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The role of maintenance and repair
in the development
of manufacturing industries

his article cousiders maintenance and repair and

the supply of spare parts in manufacturing industry
with reference to the problems of developing countries.
The subjeet is treated within the framework of a market
cconomy with some degree of planning, which is the
prevalent cconomic system in devcloping countrics.
The purpose of the article is:

(a) To describe the role of maintenance and repair
in cconomic development;

(b) To review the situation in developing countrics;

{c) To highlight specific aspects of maintenance
and repair activitics that should be foctised at
the national level ;

(d) To outline some possible ways and eans to
improve or rationalize maintenance and repair
in developing countrics, with their specific
probloms taken into consideration.

For the sake of simplifying ti.c terminology, “main-
tenance” will often be used in this article broadly to
include also “repair”, cspecially in such standard terms
as “‘maintenance cost”, ““maintenance workers” instead
of “‘maintenance and repair costs” cte. If, however,
the context requires a clear distinction between “repair”,
meaning replacing or mending of parts after breakdown
of cquipment, and “maintenance”, meaning the sct
of measures to keep plant and equipment in good
operating condition in order to prevent breakdowns
as far as possible, “maintenance” has been used with a
qualifier, c.g. “preventive maintenance” or “main-
tenanice proper’ .

CURRENT STATUS OF MAINTENANCE AND REPAIR
IN DEVELOPING COUNTRIES

One of the characteristics of developing countrics is
the great scarcity of capital. It should be expected,
therefore, that capital goods in these countries wall be
maimtained better than in industrially developed countries,

which have a relative abundance of capital  goods.
Furthermore, the natural conditions in many developing
countries call for special care of machinery and structures.
A tropical climate and extremely high orlow humidity
pose particular mamtenance  problems unknown in
temperate zones.

Unfortunatcly, the actual situation is far from what
one could wish. For over a decade, experts have stressed
the lack of proper maintenance and repair in developing
countrics. In 1958, Hirschman wrote in his Strategy of
Economic Development :

“This is perhaps one of the most characteristic failings
of underdeveloped countries and one that is spread
over the whole cconomic landscape. Eroding soils,
stalled 1rucks, leaking roofs, prematurely run-down
machines, unsate bridges, cogged-up irrigation ditches
all westify to the same pervasive and paradoxical trait:
the inadequate care for existimg capital in capital-poor
countries.” !

In the same year, the United Navons Sccretariat
stated:

“Because of inadequate wamtenance, mdustry - niany
underdeveloped countrics sutfers from an unduly high
rate of depletion of capital assets and a chronic waste
of production capacity which even cconomically stronger
countrics could hardly afford.”?

The situation has lardly changed since 1958, The
same complaints about neglect of maimenance and
inadequacy of sparc parts supply that were made in

® This aricle was prepared by Josty Motssercer of the
University of Cologne.

t Albert O, Hirschman (1966) The Strategy of  Lonomie
Development, Yale Univeraty Pros, New Haven, Tenth Printing
(Paperbound), p. 141

2 United Nations (1959) Management of Indwstrial Enterprices
in Undee=dereloped Countries, para, B4, as ated in Indwsrializa-
tion and Productivity Bulletin No. 2, March, p. 53 {Sales Noo
59.1.18.1).
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4 report of United Nations techmical assstance experts
m YR reappear moa caw Nilld}.' of the steel mdustry
m a developmg conutry published me 19004 8o the
Umited Nattons Seoretanat’s p]c.l for nrgent action
made m 1935 18 abo redevant todaye

“The attention of Governments and imdinuy s drawn
to the urgem need for adopung proper mamtenance
methods and practices, and o establinh proper tacihities
Yor traimg of mamtenance personnel”™

The hack of proper mamtenance practices has serous
consequences tor cconomic devclopment. Posaible osses
i production and growth resultmy trom. and posable
gams torgone by, madequate: mamtenance amd repan
are the subject of the followmg section,

POSSIBI L LOSSES IN PRODUCTION AND GROWTH
RESUTTING TROM POOR MAINTENANCE AND REPAIR

Destruction of equipment

The most cve-catching loss vaused by poor mawm-
tenance or madequate repar s the prematare deteriora-
ton or total dostrucnon of productive capital. The
report of the United Nanons techmcal assistance experts
cited above mentions numerouns nnstances where equip-
ment was allowed to deteniorate bevond repar and
had to be replaced.e Neghgence me the mamtenance
of buldmgs and structures can canse -m addiion to
direet loses  secondary damage to machmery that
ivmadequately protected. Smice capital i searce
developmy countries. the miportance of the destrucoon
of capital v much greater than it would be manom-
dustralized country. Thus, the marginal mpact on
growth v likewise greater.

Production Losses

Deterioration or destruction of equipment leads o
fosses - production. These tosses are twofold: (a) un-
detected or unredressed wear and tear of machmery,
or neglect of control devices. usually results m deteriora-
gon of product qualiey: (6) madequate: mantenance
or mcompetent repair causes trequent breakdowns of
machmery Ieading to disruptions - the production
proces. Dunmg downames, when no productive
cervies are homy rendered. wages of wdled labour and
Cipit costtoridied equipment sall have o be pad.
Fhe stiation s aggravated ot the tepar cannot he

SUmed Natoms (19395 USoane Probloms ot Industnd
Moamagoment Reported by Fochmal Asstnee xpens™,
D tenadvearronr and Doy Balloom Noo 2, March, ppo a3 37

S Wl A fohinses o6 The Stedd Dadusnny of - bids,
Pl o Eaonversity Pross, ©oanbadee, Massachinets, pp 17441

S Maeonent o Pt Ili';;;\un s ooted o Badiegads s a-

cand Peosdieney Ballon Noo 20po T
s 5o Probloms of Industrnal Maonaeonment” Tadienetlica

vk op b fogorerony “Jlf,’-‘ll’f \z‘ ' l‘ A
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carried out or the spare parts cannot be dehvered
numediately. The cconomie penalty for cesation of
«\|w1'.mnn s |\|:Jllc'~l fm' CONTMUOTI=Process ty"\g' -
Jduntries. The cost ot interruption to operations 1 fower
for fabrication or asemblv of discrete mnes.”

Iduced (secondary ) fosses

Primary - production fosses cased by poor mam-
tetanee and repair moone firm have neganve cftects
on tirms that are castomers ot this brm. 1 the qualiey
of the meermediate goods 15 poor. the quality of the
tinal products will abso be poor unless the timal mana-
facturer carries out turther processmg. It the quahity
18 o poor that the matertal cannot be used at all b
s sall passed ot the customer, the waste 15 even
greater becune of needioss haulage by ralways or
truchs® Agam, it should be mennoned that the losses
through waste mpair cconomic growth and develop-
ment relatvy more - a- developmyg comtry, where
tesources are particularly Thmted and dhe industrial
wetor 15 simall. Freguent breakdowns of machinery,
which reduce the output of a tirm or lead to irregular
delivenies. also affect the industry that is supphed by
this firm. Here, too, disruptions e production niay
become unavordable. To reduce thar dependency on
unrcliable supphers and thus to keep thar production ow
more regular, many tirms costomanly carry large
wtocks of intermediate products. This practuce is normalty
unneeessary and ties up scaree capital uneconomicaliy
and hence wastes resources.

The construction ndustries provide partieularly good
examples of mduced losses. Neghyence - the man-
tenance of comstruction cquipment canses delavs
the complenon of butldings and structures, In important
industrial projects such delavs will cause new delays
and meonvemences n the “mterrelated” mdustnies,
the setback m the maplementation of the country'’s
ceononne plan will be muluphed.

Other mduced losses occur because of bottlenecks
m the supply of spare pares. which may arise f thewr
import 1» restricted or at their shipment s impossible
without lengthy delave? Henee, many tirms try to
hold an abnormally larze stock of spare parts. For the
mdivrdual firm. s policy v absolutely reasonable;
but tor the over-all national cconomy, it means a
waste o resourees. This type ot loss might be avonded
it the conntry revised 1ty poliey with repect o the
supply of spare parts.

T Anon 193 THeoer Wy to Compare Your Plant’s
Mamtcnanee Practves”, Facrory Managoront and - Mamtenanc,
August. New York, p 146

(b Johmwon, vpoar, p 163

SO “Some Problemy of Induarial Mamgement™, In-
drestreal > anon and Productionty Brellonn Noo 20 pp 55 5o,




Diserised fosses

It v well known that in many developmg comtries
imstalled capacities are underntihized 10 e is dess well
known that excess capacity quite often disguises -
adequate mamtenance, at least temporarily. The break-
Jown of a poorly kept machine need not disrupe the
firm's production process: a switchover o adle equip-
went is a4 frequently osed device o keep producuon
going. Only if the practice of poor mameenance and
meompetent repair w contumed for some tine wall
deterioration and frequent breakdowns ot the whale
set of equipment become apparent.

The cannibalization of machines aho belongs o the
category of lowes disguised by excew capacity: parts
are stripped from adle machmes o obtamy the spares
needed for braken machmery. This w onlv g wemporary
solution to the problem of obtaimng spare parts. The
basic issue s the falure of the Government to adopt a
development policy  that provides for an adequate
sapply of spare parts. As a comsequence. the simgle
firmy makes aneconamic w vestment decisions.

Deterioration and delavs i dehvery can be disgused
in a seller’s market. Producers are abways able to dispose
of poor=quality products when there is a senous shortage
of supply. The situation is not untamiltar to developing
counttries where tanfih or quotas bar the ympore ot
competing gouds. Poor performance s particularly well
disguised if the product allocation 1s no longer left w
the market forces of supply and demuand. but s replaced
by an administratve distribution system that forees
consumers to purchase from firms not necessarity ot
thetr own choosing. 't Here, consumers have to aceept
whatever quality is inade available ar whatever time,

Forcign exchange losses and damage 1o goodwill

The developing countries gencrally have w import
most of their industrial capital cquipment and most
of the sparc parts to maintain this cquipment. lo-
adequacy of maintenance makes 1t necessary to replace
parts cxcessively often, sometimes even to exchange
the whole machine before it reaches its normal serviee
life. Tlus implies an unnccessary loss in foreign ex-
changc: it is an absurd situation in countrics that suffer
notoriously from severe shortages of hard currencices.

Possible losses on the export side should not be
overlooked cither. Poor-quality products and lengthy
umes of delivery will not win customers in export
markets, Once buyers realize that quality has deteri-
ofated, future exports may be jeopardized. The “MADE
IN..." mark of ongin may losc its attraction. and
the loss of confidence may not be confined to the

10 CE Natonal Counail of Applied Feononne Rescarch
(1960) Under-wtitizarion of Industriel Capacity, New Delbi, esp
p. 4449,

11 CE Johmson, op. cit., pp. 138, 162,

actual low-quahity product - mav well attecr other
exports of the country. The lTos ot presnge nnw
hecome so serious that not even expensive warketing
campaigns abroad or participiion i meernationsd trade
tars will tully restore .

AN OPIIMAL ACPPROACIE 10 MAINTENANCTE  AND REPAIM
ACTIVITIES 1N DEVELOPING COUNTRIEN '

Uhe influence of the mterest rate on the combmanon of
durability and maintenance outlays

Mamtenanee and repar costs can be concaved
outhays armed at extendmg the service lite ot the equip-
ment that oceur onaly atter the equipment has been
mstalled and has begam o operate. Spendmy, on mam-
tenance voone way to extend the serviee hite dhe
“longeviey” of caprtal goods. The other way vt

spend on lngher qualiey at the ame of purchase of

the mpi(vll guud so it o les prane o wear and tear,
Longevity outlavs can ths be broken down, as sug-
gosted by Blitz. 1Y o durability oudays and mam-
tenance outlays, Both are merrelated and shouald be
considered together.

Durability outlays are made tor the bule-in, endurng
quality of a capital good. The price of igher durabibey
can he compared  with the cost of imamtenance of
mitially less durable equipment that can only reach
the ame longevity if it recaves better care and it
parts are changed more often. It should be pomted
ont that the variations m durability are assumed for
cquipment having the same operating charactevisties. 14
Whereas greater durability can be reached by dispensing
with accuracy of operation, speed. veraality, com-
plicated control devices of a machine —m short, by
simpler construction and hence at a cheaper price —the
operating characteristics of the machine will be altered.
On the other hand. greater durabibty for equipmeunt
of the same kind 1s possible only by making it more
expensive: by choosing better materials, a costher
construction, by assembling the parts more carctully
and inspecting the work morc often and more thor-
oughly. Thus, greater durability has tts price.

To get a certain desited longevity of cquipment, a
firm can spend more on durability and less on
iaintenance, or vice versa. Generally a mix of both
durability and maintenance outlays 1 needed. Inan

12 A graphical presentation is given i the appendix.

13 Rudolph C. Bhitz (1958) “Capital Longevity and Economn
Development™, The American eonomic Review, Vol 48, Na. 3,
June, pp. M3t Radolph C. Blitz (1959) “Mamtenance Costs
and Econome Development”™, The Jowenal of Political Fconomy,
Vol. 67, pp. 5606, (In the tollowmy cied as: ALR, resp. i
The discussion in this paragraph has benetited particularly
from this author.

14 CE W, Paul Strassimnn (196%) Technologreal Clange and
Feonomic Devclopment, Comell Univerary: Press, Hthaca. N Y.,
P 195K
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extreme case, longevity can be obtained by spending
anly on durabiliey, withont any mamtenance.'® On the
other hand, it is not possible to achieve longevity by
mamtenance onlyv; some durabthey outlay s always
required.

Blitz draws an analogy to the
the lifespan of a human being:

tactors deermming

“This mitial durable endowment w10 be conceived a

similar to the wnane phyacal endowmaenm of a4 hawan

being, on the other hand, mamtenance expenditires
are ;umlngnm 1o \ulwquvm cHurts of doctors to exiend

longevity. 10

Within the above-menttoned limits, which are 1n-
posed by technical constraints, a substitution of mam-
tenance outlays for durability outlays 15 possible. For
cvery investment the nptmml combination of both
kinds of outlays s to be defined. The optimal com-
bination s that which, for any assumed  longevay,
munimizes the tot] cost of longeviey.

Durability outlays occur at the e of the miial
ivestment, naintenance ontlays only m the future,
To compare both, the futare costs of maitenance have
to be dicounted to the present. using the given rate
of mterest. The level of the interest rate will influenee
the present value of the maintenance costs occurring
m the future. Disconnted at a higher (lower) interest
rate. the present value of future costs will be lower
(hgher) In other words: the amowunt of money 1o be
put cut at interest now to accumulate 4 given sum at
a titure date can be lower it the mterest rate is high:
it has t be lagher if the mterest rate s low.

Assume two comitries, one having a low. the other
a gh meerest e The equipment invested. the
maintentance  techmygues and the tuture price of 3
“waintenance unit” (labour plus materials) are assumed
to be identical i both conntries. The same technical
combimation of durabihity and maintenance contains,

i the high-mterest country, a lower present valie of

tuture maimtenance outlivs, That 1s,. the present sum
of money that s necesary for maintenance outlays
m the future is lower becanse the mterest rate s high,
The same longevity can be reached. m the high-interest
conntry. at & lower present cost.

A technical combivation of durabiliey and mam-
tenance that rosults in minimal total outlays for a
given longevity ina low-iterest country is, however,
not the optimal policy for a Ingh—nmrut country
with 1es different conditions. Sinee in the latter comery
“mamtenance’ s cheaper than “durabiliey™, cconomie
ranomahey reguires that more maimtenance: md less
durabihey: be bought shan i optimal in dhe tormer

I Thes iy possible when the capital goods are butldmgs cte
For example maore expensive construciion matenial s used
that nead ot be pamted imstead of a0 cheaper mvatersal thae has
1o be pamited penadicaliy o readt the same longevry,

to Bhee I poSnd

a8

country. The mintmal-cost combmation ot durabihty
and maintenance for any given longevity is thus.
the high-interest country, not only at a lower level
of total (present) costs than in the low-interest country
(price effect). but 1t reflects also another combination
of the two cost ingredients: more will be spent on
mamtenance and less on durabihity, conmpared wath
the low-mterest country (substitution effect).

Henee follows the it recommendation for an
optimal policy: other things being equal. the country
with a hagher interest tate should spend more on
mamtenance and less on built-in durability to obtun
a given longevity than the comtry where capital
avatlable at a cheaper rate.

The influence of the interest rate o the longevity chosen

So far the analysis has been based on the assumption
that the longevity of the cquipment was given, and
the question was which mix of durabilicy and main-
tenance would be optimal to obtain this longevity.
Ihe question now s which longevity will be chosen.
The dectsion, again, s influenced by the prevailing
mterest rate,

To determine the opunal longevity of equipment
when the invesunent decision 15 made, two factors
have to be taken into consideration. One is the cost
of additional longevity, the other is the “savings”
that result from postponing the capital replacements
in the future.!?

