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TechnO-Kconomic Aspects-. of 00\S in 
. Developing and Developed Co\lntries. 

J. 'i. KROUZEX 

INORGA·/ :jational Tecrinical Consultancy and 
Training. Centre, · Pr,ague, ~ecboslovakia. · 

1. Introduction . . 

The Fo~h g~neral ·conference · ~f UNI~X> held in 
Bangkok,.Thai~and-~n Novamer 1987 adopt8d re
solution 1,. vhicb. int~r-alia reco-enda that. 
UNIDO should •accord special att~tion ~ ·tbe 
problems. of aaintenance of industrial plants . . . 
and develop .. programes for that purp~ se. • · ~ • 
convinced, that this ~ Expert Group Meeting
on 00-iS will ~ertainly endeavour to contribUte 
to thi.a resolution's i:aplementat19n. 
The lack of systematic ll&intenance, or aoaetillles 
in-existance · of ayateaa"t;lc aai·ntenance bas been 

one of the aajor factors.inhibiting industrial and 
economic growth in developing eountries. Inspite 
of the fact that this probl~ bas been known, 
studied and discussed in national and internatiQnal 
forums tor a long tillle, no considentble overall 
progress baa been ~eved in aolnng 1 t and 

. .,...,. .. 
thus removing a major obstacle to the industrial 
t'.evelopment process. In a ayapos1m on llBint~ 
OP..nce in developing countries, held ·by UNIDO in 

To~yo, Japan, in 1973 .i.t was indicated that the 

lite span of capital equipment waa re@ecl by 
30:' because of lack of 1181ntenance capacl ti ea. 
ThefOst arlalng froa their deer••• in life apan 
ot thj! plant equipment was tben valued to be 

us $ .5 to 1 billion (other conaequenti~ dmagea 
arising frm indirect coata, auch as overbeed 
costa, overtille and lncreaaed labour costs, lost 
production and aalea could not even be eatiaated) 
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It vas as long ago as that (15 years back), 
when the Metallurgical Branch of UNIDO 
launche~ their· first project on• Managed 

Maintena&1ce in ~etallurgical Industries• 
vi th EISCO here in Egypt, ~ deal w1 th 

this challenging issue through <MMS. 

The scenario in many industrially developed · • 
countries sbovecl negligance and no aystema-

. tic maintenance management prac~~ces, too -
e.g. a 1981 UQited Kingdom Survey in the 

field of maintenance revealed -tbat in nae- · 
rous companies maintenance costs reached 257' 
of plant asset value,- no conaiste~t--aiJalysi.a 
of plant arid maintenance performance was made, 
only l~ of coapanies surveyed kept systeaatic 
maintenance records e~c. T.he awareness of in
adequate maintenance lflaD&gement and careful 
cost considerations (.during and/or.after the 
oil crisis) in more tough competition for 
steel markets have lead, together with the 
introduct}.on of latest technology (which 
could not· be operated ·Without ad.equate main

tenance at all), to considerable improveaents 
of industrial maintenance practices, the in
troduction of c:-1MS in late seventies/early 
eighties-being one of the aoat contributing 
factors, •ong ·others. The 1.ntroduction · o~ 
Q-™S in the developed coun~ries was specially 
accelerated with the adVance of relatively 

•. 

inexpensive personal eo11puter/local ar• 
network (LAN) distributed CJOIS_and the wide 
spread use of micro-Procesaora tor pl~t 
condition monitoring, e.g. the 1987 Survey of 
CM!.JS packages, identified and evaluated 110re 

-.. than 40 · 1oftware packages available on UK 
market. This clearly lllu~tr1tt&• the dy•ic 
develo~ent of <>1M~ maJ'ket there and widespread 
~s i~plementation. • 

--
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UNmo, .in particular the Metallurgical Br;anch 

· became soon aware of the in~strial aaintenance 
ma~•ent, problea ( inadequate 98.lntenance 
being ~eci:Cically costly for the large C8.f>1~ 
asset investments into. rapidly establiabed · 

stec:l plants in· developing countri~s) ~ sta r-o 

ted in 1972 organisational atud1es to create . 
due aware~eas e.g. SIS project in Hungary 

· (Dunaivaroa ·steelworks), the above aentioned 
aul. ti-pbjuse CMMS large scale project in Egpt · 
(BISCO, lfe:lwan) folloVecl up bJ . ~leneq~tioq 
of Ciils 1n Czecboalovakia (1978-81., East _ 
Sl"vakian steelworks, Koaice ln co-operation 
vi th. INORGA), ·SIS preparatory asaiatance pro
ject ·for SIDERMEJC ln Mexico(l9s5) with follpw

up cost ~ing project for AIM:il and SICAR!SA 

Steelworks, large acale.pro~ect on intro~tion 
of C.MMS into SAIL in India (1986 - ~ela Steel . . 

Plant with follow-up ~lant to Bbilal and 
Bot~ Steelplanta), Regional. network project 
.tor European countries in 1987 end Regional 
Project for ASEAt~ countries in 1988. A large 
scale cost' sharing project :tor· People' a Republic 
o.t. China ia being planned, starting in 1988 witb 
several otber national/reg1onsl projects in tbe 
pipeline. tbeae pioneering efforts brought poai
ti ve reatlts of ODIS contribution to maintenance ,. 
and plant availab111 ty lmprov•ents. The majo-
rity· of projects have been as80ciated vJ.th 
international group traird.ng programmes, demon
atra tion workshops ·etc. to enable tor a broader . 
exchange of information and diaa•ination of 
advanced technical know-how in the rauJ. tiple 
tielda ot ~s. 
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In order to rationalise tbia devel.Oplent process 
the lst. Eltpert Group Meeting (sat) on~ O'MS .waa 
held in 1985 in Prague, Czechoslovakia, under 
UNIDO auspicies. The l <11t. BM established, 
inter-alia a.,ermanent Working Group on OtHS 
which consequently •et in 1986 in.lCoalce, Cze
choslovakia (during the ,rd. UNIOO-CSSR Group 
Training P~grt1111e) to pre.pare the ~ for 
the 2nd. !DI. in Cairo, Bgypt, -in co-operation 
with the Egyptlma 'Il'On 8114 S'teel. Coap~ (BISCO) 
w1 tb the ~b3ect1ve to ••lne rurtber llOdem · · 
trends ln a,MS cleYeloplient (e.g. ~ lapact of 
rapid.introduction of Personal CQli~tera), to 
identify the effective ways ot a.MS dls-ina
tion tO other basic induatri_ea .and Qvelopment. 
of human.reaources/e.g. tbrougb national/ sub
regional/regional cen~era and 'Detwrks) and to . . 

develop practical rec01Dendat1ona and guidelines 
for furtber:projects and C»l~ iaplenentatlon in 
developing countries using theii;- own experience 
and rnourcea, together with the latest atate
o:t-art know-bow from industrially aore developed 

I . 

countries. 
Economic aapecta an4 ju1t1£i.c1t1on for (J!MS. 
Talk+ng about techDo-~noaic.a.Pecta and justi
ticatlon for CMMS let us first.talk of what 
maintenance· is, maintenaDCe costs factors and 

prpf1tab111ty tunctio1J6are. aiuce they primarily 
influenc• the CIMS justification proceaa. Same . 
de!ine maintenance aiJDply aa repair a!ter break
down( •eriency !Dfdntenance), otbera usually in

clude planned maint~e, both: prtventive and 

corrective, the tonaer ~Di eitller fixed tiJDe 
maintenance or condl tion b8sad llaintenance, the 
lat~fbeing further qualified to breakdown verau• 
shutdown maintenance and •till ~.:others, •ore ad
vance, include plant cond1 t1on ·mom tori.ng into 
both of th.:11• ·eategoriea (In tact~ ~h• trend for 
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use of condition aonltQring, particularly with 
microprocessor systems, offers •ajor factor in 
the increase in reli,..llltti ~ety and availa
bility of pl~nt equipment). Yet aspects of aain
tenance go. far beyo~ these definitions -. . 
maintenance function is coruiidered to be the 
fa~tor of profitability, q~ity ~ effici_ency . 
of the .enterprise - the effects of ~ntenance -
cos'Ca upon total production costs being usual;ly 
described by the_ well sillplified costs optilliza
tion-~e (see Fig.l) and/or ~re realistic 
optillwa-:frequency 1nt9rval. curve(see F1g12) or, 
in a long-tel'lll justification view, tbe function 
of optimizing the e·fficJ.ency of capital invest
ment through a real increase in the ava.illbility 
of capital equipment· and -~ugh adequate con- -

•.. 



