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1. Pre~-feasibility, foseibllity and projeot report studies
are vital links in the chuin of inventipstions leading to a
green~-signul to proceed with the detailed engineering and
commitment of funde on a now motellurgical projech or plant
axpangion. The aipsaeen being inourred st this preparatory
stage are snall, but thke investigutions have a mejor effsot on
the future siuccess of the underteking., Mumercus oxamples can
be oited of metallurgical projecis - both in developing and

in developcd comrtriss - which have floundered because the
fesribllity step was jumped or performed cursorily or undertsken
by ap inappropriate agency. In a doveloping oountry, these
investigatione have swen groater significance due to the added
handicaps of poorly~daveloped infre-gtructure, paucity of funds
and lack of skills.

2. The copsacuencna of inadequate pre-plsnning include
subsequent difficultiaee with the quelity and quantity of raw
materisls, selection ot unpuitable aquimment and processes
renulting in imconputitive production costs, inveetment greatly
exceeding original estimates and incrdinete delay 1o plent
oonstruction, insdaquate ¢ttention to extemal water, power,
trapsportetion and othar iafra-structurs items, neglect of
warpowar develnpment with conrequent necessity of using teeams

of foreign operetors apd o on.

3. Quite soart Trom *he garima finannlel congequancesg on 8
developing natior's slarciey resourcwss of ¢ major nrojeot's
fajlure to producs articipsted cnsk receirts on tinu, suck
‘white alephant ' projects raive voubts cir Lhe whole ration:le

of developing beets induntries lo spearksad economic growth,




1. _MWORK 10 BE COVERED
4. In tho pre~irvegtment study, foliowed by the faasiii’ ity
.study end the projecl report, thc main techr’cal and economir

queaticns to be snpwmred are broadly the sawa, wiil the accent on
finencial viability and cholce of lonstion and processes in the
feasibility study, while grester coneideretion is given to the
engineoring, specificaticn apd construction especis in the project
report an! the pre-mgineering stage. In the cage of a mall

project where there are few umcertainties, a combired feanibility

and detailed project study could be tzlescoped to cover the whole
gromad and lead direct to preperation of asquipment specificetions

for i1ssuing tendurs, Howevar, on large complax projects, such

haste in the planning siuge cculd cause delays snd difficulties later.

S, The main topica covered in the feasibilily study include
the followings

Establighgent of demand for the preduct

6, This requires first a review of the presenmt production,
exports and imports to arrive at net apiarent conaumption and a
study of the axisting pattern of demand by product categories and
consuming sectors, This invegtigation hus o be done in the field
by a tess of market apalyets and should cover the requirements,
probleas and expansios plans of the bulk of present consumers,
throngh well-prepared guastionneires snd interviewe, The field
survey data must be supplemonted amd croes-checked by disocussions
with concerued govermment and industriel organizatioas,

7. A long time geriee is nceded of imports of the product
being studied. In the cuse of stesl products, confusion is8
encountered in nomenclature ss aughoms statistics are gonurally
trade oriented, Further, deis ie nvadnd not only on rollad steel
producte but also on indirect imposts of steel in the form of
machinery, componunts, ale,

8. Then projectlons hesve to be nade of the probable rise in
demand, by suitable statistiral techmiquern. For steel, the
end-use apnreach has been feund usefud whorein future output
targots are deternined fer all steel coneumiuy pmducts/ seclors

and multiplied Uy the ateel Sfopul 'morm® for each product. The



total demand estimatee must Lhan be checked by alternative

teohniques and by compuriron wilth obher countries, spsoielly those
in sim1lar gitustions,

9. The affect on derand of prire elasticity es well as that
of matarisl substitution mey bpe rignificsnt., The possibilities
of exporting the product, direatly or indirectly, needs considers~
tion, to arrive at tho total demand (brokan dowa by cetegories
and sizex) an;:x~ the corrusponding simortfallg, New cepacity can only
peat a ceriain estimated share of the causgorywise sixrtfslls.