It a machine of higher longevity is chosen for mitial
mvestment, there will be an increment in cost, byt
the next and all suceessive replacements can be postponed
by the mcrement in lifetime. Postponing all furure
replacements brings about 4 stream of “savings”™. These
savings may be considered a capital gain. or a marginal
revenue of increased langevity, The present value of
this stream of future savings can be determmed by
discounting it at the prevailing interest rate,

Phe capitahized value of the savings has to be compared
with the increment in cost caused by the greater longev-
ity. 1t as cconomical to choose a higher longevity—-and
thus o increase the total cost of longevity—as long as
the marginal revenue of longevity is greater than the
marginal cost of longevity, The optimum 1 reached
when the capitalized value of the stream of savings
cquals the incretrent m cost for higher longevity. At
this point the sun of the cost of the mitial investient
and the discounted values of all future 1eplacements
1% 0 minimum, ¥

The mrerest rate has o deasive influence on this
computation. Fhe presem value of the stream of future
savings will be lewat it s discounted at a4 higher mterest

O Bhtz, AER, pp. ML Strassmann, op, cn L pp. 1954
Bbor o mathematiaal treatient s Fred ML Westticld
(1958) A Mathematical Note on Optimun Longevity™, The
American Peoomne Retaewe, Vol 48, No, 2, hae, pp. 329 232




rate. I the savings aie smaller, the ncrement in cost
ot longevity has to be smaller, too. Henee, the optimal
longevity will be shorter it the meerest rate w higher.
Other dungs beng cqual, the optimal choice of captal
longevity m the country with a high interest rate would
thus be o lower capital longevity compared with the
country with 4 low interest rate.

The combined cffect of the interest rate on the level and
stucture of longcinty

In the two proceding sections. the effects of differences
in the interest rates were analysed separatcly. Now
the combinacion of the effects is examined.

The longevity tmpact of a higher interest rate s 4
combination of the cffecs on the level and on the
structure of the longevity of cquipment. The cffect
on the structure of longevity (the nux of Jurabiliey
and maintenance) always has an unequivocal direction,
towards more mamtenance. The cffect on the level
of longevity (1.c. the longevity chosen) consists of a
direct tendency towards shorter lifctimes of capital
goods combined with an indirect effeet via the wbstin-
tion of mantenance for durability. The indirect <ot
works in the opposite direction: it lowers the total
cost of longevity and therefore curbs the tendency
towards 4 shorter hifeme. The change in direction
of the level of longevity 1s. therefore, not determinable
on a prion grounds. It is hkely that the direct incenuve
to shorten longewvity will not be counteracted enurely
by the above-mennoned indirect cffect. Thas is assumed
because all savings occur in the future, and therefore
the meerest rate affeces the total savings. As for the
cost aspect. only part of the Tongevity mnx. namely,
cxpenditure on maintenance, occars in the future.
Thas, the higher mterest rate affects only part of the
cost side. and the impact on the savings side should
be greater. The higher the share of maintenance costs
in the total longevity costs, the less the longevity will
be reduced by the unpact of a hagh interest rate.

Other things being equal. the country with a high
interest rate should wnd to reduce the longevity of
its capital goods. However, if the country can rely
heavily on mamntenance (and less on built-in durability)
in_order to obtain a desired longevity, the aptimal
policy would be to realize this substitution as far as
possible; then longevity will not be reduced very
much—in an cxtreme case, it may remain almost
unalecered.

The cffects of differences v the wage rate
Up to this pome, the analysis has been concerned
with the solated effeet of differences in the ineerese
rate, resulting i differences i the present (discounted)
value of future costs and revenues. It was assumed
that the techmcal composition of a “maintenance unit”
as well as the future price of such a unit were identical

vegardless of whether the Owmeries had Tugh o Tow
mterest rates. Thes asumption s now dropped.

Differences i the mterest rate between two coun-
tries - excluding dintortions of the market forees by
pohucal meervendons -refiect ditferences m the facror
endownients in thewe countries. A lugh interest rate
mdicates a relitive scarcity, a fow mterest rate, a rebative
abundance of hibour, and vice versa. That is why
vountry with a relatively high mterest rate may abso
have o relatively low wage rate. and a1 country with
a relavvely low meerest rate will have a rehavely high
wage rate.

Differences m the wage rate: mfuence the (fatarc)
value of mamtenance costs. It the same technigues for
mamtenance and repair are apphed in both the high-
wage and the fow-wage countries. the mantenance
wage per hour, and therefore the ol cost of main-
tenance, will be less in the fow-wage country,

Mamteiance and repair costs are composed not only
of wage ontlys but also of outlays for sparc parts,
tools, matenals, mechamical aids. To a certain degrec
a substitution between labour and capital is possible.
Mamtenance work can be done with more or with
loss mechanical aid; repair may be more labour-intensive
or fess hibour-intensive depending wpon whether o
broken part or a whole aggregate is replaced by a new
one or tixed again. It the price of maintenance capial
15 the same in both countries, cconomic rationality
should induce the low-wage country o substitute
labour for cupital in mamtenance and repair activities,
especially of the price of mamtenance capital in the
low-wage country s lugher. In the ideal case, this
substitunon will ke place until the marginal costs
of labour and capital are cqual to one aiother nd o
their margmal products. The substitution of cheaper
mantenance labour for mantenance capital will resule
m an even greater reduction of total (fnture) nain-
tCnance casts.

In che low-wage, high-interest country, the same
longevity can be obtained at a2 considerably lo-ver
(discounted) cost than in the high-wage, low-mterest
country; or, by spending the same amount, the former
country can obtain a higher longevity than the lareer
country. In other words, a rediction in the total cost
of longevity induced by the imgh interest rate is poswible
vithout reducing longevity and may even extend it

The conclusion drawn in the previous section ought
to be modified naw, with the influence of wage dif-
ferentials taken into account. The combined effect of
a high interest rate and a low wage rate will make it
cconomically optimal tor the country to choose a
greater capital longevity than the low-interest, high-
wage country. The higher fongevity should be achieved
by substituting namtenance tor  durabibty and, n
addition, by choosing labour-intensive  maintenance
technigues. On the other hand. the optimal policy
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COMPARATIVI COST DATA ON DEPRECIATION AND MAINTINANCE FOR A NITROGEN 1TRTIIZER PL/NT WITIH ALTERNATIVE
i rMes o1 10 AND 15 vears, UNiTEp STATES AND CENTRAL AMERICA
{ Thousands of U8 dolfars per year per one million dollars of imeestment in the United States)

United States

Ten Fifteen
yodrs JUdrs
Pepreciation .. ... 100 67
Maintenance and repair .. ... ... 4 80
Labour.................... 20 40
SparcParts ................ 20 40
Total 140 147

Cemiral America

Same techmigues in
mdintenance and repair
as i the United States

Greater relative use
of labour in
nuintenanec and repair

Ten Fificen Ten Fifteen
yedrs yuars years yedrs
135 L 135 N
35 70 29 58
] 16 14.5 29
27 54 14.5 29
170 160 164 148

Soeuc: Umied Natons (1959) “Problems of Size of Plant in Industry in Underdeveloped Couantries™, Industrialization and Pro-

ductivity Bulletin Ne. 2, p. 22 (Sales No.: 59.11.B.1).

K

for a country with a low interest rate and a high wage
rate will be to choose equipment of less longevity, to
spend more on built-in durability than on maintenance,
and to apply capital-intensive maintenance technignes.

The cffects of differcnces in the priee of capital goods

It the capital goods that two countrics invest and
some of the *“maintenance capital** (c. g spare parts)
that is wed in both are produced in only one of the
comtries namely, the low-interest, high-wage conmtry,
the price of these capitat goods is likely to be higher
in the other commtry, which has to import these goods.
Transpart cost and customs duties will raise the price.

It has already been pointed ot that a higher price of

maintenance capital will reintorce the already existing
tendency in the  high-interest, low-wage conntry to
substitnte maintenance Llabour for maintenance capital.
A higher price level will also make the (initial) capital
expenditnre on built-in durabiliey less attractive,

The combined impact of differences in interest rates, wages
and prices of capital goods

The combined impact of differences in imterest rates,
wages aid prices of capital goods between two conn-
tries can now be summarized. Country A has a relatively
low interest rate. a high wage rate and low prices for
capital goods; country B has a refatvely high interese
rate. a low wage rate. and high prices for capreal goods.
Under these assinptions it is optimal for country A o
mvest mcapital goods wath o short Titetime, o obtam
the chosen longeviey: by spending: more on buile-m
durabibiey and less on nuannenanee, and to carry one
the mdspensable mamienamee and repar work by
capital-mtensive methods. The optimal - poliey tor
country B would be 1o choose capital goods wath o

({8

long scrvice life. to obtain this longevity by spending
fess on built-in durability and more on maintenance,
and rely for the maintenance and repair activities on
labonr-intensive techniques.

The preceding analysis can be illustrated by 4 nu-
merical example computed by the United Nations
Burcau of Economic Affairs (sec table 1). The example
compares the average vearly costs of depreciation and
maintenance for a nitrogen fertilizer plant in the United
States and in Central  America. Alternative lifetimes
of 10 and 15 years are assnmed in both regions. The
computation does not take into account differences
in interest rates but gives due weight to differences n
wages and prices.!9

It is assumed that the extension of longevity of the
fertilizer plants can be achieved by increasing the
outlavs for maintenance and repair. According to the
practicc in the United States, maintenance costs are
divided equally between labour cost and outlays tor
spare parts. Plant equipment and spare parts are pro-
duced only in the United States and have to be imported
to Central America. This raises their costs in Central
Amcrica to 135 per cent of the cost in the United
States. On the other hand, labour cost in Central
America is estimated at 40 per cent of the labour cost
in the United States.

It appears that the shorter lifetime of ten years is
most cconomical in the United States, whereas in
Central America the extension of longevity to tifteen
years is the cconomically rational choice, even it the

1% For another example see United Nations (1961) “Use of
indusirial Equipment in Underdeveloped Countries: Problems
o Maintenance,  Repairs, Replacement and Obsolescence™,
Iudusirialization and  Productivity Bulletin: No. 4, pp. 33.-36
{Sales No.: 60, 1L B2,
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same  techniques in maintenance and - repair were
applicd as in the United States. Central America could
even gain a higher cost advantage from the extension
of longevity to fifteen years, if more lhbour were
used in maintenance. According to the example, the
optimum is reached in Central America when the
substitution hits the point where the costs of labour
and spare parts arc ¢qual. It may be added that the
cost of longevity in absolute terms s lower in the
United States even if a lifetime of fifecen years is chosen;
Central America achicves a relative cost advantage only
by extending the service life of the capital good.

Empirical evidence shows that the theoretical model
presented here may fairly well be applicd to main-
tenance and longevity decisions in the United States
as  compared with industrialized Europe. There s
enough cvidence, indeed, that the United States, which
has had a high wage rate and a low interest rate since
1945, has been acting according to the principles
arrived at in the preceding theoretical analysis. It is
well-known that in the United States, cquipment is
designgd so that it will be casy to service. Parts and
units are exchanged rather than repaired; repairs and
replacement of parts are exccuted with a maximum
of mechanical aid. All this is done to avoid the high
costs of labour-intensive maintenance and repair.

In industrialized Europe in the post-war period,
wages werelower than they werein the United States and
mterest rates higher. Labour-intensive maimtenance and
repair were of much greater importance than they were
in the United States.

There is not mnch reliable information on the
longevity of capital goods. In the United States, many
“durable” consumer goods can be bought cheaply and
are disposable after a short service life. Theie are some
indications that the longevity of capital goods in
general is lower in the United States than in Enrope
and that it is declining with time in all industrialized
countrics. 20

The model may be applied particularly well to
industrialized countrics on the onc hand, and to develop-
ing countrics on the other. Generally, the developing
countrics have high interest rates and low wage rates
and the prices of capital goods arc high, compared
with those in industrialized countrics. However, some
modifications have to be introduced that take the specific
conditions of developing countries fully into account.

THE EFFECT OF THE QUANTITY AND QUALITY
OF AVAILABLE LABOUR

So far it has been assumed that the guality of labour
available in a country is homogencous and thus the

20 Cr. Bliiz AER, pp. 326—7: Blitz JPI:, pp. 562—4; L. Rostas
(1948) Comparative Productivity in British and Awerican Indnstry,
New York.

single “labour units” (mn=hours) are mterchangeable,
In reality, however, this is not the case, and the mpact
of this fact on the model st be considered.

Generally, an abundance of aggregate libonr exits

in developing conneries, but skilled Libour s usually
warce. Consequently, umskilled libour is cheap while
the wages of the skilled workers are ligh, m some
mstances even extremely high compared with the wage
structure in ndustrialized countries. Since most of the
maintenance and repair activities require skilled or
even highly skilled workers, the cost of labour-ingensive
maintenance and repair may be extremely high in the
developing comtries, oo, The actual siewation in the
developing conntries requires that 2 differentiation be
made berween short-run and long-run solutions as
well as between developing conntries,

For the purposes of this article, developing conneries

can be divided into two groups:

(a) Type I—traditionally purely agrarian countries
that arc now waking the first steps towards
industrialization. have only a poor tradition in
handicrafts and arc not familiar with cven
the simpler modern technologies:

(b)  Type 2—countnies that have already a certain
industrial tradition. can dispose of 4 cadre of
industrially trained  workers and in addition
have a considerable number of crafesmen familiar
with the basic techniques of working metal
and wood.

i

Countrics of type !

What is the optimum short-run policy for conntries
of type 1, where skilled maintenance workers are
exceedingly scarce? The most obvious solution would
be to choose projects that do not require mameenance
and repair because they have enough built-in durabiliey
to reach a certain longevity. However, this is possible
only for a very restricted category of projects, such
as buildings, roads, or bridges. All kinds of machinery
with moving parts need a certain amount of main-
tenance.22 Henee, other solutions must be found.

In the short run, these countries have to employ
forcign specialists for practically all nuintenance and
repair work for complicated industrial devices. These
specialists receive an cven higher remuneration than
they do in their home conntries. All investment goods
and maintenance equipment, too, have to be imported
from industrialized countries and hence will be more
expensive than in the exporting countries. In this
situation the factor-price relationship will not induce
substitution of maitenance labour for mamtenance
capital, nor in general, of maintenance outlays for

21 Under certain circunistances, this distinction may reflect
two stages of development.
2 Cf. Hirschman, op. cit., pp. 141 -2; Bliiz ALR, p 324,
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durability outlays. The only influencing factor will be
the higher interest rate inducing « substitution of
(fotnre) maintenance ontlays for (present) durabilicy
ontlays, and, cventually, a slight shortening of the
hifetime of equipment. If, however—as is usual i the
carly stage of industrialization—very favourable credit
conditions are offered for the initial investment. the
burden of durability outlays will be reduced, and
henee the effect of the nterest rate will be moderated
or totally cqualized.

Under these conditions. the optimum short-run policy
for a country of type 1 would be to choose the same
production technigne as an industrialized country short
of skilled labour: i.c. to rely less on maintenance and
more on dorability and to extend the lifetinte of the
cquipment only to the point that is optimal in developed
countrics. If there is a choice between two types of
equipment, onc requiring highly specialized production
workers bat less skill in maintenance and repair (simple
machinery). the other requiring semi-skilled workers
m production but highly skilled maintenance workers
(sophisticated cquipment), the decision should be n
favour of the second type of equipment (the optimal
choice also in the industrialized country). This s so
becanse maimtenance workers have to be “imported”
anyway—for both types of equipment. The differences
in wages for these specialized foreign workers are only
“marginal”’; so it is cconomically rational to employ
them in maintenance activities where professional skill
requircments  are  highest.  Semi-=skilled  production
workers, on the other hand, can be trained i a relatively
short time; hence, forcign assistance is needed here
only in the first stages of industrialization.

When policy is considered in terms of the long ran,
the dynamic cffects of cconomic development come
into play. Within the context of the theoretical model,
the most important cffect of cconomic growth is the
development of manpower skills. Countries in the
carly stages of industrialization do not contmand a
labour force whose skills are comparable to those of
workers in induostrialized countries, and eptimal policy
in the short ran has to follow the pattern of investment
as if there was no abundance of labour. Optimal policy
in the long run has to develop a highly skilled labour
force because this is the only way in which a country
in the carly stages of development can reach eventually
the pome of substituting abundant—skilled——labour for
scarce capital, i.e. it profits from its natural comparative
advantage by using s cheaper (abundant) factor of
production.

The tvpe of traiming oftered v closely relaed o the
tvpe of mdustry chosen. Whether it caster o tram
people tor prodacnion vather thaw tor mamtenance
debatable: experts have expressed opimons on both
sdes Hhinchman, tor example. consdeny preventive

mauntenaee (ot repar) o adimmstrative proces

02
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“merinsically harder to master than production jobs™.
Consequently, it presents a particular problem in the
carly stages of industriahzation. Hirschman states:

“Any production activity has these three assets: the

target is clear-cut, we know it can be reached, and

success i doing so is subject to an objective test .