.. 

-. -6-
The introduction of Dl-15 contril>uted signl.ficant-. 
ly to the improv•ent of the decislon 1181d.ng in 

the overall ~ntenance •anag•en:ti cycle (_ this 
was shown and spelt-out clearly during the 1at 
mM) depending, of-course, on the scope of com
puter.ization. The overall f\mctl..i structure of 
Cl-':MS su1 table to aup~rt llaintenaliCe illprov•ent 
was roughly defined to include the following main 

areas: 
l. Preventive Mai.ntenance pd Repair P1annl.ng. 

- Plant register 
- Preventive ll&intenance planrd Jig.- · • . 

·. - . 
- Re.pair planning and al:utdOWD pl.al!"iD& -
- Maintenance work order g~~ti~Q. · 
- Maintenance llOrk order ~~DI 8Dd 

progresld.ng. 
- Material . requirement plamdng. 
- Malipower ·requiraaenta planning 

- Maintenance coat planning. · 
2. Maintenance ;tobs plf!pniM. 

- Job catalogue 
- Job allocation 
- Planning and job scheduling. • 
- Releasing llaintenance job 
- Despatching and job decutlon 110n1toriB& 
- Rescheduling. . 

•, 

3. Span Part• Reguireents PlamJ1ns. 
• Spare parts catalogue 
- Requirements plamlng 
- Parts and material• allocatt.on 
- Inventory recorda keeping 
- Inventory control 
- Inventory receipts aDd cU.•bur••ent. 

4. SOare Part• InvmtQ17 and PsarcbA•t Coptrol 
· - Make-buy 4eq1aion making 

- Purcbaae requiaition 
- Purchase order 1enerat.t.on 
- lendor . .data updato 
- Foll.ow-up. 

... 

'· 



, 

. 

.· 

• 

.. . 

... 

-7-
5. Spare pc-rts Manufacturing and Recondi ti.on 

Planning and Control• 
- Drawings, 
- Bills of ma1terial 
- Routing o_peratlon 
- Work ~centres 

.. 

- · Capacity planning -and opB'&tiona scbedWJ.ng. 
- Work order prc;>gresalng · 

- Sbop-floor110nitor1ng and eontrol 
6. Maintewjnce MoDitgrJ.ng and IU.ston

- Equipaen.t Uy~ff •Ill toring. 

- Maintenance ord2ra llO~ toring • 
- Job s~tua reporting, 
- Maintenance his~ry analysis. 
,~ Manpower loading and effiqj.ericy. 

- .Maintenance costs monitOring. 
Let us try now to specify in more details which 

improvements and benefits can be obtained throu°gh 
the C>MS implaaentation with tbe above outlined 
structure, 
The potential benef1 ta of CKMS depend to certain -
degree on management objectives ~d specific ~on
strainta and aituationa that it la designed around 
and the existing ~D non-existing ayataaa it re
places or complements. Baaed on these, the major 
CM-IS benefits ares 

1, Increased prodUctlon facilitiea(plant) 
avalil.abill ty. . 

• 2. Increased manpower utiJ.+.aation and efficiency. 
3. Reduced spare parts and material.a stock. 
4, R8m.lction of direct and indirect production 

coats. · 
5. ~mproved financial control. 
6. ·Other (miacellaneoua) benefits and illprov .. nta 
; (so called intangibles). 

.i 
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Let us try now to explain in 110re details the 
above both tang1bl9 and intanglble.)Mmefits 
under tbe above aention~d ·headings( which~ 
be eastly "1ated to aanag•ent objectives 
and priorities, altbougb a different ca~egori
zatio~ and/or overlapplng will always be l!O•aible)_ 
and illustrate ~- with some illustrative figures 
based on practical OtKS 1aple11entat1ona both in 
developed and developb.g countrt.ea. 
l. Increasetl ProcklCtlon Fac1l1 ties( Plant) 

ayallabj.~ ty, - . . . 
- Reducing the · waber of- )>reakdowpa· ~ugb . 

*"Equipment ~Ditorlng (acbeclllled J;n&Pec-
tiona, •asurmenta,checka during .idle tllle). t . . . 

* tU.stor.1cal. data proceaai'ng (PrW.entive opera
. tiona, optillm/cost justified planned pre

vent! ve maintenance :fr~quenciea, ver1ficat:l9n 
~ lists etc.).. · · . . 

* Downtime analysis (ident1.f1cation, analysis 
and ~rrection of de:f ecta, rescheduling of 
repairs or replac•ents}. 

- Decreasing aacbine idle tiae 
* Systaaat1c_work preparation 
* workorders grouping and scheduling 
* fast selection and d.espatcbing 
(wo~ orders rea~ in case of idle tiae/ 
abi.tctown> . . 

* prec~sely·known capacity required. . 
* quicker fault diagnosis and: .-1'8tion 

of remedies. · · · 
- Co-ordination of ProdL1ct1oD and Maintenance 
~anrd.M• . 
* Co-ordination of production and llainten;mee 

work schedules (con8idering var.lous 1llpM't 
Opttoft~u•n tbe wbole ....._. of inter-. 
relat~ proctuetlcm·fao1Utlea aDd ptoc••••>· 

* re~ gn1 tion of en tical work and faster 
reaponae to the b1ghe pd.c;»1'1ty a811ped 
work. 

* Improved compat1b111 ty wit'.i varioua other 
dep~rtment. . · 

• 

... 

·e 



·r ~ 

~-
- ReplacBDP.nt declsion ll&king and s~egy 

on a rational baa1s. 

• continuous condition .iaoni taring . 
• analytic information on asgemblles ~ 

plant items and/or tbeJ.r groups. 
*improved plant condition· due to reduced 

bnlakdovn-frequency~ 

* effects of different criteria •a.Y be 
simulated and.e9fai.uated to determine 
the equiJ>'lent life span., -other possible 
exploitation and ab•se out costs etc. 

2. Incresed Manpower UtqJ.sation and Erfic1enc1. 
- Reducing nonproduatl.ve ti.Ile due to the:: 

* plannl.ng jobs agfli:!l&t known availability 
ot plant and ~· (precise work order 
inatnictaons., complete encl timely avai.-
labili ty of spare parts and tools). 

• Setting sttlndard times for jobs ( with 
moni taring aod up-date baaed on job 
execution feed back). '. -· 

* Reduci:ig the manpower (workers) idle and 
waitJ.ng time(waiting for apares, waiting 
for access, waiting for another maintenance 
worker, discussing aymptaas and remedies, 
qr.ganiaing lifting tackle,-transport). 

' .: .. ' 
* Reducing workers travel ti.ie (data retrieval 

without travelling, optillinng time between 
job asaifIJDenta through balanced capacity 

. planning). 