Iavestigetions of rew weterdals

10, Based on the sva‘liable data, the feanibility study must
uske broed estimaten of the reserves of various rsv materials
required. The reliability of data on ressrves needa to be
seriously questioned end independently eve’uated. Problems of
rev material quality for alternstive production processes have to
be studied together “+ith pomeibiiity of blending some better
qual’ty imported ore if rsquired specially in the initial yesrs
of vperation, 3Juitable schemes are required to be prepared for
nining the ore and delivering it to the plant site, Benefioiation
and agglomeration processes nesd to be cvaluated whave required. |

1, An ineisive ipwvastigation of raw matevials is perhaps the
rost dmportant study at the feasibility stegs. It requires a
team ooapisting of geclegist, mining ciginesr, and mineral
beneficiation technologisi to evelusts the work already done,
propose new linss of invastigations, and make preliminary
sstimates of the lavastment required iu mines, quarries,
transportation systeme, benefioiation plants as well us of the
cost of materials at the mine-hoad snd deliverad at plamt sitfe.

12, A8 tavw ma-sxiel develorment hss long gestation periods,
the foasidbllity study must outlino the further gocloglcel
investigations requirad, miiing develooment ana other studies
conneatad with delivering ore of arpronriste quality to the
proposed plamt.

Selectipg the logution
13, locationel iachors ionlude ths oust of asswmbilng Yew
mater’ ala to alternative sites and cslivering finished products




to coasumption centres, the couts iavoived ir developing the
infre-structura, the cort and sveilabdlity of powsr, vater and 1
traosport the site conditions sueh us topo ranhy, eunesoil

oharacteristics nmi ~1liuate, She sceial eonditiors and availebility

of suitable labour snd the prodlans of envirowmental pollution.

14, The effect of thess on Lhe sapiisal and onersting coste
at three or four ilkcly plent locations huve to be estimated,
There are other locaticnal factors whick eannet he resdily
qusntifisd auch as national polley to devaslop backward aress
or strategic coneiderations, Then there are parsonal or
political preferences for cae or the othar locstion, The
congultant 's job iz to .yesesmt ths advanteges and disedventages
objectively and perhaps list the sitss in order of averall
preference, lsaving it to the authorities concerned to take the
finel decision,

4 £ t uct-pix
15, Plant size and product-mix have tc be fixed hased upon
the market study, the optimm siz¢ of aguipment snd the share

of the total demani Hhat the proposed plant can be expected to
take., The iron and steol industry, when based op conventional
blast furnaces and heavy primarxy mills, iz muvkedly sensitive
to the oconomies of scels, Howsver, recent devslopmente such aas

direct reduction processee, eleciric samslting furnsce, arc furrace
steelnaking and continuous casting have made integrated ateslworks
of even smal) capacity (ssy, 200,000 tons/ysar and over) viable,
Even g0, coats will come down as ulte plapt expsrcds, A view |
must be taken as to when ths nev produets csn be oxpected to

enter the market apd Lhe rate st which the demand will grow

so that expaneion een be planned rationslly from the beginning

in & continuing mammer.

Solecting production prucosses sid squipment

15. Various procvesas sliernetivas nsve to be evalusted within

the fram..ork of rew materisis, piwer, naturel gae and other inputs availsble,
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The cholos of technology svailable is wide, with nev procsases
challenging ths old sonventional systesms. Sut hov fast are
some of these now teochnigues going to reach comnercial
exploitation to warrsnt their adopiion in a developing sountry?
Would it be wirer to st'ck inttiaslly to proven nethods, at the
same tise maldng full provision for the new proocegses in
future? What is the avpropriate helange that, must be struck
between sophisticated high-spesed automated processing lines
and more manageable memually wontrolled squipment? Skilled,
trained labour is goaroe iu developing countries asd no longer
'oheap'. These aro sume uf the problems in process selsction
to which the planners must direst themselves.

7. Auxiliary facilities snd utili.tj systems (power, wter,
=, compressed air, eto} bave to be studied.

18, RNumnirg the layout requires specific provision in
space and design for rapid expansion. Depending upon the
sateri.l base and marimt potential, plant ospacity could
increase six or eighi-~fold in future. Here again, steel

plant layout is becomning more conpact as thw restraints
inposed 2y reilwey sywtems are giving plaoces to the flexibility
of conveyors, road-bound vablcles, and poeumatis transport.

1. Equally importent ie the planning of facilities outside
the plant periweter, sach ag township for personnel, areas

for ancillary industrien, railwmy sarshalling yards, sleg
dups eto.

Bstimeting capital oogty:

20. These sre generally praliminary cost figures based on
budgeting prices rrom squipwsnt suppliers and preliminary
designs for oivil, structwzal sad utility syetems. Provisiom
has to te made for apATes, ocean and inland freight, tradming,
ccanissioning, cllents administration during coustruction,
dosign and engireering and cuatingenciss. The foreign exchunge
component of the plant cost and the phasing of oongtruotion
exponditures have Lo bo setimsted.




