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A I nt roducti on

The supply managenent function includes the actions of purchasing,
| ogi stics and materials managenent. Mai nt enance constitutes an inportant
facet of this activity, in the inmportation of equipnment and machinery for
agriculture, industry, transportati on and ot her services.

This guide wll cover the inports of spare parts and the necessary
services to keep in good operating conditions the equipnent on hand or to be
useful for managers responsible for the procurenment function in either the
public or private sectors. Tied in with the maintenance function are not only
the contract preparation and its negotiation, but also all the prelimnary
stages of the contract until its realisation at any point in tine.

Devel oping countries are often faced with problenms in procuring spare
parts and in organi sing mai ntenance services. Their growth depends largely on
these inports. To their particular difficulties of choosing a technol ogy or
of selecting a supplier, the high costs of transport and routing mnust be
added, in addition to the nunerous problens of delays due to inport and
financi ng procedures. Because of shortages of foreign currency, inporters are
sonetinmes forced to buy equipnent wthout Iooking into the required
mai nt enance.

This situation can be the cause of stopped production plants, of fleets
of largely inoperative vehicles, and of deteriorating buildings.

B. Cont ext

The inports of capital goods and equi prment can pronote the devel opnent
process of a country. They help in bringing in new industries and keeping
them in operating conditions wth services. Cities badly need these sewage
systens, electrical networks, etc.

The overcrowding of cities and substantial urbanisation are creating
addi ti onal needs, particularly in housing, transport, teleconmunications and
others. In rural regions, farning equipnent is often badly needed to increase
productivity. Moreover, agricultural products have to be brought to the
consuners' regions and, where these exist, to food processing industries.

The growing nunmber of new needs are causing an enornbus increase in
capital goods and equi pnment inports. The massive and accel erated inport of
t hese goods, wi thout consideration for their naintenance, to keep themin good
operating conditions, can cause a country to run into an enornous external
debt while producing a doubtful added val ue. Wthout a strict maintenance
progranme, the econony of a country can be adversely hit: to have to pay off
external debts w thout the benefit of operational equipnment because of m ssing
spare parts or the lack of training services is an abnormal condition in a
sound econony. This is nore obvious when the equipnment is essential to the
wel fare of the popul ation or necessary for exports, a vital source of revenue
needed to return the | oan

Mai nt enance is not a constraint by essence. On the contrary, it is a state of
m nd which leads to inproved living conditions. 1In this respect, all econonic
sectors are concerned, within homes to protect famly properties as well as
within industry, agriculture, tourism transportation, etc.

The level of naintenance generally indicates a given stage of
devel opnent. In the context of developing countries, where resources in
foreign currency are sonmetimes limted, naintenance nust be an essential,
constant and col |l ective concern

To operate effectively and efficiently, an inporter from a devel oping
country nust:

- Clearly define the needs of the end user or consuner;

- Know his supply narkets as well as possibl e;



- | nprove his time nanagenent;
- Check his suppliers' technical conpetence;

- Reduce costs, not only at the tine of the inport but also during
t he whol e of the productive life of the goods;

- Plan all of the required maintenance stages;

- Make sure that the ability exists to keep purchased itens in good
operating conditions.

To own equi prent and not be able to keep it operational is worse than not

having it. If it is inpossible to be assured of the availability of the
needed services and spare parts, it is preferable not to purchase the
equi pment at all. It is extrenely dangerous to buy equi prent under | oans with

the expectation of paying back these |oans through the wealth created by the
equi pnrent wit hout the assurance of having a good nai ntenance systemin place.

C hj ectives and Content of this Guide

The basic objective of this guide is to denmonstrate the necessity to plan
and prepare for all aspects pertaining to maintenance at the earliest stage of

the procurenent process. It is then that the inporter defines the needs and
also defines not only the total value of the investnent but also the
mai nt enance costs for the life cycle of the equipnent. Following this

eval uation, the inporter from a developing country is then in a much nore
favourable situation to select the npbst appropriate technology, that which
best suits the identified needs; he can, thereafter, plan and control his
long term costs.

Such a prelimnary analysis of any investrment project |eads the inporter
to evaluate the upkeep and the maintenance of a given equipnment for its
projected period of wutilisation. Wth this approach, the inporter can
eval uate two inportant conponents of his procurenent total cost, that is, the
acquisition costs and the utilisation costs.

During a period of scarcity of foreign currency, the inporter of a
devel opi ng country can be quite interested in reducing his cash outlay at the
time of inport. This approach can be justified as he is |ooking for the best
offers on the narket in order to mnimse his acquisition costs at the tinme of
pur chase. Yet, the analysis of the upkeep and nmintenance costs for the
utilisation period of the equipnment can be found nore inportant than the
ori gi nal purchase value. It is a well known fact indeed that it can be nore
costly to keep a car in good operating condition than to buy it; the upkeep
for a nornal life cycle of 15 years can be higher than the purchasing price.

To arrive at this global approach in the inporting of goods which need
upkeep and rmmintenance, this guide will present firstly the fundamental s of
mai nt enance, particularly of preventive and corrective nmaintenance, as well as
those aspects related to quality managenent and assurance. In the previous
exanpl e of the notorcar, sone parts nmay be changed as a preventive neasure, to
avoid failures and ensure the proper safety of passengers, (testing and
periodic replacenent of brake parts). Q her repairs, for exanmple, are of a
corrective nature, like the refitting of a damaged or a defective component,
(for exanple, replacenent of a broken windshield or the repair of a defective
valve). These types of nmamintenance are related to the basic issues of quality
managenment and quality control, as the inporter must make sure that each part
used neets the mninmum quality requirenments and provides passengers with a
good | evel of safety.

In the second place, we wll consider the essential question of how to
t ake advantage of standardisation, so as to avoid the unnecessary increase in
stocks of spare parts and in the nunber of suppliers. St andar di sati on can

also help elimnate the problem of falling into a captive market situation
followi ng a choice of a technology which is not conpatible with internationa
st andar ds. These technol ogi cal choices can sonetinmes be covered by national
rules or laws to which an inporter can refer. Nati onal standards offer the



advant age of reflecting particular operating conditions in a given country. A
notorcar operating in a desert nust present characteristics which are
different fromthose of another vehicle operating in northern and nountai nous
regi ons.

A developing country is, by essence, in a stage which requires high
i nvest nent . Therefore it is not surprising to see how the structure of
imports reflect the high percentage of purchases of capital goods and
equi pnent . Thirdly, this guide will offer, sone inportant considerations on
proj ect nanagenent, as purchases of capital goods and equipnent often form
part of broader projects. |In this section, the guide will refer, for exanple,
to a case concerning the construction of a hydro-electric dam The roles and
the responsibilities of a consulting engineer, the prelininary phases of a
project, the evaluation of the damlife cycle, the selection of suppliers and
the interface with the buyer's technological partners will all form part of
the subject, as these issues are all directly relevant to mai ntenance.

The guide wll be paying particular attention to the control of
mai nt enance costs, which should be known even before preparing the inport
order. Therefore, in the fourth place, the guide will present approaches for
better evaluation and control of these costs by the inmporter. The proposed

nmet hod of evaluation takes into consideration the basic elements of
mai nt enance and the total procurenent cost approach as presented also in ITC s
gui de nunber nine, (Bid Evaluation), and nunber eleven, (Price Mnitoring in

| nport).

The prelimnary aspects of contract preparation are therefore of ngjor
i nportance in the context of capital goods inports. In the fifth place, to
substantiate this assertion, this guide will touch upon the question of supply
mar ket research and reviews with people concerned before and at the tinme of
tendering. Before the invitation to bid is made for the purchase of a fleet
of vehicles, the inporter becones nore famliar with the supply market.

The procurenent function has evolved from an adnministrative and
bureaucratic function to a nanagerial one. The guide will thus refer, in the
sixth place, to the rules and the responsibilities of the inporter of a
devel opi ng country, whether fromthe public or private sector. At this stage,
the guide will pay particular attention to the contractual clauses so as to
grasp those aspects concerning maintenance and the responsibilities of the
i nporter.

The great distance of the suppliers, the delays in delivery and financing
procedures force the inporter in a developing country to carefully plan for

hi s needs. It is well understood that in cases of energency, sone quick
deci sions on inmports of spare parts will have to be nade in order to protect
capital goods or to prevent production stoppages. In view of this, the guide

wi I | touch upon the inport procedures to ensure that maintenance-rel ated goods
are inported economically.

As a last topic, this guide wll propose several exanples of price
revision formula which provide for long term agreenments wth suppliers.
Besi des presenting the nobst common formula, some exanples will be given

concerni ng goods which are nade of raw materials traded on comodity narkets.
In the exanple of the power station and its distribution network, the price of
i mported cable will be directly related to the price of copper, which varies
on the comodity exchange narket in accordance with supply and demand.

Chapter 1

FUNDAMENTAL ASPECTS OF NAI NTENANCE

A Definitions

No function is likely to have a greater inpact on the overall cost of
i nported equi prent than maintenance. Yet, good nmintenance managenent has
often been an elusive objective with naintenance effectiveness conditioning
operational performnmance.



Facilities and equipnment are becoming increasingly sophisticated and
conplex in both new automated equi prrent and in equi pnent of old design which
has been noder ni sed.

Today's equiprment is highly capital-intensive and contains conplex parts
which require greater reliability. The cost of equipnent failure and downtine
necessitates that prevention and prediction dom nate the naintenance activity;

this is why the nmaintenance function is stepping in, nore and nore, at the
begi nni ng of the supply process.

Every machine has a life cycle which follows a similar trend, going
t hrough the foll owi ng phases:

The first period consists of the conception, devel opment and construction
of the equipnent; the second is called the start up and testing phase,
involving training and learning; the third period is the productive one where
efficiency reaches its maxinum is stable for a relatively long period
depending on the quality of the maintenance programme; the fourth and | ast
period of the curve shows a rapid decrease of efficiency leading to
obsol escence and/or de-conmissioning or retiring of the equipnent.

LI FE CYCLE CHART:
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Several factors will obviously affect the life of the productive third
peri od. Here are sone inportant ones: the quality of design, the material
used and the construction process or technology. It is inportant to make sure

that the equi pnent nmeets all the normal requirements of expected quality.

The other factors affecting the productive life of equi pnent are the way
this equiprment is used throughout its useful life period, as also the type of
nmai nt enance given to the machine during that tine.

The mai ntenance factor is of capital inportance. Assunming that there is
no maintenance at all, the wuseful life of the equipnment wll be reduced
drastically. On the other hand, excessive naintenance will make the equi pnent
| ast beyond the expected tine for which it has been designed, perhaps |eading
to inefficiency as conpared to newer technologies. It can be concluded from
this that naintenance must be organised and well rmanaged. Concern for
mai nt enance effectiveness is conpounded in light of the great technol ogica
advances reached within the | ast decades.

As it is in other phases of managenent, nmaintenance nust be defined and
nmeasur ed. The word "mai ntenance" can be defined as the sum of surveill ance



nmeasures and actions which keep equiprment or facilities in good operating
condi tion. It is a nmeans of achieving greater use of equipnent for greater
benefit.

B. Usef ul ness

The naintenance and servicing of equipnent is generally of two types
preventive and corrective. The latter will be reviewed first.

Corrective nmmintenance is that which is required to repair or replace
conmponent parts following a failure of sone kind and to return the equipnent
or system to operational status. This restoration of the facility includes
the cost of nanpower required to do the work and the materials needed for the
repairs. Such a failure can happen at any time during the life cycle. Wen
it happens, the goal is to mininmse the tine of repair and to get the nost out
of the repair resources available, i.e., personnel, facilities, tools, tests
and handl i ng equi pnent.

Anyone who has been in charge of sone type of equi pnent has been faced
one day or another, with certain unforeseen failures. Corrective naintenance
i nvol ves the question of repairing the failure as soon as possible, at the
| owest possible cost with the available resources. Its nmanagenent is
generally limted to a system of work orders which include the required | abour
and spare parts (at both estimated and actual costs), as well as the type of
wor k done. A sanple naintenance work order is shown on page 7

This form once filled, is put away in the concerned equiprment file and
will eventually be used to draw the proper conclusions on the profitability of
t he equi pnent in question

It is essential, additionally, that the inporting organisation's stock
control system should record the outflow of spares referring to the
mai nt enance work order nunber (and thus to the equi pnent being maintained) in
order to serve as basis for future planning of requirements of spare parts in
connection with the equi pnent in operation

Sanpl e Mai nt enance Wrk O der

Dat e request ed: Ti me request ed: Dept. no: Locati on: Nunber
Priority: Ur gent Machi ne availability
| mpor t ant Ti nme: Shift: Dat e:

Preventi ve

Type of machi ne:

Nat ure of probl em

Tradesnen request ed: Request ed by:

Tradesnen assi gned:



M 11 wright Machi ni st

Pipe fitter Wl der
El ectrician Tool maker
Date started Time started Dat e conpl eted Ti me conpl et ed

Wor k perf or ned

Act ual costs: Approval date:
Labour: Si gnat ur e:
Materi al :

This guide will not deal in any additional details with the subject of
corrective maintenance. It will rather, present at length, preventive
mai nt enance nethods and techni ques which are nore conplex to set up. |In any
case, a preventive nmai ntenance programe takes the corrective nmaintenance. It
is well proven that prevention tends to elimnate corrective maintenance, and
is less costly. As the saying goes: "prevention is better than cure"

The higher cost of corrective maintenance relates to equipnent failures,
whi ch may have an enornous inpact over a large group of people. Follow ng the
t echnol ogi cal advancenent of the past decades in meteorology, in industria
equi prent  knowl edge, in various techniques such as X-Ray photography,
t her nrogr aphy, supersonic sounding, vibration analysis, etc., nmaterials or
equi prrent can be inspected even in operation, thus leading to the prevention
of failures.

