 60 % h8
Materials " ho % 32
Develeoin;; oountry:
$
Investment, f,o.b., U3 port 1,000
Transportation and import duties: LO 3 Lot
Yotal cost of invesimont ~ 1,400
[ - d¥: s 4

Cost of maintontnce and repsir in a developing comntryy

Case |
(8eme nmaintenance techniquos as in ths U3, all spares Lported)

- > .. e A Sl ‘

ma rate: 10 » of US wage rete .
vagos pur enmua 19,2
‘lmport eontont of 1R maturialss 100 %

Cost of imported meteriales V0 £ of US eost

Mol matoricls por ernum .8

PTotal iR costs por annum 8.0

W

Poroign excnrnge ouilays thercof 4h.8
Care ¢

(8amo maintchance techniquo. ax in the US, 50 % of spares ixported)

Wage rate: 4O  of U3 wago rale ‘ ¢
WR vages per anmium 19.2
Import eontont of }u:R materiales:

Cost of fmportcd msteriale: 140 & of US cost 22.1

Cost of locolly produced xaterisls: 80 £ of U8 12,8

Total noet of materials per annumn 35,2
Total MR ocost peit anmum | Sheb

. L]
Poroign exchanye outlays  thorocof 22.4

1 MR = Maintenence and repair.
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Coso 3

(More labour-intensive maintonance techniques than in the US,
80 % of spares imported)

| ¢ ¢
Relation nf MXR wages to materials: TO: 30

Wage rate: 4O @ of US woge rate

MR weges per annum , an.h
Import content of VLR materials: 50 &

Cost of imported materiuls: 140 4 of US cost 16,8

Cost of locally produced materials: 80 & of US 9.6

Total const of matesrials per wnnun 2.4
Total MW:R sost per an~um 48.6

NEIMIZE
whereof foreizn oxchanre outlays 16,8

b) Nunbor of maintonance vwcriers _and waze cost of maintoenance

and repair

National industrianl dovelopment pluns goneualiy eontadn somo
estimatos on the cmployment offecte o indusirinl pro jects, Hore,
too, the results of tho US statiatical survey iy bo useul econ-
omic guldca for doveloping countries. Tt will be remamberced that
the share of maintenance and repoir workors within the total

lebour forcoe of US manufactures avcerages l. 0 T poereomt, dspendlng
on the kind of computation uscd, Planning authorities in developing
sountrios shculd rcrard those parcentages as pinimum figurce
whiol should be roached at least, bub in most cuses ruther be sur-
passed, Thae roason iy viet whrile developing countrics ey have
1istle possibility to adent production techuiques to their fector
endowments, thie .s not tho casc with maintonance techniques.
Developing countries renlize tholr comparative advantagze by using
labour intensive motnods and should thersfore employ a highor main-
tenance force than industrialimed countrios.

A8 $0 tho percoatase of malntenance vorkers and the share of main-
tenance wages in total payroll in individual indusiry groups, the
figuros of table 7 and 8 may be helpful for more detailed manpower
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(141) Siffieient facilities for rapid transportation of ordered
parts must exist both from the suppliers ot these parts to the
contral stock ahd spom thero to.the manufacturers who denand thenm
- and these facilities must be available irpespective of monsoons,
" droughts, end other seasonal impac™s,

The tual rituation Jn most de ‘eloping countries is .ltili far
from 6omplying with thess conditions: the!r cwmunication and
‘transportation systems havo bottlsnecks of ore kind or the other;
besides, the dAistancos within many developing countries are enormn-
cus by European standards, Yet, the rrost crucial point seems to be
o master the adminstrablve task of such a central agenoy soowring
she supply for so meny end different firms. Bven in a country
uith a smell industrial scctor the centralization of stooks will
require & highly scphisticaberd nenagerient, o

'J,hé, best woy Lo run a central agency for spare parts effisiently
might be in the form of a comuercial enterprise, e.5. as & purchas-
ing end storinz coopcrative or agenoy. The individual firms must
nave confideuncs In thio egoney a8 a prompt aupplier, Quiek supply,
1 in turn, is only poasible Tur the agency Lf it has secured access
to spare parts, be it by imports or local production, ‘The main
vole of the central ansency usuié be to rationalize the storage of
spa»e parts, snd thas to &-ve searce seplial,