* Reducing complexity of wrk and fe)lme of 
clerical vork, :redUcing complexity of vork 
and job .order generation through automatic 
cop~" of work order and job card documents, 
simple acceea to cataloguea,mamala and 
drawings, ailllple reporting and data retri
val. 

- ImproVing manpower performance by; 
·• control" and reconciliation of job houra to 

clock houra(better aupervi.ory control, 
better scheduling through arranging tbe 
outstanding work in liata allowing alterna
tive options to be coneiderec:l before fina
liaing the schedule. 

* exploiting cumaaulative experience and having 
.the ability to reapond,quickly to.change• and 
•-ency aituat1ona. 

• timely 1de~t1ficat1on of l~mited reaourcea 
required tc progre•• the work. · 

.. . .. 

' 
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* 1dent1fieation and rectification of 
coamon·defecta. 

* comparison of manpower ut1l~sat1on in 
order to identify *111 reqUirements and . 
training ~da and maD1 tor training/personnel 
policies. 

3. k@lced spare parts 8nd •terials stock• 
- Decreasing average stock levels 

* decreasing 111.nbnD stock aDd-nuaber of re
plmisba"ent orders (illllediate recoril of 
110ve11ents, known •xtpua lead tlae, def erred 
stock replemisblent). . · 

* ciecreasiDg the llaber out-of-~ &J.'baations. 
• ato~ le~el check at each dlaburs•ent._ 
* improved stock requir•enta foreca_st. 
* timely reservation of sP.Sre parts. 
* identific&tion·of ~gb vaJ.ue and high uaage 

itema. 
• eliminating •4eacl• and low turnover 1 t•a • 

* ~ressing excess or obsolete p~a. 
• standardization(up-dated •y1iere used• lists 

substitute part stock mov•ent analys..ia, 
coneentraJ;ion of purchaling ef'f ort into 
major 1t•s and analysis of alternative 
vendors, altemative it ... and components. 

; 

* identification of outstan4,.{11g purchase orders 
and tbua non-redundancy ot orders. · 

. . 
- Decreaaing spare parts usage .. 

• suppressing 'hidden stock• .. 
* increasing return 
* autC1Datic check.of unuse4 or repair~d 

parts to be returned. 
. 't. tiJDely decision for r.Pair and/or reconditioning. . . 

- Introduction of coding which ·allows links w1 th 
maintenance materials requir•ents planning and 
rationalisafion of stock. · 

- reduced clerical effort through teplacement of 
manual records ayeteat with on-line receipt• allcl 
disbura•ent as well as inquiJ'i••· . . . . 

- Reducti~n of the administration of infol'llation 
processed between the.stocks and purchasing. 

- Improved overall accuracy and relevance of data 
resulting in reduced time spent reconciling stock 
checks and carrying stock aanagem•nt• 

- reduction of •overall coats of materials carrying 
and handling ( lower "tores coats per unit main
tained.) 

·e 
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4. Reducti.,2!! in Direct: and Indirect production coats~ 
, - Extended plant/equlpmen~ ~:re. 
- Increased production voluae and yield. 
- Improved product quality. 
- Reduction in product rectification and 

other finishing coata.-
- Reduced energy·coata tbJ°Oup bettei- equipaent 
~iciency .·identification and energy control. 

- Reduced id1e tille-(leaa non-productive coats) 
and reduced unit operation ,coats.-

- Bffective capital investaant policies. 
5. Improved Fi~ ajftl. Control• 

• 
- Financial Control (undentanding of coats of 

deviatioDa fl'Oll the calculated.optia\8 ~ 
whether •ovemaintenance iallOre costly than 
•Uncier 1181.ntenance• and vice-versa) · 

-.Poasib1Uty to oalculate the QptiJl\11 trade 
off point (internal) at vbi,.~ maintenance . 
becoaes effect! ve and specify ( in teras of 
costs) each of tbe contributing factors. 

• Assess both the d1rect(11&11POwer, materials, 
equipments) and indirect costs(penal:tiea 
associated with doing·a~ntenanca). .. . 

- Assess tbe impact of any potential modification 
to the design! operational practices, staffing 
levels, etc. n direct I per hour tems . ( esti
mates versus ayate11atic financial calculations; 
majority of engineering parameters ·can be re
duced to ·financial aeaaur•enta1 tloo) 

·' - Budget control and coat analysis (per coat 
.centres, equi~ents, llaintenance centers, 
manpower etc.~ . 

- Life cycle coating (feed back of the total · 
maintenance boura and costs, eatillated downtillle 
costs in tents of production J.o••• addition ot 
materials aftecting tOtal salvation ot the assets, 
depreciation factor over life cycle) 

- Comparison ot coats ot various renewal policies 
tor ju1tit~cat1on of new equipment replace11ent. · 

6. Otg1r IritaWble btn1f&t•·and Impmyements. 
i Improved manag•ent reporting and better 
. 'creative• uae of aanagerial akilla. 
- Improved communication and teed back. 
- Improved accuracy and tiaelineaa of inforaation. 
- rlandling larr• volmea of data without 

losses • 
. - Improved conditions tor tull .. luaserial control 

.· 
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- laprov&d discipline and mt1vaUon. 
- lllproved • Sblne •, functional status( custoaer 

1.llpresalon,ataff llOrale and confJ.dellce.) 
- c;o.pllance vi"tb abeolute requ1r•eilta 

{e.g. Governaent aafety reg.ilatlona. 
legal etc)-. _ 

- Iaptovecl·co-ordlnation be'bleen deparaenta. 
- Improved cuataaer service ancl •tlaf actlon etc. 
To illustrate tbe above ••t.loned "benefi ta. let 

us describe now several OMS :_.. atudlea froa Iron 
. - . . 

and Steel Induatriea ·as well aa -.,re general aMS - . ... .. . 
•':l"•Y reaul ta troa botll aore -~eloped .,all devel.OP-
ing countries. · · 

Very good taD&ible i.pro.-eata. wre acblnecl 
by INLA~ STI:&. the-7th. larg•t ~-~Miter 
with 7 Mil.tons of saleable products (Indiana Barbour 
,Integrated Steel Volita). 

l<Y.' inereaae in plant availability 
'· lOJ' increase of labour ~roductity ·in llaintenance. 
10~ reduction of apare part~·1nventor1ea. 

The 01MS was developed in the general integrated 
version by corpany• a own SW and maintenance peraonnel 

over extr•ely abort period of 1.5 years using I1ll 
mair.tenaDce caiputer dual procea90r qatea( 6 Megabyte 
~emory each ) · and tbe netwl'k of about 600 terainala. 
The whole ayat• was lmpl•ented throughout tbe works. 

An Allerican study of CMMS benefl ta 1n varloue sec
tors of industries indicaUng C>IMS J.a~t on un1 t coats 
revealed-the followiDG: 

Reduced clown tille by 2 - 1<71' 
Iner-eel Manpower utJ.11• · 
zation and producti~tJ bJ 10 - 15" 
Improved pr0$fUct ~ty by ·1 - ,-. 
(reduction in •cl'lip/...te.} 
Energy savings by 1 - ~ 
Deterred cap.ital replac•ent 10 - l~ 
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In Japan. the KeiM.n.Wo:rka ot Nippon Kokan 
belong to tbe most modern steel works with tbe 

-amaJal output ot 5. 5 ail. tons. The ratio ot llaln-· 

te~e cost. to turnover being 7-11'. The •Jor 
object1Ye of OMS _,ttD.-redlace maintenance cost 
(the -.lntemince MrpNer being 3* -0.r total man
power). Vbl.lat tbe tetal. inYeaaent into Q8lS 

1apl•entat1on .. 1-. 100 1111.· tile. reaul.tiag 

annual decreaae ot maintenance coat wa yen. 500 1111. • 

Out ot tbla,Mint_.._ce labour ... reduced~ J.~ 

with additional lllprov•ent of atandardlzat.lon .in . 
plamll.ng and reduction of pap...,rk. In ~. 
tbe autS in Japanese iron llDd ateel indllatriea la 
or1.entel llOre to..rda •1nteng1 blea• due to tbe1r 

bigb -~ ot·autmauon, qualltJ° and productivity 
already acblwed(e.g. Nagoya Work• ot NSC, vbere 

the main objecti Ye& of QllS were planning standar
dization IPld efficient coordination of interrelated 
departaenta and proceaaea). 