Preventive maintenance is a system of repairing equipnment, machinery or
facilities at predeternined intervals to prevent costly downtine or failures
or to retard wearout and deterioration. It is the lubrication, the cleaning,
the adjusting and the replacenent of minor parts which keeps a piece of
equi prent above sone predeterm ned state of performance

Preventive mmintenance is also an engineered effort to optimse the

equi pnent cost. As we have seen, the equiprment cost is a function of four
factors: purchase cost, equipnent life or durability, operating cost and
mei nt enance cost. Preventive naintenance can reduce equipnment cost by
reduci ng mai nt enance cost and increasing equiprment life. The contribution of
equi prent to overall efficiency is primarily the result of equipnent
performance, and preventive maintenance can increase performance by reducing
costly interruption of operations. Substituting preventive naintenance for

corrective maintenance usually increases equipnent availability, resulting in
greater output.

I ndustrial technology presently ains at going beyond both preventive and
corrective naintenance. Managenment is trying to minimse or even elininate
the need for nmaintenance by inproving equipnment design. Appr ai sal  of
equi prent purchases are |argely based on the owning and operating costs of its
useful Ilife cycle. This appraisal nust include downtine |[|osses for
mai nt enance servicing, upkeep and repair.



Wth increase in integrated continuous manufacturing processes, the
nmechani cal and electronic control equipnent nust be designed with a high

degree of reliability. It must also have an inherent maintainability to
permit easy and quick repairs. Reliability and nmaintainability nmust be
consi dered before the first design line is drawn, and throughout the stages of
equi prent devel opment. A nmmjor cause for poor reliability is the complexity
of a systemin trying to inprove performance and accuracy. A solution is to
reduce the nunber and conplexity of conponents; another is to operate
conponents below their rated capabilities.

When purchasing equipnent, its reliability becomes a very inportant
factor for nmanagenent, by giving a definite tine period between failures. It
then becones possible to plan the various maintenance actions during its life
cycl e. It also pernmits to establish the consunption of spare parts and the

eval uation of the total cost of nmaintenance.
Mai ntai nability can be inproved at the design stages by applying sone
basi ¢ principles such as the foll ow ng:

- Quick recognition of nmalfunctions by self-checking equipnent,
autonmatic interruption and visual indicators

- Quick isolation of malfunctions by automatic indicators and through
use of test point inspection w ndows.

- I nherent reliability: sinmpler design, self-aligning equipnent,
standard equi pnent or parts of proven quality.

- M ni mum speci al training of nmaintenance stall

- Easy performance of schedul ed preventive naintenance: servi ci ng
materials needed, speci al tool s, frequency of mai nt enance,
adjustnment or calibration needed, |evel of personnel skill required,

speci al nonitoring equi pnent and operating tol erances.

- Safety precautions: workers must be protected against toxic
materials, electrical shocks and any other dangerous situation

C Pl anni ng a Preventive M ntenance Progranme

Pl anning a preventive naintenance progranme is essential to its success.
A correct bal ance nust be achi eved between the cost of preventive maintenance
and that of corrective naintenance, aimed at keeping overall costs as |ow as
possi bl e and ensuring effectiveness.

Managenment continuously seeks to establish good preventive naintenance
pr ogr anmes. There is, however, no predeternined system which would fit al
si tuations. Each facility nust have its own system although sonme basic
principles can be outlined, as follows.

Preventive maintenance is a system which, as any system requires
pl anni ng and execution. There is a cost to such a system but experience has
proven that it is |less costly than downtine. The sinplest system provides for
a large envelope with the nane of the machine on it, into which the
mai nt enance instruction nmanual of the machine and the machine parts list are
pl aced. Mai nt enance work orders prepared for every preventive or corrective
mai nt enance job requested for the nmachine are also placed in the envel ope
VWen the envelope is found to be sufficiently full of such orders, an
i nvestigation is started to determ ne whether or not corrective naintenance
orders are excessive. The analysis shows the road to foll ow

D. hj ectives

Ceneral | y speaki ng, mmintenance systens go beyond a sinple envel ope and a
wor k order, but paper work should be kept to a mininmum More rmai nt enance
progranmes have broken down from the weight of paper than for any other
reason.



Some of the objectives that one might have for such a programe include
lowering total nmmintenance costs by setting the ratio of preventive to
corrective nmaintenance and the reduction of downtine, which has the effect of
reducing the total operating cost but not necessarily the total naintenance
cost . The collection of records of such costs can supply the proper
i nformation for decisions on naintenance alternatives. O her objectives may
i nclude, safety for nmachines such as pressurised vessels, electrica
distribution systens, conpressed air systens, gas l|lines and the Iike.
Di fferent objectives nay exist for a naintenance system on a production line
and for an other on a fleet of trucks. The objectives of each maintenance
system shoul d be clearly established to achieve the intended results.

E. Basi ¢ Rul es Governing Preventive Miintenance Progranmes

Step One: Inventory and Sel ection of Equi pnent

Foll owi ng the establishnment of objectives comes the selection of the
equi prent to be included in the maintenance progranme.

Several criteria mght be of sone guidance in naking this selection, and
can help in deciding the types of maintenance to be carried on individual
pi eces of equi pnent.

a) A conplete inventory of each piece of equiprment in operation nust be
made to facilitate decisions as to what type of naintenance to be
consi der ed.

An exanpl e of an equi pment data card is given on page 11.

b) A few najor facilities may be initially included in the maintenance
programe, and additions to these nmade once the progranme is off the
gr ound.

c) Cost reductions expected through the naintenance programre nust be
identified, in line with the established objectives, including the
rel ati ve economics of repeated expenditure on mai ntenance.

d) The type of system nust be decided upon, based on the kind of
operation involved, i.e. office, trucking, school, production

e) The characteristics of the machinery nust be taken into account
i ncl udi ng age, condition and val ue.

f) The service conditions nust be considered, such as: machi nes
operating on a continuous basis versus intermittently and
envi ronnental factors, e.i., wet rather than dry, dusty rather than

clean, etc,. to determ ne those conditions requiring a higher I|ever
of mai nt enance.

0) The critical nature of the machinery nust be appraised, including
the inportance of interruption-free operations. Sone failures can
cause long stoppages for repair <creating a great inpact on
oper ati ons. On the other hand, sone short stoppages can be
detrimental to quality. There are sone problens involved in
est abl i shing which are the critical machines. These can be resol ved
with the assistance of staff from the concerned unit and other

specialists within the organisation. Equi prment
Data Card

P.M Code no.: Dat e:

Priority: Locati on

Drawi ng no. : Bui | di ng:

System Fl oor :



Functi on:

Machi ne type:

Manuf act ur er:

Model no. : Serial no.
Speci al note:

Motor: H P Vol ts: Phase:
Franme: Anps: RPM
Manuf act ur er :

Model no. : Serial no.:

Drive type:

Bel t: Direct: Gear:

I.F. belt:

Number : Si ze: MFR. : No. :
|.F. gear:

Descri ption:

Servi ce conditions:

Duty: Cont i nuous: Intermttent:
Li ghti ng: Good: Bad:
Access: CGood: Bad:
Hum dity: Danp: Dry:
Ventil ation: CGood: Bad:
Not e:

Use reverse side for any additional marks or sketches show ng piping
connections to nmachine including any control devices used.

Spare parts:

Pl ease attach |ist.
h) The type of nmamintenance utilised nust be established. Decisions nust be
taken as to the availability of machines for preventive maintenance

shutdown, and this brings up scheduling problens. Sone nai ntenance is
seasonal and the tines and schedules for carrying out such repairs wll
be dictated by this factor. Consideration should also be given to non-

destructive testing on bearings, for instance on notors, etc.

i) Q her factors include: the inmportance of prolonging the Iife of the
equi prent : as the equi pnent becones obsolete, the benefit for
prolonging its |ife dim nishes;

- The frequency of breakdowns and ot her troubl e;

- The danger for personnel in case of failure, as in sone cases its
i mportance may outwei gh other factors;

- The relative economics of running equipnment until it fails or
becomes unusabl e versus carryi ng out repeated inspections.

Step Two: Equi pnent Perfornmance Data

To prepare and schedul e a mai ntenance job on a piece of equipnment, there
are several sources of information which nmight be considered.

a) Equi prent  nmanual : this mnual is provided by the equipnent
supplier and is always the best source of information.




b) Ceneral literature on the subject such as specialised magazi nes or
books.

c) Ceneral practices: often times general practice will dictate the
type and frequency of maintenance, such as daily draining of a
conpressor tank which is a good practice and should be included in a
mai nt enance schedul e.

d) Lubricant suppliers' recommendations: this is a very good source of
i nformation. Lubricant manufacturers often have expertise and
i nterest in nmaking good use of their products, and can help in the
pl anni ng of a substantial part of a preventive mai ntenance programre
as to the type of inspection, frequency and type of lubricant to be
used.

e) Ot her buyers of simlar equipnent, and their experiences wth
nmai nt enance requi rements and costs.

f) Experi ence and judgenent: A maintenance programe should be
dynam ¢, not cast in concrete. The programe should be changing and
be revised fromtinme to tine to reflect actual needs rather than
estimated requirenents.

Step Three: How Much Preventive Miintenance

The context of a given systemw ||l dictate the sufficiency of preventive
mai nt enance. The consequences of an engine failure are a ot nore serious in
an aircraft than in a car; the corresponding |levels of maintenance will thus
be quite different.

O her factors also contribute to decision making, such as the budget
al l owed for maintenance functions and the cost of inventory of spare parts and
other material s.

Step Four: Estimati ng the Cost of Preventive Mi ntenance

The cost of preventive mai ntenance is al ways dependent on the size of the
progr ame. However, the progranme should grow from a relatively sinple
begi nning to attain a |level of sophistication determned with practice. The
begi nning serves as an experinentation period for all personnel involved in
the programme, and the cost is then limted to those actually required to
operate the programre on either a full or part-tine basis.

The costs of materials and spare parts are often rather high. Sone of

these costs will apply whether or not a good programme exists. An experienced
mai nt enance man identifies the need for stocking spare parts for critical
machi nes and, at the same tine, controls these costs. Wl |ooked after, a
good programme offsets these costs. It is certainly less costly than no
systemat all, or a "hit and m ss" system
F. Functions of a Preventive Mii ntenance Progranme
1. A preventive naintenance progranmme shoul d be organised to reduce and

elimnate repetitive or expensive repair work

2. It should also provide an economically justified programe of
| ubrication so as to reduce the requirenents for nechani cal maintenance.
Such a programme shoul d provide for:

- Revi ew and establishnent of the itenms to be covered

- Devel opnent and inpl enentation of schedul es including standard
practices, frequencies, quantities, types of lubricants, and
routes to be foll owed.

- Control of the work done by means of a check list that will
assure that the lubrication was carried out and recorded.



- Anal ysis and control of the quality of the lubricants, (i.e.,
sanpling and testing of all lubricants fromtransformers, gear
boxes and critical gear drives).

- VWhere feasible, re-design of the lubrication system and
installation of an automatic system to mnimze nanua
[ ubrication.

3. Peri odi c i nspecti ons:

The purpose of regular inspection is to discover and correct
unfavorable situations in their developing stages and thus prevent
br eakdowns. A reduction in the nunber of stoppages will result in a
better machine performance and will reduce nai ntenance cost by avoiding
maej or damages. Such inspection should be justified for econom c reasons
and should thus be well planned and organi sed, covering aspects such as
the determination of the type, extent and interval of inspections, the
revi ew of check lists or practices and the optim sation of procedures. 4.
Oper ati ng procedures:

Start-up failures, whether on new facilities or on existing
equi pnent, are legion. In nost cases, these failures are due to inproper
procedures or procedures not properly followed.

In the case of existing equipnent, the data system is very
i nportant, as described earlier. Proper information should be
transmitted to the mai ntenance operation group

In the case of new equipnent, the supplier is generally the best
source of information on operating procedures.

5. Data accumnul ati on and reporting:

Preventive naintenance requires a good system of records and
reports. The data system nay be manual or conmputerised. It is usually
possi ble to develop suitable information fromeither approach

The i nput docunent is obviously basic to any information system and
shoul d provide a conplete history of each piece of equipnent for review
as necessary.

An equi prent nunbering system is fundanental to the equipnment cost
records necessary for good control.

Good information pernmits the identification of recurring and high
cost repairs, the adjustnent of the frequency of preventive naintenance
wor k, and the review of the job content.

6. O her techni ques:

There are other ways to help inplement a good programe of
preventive mai ntenance. They involve finer techniques which may be added
to the basic system such as:

- Equi prent testing: non-destructive testing;

- Mai nt enance manual s: procedures and practi ces;

- St andar di sati on: tools, materials, spare parts, procurenent
speci fications;

- Desi gn changes: mnimze noving parts, better nmaterials,
automatic lubrication, sealed units, etc.

- Material s analysis: better materials, salvaged materials;

- Mai nt enance nechani cs and operators training: denonstrations,



films, on-the-job training, courses, etc.

- War ehouse: reduced inventory, spare parts control, inproved
reliability.
Any good nmintenance programme will nore than live up to expectations
It will increase availability of process equiprment and at the sanme tinme reduce
total nmaintenance costs. Efficient nmaintenance wll always provide a high

return on investnent and help to inprove the quality of the final product or
servi ce.
Chapter 2

PRQJECT NMANAGEMENT

Much of the capital goods and equi pnent inported by devel opi ng countries
form part of projects with conponents such as construction, acquisition of
equi pmrent, installation and conm ssioning, etc.

In some cases, such projects are inplenmented as "turnkey operations”
where the nmain contract is passed on to a supplier who is capable of doing the

work as a whole as required in the project. However several other firns and
suppliers can be involved in such a project; they becone subcontractors of
the main contractor. The latter remains responsible for the globa

realisation of the project and his responsibility can include the supply and
mai nt enance of equi pnent.