The . .atral apsnoy AL conceived 1z a public suthority and endovnd
«ith the powsr to control cud & .cove the iadividual firms' orders
"oy spare ports, wouwld bo in dahger to turn into a super-burean-
¢ratio institution that i n obstncie rather than a promoter of

| .zoonomle invastwent, maintounnec, and replazonent of cepital, The
.xperiences of Furopenn countries vnder ths rogime of rntl_osdng
md controlled supply (Bauwirtschaftung) during World dar 11 end
510 early post-war yeurs may be worth-while taking into oonsider-
tion, The expericncns nade in a large steel will of the publiec
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planning. Here, the relation between sapital intemsity and the
amher of maintenance workoers required deserves due regard: the
higher ths oapital/labouwr ratio of an industry, the higher the
mappever nseded in maintenanse, Again, the percentages givea for
the single industry groups in the 'Y ocught to be eonsidered as
ninimu: figures, provided more lahour-intensive maintenanse teeh-
Rigues are applicabdle.

o

't
.“
i-l -
4 .
] -,
. v oA Y ’
.
.
H 4 "
1 A SR

s ee

S

o e
e o el

e

b




nx.umwmswmommmrwnmmm
PIRPORNANCE IN DEVELOPING COUNTRIES

Gemerally speaking, maintensnce and repair oan be looked wyot
as & eans to activate unutiliscd produotion sepacities, By ex-
ploying labour which is relatively cheap in activities which ean
be made relatively labour-intensivo, doveloping countries will
be able to realise their speoific comparative advantages of pro-
duetion. Maintenance i & way to save capital by applying labour
skills,

The problems of maintenance and repeir have been analysed im this
study with regard to their relevance for econornio poliecy. Oonclu-
sions and recormendations ruulﬂ.ng from the anclysis have alvays
boon made in the context of the theoretical disoussion. There re-
main somo refloctions on the practical implications for poliey
making which will be outlined in the following shspter,

1. Planping Aotivities

™e plamning of indusirielisation canuot eonfinc itself to the
simple installation of new plant and equipment. Tho amount of costs
%e b spent on maintonanco and repair and the manpover needed in
shese activities are so considerable, they cannot be neglected
vhen planning investmonts, On the average of all panufasturing
industries in ths United States, the same amount that is spent
initially on investicont s spent again in loss than 15 years en the
maintenance and ropair.of this plent and equipment.In developing
sountrios this maount will be some.hat lower 1L optimal mainte-
nance policies are chosen, but it will still be remarkable,

Investment plans should, theroforo, always include estimates omn the
future needs for maintenance snd ropeir and the possibilities %o
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neot these requirements, ‘the import neesds desorve specienl atten-
tion in countries which are short of hard currcucios, Some oxam-
ples of glodbal computations for total manufactwres are given in
this study. 8imilar but more detailed computations should be made
for i~*ivi4unl industriec,

Vhere studies of the actual situation disclose lack of proper main-
tenance and repair, the publioc authorities could improve the per-
formance by establishing regional repair shops, or by promoting
private initiative to set up such shops perhaps on a coopsrative
basis, Plans for the orcation of industrial estates should always
include the establichment of a coumon repair shop,

Special steps should be takon to secure the supply of spare pargs.
The setsing-up of regional stooks of sparec wil) often contridute
to solve the problom, Spare perts stocks should preferably be link-
od with a x?ec,ioml repair shop, Possidilities for a domestio pro-
dvotion of spare parts should bo explorod thefrovghly. The pro-
duction of spares may bo the appropriate first stcp towards an own
nichinery production,

In publie scotor enterprises, plan targets should not be set in a
‘way that allows or oven provokes negligence in the maintenance of
oquipmant, If the plan ter;ets are fixod in terms of qusntisy of
output (instead of the vulue of tae salable products, or profita-
Pility of the entorprisc), and Aif this is the only oriterion used

- %0 Judge the perforuance of the firms, saorifice of other important
objectives which may confliot with produstion is encouraged, Instan-
008 are cited vhore proorcupation with waximising outpus in the
short run resultod in toia) negleet of product quality as well as
maintenancn and inplant training progrems. Not only was the aanage-
ment interested in achieving high lovels of output, even at the
cost of destroying capital, because output was the only eriterion
by whioh maonagement was judged, but the worlors, too, were similar-

A e T




1y motivated sinco bunuses wore related only to physical out;mt.‘
Plan targets as rcll as wage policy should avoid such encourage-
ment to neglect maintenance. On- the oontrary, maintaining the
oapital in good condition should be & declared tergot, for which
incentives arc provided,

2. Other Policy MHeasures

The soarcity of capital in doveloping countries suggnests thut evon
groater attention is paid to maintenwnce and repair than in in-
dustrially developsd countries, and it suggests that it is done
in a lebour-intonsive way, Poliey measurcs should be direcctod to-
wards encouraging optimal maintenance activities, At loast, they
should not penalize them, Actually, nogligence of nalntenonco on
the side of the manegement, or & bias againet ladbour-intonsivo
methods of maintnining capital, hae often bo oncoursrgad by publie
policy,

poyrol). taxes discrininate sgainst lebour-intencive techniques in
‘ produstion as wol) as maintenansc. Instacd of relying on payroll
i taxcs public rovenues ghould be securod by other tax foras vhioh
do not penalize the hiring of workers in a situation of relative
abundunce of Jechbour. A bias egainsi employing more labour may also
originate from mininwi wage regu” ations vhich de not take the
1 actual situation in s country Into consideration,