The basic dificulty about wamtenance of capital  as

opposed to operation on the one hand and repair 1

the other s that it is preventive activity which must

be performed at farly long mtervals that are neither
known with precision nor signaled by the capital
iself . .. For maintenance to be effective, people must
be similarly made to act as though it had to be undertaken
at precise intervals, suppressing their better knoveledge
that defeoment by a day, a week, or 2 month may
not matter; they must organize this ficrion, subniit
it, and sct up a signaling system to enforce it. In other
words, maintenance is predominantly an administrative
process it we so define an activity whose performance
is not directly invited or compelled by the production
process or the product atself, and as such it requires an

especially high degree of organizational abity.” 24

The opposite opmion is expressed by an American
steel enginer:

“Lack of cexpevienced and technically skilled workers

can best be offser by using methods and processes in

which the operations requiring skill aze entrusted to
wiachinery to the greatest possible cxtent. Skill in
maintenance, mechanical and electrical work seems to
be wore casily found or developed than that required
for comphicated manual operations such, for cxample,

as m sheet or anplate rolling.” 24

Perhaps 1t is not possible to mnake a generally vahd
statement deciding a prions that amtenance skills or
production skills are casier to ransaut. The different
cultural backgrounds of the developing countries may
partly mduce the different atntudes of labour towards
a certain job. The genieral underevalnation of main-
tenance activities is most likely, however, to affect the
professional status of the repair-and-maintenance man
negatively; henee, it may be dithicnle to recrnit candidates
tor maintenance training,

The type of industry best fitted for vocational trammg
m mamtenance skills in developing countries depends
to some cxtent on the “weakest” pont in skill de-
ticiencies, which in turn depends on the degtee of
induostriahization already reached. In the very carly
stages of development, manual abilitics as well as a
“miaintenanc habie” are lacking.

The generally aceepted expert opinion seems to be

T Hirwchian, op at, p 154
bk, pp B4 and 141

2 Willum A Haven (1954 “Sclecton of  Stechnaking
Processes and of Eocations for ntegrated bron and Steel Works”,
A Sty of the Iron and Steel budisery in Latn America, Vol 11
pooBe Cied Dy Strasstann, op. at, po 201, United Nations
Pabboatom iSales Noo 1934 H GV Vol |,




that mamtenance labits are the most ditheule to promote.
Some experts therefore give preference to industries
having the highest “educational” cffect. Hirschman, for
example, recommends that developing countries con-
centrate on new ventures with a complicated technology
(preferably machine-paced, process-centred) thatconipels
mamntcnance:
.. . industries and procesies where lack of maintenance
carries stift penaliics in the form of serious breakdowns
and accidents instead of simply leading to a slow de-
terioration in the quality and quantity of outpur or 1o
brief outages of single machines that do nor disrupt
the whole production schedule.” 2

According to Hirschman, “simplc” mdustries present
too many “latitudes”. too much tolerance of poor
performance in maintenance.

Hirschman’s propositions imply that the capital- and
maintenance-intensive  ventures  chosen ac the carly
stages of mdustrialization should not only be continued
but should cven be expanded duning the following
stages. This, however, raises the question of the avail-
ability of capital. The United Nations Department of
Economic and Social Affairs, for cxample, pointed
out that the proposal is “generally too expensive in
terms of capital and skilled labour to be introduced
on a mass scale”.?7 The cost argument is indeed fun-
damental. The limited access to forcign capital has
actually induced most developing countries to pursue
more modest industrial projects as well. This may
provide additional opportunitics for trained workers
to acquire professional skills and to be trained 1o adope
maintenance habits—"becakdown maintenance” in the
case of simpler technical equipment.

Repatr after breakdown is said to have the same
psychological asscts as production activity: success or
failurc i performance s immediately apparent.2#
Morcover, “breakdown maintenance”, or “replacement
at failure™, is by no means an inferior way of muntaining
equipment. It may be cost-saving it the cost of down-
tinies is smaller than the cost of preventive maintenance.
It 1s the optimal policy for all cquipment with a failure
rate that is independent of age or decreases with age,
whether or not repracement cost 1s higher after fature
than before, Investigations have shown that a wide
varicty of equipment falls into this category.2® Examples
include power hand tools, ball bearings, electric mot.r
centrifugal switches, linotype  machines, awtomatic
calculating muciines, bus motors (subsequent to the
second w yor overhant), most electronic components cte.

26 Op, cit,, p. 142

7 M Use of Indusirial Equipmient in Under-developed Coun-
tries”, Industrialization and Productivity Bulletin No. 4, p. M.

2 Hirschman, op. cit., p. 154.

2D W, Jorgensen | McCall, . Radner (1967) Optimal
Replacement  Policy, North-Holland  Publishing  Company,
Amsterdawm, osp. pp. 458, 7071, 1326, (464, 1560

The traming of reparmien tor “breakdown muam-
tenance” of sunpler mdustrial equipment has e
advantage that at fanuluanzes workers with wmplo
techniques and avords the discouragmg “lantdes” and
the high organizational requirements of preventve
maintenance.*® This torm of training appears to be
particularly suitable for developmyg countries with
very few skilled mamtenance workers. The tranung of
experienced  repairmen for  preventive  maintenanee
would be the next step. The country wonld eventually
reach the stage t -pical for countries of type 2.

Countrics of type 2

Countrics of type 2 are berter supplied with labour
than the predommantly agrarian countries of type 1.
Countries of type 2 cn alrcady count on a cadre of
workers famliar with  maimtaming  and  repainng
simple, conventional cquipment. In the short run,
these countries may have to rely on foreign specialists
for the servicing of some complicated modera mdustrial
cquipment, but these foreign speciahists act maimly a
adviscrs, training people rather than domg the job
themselves for a long period.

The problem of traming i manual Kills may be
solv od satisfactonily and reasonably quickly. but the
problem ot developing a maimtenance habit remams
the pivotal pont of long-term development cfforts.
As pointed out before, maintenance and repac -+ not
viiued highly in most developing countries. where
not only the labour force but also management shows
lack of interest i mamtenance activities af not ont-
right hostility to them. A change n the mentality of
management 15 as important as the acquviion of
maintenance and repar skills by the worker. The
training of managers and the instruction of foremen
("a necessary socal stratum lacking i premdustrial
societies’ )M may be added to the catalogue of pre-
conditions for raisng the production factor of labour
to a level comparable 1o that of industrislized countries.

Once a maintenance habit has been formed. the
developing countries in the loug run should gan .
advantage in maintenance and repar costs compared
with the industriahized countries.?  Although  the
training and upgrading of mantenance workers as well
as a greater awarcness of the maintenance problem
will eventually cause wages to rise, mamtenance labour
is likely to remain cheaper than m mdustrialized coun-
trics. On the other hand. capital, which s not only
needed in veal assets bue abso tor cducation and traiming,
will continue to be scarce; theretore, the meerest rate
w.'l tend to be higher than m the already dustniahized
countrics.

W Use of Indasirial Fgaipm it im Under-developed Coun-
tries', Industriglizaiion and Productivity Bulletin No_ 4, p 43

Y Sirassmann, op. e, p. 270
20 also Bluz, [PF, pp. 360 and S04t




With regard to the theorencal two-country: model,
it iy be concluded that developmg connties of tvpe 2,
especally m the Tong run. are adequatehy presented
the model ot dhie low-wage, ngh-mterest country.
whereas, paradosically, the maodel of the fugh-wage,
low-mterest commtry inormally e mdostmahized coun-
try) s applicable tor the short-run condions ot coun-
trics of type 1

ALTERNATIVE. CHOWCES OF CAPITAL AND TRECUNIQUIN IN
DEVELOPING COUNTRIES

Except for 4 countiy ot tvpe 1 oander short-run
conditions,  the  factor  relavonsups m developmy
countries suggest as optnmal pohey, o Towosstage”
substitution of labour for capital: (1) spendmg fess on
durability than i mdustnahized cconomies, bue extend-
ing the lifeume of cquipment by more mtensive mam-
tenance and repare; and (2) relying on more labour-
intensive methods of mamtenance and repair than
custamary i developed countries. The apphicabibiy
of this policy under present-day conditions may now
be exanmned.

Degree of durability of cquipment

The decision for greater or less built-in durabihity
at the time the il mvestment &5 made may be
considered first. Enterpriscs m a developmg country
buy most of the investment goods from producers in
industrialized couutries. Naturally, this cquipment
generally designed 1o meet the needs and requirements
of firms m industrialized countries. In these cases, the
developmy countries have no chowee between more
durable or less durable capital goods. They have to
accept equipment that 18 more suitable - mdustrially
advauced comtries. The only means 1o approach the
desired optimum 15 to extend the fongevity of equp-
ment over a longer penod cham s astomary -
dustrialized ccononnes by reparing mstalled plane and
equipment when they would have been replaced
developed countries,

The choice of capital cquipment 15, however, not
always restricted to such an extent. In particalar, there
are three ways o which developmg countries could
obtain less bude-m durabihey of cquipmen and hence
a lower present cost of mvestment:

(a) Some ot the cquipment supplied by developed
comtnes  has different degrees of  bult-in
darabiity and reparrababiey,  that ». requires
more mamtenance or loss maintenance. Firnn
i indwstrahzed conntries: make nse ot s
choice, and s conld the mdustrally los devel-
oped cotmtnies. Sometimes changes - -
tenanee reqpurements ental changes i operating
characterstios (machmes may be vun ac difterent
speads et ) Av fong as these changes do not
imparr the quain ot the tmal product. thes

are imobeconable. They may somcetimes st

the necds of developmy coonomies even berter

(smallersaale production, lower  speeds of
output vk

(hi I the more advanced developmg conuntries

fcountnes of tvpe 23 whore machinery s adready

produced locallv, torcrgn prototvpe machines

may be redesigned o st local materak,

standards, or shlls ot operators, Mamitenanee

and repair requirements may abo be redesigmed 4

tmual costs for dwrability can be reduced (bt

this means higher mamtenance and - reparr

costs) by nang cheaper materals, a simpler

construction. or by permittimg less accuracy m
assembling,

(¢) A third way to purchase less durabihity s 1o
import sccond=hand cquipment from  industri-
alized comntnies. Hhgh-wage. low-mterest coun-
tries replice thawr cqupment when the cost of
mamtenance and repair nises with the growing
age of the cquipment. At this pomt, it can sill
be ceconomncally used mn developing countrics
of type 2. which have cheaper shilled labour
avatlable for mamtenance. Provided  that the
cost of transportation and mounting 18 not
excessive and that spare parts will be avalable,
it pays for a low-wage. high-nterest country
to use sccond-hand machmery,

Second-hand equpment may be all the more ad-
vantageous it the equipment was replaced m the -
dustnalized country only because more modern equip-
ntent needing les mamtenance had become available.
In other words, libour-dhsplacing mvennons can make
replaccment of this machinery profitable 1 the Ingh-
wage conntries without domg o m the low-wage
countrics; the latter may tmd 1t 1 bargain to buy these
machmes. The problems mvolved in the use of second-
hand machinery will be analysed more  thoroughly
later i this article.

Fhe capral intensity of masntenance and repar

Compelled by rsmyg wage rates, firms m industrialized
countries try to substitute capital for labour in pro-
duction and  maintenance as far as possible. But the
posainlities of labour-savimg operations in mamtenance
are more hmited than in the mannfactunng processes,
where capital intenaity can be pursued up to the point
of automation. Most mamtenance and repair work
can never be done ona large saale; it 1 more 1 the
miture of “made-to-order” work and. therefore, more
Liboar-mtenive,

DO Gerard Karel Boon (1964) Lionemic Choice of Hinnan
and Physical Factors in Production, North-Holland  Publishing
Campany, Amsterdam, pp. 55+




Capral/labour substitotion m mamtenance and roepar
can be achieved m three ways:

fa) Austlary work may be mechamzed by intro-
ducmg mechamal ads for  mounong  and
demountmg machmes, hundlng of machine parts
and m transport, 4

(b} The Libour content of repaes may be fowered
by adoptmg 4 policy of “unreparabihty and
expendability™ of components; the smgle broken
part 15 not adennhied. removed. repared  and
replaced, buta " package” of parts, o “furcdonal
anie”, s replaced by g new s one ¥ By dhis
method the e and manpower mvolved n
faule adenntication v redueed. and handicraft
repair (regrinding. recondinomng, soldermg cte)
15 made unnecessary.

fc) Econonues of seale can be realized by specrahized
shops for overhauls of mass-produced  goods
(c.g. truck enginges),

These rather limited  technological - possibiliies of

reducing the labour content 11 mamtenance and repair
work demonstrate that the odds are in favour of de-
veloping countries of type 2. where wages of skitled
workers are comparatively low. These countries may
reafize their comparative advantage by :
fa) Avoiding all capital-intensive forms of main-
tenance and repair;
{b) Relying on more conventional practices for
auxiliary work as well as repair work proper;

{¢)  Aming at addironal capital-saving methods of

maimtaning and restorg the proper functioning

of the equpment. (This includes the identifi-

cation and exact localization of the broken
component o that the number of machine

parts that have to be exchanged is mmimal.

Abso, the reconditiomng of parts would  be
preferable 1o replacing them by new ones.)

It may pay tor a low-wage country to produce at
least somce of the spare parts itself instead of importing
them. There is a definite advantage if local production
of sparcs is labour-mtensive; the substitution of labour
for capital would make the price of the spare parts
attractive.'® Production of spare parts i industrialized
countries may. however, have reached a point of
capital-itensity and large-scale  output where  their
pricc 15 lower than any price at which a low-wage
country could produce them without cconomic losses.

MO Britsh Productiviey Couucil (1952) Plamr Muintenance,
Report of a Visit 10 the US.A. in 1952 of a Specialist Team on
Plant: Maintenance, London, December, pp. 46--49,

3CE Anon. (1960) “Mainainability of equipmient™  in
McGraw-Hill Encycopedia ot Science and Fechnology, Vol. R,
McGraw-Hill, New York, p. 75.

' Cf. also: “Use of Industnial Equipineut in Unde.-developed
Countries’’, Iedustrialization  and Productivity  Bullatin: No. 4,
pp. 32, 46,

bmport substitution for cconomne resons should them
be avonded,

The balance=of=paynicnts aspuct

Shortages of torcign exchange have become common
toall but a fortuate few o the developmyg countres
reqardless of the degree of mdustrializanon they
have reached. These shortages place Timits on all cco-
nomic plans tor industrial - development. lmport sub-
stitation and- export promoton have heen popular
recommendations for improving the sitation. whiereas
the mameenanee and repair aspect has enfoved much les
atenton. les muence o the balce of pavients,
however, is anything but neghgble,

Hos evident that the premuature destruction of cquip-
ment owmg to poor--or lack of anv mamtenance
causes the need for replacement, and henee HIports,
to anse prematurely and this places an onnecessary
burden on the balance o pavments. But there s more
to mamtenance and repar policy than this general
aspect. nught suggest. The decision on the type of
cquipment and the kind of maintenance applicd will
affect the amonnt and timimg of imports as well.

if the choice of machinery follows the pattern of
industrialized countrics, i.c. if machines are chosen with
high built-in durability requiring relauvely lieele, bue
capitab-intensive.  maintenance, the burden on  the
balance of payments will be heaviest. It means choosing
a high mpore value when the inftial wvestment i
made, high cxpenditure on spare parts and  other
“maintenance capitdl”, and tinally, high replacement
outlays atter a short time,

An ivestment aimed at reducing preduction costs
and saving foreign exchange and based on the developing
country’s factor endowments would be deternmimed
by the tollowing considerations:

{a) Expenditure on the imtial mvestment as well
as on later replacements can be cme down by
choosing cquipment of less built-in- durability,
whether new or second-hand.

(b) The period between the necessary replacenents
can be prolonged by attaching more importance
to maistenance and repair, thereby increasing
the longevity of equipment. The mmber of
replacements within a certain period i reduced,
and so is the total amount of reguisite foreign
exchange.

fc) The forcign exchange content of mamntenance
and repair outlays can be reduced by relying
on labour-intensive  maintenance and - repair
mcthods and by pursuing a policy of import
substitution for spare parts.

At firse sight, the highest savings in foreign exchange
would seem to follow from the domestic production
of the equipment itself. In this case, however, raw
materials and components must often be imported all

-
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Table 2

SECOND=IAND TOUIPMENT AS PERCENTAGE OF TOFAL TIXED ASSETS IN ,'.\PANI\I INDEUSATRY, BY MAF OF FINM

Size o frem
finher of

crployecsy 1934 1935
4 9 8.5 0.2
19 441 J0.8
20 2y RIS 34.3
0 35.0 289
500 99 31.5 220
1 199 23.0 6.3
200 299 15.2 9.1
300 40 139 101
500 999 11.2 5.2
over 10K 4.6 4.1

Percentage of second=hanid cquipnient

1956 1957 (AR
343 n. a. n a.
299 n.a. n. a.
28.7 n a. n. a.
26.1 26.8 26.3
223 219 204
16.8 14.5 13.8
9.9 9.3 10.0
9.1 7.4 7.6
4.2 4.6 6.3
4.9 33 31

Sourcr: M. Shinohara (1959) Sangyokozo {Industrial Stencture), p. 120, as reproduced by Amartya Kumar Sen
{1962) “On the Usefulness of Used Machines”™, The Review of Econontics and Staristics, Vol. 44, Nr. 3, Augus,

p. Mo,

the same, and this makes tor smaller over-all savings.
(Of course, the development of a domestic machinery
industry may still be cconomically advantageous for
other reasons.)