A Rol e and Responsibilities of a Consulting Engi neer

Before starting a project, prelimnary studies nust be nade. They are
often prepared by a consulting engineering firm Such a study will enphasise
the followi ng el ements

1. The practicability of the project taking into consideration the
foll owi ng conditions:

- Econom ¢
- Politica
- Soci al

- Cul tura

2. The possible inmpact of the project on the environnent of the
country:

- Human
- Ecol ogi ca

3. The prelimnary search for the various technol ogi cal choices, taking
into account:

- Speci al needs

- Simlar projects already realised

- Present technol ogi es avail able or bei ng devel oped
- New t echnol ogi es not yet proven

4. The prelimnary listing of all the stages necessary for the
realisation of the project such as:

- Possi bl e schedul e
- Expected date of term nation

5. The prelimnary presentation of all the aspects related to the
future mai ntenance of the proposed equi prent:

- Trai ni ng needs;



- Necessary assistance at tine of start-up;
- Level of standardi sation of spare parts

Before witing his prelimnary study report, the consulting engi neer nust
work out a conplete narket research of the products to be purchased and al so,
if pertinent, of the products to be fabricated with new equi prent. The market
study shoul d incl ude:

- How deci sions are taken on the narket;
- Were present and future consuners are | ocat ed;

- Nunber of potential consumers for the probable life of the
proj ect;

- Fi nancing alternatives for the project;

- VWhat the inpact of the project is likely to be on the country's
econony.

Whether this is a project involving public utilities (electrical power
system water supply, etc.) or a manufacturing facility, the consulting
engi neer nust extend his study to cover data concerning:

- Possi bl e distribution of the products or services;

- Li kely prices for the products and services during the useful
life of the equipnent;

- Esti mate of projected revenues generated by the project.

What ever the nature of the project, the consulting engi neer nust present
in his prelimnary report the total costs and potential gains related to the
project. It often happens that consultants only estimate the potential gains
wi thout correctly evaluating all the nmaintenance costs of the project
equi pnent. To achieve its objectives, such a prelimnary report must include
not only the costs of realising the project but also all the future operation
costs, which must inply the costs of maintenance. The latter could probably
be the nost inportant cost to consider.

Concerning a developing country, the prelimnary report nust enbrace a
sound study of all the procurement sources for raw materials and spare parts.
At this stage, one should identify technological partners and potentia

suppliers before the project starts. This prevision helps to discover
eventual captive nmarket conditions and will al so determ ne and account for the
cost of the maintenance. The inporter gets a better understanding of the

agreenments which can be negotiated with suppliers of raw materials or the
suppliers of spare parts, if his estimtes of costs include a price revision
formul a.

A prelimnary research report usually also includes the selection of a

site for the project. This site selection will bear an inportant inpact on
the estimated costs for the realisation of the project, and even on the
operational costs later on as it wll affect the nmaintenance costs. For

i nstance, when working on a prelimnary study for the construction of a
railway, it would be normal to forecast the site of the nmaintenance shops and
spare parts stores, keeping in mnd the nmaxi num reduction of the possible

cost s. O her local factors can also affect the maintenance costs: type of
soil, proximty of required services (water supply, electrical network,
di stribution network, harbour, airport, etc.). It is, therefore, at the very

begi nning, at the stage of the prelimnary studies, that the maintenance costs
can be nminimsed by the first basic choices which would nake the project
viabl e and neet the real needs.

Working on a project wthout considering the naintenance costs neans
overl ooking reality:



ALL CAPI TAL GOCDS MJST BE WELL NMAINTAINED TO BE KEPT IN GOCD OPERATI NG
CONDI TI ONS.

The consulting engineer nust nake estimates of the global costs of a
proj ect, often including technol ogical al ternatives. Fol l owi ng such
estimates, the consulting engineer can recommend a technol ogi cal choi ce which
woul d consider all such costs, including the inmportant costs of naintenance.

To conplete his estinmate the consulting engineer must ook into his own
files for simlar projects, and ask potential suppliers to estimate their own
possi bl e costs. By extrapolating his own experience, the engineer can gather
all the required data and tabulate all the costs which might be incurred
during the utilisation period. This nmeans that the prelimnary research wll
usually show a table of the construction costs and another table showi ng all
the operation costs, including maintenance. After the study of these tables,
a sound decision can be nade; in fact, sone inportant costs will be taken
into account which otherwi se might have been left out. The information
condensed in the tables takes on a vital inportance, particularly if the
technol ogi cal choices are manifold. |In sone cases, the purchase costs can be
low in conparison with the high operating and rmaintenance costs. In other
i nstances, the purchase costs can be higher as the operating and nai ntenance
costs are low due to the type of technology. The conparative tables show a
clearer and nore global picture of the various options available on the
mar ket .

As the nost inportant objective of the prelimnary research is to assist
the future owners in their decision to start up a project, the maintenance
costs cannot be excluded. The owner's desire is, of course, to have a
facility which operates continuously and well.

A well-prepared prelimnary research, for exanple, can avoid the
construction of a dam to produce electrical power on a river with too low a

volume of water during the dry period. It can also lead to reject a
technology in which a supplier nonopoly exists on required products or spare
parts. It could also help to avoid buying equipnment which would becone

obsol ete too early.

MAI NTENANCE MUST BE A BASIC PREOCCUPATI ON OF A CONSULTI NG ENG NEER AT THE
RESEARCH STACGE, SOUND PRQIECT MANAGEMENT.
B. Proj ect Formul ation

After the approval of the prelimnary project, the project fornulation
phase begins. At this stage, all the data presented in the prelininary report
will be reviewed in detail.

Mai nt enance costs are very inportant in the majority of projects. There
is thus reason to extrapolate the real mmintenance costs for the entire useful
life of a project. In the exanple of a hydro-electric dam a detailed study
of maintenance needs nust be conpleted in relation to the wvarious
t echnol ogi cal choices, and this for each piece of equipnent.

Note: Al figures shown in the following tables are fictitious and nust
not be used for conparison purposes.

Exanpl e:  Turbine no. 1 (in U 'S. dollars)

Costs of acquisition: Choice A Choice B Choice C
Pur chasi ng costs 200, 000 350, 000 700, 000
Transport 70, 000 30, 000 90, 000

Total acquisition: 270, 000 380, 000 790, 500

Install ati on costs: Choice A Choice B Choice C



Infrastructure 320, 000 160, 000 840, 000

Handl i ng 180, 000 180, 000 70, 000
Wring 220, 000 220, 000 130, 000
Labour 440, 000 365, 000 210, 000
Total installation: 1, 160, 000 925, 000 1, 250, 000

From the above conpilation, a new table can be made, taking into
consi deration the acquisition and installation expenses. The new tabul ation
now gi ves the following results.

SUMVARY TABLE: Choice A Choice B Choice C
Pur chasi ng costs 270, 000 380, 000 790, 500
Installation costs 1, 160, 000 925, 000 1, 250, 000
Total to date: 1, 430, 000 1, 305, 000 2, 040, 500
The useful Iife rmust now be determined for each choice based on previous

experience or on the recomendati on provided by the respective suppliers.

The following table shows the above total figures broken down into
nont hly val ues, taking into account the probable useful life of the equi prment
under normal nai ntenance based on nmanufacturers' recomendati ons.

Choice A Choice B Choice C
Probable life in nonths 120 144 180
Esti mated nont hly purchasi ng
and installation cost
(in constant U S. dollars) 11, 917 9, 063 11, 336

From the analysis of the previous tables, it can be concluded that in
| ooking at acquisition and installation costs, choice B is the nost
advant ageous, at 1,305,000 U.S. dollars, and is still the nost interesting for
its probable useful life at 9,063 U.S. dollars per nonth.

These tables, however, do not include the maintenance costs of the
turbines. Before naking the final decision, it is necessary to evaluate the
maei nt enance costs for each proposal according to the nmanufacturer's
recomendat i ons. For sinplification purposes, the spare parts in the next
tabl e are shown under one heading for the |life of the project.

Their values are given in constant US. dollars, at their purchased

prices when the table was prepared, over the total useful life of the
equi prrent .

COSTS OF MAI NTENANCE: Choice A Choice B Choice C

Spare parts 1, 080, 000 740, 000 560, 000

Labour 860, 000 1, 430, 000 740, 000

Trai ni ng of personnel 420, 000 240, 000 580, 000

Tot al : 2, 360, 000 2,410, 000 1, 880, 000

Di vi ded by:

Useful |ife of turbines

(i n nont hs) 120 144 180



Mont hly cost of mmintenance;
(in constant U S. dollars) 19, 667 16, 736 10, 444

From the previous table, a new table can be nade up, presenting another
i mge, as a rough draft of the nonthly global cost (in constant U S. dollars)

ROUGH DRAFT OF MONTHLY GLOBAL COST,

Choice A Choice B Choice C
Mont hly acqui sition and
installation costs 11,917 9, 063 11, 336
Mont hl'y nmai nt enance costs 19, 667 16, 736 10, 444
Total nonthly gl obal cost 31, 584 25, 799 21,780

Now it can be concluded that alternative C becones the npbst advantageous
choice at 21,780 U S. dollars per nonth. O her factors nust be considered
however, to conme up with a find global cost. These are:

- The period during which these nmmintenance expenses are
incurred, taking into account the probable inflation in the
suppliers' countries.

- The portion payable in foreign currency and the portion payabl e
in local currency.

- The financing expenses.
- etc.

To build up such tables, the consulting engineer will have prepared a
prelimnary design which presents the needs of the custoner.

VWen the needs are identified and known, he tabulates all the data
received fromthe potential suppliers. A list of equipnment can be finalised
only when the work, as a whole, is conplete, such as:

- Ceneral drawi ngs of the projected installation

- Speci fications of equi prent and expected performance;
- Speci fications of buildings;

- Desi gn of the l|ogistics process;

- Preparation of bidding docunents.

In the exanple of the hydro-electric dam or in any other large scale
project, it is very often practical and advisable to sign an agreenent for the
responsibility of the whole project with the engineering firm which has
prepared a sound prelimnary report. Wen the project is on its way, the same
engi neer can be given the surveillance of the project, including mintenance,
for a given nunber of years ahead.

Under such circunstances, the responsibilities given to this firm would
be well defined in a consulting contract and woul d i ncl ude:

- Total supervision and coordination of all works before, during
and after the project (methods of paynents and tinme period to
be covered).

- Fi nal design of project and technical choices, keeping in mnd
t he gl obal cost of procurenent, including rmaintenance cost.

- Power to obtain the necessary mandates (inport pernmits,



financing, invitation to bid, issuance of subcontracts).

- Responsibility to select the conpetent personnel needed in all
phases of the project.

- Responsibility to prepare a training progranme for the workers
on the construction site and for those operating the machinery,
i ncludi ng all rmaintenance operations.

- Preparation of all detailed draw ngs: mechani cal , buil ding
(foundation, erection, roofs, drainage, etc.) electrical
pi pefitting, steel reinforcing, etc.

- Quality control of all works done by enployees on the building
site or by subcontractors.

- Quality control of all equipnent received from suppliers.

- Preparation of a maintenance programme for the useful life
peri od of the project, including:

- Preventi ve mai nt enance
- Corrective maintenance.

C Useful Life of Equipnent

For a large project such as a hydro-electric dam there is a clear
di fference between the utilisation period of the damitself, say for exanple
fifty years, and the useful life of each sub-assenbly or system which forms
part of the project. There are thousands of pieces of equiprment in a hydro-
el ectric dam each one, as a unit or sub-assenbly, nust be |ooked after
according to the progranme of preventive and corrective mai ntenance.

The next exanple for a group of electric notors which activate di scharge
val ves shows how such programes can be recorded, particularly on conputer:

Mai nt enance costs

Mot or s Locati ons
(nunbers) (nunbers) Test 1 Test 2 Test 3
SM 326 789654 01.01.01 08.12. 34 09. 06. 67

For the first test, the codes nean:

Enpl oyee Frequency Duty
01 01 01
Qler Mont hl'y aling

For the second test, the codes nean:

Enpl oyee Frequency Duty
08 12 34
Mechani ¢ Yearly Change of

beari ngs

For the third test, the codes nean:

Enpl oyee Frequency Duty



09 60 67
El ectrician Every 5 years Mot or rew nd

Everything that has to be done on each piece of equipnent or unit can be
conputerised. Such progranme planning can help in preparing beforehand a work
scheme for all maintenance enployees and train them properly in their
respective functions.

On a large-scale project where maintenance is of vital inportance, the
mai nt enance programe can be prepared for the full utilisation period of the
pr oj ect . The programme consists in planning beforehand all the repairs and
repl acenments at a given period. Wth this programmng, the costs of
mai nt enance becone known; the spare parts can al so be added to the progranmme
and then stocked for use during the planned repair period.

It must be renenbered that the useful life of a piece of equipnment is
subject to several utilisation factors, and particularly to the quality of
maei nt enance. For instance, an electric nmotor can have a life cycle of twenty
years, on continuous duty, as long as preventive nmaintenance is carried out at

regul ar intervals. The inspection of the shaft can take place at specific
intervals to detect any netal cracks. From these inspections, repair
mai nt enance can take place on time and avoid major danage. Preventive

mai nt enance, by neans of appropriate surveillance, |leads to a good planni ng of
corrective maintenance; the repair takes place before an energency shutdown.
This approach in maintenance will extend the life cycle and, by the sane
t oken, maxi m se the econonical performance of the project.

D. Choi ce of Suppliers

At the beginning of the preparatory phase of a project, the search for
and appraisal of suppliers is essential to eventually control costs of a
project, especially the maintenance costs. The selection of suppliers will be
based on the technol ogy chosen in the prelimnary eval uation report.

Assuming that an itemis generally purchased only because of its need and
usefulness, it is essential that it can be muintained in good operating
condition; this assurance becones a necessity at time of purchasing.

This principle mnmust be applied when selecting the suppliers. Sone
suppliers will be involved only during the construction part of the project,
whereas others will have to supply spare parts and inportant assistance during
the start-up. Some other suppliers will have to supply spare parts for the
useful life of the equipnent. This fact becones essential for the
practicability and profitability of the project. Speci al attention nust be

paid to those suppliers who, in this case, offer technol ogies which apply to
recogni sed international standards, thus avoiding a possible captive market
situation or major difficulties in obtaining spare parts should the supplier
go out of business.

It is difficult to contenplate a |l|arge-scale project wthout a
mai nt enance progranme. The acquisition of new technologies inplies the
training of the responsible naintenance personnel on site. Knowi ng this

reality, suppliers who offer sound assistance in personnel training will stand
a better chance to be sel ected.