A disorimination in favour of capital--intcnaive mothods of pro-

duction likowiso rcsults from tax incentivos to reinvest profits.
y Part of thc incore or corporation' tax, %.-g_,- a dividends tax, 18
g forgiven if the profits ars reinvosted.” Tne hiring of additional
3 workers, howevcer, does not givo rise to tax benefits,

1

cf.W,.A, Jonnson, o».cdt.,pp. 156-7, 163-4, 180-1, oonciie hiatory
of the U3l and olher contrally vlannod econoiiies provide similar
oxaiples vhich inducod these coymtries to change thelr original
emphasis on tons of output,

2 Por detnils of o concrels csse, see W,.P.Strassmam, opseit.,p.127
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The incentive towards e{'reat.er- capital intensity is highest if

=in addition to the daduction of investmont cosis from income,

oven from tho tax dus- the taxable inconc in lator years can

again bo lowered by normal dopreciation of the assots bought with
the tax ocredit. It is less if lster deduction c? depreciation is
not allowed. In this case, the inveatment incentive counsists not
in o *-x ehatement but only {n & deferral, an interest-free loan,
One way to correct this bvias towards greaier caepiinl intensity
would be to discontinue theo system of tax incsentivea for invest-
nent. But since the objective of the tax incentive is to promote
‘4ndustrial expansion and economic growth, this solution would sms
be inappropriate, A bettor way to end the disorimination of labour-
using techniques would be to grent the re-investmont allowance al-
80 for the employment of additional wor.kere.1 Such incentives would
be partioularly suitable for hiring trained maintenance workers

and thus for improving maintcnance performance,

. The use of second-hand eguipment should be decided on grounds of
economic efficiency. It may have decisive advuntages in a develop-
ing country. Policy measures should therefore not disoriminate
8 priorl egainsct using second-hand equipment, Instances of din-
orimination that were roportcd arc: dirficuliies in gotting oredits

for the purchase of second-nund oquipment and the imposition of

. high excise taxos on used vehiocles,

3. Import Rogulations

“'As long as equimient and sparo paris have to be imported by a
doveloping country, tho impori regulations romain a crucial point
of maintonance policy. Under-estimation of the importance of main-
tenance and repair cn the part of the public autliorities is re~
fleoted by refusing e,g. import licences or delaying imports by

. owwberaome adninistrativo procedures.

A quisk and unimpaired import of ‘spare parts is of the utmost

1 An murditing recormiendation to promote labour-intensive methods
of production way of a tax deferral has beon made by Strasns-
mern, Of,Y,P, Strasrmenn, op.oit.,p., 128
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importence for the full utilization of installed capacity, &

problem with whish moet of tho doveleping countries have to sope.
Refusal to grant fareign exohange for one missing spare part may

put a wnit out of operation for & long time, & unit the instale~
1ation of which may have cost 2 mltiple of the price of tho missing
spare in foreign exchenge outlajs. Mmis is "saving" in the wrong
’1“.0

The undolayed supply of sparos imported, furthermoro, prevents their
wmecessary and wastoful hoarding ef-pemts and the tying-up of
eapital, National import quotas should be "balanced®s the import
regulations ruet nvoid digerimination ageinst oither,machinery or
spares, The import of sosond-hand equipment, too, should bo re~
gulated purely on the basis of economic considerations, In nany
i{nstances this will mean removal of restriotivo prectices,

L. Stendardizqtion of Vachineyy and_squivment

In many of the developirg countrics the groat voriety of types of
{nstalled machinery is confusing - and posing maintenano® prodblems
of thoir own. Especially the proouresiont and stooking of spare parts
is ecompliceted, As to the domostic production of nachines, the
adoption of a standardization systom on the nationsl, or prefer-
ably international levol oould help to roduce :he inconveniences
substantially. Poroign prototypo machinory might also be redesign-~
od partially to fit the national stondardization system, The supply
of spares for older, non-standardized equipment must remain se-
euwred, nevertholoss, to prevont that capiteld 15 prematurely inacti-
vated in a capital-scarce ©OCONOKY.

Regarding tho equipment vwhich has to be purchased from adroad, the
simplest solution to got largely stendsrdised produots would be

to eonoentrat: on e single forelgn sountry, oven on the most Aimit-
od mumber of firms, This would smsuro & minimm of different types
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of mashinory but relionce on a single usupplier country or even
one £irm may oreate undesirable secondary problens, politicel

or economic dependencles which are unacceptidle for tho country.
Higher prices of tho products possibly offset the sdvantoges of
standerdised mashinory, While these extrecme limitations shonld
de avoided, a certain concontrat.on on a group of supplior coun-
tries whose standards are compatible will bring advantages.