It appears that a policy dirccted towards saving the
maximum amount of forcign cxchange 15 a policy
that, in the long run, promotes the most cconomic
use of the production factors of a developing country.

BASIC CONSIDERATIONS WITHI REGARD TO THE IMPORT Ot
NEW VERSUS SECOND-HAND FQUIPMENT

The role of secoud-hand equipment in industrialized and
developing countrics

The import of sccond-hand machinery by developing
countries has been mentioned on various occasions as
one of the ways to choose investment goods of less
built-in durability. This problem deserves some further
consideration here.

In market economics, investment decisions are made
by the individual firms; but mv.t market economies
today arc mixed cconomies. Especially in developing
countries the “planning ingredient” is considerable.
Many of the industrial ventures are promoted or
owned by the Government. Hence, the question of
mmporting used or new equipment is of importance to
the public authoritics. Morcover, the system of impoct
licensing and foreign exchange controls pracrised in
most developing countries makes  decisions of  the
Government relating to this problem necessary.

It may be nsetul to point out that the utilization of
sccond-hand  miachinery in developing  countries by
no means relegates these countries to a second-class
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status, nor perpetuates the technological gap between
industrialized and developing countrics. In fact, most
of the second-hand cquipment that is available in
industrialized countries is installed again in these coun-
trics. In the United States in the mid-1960s, almost
95 per cent of the sccond-hand machinery offered on
the market was purchased by United States firms.*?
At least two second-hand machine tools were sold in

the United States for every new one.® In Japan, too,

the use of sccond-hand cquipment is widespread,
patticularly among small and medivm-size firms, as
may be seen from table 2.

There has been a certain tendency among developing
countrics to refuse the import of second-hand cquip-
ment. The sitvation in industrialized countrics like the
United States or Japan suggests that the arguments
against using second-hand  cquipment need  some
rethinking. A developing country should no more be
advised to acquire only used machinery than a developed
country should be advised not to use it at all.

The causes for the generation of second-hand cquip-
ment are many, and so arc the motives for using it.
The main factors that have obviously influenced the
cmployment of sccond-hand cquipment are the size
of the firm, type of ownership, the physical charac-
teristics of processes and their rate of obsolescence. ¥

3 United Nations (1966) Report of Expert Gronp on Second-
Hand Lgnipmenmt for Developing Countries, para. 15 (Sales No.:
66.11.B.9),

38 Albert Waterston (1964) “Good Enough for Developing
Countries:™ The Fund and Bank Review: Finance and Develop-
ment, Vol I, No. 2, September, p. 91,

W Strassmann, op. cit., pp. 201 —205,
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Preference for sccond-hand cquipment hac been
strong in mctalworking and in the production of items
of low precision. Second-hand purchasc is also preferred
for equipment with an average rate of technical ob-
solescence. It is popular with small firms whose financial
resources are limited, since it enables them mitially
to obtain cquipment cheaply. Foreign firms cstablishing
subsidiaries in a developing country have been found
to cemploy more used equipment than local entre-
prencurs, partly because of their greater familiarity
with the market for second-hand cquipment. To
iHustrate the use of second-hand equipment in develop-
g countries, the results of an investigation covering
70 Mexican and Puerto Rican manufrcturing firms are
party reproduced in table 3.

The most gencral prerequisite for the use of sccond-
hand machinery is satisfactory performance. In the
words of a group of experts of the United Nations:
“Sccond-hand equipment which only produces goods
which are not competitive in pricc and quality ar
least domestically is not a bargain at any price and
should be rejected outright.”# If a machine does not
produce goods of the absolutely best quality, these
goods can still be competitive provided the consumers
accept their quality—-possibly at a lower price. Under
these conditions it can be advisable to acquire equip-
ment that was replaced because new machines were
available that produced improved goods. Yet in most
cases the acquisition of second-hand cquipment is
lucrative when the machinery produces goods of the
same quality as the new machinery but docs so ar a

40 Report of Expert Group, para. 62; sec foomote 37,

lower cost under the conditions of a developing country.,
In the followmng discussion only this latter case is con-
sidered, the analysis being limited to the maintenance
aspect. 4l

The isolated cffect of differences i maintenance costs

In the absence of rechnological progress, the operating
characteristics of a new machine will be the same as
those of the replaced machine. The only reason for
installing a new machine 1 the increase in maintenance
costs of the machine m uwse. Theorcnally. this would
be the time for a low-wage country to buy the okl
machince if its maintenance costs are below those m-
curred in the country of onigin of the nuachine.

In reality, however, this may not be a suhiciently
strong incentive to buy used equipment. If no improved
models are on the market to induce a “premature”
replacement of the machmnes, the potential buyer may
fear—and his apprehension may acolly be justified
that the old equipment is being replaced only because
it is physically worn out and that \atisfactory per-
formance may no longer be expected from this cquip-
ment. Even if the equipment sull works rather well,
the difference in maintenance cost may not exceed
the “theeshold of perceptibility”™; whether it does will
depend largely on the extent of the wage differentials,

While in fact differences in maintenance costs are
likely to affect the decision in favour of second-hand

41 For a more comprehensive discusston sce Report of Eypent
Group; Sen, op. it Strassmann, op. Gt As for second-haoud
transportation cquipiuent, see John K. Mever (19665 “Transport
Technologies for Developing Countres”, T Auterican Beosomis
Review, Vol 56, No. 2, Mav, pPp.oRY 90
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Aririnmy ri Al pxametr: N ‘s\\‘l?\(.\H FORINDUSTRIATIZE D COUNTRY AND DEVH OPINGCOUNTRY ONNTVW AND USED MACHINGS

Industrializod country

New machsm

1 Price of machime 1o 00
2. Iuterest vate prevahng (per cont: 163
3. Opportunity cost of outlay on
machie . R $363/year
Sl day
4. Labour cost per day per machine $23

5. Expected munber of breakdowns
por year oL e ]

6. Fxpected cost of annual breakdowns
n terms of idled labour and 1died
eapital o { $26 {
fr-@-nt i
7. Expected vearly micrest and
breakdown cost per mache . $365.00
600
St
%, Expected "Net savings” () on
new over used machine . .. 8 ¥

Devcloprng country

U ed miachin Now machon Used mdeine

$5.000 Sl £5,000
365 T BR1
$182.50)year $7W year {Sﬁlﬁ{ymr
$0.50/day $2:day $1jday
$25 $2 2
4 1 Y
$229.5%0 $4 $27
9 {25 . 150 ft - @+ 2 {9« 2+ 14
$182.50 $730.00 $365.00
22950 4.00 270
$4i2.0 $73400 $392.0
...... $342

Soumcr - Badolph O, Blitz (1959 “Mamntenance Costs and Economic Development”™, The Joprmal of Polittcal Economy. Vol. 67, p 569,

cqupment only m connexion with other factors (to
b discussed later). the mfluence of differences in mam-
tenance costs s nolated in the tollowing discussion so
that the proper offects of these differences can be seen
more distinethy.

The rsmg mamtenance costs of older equipment
are largely due to a higher probabihty of unexpected
breakdowm. The mpact of breakdowns vanes, de-
pendmyg upon conditions. For the mndividual firm, the
cost of breakdowns consists of the fixed cost of adled
cqupment and of the wages of died operators, Part
of the varuble costs are down dunng disruption of
production: in parncular, the comamprion of matenals
and power » reduced. So the cost of breakdowns tor
the mdividual inn s not wdentieal with the production
los dunng downtimes 42

In haghly Gptal-mtenmve production of the process
type or continuons production lines, a breakdown ar
one pomnt of the production line affects other stages,
and sometines the whole of the manutacturing pro-
ot Here the hiaved cost ot adled CgIPIeT W il he
rather hagh and will outwergh the cost o idled habour.
1 brcabdowny are trequem and Tave adverse effecs

oo M IPE poses s S, op it p My,

O et Mo fo Corepare Your Plants Mamienanae
Practnes pp 13 U s tootnoge ¥

[T

even on industries supplied by the atfhicted ndustry,
a temporal setback in cconomic growth may resule.
A developing country should, therefore, rorain trom
buying wed equipment of the above-mentoned knd
with a high probability of breakdowns. A sample
study of two Central American countnies demonstrates
very convincingly an awareness of the risks involved.
Among the firms that did not use second-hand cquip-
ment, about half did so in apprechension of production
losses - ther integrated planes.

The sitvation s different in mdustnies of fabricaton-
and-assembly tvpe ar benchwork type that use light
cquipment and are less capital-intensive, Here, the
breahdown of one machine affects the operaton at
other production stages only shghtly, or not at all.
The cost of breakdowns consists mostly of the wages of
wled operators, and these are low in developing coun-
tries. Under these conditions, a low-wage, capital-scarce
country conld stll find 1t a “bargam™ to buy sccond-
hand machmery even ot the machines were lable to
more trequent breakdowns,

The comsiderable advantage which developing coun-
tries may gam by using second-hand equipment in
mdustries of the second type can be illustrated - an
arthmetical example (table 4).

# Nprassnann, opoad. po 23
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- this example, vearly miterest and breahdown costs
ot a new versus g wsed machme ane compared i an
mdistrnlly advanced and g developing country
It asumed that cach breakdown mterrupts the
production tor exactly one dav. The wage-cost relation
between the two comtries s asumed 0 be $23:S2.
Av expected, the high cose of dled Libour makes the
utihzanion of the second-hand machine with jrs higher
trequency of breakdowns unattractive in the high-wage
cotmery despite the fow capieal cost of the used machiae
versus a new one. Bue the fow-wage comntry 15 able
to nake “net savings” cotalling $42 by preterring
asecond-hand machine to a new one (line R). In other
wor-Las fong as net mamtenance and repair cost of
the A machine is below ehis amount. 1tis cconomically
advantageom to choose a wsed machine insecad of a
new one, b the arithmetical example presented here,
the cost of cach repair may cven be ten times as high
as daily operating costs, 1.c. 820 per repair exceuted,
but the advantage of using an old machine instead of
A new one would sull be substntial: $342 - S160
$IN2

This extremely favourable result with regard to the
use of sccond-hand cquipment is duc to the asumed
high wage differentiabs between an industrially advanced
and a2 developmy comery. But even if a ngher daily
labour cost in the developing country is assumed, c.g.
SX mstead of 82, other things bemg equal. the case for
second-hand equipment would sull be impressive, The
amual mterest and breakdowwn cost of the new machine
(hne 7) would be $740: that of the wsed machine.,
$446. The “net savmgs™ on the used nachine (line 8)
would thus be $294. The used machine is preferable
to a new one as long as repair costs for cach breakdown
are less chan four ames che daily operating costs, i.c.
less than $32 per repair. The cost advantage afforded
bv the used machine would sill be: $294 — $256
S de should be noted that the price assumptions
in the example even understate somewhat the ads atage
of the used machme,

The effect of premarure obsolesconce

For & developing counery planning to import sccond-
hand cquipnient. the physical condition of this cquip-
ment i very important.  The physical condition s
primarily influenced by the factors that have caused
the generation of sccond-hand machinery, the most
important of which—besides mergers of firms and
hquidations of plants—are: (a) the switchover to a
larger scale of operations, caused by increased market
demand; and (b) modernization of plants and equip-
ment up to the point of automation, caused by a labour
shortage and high wages. In both cases, the cquipment
is replaced by technically improved machinery that
will suit the changed demand or factor-supply con-
ditions better than the old machines. Technical progress

has thus caused prematare obsoleseence i the mdye -
alized country of machmery that is actimally sull workeys
well, but che conditions n the country do Not perig

atcconomie wse of these machines, 4

The very factors that caused prematire obsolescence
of cquipment inan indintriahzed country make 1hese
nachines paraicularly suitable for 4 developmy country,
Smaller markets all for smaller outpins, and - pro-
duetion on a snualler seale mav be more cconomical
than underunlizaton of Large-scale capacition; and,
opomted  out before, the tactor-price relitions in
developing  countries suggest the e of nuchinery
needing more Libour than capital, both m operation
and inmaintenanee. Pramature technical oholeseence
(i mdustrialized countrics) will, theretore. give de-
veloping countries a special incentive, in addition to
the maintenance aspect, o acquire second-hand rather
than new cqupnient,

Special problems of maintenance andd of supplying spare parts
for second-hand ¢quiipment

As a United Nations group of experts on second-
hand machinery pointed out some years ago, “there
is o clear-cat difference in the magmitude and nature
of maintenance problems beeween new and second-
hand cquipment™ 46 Much depends. however, on the
existence or - absence of technological Improvements
of the equipment in use. Under the assuntptions made
m the section dealing wath the isolated effect of differences
m nuineenance costs, the nature of maintenance s the
same for new and used equipment, but the magnitude
of required work is greater for used cquipment. In
the case discussed in the section dealing swith the offect
of premature  obsolescence, che  magnitude of  the
mantenance work may be the same for old and new
cquipment, whereas the nature of this work is different.

ftis often assumed that the maintenance of equipment
of older design requires fewer skills than that of modern
machinery, whereas the skill  requirements for the
opcration of old machines are higher than for new
ones47 Bue there is no simple solution to this question:;
it may also be true that modern machines are casy
to service, with expendable unis in order to save on
highly paid, skilled maintenance workers, The situation
differs from industry to industry,

The special problems of maintaining sccond-hand
machinery are nuainly  practical  ones. Sometimes,

]

# Regarding che opumam replacement policy, . George
Tecborgh  (1949)  Dymamic Equipment  Policy, MeGraw -Hill,
New York: Vernon L Smith {(1961) Invesinent and Production,
Harvard University Press, Cambridge, Mass.; Ingrid and Per
Welin (1967) The impact of Technological Progress on the Economic
Life of Industrial  Equipmemt, Handelshogskolan i Gitebory,
Sknifter 1967 -2, Akademitirlager, Gisteborg,

¥ Report of Expen Group, para. 45 see foonote 37,

7 {id., para. 69,




maintenance manualy and sehednles or part catalogies
are missing, or cven blueprines ot a4 machie are not
avalable. Service arrmgements are generally not made
for a single machine, bin may he obtamable tor a
numbcer of integrated machuie units or complete plants,
In the latter case. management m- developing countries
has often shown reluctanee to rely on outside repair
services. Strassmann, for example, observed thar:

“Willingness to buy used CQUIPIIeNT W darerunined
largely by contidence i one’s own mamtenance and
repair abilitics. A metalworking plam can grind
bearing or shatt tor s own machines; an ch‘«'lric.\l
manufacturer is as good at rewirmg crcus tor Tos
own as at rewiring those for sale.” 43

The purchase of second-hand cquipment iv to be
recommended only if the supply of spare panis can be
secured. The dithculiies of getting spare parts should
not be overestimated. No doubt. spare parts are more
casily available for new machines than tor old ones.
particularly if they are supphed by the machine-
producing firm. However, machine manufacturers gen-
crally do produce spare parts for some years after
the particular type of machine has gone out of pro-
duction. When production of these spares is discontinued
as well, manufacturers are apt to hold a certain stock
for some years more. It has been reported that some
manufacturers of textile machinery continue to make
sparc parts for machines they produced forty vears
ago.® The time will come. however, when dhie avail-
ability of spares will be a real problem-—when stocks
arc depleted or when the manufacturer of the machinery
is no longer in business. Missing catalogues or blue-
prints needed to identify the spare part exaety will add
to the ditheultics.

Before deciding to import second-hand machinery,
a country would do well to explore the availability
of sparc parts thoroughly, including possibilities for
producing spare parts in local machine shops. Fre-
quently, sccond=hand machines are less complicated
than newer models, are made from simpler materials
and have parts of less sophisticated design. hn this case,
the local production of spares in developing countries
(of type 2) should not cncounter insurmountable
dithiculties, provided the necessary steps are taken in
time. Local production of sparc parts tor very com-
plicated modern machinery s likely to be extremely
dithcult.

The choice of second-hand  cquipment over new
cquipment combines several advantages: saving in
forcign exchange because the price of used machines i
substantially lower than that of new equipment: more
labour-intensive production and maintenance and henee
lower production cost; and inducement of local pro-

A Serassinm, op.at, po 243
W Report of the Expert Group, para, 48 see fooruote 37.
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duction of spare parts. which means addmy a supply
of libhour-intensive spare parts o Labonr-mtensive
production,

AVAILABIITY OF SPARE PARIS
The importance of a regular cupply of sparc parts

Avalabiliey of spare parts voan meegral part of
good mamtenance pohey. b developmyg countries the
Lack of spares 1s ofien one of the nostsenous botelenecks
to ummterrupted  production. The supply of spare
parts, therctore, deserves the greatest attention of
policy-makers.