The ideal supplier is capable of offering not only a piece of equipnent
but also a certain stability on the market; in addition, he is in a position
to offer a valid guarantee, training, spare parts and after-sales services
Such a supplier can sign |long-term agreenents covering the above. As regards
supply of spare parts, a good supplier should provide the foll ow ng:

- An agreenent which allows the purchaser to buy his spare parts
for a period of several years under a price envision fornula,
mutually agreed upon at the tine of negotiations for the
purchase of the nain equipnent.



- A conprehensive list of all sub-contractors who nanufacture any
equi pnent conponents or spare parts.

- The ability to supply spares and services in case of energency.

- A good know edge of the concerned markets, with the ability to
organise a local or regional after-sales service taking into
account cultural and technol ogi cal differences.

Ceneral ly, the selected supplier should:

- Be well qualified to produce, deliver and install the products,
equi prent and quality services required to nmeet the identified
needs.

- Have a great respect for delivery schedules and a good
know edge of all the constraints which are specific to the
devel opi ng countries he is supplying.

- Have a positive state of nmind and pride in participating in the
devel opnent of a country.

VWhen purchasing equipnent, it is preferable, in general, to negotiate
directly with the manufacturer as long as he offers essential services such
as: transportation, insurance, training, spare parts, guarantee, after-sales
service and others. The inporter is interested in obtaining the goods at the
right time at the right place, in the exact quantity, of the required quality,
and with no problemin the property transfer. Wen the manufacturer offers
these requirenments, then there is no need to use any other distribution
net wor k.

Some nmanufacturers, however, linmt their activity to the design and
production of equipnent and |eave the distribution system as they offer, in
partnership with the manufacturers, the essential services required by the
i mporter. Sone of these firms have both a service and a wholesale
organi sation and can supply both spare parts and all after-sales services.
This type of organisation is of great assistance to the manufacturer in
organi sing better after-sales services, especially for renote narkets.

VWhat nust be | ooked for in the selection of suppliers is the nunber and
the quality of services offered by the supplier. In this respect, a
whol esal er can serve a narket to the satisfaction of the clients as he is
providing services that the manufacturer would not be in a position to offer.
In addition, fromregi onal warehouses, the whol esal er can sonetines contribute
to inventory reduction of spare parts; thus, he is giving some assurance as
to a good service after the equi pnment is purchased by the inporter

The whol esaler nust be differentiated from an agent. The whol esal er
usual ly keeps an inventory of spare parts besides selling equiprment and
rel ated services. The agent does not keep any inventory but takes orders from
several custonmers and then buys from the manufacturer offering the best
conditions. The agent however is sonetines very helpful to the inporter as he
can generally cone up with the best prices. By the nature of his activities
however, the agent is interested in making deals on a short term basis; the
extent of his services very often will be limted, and sonetinmes reduced to
not hi ng when it touches mmi ntenance and the procurenment of spare parts.

The nature of maintenance depends on the type of equipnent, and sone

parts may have to be replaced at regular intervals. In the case of an
autonobile, for exanple, oil has to be changed regularly. However, ot her
parts, such as a rearview nirror or a door latch, are designed to |ast
t hroughout the useful life of the car. Their replacenent becones part of
corrective nmaintenance following a failure, very seldomas a result of nornal
wear . These parts, which are of corrective maintenance nature, are nore
difficult to define as far as inventory quantities are concerned. An

importer would feel relaxed if a dependabl e whol esaler were to accept a |ong
term agreenent on stocking such spare parts at a prefixed price



It would be interesting if the various associations of purchasers
i nvolved in the buying of simlar equipnment were to suggest to governments of
nei ghbouring countries the creation of a central warehouse. For instance, the
governnents of three neighbouring countries using simlar equipnment in power
stations could agree on a regional inventory of spare parts if a central store
were created, whether public or private.

It is wvery inmportant to know who are all the manufacturer's
subcontractors, where spare parts are concerned. A great nunber of
manuf acturers only design and assenbl e conponents, |eaving by preference the
production of these parts to subcontractors. An inmporter who purchases an
assenbly would find it very useful to know all the subcontractors in order to
assure a permanent supply of parts over a period of years. Even if a
manuf acturer is bound by an agreenent, the inporter would find it advisable to
know all the subcontractors who could assure the supply of parts if the
principal manufacturer were to cease operating, or even if he were to
di scontinue the type or nodel of equipnent already supplied. It is when a
supplier is selected that an inporter has the opportunity to know the
producers, the subcontractors, in other words all the intervening parties as
well as the nature of their involvenment in the manufacturing process.

An inporter generally prepares conparative tables after opening the bids
of prospective suppliers. As far as mmintenance is concerned, it is also
advisable to tabulate all the services proposed by each supplier on a
conparative basis, as shown on page 25.

Conpar ative Tabl e of Proposed Services for |Inported Goods:

Servi ces FirmA FirmB
Quar ant ee X

Trai ni ng X X
Transport X
Custons C earance X

I nventory X X

Pri ce Revi sion
Formul a X

Enmer gency Repair
Servi ce X

Know edge of Soci a

Condi ti ons X

Busi ness | nformation X X
Tel ex X X
Dat a Processing X X
Fi nanci ng X

Quality Control X
Nunber of Enpl oyees 24 16
Nurber of Years

I n Operation 8 33
Proximty YES NO

Cont ai neri sation NO YES



Mai nt enance Progr anme YES YES

Such a table would bring out the various services proposed by the
suppliers.

The existence of distribution networks is justified in the marketing
process of products and equipnment. A distribution network is nmeant to be an
i nternedi ate body which |ooks after the supply of goods to the consuner or
user including several services such as after-sales services, stock holdings
guarantee service, financing and a locally-based support to users. Sone
conpanies concerned with after-sales service offer mmintenance services
i ncluding spare parts, training and emergency repair service. Equi pnent is
sonmetinmes sold with a conpl ete mai ntenance programe already prepared for the
life of the product. In this case, spare parts can form part of a full
guarantee fromthe original nmanufacturer

When selecting suppliers, it is a nust to look for suppliers who are
capabl e of providing the parts and the necessary services in order to maintain

t he equi pnent in good operating conditions during its estimted useful life.

A serious inporter will protect hinself through an agreenent with the
supplier for the purpose of assuring a continuous supply. Thi s assurance,
however, |eaves the buyer open to the opportunity to buy the spare parts

el sewhere if conpetitors offer |lower prices in the future

Several types of distribution systens exist. It is by know edge and
experience in the market that it becomes possible to understand the roles and
responsibilities of the intervening agencies involved in providing the
necessary services for the naintenance of particul ar equi prent.

The first type of distribution system consists of manufacturers opening
their own service branches in devel oping countries. Al'l undert aki ngs under

this nodel will belong to the sanme owner, as foll ows;
MANUFACTURER
(Country A)
BRANCH BRANCH BRANCH
(Country B) (Country O (Country D)

The second type includes several manufacturers who are represented by an
i nternedi ate broker who mainly |ooks after contracts. This broker may, in
turn, have retailers or service firns capable of providing after-sales
servi ces.

MANUFACTURER 1 MANUFACTURER 2 MANUFACTURER 3

| NTERVEDI ATE DEALER
(OR WHOLESALER)
(OR AGENT)

SERVI CE FI RM SERVI CE FI RM
(Country X) (Country )




USELESS AGENTS MJUST BE ELI M NATED, LOOK FOR THOSE OFFERI NG A SERVI CE WH CH
REALLY HELPS A CUSTOVER I N HI S MAI NTENANCE RESPONSI BI LI TI ES
E. Dealings with a Technol ogi cal Partner

For a project involving a new technology, it might be advisable for a
buyer with no experience in the field to pick a conercial partner capabl e of
transferring the technology in addition to providing assistance during the
first years of the project. This assistance can go from managenent to the
mai nt enance of all new installati ons and new equi pnent.

The technol ogical partner can be a supplier; in this case, a contract is
witten to cover the cost of these services. The end of the contract becones
the end of the partnership.

Many firms, mainly in the industrial sector, often prefer other
agreenments ained at a broadened partnership. This can nean, for exanple, co-
ownership of the new facilities for a predeterm ned period. Thi s approach
favours the sharing of risks, whether in marketing or in operations.

In putting such a plan into execution, the comrercial partner can be
given different tasks such as:

- Transfer of technol ogy and of related know how,

- Preparation of the operating nanual s;

- Programe pl anning for preventive and corrective mai ntenance;

- Trai ning of the required maintenance personnel

- Emergency repair service in case of failure; and

- Trai ni ng of operating personnel for the operation start-up
These partnership agreenents are nade easier when political, econonical

social and cultural conditions are favourable. Chanbers of Commrerce and

Departnments of Trade can have an inportant influence in pronoting such
part nershi ps, whether North-South or South-South.

Chapter 3
COSTS AND MANAGEMENT COF SPARE PARTS

A Eval uati on Met hod
Before producing a piece of equiprment, the inporter is interested in
knowi ng with accuracy the possible cost of maintenance for the useful life of
the project or equipnent. To do so, he nust have on hand the necessary

information which would be used to determne a nethod of cost evaluation.



Most of the information can be provided by the suppliers and can be checked
with other customers using simlar equipnent. To obtain all the details, the
importer must be persistent in his conmunications with potential suppliers
prior to the invitation to bid, particularly when this includes a naintenance
pr ogr ame.

1. Useful life

It is essential to know the wuseful life of a piece of
equi prent, that is, the nunber of years the equi pnment can | ast under
normal use and with a predeterm ned | evel of maintenance. This |ast
poi nt beconmes essential as the life of the equipment wll be
affected by the level and quality of maintenance during the period
of utilisation.

As soon as this information is available and checked from
statenents provided by other users, all the information related to
mai nt enance shoul d be added, such as that concerning spare parts.

2. Spare parts requirenents

The list of spare parts suggested by the equi pment manufacturer
is usually available at the tine of purchase, as the supplier is

interested in selling spare parts along with the equi pnent. Her e,
the responsibility of the inporter consists in determining with the
supplier the extent of usefulness of these spare parts. In this

regard, it is reconmmended to tabulate all the spare part itens in
relation to their inportance to the naintenance programme.

Because of their inportance and to easily understand how the
mai nt enance stock is nanaged, we wll again touch wupon the
nmai nt enance concepts already di scussed in chapter one.

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Types of Maintenance: M nor Mintenance Programmes

* Maj or Mai nt enance Progranmes *
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The selection of spare parts is nade easier by subdividing, perhaps
arbitrarily, each of these two types of maintenance into:

0333333333033
* Preventi ve Mi ntenance =*

* Corrective Miintenance =*
B3I IIIIIIIIIIIIIIE

a) M nor and nmj or preventive nmi ntenance

To illustrate this, we wll take the exanple of a notor-coach, or
bus. In this case, the oil draining, the changing of various
filters and belts, the greasing, etc., are all part of a mnor
preventive maintenance progranme. The inporter has no choice: he
must know the frequency of the various naintenance jobs and keep a
conti nuous stock of spare parts and materials needed to keep this
vehicle in good operating condition.

In the sane exanple, the inporter nust take into consideration the
normmal wear of some nechanical parts after a given period of tine.

For safety purposes, the follow ng replacenents nust be considered:
brake bl ocks, exhaust pipes and nufflers, tires, etc. These actions are
part of a nmjor preventive mnaintenance progranme.

W t hout preventive maintenance, there is every chance that the
equi prent (in this case the bus) will becone useless in a short period of
tinme. Here again the spare parts nust be in stock at the right tine, as



part of an established preventive nmaintenance programe. It is a well
known fact that, after having covered so nany kilonetres, this
maei nt enance beconmes a necessity; it nust also be repeated at |onger
i nterval s.

b) M nor and nmj or corrective mnmintenance

The inventory of spare parts for ninor corrective maintenance
consists in keeping parts which should normally last the Iife of the
equi prrent. Sone of these parts, however, nust be replaced under

uncontrol | abl e circunstances. A w ndshield, for exanple, should
normal ly last the Iife of a coach, but during normal operation it
can be damaged by accident. This becomes the reason for its

unf oreseen repl acenent. Therefore, the inporter nust keep a mni num
i nventory of spare parts to be able to replace those which are
danmaged. O her exanples could be: driving mrror, radiator, rear
wi ndow, etc.

Finally, because of obsolescence or 1ong use, maintenance
consists in naking a piece of equiprment as good as new. |In such a
case, for exanple, an engine or a gearbox may have to be replace
This is an exanple of mmjor corrective maintenance. Here again, the
i mporter nmust have spare parts in stock to be able to undertake
these repairs. Quantities can be minimal as this situation
generally arises only after a long period of usage. For the sane
reasons, deliveries from suppliers can be spread out over a |onger
peri od, as well as paynents.

Wth a good know edge of all the spare parts requirenents, the inporter
can calculate the potential cost of naintenance and fix the inventory |evels
of spares to be kept, particularly if a fleet of coaches has to be naintai ned.

The question of interchangeability of spare parts is beconing nore and
nore an inportant issue at the tine of equipnment selection if the costs of
i nventory and of repairs are to be mninized.

EXAMPLE
Following is a short list of spare parts for a nmotor coach proposed by the

supplier. For each one, the frequency of replacenent in kilonmetres is given;
the nunber of potential replacenments can now be calculated, taking into

account the expected useful |ife as being 500,000 kil onetres.

Spare Parts Frequency of Repl acenent Nunber of Repl acenents
(in kilonetres)

A) al 20, 000 25
Filters 25, 000 20
Belts 50, 000 10

B) Brake Bl ocks 80, 000 6. 25
Exhaust System 100, 000 5
Tires 70, 000 7.14

O W ndshi el d 500, 000 1

D) Engi ne 500, 000 1

Differenti al 500, 000 1



Transni ssi on 500, 000 1

Such a table helps to prepare a policy for the nanagenent of stocks. It
is obvious that, at the tinme of purchase, an inventory of spare parts of the
first two categories (A & B) rmnust be built; these conprise the minor and
mej or preventive maintenance programres. For the other two categories
involving minor and nmjor corrective maintenance items, (C & D), a mininmal
gquantity of parts nust be ordered for inventory only to keep the vehicle fleet
in safe operating conditions. The above exanpl e, although abbreviated, seens
cl ear. It is worth knowi ng, however, that at the tinme of purchasing nore
conmpl ex production equipnment, some inporters do not make these specific
differences and end up in having a high inventory of spare parts in the fourth
category (goods sold at high cost by supplier). Yet, due to insufficient
forei gn exchange, there may be insufficient spare parts in stock for the mnor
repairs. The cost of inventory is high in this case, although what is readily
needed i s not avail abl e.