Very conservative tangible benefi ta( based on 
aurvey of United KJ.ngdoa oms end uaera) were re

ported aa•gU14a1J.nea• !or OMS justification 
process: 

Increased plant aallabillty by· 2" 
· Increased maiipower productivity "t:r "' 

Reduction of stock leYels bJ 57' 
&iergy saYlngs bJ 5" 
An interesting anal.yala of econaaic algntf icance 

ot OIMS waa reported in ~ Svediab aurv., of 55 indua
trial COllpanl.ea, uaea.aing tbe ecoDOllic ~gnlficance 
of var.l.oua tactora and the extent to whlcb <>MS in
nuences these( for tbe aasea•ent a acale from 1 to 
5 was used to indicate little or great influence, 
respectivelys A indicating tbe 111portance of the . 
~actor to the company, 8 lndlcating poar.lbility to 
influence the•• factors by. CM!'.S, ••• table below) 
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A B A*B 
Plant a~lab111ty 4.7 ·4.a 22.5 
°'•lity iaprowt ·4.7 3.2 15.0 .. 
Tied-up_ capital 4.o 2.8 ll.2 
0e11ftl7 ua. -.... , '·" 15.7 
utlliaation.of r.- J.o . 2.5 7.4 sources. 
Sdety upecta 4.5 4.o 18.0 . . . . 

Shell Intenaatio-1 Pe'tl'ol .. (Netberlailclal 
deecrlbed tile ~oll81d.ng •3Dr beneft~ acblw~t!Dt• 
throup · CJMS ·"lllboducUon: 

. . 

Increased Plant &YllllablJ.l'ty tar 2Jl 
-Manpower coat ..... .,, 2."' :. "' 

-

Materials coat •Y1n&• - 2."' - 7"-
Talking about actual .,_.nta of CJltS in-

troduced - a 'tnd-cal URIDO pilot pro3ect in a 
_developing country let us take the eK8'1ple of 
EISCO Helwan, ARB, which introclucel arat• in 
ho pbaaes (baaic &Yat• dur1ng_l9'13-Bl, extended 
syat• including prodllction cont*°l.anct planning 
functions during 1981-86). Tbe following ia tbe 
CQD,J>ariaon of tbe rewlta acbieved duri.ng phase ~: 

Results 1m 12§1 
----~ .. 

Total production 465,000 ' J,130,000 ' 
Production_workera 18,000 15,200 
Maintenance worker• 8,000 9,600 
Production of llP&re• · 6,000 '4,000 
Cona\Dption of aparea/ton 14-22 KG 8-12 KG 
Total inventory(£ iail) 4.7 .O.r! 
No. of inventory it•• 132,000 154,000 
Manboura llaintenance 
( per aontb) • 

80,000 65,000 

Average· meantiae bdwHD fail.ur• 12 bn. 185 boura 
Total profit of plant(.t 1111.) 9.0 J4.0 
No. ot eo11puter atatf 28 135 

e 
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Another 111\\Stration cue atuQ of maoo 
large scale pro~ Uipl•entation vaa lntroduc
Uon of QIKS in But Slo'ftkl- Steelworka,Kollce 
( 4 Mil. ton 1ategra~ ateelwrks) i Czecboaloftlld.a. 
The anraa.i. tangS bl.e aYlnga acblnecl i:brougb ayataa 

lllpl•enta tlon can be -n.zed aa follo•: 

rMJCll- · ca ..,..u:!r"ast·> .JL 
- SaYinga dlle to the i.... 

downUa.,. of kef prodlao- 9,239 14.6 
t.loa faclllU-. 

- Sa'd.Dga .. to 1:be lover 
illYentorJ leftla of ..,..._ 11,000 17.4 
parts. . 

- Sannga •• to uae lCNer ........ .,f ..,... parts . 
(forelgnBChange) 

- Sannga me to ~!a::H•-4 '.'" promctl~ty of 04 

18,500 

aa-blf npalr{J.50-16o - 12,400 
Ployeea). · · 

. - Saving due to the increased 6,880 
wltae of -aembllea and 
spare parts recond1t1_on1ng. 

- Savings due to the increased· 
facility l.Gading in the l,~ 
spare parts um•facture -
i.e. abopa. 

- Savings due to the illprovecl 
plannl~ of repairs and aan-
power Utilisation (90 - 95 3,700 
employees) . 

- Savings due to the lower 

19.6 

10.8 

5.8 

rescheduling of aaintenance 240 o 4 joba and transportation ____________ :- _ , 

timea. Total 8Dll.18l aaviD&•I 63,,19 100.0 



Considering-the overal:l calculated costs 
of Cs:Crowna 115,678 aillion for QtMS 
development; routlm ·operation and -..'1.n
tenance wi tbin aocall~ •ecoDOllic life• of 

the syat.- (1.~. period 197.~1989) and 
. -

the corresponding to'bll aavinga of CS _ 
Crowns 296.114 llillion at-ing from the 
gradual . ~staa illpl•entatlon -6114 laprove- · 

. aent during that period (for illuatra~on, 
see the to~ ann•l eannga ~boye) · the. 

investment ~eturn ratio (i.e. econmaic 
justiti~tlon) 1~ approxi.M~~Y ' years, .; • 
1. e. the indicator ot ecoDOliic effeeti ve
nesa per one CS -crown (aa uaecl in CSSR 
tor economic justi.!1cat1on of ccmputer 
systems applicationa) is- thus '2!¥J,lll+/ 
115,678 s 2.56 crowns, a value fully justi
fied tor such a ccmpute~ ·appl~tion project. 

Another interestlng_exaaple is the 
c:M-tS benefits atu~ tor two major· SIDERMEX· 

steel plants in Mexico (AlltSA,Monclova -
3 Mil.wns plant, SICARTSA,. Lazaro Carde
nas, 1 ail.tons plant) under UNIDO SIS 
project in ~985. The :following major 
factor/benefits were identified and esti
mate..t during the study: 

.. 
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Major :taotor 

• Increased plant aYaila
bill ty. ... 

* Increased M~wer 
product1V1.t,. 

- ' 
~ Spare parts and mated.al 

.inventories savings. 

•·Spar~ parta and •'8•blles 
repair ·anc1 ~ture. 

Total Eat. Savioga. 
{ in Kil. Pesos ) 

Eatillatfd ?' ot b!91fi\p 

1. Production egUipaent. 
* Increaaect plant ava1lab1U ty 
* Reduction ot breakdowns 
!. Maintenance eanpower. 
• Better achedllling 
~ Better SP availability 

* Lower subcontracting 
* Overall productivity increase 

3. Spare parta and materials 
inventories. 

* Reduction of 9'ock level.a 
• Red\\otion of maber ot SP 
* . Reduction ot wan~oue coat 
* · Overall Mterial aavinga 

4. Spare parta repair• and 
manufacture. 

1t Increased prodUction ot 
SP and aa~embliea. 