S ’m} hnioal Information

Look of inforuation makes for a great deal of difficulties in
saintenance and repair, The indigonous uaintonance staff quite
frequently lacks propor information on the maintenance and repalr
of complicatod foreign machine devices, Dircctions for the handling
of those machines may bo incomplete, or may pose vlanguage" pro-
bloms,

Apart from this, manazement as well as workers aro often not aware
of the maintenance problen since tho adverse offects of inadoquate
maintenance cannot be scen irmediatoly. Fragmeniary information
on buying and selling possibilities often caunes difficulties in
‘the supply of spare parts, and sometimes induces firms not to
choose optimal production techniques.

Governmonts can promote cooperation of firms on the branch level
_, %0 furnish better infornation on maintenance probloms that are
specific to that branch, Whoro this is not a foasible solution
they oould set up an organization which will collect and forward
technical informations. ‘The organization may be a tochnical supor-
visdry agency - as outlined in the folloving parsgraph. |

Govermments should request the assistance of international organi-
sations to improve Information on maintcnance requirements and to
rationalise actual porforrerce, Information oRn gsecond-hand equip~
ment could also be propagated by internationel cooperetion,

e . TR s i

¢
i
i
i
" -




6, greation of gechnica) Supervisory Agencies and Statutory
gheok-ups

fechnioal information alone is nct sufficient to improve the
actui. performancoe of maintenance, In many {ndustrialized coun~
tries maintenance of machinery and vel.lcles is enforced by sta-
tutory periodical check-ups which are aimed primerily at promoting
oooupational safety. These check-ups may, howover, also be ocon~
sidered undor the aspeot of enforcing maintenance standards, In
{ndustrialized countriece speoinl supervisory agencios arc sone-
times entrusted with thece check-ups, 9.3. the Technischer ber-
wachungsvercin (75V) in the Federal Rpublic of Germany.

Doyolopina countrics might follow these examples and set up similar
sgencien, Their formal legal status meay be that of a private in-
stitution commissioned by the govornment. with tho public funotion
of supervision and endoved with stetutory povier of enforooment,
such as the T0V in the Foderal Republie of Germany, or thoy may

be a pudblic institution vhioh is direotly responsible to & govorn-
ment. The establishmont of such an agency shovld in both cases

be oonsiderod as a public tank,

Chosking safety devices and the safe operation of equipment should
be th~ main functions of this supervisory ugoncye This would already
cover a wide ficld of sctivity s.1d would inelude ooniroling nost
of the important msintenance oporations'. Beyond this, the porio-
dlcal chock-ups could be given @ broador scopo: additionsl teochni~
cal counseling on appropriato maintenance and repair could be pro-
vidod on these occasions, eapocially for gmall-scale and medium-
sised firms. Anotho> task could e to draw up maintenunce manuals
and standavds designed espccially for developing countries, @.fK.
to give guiding lines for the use of anti-corrosion material under
epecial olimatic conditions,




7. Iraining of Maintenance Personne).

In the now industrialized countries a cadre of maintenance workers
" has developed step by step aimultanoousi& with « and induwcoed by -
the gredua). devoloprient of the caplval goodes production, Developing
countries, on the other hand, skip most of these stazes. They import
modern equipment at o time when their own capltal goods production
if 4t exists at all, is still in 1ts inflency and a''spontansous" for-
mation of maintenance labour has not yot teaken place.1 Therefoxe,
governnents should talie deliberate sction to ensure tho training of
maintenance persornel within their manpower planning programs,

fraining for maintenance has a double aspcct, Ono is the training
of technical skills, the other the orontion of a maintenance hobit,
Experts agroo on the point that lack of appreciaticn of good main-
tenance and inadequate organization have more detrimontal e{fects
than deficiencics in skills, It is consequently of vital importance
that menagemont is made aware of the role of maintenance and repair
in modern industry, £ducation progriie ghould include executives

as well as fovemen and supervisors, Thoy chould cover subjeots guch
as staffing, suporvision mothods, and organizational and olerical
work pertinent to efficiont maintenanco,

8ince thc prosent stato of mauintenance and repair in most devoloping
countrios calls for urgent actiorn, methods of accelcrated training
vhich have proved auoc:§§!\zl in industrielized countriocs would be
recomaondable for devol Gountrics, too, Acceleratcd iraining has
been definod as "a form of systomatioc conccntrated training of a

. 1imitnd character, in ordor to transfer spoocific knowledge in a
short period.," 2 The dcseription of exporiences made in the Nother-
lands may b. interesting in this connection.