When such a table is known, it is possible to conbine the spare parts and
| abour costs. The following table is an illustration of how the above
i nformation can be rewitten and conpiled. For the purpose of sinplification
all costs related to labour training have been excluded, as well as those
concerning the erection of naintenance shops and the special equipnent and
tools needed to maintain a vehicle fleet.

Probabl e cost (abbreviated) of Mintenance

Parts Quantity Total Purchase Val ue Labour
(in US dollars) (in local currency)
Ql 25 750 120, 000
Filters 20 300 40, 000
Bel ts 10 400 20, 000
Brake Stock 6.25 625 450, 000
Exhaust Pi pes 5 375 310, 000
Tires 7.14 572 190, 000
W ndshi el d 1 675 90, 000
Engi ne 1 5, 150 875, 000
Di fferenti al 1 3,430 324, 000
Transmi ssi on 1 1, 750 445, 000
Tot al : X y
The suns of x and y equal the probable direct cost of naintenance. It

shoul d be noted that all the figures shown in the above table are fictitious
and nust not be used for conparative purposes in actual situations.

Wth such a tabulation for each of the quotations received, we can cone
up with the following table showing the global cost of each offer (based on
actual itemcosts at the tine of equi pnent purchase):

Supplier A Supplier B Supplier C
Equi prent El E2 E3
Spare Parts P1 P2 P3
Labour L1 L2 L3

O her costs of mai ntenance can be added on such a table:



After-sal es Service S1 S2
Trai ni ng T1 T2
etc.

The above exanple does not cover for any variation
during the service period, nor does it take
val ue of the spare parts at the actual tinme of purchase.

B. Procurenent d obal Cost

In the previous tables, we have taken into account
purchasing and utilisation (naintenance).
by including operating costs such as the cost of fuel

producti on equi pnrent, the cost of electrical power, gas,

used or,
etc.

The following table presents a summary of al

considered by the inporter at the time of equipnent purchase,
account the factors of price, quantity, quality and tine
process.
Price Quantity Quality
Pur chasi ng Hol di ng Operation and
Cost s Cost s Mai nt enance
Cost s
Price of I nventory
equi prent capital costs Per sonnel (operators
by mai ntenance staff)
A supplier O her hol di ng
financi ng costs (storage Per f or mance (i e., out put
conditions and space, | abour inrelation to
terms of & handl i ng consunpti on of
paynent equi prent, etc.) i nputs, ie., energy)
Labour and ot her Durability

costs relating

to installation
and conmi ssi oni ng
of equi prent

Qual ity assurance
(supplier & buyer)

St andar di sati on

i n exchange
into consideration the updated

t he
These costs can be further detail ed
in the case of

S3

T3

rates

costs of

costs which should be

taking into
in the inport
Ti e

Costs due to
Envi r onnent

Mar ket

condi ti ons,
(ie., price
volatility)

Exchange
rates

Inflation

I nt er est
rates

Price of (particularly of spares)
t echnol ogi ca
transfer Mai nt enance (spare parts
frequency, supplier
Price of spare mai nt enance contract cost,
parts (initial etc.)
del i very)
After sales service
Trai ni ng of personne
Suppl i er guarant ee/ warranty
Tool s and ot her mai nt enance
facilities
When the information on all these costs is conpiled, the inporter nust
determ ne which is the option which offers the I|owest global cost of
acquisition taking into consideration all of the elenments given above,
including all costs relating to maintenance.
Chapter 4
RESPONSI Bl LI TI ES OF THE | MPORTER
A Pre-contractual Responsibilities




The inportance of preparing clear and precise terns of reference for the
i mport contract, including the equipnment specifications and other docunents,
cannot be over enphasized. |If the description of the equipnent, the required
after-sales services and the nmaintenance needs are clearly defined in
invitations to tender, potential suppliers will have a better chance to neet
these requirements by including, as part of their bids, offers for long term
agreenents covering spare parts and after-sal es services

The enphasis in the bidding invitation should be on what the equi pment is
nmeant to do, (i.e., performance-oriented specifications), rather than to
provide nerely a restrictive reference to a specific nake or nodel of
equi prent .

It is often better, when preparing the tender docunents, to include al

the clauses which will apply to the actual contract when the equipnment is
pur chased. The basic principle of such inclusions consists in preparing a
draft of the contract, as the basis for witing the tender docunents. |In this

way, suppliers know exactly which are the ternms of reference, and al so have an
i dea of the general conditions to be net.

There are five major responsibilities for an inporter at the pre-
contractual period. These are as follow

1. To prepare the assignnent and terns of reference;
2. To prepare the cost estinmate (the budget);
To search for potential suppliers;

To determ ne which will be the bid eval uation process;

o W

To prepare the bidding docunents.

When preparing the cost estimate, the inporter should include the
expected cost of naintenance to the cost of the equi pnent. Thus, the persons
meki ng the decisions will have a better idea of all the costs involved. This
is essential for financing and cost control

These Kkey decision-makers should be aware of the inportance of proper
mai ntenance. Its inportance on the budget is such that no inportation should
be authorized unless a conprehensive analysis of the bids is made which
includes a conparative table of all the various purchasing and naintenance
costs for the useful life of the equipnent or the capital goods concerned.

Searching for potential suppliers is one of the nost inportant
responsibilities of the inporter. In selecting potential suppliers for
invitations to tender, the inporter is already naking an inportant decision
which will be reflected at the tinme of bid evaluation. Proper information is
required to keep him aware of what is happening in the market and where are
the nost efficient technol ogies and best possible offers. He should also take
care of any inport restrictions inposed by his own country. Sonet i nes,
devel oping countries buy capital goods and equi pnent under foreign governnent
aid programres, and nust inport from predeterm ned sources.

The first step should consist of a general survey of international market
activities. Market information is essential and, as discussed in ITCs
practical guide in Inport Mnagenent No. 5, Information for Better |nport
Managenent, a wide variety of sources of information is available to an
inmporter. The present guide will refer to the nore inportant ones:

- Sour ces of published information;
- Conmrerci al l y-oriented market information and intelligence services;

- Trade representatives of foreign countries, and |ocal foreign trade
representative



- Chanbers of Commerce as well as associations of trade and industry,
wi thin and outside the country;

- Local agents of foreign suppliers;
- O her inporters of the sanme or sinilar products;
- Servi ce organi zati ons (banks, freight forwarders, etc.);

During the bid evaluation process, the selection of a piece of equipnent
shoul d be based on its quality and also on the quality and availability of the
after-sales services and nmintenance spare parts. The proposal s considered
should include not only the procurenment cost for the equipnent, but also an
evaluation of expected mmintenance costs over the utilization period.
Inflation and fluctuati ons of exchange rates should be taken into account.

These are various biddi ng nethods:
- d obal tendering
- Limted or selective tendering;
- Wth pre-qualification
- Wthout pre-qualification;

- Negot i at ed purchasi ng.

Before issuing an invitation to bid, the docunments should be prepared
taking into consideration the type of bid, the nunmber of invitations and the
conplexity of the goods to be inported. Special instructions to the potenti al
bi dders should be included at this stage concerning spare parts and after-
sal es services. If a sanple copy of all general and specific terns and
conditions, price revision formula and expected maintenance progranme were
added to the invitation to tender, this would require the bidder to include in
the quotations all the information required. The selection of a supplier is
t hen nmade easier.

The following format is suggested as an exanple of a bid subm ssion form
in the case of spare parts:

Bi d Subm ssion Formfor Spare Parts

Name of bi dder:

Addr ess:

I tem Nunber :
Commer ci al description

Speci fications:
To be used with:

Frequency of repl acenent:
Suggest ed order quantity:
Normal delivery lead tine:
Country of origin:

Manuf act ured by:

Drawi ng nunber:



(to be included)

Pat ent nunber:
(if applicable)

Actual selling price: per
Speci fy incoterns:

Price revision formul a:
(if applicable)

Nor mal recomended stock |evel:

Regi onal or international distribution network: (please attach list.)
Guar ant ee service by:

O her users known in area:

There is no single standard format covering all cases. The basic
principle is to request the supplier to include in his quotation the above
formfor spare parts; this information woul d nmake the decision easier for the
i mporter.

B. Bi d Eval uati on

This section deals wth the bid evaluation process as it refers
particularly to maintenance. For additional information, please see |ITC s
Practical @Guide in Inport Mnagement No. 9, Bid Evaluation in |nport
Procur enent.

Once the bids are received, the inporter nust make his decision as to
whi ch exporter should be given the order.

Bid evaluation neans, first, a general technical analysis and, then, a cost
analysis. A technical evaluation will be useful to determnine, anmpongst others:

- The quality of proposed goods;

- The expected life-cycle of the proposed equi pnent or products, goods or
spare parts;

- The assurance that specific requirenents are net;
- The degree of technol ogi cal conplexity;
- The | evel of standardisation;
- The possibility of interchangeability
- The mai nt enance requirenents;
- The training of personnel
Such an evaluation will conpare the quotations' contents with the bid
specifications. For this purpose, the following table denonstrates the

technical differences between several proposals. The equipnent concerned in
the exanple is a fork-lift truck

Supplier A Supplier B Supplier C
speci fications net Yes Yes Yes
Engi ne 4 L 4.2 L 3.7 L

Hydraulic system standard speci al standard



Transni ssi on st andard

Expected life
(before mgjor

mai nt enance) 25 years
Necessary training

for maintenance none
Nunber of spare

parts 86
Speci al tooling No
After-sales

service 0

Known reliability 80%

Wth such technical information,

speci al

30 years

new t echnol ogy

64

Yes

None

10%

another table of

st andard

20 years

none

104

No

K

80%

analysis wll

denonstrate the cost of equipnent and the eval uated cost of mai ntenance. For

t he sane exanpl e:

Supplier A
Price Ex-works
(in U S dollars) 27, 300
Transport cost
to site 6, 300
Accessori es i ncl
Pat ents' Fee i ncl.

Guar ant ee one ful
year, parts and | abour not avail abl e

Trai ni ng not avail abl e
Dut y 20%
Speci al crating i ncl.

Supplier B

22,350

5, 200
700

i ncl.

4, 200
3, 400
15%

2, 800

Cost of nmmintenance per nonth

(evaluation for expected life)

- Spare parts 425
- | abour 850
Tot al : X

ot her consi derati ons:

O her factors
supplier, including:

- Nat i ona

i nfl uence the

876

1200

inmporter in his

standards applicable to the equi pnent;

- Avail ability of personnel for maintenance;

- Exchange rates on foreign currency;

- Possi bl e alternative source of supply for spare parts;

- Fi nanci ng possibilities or

limts;

Supplier C

31, 000

1, 300
3, 600

i ncl.

i ncl.
i ncl.
10%

i ncl.

463

650

selection of the



- Past performance of supplier;
- Level of technical assistance:
- Reci proci ty;

- Speci al consideration to | ocal vendors.

These tables will help the inporter to weigh the relative inportance of
the technol ogi cal and costs elenents of the bids received. It is a well known
fact that the cost of maintenance over the period of utilization can be higher
than the acquisition cost. For this reason, the costs of spare parts and
mai nt enance should be considered as a very inportant factor in the bid
eval uation for capital goods purchases.

At the time of bid evaluation, a good practice consists in establishing a
draft naintenance programe. This practice will ensure the availability of
parts for preventive and corrective naintenance. A list of nmaintenance
activities can be prepared, showi ng the spare parts needed for the useful life
of the equipnment. Such a list will be useful to prepare a nonthly check |i st
of spare parts required by nmaintenance planning officers. After, an annua
equi prent repair progranme can be established. Finally, the list will cover
t he mai ntenance to be nade annually for the life of the equipnent.

These lists can be proposed by the supplier, but in npost cases they wll
be prepared by a team of responsible officers from many sectors: purchasing,
nmai nt enance, operation, inventory control, finance, etc.

G ose Contract Fol | ow up

A team of managers should be involved in close followup to the contract.
This action may take place before delivery, at the time of delivery, at the
time of paynent and during the utilization period of the equipnent, especially
if there is a long-term agreenment on after-sales services and spare parts

supply.

Bef ore delivery:

- Verification of specifications,
- Quality, quantity, expected delivery;

- Visit to supplier
- Foll ow up of communi cati ons;
- Quality control at site:
- during manufacturing;
- before shipnent;
- Quality assurance system of supplier;
- Sanpling requiremnents.

At the tine of delivery:

- Obtain fromsupplier:
- Certificate of conpliance;
- Reference standards;
- Techni cal design specifications;
- Drawi ngs of equi pnent and spare parts;
- Speci al maintenance tools;
- Preventive mai ntenance nanual ;
- Instruction nanual
- Installation instructions;
- Wring diagram
- FEtc.

- Verify proper transit insurance on goods;

- Control freight forwarders from departure point;



- Advi se concerned | egal authorities;
- FEtc.

At the tine of payment:

- Consult direct users for advice;

- Check all docunents:
- Packing Ii st
- Bill of Iading
- Quality control report
- Receiving list
- Contract
- Invoice
- Legal authorizations for custons, taxes, inmport pernits,
etc.
- Make sure that all parts of the contract have been
fully
del i vered by the supplier:

- Preventive nmintenance programme;
- Required spare parts;

- Al drawi ngs and specifications;
- Instruction nanual s;

- FEtc.

During the utilization period:

- Annual revision of the preventive nmai ntenance progranmeg;
- Pl anni ng of spare parts required on an annual basis;

- Fol | ow-up on prices in case of price revision fornula for spare
parts;

- Const ant survey of market indexes;

- Repl acenent of parts under guarantee;

- Const ant searching for alternative suppliers of spare parts;
- Conpari son of actual cost of mai ntenance with:

- Prom sed cost of supplier;
- Cost of new technol ogy;

- Fol | ow-up and control of mai ntenance training;
- Eval uation of overall reliability.