I a maxed cconomy, the mdividual iirm s not able
to follow & good sparc parts pohiey without the co-
operation of the public authorines. Problems of priority
allocation anise between public and private enterprises
it spare parts are generally scarce or not casily obtainable.
The public .\uthnnt\ MAY CXCICIC 188 imtluence on the
allocation of spare parts through import licensing,
forcign exchange control, multiple exchange rates cte.

Stockpiling 1s essential. There should be no question
todav regarding the general importance of keeping
adequate stocks of spares, although time and again
experts report a lack of recognition of this fact, especially
during the first phase of new industrial ventures.$0
Failure to stockpile always has a detrimental effect on
production.

One soluton recommended s that individual enter-
prises keep large stocks of parts, in particular when poor
transport facilitics, rigid forcign exchange  controls,
and unforescen circumstances impede their quick supply.
Othier solutions proposed are to establish central stocks
of sparc parts at the nanonal, regional and branch levels
and to undertake their domestic production. The
advantages and shortcomings of these proposals will be
considered in the following sections.

Decentralized large stocks of spare parts at the individval plat

The advantage of maintaining large stocks of spare
parts at the plant level is that spares are quickly and
casily available when needed. Downtimes of equipment
can be kept as shore as possible. This is especially im-
portant in heavy process type production or continuous
lines, where the cconomic penalty for any stoppage of
operations is highest. The most serious disadvantage of
decentralized large stocks is that considerable amounts
of capital arc ticd up. Many tirms tend mitially to
keep spare parts inventories at a very low level, but
after bad experiences they fall mto the other extrene
of hoarding whatever spare parts they are able to get.

50 See, for example, Anon. {(1962) “Solveen Report on
Rourkela Steel Plan™, The Lastern Loononst, Vol 34, No, 7,
Augunt 17, pp. 304, 307, "Some Problems of tndustrial Manage-
mem Reported by Technical Assistanee Experts™, pp. 55 56,
Industrialization and Productivity Bullctin No. 2.




Firms e developmg countries heep wrearer stocks of
parts than s costomary and necessary m smmlar -
dintries - developed countries tor several reasons !

faj  Speatic dinune condinons 1 many developmy

countnies cnnse parts o detentorate: that asally
do ot deteriorate m countries m temperate
zones. Wrong treatment and overloading ot
machines by madeguately wamed operators and
mcompetent mamtenance  both more frequent
m developing than in developed comtries  alo
contribute to hngher degrees of detertoration.

(hj The poor commmicatons and  distribntion
systems i many developing comntries make 1t
often imposible to place emergency orders for
spare parts and have them delivered quickly,
It parts have to be ordered from abroad. the
customs clearing retards delivery substantually ;
delavs of ten days and more are not umsnal,

(¢} The import licensing and * foreign  cxchange
controls practised in most developing countries
cane many firms to stock more spares than
they need. Uncertainey with respect to futare
quotas makes it appear safer to tke full advantage
of import opportunitics when they are offered
rather than to wust o future allocation of
import licences or foreign exchange when spares
are needed. Under import control systems,
anticipated  replacement needs, as reflected i
importlicence applications, tend o be over-
stated. Fear of sudden changes in import re-
gulanons (c.g. introduction of new  controls,
higher import duties cte.) also accouns for
excessive stockkeeping, It may be pointed ot
that it is the cconomie system rather than the
deficiencies of management that leads here to
the wasteful use of scarce capital resources.

When manufacturing processes require the prompr

availabibty of sparc parts, the system of decentralized
stockkeeping of spares has many advantages over other
systems. If this system is chosen, it is necessary, howcever,
to do cverything to realize optimum stocking levels,
that is to say:

fa)  Operators and maintenance workers shonld be
well trained to work with the cquipment o
that breakdowns will be minimized.

{b) Communications and distribution sy-rems for
sparc parts should be improved. Mucl: could be
ganed by faciliaung  and acceleranmg  the
customs clearing of imported spares,

1 The Indian Nanonal Council of Apphed Econonne Re-
scarch has estimated thar in a large number of industrics sparc
parts constitute almost 15 per cemt of the 1otal inventories,
which is consdered a rather high propormtion. See National
Council of Applied Eronomic Research (1967) Muintenance
bnports, New Delhy, p. 74,

{

) Connoly of ypares unports should bocom,e 1
arbirary and shonbd be frecd from [RETTERRE
adhmmstratn e procedures,

The coablishine and ke P of ceutral ocks of Jure pane
at i saronal, vegional, and braucls keveds

Los caprtal sl be ved wp o stochkeepmy o \pare
parts s centrahzed. The higher the Tevel of centrabizaton,

the snaller the mventonies needed for every hied of

spares because o kind of “imsiranee principle™ comes
mto ceet. Frong this pomn of view, the lughest degree
of centralization, e, centr stochkeepig an the mational
fevel, would be most preterable. Other winpents m
favour of centrahamyg stocks are:

(o) A central ageney hay beter infornation o
posible supplicrs of spare parts both at howme
and abroad,

(thy Orders for the domestic tabrication of spare
parts can be pooled and producton thus be
ratonalized.

fc) Spare parts tor older modeh no longer produced
are better dentitied ; central stockkeepmg makes
them more readily available,

(d)  Admmistration of import licences aud customs
cearmg 1s facthrated and aceckerated.

The smooth fanctoning of central stockkeeping,
however. depends on several conditions that must be
met in order to avoid damages 1o the ceonomy that
would be more serious than any powible gams:

fa)  The communications svwiem must funcuon well
and permit the prompt placement of orders.

(b) Management of the contral stocks must be of
a hugh professional standard. Accurate book-
keepmg and mventory control should be 4
matter of course. Morcover, those in charge of
planning the mventonies and  purchasmg  the
parts must be qualihied techmcians, familiar
with the technologies m the vanous industrics.

f¢)  Sutheient facihties for rapid transportation of
ordered parts must cxist both from the supplicrs
of these parts o the central stock and from
there to the mannfactarers who demand them,
and these facihties must be avatlable irrespective
of monsoons, droughts, .nd  other seasonal
disturbances.

Most ot these conditions are far trom bemg mict in
most developing countries. Thor communicanons and
transport systems have bottdenccks of various kinds,
Besides, the distances withm many developmg countrics
are cnormous by Eoropean standards. Yet, the most
crucial pomt seems to be that such o central agency
must master the admmistranve tsk of securmg the
supply for so many and different firms. Even m o
country with a small mdustrial sector the centralization
of stocks requures Inghly sophsticated  management.

The best way to rum a contral ageney for spare
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parts ctliciently may be as o commercial eneerprise,
c.g. as purcha.\ing and storing CO=OPCLILIVE OF agency.
The mdividual firms st have confidence in - this
agency as a prompt sapplicr. In turn, the agency can
provide this quick supply only it it has sccured access
to spare parts. whether through imports or local pro-
duction. The mam role of the central ageney would
be to ratiomlize the storage of spare parts, and thus
save scarce capital.

It conceived as a public authority and endowed with
the power to control and approve the orders of in-
dividual firms for sparc parts, the central agency would
be in danger of turning into a super-burcaucratic
nstitution. an obstacle rather than a promoter of
cconomic imvestment. maintenance and replacement of
capital. The cxperience of European countries with
rationing and controlled supply during the Second
World War and the carly post-war years may be worth
considering. The experience of a large steel mill of
the public sector m a rather advanced developing
country nay also illustrate this point:

“The handling of the orders placed by the individual

plants with the purchasing department in respect to

urgently required spare parts and accessories threatens
scriowly  the production  operations. In some  cases
urgent requisitions of the planes were not forwarded by
offices which are not in 4 position o judge the necessity
or argeney of the purchases. Repeated requests of the
planes were unsnccesstul. ‘52

The dithculues ar the level of a national central agency
tor sparc part supply would multiply compared with
those arising at the level of a single firm,

From the preceding discussion it appears that central
stocking of spare parts at the natonal level s likely to
be ranonal only in a very small counery with a fairly
well-developed communications and transport system
serving an industry not too diversitied. Even then,
complete centralization should not be aimed at. In-
expensive parts that are needed trequentdy are beteer
stored at the individual plant as are the important
spares for continnous production. The central agency
would assume the role of a “wholesaler™. 4 general
purchasing ageueys it could be rum privately or by a
public anthority, whichever would be more appropriate
within the context of the cconomy. ttshould, however,
be rim on a commercial basis.

In all other cases the odds seem to be more m favour
of a moditicd solution: to establish central stocks of
sparc parts at the regional level. This solution would
be similar to coneral stocking at the natiomal level in
a small country. The distances between the various
tirms and the regional stock of spare parts are shorter,
transport problems are reduced, the dithiculties for
management decrease. The disadvantages of stocking

" Salveen Report on Rourkelr Steel Plant”, p. 3043 sec
lootote 50

|

spare parts at the national level will also be tound here.
Generally speaking, central stocks of spares at the regional
level are a reasonable compromise between casy avail-
ability of sparce parts and the tying up of as lieele capital
as possible.

One problem that may be better solved at the nanonal
than at the regional level is dhe allocanon of orders for
domestic spare parts production. It preference is given
to machie shops within the region (to avoid extra
communications and transport problems),  capacitics
become unevenly utilized between the different regions,
unless machine shops are also evenly distributed.

Central stocks of spares at the branch level can be
established for the country as 2 whole or regionaliy.
Unless the developing country is small, centralization
at the national level will bring ic hardly any advantages
for the reasons that were mentioned before, Splitting
up regional stocks of spare parts into independent
stockkeeping umits according to the various industrial
branches may be cconomie provided that the pre-
conditions of good communications and transport are
met.

Stocks of specialized spares for individual branches
may reduce the technical and administrative work
required when large gencral stocks are kept for all
industries. But certain disadvantages should not be
overlooked. If an industry is not regionally concentrated,
the choice would be cither to keep fewer stocks- -this
would rationalize the storage problem but create pro-
blems of transport and communications-——or to kee
a larger number of stocks within good reach of all
tirms but at the possible sacrifice of capital savings in
storage. Regional stocks of spare parts at the branch
level would be favourable if indu.tries are regionally
concentrated; they would be very cconomic if one
kind of industry is concentrated in one region and
aaoher kind in another region.

Possibilities for import substitntion of spare parts

Ina developimg country of type 1, all equipment has
to be imported. and the spare parts as well. This may
continue for a rather long period. It is the normal
situation even in the carlier stages of industrialization
ofa developing country of type 2.5 Domestic machinery
production is usually begun n the later stages of develop-
ment. n many developing countrics as well as in the
now industrialized countrics, the local production of
machinery evolved from repair shops.

In developing countries of type 2, which alrcady
have machme building and engincering industries of
their own, the spares tor domestically manufactured

% In India, for example, almost all the machinery and equip-
ment needed for industrial development during the first planning
period (1950/1951—1955/1956) was inported. Sce Government
ot India, Planning Commission (1966) Fourth Five-Year Plan,
A Draft Owline, p. 264,
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cqupment can be, and are, produced by domestic
numufacturers. Most spare parts for imported cquip-
ment—cither new  or  second-hand —are imported,
though. It is true that big business firms often produce
the parts they need in their own workshops and,
occasionally. spares for imported machines are orderc

from local machine or repair shops, but this is not a

general rule, The following are some of the reasons

why these countries defer domestic production of sparcs
and import cquipinent:

fa) Local facilitics may not permit the production
of technically complicated or high-precision
items,

(b) Imported paits are produced on a large scale
and are offered at comparatively low prices
that leave few possibilities for domestic sub-
stitution at competitive prices,

(c) Inducement for the local production of spare
parts may be lacking because the import of
sparcs is not restricted or because the national
currency is overvalued. The impore of sparc
parts may have developed during a period of
liberal import policiesS$ and its continuation
may reflect inertia. More importantly, it may
be the cheapest way to obtain spares if the
currency of the developing country is con-
siderably overvalued in relation to hard cur-
rencics. Even if there is a local machinery in-
dustry, it will not be able to compete with a
forcign supply that is artiticially cheapened by
unrealistic exchange rates.

(d) Customers often prefer imported sparcs to their
domestic substitutes because they think that the
quality of the locally produced items will be
inferior. The inferiority of substitutes need not
be duc to incompetent or less carcful work of
the local machine shops, but may be due to
poor quality of the available raw materials,
e.g. steel.

(¢} When an acute shortage of raw materials exists,
it can be as lengthy—or as costly—to have
spare parts produced locally as to get their
import licensed.

(f) Somectimes, especially if the machine shops are
of small scale and are widely scateered, lack of
information on the demand for spares 1aay keep
produccrs from undertaking import-substituting
production. This lack of information, in turn,
may reflect neglect of the spare parts problem
on the part of the public authorities,

{¢) Drawings and designs may not be obtainable
from forcign producers, or patent rights may
preclude reproduction.

In the first two instances cited above (a) and (b), the

54 Muintenance Imports, p. 73, sec footnote 51.

(lcvclnping country docs not vet have a comparatv,
cost .nlv‘ml.ngc.

It would be a very costly poliey for
4 country to foree import-substituting production o
spare parts in such cases, Tlhis policy would compel o
country to mmpose high impore duties and initiare
other masures that may be dithicalt to enforce. with
- outcom: that might be far from desirable. T all
other instances a developing country may ~but does
not have wo-have comparative advantage m the
domestic production of spares. Betore local production
s encouraged, the cost situation must he annalyse d
thoroughly. It is of equal importance to identify nd
to remove obstacles thae impair the realization of
comparative cost advintages,

A realistic exchange raee policy  discontinumy the
over-valuation of the domestic currency (cf. {c) above)
could bring about truc comparative advantages in
spare parts production, especially it production can
be male fabour-intensive. The supply of raw matcrials
for sparcs (cf. (d) and (¢) abovc) is a crucial point. The
improvement of the quality of raw materials would
require changes in preconditions, the stily of which
goes beyond the scope of this article. One of them,
however, is better maintenance and repair,. When a
shortage of raw materials has prompted a system of
quota allocation, discrimination against producers of
spare parts should be avoidedd.

There are varions methods of disscminating informa-
tion on the local market for spare parts (cf. (f) abowc),
The function of collector and eransmiteer of information
could be assumed by public authoritics, protessional
organizations (c.g. cmployers’ associations). or by a
spares stocking agency at the regional or branch level,
The agency would be particularly suited to be a
“clearing-house™ for potential purchasers and manu-
facturers of pares. If agreements on patent rights, designs
and drawings have to be obtained from forcign owners,
(cf. {¢) above) the sparc parts agency or a professional
organization may take the initiative here, too. The
necessary negotiations may be conducted under the
sponsorship of intcrnational organizations.

Tue ESTABLISMING QF SPECIALIZED REPAIR AND MAIN-
TENANCE SHOPS IN THE CONTEXT OF INDESTRIAL ESTATES

Mcdiuvm-sized and small tirms face particular dJiffi-
cultics in maintenance and repair, They are often too
small to make the hiring of full-time specialists for
maintenance and repair cconomic. Further, the repair
shop of a firm has to be supplicd with a certain minimum
of machines and tools; these cannot be adequately
utilized in a small enterprise. The small fiems, theretore,
have to rely generally on outside contractors. who
are not casily found in developing conntrics. # main-
tenance is assigned to the firm'’s own employees who
have not wndergone appropriate tratning, the  per-
formance will most likely not be of the desirable quality.
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The mamtenance problom ot anal-scakc and medim-
stzed mdintries conld be solvad to ahe best advantag
by ostablshimg nearby specrabized reparr and man-
tenance shops. Phe creation of such repar shops may
be promoted by e Government or by specnal
pubhc agency. or they v be establishicd throngs
jomt action ot the wdintriingy themselves, posably
on a co-operative hasis. Sometimes. when severad tirms
pool thar dend tor mamtenance and TOPMT SCPV IS
and henee comntute a regedar cientele. private mdineny
may be mduced to set up repar shops. I the carlier
stages of ecconome  devedopment, however, repai
services shonld be regarded as promotional rather than
commercial; moal steps tor thar provision shonld
be taken by public authorities, This would be promotion
ot small-scale mdustries ma donble way: repair shops
are not only essentual for the working of other sinall
firms, but they wie who themselves o typical small-
scale actvity,

A precondition tor settmg up specialized repair
shops s 2 certan regional concentration o tirms
demunding these services. The condition is particnlarly
well met in industrial estates. Industrial  estates have
been founded, within the last decade, in almost all

developing comntries, with the general porpose of

promoting small-scale mdustrics. Industrial estates have
heen defined as 3 planned chustering of  industrial
enterprises. offering developed sites, pre-built factory
accommodation and provision of services and facilities
to the ocenpants™. 5 Whereas in industriahzed countrics
only general services, such as power, water, sewerage,
roads and ratdroads, are wsmally provided. the services
and facilities offered m developing countries are broader.
The special services, which differ from  country to
country or cven from estate to estate, inclnde traming
tacthivies, technical counselling, marketing assistance,
toolroons and machime shops. In some  countrics.
maimterance and repair shops have alrcady been added
to this programme ot subsidizing small-scale industries.