• Increased volme o.t recondi
tioned apar•]>arts and aaat11-
blie1. 

* Reduction o.t SP importa 

SICAR!SA 

B,910.00 22,0Z7.00 

454.0l 

412.90 

241.90 

-1°" 
40J' 

8" 
~ 

l<>" 
20' 

1CJJ6 
8" ·-

2.~ 

4" 

1,108.50 

16" 
4~ 

18~ 

10% 
l~ 

35" 

10% 

25" 
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Froa the above exaaples of 04MS case . 
studies it is apparent that each 04MS project :. 

should be subject of a tborough justification 
based on a· coat ~uati.OL\ · aanag•ent audit 

and/or feasibility atudy, showing the iaproved 
effectiveness and efficiency with the existing 
resources. The comparison o~ the benefits to . . 

be achieved and costs 4lsaocie.ted with Dml · 
introduct~on and operation over a period of 

. . . 
tiae 8ll(i ttus the asaeasaent of economic 

effectiven,sa of such an lnveataeDt pl'Oject 
should be part of a •justification repo~• -
to be approved by the company •aJMt8•ent 
and/or respective Govenae11t Supel"!isory autho-

rities. 

So far.the benefits of a.MS were 

&!scribed. Let us, then, also consider 
costs that should be assessed, ·in the justi
fication process. These ahOuld include the 

following: 

1. 

2. 

Costs for the management audit study 
of QU4S objectives, specification of 
necessary procedures, areas for pos
sible improv•ents, priorities etc) 
which can be carried out by the 
company' a internal aanag•ent Ser
vices experienced at~f, external 
consultants ·or UN experts ( e.g. 
through a.SIS project) 

Capital costs of computer hardware. .. 
These will include,1nter-alla, 
centr-1 proceaaor unit (unita), 
central memory, back-up atone• 

I • 
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. 
(disks, tapes), tenainals, prin• 
ters and other peripherals. Thes_, 
costs will depend on hardware con- · 
figuration propoaed-aain-fra.e 
computer systea • 111.nlCOllputer 
&Jst .. , p_erso~ COll~er aya-
t• ailll/or tbeir~cal area net
work. ·Single v~a aultluaer 
configuration, me of network, 
size of coapany, plant layout, 
ebtl»Reortteminal·ecceaa, ext.at-
ing and requlncl comaunicationa, · 
·(moder.as, 11~a) yolme of data/ 
~stiug·and required.·alid future 
enviSBJed eo11puter applicationa, 
Goverment uport/cuatoaa policies, 
etc.. Besides these a&30r capital 
hardware costs, additional casts 
for installa~on, power suppl• 
stabilizers, airconcU.tion, renova
tion of off ice apace ( tel"lllinal 
ce~la) suitable furniture, cabinets 
and hardware aaintenance coats should 
be also considered. 

3. · Cl"MS aottware prog~ea developaant 
and/or purcba.e coats. Actually a 
Dllllber of optiona 1• available now
a-daya - <>MS developaent by o~ 
staff, 01MS develOP,•~t ~ C!Utaid• 
subcontractor, purchase or a stan
dard package, ~-~oint Ol4S development 
etr9rt with aubcontactor, 110difica
tion ot a standard package by own 
;atatt, modi ti cation of a standard 
package by the veJ'.ldOr, and variou. 
combinations of above. The coat of 
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of th& ao:ttware will US1•1,., depend 
on the variant cboaen, scope of 
OMS and 1.ta :Cunctiona, aize of 
apJ>li.cation, generall 't'f and .llOClu

lari ~ of~e~ttvare.•~fnend~ 
llneas, ~ .on partlcul.ar 

·.bardvare. S'J•t•• a.oftware ( Data.baa•· 
Nanag•ent ayat•• prog'"-1 De lan-

-: guage to be Wied~. a-k.· The cboi.ce of 
appropriate opti.o'1 aM/or coabi.°"'ti.on 
depends on a large maber of fae'tora . 
aDd. · tbertdore a.:tboroup· appraieal -

aboUld be •de (aee later in part 3) • 
. 

4. So called 8 b1dden coiat••, tbea• includ-

ing manageaent input and assistance 1n . . . 

the propoaala,. ayat• clealgn and deve-

lopment and illplllllentation, time encl 
manpower needed for data collection/ 
data entry and ayatea 1oad1ng, ti.lie to 
make system operational (~lementation
~inal l'UDS, testing etc.) and title and 
costs of required training and doc\11811-
tatie>n (both EDP and llaintenance perso
nnel.). 

Actually, CHMS 3u•tJ.ticaUon abould be . . . 
~ comUnuoua_proceaa, at~ng with the above 
~entioned fa.ct fi.ndlng (or mapping of current 
a1tuat1on), feasibility atudy and pro~eci pro:
poaal, project coat• 110D1.tor.1.n&,.poet-iapl••
tation audit• wbicb .oul.4 .valuate tbe benefits 

estimates and actual .figure• could be acbieved. 

• 

·_e 
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To illustrate several. of many various 
possible approacbea for the-justification~ 
process, let us as..-e for the sake of simP
liCi ty, that only hardware and software cost 
are considered in the follo'!lng hypothetical 
examples: - . 

Example. l 
\. . 

1) Downtime costs before <>IMS 
introduction. 

ii) Downtime costs &rter <J01S 
introd\iction, 

iii) Savinas achieved through 
· OMS 1. e. 1°" of original· 

dovntime costs (!) 

iv) costs of PC hardware 

v) Cost o:t Q4!tlS aottvare 

vi) Total coats for OIHS 

vii) Asame 3 years amortization 
(annual depreciation) 

Then real annual savings due 

us $ 1,500,000 

us $ 1,,50,000 

US_$ 

us $ 
·us s. 
us i 

us I 

150,000 

8,000 

19,000 

Zl,000 

9,000 

to a~s for the enterprise are USS 141,000 

.. 
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1) Eatillilted 1181ntenance labour 
costs. 

us I 900.000 

11)i£stillatecl llaintenePce .. terial _., costs. · · · US I le00,000 

111) BaU."94 dD1lllUae ooatis , us • lOO,QOO 

To'tal coat us I 1,600.0bO 

iv) Estimated •Y1ns through _ . 
04MS ].OJ' • · - -· . _ -1B I 160,000 

·· v) Coats of PC hardware 

vi) Cost of ams eottvare 

. vil) Total coats for OtMS 

viii) Aasua• 3 years .-ortization 
(annuel depreciation) 

Then real annual saving due to 
Q-i'iS for the enterprise ~ 

· . 

... 

1B I 

us • 

us S 

. lB. 

8,000 

19~000 

rr.ooo 

9,000 

us S - 151,000 

. ~ 
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C9epuSt£ bardnra- ego •Jtyare for OIMS • 

allS conalata principd].y of the application · 
software (which supports selected coaputerized 
maintenance functions aa dlacuaaed 1n the pre
Vioua pert) ·vn.tten in a particular programing 
language (COBOL, BASIC, C lauguage, and various 
4th. generation tluaer friendly• progr.me lan-. 
aua&• report/acreen g~tora), ttie eo11puter 
and comunlcatlona· bardlla.re (central .Processor 
unit, main a.-ory or RM, back-Qp storage 
media, dattl tnnamluion proce1tao~controllera, 
?WOdaaa, ~~ llnea, teral.nala, alao uauallf' 
called YOO - Yiaual. display units and caaaai~ 
periphera1a (pr.lnters, ~,r, .. acanners etc.) 
and ayat•a sof~, 1. e. operating ayst• ancl 

other various bouaekeeping 80ftware, u data 
bank aanager etc. 