-

\ of. R.C, Plits, JPE, 1959, p. 570.

2 G. X, Boon' o‘:.cit.cp Pe 69"70.




“geveral systems are followed, the main foature is to aalyse
a lgocirio coueration or group of oporations, which will be
qualified as 2 skill, Tho people are treined in the different
aspects of the skill in a very systemantic and cloar wuy, theo-
retically as vell ue practically. Boforshand, the workors are
tested in a simple way in ora~r to aseortain such things as
worke-cxperience, intelligoneo, talents for the specifle skill,
character, physical qualities end co on,

In the Netherlands amarzing rosults with this accelerated train-
have been cchieved in the post-war ropid industriglization
period, All kinds of fotal=workers wore ‘rained, including
meintenance and repair personnol; and also spinners and vesvers,
orators for nechanized agricultural equipment, lower and
ddle manazement- and sdministretive personncl,

Avalanche offects are obtalned by training firat a group of instruc~
sors in scoclerated training courses, These instructors could then
be uo!.gnbd to reglonal repalr shops or technical suporvisory agen-
cies to orgenise accelerated training in maintonance and repair for
the firms sott)lod in the rogion,

To provent government-sponsored training centros from beooming over-
erowded, a compulsory sot-up of maintcnance f.rninin@ ghops in big
business fime could be envisaged, e.G. by tax oxemptions, The
training in regional repair shops or by technicnl supervisory agen-
oies could be concentrated on the neods of snall-scale and zedium-
sised iirms,

In industrislized countries sdvancod opodialisod training is some-
timos efforcd by so-called mobile ropair shopz or maintenance
truokn. Tho German railvays, ®.&., employ mobile training shops

for practicel truining in welding, Praining in these shops is parti-
oularly econonical;sinco they éan bo moved to differoent towns, &
maxism smcunt of people may be trained by the seme eguipment, and
by the same instructors, The use of mobile training shops seems to
be partioularly suitable for developing countries,

1 coxom. Op,oit_.. p. 70
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sestor in a rather advanced developing country mey also illus-~
trate our poinis |

*me handling of the orders placed by the individual plants
with the purchasing depertment in rospect to urgently re-
quired spare parts and accesscries threatens seriously the
r-oduotion operations, in sone 63865 urgent requisitions of
ithe plants were no¥ forvard 4 by offices wiiich are not in

a position to Judge tne neccisity or urgency of the pure
chases. Ropeated requests of the plaunts wero unsuccessful,” 1

The diffioulties at the level of & national central agensy for

spare part supply would multiply compared to those srising at the
level of a single firm.

Fron the preceding discussion it appears that & central stocking
of spare parts at the national level is 1l kely to be rational.
polioy only in a very small country with n fairly well developed
communication and trenasportation systen and serving an industry
vhich is not too diversified. Fven then, sompleto centralisation
should not be ained at: inexpensive parts that aro needed fre-
quently are botter atorcd at the individual plant as are the im-
portant spares for continuous production, The central stocl would
essumoe the role of a "wholasaler", a gencral purchasing agenoy;
it could be run privately or by a publio authority whichever would
be moro appropriate within the context of the economy; it should,
howsver, bo run on & corcacreioal busis.

In all other cuses the odds seem to be more in favour of a modi-
Tied solution: to esiablish centrsl stooks of spare parts at _the
repional Jevel, This solution would be similar to the central

atooldng at the national level in 8 snall countey. ‘‘he distrnoes
between the various firms end the regional spare parts stook are
shorter, transport probloms are reducod, the Aiffioulties for

managoment decrease, The qualifications ond limitations that were

1 “solveon Report on Rourkela Stoel Plant", op. 8it., P 30k,
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Appendix

A grephicel prosentation of optimul maintenance and rcrair
gotivities of a sountry

A. Tho effects of differences iu the in%ercst rate

The formal relationship betwoon (present) durability outlays and
(d1seounted future) maintenanse outlays is showi in Figure 2a and
2b, (1) I= both graphs tho 45-dogree lines - i: Figure 2a marked
1, 2, 3, 4, 5 (thousands) ~ &rv constant-outlay curves, They indioc-
ate eambinutions of dwrability outlays and disoounted mainteneance
outlays which together make wp 1, 2, ete, thousand dollars: rox
every point on the sane constant outlay ourve the swi of tite ooor-

dinates is the samo, namely the value given by tho interseciions
with tho axes. ‘

Low=intorcst country High-intocrest country
Darabdild Durad,
ity outlays
outlays
- x‘lsoo
5 1\

Sadoo Pl

¥aintenance outlays, discounted to presunt

yigure 2 a Pigure 2 ©

| ure 2 a §8 a slight modifieation of a praph used by R.C. Blits,
. ﬁ” ‘9580 p' 3?-20