Industrial estates must be large enough 1o gaarantee
that the cquipment mstalled in the repair shops will be
wsedd to capacity. When the shops are being planned,
the number of firms ontside the mdustrial estate proper
that may share in the services of these shops may be
taken mto consideration. but speaal alfowance must
be made tor the regronal tactor: longer distances impair
tast serviemg, The transport conditions - developing
countiies make this factor more restrictive than it
wontld be developed cconones,

Repar shops i industrial estates may he estabhished
m counexion with regromal stocks of spare pares. It
would permit the production of some ot the spares
wmthe repar shops, orat they exnt, in the mackine

S Unoed Natons (19063 Indusinad Patares Policics, Plans
and Progrss, 4 Comperatic e Amalpas of Iutcoational VCHE NG
P4 Sales Nocs oo 1B, o),
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shops of the estate: Repae shops may abso be nsed
traming centres. wWhere employees ot the customer
trms can be traned i routme unaintenance work o
that specrahized cratsmen at the repar shops will he
tree tor the more complicared mamtenanee 1obs, check-
aps and repairs

Most ot the mdistrial estates that are promoted
devdopmg countrnes are non=specabized.  general-
purpose estates acconmadating Al categories ot small-
sale mdistries. Seeviemyg of tirmsy belonging to
variety of branches makes laglier demands on the skills
of the cratesmen and o the equipment of the shop,
specialists e variows fickds and a4 vanety of machines
and tools are uceded. On the other hand. better utiliza-
tiom of capacity may be gmaranteed by a mulu-brancls
chentele. Electric motors, tor mstance, are wed
almost cvery indmtry, In single-trade estates, which
provide accommodavon only to tirms belongmg o
the same trade. repaie shops can be smaller. The shops
could be connected  advantageousty  with  regional
stocks of spare parts at the branch level

1f well equipped and manned, maintenance and reparr
shops that arc already operating in industrial eseates
may provide good opportinities for on-the-job training
of crafesmen who may later find work i newly ov-
tablished estatcs,

(QUANI'I'I’ATIVI’ ASPECTS OF MAINTUNANCE AND RFPAIR

The mdividual hrm facing an mvestment decision
and the poblic authorities engaged m national cconomic
planning need to have estimates on present and future
mamtenance  requirements:  the toul cost. umport
content, and the manpower needed. In this section.
mamtenance and repair costs moan induostrialized
country arc analysed on the basis of the staustics avail-
able. Somc of the findings are used to estimate present
ad firture needs for maintenance and repair i develop-
HIZ Countries.

Maintenance and vepar i industrialized commries 1781
The cost of mamtenance and repair in manfactures

Surprismgly, very liethe statistical mfarmation exists
on mamtenance and repair activities in the manu-
facturing mdustry of developed countries. Only one
comprchensive report has been published by the
United States Burcau of the Cenas ay part of the
958 Census of Manufactures, The data on maintenance
ad reparr cost together with other data on selected
costs and asset values, were collected i a special sample
survey. The mvestigation covers the vear 1957; neither
w the halt century before nor in the decade atter ths
date have mamtenance and repare costs been meluded
i the Censun of Manutactures.

The results of this survey are reprodiced m table 3,
The data show that, m 1957, 89 billton was spent 1n
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Fxpenditures tor wais 1, ey

Carons pook and repar on dnsture

ratue of erounds and «gripmat Vantoion, dan ?""}"”‘ ’” .
Indiss . group f{;ﬁ\fﬁ{:};\ﬁﬁ? '8 urllron ) g ".‘ii", Jffl‘fﬁ?’fff"' AT
D ’19;* , Notbarte s and CMBet o il s gris bood 1l ,,f":‘m’d Hi:iyyi'ij“!
18 mrllion Lotal  wages pad 10 I AR ARE
n ciployi and v o
All mdustries .. 161,489 G 430 4472 N w0
bood. . ... 11,731 TR 37 42 - $
Tobacco. 40 24 " 1 t #
Texvile ... 4,984 134 14 20 ) 2
Apparel . o 16 o 41 3% i H
Lumber . . 2917 ) 11 18] 1 *®
Fuemiture 1,041 6R 12 W - B
Pulp, paper 7,165 S14 2w rs - #
Pruemg . 3,647 172 ™ 94 5 15
Chemicals . . 13,108 YH) 54 451 - P
Pewroleomy, coal 7.49% St 26\ 2 6 33
Rubber . . 1,782 149 R M ] 3}
Leather . . 7 33 2 12 12 2
Sone, glass . 5,143 O 174 i » B
Primaey metals . 17,329 200 1,064 G 12 31
Fabricated metal . 5,713 450 AT ] 2in R 32
Machinery ... 9,421 624 k2. o v 32
Electric machinery 4,009 ) %6 174 9 52
Transport cquipment . 9,33 r. ) W 423 ' 37
svumentss 1,263 9 5 4 % 53
Ma cellancows 1,987 1RN 9% u 9 At

Sovecs: United States Burcay of vhe ¢ ctisas (1961 U8 Conan of Manutacture. [958, Simary Siuitic US Caoverniment Prinsmy
Othee, Washington, D (|, Vol I, PP-9 Rand 9 9 Percomtages: own COmpUtith

Not: Dretaths and percentages do not pecesarty add up 1o totals because of the wse of rownd tigures

the United States for mamtenance
structures, grounds, and equipment of all operating
manvfacturme stablishments. This wum iy rather
remarkable. o the same year. expemditures of the
manufacturing mdustry for new plant and cquipment
totalled $12 1'uon of which expenditures for new
machinery and cquipment came o $8 bithon, a sum
that is lower than the total spenit on mamtenance and
repair, '

The cotays fiv manttenance and repair avetage
8 per cent of cie gross book value of the fixed asscrs
(that n, the actual cost of the assets at the tinw of the
purchase, including ramsport and istallation coses)
The daa for che individual ndustey groups show a

very even and marrow distribution around this iark

of the value of their tixed assets for maintenance md
reparr, for 12 out of thes 16, the porcentages tange
from 7 t0 Y.

Total masntenance and repar expenchitn. - broken
down o “salaries and wages pard to own cmployee”
and “other matntcnance and epatr costs’ O tle
average, within all wanufacturing industers of the
United States. halt the $9 bithon spent on ianstenan.
and repatr went for salanes and wages patd o own
employees. Again the data for the different ndustry
groups show only small devianons from thi averapy
15 out of 20 mdustry groups spent between 45 andd
58 per cent. Onee more the median proves to be cyual
to the average. There v no corrclanon betwoen the
deviatony from the average obaerved here and e

and repair on

of 8 per cent (which i abso the median): 16 out of
20 mdustry gronps spent between 6 and 10 per cont

 Uned States Burcau of  the Coensus (1989 Spannal
gt of the 1imited States: 1959 Washigton, 11 ihle
feiy P T

deviations from the average of ol « spenditare fies

The socalled “other mantenance andd FOPAE oty
mclude mareraby and supplion: wsed for mamtenam .
and repar scovites as well s mamtcnanee and repait
wrvices porchased trom other companies. Thn the
breakdown does not distmgush borween Labonr 1ot




and cost of wateridd of tord mantenance and repan
Fis not reported whneh part of the “other costs™ s
spent for outside sarvices that e on the salaries and
wages of crplovees of other i Il probabiliey,
this share vanes between difforent mdustiy gronps
Not only tedacal reasons bat abo the cost aspoecr will
mfluence the ¢ penditine pattern. Owang 1o ccononnes
of scale. mamtenance and repar work non be pertormed
more cheaph by outade spectalises than byowa
emplovees, There has heen o vagne andicanon arad
by Morrow that oxpenditure on mamtenanee mu-
teriabs. cquipment, and supphos makes up W porcent
of the amount paid for mamtenance wages and salares *7
This implies a rchwonbip betveen labour cost and
cost of material i the ovder of 33 t0 47 por cont, Modorn
Manmfactrig, an Ameran roview mam'y concerned
with management and mamtenance problems, mses tor
its Muintenanee Cost Index the relation of 80 per cont
fabour to 40 per cent materiabs outhays. This breakdown
seems to be realistic, and s used m the later com-
putations.**

Several conclusions may be drawn from the statistics
of table § that arc relevant to the prosent study.

The average manufucturing firm m the Umted
States spends about 8 per cent per annumn of the gross
book value of its fixed assets on mamtenance and repair,
Since the differont mdustry groups show very hnde
deviations trom the average m s one vear for which
figures are avalable, nocan be asumed that tor the
total manufachinng wdustry the percontage will wot
vary greatly over nme ather. Thus o pereentage from
7 to 9 por cont hould be representative tor a nnmber
of years around 1957,

About 50 per cont of mamtenance and repair vuthive
consists of wages and salanes pad o own emplovee
of the manufacnnng otablshment. Aga, there
very lietde deviation from this average w the vanous
industry groups, so nt can be regarded as 2 typical
percentage over some time, oo Fhe share of total
fabour cost in mamtenance and repar expenditure
will be around 60 per cont

Since the aggrepate “United States o mutactunng
ind stry” covers an oxeeptronalty wide ronge of es-
tabtishments, t can be asnmed thar the ool capstal
stock recorded ou 3 Decemiber 1937 was composed
of phont and vochinary of every age (e only exception
bein, . cqueoment usmg very recently developed tech-
mgues) ¢ sav that ©sam of about X per oot of the
total gross book value i spent moone vear o mam-
tenance and repair of all fined e ot cvery age
the same as to vy that over the whole Ticoume of cvery

14 Momow s dooodmtnae o Lo
Mant Mancosing mid F oo ey 7900 1955 Phaa Marden o,
Show, fno Now York. p

ST CMatmbetiainee ©oos Indon Betocsdod o gl 1T
Modors Mavownooce boboags 19700 1 %
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Ut ob cquIpinent an average vearly expenditare ot
approvimately S por cent o ats purcline price s nuade.
Becanse obf the uncernamties anvalved, o margm ot
at least
s that 4 percontage vange of
be realistic,

tt should be cmphasad e this v oan averare that
i trie only tor the oul maoabctanne mdusiey, The
dividal industry groups will show deviions from

hioper cem Jioutd be allowed here, oo,
To U oper cent waould

this average: the devianons will be creater the more
the stastical totl wospli up. Thie percentaze should
not he regarded asan averaze thas s apphicable tor the
mdivdual wachme, s cven fe s trae that tis average
amount » to be spent every vear mthe counse of the
htctime of a machine; the expenses wall be lower tor
new preces of cquipment and dhien morease wath s age.

It the average annual expenditure tor mamtenance
and repair s multiphed b the average lifenme of
fixed assets. the average total cost of inamtenance and
repair meurrcd durmy the hiferme of plant and equip-
ment s obtuned,

The concept of average service Lite ot all tixed assets
is rather artificial. There are grear differences i the
ceonomic fves of capital goods. not only  between
buddmes and machmes, but ahko between different
kinds of machmery, Estmaes of the average serviee
hte of capral goods it avalable at all- vary sub-
stantiallv,  Nevertheless, the concept s useful  for
obtammg a global figu-e that mdicates the order of
magnitades nvolved. it tor cample. an overage
hteume of 18 veaars n assned. a fguve that can be
comsidered  conservative. ™ then a total amount cqu-
valent 1o 120 per cent of the purchase price of the
fined assets has to be spent on mamtenance and repair
dunng thie peniad. I other words: every dollar -
vested i manufactures entals on average at least
another dollar m expenses for mamtenance and repair.

Salaries and wages of mainfenance employees

table 6 illustrates another aspect of the cost of
mamtenance and repatr. The amount of salaries and
wages pard to own employecs occupied in mantenance
and repair i compared with the total payroll and
with the sum of production workers’ wages.

On average, 6 per cent of the payroll costs in manu-
factures 15 spent on maintenance and repatr activities.
A somewhat hagher percentage roults if maintenance
workers wages are related to production workers’
wages only, for the total manufactuning ndustey 5t
s 9 per cent.

Here in both rolations, the mdividual mduostry groups
show preater devianons trom the average than m

v Vacdas MNessera (9700 Ustudy on Renewal, Repair and
Mantonane’ | Indstriah satton aned  Prodwoioiy Bulletin No.o 16
fsados N T BV
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SALARIES AND WAGES PAID 10 OWN MAINTENANCE AND REP

Al WORKERS IN US MANCFACTURING INIH SHRY 1N JUST

Wages of production workers

Total Im!ym.’l

Industry gronp
ATy Qrony (S mirlhon i

payroll
Albindustries . ... 76,379 0y
Food ... R, 7.143 39
Tobacco. ... . .. 284 85
Textbe .. .. . 3,183 83
Apparel . 3,064 74
Lomber .. 2. 1o 82
Furniture . . . . 1,432 73
Pulp, paper .. 2,734 74
Priveing . ... 4,3 57
Chemicals ... . 4090 57
Petroleum, coal ... . 1,150 67
Rubber.... .. .. .. ; 1,310 73
Leather ... . . .. 1,157 Bl
Seone, glass . ... 2,354 77
Primary metal .. ... | 7,019 7
Fabricated metal ... 5,343 71
Machineey ... . 49,1950 67
Electrical machinery . 5,133 64
Transport equipmens . . 10,486 68
lastroments ... 1,51 61
Miscellaeous ... 2,826 63

Percentage share in total

Salwivs and wages of ram-
tenmance and vepair workers

Dercentage share
total payroll

b opercentage o the sion o
production workers g

—
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Sovrce: US Bureau of the Census (1961) Us Cengis of Manufactures . 1958, Sunmary Siatistics. US Government Printing O,
Washington, 1.C Vol [, pp. 9% and 9—9; US Bureau of the Census (1939 Staristical Absteact of the Unitec Stares - (959, Washinuon,

D.C table Noo 1054, pp. TR2E Percentages: own Computation,

table 5. The actnal values range from 1 to 23 per cent
tor the share of maintenance workers’ wag:s in total
payroll, and from 2 to 34 per cent if maintenance
workers' wages are related to production workery
wages. The highest percentages are shown by the
indusery  groups  “petroleum and  coal  producr”,
“primary metal idnstries”, “chemicals and products”,
and “pulp, paper and paper products”. All of them
are highly capital-intensive industries. O the other
hand, in the industry groups with the lowest percentage
of mamtenance workers’ wages - total payroll and
in_ pro duction workers” wages—"apparel and related
products” and “leather and leather products™  the
capital iteraey i very Jow. This suggests that the
share of wamtenance workers” wages in total pavroll
s related o the degree of capital inensity.

Table 7 exammes s relaonship more closely.
Here, the cpitalflabour ranos of the individual mndusiry
groups (that is, the ranos of fived assets to tonal payroll)
are compared with the share of maintenance workers'
wages in total payroll. the mdustries are grouped in
order of ther capital/labonr ratio. Figure 115 a graphical
pres ntation of chis table. There proves to be a strong

positive correlation between these two sets of valnes.80

It can therefore be concluded that the share of miain-
tenance workers” wages in the ol pavrolt of dhe
United States mannfacturing mdintry varies with the
ratio of the gross book value of fixed assets 1o tonal
payroll. Since the corrclanon of the respective values
tor 1957 proves to be very strong, there 1s good reason
to assume that it will abso be strong m other years, and
perhaps indicates a general regutaniey !

The number of maintcnance and repair emplayees

Table & presents an estimate of the number of mam-
tenance and reparr workero i the Umited States nvann-
tcturmyg mdastry. The canmae is based on the dana
on mamtenance and repair cont e on the mnmber
ot cmployees in the mannfactunnye mdusry m 1957,

s Amalogous results are obnme ot mrcad o the gl
Labour rato wed i table 7, the ratie of fived cscts o nsmber
ot complovees Caapital per emploves s uscd b both e
are apphed onlv toproduscuon worker . not tooall employees
Onlv one mdustoy group, “Pronary metad mdosnes”™ . does
not htnto this carchimon The date avalable do ot presan

cioigh chues o explim this deviation

81 Secalso Newera op on




Table 7
CArtrat /LABGUR RATIO AND SHARE OF MAINTINANCT WORKERS WAGES 1N TOYAL PAYROI N US
MANUFACTURING INDUSTRY IN 1957

Industry group

}alne
Perrolenm, coal ..o oo 6.0
Chemicals ... ... ... .. KX}
Pulp, paper .. .. .. 262
Primary metal ... ... L 247
Stone, ghass ... 2.19
Food..... ... ... .. .. ... 164
Textifes ... 1.57
Ail industrics, average. .. ... ... 1.45
Tobacco..... ... 1.41
Lumber . ............. 1.38
Rubber . ... L 1.36
Fabricated metal .. ... ... 1.06
Machinery .................. 1.04
Transportation cquipment ... .. (1.89
Printing .. ... . ...l 0.86
Electrical machinery ... ... .. (.80
Instruments. .. ............... U.80
Forniture ..., 073
Miscellancous .. ... ... 0.70
Leather.............. .. ... . 0401
Apparel ........... ... 0.27

Capital/Ltbour ratiod

Share of mtintenance workers’
arages in toral payroll

Ranking Per cont Runking
1 23 1
2 11 3
3 Y9 4
4 15 2
5 7 5
O 5 7
7 5 B

6

8 4 11

9 5 9
10 6 6
H 4 12
12 4 13
13 5 10
14 2 17
15 4 14
: 3 15
17 2 18
8 3 16
19 2 19
2 1 20

Sourcr: Own computation {rom data presented in tables 5 and 6.