Tbe alze of the organleatlon, experience 

with computers, available Unanci-1 and lkllled 
maqpower resources, mode of op~tlona c.apture 
and.data ava1lab111ty, alMS pb~ecUvea etc. 
lntluence tbe 'total baJ'4-1'9·co.puter co~lgu
ration. CltlS started tbelr developmlnt . aD4 
illpl•er.taUon uai• central • aa1nfnme • 
computer wi~- teralDal ne~"' (the aocall..a_ 
corporate •ult1d1aclpllnary ~). In 

. • . ;q . 
the beglmd.ng of eighties, tile .computer aarket 
~aunchecl aach leaa a;penalve lliel'O .and 111n1· 
coaputera wbicb enabled np14_1ntroduct1on 
ot <>1MS tb aediua and 18811 Hale 1nduatr1.ea 
in developed countnea, -..cl on single tel'l
llinal. or -.alt1te:n11.naJ. aD4 dngle proceaHr 
or ailtiPl'Oceaeor (local area Det10rk) coa
puter -dwar• .contigurat1ona 1Dr.allat1oaa. 
'lhl• trend •• re.fleeted 1D large orpniaatiou 

·• 
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too - MnY 'diaaatisfled.- uaera• - baVing ac
quired baal.c •111a vJ.tb personal computers 
initiated rapid dnelopaent of •d1atr1bU~· 
SJ~• 'the ultlmate result now being, bov

ever, llOYe f!.W¥ traa tbeae stand .ione •Je
t-• to large •auperll -..itL-proceaaor cen
tral syateaa vJ. tb effectl ve central - BDP 
Dept. overheacla, fast cam m1cat1.ons ~ 
guaranteed on-llne ayatea arid data av~labi--
11.ty. The uae of aicroa C or -. eocalle4 
professional pe~nal. computers) _and- alnia . 
(al'though nowadays the fronUer between 
these tllO' categories ia di•balU.1~), 
prondea a large pote-~ti.al for . aus intro-
- . -
duction to •all sc8le and aecU.• acale 
indwrtriea of ·developing countries due to 
the lov costs of hardware and relatively 
1nexpena1Ye standard DIMS general software 
packages (in particular using the advantages 
of centralized-development of skilled 
reaourcea and diaaelld.nation of kDot1-bow, 

through regio'Dal/IUbregional network of 
co-operating organisations.) 

The essential cbaracteriatica and para• 
meters of tbe above IUlltionecl computer barcl
vare syat•a to aupport IMMS are as fo:U.Owa: 

. a.. W.cro (per19nal.) SO!DPute£ ayat•• 
- 8 bit or lb bit proceaaor or even 32 

bit proceaaor (depending on tbe 
latest model(e.g. tbe IBM Peraoml 
Syat• 2 model 80 1• buecl on 16 or 
32 bit boarcla w.ltb so• proceaaor 
speed up to 20 MHz) 

.. 
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- RAM (internal •emory ) standard size 
128 or 512 Kbylea (1114 personal 
aystera ... 2 now proYiclea . standarcl RAM 
t.ft. ~ K bytes - 2 megabytes) • 

• 
- Floppy I bard d16b drives ( one or 
·two floppj.ea ~th.bard cllska upto 

20-100 •egabytea). 

- lJ.aited mmb~ 0% tel'ld.nala(usnally 
single user qataa, •ax1•• ll-8 
terminala) 

-: Steu::lard Operating ayat.a and language, 
limitecl graphics. 

- Transportable appli~Uon programes 
: .. 

- Coat range us·· 4,000 - 40,000. 

z. htni-computer sx•Sl!I 

'· : 

· ·- 16 bit _or '2 bit proc~•~r 
- RAM 512 K bylea and plus 
•fixed/removable-bard diak drives 
- 8 and plus tel'llinala"' and. printers 

. 
(often w1 th pouib111 ty of link · 

with PC loc81 Area Network • 

· -- Stflldard or non-.atlPldard operating 
•Y•taa with arcb.1ving f~cilities. 

- Coat range us I 40,ooo - 140,ooo 

Main-,ree computer ayttep. · . . 

- l Mes~• ancl plua 11&1n •910ry (:for 
larger ~S 6-12 Megabytes a•o~ 
module• are _req~red due to large 
bouae-keeping ·overheada). 

- · ex~•ely pewertul. proce•sing (usua
lly several. proceasora - alao for 

I back-up reaaone) with multi-sharing 
of reaourcea. 
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- terllinal network tranaal.aalon con
'tMol using-special pU,;oae·proc
aora. 

- 200.Meg~ea ~pl.Wt bard di;llk 
drivu. 

- ~n-standard and b1gbl.J eopbiati
cated operating •Ja'tella and full . . 
range of pro~ng languagea-
1iiclud1ag user ~endly 4th. ·aene

ratJ.on :Prosr =rt ng 1anguagea. 

- appllcat1.on i-ngraillles bardwaftt 
and ao:ttware dependent. 

- coat range US I 140,000 and plua 

For illustrative exampl~ of these 3 ~r 
· types ot <alS CGlllputer hardware ~nfigunrtions, 

see fi~es 7, 8 and 9. -- . 
. -

The required computer barcWare configuratlt'n 
depends on a number of factors ae •entioned 
above. Nevertheless, the follo1111Dg aiaple hard
ware purcbaaing rulee -are recomaended to be uaed; 

- exam1 ne tb.e CltlS app,Uc:at.lon .ao:ftware 
requ11'91enta fir~. n: 

- never buy the ·t1nt (w aacbine) but 

rather alreadf •tabl1abecl aacbine. 

- do not be iapnaaed lty aya~• •11bia-•.. 
· tication and g1M1C9• 

- observe cardullj goverment import 
policies on both the eo11puter, P9t.l
pherala and apqe part•• 

- ensure it 1• upwanta·up~l• u 
well as axt ... 91?1• to a au1 ti• 
·terminal •Y•t•. and COllP.Uble w1 th 
existing •Yst• (it.n.c.uary).· 
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- campare total coata of an enhanced 

111at• at tbe 'out•et ( prJ.ce of 
enbanc-.nt of peripberala). 

- do not k~ -1~ for prices 
to drop. 

- , coDBS:der tbat a pod -1ntenance 
.,Pport -. (bOtb bariware and BJ~ 

t~--~~U.i.~. 
. -

~ · · - llake fUl'e you oan add diak capa- · 

. ~t1ea,caa. un .. ·~ 

- do not save on tbe queJtty of tbe 
peripheral.a. 

The computer barclmre configuration bu 
a conaiderable 18pact on CJtMS fUDctiona and 
their 111pl•entat1on an4 'Vic9'.9Yel'8L Proll 
tb1$ Viewpoint at• at-ts software req.d.reaenta 
and .!Mt.urea that can be ••~•N"izecl under the 
following beadlap: 

.•. 

- . -- Syat-. functlona and atnacture 
- Moclnl eri. ty and. ill'tegri ty 

- generality ( Us»endance on parti-
cular bardvare and syat- .software) 

-_ Flaib111ty and ~bllity •. 
- Transportability Of both ap~catiOD 

eoftware and data 
_ - User. fl"iendllneaa 

t • .. S1at• docment&Uon 

Having specified tbe ~ tunctioDS and re
fluirlUD'ta and ~urcea avallable_to ... t main
tenance aamg-.nt ob3ecUvea t!lere are •••en-
tially It -.,proaobea to tbe AOCJ''ai.tion of C>M8 
80ftware; 

• . . 
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1. Own 'ln bouae' developaent by 

joint effort of BDP and mainte
nanee departa9Dta ( vbicb ia 
uaaael lJ .tlae con••lngJ 

2. Devel.opaent by an o~cle party 
(aoft.n·bouae, co~tancy
fi.m) · and joint 1-.Pl•eotation 
( 't)ll:d.c'1 ~··usually eoat co~•I ng) 

. . 