The isoquants marked 5 yoars, 12 yeurs, etc, ashow which oombina-
tions of durabiliiy outlays and discounted maintenance outlays
are cally possible for obtaining a 1ongov1t{ of 5 years,

12 years, otc, Thoy start from the durability-outlay axis to indic-
ate that, in the extremo case, & cortain dosired longevity ean

be obtainod by snponding on durability alone without adding any
maintenancoe, Since it is not possible to obtain a desired longeve
1ty with outlays on maintenanco only and no outlay on durabilit

at 2l), the isoquants do not intersect with the maintenancc-outlay
axis. The down.rard convox shapc of the isoquants domonstrates

that the rato of substitution docreascs with rising share of
either component Af the cost combination.

The optimel combination of (present) durabliity outlays and (dis-
countod future) mointenance outlays which minimizes the total cost
of a chosen longevity is givon by the tangential point of the
fsoquant of that longevity and a constant-outlay ourve, For exan-
ple: for a longevity of 21 years tho point o in figure 2 a indi-
oates tho optimal combination of maintenance and durability ocosts
whioh togethor amount to I,000 dollars, Every other oombination

of maintenanco and durability outlays procuring a longovity of 21
years - that is: every other point on the 21-yonrs isoquant - will
result in a higher totul cost than l,000 dollars.

The assumptions underlying Figures 2 a and 2 b differ in only one
point, all other things boing oqual: Figure 2a rcprescnts & coun-
try vhere the intorest rato is relatively low, Figure 2 b repre-
sents a country whoiro tho intorest rute is highoer, The purely
technical relationc remain unchanged, and it is elso assumed that
the future mrice of a "maintencnce unit" is the same in both
eountrios. tho samc tochnical combination of durabiliiy and main-
tonanoce oontains, in the high-interest country, a lower pronoxif.
value of futuro maintenance outlayc. That is, the prosent suan of
monoy which iz nocessary for maintcnanco cutlays in the future

13 lower boause the interest rate is high, ‘herofore, the iso-
quants in Pigure 2 b - as oonpared to those in Figure 2a -~ are
shiftecd to the left in all points but one: the intersection with
the durability-outlay axis. (Tho curves swing around the inter=-
ssction points,) In tho high-interest countvy, the amme longevity.




of 5, 12, ets, years can bo rencned av a lower present cost,
excopt for the exirem: case in which the longevity is obtailnod
by durability outlays alorne,

The shifted isoquante in Figure 2 » do not toueh tiic sarme cinstant-
out.l.y curves as in rigure 2 a. Other vptinal ocombinetions of
durability and maintenaice costs forr every shoson longevity are
shown by the tangential pointis of tho shifted l1soquants and lowor
consteant-outlay curves (doited lines), In the high-inicrest coun-
try, the mininal cost cormbinacions 1', m', e¢ic.,, for the sane
longevitios sro not only at & loWer level of total (pres:nt) costs
than in the low-intere.t covatry (price «’rect), but rellect ealso
other combinations of the twu cost Ingrcdlents: when thoe interest
rate is highor, relatively morec will be snont on maintenance and
relatively less on durability (substivution offeci). A comparison
of the coordinates of the points o and o' shows this very cloarly,

If the interest rate is higher, tho samec longovity of equipment
can be cbtained at a lower total cos¥ than in the low-interest
eountry because of tho shitTt iLrom a relatively higher spending on
durability to a relotively higher speading on mointenause, If,
hovwever, thc semg total outlay as beforc i madce, e hirher lonce-

can be rcachod. The corresnondins isoquant Tor the consiant-
outlay curve 5 is drawn in Figuro 2 b (dotted isoqyusnt), The opti-
mal combination in this case also contnins reolativoely more main-
tenance outlays and less durability outlays (ef. point p" in
Figure 2b end point p in Migure 2 a).

The combined offect of differorces in the intercst rates on level
and structure of longevity can bo demonstrated as follows, In a
high-intercst country, the cffect doscribed in gecticn ¢ of the
text will tond to shorten the choscn lonjovity of the capital
goods (in ordor to reduce the cost of longavity). ‘This can be
demonstratad graphically by the shift from ono isoquant, &,x. "23
yoars", to another isoquant, o.p. "21 years", in Figure 2 a.