D. | nport Purchasi ng Met hods

Several purchasing nmethods can be used by an inporter: from gl obal
tender to direct negotiation. The nmain concern should be to obtain the spare
parts as per the specific objectives of the project or for the needs of the
mai nt enance of the inported equiprent.

One of the best nethods consists in buying spare parts with the equi pnent

on a long term agreenent, including a price revision formula. In this
net hod, t he basic negotiations will take place only once, at the tinme of the
contract. During the utilization period, the negotiation can be limted to
ot her aspects: quality, reliability, delivery of exact quantities at the

right tine, etc.

Purchasi ng by sealed tender is also a good, safe and honoured nmethod to
i ncrease conpetition ampbngst suppliers but, under certain circunstances,



di rect purchasing by negotiations with identified suppliers can be the best
met hod to ensure adequate maintenance services and availability of spare
parts. In such a case, it is inportant that the inporter's team prepares an
ef fective negotiation strategy in advance, taking account of the volune of
pur chases, technol ogical factors and other rel evant issues.

Too often, buying organizations do not know how to negotiate. For the
supplier, the strategy consists in knowing as much as possible about the

buyer's requirenents, constraints and financial capabilities. Much of this
information is often freely provided by the buyer organization, thus becomn ng
like a kitchen strainer. As a result, the vendor often knows nore than the
procurement officer. The negotiation strategy should be the concern of all

the nmenbers of an inporting organization;, it is the responsibility of the
procurenent officer to co-ordinate a global strategy and assign roles to
col | eagues, taking the | eadership in all comrunications with the supplier.

When it is tinme to inport, although the supplier knows the product
speci fications, he may not be aware of the degree of urgency, or the buyer's
| evel of stock, or the conpetitors fromwhich he has al so received offers. 1In
negotiation there generally exists a nunber a major unpredictable factors;
success then consists in taking advantage of the unknown.

The negotiation, however, should take place without sacrificing the
ef fectiveness of the nmmintenance progranme. Therefore, the key solution is
the preparation of the draft preventive naintenance programme followed by a
procurenent plan for required services and spare parts.

E. Contractual C auses

Many countries have standard clauses for use in government contracts.
Unfortunately, too many of these "ready to use contract formats" do not take
into consideration the maintenance requirenments, neither do they include a
long term agreenent for the supply of after-sale services or spare parts.
Sonetimes, equipnment is inported under financial aid progranmes from countries
which will inpose their own contractual clauses, wthout any reference to
mai nt enance.

The best contracts are nornmally prepared at the start with "ready to use"
clauses, but they are nodified, to suit the objectives of the specific inport
operation being carried out. This exercise should thus be undertaken on a
case-by-case basis, using a simlar or standard format as a starting point.

In addition to standard national contracts, i nternati onal sal es
conventions also exist. An inportant one is the "United Nations Convention of
Contract for the International Sales of Goods". The convention applies to

enterprises which have their place of business in countries which participate
in the convention.

As far as equiprment and capital goods are concerned, the UN-ECE (United
Nat i ons Econom ¢ Conm ssion for Europe) has published the "General Conditions
for the Supply of Plant and Machinery". Also, FID C (International Federation
of Consulting Engi neers) has produced its "Conditions of Contract
(I'nternational) for Electrical and Mechanical Wrks" (including erection on
site). These publications may be used as a basis for the preparation of
contract. In addition, |ITC has prepared a conpendium of standard terns and
conditions of contract in inport nanagenent of various categories of goods
whi ch may be used as a reference to this effect.

For information purposes, Annex | of this guide presents clause nunber 49
of the FIDI C conditions of contract, concerning mai ntenance and def ects.

In order to help the inmporter draw up an inport contract for capital
goods and equi pnent, including spare parts, the followi ng checklist presents
some of the subjects to be covered by the contractual clauses.

FOREWORD: - Definitions and interpretation;

- Identification of parties;



- Contract docunents;
- Ceneral obligations;
- Not i ces.
A QUALITY
Terms of reference;
Conpl ete description of utilization;

Conmrer ci al description (not restrictive);
Ref erence to standard

Ref erence to sanples, trade nanes, draw ngs, etc.

Qual ity assurance;

Quality control (types of inspection);
Nom nation of inspection agency;
Accept ance and rejection;
Packagi ng requirenents;

Quality certifications;
Conmrer ci al guar ant ee;

Preventi ve mai ntenance progranmre;
After-sal es services;

Country of origin;

Patent's rights;

Sub-contractors

Etc.

B. QUANTITY

Met hods of control

Lot identification;

Speci al marking and identification;
Part - shi prent ;

Certificate of weight survey;

Etc.

C. PRICE

Validity;
I ncot er ns;
Price revision fornmula and sources of indexes;
Paynment conditions;
Docunents required for payment;
| nsur ance;
Bank guar ant ee;
Taxes, duties.
D. TIM

Dat es of delivery (schedule);
Per f or mance guar ant ee;

Shi ppi ng condi ti ons;

Default to deliver;

Duration of contract.

E. OTHERS

Responsi bility of seller

Required level of inventory for spare parts;
Default in provisioning of spare parts;
Arbitration;

Force mgj eure;

Export and inport |icences;

Amendnent of contract;

d ai ns;

Li qui dat ed danages;

Previ ous correspondence;

Coverni ng | aws;

Cancel l ati on of contract.

(not

restrictive);



A contract is an agreement between two or mnore persons whereby they
promise to do or to refrain fromdoing a set of specified actions. A contract
should be clear and all actions should be determ ned. The enphasis, for a
buyer of equipnment, should be on the after-sales services and the provisioning
of spare parts. Causes concerning preventive and corrective naintenance are
an essential part of such a contract.

Chapter 5

PROCEDURES, STANDARDI ZATI QN, SPECI FI CATI ONS

A "Apriori" Controls
I mport reginmes vary from one country to another. In some cases, the
i mport procedures are sinple; permits can be obtained with no significant
delay. |In other countries, however, the authorized procedures for inport cal

for a series of controls which conpel the inporter to plan al nost perfectly
and to seek all possible ways to avoi d undue del ays.

This planning is possible when spare parts for preventive maintenance are
concerned. For corrective nmai ntenance, however, delays nust be elininated, and
regul ations should be put in place by the governnent to allow urgent or
energency inports of spare parts.

Wthin such energency regul ations, procedures are accelerated to obtain
the necessary inport permts and bank credits with acceptabl e del ay.

Al t hough these inport procedures may exist, they remain "a priori”
controls as they conpel an inporter, even in an enmergency, to go through a
series of administrative procedures before inporting.

Under these circunstances, inporters often react by keeping a higher
stock of spare parts than necessary, so that they can fulfil adequately any
urgent request. Cunbersone inport procedures for spares are certainly a cause
for all kinds of additional costs: cost of inventory, cost of urgent inport,
loss of credibility as far as suppliers are concerned, higher risks of
failures, losses and obsol escence, etc.

Unfortunately, due to the inport procedures, in some cases equi pnent and
installations cannot be repaired or naintained because of a lack of spare
parts in stock. These delays can affect a large portion of the popul ation,
particularly if essential services are concerned. They al so adversely affect
the | ocal econonmy when production lines and distribution networks are ground
to a halt.

It is extrenely difficult to foresee the unpredictable. A relatively
hi gh proportion of the nmintenance activity is of the corrective type and
thus, by nature, unpredictable. However, the necessity of naintenance and the
energency requirenents which often characterise it remin obvious.

When the authorization procedures cause delays of several nonths, it
becomes very difficult for an inporter to deal effectively wth the
mai nt enance needs for equipnment and machinery, particularly after serious
failures which create disastrous effects.

B. Accel erated Procedures (a posteriori controls)

In order to nore effectively achieve a country's social and econonic
obj ectives, an inport reginme may preferably involve a systemof "a posteriori”
controls, usually when clearing custonms. Wth this nmethod, it is rather easy
to speed up the custons clearance by rel easing the goods to the inporter in a
relatively short period of tine. O her systens allow custom clearing roons
and in-bond carriers, thus allowing in-bond goods to travel through the
country to the inporter's location before being finally inspected by custons.
When the econony requires the suppression of administrative constraints, the
system may allow the setting up of a bonded warehouse close to the production
unit and a full-time custons officer is appointed to clear the goods as they



are taken from the warehouse. This is justified when the volunme of inported
goods is inportant.

"A posteriori" controls can be established in both a free econony as wel
as in a controlled econony. In the latter case, the inport permits can allow
sone flexible budgetary allocations so inports of spare parts can be nade on
an urgent basis, particularly if this constitutes a social and econonic
requi rement. \Whatever the inport form and the nature of the econony, such a
system can elimnate the admnistrative constraints in case of essential and
urgent nai ntenance.

Under this approach, the legal inport controls can be "a posteriori" as
long as the bank credit is issued beforehand. This contributes to better
mai nt enance control and also, in the long term to a reduction of the gl oba
i mport costs.

| nport controls can be inproved a great deal by a dynamic and flexible
i mport system and also by the quality, common sense and sound judgenent of
the intervening people. This approach inplies that the inporter is recognized
as an essential economic agent, as inports nmay have a great inpact on the
country's social and economic life. On the other hand, the export of goods
and services very often inplies an inport beforehand. This is particularly
the case of inports of raw materials, conponents and spare parts required for
export production. Efficiency in the various activities of inport and export
can be a conclusive factor in becomng conpetitive in the international narket
pl ace, at the right nonent.

C Ur gency Procedures

The old saying: "The exception proves the rule", is applicable to a
mai nt enance programe as well as to an inport system Any system nust allow
for urgent cases whereby action and results rule over procedures. The inports
of goods such as spare parts essential to the econony and drugs to save hunman
lives, demand not only an accel erated procedure but also one that is geared to
cope with extrenely urgent requirenents.

As far as equipnent naintenance is concerned, such an urgency procedure
can be essential. The failure of energy supply or shortages in stock of
foods, drugs, nedical apparatus and other such goods can have disastrous
consequences.

Urgency procedures nean the possibility for an inporter to obtain goods
or spare parts within very short notice, even within hours. In such cases
even custons controls may be waived until the goods are actually being used
(e.g., spare parts already installed in the equiprment). Such flexibility may
be essential in certain cases in which reality overwhelns the norma
admi ni strative process.

D. St andari zati on

The International Oganization for Standardization (1SO has produced a
large nunber of proposed international standards; national standards
institutes co-operate with this organization in the evolution of standards for
wor | d-wi de adopti on.

In general, a standard defines the foll ow ng:

- Terms used;

- Scope of the specifications;

- Materials and rel ated techni cal specifications;

- Met hods of production (where applicable) and their control

- Limts of tolerances to be adopted,;

- Per f ormance tests;



- Testing equi prent and procedures;
- Certification (where applicable).

National quality control of inported products often requires the
adherence to specified international standards and, in sone cases,the setting
up of national or regional standards such standards are then used as
references in checking the quality of the inported goods.

A good international standard can be very useful for the quality contro

of an inported product, and nay be used as a basis for the adoption of a
nati onal st andar d. Q herw se, di fferent and possibly inconpatible
t echnol ogi es woul d be adopted for essential services such as electrical power,
aqueducts, sewer systens, etc. Standardi zation is of vital inportance in
mai ntenance. It is inpossible to maintain, with a mninmm of efficiency, an
electrical distribution network with inconpatible equipnent and materials. It
woul d be just as difficult and costly to maintain a national railway network
with six different types of |oconotives.

Wthout a national standardization programe, equiprent mai ntenance costs
will nost likely increase because of the continuous on-the-job training
required on the various technologies, and also because of the additional
variety of spare parts needed.

When equipnent parts or spare parts are inported, the purchaser nust
prepare the specifications keeping in mnd the effective standards in effect
or other rules existing elsewhere. It is at this stage of preparation of the
specifications that a description with a well-detailed end use of the goods
may i nprove the | evel of understanding between the inporter and the exporter

Even if maintenance is a state of mnd, it requires a strict application
of available standards and accurate specifications. Because of a lack of a
proper technol ogi cal information network, too nmany devel opi ng countries depend
largely on information received only from suppliers. A famliar saying
rem nds us that: "To hold the information is to hold the power". In any
case, it is better to verify before rather than after

For this reason, an inporter who is ready to choose a technology for
whi ch standards may apply, should consult wth organizations which mght be
able to pass on general information to be used for conparison purposes. Wen
an inporter is aware of the availability of several technol ogies, he can then
nmeke a better choice which may have consequences over the utilization period
of the inported goods, as the equipnent will have to be naintained in good
operating conditions for a nunmber of years.

E. Sources of Infornmation

Foll owi ng are sone organi zati ons in devel oping countries which have set
up information banks to assist enterprises in selecting the nost appropriate
t echnol ogi es:

- Institute and Technical Information Centre for Science and Technica
I nformati on of China;

- The Hong Kong Productivity Centre;

- Technol ogy Resource Centre of the Philippines;

- Paki stan Scientific and Technol ogi cal Centre;

- Si ngapore Institute of Standards and | ndustrial Research

- Nat i onal Research Devel opnent Corporation of |ndia;

- Asia and Pacific Centre for Transfer of Technol ogy (India);

- Korea Advanced Institute of Science and Technol ogy;



- Nati onal Scientific and Technical Information Centre (Koweit);

- Fundacao de Technol ogia Industrial (Brasil);

- Nati onal Council for Science and Technol ogy of Mexi co.

On the other hand, several United Nations and other international
organi zations also provide information services pertaining to technol ogica
choi ces, the standards, etc., in particular
1. Food and Agriculture Organization of the United Nations (FAO:

- AGRI'S: Agricultural technol ogy sciences;
- CARIS: Data bank on agricultural research institutes
2. International Labour Ofice (ILO:
- LABORDCC. Data on technol ogi cal changes, in liaison with
- SCD: United States

- I DRC. Canada
3. United Nations Industrial Devel opment Organization (UN DO :

- INTIB: Industrial and Technol ogi cal information bank

- LINK: Data bank pertaining to Institutions and Suppliers of
Technol ogi es

- TIES: Information on clauses and Conditions in Technol ogi ca
contract

4. Wrld Intellectual Property O ganization (WPO:

- Thi s organi zation runs a progranmme whi ch provides information
on patents.