3. Purcbaae .of a 8'4table tie~• and • 
1 ta mocli.ftcation iii c:O-opera~on 
vitb tbe vendor (aottwre · ~·· _ . .· , . . 

large eml uaer 1D alallar 1n4ua-

tr1al sector, ~ ~r) . 
4. Purcbase all4 adop.tioti of. a atan-

dard package ( Wbid,l ~uirea 

cbanging of local ~cedure• aQd 
organiaation to iu1t the require
aenta of the paekage) 

Although theoreUcally approach 8' l) i.e. · 
own d~eiopaent should bring most satisfac
tory results due to the f~iarity with 
procedures and enviroment, it .la usually . ' 

t111e-co118\111ng (there are large steelworks 
in develop~· cowitr1ea, wher,, inapi te. of 
10 years' effort, the ()lt:iS baa not been 
fully 1mpl9!1en~d y~), aoftware needs ex.
tensive valid1t1on (local ld,aa), the docu
·~tation may not be ~quate .m in 
~icular, ·the eottware ~pon 1a. i~ 
adequate. ~bi• approach 1a apparestly ., 

not lep!ble tor developiQg eountry. 'lbe 
8811• bolda practically tor ad 2) where sig
nificantly b1gber co•t ari•• ~ tbe client 

" . 

; 
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ia of~en •overdependant• on software vendor 
·and aoaetilles .la not able to continue mooth 
QJMS operation and -1,ntenance due to tbe 

lack ot exp~ence.and/or adequate tra.1n.1ng, 
:fluctuating ot llld.lled m&Jll>Ower, etc. Tbe 
latter 2 approacbea bave become aoat teaU.
ble these ~·• .1n particular with vi~ : 
range of available packages, 8Pd less ex
penal ve bardware.. The tollollll~. factors 
a)lould be co!UJ,1dered. .1n the otlS software 
cipraiaal ancl·P&Ck.ae evaluaUon: · · 

- ~s functions included 

- ·Software labodying · tl1e tunctiona-
11 "tJ llboillcl.eoatoa to coaputer 

· bardware atratea prevailing in 
tbe organisation.-

- camputer type end. ~n' size, 
ato_rage required by tbe ily~• 
and temtnal netwrk • . 

- Operating system and data base 
managaaent ayat• Uaecl 

' - colllRIDlcat.lon ab1U tlea. 

- software price and 1 ta structure 
. · (basic tee, llceacing, aerri.ce 

·· · support, traini·ng etc.) 

,· 

- evaluate software llaintenance availa
ble (bug fixing, D8W rel-ea, llain
tenance cbargea) · 

- v.Udate the aoftwar~ through the 
demonatration an4 vial t to other 
inatallatiou. · · 

- study the level and quality of .oft
ware docummtation. 
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- establish vhetbel' the aoftware is . 
loCked or unlocked I ~urce deck. 
should be provided. 

- establish vlabill'ty of data tranarer, 
liow all the 00=1ntcation will be 

handled (barclvare or aoftlmre aolu.
Uon.) 

~ctually, _.., of tb•ae factors can i>e 
...... • + 

aclY~eously uaecl to ap.cify ·jour· organlaa-- . . 
tion's :further neecla and~ the teaaibj.lity 

of your syat• ~ficatlon 8nd precondition 

for OU4S introducUon. 

.. 
4. Pre-condi tiO!!f of _1ntrocluction ~ O!MS 

-
For tbe succe•atul int.rOctuction of ams 

in both developing and developed countries .. . . .. . 
certain.baa!c conditio~ are required to SUP-

port a new maintenance aanag•ent and p~anning · 
.systaa involving coaputerizatJ.on. They could . . 

enterprise level: 

• 

- positive management attitude and 

clear. obje~ti vea on both senior 
and line •anas•ent levels. 

- Basic planning t\.anctiona and · 
• ·· appropriate planning atat.t. 

' 
-· BaaJ.c adm1nt.etrat1ve procedures 

.tor work ioequeata,. vork orders, 
and material• and spare parta 
requiai tion. · 

" . 

---

·I 
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- preventive aaintenance routiiiea 
and 3ob deacr1pt1ons. 

- F,quipaent. and spare parts cata
logues and docm~tation • 

. - Availability of valid data. 
bi"atory and atat1st1cs. 

.. 
- Correct cliaate of the sbopf loor 

1110rk force • 
- . 

- suitable o~aation&l structure. 

- availabilltJ of baaic-*illa .iD 
' both industrial 1181.ntenance and 

·infol'llatloa (basic •COllPUter 
culture• ) 

- support of Government counterpart 
autbori ties. 

- Erlstance of dolleatic resources tor -
· bardvare and eottware maintenance. 

- e.xistance ot.tr-a1n1ng opportunities 
in~ tield. ~ 

- availability and/or potential acceaa 
to flnancial resources.for the pro
C1Jrf!1JjCt/d8Velopaent of atHS llOft
ware, hardware and training. 

Thia llat will, of courae,nevci" be 
complete and allO apecif~c f actora evaluated 
in the fact-tindlng/teUtbilitJ·atudy (~uati
tication proceaa) an4 tboae qntJ.oned in the 
CMMS hardware and toftware evaluation should 
l;>e carefully obaervecl. On tbe other band, not 
all of ~be pre-conc:U.tiona mentioned here.are 
an ab~lute ._uat•. Some of tti., c:lepend11>1 
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on ~e specific, local sl~~ti~~:~:-~Y 
be overco11e.and. alternative solutions 
can be found. In fact, in case of the_ 
UNIDO <>la'4S proJj!Ct, they are usually 

aaseaaecl.thi-ougb fact-finding and dia
gnoatlca 111.asiona ·&!Ml Yariows a1 ter
native proposals are reco-enclecl baaed 

. .. 
on the aJ.ssion findings llD4 obaerva- . 
tlona and diacuaalona witb both enter
prise and Govel'lllellt. aui:bod.tl~a.· Tbi.a - : .. ·- : - .... .. ... 
_particularly bolds tor· rigiobai-:piv~ecta, . 

.. . - -
where usually not all parUci~ inclua-

. . 
trial organt.aationa can usually •eet 
the preC?Onditions for auc~eaaful <JltS 
introduction. Therefo·re,· apeci.al organi-

satlorir!iilatitutioaa (Centres) which 
have necessary infrastructure and know
how and skills and facilities to assist 
smaller enterprises are selected as · 
national "foca1 points• to· Which the 
participating enterprises in ~he country 
are linked. Moreover, the various nation
al focal point .institutions (centers) in 
the:region/aubregion can support themsel
ves in the selected areas ot atMS develop
ment, exchange of know-bow and enable the 
interested enterprises on national l~el 
to meet the preconditionaa (e.g. through 
specialized training, tt!cbnical ~l'kabopa, 
advisory services, Gover111ent and/or UH 
financial support etc). U aually the moat 
capable local point of the regional net
work (that ••et• majority.ot ~·above
mentioned pre-condi. tiona ·and baa leading 
role: .capability) ia '•elected as the 

• 

.-. ... . .. 