But not only tho present valuc of futurc savinsa is roduced in .
oase of a hijhor intersat ratc, At the same time, tho effect of
the highor intorest rato discusscd in section b of the text will

eome into play: future maintensncc zosts, too, wil) have a lower
present value and, by substituting maintonance for durability
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outlays, the "longevity mix' will be changed towards a greater
share of maintenance outlays. Tha substitution will lower total
cost for the ssme iongevity: tho isoquants themselves are shiftod
towards the left (Figure 2b). For a total outlay of, 90,8 4,000
dollars a longevity of 22 years inetead of 21 years (as in the
low-interest country, Pigurc 2 a) may now be purchased. The opti-
aun point on this shifted isoquant is situated more towards the
naintenance-outlay axis,

B. Tho effocts of diffexrences in the wanu rate

The combination of a high intorcst rate with u low wege rate
oauses o substantially larger shift of the isoquants to the left
(turning around the interscction points with tho durability-out-
lay axis) than is shown in Figure 2 b, The shified isoquants are
tangont to lowor conatant-outley curvesi The sid longevity ocan
be obtainod at a considerably lower (discounted) cost; or by
spending the samic anount as in a high-wage/lou-intorest country,
tho low-wage/high-interest country can obtain s higher longevity.
A reduction in total cost of longevity, induced by the high inter-
ost rate, is possible without reducing longevity, perhaps even
extonding it,

C. The effects of difforcncos in the price of cupital goods

Those effocts nay be demonstratod graphiocully, toot An isoquant
for the smae capital lonscvity intersocts the axia at a h:lg,t.wr
valuo for durability in the high-interost/low=wage country vhich
imports the investment goods, than in the other country. A Ligher
price of durability, togeiher with a higher prico of "maintenance
capital” will shirt tho optirmum still more towards a groater share
of lahour-intensive rnaintenonce in total longevitiy outlays

{of. Figuro 3 b),
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Low-interesi/aigh~-wage High-interesi/low-wage

: sountry, producing sountry, importing
Durab capital goods Durad, capital goods

8 outlays
outlays
21030 100

23 yoears
21 years 2

17 yerrs

ro B

%,

Naintenanco outlays, discounied to prosent

Pigure 3 a Pigure 3 D

D. Jho copbined immnot of differences in intorest rates, Wages,
pnd pricecs of canital goods

The ecombincd effecta of tho a,1 thros verinbles can be presented
@aphiocally, using tho isoguant method as before (of, figure 3 &
and 3 D).,

A comparison of these now graphs with the figures 2 & and 2 b proves
the additional influenco of wages and price differentials very
slearly: the isoquants in figure 3 b intorsect with the durabdbilivy-
outlay axis at a highor valuos and are shiftod much more %o the left,
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outlined when discussing spare parts stooks at the national level
will, of course, apply here, too. Genorally speaking, central |
stooks of spares at the regional level are & reasonable compromise
between oasy availebility of spare parts and the tying up of as
1ittle capital as possible.

One p. ;blem that may be hetter s.lved at tho national than at the
regionsl level. is the allocation of orders for domestic spare parts
produstion. If preference is given to those machine shops which

are within the rogion (to avoid extra communication and transpor-
tation problems), capacities become unevenly utilized botween the
differeat rezions, unless machine shops aro evonly distributed, too.

Central stocks of spares at the branch level can be ostablished
for the sountry as a whole or on a regional basis, Unless it is.a
small country, oentralirzation at the natlonal lovol will bring
hardly any advantages to & developing oountry for the same reasons
that were mentioned before, Splitting up regional stocks of spare
‘parts, according to the various industrial branches, into indopond-
ont stook-keepinz units may be ecounomical provided the pre-condi-
tions of good communication and transportation aro met.

Spocislised spsres stocks for individual branchas mey reduce the
technical and adunistrative standards which are roquired when keep-
ing licge goneral stocks for all industries, But ocertain deroge-
_tions should not be overlooked: if an industry is not regionelly
conoentrated, the choicc wouid be elthor to keep fewer stooks,

thus rationaliszing tho storage problem but creating transportation
und cammunication problems, or to keep a larger number of stoocks
within good reach of all firms but giving up possible capitel
savings in storage. Regionsl spare paris stocks on the branch level
would be feavourablc it industries are regionally ooncontrated;

they would be very economical if different kinds of industrios are
ooncei\trnted in diffecrent regions,




D. Popgidbilities for import substitution of sparo parts

In a developing country of type I ell equipment has to be imported,
and so have the spare parts. This may continue for a rather long
period , It will be the normel situation even in the earlier stages
of inaustrisilzation of a doveloping country of type II.1 The step
towards domestic machinory production is usually undertaken in

the later process of development., In many developing countries as
well as in the now industrialized countries, the local muchinery
‘production evolved from repair shops which branched out at a later
stage.

In dovoloping countries of type II vhich already have machine
building and engineering industries of thoir owm, the spares for
domestically manufactured equipment can be, and are, produced by
domestic manufacturers as vwell, Most apare parts for imoortod
equipment - either new or gecond-hand - aroc imported, though. It s
true that big businese firms often produco the parts they need in
their ovin workshops and, occasionally, sparcs for imported mechines
are ordered from locel machine or repalr shops. Bui thia is not

a general rule. There are various reasons why those couniries
defer domestic production of spares for imported equipmont:

() Looal fecilities may not permit the production of tochnically
eomplicated o» high-precision Lte.us.