In addition, Annex Il of this guide presents national information sources
from certain devel oped countries which have, in the past, participated in
technol ogi cal transfer and in project financing.

Finally, it is worth nmentioning the establishment of national maintenance
institutes, such as I.NMA. (Institut National de Recherches en nmi ntenance)
in Algeria. Its functions are to:

- Def i ne mai nt enance concepts (control, managenent);

- Devel op nai nt enance engi neeri ng techni ques;

- Est abl i sh mai nt enance st andards;

- Assi st national organizations in nmaintenance planning;

- Participate in the organization of training programes in
mai nt enance;

- Coordi nate and sensitize on mai ntenance questions through working
sessi ons, synposia, etc.

I nporters in developing countries should leave no stone unturned in
raising the Ilevel of quality and the frequency of their naintenance

activities. I f equi pnrent and capital goods investnents are to be considered
as an essential part of the devel opnent phase, naintenance nust be given a
hi gher priority. Wt hout adequate naintenance, investnents nmay |lose their

useful ness and, as a consequence, the developnent of the country nay be
j eopardi zed or at |east del ayed.



Chapter 6
PRI CE REVI SI ON FORMULA

A hj ectives

One of the many business risks facing an inporter in a devel oping country
lies in the fact that his supplier does no often give himany insurance as to
the delivery of spare parts or even the after-sales services needed for the
mai nt enance of purchased equiprment. The supplier's stability in this regard
is of great inportance; in fact, the inporter should nmake sure that his
supplier life cycle of the supplied equipnment. As it is difficult to provide
for bankruptcy or the closing of a firm it is advisable for the inporter to
obtain from his supplier a list of his other clients who have purchased
simlar equipnment and, nost probably, have identical spare parts in stock
For the sane reason, it would be useful to obtain the list of subcontractors

who have manufactured the spare parts. |ndeed, several manufacturers are only
desi gners and assenbl ers; by preference, they |eave the highly specialized
subcontractors to produce the components (eventually spare parts). Wen the

i mporter knows the supplier's subcontractors, he can call on them if the
supplier disappears. Finally, the inporter can also request the supplier to
provide a list of the various depots (wholesalers, distributors, etc.) for
services and spare parts.

When the purchased equipnent is highly technical and conplex, it is
advisable for the inporter to obtain all the detailed drawi ngs of each
conponent, with the corresponding references to international standards. This

information will serve the inporter |ater when he wishes to obtain the spare
parts locally or from other nore performng suppliers. It is inportant to
keep in nmind that equipnent with a very long useful life will require spare

parts after many years of service. Over this period, the purchaser-inporter
can look-up his detailed data bank to purchase the necessary services and
parts fromthe best possible sources.

A second business risk for an inporter is to find hinself in a captive
market. Some suppliers sell equipnent at very |low prices, according to their
mar keting strategy, with the hope that the early low profit would be made up
later on the spare parts. The inmporter thus, tied into a given technol ogy, is
often taken into a situation where he can hardly negotiate the price for
future delivery of spare parts. He is then at the nmercy of this technol ogica
mar ket, with no purchasing power. To cope with this risk, the inmporter who
wi shes to buy spare parts at a negotiated price will cone to an agreenent on
such a purchase before finalizing the equi pnent acquisition

To avoid any dispute on prices, the inporter and his supplier can use a
price revision formula. Under such a fornula, the two parties will agree on a
given price for the spare parts, based on prices quoted along with the
equi prent . These prices will be used, along with the formula and a pre-
determined index as reference, to calculate the prices to be paid later on

A price revision formula does not give any assurance as to the delivery

of pieces on tine, with the right quantities and quality. It applies only to
holding the prices within an agreed frame for the first few years of
operation. It does not hold the inporter to buy all spare parts from such a
supplier; it conpels the supplier to supply the spare parts, when these are
ordered, at a calculated price based on the price revision formula included in
the equi pnment inport contract. The inporter may have to negotiate a clause

releasing himfromthe obligation to buy, but forcing the supplier to sell at
a price in accordance with the formul a.

It is for the inporter to negotiate such a binding clause with his
supplier. The purchaser is interested in buying equiprment; he can, however,
lay down the condition of the price revision fornula which would offer him
sone assurance of a reasonable price for the spare parts and the after-sales
servi ce. It is at this stage that the price revision fornmula nust be
negot i at ed. Once the equipnment is purchased, there is less of a chance for
the inporter to conme to such a negoti ated agreenent.



When a price revision fornula has been negotiated and included in an
equi pnent i nmport contract, this can be an incentive for the supplier to stock
spare parts in the inmporting country itself. The obligation for the supplier
to carry such a mininumlevel of stock can also be included in sone negoti ated
contracts; the client nust be advised of any eventual closing of the firmso
that the inporter, in turn, can purchase his parts inmediately before the
cl osing, or plan sonme other actions.

B. Pri ce | ndex

A price revision fornula is used as a basis to fix the price of the spare
parts and for the after-sales service during the years of equi pnment usage. To
come to this agreenment, the price index nmust be deternined so that the prices
can be increased (or decreased) each year. A price index is a percentage of

annual increase in costs for a given economc sector. |n some countries, such
price indexes by sectors are published by governments; in sone cases they are
publ i shed by specialized trade and industry associations, but the data is
recogni zed officially. Sonetines, detailed price indexes can be obtained

t hrough trade and industry journals, such as Usine Nouvelle in France. This
information can nornally be obtained either directly from the source or
t hrough enbassi es and trade m ssions posted in the inporting country, chanbers
of comerce, and others. Devel oping countries can also obtain this
information frominternational organizations such as |ITC

It is inportant to choose the index which fits the specific nature of the

commodity. It is needless to use a general cost of living index and apply it
to industrial equipnent. In nost price revision fornulas, the supplier's
gross profit margin is shown separately, as well as |abour cost and materi al
cost. To the |abour cost, there is a corresponding i ndex showi ng the annua

increase in wages and salaries in the supplier's country for each category of
enpl oyees involved. This also applies to materials; if steel is concerned

the corresponding index wll be used. A special approach is sonetines
necessary if one naterial used has a greater than nornal inportance in the
total price of goods. For instance, if plastic represents 50% of the price
while other nmaterials represent 10% two price indexes can be used: one for
plastic and the other for the other naterials. The source and the specificity
of the indexes used nust be clearly defined at the tine of negotiating the
equi prent inport contract. They are the references which will be used for the
duration of the agreenment. This duration for a price revision agreenent nay
vary, fromas little as one or two years to as nany as five years or nore

depending on the relative negotiating positions of the buyer and the seller.

It may al so be renegotiated once the fixed-term agreenent expires. It is to
be noticed that no index has to be included in the price revision fornula for
gross profit margin: it is assuned in the formula that, for the duration of

the contract, the percentage of gross profit on materials and |abour prices
remai ns constant.

The principle laid down for the use of the price index of the supplier's
country consists in naking the supplier accept to increase (or decrease) his
purchase price only in relation to the actual increases (or decreases)
affecting the overall cost of manufacture in the sane econonic sector in the
supplier's country.

Wth positive indexes, prices increase. |If the indexes becone negative
then the prices nmust decrease. An agreenent between the parties requires the
supplier to advise the new price at the beginning of each year or any chosen
period, according to the agreed fornmula, and at the sane time, to include a
copy of the official indexes used. The inporter can then verify at his
| ei sure; he can accept or dispute the truthfulness of the information
recei ved before purchasing any other goods at the new price based on the
formul a.

This mathenmatical forrmula used in the price revision formula can be a
conmproni se between parties who wish to cone to a long-term agreenent. It can
be an interesting tool to control future nmaintenance costs. A serious
i mporter must have sone assurance into obtaining negotiated prices for after-
sal es services and spare parts if he wishes to control his global procurenent
costs, including equiprment utilization



C. Exanpl es of Fornul ati ons

There are several possible fornulations to a price revision.

For a

better understanding, sonme exanples are given below (prices are considered
constant for a period of twelve nmonths), in which the follow ng definitions

apply:

PO: Price of origin. The price given by a supplier at the tinme of purchase
of the equipnment, spare parts, or the hourly rate for after-sales
services as fromday one, over the first twelve nonths of the contract.

P1: Price obtained from cal culation which establishes the price for twelve
nonths, as fromthe thirteenth nmonth to the twenty-fourth inclusive.

P2: Price obtained from calculation which establishes the price for the
period after the twenty-fourth nonth, that is, from the twenty-fifth

until the thirty-sixth nonth inclusive.

In this respect, if prices are calculated for each twelve-nonth period,

the inporter will then pay:
PO: Months 1,2,3,4,5,6,7,8,9,10, 11, 12.
P1: Mnths 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24.

P2: Mnths 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36.

(and so on...)

GP. Gross profit margin agreed with the supplier for the duration of the
contract. It is given as a percentage with relation to the sales price.
This margin is usually negotiable, the basis being the supplier's nean
gross profit for the previous years. This gross profit can be checked by

anal ysis of the supplier's financial statements.

LI: Labour price index. Yearly index or rate of increase for the price of

| abour .

RM: Raw nmaterial price index. Yearly rate of increase for the raw nmateri al

price.
%.: Percentage of cost of |abour in the price.
9%RM Percentage of cost of raw material in the price.

Exanpl e of forml a:

PL = [(POX %) x (1+L1)] + [(POX %RV x (1 + RM)]
(1- &

Exanpl e of cal cul ati on:
PO = 1.00 US Dol | ars
GP = 20%or 0.20

%M = 20% or 0. 20

% = 60%or 0.60

These prices and percentages are generally determ ned and fixed for
of an agreenent.

the term

When cal culating the price Pl1, the indexes to be used in this exanple are as

foll ows:

LI = 6% or 0.06



RM = 5%or 0.05
The above indexes are likely to vary each year.
The formula can now be conputed in the foll ow ng manner:

PL = [(1.00 x 0.06) x (1 + 0.06)] + [(1.00 x 0.20) x (1 + 0.05)]
(1.00 - 0.20)

First solution step:

PL = (0.60 x 1.06) + (0.20 x 1.05)
(0. 80)

Second sol ution step:

PL = (0.64 + 0.21)

(0. 80)
PL = 0.85
0. 80
PL = 1.06

Therefore, in this case, Pl equals 1.06 US Dollars, that is, the price which
shoul d be paid between the thirteenth and the twenty-fourth nonth inclusive.

Continuation of the exanple:

Now the price P2 is to be calculated with the follow ng (sanple) indexes:
LI: 8%or 0.08
RM: 4% or 0.04

The sanme formula can be applied by replacing PO with P1, as the increases
are cunulative and the last reference price is the price of the previous

peri od.

The formul a then becones:

P2 = [(PL x %) x (1 +LI)] +[(PLx %M x (1 + RM)]
(1 -

]
1- @GP
First step of cal culation:

P2 = [(1.06 x 0.60) x (1 + 0.08)] + [(1.06 x 0.20) x (1 + 0.04)]
(1.00 - 0.20)

Second st ep:

P2 = (0.64 x 1.08) + (0.21 x 1.04)

0. 80
Third step:
P2 = (0.69 + 0.22)
0. 80
P2 = 0.91
0. 80
P2 = 1.14

To go on with the exanple of price calculation, the inmporter would have paid
the price of PO, or 1.00 US Dollars, for the first year; the second year a
price P1, or 1.06 US Dollars; and, finally, the third year a price P2 or 1.14
US Dol |l ars, based on the price indexes (labour and raw materials) which apply



in the supplier's country during the given periods.
Here i s anot her exanpl e:

For a service contract in which only labour is involved, PO becomes an
hourly rate. The formula, in this case, will be as follows:

P1L = (POXx %) x (1 + LI)
(1 - @GP
Exanpl e of cal cul ati on:

If: PO (price of origin) 50. 00 US Dol | ars/ hour

%. (percentage of |abour) = 75%
GP (gross profit margin of supplier) = 25%
LI (Il abour price index) = 6%

The P1 can be determ ned as foll ows:

P1L = ((50.00 x 0.75) x (1 + 0.06))
(1.00 - 0.25)

The result is:

P1 = (37.50) x (1.06)
0.75
or:
P1 = 39.75
0.75
Ther ef or e:

P1 = 53.00 US Dol | ar s/ hour

As seen previously, wusing fornmulas sinmlar to those shown above,
agreenents between parties can be reached for relatively long periods of tine.
Thus, the contract prices for spare parts, for after-sales services or
pr of essi onal services should be negotiated along with the equipnent purchase
to ensure long-termcost control in inports.

D. Conmodi ty Markets

The prices of raw materials generally fluctuate according to the rule of
supply and demand; certain of these are traded in organized narkets, called
commodi ty exchanges, which publish the prices at specified intervals, often
very frequently. |In such cases, the price of origin and the indexes cannot be
used in the price revision fornula: prices at the opening or closing of the
commdity market should apply, for specific dates or periods predeterm ned on
the contract.

For exanple, for the supply of electric cables in which copper is the raw
mat eri al used by the manufacturer, the price of copper in the formula will be
the price given by the selected commodity exchange (e.g. London or New YorKk)
at a given period specified in the contract. For other materials (such as
pl astics, glues, etc.) The relevant price index of the supplier's country
shoul d be used.

As exanpl e:
PO starting price for electrical cable, per neter: 26.00 US Dol | ars/ neter
GP. Supplier's gross profit margin 15%

9%CU. Per cent age of copper 60%



%M Percentage other raw materials 10%

%.: Percentage of | abour 15%
Tot al : 100%

(percentages prevailing at the time of quotation by the supplier)

In this case, copper alone accounts for 60% of the price, that is, 15.60
US Dol lars per neter (60% of 26.00 US Dollars). Knowi ng the weight of the
copper used per neter, this price requires the disclosure of the reference
price, which is the copper value used in the preparation of the supplier's
guotation. For exanple, the reference price can be: "this price is based on
a copper value of 1.50 US Dollars per kil ograme".

In the following exanple, P1 is to be cal cul ated when the price of copper
is at 1.25 US Dol l ars per kil ogrammre.

If at 1.50 Dollars per kilograme, the value per neter is 15.60, the value at
P1 with a price of 1.25 US Dol lars per kil ograme becones:

15.60 x 1.25 = 13.00 US Dol l ars per neter
1.5

Once this new value for copper is known, a simlar fornmula to that
previously described can be used.