.. 
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regional netwrk leading centre, resp»naible 
for the overall coordination and. support of . 
CJlilS development. and illpleaentation. For an . 
illuatratiYe _.ple of &UCb a· regional net
work,_ see Figure 10~ .depicting the atructll!1 
of &uopean regional pro~ect for PC baaed 

.Otts- (ilBR/87/0Y,). In f•t, UNIIX> provides 
through preparatory aaalstance projects· re
quired tecbnical aealstance to·&aseaa and 
create aeceaaary condi Uona for the DIMS in-

-trodllctlon, including the· .upport of GOvern- · 
•ent iind UN autborit1ea ~ raise tbe necea
aary funding on both national an4 reglon&l 
levels. 

Reeomendationa tor autS lntrodU.ction 
and advanced concepts to be used for 
Cl4S. 

First of all, the aaintenance tuncti-on to be 
computerized ahould.iDClUde all •~ea ot 
capital investaerit from planning, procurement, 
erection to operation, aaintenance, "design 
iaprov•ent, pba•e out aqd replacement. · 
This concept, also conaidering lite cycle 
coating ~· often referred to aa Teratttclulolog 
concept 1.e. the _mlt1d1ac1pl1nary approach. 

· F.ach OOS project abould be subject of a 
thorough 3'1stificat1on baaed on coats and 
benefits anaJ..yaia and/or feaaiblllty study 
which ,;.,uld COllP•r• the eatillatea of coat• 
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and benefits.associated vith Q4MS over a 
period time. i.e. asaessaent of eMnoaJ.c 
effectiveness as an investaent project 
should be part of the justification re
port. ~ justification wbould be a 
continuous proceaa. starting vith the . 
fact-finding. feasibility study and 
project proposal. involving project 

· actual costs 11e>n:ltoring and ending vi.th 

post-implementation audit vbich would • 
evaluate finally the benefits and effec-: 
tiveneas achieved aa well a~ identify f 

future possible illprcv•enta and atra-. -
tegies for thur developments. 

Benefits and cost evaluation 111.gbt 

follow the checklists given.in part 2 
of this paper, providing 11qre detailed 
analy~is under appropriate beadings, 
in particular increased plant availabi-
11 ty, increased manpower ut111zation and 

efficiency, reduced spare parts and 
materials stocks, improved financial con-. 
trol llDd pr.odue.tion costs and other tan-
gible and intangible factors (e!g. energy 
110Di toring and savings, ·11aprov8d spare 
parts manufacture ~reconditioning etc.) 
Generally, the following - of eatirlated 
aaVinge c0uld be used in deVeloP1Di coun
tries as guidelines: 

5 - 15" 
a-~ 

Plant availabill ty 
Manpow~r utiliaation 
Reduced stock• 2 ~ ~ 
Spare parts manutacture 10-25" 

· Energy saving• 1 - 51' 
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The advanced costing concepts ( so called 
• Anlagen wirtschaft• as introduced by 
German ecoDOllie'ta) take into considera
tion the trade-o:f f direct 1181.ntenance 
costs and downtime costs in relation to 

r 
capital coats (amotization) and production 

costs in all various stages of the life 
cycle aa well as in rel.ation tQ other enter-

. prise co .. ercial, purchasing, :financ~al and 

personnel functions. Such an.J.ntegra'ted 
approach is, however difficult for the 

implementation in niaerous developing 
countries, due to the apec1r1c prevailing 
conditions (e.g. lack o:f :foreign exchange, 
Gove~ent sector poJ.!cies etc.) 

CMi·1S software requir•enta ~uld be eva
luated taking into account the system 
maintenance !unctions and structure, gene
raii ty, modularity and integrity, :flexibi-

11 ty and adaptibility, transportability, 
user friendliness and the resources avai
lable (.tinancial, skilled ~ntenance 
and ED? manpower, hardware etc), and the 

OMS software package appraisal. rules as 
provided in the check list in the paper. 
Careful attention should be paid to the 
appropriate approach to the acquisition 
ot Cf'MS u:aet10814:.~1n;tbe ... 1'8f•r;. too 
(4. baaic appri>achea with their possible 
combinations). . 
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The same practical.ly bolds for hardware 

computer configuration for QlilS, this 
dependipg on the exiating:reeources, size 
of organisation, <>MS functions and o~jec
ti ves, data availability and capture, mode 
of operation etc~ The bardWare_purcbaaing 
rules evaluatien as given in the paper is· 
recoamended to be followed. At th1s parti
cular :pOint 1 t should be noted how the 
develoi;iment of inexpenaJ.ve ait;ro .(personnel). . . . 
~puter systems give a •green ai~• _to 

-
~s introduction for 81181.l and aediia acale 
industries in developirig countries. Beside 
their price and poaSibiUty· of appllcation 
of wide range of OMS software pw:Jtagea, 
they can also provide the poaalbill ti ea for 
perforaing locai specialised functions(some
times out of the· acope of .the package) using 
spreadsheets, editors, data bases etc. and 
their use as intelligent terminals linked to 
the main frame comput~r of focal ~int in
stitution or local area network. 

The preconditions for succeaatul introduction 
ot CMMS are clearly spelled out in the part · . 
4 of the paper. It ahou1d be noted, however, 
that a number of tbelll can be overcome through 
adequate selection of 01MS eoftware acqUiai
tion (e.g. use standard package when no 
proper maintenance procedures are used -
this will help t~ establish th•), uae of· 
UN and Governaent aaaiat~nce to acquire 
skills and reaourcea required (e.g. the 
establishment ot regional, •ubregional 
networks.with fo~al point ·1aatitutiona) etc. 
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The illplementation of QMS ahoUld be based on 
a~ell coordinated pa&eing of ~S fwictions 
to be introduced and the OYenll project work 

plan ooth in time and physical sites. Not al-, 
ways ia thft •ost critical maintenmce plant ana 
suitable to start ccaputerisation with. A care
ful selection of pilot iaple•entation area should 
be made -using as critetia :the pre-cm].ditiona 
lJsted in thici paper (eg. data aT~ilability. 

• • 
data collection and •J'•te• loading, end qera 
cooperat1m 9 suitable t.iaing etc.). A apecittl 

a~tention auat be paid to the _coordiitation of 
. systell testing, teminala installetion and uaer 

training. ~he tran~er frca the aanual ayatem 
to the computerised one abould be gradual in 
order to allow botb end uaer and IDP staff to 
get uaed to the using and rmning of the system, 

particularly 1a the cri-lin• mode of operation 
o! larger Q.iMS. J'or each installation one person 

should be giftD reSl>onaibility for system oper=ition 
which als.o incorporates adequate procedures for 

..system back-up. Sufficient programming capacities 
f20-:50 ~ ·~t ~eTel;>pment cap~cit~a) should be 

assigned for both illple•entation and pos t-ia!ple
men:tation pe r1 od. 

!s aentioned earlier, during the post-implement
ation period new imprOYementa· can be graduallJ 

introduced, e.g. use of •odern concepts i!S 

plant ~ondition monitoring using microprocessors, 
reliability analysts, e~rt aystems for tech
nical d1agnoat1ce, links to OlM, 11R'r, ope~-
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tlonal research methods ( e.g. for si
aulation of ll&intenancefproduction _ plans . 
coordination. failure prediction). CAD · 
(Gomputer Aidecl · Design) - syat•a to : 
11~ vi th drawings. deaign aodi:fication. 
d9cuaentat1on etc. aa well as aodern 
aaintenance_ Strategies like tbe_above _ 
aenti.oned teratecbnoloa. logistics.engi-. 
Qeeri.ng. total productive aaintenance . - -
(the failoua Japanese concept introducing 
preventive llaintenance ~tb all ~ployeea 

participating) and other•· The future 
:f~eld_o:f such improv•enta will be broad 
enough to challenge our resources. skills 
and professional courage to contiD.IOusly 
innovate. 

. . 
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