3 Ratio of gross book value of fixed asscts to total pavroll,

The number of cmployees occupicd in m-plant
maintenance was caleulated by dividing the sum of
the salaries and wages paid to maintenance workers
(as given in table 5) by the average wage of these
workers. However, on the basis of the statistics ob-
tainable, the average wage of maintenance and repair
workers cannot be computed exactly. The statistical
sources permit only calculation of the average carnings
of all employees. of production workers, and of all
non-production employees. The average wage of pro-
duction workers m every industry group proves o
be lower than the general average wage, the average
carnings of non-production workers and employees
being above the general average.

Several consuderations that cannot be further ex-
pounded m this study lead to the assumption of a
maintenance workers” wage below the non-production
workers” wage but above the producnon workers'
wage, the uen-production and the producaion workers’
wages bemy the upper and fower humt. The vatues
computed for the number of maintenance workers
are therefore marging determined by these Hmies,

The resubts of the computation are listed in column 3
of wble & The minmmum Hgure is 722,000 and the

b

maximum  figure 1,109,000 cmployces  occupied
maintenance and repair activitics in the United States
manufacturing indusery in 1957, This corresponds to
4 to 7 per cent of the total working force in the many-
facturing industry (column 4). Again, the highest, or
respectively the lowest, percentages are shown by the
same industry groups as in table 0.2

These results obtained from the statistical survey
of 1957 are surprisingly in line with an carlier survey
and with the latest figures available.

According to data for 1935 that cover a “cross-
section of plants engaged in manufacturing  many
kinds of products”, the average proportion of main-
tenance to total plant cmployees was 6 per cent, the
proportion actually varying between 4 and 10 per
cent® Exact comparison between these data and those

2 This is pot surprising, since simple arithmetic proves tha
the values histed in column 4 of table 8 are only margins around
the figures listed i columa 3 of 1able 6,

& L C. Morrow  (1933) “Mamtenance Organization and
Management”, Factory Management and Maintenance, Vol. 93,
Nr. 12, December Supplement: Plamt Operation Library,
p. S—163. Reprinted m: Massachusetts Institute of Technology
(1941), Factory Management and  Maintenance  Plant - Operation
Library, Cambridge, Mass.




Figure 1. The share of maintenance workers'

teages i total payroll compared watl the cipitas hibowe raree o0 g,
indusiry groups of the Unifted States, 1957
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source: Table 7.

given in table 8 is, however, not feasible because the
industry groups covered in the 1938 investigation are
not indicated. Table 9 lists the latest figures available.
They are part of 2 samplc survey, published in March
1970, which covers 502 firms, mostly of mediem to
large size (59 per cent of the sample firms had over

500 employces, ) pet cent over 1,0m),

In this survey, industries are grouped accordmg 1o
Modern  Manufacturing’s industry  clawificaon system.
"Heavy equipment, fabrication-and-ssembly type” of
“heavy fabricating” covers clectrical cquipment, non-
electrical machinery, atrcraft and spacecratt et “Light
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Indesstry gronp { {; ;;"“ . Do odu s‘; ,”“: sy
Al industrics TR 12,542
Food 1,18 1.1
}ohacoo Ks K1
fosnle U w3
Apparc] 1,264 112
Lisnher 646 379
Fusnttuee s Mt
Pulp, paper Soh 454
Printing . 867 534
Chemicals 767 S0
Poreolewm, coal R 133
Rubber 260 208
Leather . o W2 R4}
Stone, ghiss 526 437
Primary metal 1,272 1053
Eabricated motal 1,14 Koy
Machinery . 1,707 1,206
Flectric machinery 1im4 95
Tramsport equipment 1.1 1,401
hstrunients . . LT 212
663 514

Miscellancous

Nupsiber of wiaintenic
and separt workers s
percentage of total
nnibor of cinplopees

Mastenance and
et weorken
Pl ANKY)

HHHPIHGN HET PRI PBLINESCHIR

T2 1Ltom 4 7
| Yy 4 6
2 4 2 4
2 57 i &
] 17 | 2
19 37 3 6
5 tu i 3
k 54 6 10
14 17 i 2
67 o 9 i3
» £ 8 19 H
12 1~ 5 7
4 ! 1 2
2 43 5 8
148 208 12 16
34 54 3 5
kY] 68 3 4
2 45 3 4
85 110 4 0
L 12 3 4
15 27 2 4

Soec US Burcau of the ©ensos I Stapnaiad Ao of the United States: 1939, Washington, .U table No. 1034, pp. 7821
Columae Jand 40 onen computatron on b of data published 0 US Burcao of the Uensus, UN Conns of Mannfaerires: 1958, Sumimary

Statetio, U™ Covermmoent Printigye Othoe, Washington, 1 (
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Heavy cquipment, fabricavon-and-asembly sype 25
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chemicals cte.® Thas classification makes comparison
of percentages with the 1957 survey rather ditheult
because the 1957 survey tollowed the International
Standard Industnial - Classificaion system. In - both
statistics, however. the higher share of maintenance
workers m process tvpe mdustries than - tabrication-
and-assembly  type industries 15 2 common feature.
the more comprchensive data of the Census of
Manutactures show  that mameenance  labour  and
nrantenance Wage costs are relatively most important
in howy process type mdustries (cf. table 7 and 8).
Compang the average figures between the two
survevs, a shuht increase mthe share of maintenance
sorhers o total plant foree, trom 1957 to 1969, cannot
!‘4 ('kiilhi\’d.t‘s

Wav e
Pasp
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Compare Youu
s featnote 7
P cther suople sirvess gavine . e alia, information
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Septentber ppo 9 and Ao, (19667 CThe
EManteoanee Fodn ™, Fogory, Tune, pp. 9848




Condisions for thy planang of maintenance aeid repair i
developing conntries

This study of the qantitative aspects of mantenance
and reparr - the United States can be of great value
to those who have to ostimate the redquIrements m
developmg countries. particularly the regquarements for
ageregate manpower. over-all - capial and toreign
cxch.mgv for furnre mamtenance of HCW projects n
manntactures,

Mainrenance and FCPALr costs

As has been seen. the average annual cost of maimn-
tenance and repair i the United States manutacturmy
ndustry amounts to about 8 per cent of the capital

Uviited Stares ;

mvested: Labour costs accoum tor o6 Pt oot
costs of muatenaf tor 4 per cent of total nunenn, e
and repair expemes. The mantenance cost 1w dererimned
by the exivting Wage rates, prices tor spares and man-
tenance techmques, These may be different in a develop-
e countrs . and any estinnate of ALSCCEAte IO
costs e devdoping counry on the baas o 1l
Amencn expenience muost ke these Jditterences into
accomut. To dlusirate wha the AVeRIge cost of man-
tenance wall be i the manutacturing mdusiry ot
dcvclupmg country where conditions hfer trom those
in the United States. three numerical examples, presented
below, have been computed. The mport contem ot
manitenanee costs, 1, neeessary - foreig

exchange
outlays, iv also computed,

Dol s
Investment. .. ..., .. e T Lono
M&R™ costs per annum: 89, of investment .. .. e e e 80
Wages thereof: 600, ... e e e 48
Materials thereof: 400 e e »
Developing country: Dollars
Investment, fo.b. USport ... ... . e e e e Lo
Trmsportati(mamlimpnrtdutics:40"; e e e _ o
Total cost of investaent ..., .. e e L
Cost of wamtenamice and repair in a developiug connrry :
Case |
(Same maintenance techniques as in the US, al} spares unported)
- ) AR RS S St Dol
Wage rate: 40°, of US wage rate ... . ... e e B
M&R wages perannam. ... e e 19.2
tmport content of M&R materials: 1000, . e o e "
Cost of imported nuaterials: 140°, of US cost e e e .
M&R materials perannuns ... ... e e e 44.8
Total M&R. costs per amnom ... ... .. e, e e 64.0
Forcign exchange outlays thercof .. ..., ... .. .. e e 4.8
Case 2
(Same maintenance techniques asin the US, 507, of spares imported)
Dollars Doilars
Wage rate: 409, of US wagerate ........ ... e .
M&R wages per annum. ..., e e 19.2
Import content of M&R materials: 50 o e e
Cost of imported materials: 40°, of US cost ... 24
Cost of locally produced materials: BOC L of US cost .. ... B 128
Tol costof materab perawnum. ..o 352
Totul MR costperamnune ..o 544
Foragn ¢ change oudays thereof .o 224

* Note: M&AR means nntenance and reparr,
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Case 3

(More labour-meensive mamtenance technigues than i the US, 50°,, of spares imported)

Reclation of M&R wages to materials: 70030 000000,

Wage rate: 409 of US wage rate oo
MA& R wages perammum. ...

Import contentof M& R materials: 309, 000000
Cost of imported materiaby: 1400 of UScost ... ...
Cost of locally produced matenials: 809 of US cost .. ..
Total cost of materials per annam. .o

Total M&R cost per annum

Whereof foreign exchange outlays ..o

In case L itis asumed that the developing country
uses the same mamenance and - repair techniques as
the United States. and that all maintenance materials
have to be imported. In case 20 it 15 assumied that the
samce maintenance technigues are used as m the United
States but that only 30 per cent of the spare parts and
other mameenanee cquipment is imported. In case 3.
the same import content of 530 per cent of maintenance
materials is asumed. but maintenance technigues are
assumed to be more libour-intensive,

In all chree cases, the wage rate in the developing
country is only 40 per cene of that i the United States,
and the cquipment used in production is always im-
ported. This lawer assumption means that eransport
cost and import dutics have to be added to the price
of the producton cquipment as well as to the price
of the spares. I other words, the value of the fixed
assets—to which the maineenance costs are related s
higher in the developing country by the amount of
these additional charges. In the examples they arc
assumed to be 40 per cent of the value of the fixed
assets. The same additional charge is imposed on the
import price of sparc parts and other maintenance
materials,

Number of waintenance workers and wage cost of maintenance
and repair .

National industrial - dev-lopment  plans - generally
contain some ostimates on the i‘u\plnymcm cffects of
industrial projecs. Here, o, the United States statistical
survey may be a useful cconomic guide for developing
countries. It will be remembered that the share of
mamtenance and repair workers widiin the wtal labour
torce ot the United States manufacturing industry
averages 4w 7 oper cent. dependimg on the Kind of
computation used. Py authoritices in developing
comtnes shouhl regard  these percentages as e
niinmm to be reached. but in most cases they should
be surpassed. Although developing countries may have
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......................... 224
......................... 16.8
......................... .6
......................... 6.4
48.8
16.8

lietle possibility to adapt production  techniques to
their factor endowments, this is not true for maintenance
techmiques. Developing  countries can realize  their
comparative advantage by using labour-intensive meth-
ods and should therefore employ a higher mamtenance
torce than industrialized countrics.

As 1o the percentage of maintenance workers and
the share of maintenance wages in total payroll in
mdividual industry groups. the figures of table 7 and 8
may be helpful for more detaled manpower planning,
Here, the relation between capital intensity and  the
number of maintenance workers required deserves due
regard. The higher the capieal/labour ratio of an -
dustry, th higher the manpower needed in maintenance.
Agam. the percentages given for the single industry
groups in the United States ought to be considered
minimum  hgures,  provided  more  labour-intensive
maineenance techniques are applicable.

WAYS ANN MEANS O IMPROVING THE MAINTENANCE AND
REPAIR PERFORMANCE IN DEVELQPING COUNTRIES

Genenally speaking. maintenance and repair can be
looked upon as a means to activate unutilized production
capacinies. By cmploying labour that is cheap in
activitics that can be made labour-itensive, developing
countrics will be able to realize their specific com-
parative advantages of production. Maintenance is a
way to save capital by applving labour skills. The
problems of maintenance and revair have been analysed
i this study from the viewpoint of their relevance
for cconomic policy. Conclusions and recommendations
resulting from the amalysis have always been made
i the context of the theoretical  discussion. Some
reflections on the practical imphications for pohcy-
making are outhined below.,

Planuing activities

The planning of mdustrialization cannot be confined
to the simple installaiion of new plane and cquipment,
The costs for mamtenance and repair and the manpower

TR -




that they
vannot be neglected when mvatmentsare bemge planned

nn'dnl mn (Ih‘w ACDIVETICS are s tnnshlvr.uhh

On the average mall nimutactiurme undistries m the
United States, the wime amonm spont mntally op
Hvesttneny s \p\‘ln RISOL IR )] |('\\ fl).{n fitteen Voars o
the mamtemance andd tepan ot the plant ind -
will b
somewhat Jower it aptimal mantenand. pohicies
chosen. but e wall sll be remarkable

Ivesment plans should. therefore, abwass mchnd
oty on - the tutare needs for mameenance and
reparr and the posaibihities for meetmnyg these reguire-
ments. Phe mnport needs dewerve speatal atention
cauntries that are short of hard  currencres, Some
examples af  global compntations tor total  many-
factures are given - ehas stadv. Simalar bur more
detailed computations should he made for mdividual
industrics,

Where studies of the actual stwation i 4 particular
mdustry or region disclose lack of PrOPCT MRt Lab ¢
and repair, the public authontes could imprave the
performance by establishing regional repair shops, or
by CNCOUTIZING. PIIVAte CECTPrise to st up such shops,
perhaps on o co-operative basis, Plans for the creaton
of mdustral estates should alwavs melude the establish-
ment of a cammon reparr shop.

Special steps should be taken to secure the supply
of sparc parts. The sctong up of regional stocks of
spares will often contribite to the solunon of the
problem. Stocks of spare parts should preferably be
Imked with 4 regiomal repar shop. Possibilities for
domestic production of spare parts should be explored
thoroughly. The production of spares mav be the
apprapriate first step tawards  domestic machmery
production.

In public-scctor enterprises, plan targens should ot
be setin a way that allows or even provokes neghyence
m the maintenance of cquipment. It the plan targen
are fixed in terms of quantity of ontpur (insread of
the value of the salable produces ar protitabiliey of
the enterprisc), and i chis 1 the only cnterion used
to judge the performance of the firms, sacrifice af
ather important  objectives  that may  conthet wach
production is encouraged. Preocenpation with maxinnz-
mg output in the short run resulted m some Cases
total neglect of product quahty as well as mamntenance
and w-plant traming programmes. Not only was the
management mterested i achteving high levels of output,
even at the cost of destroying capital. becanse ontpat way
the only criterion by which management was judged,
but the workers, roo, were snntlarly motvated winee
bonuses were related onlv to physical outpur.se ply

ment. In Jc\vlnpmg comitries the amonm

""_}n‘;msnn_np,ui,.pp 156 7163 4 180 The coomonmik
hstory of the USSIC and onhier centradly planned ccononie
provides samlar caampics that mduced these countries 1o
change thew orggial cophasis o tons ot ompa

Garvots v wol ware pohoy ool svond sk L
CHTazenant o neeh cnmamenanee O, the conty s
amtanmy the aitd o eond Gondiien shoald b
Juclared tarest for which meentiv s . provided

{ ”If'i? "‘r‘f’"’. [ERA TR AT IT FO

I ovicn of the waron capatal \L\vin;mm

countries pohioy should be deored v on-

sourige optind mantcnae wonones tha will Iy
carticd our moa Libour-imtenas s Actaddly ney-
Itgullu‘ of mamtcnace o s side of tha mm;gn'm:';n
or a b aganst Tabommeonge mothods of nom-
ammye apial has oten been Heouraged by pubh
policy.