In such a formula, PCU is defined as the price of copper at the tinme of
cal cul ati on.

P1L =PCU+ [(PO x %) x (1L +LI)] +[(POx %M x (1 + RM)]
(1- &P

| f:

LI equals 7% (or 0.07)
and

RM equals 6% (or .06)
Then:

P1 = 13.00 + [(26.00 x 0.15) x (1 + .07)] + [(26.00 x 0.10) x (1 + .06)]
(1.00 - 0.15)

The result is:

P1

13.00 + (3.90 x 1.07) + (2.60 x 1.06)
(0. 85)

PL = 13.00 + (4.17 + 2.76)
0.85

P1 = 19.93 = 23.45 US Dol | ars/ neter
0. 85

The price paid by the inporter of the cable for the first twelve nonths
(PO would thus be 26.00 US Dollars per neter; for the second year, the price
(P1) would be 23.45 US Dol | ars per neter.

For the third year (P2) and on, the forrmula has to be nodified slightly;
new raw naterial and |abour prices to be considered would be based on the
price of the previous year.

In the previous exanple, the new cal culation of P2 involves the foll ow ng
replacenents in the formul a:

(POXx %) by: 4.17 (value at tinme of P1)



(PO X %M by: 2.76 (value at tinme of P1)

If the indexes at the tinme of calculation are:
LI: 8% (or 0.08)

RM: 4% (or 0.04)

and if the copper price is 1.04 US Dol lars per kilograme, P2 is calculated as
fol | ows:

1st Step: calculation of copper val ue:

15.60 x 1.04 = 10.82/ neter (15.60 = price of copper at time of PO)
1.50

or:

13.00 x 1.04 = 10.82/ neter (13.00 = price of copper at time of Pl)
1.25

Then, the sane formula can be used, that is:

P2 = 10.82 + [(4.17 x (1 + 0.08)] + [(2.76 x (1 + 0.04)]
(1.00 - 0.15)

and t herefore:

P2 = 10.82 + 4.50 + 2.87
0. 85
P2 = 18.19
0. 85
P2 = 21.40 US Dol |l ars/ nmeter

The following summary can be tabul ated for the next three years:

Sunmary Tabl e

Copper Labour Raw mat. S.Total Profit Gross Value GP Prices

Percentage 60.00% 15.00% 10,00% 85.00% 15. 00% 100. 00%

at begi nni ng:

PO 15.60 3.90 2.60 22.10 15. 00% 3.90 26. 00

P1 13.00 4.17 2.76 20. 53 15. 00% 3.62 23.45

p2 10.82 4.50 2.87 18.18 15. 00% 3.21 21. 40
Annex ||

Case Study on Mi nt enance

Case objective:

This case will deal with specific problens which devel opi ng countries are
facing in preventive and corrective naintenance. Its main objective is to
train the participants of a working party in solving the problem and, at the
same tinme, to nake themfamliar with the maintenance concept.

Tar get groups:
- Procurenent nanagers

- nmai nt enance shop supervi sors

- Bank nanagers



- Leaders of conmercial and industrial firns
- manageri al staff
- Managers of inport training projects

Coor di nati on Met hods

First phase:

Case presentation by the coordinator who also points out the nost
i mportant aspects of nmintenance. (see guide)

Second phase:

Participants read and study the case.

Third phase:

Organize and form working parties or project group sessions of four
persons (maxi mum .

Fourt h phase:

Wirk sessions of all groups.

Fifth phase:

Al'l session groups take turns in presenting their results before the
general assenbly of the participants.

Si xt h phase:

Ful | assenmbly of all participants.

Sevent h phase:

Coordi nator's concl usi ons.
Proposed Schedul e

First day:
Fi rst phase: three hours
Second phase: eveni ng
Second day:
Thi rd phase: 20 minutes
Fourt h phase: two hours
Third day:
Fifth phase: 30 minutes for each team
Si xt h phase: one hour
Sevent h phase: one hour

The work is spread over a period of three days. The participants have
enough tine to read the case very carefully on the first day. On the second
day, they can prepare their presentations for the third day.

ME N R Elevators

The Mnistry of Energy of the New Republic has its head office right in
the centre of the capital city Metropolus. The population's growi ng needs in
energy has forced the central governnent to authorize the expansion of the
services to the popul ation. The enlargenment of the ME N R Head Ofice is
t he consequence of this expansion.



The plans for the preparation of the new section for the building have
been given to a national enterprise. The proposed architectural style
respects the environment and the present building, and yet, it reflects the
dynanmics of the Republic. The new three floor section will include two
conference roons and 56 offices laid out according to specific needs. In
addition there with access to upper floors.

The construction will be under the responsibility of a national private
contractor which has proven its qualifications on several occasions in the
past. The inport in nmaterials are limted to: steel reinforcenents, piping,
val ves and fittings, cenent and elevators. Al other nmaterials and necessary
supplies are available locally and wll be purchased through dealers,
craftsnmen and [ ocal manufacturers to respect the social nilieu and to help the
nati onal econony. Eventually, the maintenance of the building's new section
will be |ooked after by the ME N R naintenance service, nanaged by M. Kido.

The rmmintenance service group includes the following team one
carpenter, one plunber, one painter, two gardeners, and part-time personnel
| ooking after the office housekeepi ng, usually done after the working hours of
the office staff.

Advi sory Committee

The ME NR Mnister has formed an advisory comittee which will have
the responsibility of supervising the prelininary project preparation. The
committee |leader, Ms. Tadi, is a well known business lady of this country;

she also acts as the President of the |ocal Chanber of Conmerce. Under her
direction are: the Deputy Mnister of ME NR, tw architects, an engineer,
one university professor, the maintenance service nanager, M. Kido, and Ms.
York, head of the ME N R purchasing departnment; their nandate is to act in
an advi sory capacity.

The choice of the architect, naterials,plans, supplies, etc., are the
entire responsibility of the advisory conmittee. The conmittee has full power
to determine the need and then to realize the construction project entirely.

El evators in Service

At one of the advisory conmmittee neetings, one of the nmenbers asked M.
Ki do why the elevators presently in service in the building were continuously
out of order. This point was pertinent as the new section specifications
called for the sane nanufacturer.

M. Kido explained as foll ows: "The three elevators in service are
continuously out of order because of a lack of spare parts. The necessary
mai nt enance parts require from six to nine nonths of delays, of which two
nonths are needed to obtain the budgetary approval from the Mnistry.

However, our nost inportant problemis one of service. |In the capital city,
there is only one conmpetent man to do the repairs. He does voluntary work for
us as the national laws do not allow any payment for his services. In the
past, the carpenter and | hel ped out every tine soneone was trapped in the
el evator when the cab was stopped between two floors. In addition, | have

nmentioned on several occasions that we should not inport elevators wthout
knowi ng how to repair them Nobody seens to listen!"

After this intervention, the conmttee | ooked at the proposal nade by the
sane supplier. After a quick review, it was noticed that there was no
reference to after-sales service, neither to spare parts availability. M.
Kido then added: "I was working for the Mnistry during the construction of
the building and I had the opportunity to neet an enployee of this supplier at
the tinme of erection. They had, then, proposed sone spare parts, but our
budget for foreign currency was linmted and, consequently, the spare parts
were sinmply excluded fromthe order."

M. Kido added: "Mreover, these traction elevators are not necessarily
the best choice for a three floor building; at that time it could have been
better to select an hydraulic elevator."



Fol | owi ng these conments, the comittee decided to ask for a prelimnary
study for a further decision as to the type of elevators to be used in the new
bui I di ng section. M. Kido was also requested to prepare a nmmintenance
programme for the elevator presently in use; as an additional request, he was
to prepare a preventive naintenance programe for the unit to be used in the
new section of the head office.

Prelimnary Study

The conclusion of the prelimnary study on the selection of the el evator
was to address the supplier with a request for infornmation along with a new
proposal for hydraulic elevators. The sane request included price and
delivery for maintenance spare parts.

The attached appendi xes present:

Appendi x A: Sketch plan of a traction el evator

Appendi x B: Sketch plan of a hydraulic el evator

Appendi x C List no. 1 of spare parts with prices and deliveries

Appendi x D: List no. 2 of spare parts with prices and deliveries

Appendi x E Exanpl e of a preventive mnmi ntenance progranme as proposed by
the supplier for a hydraulic el evator

Appendi x F: Exanpl e of a preventive mmintenance progranme, as proposed by
the supplier, for a traction elevator.

Appendi x G Conparative table of proposals received

The appendi xes are now to be analysed by the committee. The Chairman
asks the university professor to prepare a report which would include the
fol | owi ng:

A - To enphazise the elevator standardi zation or the inpact of a new
nodel on costs.

B - The procurenment global cost for each proposed el evator type for a
period of ten years.

C - The costs and the steps to go through when setting a preventive
mai nt enance programme for all wunits in service in the new head
office, including the newy installed units.

D - Reconmendations as to the training of the present naintenance
per sonnel group.

In addition, the conmittee Chairman requests Ms. York to wite the
contractual clauses for the procurenent of the new elevators and for the
preventive nmai ntenance programe for both the old units and the new ones.

The training coordinator is to give to each working group one of the four
mandates (one by group) already requested from the professor, while another

group will be given the preparation of the contractual clauses. The groups
can work fromthe proposed information in Appendix H of the case study.
Appendi x C

(case study)
Spare parts |ist nunmber 1
Hydraulic el evator:
(in US Dollars) Price C.1.F.

Prices Del i veri es Frequency



Limt switch no. 1 150. 00 5 weeks 5 years

Limt switch no. 2 375. 00 5 weeks 9 years
Qler 1200. 00 2 weeks 10 years
Hydraulic oil 100.00/litre 2 weeks every nonth
Call button set 35. 00 2 weeks 1 year
Li ght bul bs set 23.00 2 weeks 6 nont hs
El ectric cable 1450. 00 5 weeks 8 years
Control box 835. 00 5 weeks 8 years
Hydraul i c punp 4500. 00 5 weeks 15 years
Cyli nder 12783. 00 10 weeks 25 years
Set of Belts 57. 00 2 weeks 1 year
Hydraul i c val ves set 392. 00 2 weeks 3 years
Appendi x D

(case study)
Spare parts list (nunber 2)

Tracti on el evator:

Prices Del i veri es Frequency
Safety switch 225. 00 2 weeks 10 years
Mot or 1400. 00 5 weeks 10 years
Br akes 321. 00 2 weeks 5 years
Belts set 74. 00 2 weeks 5 years
Mai n steel cable 3789. 00 10 weeks 7 years
Qler 543. 00 5 weeks 7 years
Call button set 35. 00 2 weeks 1 year
Li ght bul bs set 23.00 2 weeks 6 nont hs
Drive wheel 1834. 00 8 weeks 5 years
G ease 58.00/litre 2 weeks 3 nont hs
Appendi x E

(case study)

Exanpl e of a preventive naintenance programe, as proposed by the supplier,
for a hydraulic elevator:

Each i nspection:

Check controller

Check starter unit

W pe clear control and starter unit
Check oil in reservoir

Drain and wi pe clean oil pan

W pe cl ean punping unit

C ean sweep nachi ne room

Check oilers



Check doorstep grooves

Check all Iight bul bs

Cl ean sweep pit floor

Check cabin in operation and nmake necessary adj ustnments

Once every three nonths:

Clean nmetal brackets and rails
Cl ean cab roof

Check belt tension

G ease stabilizer sheaves

Once every six nonths:

Check doors

Check noving cans

Check door operator chain and belt
Check cab guide rails

Once a year:

Check flexible and Iighting cable for tension

G ease not or

Check val ve rear hoses

Check piston condition

Cl ean door bearings

Check door springs

Check "V' pulleys
Appendi x F
(case study)

Exanpl e of a preventive naintenance programe, as proposed by the supplier,

for a traction el evator:

Each i nspection:

Check machi ne oi

Check notor oi

Check defl ector sheaves
Lubricate nachi ne gear box
Lubri cate wheel tension sheaves
Check contro

Check brakes

W pe clean the machi ne and contro
C ean sweep nachi ne room

Check all lighting bul bs

Check doorstep groove

Cl ean, sweep pit floor

Once every three nonths:

Check machi ne cabl e

Check governor cable

Check steel brackets and rails

Cl ean cab roof

Check cabl es and springs for tension

Once every six nonths:

Check doors

Check noving cans

Check belt and door operator chain
Check sel ector chain or cable
Check cab guide rai

Once a year:




C ean doors
G ease defl ector sheaves bearings
G ease generator bearings
Check flexible traveling and lighting cables
Check and test emergency brakes
Appendi x G
(case study)

Conparative table of proposals received

(in US Dol l ars)

El evators

Hydraulic Traction
Purchasing cost C. I.F. 100. 000 125. 000
I nsur ance 5. 000 6. 250
Frei ght 9. 400 7. 600
Quality control 5. 000 5. 000
Crating 6. 323 i ncl.
O hers:
| nport permit 50 50
Custons duty 20% 20%
Nati onal tax on inported goods 15% 15%
Instal | ati on cost 54. 221 45, 875
Erection cost 83. 000 54. 870
Speci al tooling 2.500 2.300

Appendi x H
(case study)

Ceneral information:

Pri ces of el evators:

Prices quoted for 6 passengers elevators (or one netric ton) maxi nrumfor three
floors:

Hydraulic elevator: 100.00 US Dollars
Traction el evator: 125. 000 US Dol | ars

Cost per year for minor repair maintenance nade by supplier's technician:

Annual preventive mai ntenance costs

Hydraulic or traction el evator: 16.000 US Dollars per year including
travel I i ng expenses.

On-the-job training: (if required)

One nmonth of training: 22.000 US Dollars
M ni mum skill and know edge of participants:

Two years of experience in erection or maintenance of elevators or a genera
know edge in electricity.



Time required for inspection:
Once every three nonths: 4 hours
Once every six nonths: 8 hours

Every year: 18 hours

Not e: A thorough cleaning is very inportant to keep the elevator in good
operating conditions and especially to prevent fire in elevator case.