(14) IYmported parts are produced large-scale and are offered at
-~ eomparatively low prices thut leave little possibilities for domes-
tio substitution at competitive prices.

(141) Dravings and designs may not be obtainable from foreign
producers, or patont rights may preclude reproduciions.

(iv) Oustomers often prefer imported spares to their domestic sub-
stitutes because they apprchend inforior quality of the loocally

1 In India, for examplo, almost all the machinery and equi t
needed for industriai development durins the first pla

xouod (1950/51-1955/56) was i.m rted, C FUI‘W
Draft Outline, Government of ndu, P ng ssion,

(1966), P. 2¢l.
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produced items. The inforiority of subatitutes need not be due to
incompetent or less careful work of the lceal machine shops, but
may be due to poor quelity of available raw materials, e.g. steel.

(v) 1In a situation of acute shortage of ravw materials it ocan be
as lengthy - or as costly - to have spare parts produced lovslly
as to ret their import licensed.

It was reported, for exarple, that during a longer period of
rationing strateglc raw materials the - mainly small-scale - anelil-
lary firme were left withoui any quota of essential raw materials,
and if they wanted to continuc production at all, they were foreed
to proouro them at a higher proice. 1

(vf) Inducement for the local production of spare parts may be
lacking becauso the import of spares is not rustricted, or because
the national currency‘is overvalued, The import of spare parts
may be just a habit developed during timee of liberal import poli-
oios.a 4% may reflect sluggishness to look for other solutions,
but far and formost it may be the cheapest way of obtaining spares
if the currency of the developing country is considerably over-
valued .in relation %o hard currencies., Bven if there is a looal
machinery industry, it will not be able to compete with a foreign
- supply vhich is artifieially cheapencd by unrealisiic exchange
rates, :

"{vii) Someotimes, especially if the machine shops arc of small scale
and not locally concontrated, lack of information on the demand

for spares may cause tho producors aloofnoss {rom import sudbsti-
tuti... production. This lack of information, in turn, may reflect

..moglest of the sparo parts probl-m: on the side of the publie
authorities. |

18 poseibilities for import substitution in a developing country
nay be larger or smaller depending on the obstacles which sc far
have prevented the substiiution from gaining momentum. Any polioy
docisions must teke thoese "barriers" into consideration.

1 S;roj KumnriBaau. élak thsh, Subrata Ray, Problems and Pgi‘;bﬁ;;u
tios of Ane ;lar} ndusteies in e nuvelgging_mcona@xb the wor

Pross Private .» Ceolevtia, 1965, p.
2 Cf. Maintenance Imports, op, c¢it., p. 73.
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The first two instances olited above indlcate & situation where the
comparative cost advantage is not - or not yet - on the side of
the developing country. It would be a very costly policy for a
country to force import sudstituting production of spare parts in
such cases. This policy would compel a country to impose hich
impo... duties and initiate other administrative mocasures that are
diffioult to enforce, Th: possibdle outcome might be far from
desirabdble,

In a1l other instances a daveloping couniry may ~ but must not -
have a comparative advantage in the domestic production of spares,
Bofore encouraging local produstion, the cost situation must
thoroughly be analysed, It is of equal importanco to identify - and
to remove - those obstasles which irpair the rellzation of com-
parative cost advantages,

() A more renlistic exchange rate policy discontinuing the over-
valuation of the domestic ocwrrency could bring about true cumpar-,
ative advanteges in spare parts production, ospeoialiy if produc-
tion can be made labour-intensivo., The distorting effects of an
wrealistic exchange rate, of oourse, are not limited to spare
parts imports,

{11) ‘The supply of raw materials for aparos is a crucial point,

The ' ‘>rovament of quality would require changos in pre-conditions
the siudy of which goes beyond the scope of this paper. One of then,
.however, is botter maintenance and repair, Whero a shortage of

rav materials has prompted a system of quota allocation, the dis-
orimination of producers of spare parta should be avoided.

(111) There are various possibilitiss to disscminate informetion
on the local market of spare parts. The funotion of colleotor and
tranamitter of inforation could be assumed by the publiec authori-
ties, professionul organizations, o,g. employers associations,

or by a sparos stocking agency on the regional or branch level, :
The agenoy. viould be particularly suited as a "olearing house" for
potential purchasers and manufacturers of parts,
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(iv) If egresments on patent rights, designs and aravings have
%0 be obtained from foreign owners of rights and doouments, the
spare parts agency or a professional orgenisation may take the
jnisiative here, too. The necessary negotiations may be condusted
under the spensorship of International Organisations.