Paveoll naoves disermmiaee aanst Libourcmiensve
technigues in producton as well as mamecnane fusicad
ot rehvmg on paveoll taxes, public ravenues should
be secured by other tax forms that do not ponalize
the hirmg of workers when bibour v abundant. A
bras aganse emploving more Labour nay abo onginae
from mmmum wage regihations that Jdo it ke
the actual stnation m 4 country o consideratio,

A ducrmmnation n tavour  of capital-intanne
methods of prodiuction hlewise results from tax w-
CEREVEs to Tanvest protine Part o che mcomie or
carporation L. e a dividends tax, s forgiven of the
profits arc remvested 07 Phe rng of addsoomad worken,
however, does not gIve rise o tan benctits. The e
centive towards greater capital meennty o highest
o addinon 10 the Jeduction of IMVOSLIICRE conts
trom mcome, even from the iy due the bl
meonte m bater vears canagam b Jow cred by norial
deprecation of the assers bought with the tas credit,
lew bewsof Later dednction of deprectationt i not allowed
I thiy case, the mvestment imeentiy e COMISE, Dot g
tax abatement bt onh n adeterral, an meerest-teee loan,

One wav o correct this b owards greater capital
mtensity wonld be to hwontmue the svatem of ay
meentives for mvesiment. But simce the obpeetive of
the tx meenive st promote industrial Cxpansion
and ccononne growth, thi oluton would he -
appropriatc. A better way o end the dnenmnation
agamst laibonr-mang wechimgues would be to gramt
the remvesnnent allowance aho tor the emiployment
of additomal workern ®  Such mcentives wonld e
partcularly antable hos hirng tramed  mamtenaee
workers and dhin for INPrOvInG  mamienance
performance,

Fhe wse of second-land canpnient shoalid be decrdod
on grownds of coomomie otioney e nray have decnave

Thor detass ot g Conoreae s S o

porT
AR HHCTOMINE e et e [EZRTEITE S T
witensive iethods o prodicion by swoas on g 1as Gk torr el has
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advimtages m o developimg conmury . Policy should
theretore not dncnnimate o pros agamst the we of
seeond-hand cquipment. Dithicalies m getting credits
tor the purchase of weoond=hand cquipment and the
mposition of gl csose tnes o used veludes are

cvanples of doncrmminanon that have been reportad.

Im;l o regshation

As ong o cquipment and sparc parts have 1o be
mported by devdopmg anmany unport vegulations
rmam . croaal pomt of namrenangee poly Thar
pubhi mpoertancee of
mamtenance and repar s chown by thar retusal 1o

authorines underestimate the

tsue mpert lcenees o thar talure to do awa wath

cimbersome admimnstatne procedures that - delay
nHpOrts

A gquek and ummpared import of spare parts
ewential for the tull unhzanon of mstatled capaaty.
problem faomyg mos developmy conmtries. Refisal o
grant toragn oxchange for one misang spare part
may pat aume out of operation for a long time. a
mit whose mstallation may have cost a multiple of
the price ot the mising spare i foraign cxchange
outhave. Thi Tsaving” m the wrong place.

the undelayed supphy of imported spares. turther-
more. provents ther mmecesary and wasteful hoarding
wd the tvme-up of Gpital. Navonal import guotas
shoald be “halanced™ the mport regulations must
wourd dicrmmmation agamst ather machiery or spares.
the smport ot wecond-hand cquipment. too. should
be regubied purelv on e basiv of ccomomic con-
sdetations Inmamy intances this wall mean removad

o restrn practiees

Soadardy s ation of maching ry and cquipment

Bomany of the dovehopmg countries, the great vartety
ot tvpes ot amtalled machinery o confusing and poses
saien o problons of i own, Fspearaily the procure-
ment and stackimg of spare parts are comphcated. As
ter the domesne production of machnes. the adoption
o 4 standardization sotem at the natonal, or preferably
it the nternanonad fovd condd help o reduce the
meonvenwenees subsnodly Forag prototype ma-
chers mmeht abvo be partadly redesigned o fie the
matronal stndardizanon aiem. Fhe arpply of sparcs
tor olders non-standadized cqmpment muost rennin
wanred nevarthelew o prevent caprtal trom bemy
prowanrei naetvated oo capitalesear ceonomy.
Roevarding the cquipmient that has 1o be purchased
fromabroad the amplstwas o get bueehs st dardized
prodoces s pardhie only frons a0 angk torcien
cowntry, o0 oven o o hoaned abar o e
Hoas voald onsare 5 mmmnnnm b Difboren Tpes of
o dunary, Bar tolome, on stierle SIPPHCT Countin
oot anoen b oy okt windesn bl second iy

t ]
probtors st vobmeal o Coononmin h*pvm?vm vosdidh

i umaceeptable tor the counrry. Higher prices of the
products posably offwet the advantages of standardized
machmerv, Wiile these extreme Tnntations should be
avorded, o certam concentranon on group of supplicr
countries. whose standards are companble wath cach
other will bring advantages.

Techuical infornation

Lack ot mtormanon creates many - thenloes
mamtenance and repars Phe mdigenous staff guite
trequently lacks proper mformanion on the mamtenance
and reparr of complicated foregn machiery. Directions
tor the handhing of these machmes nay be meomplete
or Py pose “langnage™ probloms. Apart trom s,
management as well s workers are often not aware
of the 1mportance of mamtenance, since the adverse
clects of madequate mamtenanee cannot be seen
mmediately. Fragmentary mformation on baying and
sllmg possibihties often makes it dithealt for firms
to obtam spare parts.and sometimes mdnces tirms not
to choose optmal production techmques,

Governments can encourage firms to co-operate at
the branch level 1w furnish better wformation on
mantenance problems speatic to that branch. Where
this 1s not teanble. « Government can set wp an or-
gamzation for the purpose of collecting ind forwarding
technical information. The orgamizaton may be a
techmeal supervisory ageney. s outhned below,

Goveraments should request the assstance of interna-
tonal orgamzations to firmsh more detatled informanon
o mamtenance requirenients and to rattonahize actual
pertornumce. Infornuation on second-hand cqmpnient
condd also be dissemmated mternationally.

Creanon of technical superrrisory agenies
and statutory check=ups

Technical wformation by aself s not suthicient to
miprove the actual performance of maintenance. In
many industrialized  comtnies, maintenance of ma-
chimery and vecles s enforced by stattory periodical
check-ups that are amed primanly promoting
occupanional satetys These chech-ups mav. however,
alvo be conadered 4 means of enforamg maineenance
standurds, I mdustriahized countries, specal supervisory
Agenacs are sometimes entristed with these cheek-ups,
c the Technieher Uberwachungaverem (TOV) m
tee bederal Republic of Gernany

Pevelopmy countnies might follow these: examples
ud st up sl agenctes. Therr tormal fegal statos
mav be that of & private stitution: commisstoned by
the Governmment wuli the public fimction of supervision
ad endowed with satuton power of ontorcement,
wch o POV or they may be pubhic msotnon
e estabhsh-
ment o such an ageney should me both cases be con-
sdered s pubhc sk,

dircedy rasponvble w1 Government
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Checking safety devices and e safe operation ot
cquipment should be the main functions of supervisory
agency. This wonld afready cover 4 wide held of
acovty and wonld inelude control of most of tlye
Hportant  mantenance operanons, Bevoud this, e
prriodical check-nps could be given a hroader s}ope,
Additiomal techmeal counsclling on appropriate mam-
tenance and repair conld he provided on thew oc-
casions, ospecially tor small-seale and medimn-azed
hrms. Another task conld be ro draw np mamtenanee
mannals and standards designed espectlly for d(‘\‘clnp-
My comtries, e to give guidelines for the nse of
anti-corrosion material nnder special cimatic conditions,

Training of maintenance personie]

In the industrialized countries, a cadre of maintenance
workers has developed step by step with—and induced
by-—the gradual development of capital goods pro-
duction. Developing countrics, on the other hand,
skip most of thesc stages. They import modern equip-
ment when their own capital goods production, if
it exists at all, is still in it infancy, and a “spontancons”
formation of maintenance labour has not yet tahen
place.® Therefore, Governments should take deliberate
action to ensure the training of maintenance personned
within their manpower planning programmes,

Training for maintenance has a double aspect. One
is the training of technical skills, the other the creation
of a maintenance habit. Experts agree that lack of
appreciation of good nuaintenance  and inadequate
orgamzation have more detrimental effects than de-
hiciencies in skills, It i consequently of vital importance
that management be aware of the role of maintenance
and repair in modern industry, Educational programmes
should include exceutives as well as foremen and
supervisors. They should cover subjects such as statfing,
supervision methods, and organizational and clericyl
work pertinent to efficient maintcnance,

Since the present state of maintenance and repair in

~most developing comntries calls for urgene action,
methods  of accelerated training that have proved
successful in indnstrialized countrics can be recom-
mended  for developing conntries, too. Accclerated
training has been defined s a form of systematic.
concentrated training of a linuted character, in order
to transfer specitic knowledge in a short period.” 70
The description of the experience of the Netherlands
i this ficld may be of interost,

“Several systens are tollowed, the main feature I to

analyse a4 specitic operation or group of operations

which will be quahficd as . skill. The people are tramed

m the diferent aspeces of the skl ina very svstennatic

ad clear way, theoretically as well as practically,

0 Blitz, 111, p, 370,

I Boon, op p. 69 7o

Betorehand. the worke Werated e Gl
neorder o aseertan sy ey work-ospenieng
melligence, b iy e spoatic skl Chuarao
physical quahines and so on

“In the Netherlands Hhazmeresalis with this celerged
tramime hove been ey meoahe post-v ap rapd
mdustriahization period. Al Mindy of imcenlowor ko
were tamads indudmge e and repan per-
SRRTITY PRI B N SPIREn nd weaners opcraton tor
mechanzed encaltral cqmpmient, ower wnd nuddle
anagement and adimnneragive persotnnel

Avalanche effects are obtansed by rimng tine o
gronp of instricrors i aceelerated g coures.
These imstructors can then be wsigned o regiona]
repair shops or technical SUPCIVISOTY agrencics to orgamze
accelerated tranmg m maintenance and repair for the
firms settled in the region,

To prevem government-sponsored traning centres
from  becoming overcrowded, setting np of -
tenance training shops in big firms conld he enconraged.
c.g. by offering tax exemptions. The training in regional
repair shops or by technical sHpervisory agencies conld
be concentrated on the needs ot small-scale and medi-
sized firms.

In industrializod countrics, advanced specialized train-
g is sometimes offered by so-called mobile repair
shops or maintenance tencks, The German raifways,
for example, cmploy mobile training shops tor practical
traming in welding. Training in these shops is particnlarly
c«conomical. Since the shops can be moved from town
to town, the same equipment and the sanye nstructors
can be used for training a large numiber of people,
The nse of mobile traming shaps secins to be particularly
suitable for developing conntrics,

TV Boon, op. e, p. 70,

Appendix

A GRAPHICAL PRESENTATION OF OPTIMAL MAINTENANCE
AND REPAIR ACTIVITIES (1 A COUNTRY

The cflects of differences w the ingerest rate

The formal rclntinmhip between (present) duraaliey
outhys and (discounted future) mamtenance outlays
is shown in figure Ta and 1h In both graphs 1he
45-degree Tnes in bignee 1o marked L2 34 5
(thousands)- - arc comtant-ontlay curves, They mdicat,
combinations of durabiliny outlays and disconned
mamtenance ontlays it together make up 1020 et
thonsand dollars, For every pomt on the sane constant
outliy curve the sum of the comordinates i the s,
||.||na'.|§'. the valne given by the meersections wath the

AN,

U higure Taos o shight moditicatson of o grapliosed by Bla s,

R, p 322




Figure 1 fa) Low~interew conntry; (b) Highinterest country
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The sognants marked 3 vears, 12 vears ete. show
which combmanons of durability ontlays and dis-
comed mamtenance outlivs are technically possible
tor obtaming 1 longevity of 3 wvears, 12 vears cere.
Phev start trom the durabihev-outlay axis to indicate
that. m ahe extreme case, o certam desired longevity
v b obrained by spending on duralality alone

W

without adding any maintenance, Smee 1t s not possible
to obtain a dewired longevity wath ontlays on mamn-
tenance only and no outlay on durability ae all. che
1soquants do not intersect  with  the  mantenance-
outlay axis. The downward convex shape of the soquanes
demonstrates  that the rate of substrution decrcases
with rising share of cither component ot the cost
combination.

The opumalcombmation of (present) durabiliey outlays
and  (discounted  futnre)  mamtenance  outlays that
minimizes the total cost«Fa chosen longevity 1w given
by the tangential point of the isoquant of that longevity
and a2 comstant-outlay curve. For example: for 2
longevity of 21 years the point o in figure 1a indicates
the optimal combination of maintenance and durabilicy
costs that together amount to $4.000. Every other
combination of maintenance and  durability outlavs
procuring a longevity of 21 years--that is: every other
point on the 21-years isoquant—will result in a higher
total cost than $4,000,

The assumptions underlying tigures 1a and 1b differ
in only onc point. other things being cqual: figure 1a
represents a country where the interest rate 15 low,
figure 1b, a country where the interest rate is higher.
The purely technical relations remain unchanged, and
it is also assunied that the futare price of a “maintenance
unit” is the same in both countries, The same technical
combination of durability and maineenance contains,
in the high-interest country, a lower present value of
tuture maintenance outlays. That i, the present sum
of money uccessary for manitcinance outlays in the future
is lower because the inee ot rate is lugh. Therefore, the
isoquants in tigure [b—as compared with those in figure
La-— are shifted to the lef o all points but one: the inter-
section with the durability-outlay axis. (The curves
swing around the intersection points.) In the high-
interest country, the same longevity of 5, 12 etc. vears
can be reached at a lower present cost, except for the
extreme case in which the longevity is obtained by
durability outlays alone.

The shifted isoquanes in figure 1b do not touch
the same constant-outlay curves as in figure Ta. Other
optimal combinations of durability and maintenance
costs for every chosen longevity are shown by the
tangential points of the shifted isoquants and lower
comstant-outlay curves (dotted hines). In the high-
micrest country, the mimmal cost combmations 1,
m’ cte. for the same fongevities are not only at 4 lower
level of total (present) costs than m the low-mterest
country (price effeet), but reflect abko different com-
binations of the two cost mgredienss, When the interest
rate s igher, more will be spent on maintenanee and
less on durability (subsntution effect). A comparison
of the co-ordmates of the pomts o and o shows this
very clearly.
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It the mterest rate s igher the same Tongeuny of
cqupment can be ohtamcd at 4 Jower wta cost than
m the dow-mterost commtry because ot the slaft trom
hgher spendimg on durabiliy o hieher spending on
mamtenance. I however. the ame ol outhiy w
botore o made, 0 lgher dongaviny e e veached
The correspondimg noquant for the constant-cutl
corve 5o drawn w hgure Th idonted EENTIRVTS I B
aptimal combmation m s case abso Contamy mon
mamtenance outlivs and fess dorabibey oarlavs (ot por
P’ hgure Thoand pomt pon hguee 1)

The combmed et of differences m the mtorest
rates on level and sirctare of dongevity an be de-
monstrated as tollows In o high-mecrest comry. o
reduction of the prosent value of futore “savings”
will tend to shorten the chosen longeviy of the captal
goods (im order to reduce the cost of Tongevity). Th
can be demonsrated graphically by the shift from
one sogquant. o 23 years”. to another nogquant.
c.g. 21 years”. i figure 1a,

It s not only the prewent value of toture aving.
that is reduced 1 2 high-interest country | at the ame
tme the offect of the higher imterest rate on the
combination of durability and mamtenance outlays will
come into play. Futuee matntenance costs wilt have alower
present value and. by whstituting mamtenance for
durability outlays, the “longevity mux™” will be vhanged
to include a greater share of mamtenance outlays The
substitution will lower total cont for the same longeviny
The isoquants themselves are shatted tomards the bt
(figure 1h). For a wtal outlay of. tor example, $4.000
a longewity of 22 year wistead of 21 vears (as m the fow-
interest country, figure 4) may now be purchased. The
optimun point on this shfted ioquant 1 situated morc
towards the mamtenance-outlay axs,

The cfeats of differnces i the wage rate

The combimation of 1 high interest rate nd 2 Jow
WARE Fate caumes a s ° ’ shitt of the
isoquants to the left (tuming an the nterscton
points with the durabidity-outlay axie) than n shown
n hgore Th. The sitted noquants arc wngent 1o
lower constant-onthy curves. The same longeviey can
be obtamed at 4 conuderably lower (din aumnted) cont
or by spending the same amount as o high-wage.
low-mterest country. the  low-wapc, high-mterew
country can obtan o ligher longevity A pedietom
wtotal cost of fongeviey, mduced by the hngh meores
rate, v posable waithout wediomg lomgevin sl way
even oxtend e,

The eﬁ(‘;f\' of JJ#‘ Forees 1n the Price of :.3}%“/ s

The offcets of differonces m the price of capital goods
may be demonstrated graphicalhy .t An Boxjuant

for v oven capiial Bmeov iy mitcrsec s 1 ey
Beher value tor durabilies outhios i the foeh e

fowaw e contry tha Huporton it coeds ton
the other country - A higher pricc ot dovabihiny 1oeothes
with & Iigha poce of “nuameenne, apital ol it
the aptimam sl more towand + groan shar, o
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The combined mpact of differcnces i interod eates b oacs
and prices of capual coods

The combined offeens of dffetens o m mterest rates
wages and prices of captal goonds can be presented
graphically, wung the moquant method as befor

et tgure 2a and 2B A companson of thew new
graphe with hgurcs Laoand Th proves the addiional
mfucnce of wages and price differential vory dearly
The moquants in fygure 2b mteescr with the durabdiey-
outhay axe ot hggher values md are dufted mash more
to the et
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