21. At the sene time, the report must arrive at the total
projoot ocogh, iacluding promotional expenses, interest during
construoction, techniscel assistance and training, start~up and
infra-gtmoture developuante.

Asnegaing wupower requirsmentg:
22. Manageris), tsochuioali, suparvisory, skilled and

acsicilled maupossr nesded for plant operstion and maintenance
bas %0 bo determinei ani thought glven at this stage itself
to augnenting the available skills by intensive traiming
prograanes.

Eat tiou coat:

23, The inputa of rav material, ut:ilities, labour ead
supplies and the corresponding wnit oowts of these have to de
estimated to syrive at the works production cost per ton and
the total annual mamufacturing expenases.

84. If iron produstion in elestrie smelting furnaces or
steel production in arc furnaces ia being eonsidered, the
cost and availability of eleatris power becomes important
and ocontroversial, At the fessibility stage, 1% is Aifficult
to get a definite powar tariff, as so many factors inocluding
national polioy hecome invelved, A way out is to show
graphioally the efYeo{ on produstion acets and oversll
profitability of & whole vange of undt power costs.

jaalyging finangial viability:

2s. The tiaal atep ie the finsneial snalysis to determine
the overall viabllity by the use of yp~to-date project
svaluation taghniques. A major problem ls the estimating of
probable selling prices. Suitable retes bave to be adopted
for ahort ani long~ism aredit, depreciatior, smortisation,
taxation ois.

a8, A rigoroua finsnoial anslysis wnuld include the profit

anc loss aud vash Clow statements over the 1ife of the project,

eatizetiva of break-evan jeints sod internal rete of return,




¢xcess present value analysic, pay brck period, savings in
foreign exshange and rate of retux on foreign exchange.

a7, Depending on the strustuze cf the vuonory and the
miure of the project, soofal profitability oaleulatiens may
be desirable.

28, Quo vsdiag? VWhero does the roject go fyom here”

The fesailility study ehould spell out the astiom
required on a comoerted fron! so that the varicns sub~studies
and investigations could de initiutec oxpeditiocusly, and
pursued energetically.

natig CF M AIVRL (A, 2SS RO
8. Mo urgicel projscts particularly in the iren and
steel field have characteristics which wake the feasidility

Sxeroise more orucial and complex.

? .i,,'d #

30. First, tho plant 1s gogtly and will absorb a sisseble
chunk of available resources. Moreovsr, as wuoh as two-thirds
of project cost way be in svarce foreign exchange.

31.  Second, the sqgonomies of geale are domimant hers and the
question always arires: should the plant sise {and investaent)
be restrieted Lo short-tem needs, olten at high production
costs, or should a bolder visy bs %aksn of future demand
(imeluding possibility of scme experta Lo neighbouring oountries)
and optimmm-sised plant ingtalled even if some investaet
remains under-utilised Zor & dafined psriod?

32.  Third, the oelection of produstisn prosess is heavily
Iew materigl-orignted and this requires comprebersive geologioal
investigatious to establish qality and -eserves as wll as
laboratory and pilot plant teste ou ropressntative samples to
fix the process parameters. It also salle for miming schewe and
development on large soale. While there sbould prelerudly bde
ovidenos of probable ressrves for 2% to 30 years of plast 1ifs
before a worthwhile fousibility st.dy owu be suds, the actual




proving of recerves aac plict plant tests could be initiated
at this stage and contivued more wigorously vhen the detailed
project studles are undarvay,

33. Finally, a metallurgics) plant needs s igh order of
oRereting and managerisl skilly., Whrers these cannot be drawm
from a developed indusivial tes«, the probieas of manpower
planaing, recruitment aad training nesad to be taokled
energetically {rom the Taasibility stage itealf.

&Y. CROANIZATION SRSOER JFOR JTUDIES
34. Total implemsntiation of an industrisl project involves

two distinot pbeses:

1) Project plannimg and evaluation
11) Exgineering, specifications and construotion

Jadependeqce and objectivity

38. If the projest seeks financial sid, there 1s a desire
on the part of the aid giving country to tie project planaing,
eugineering and equipmeni supply into one package. This ie
hardly in the interest of ths recipient. Apart from the
Anarease in project cost (8 to 12¢ or mors) through tied aid,
there is the Jisadvaniage that ths projest plsaning and shoioe
of equipment are more guited to what the supplier csn offer
rather than to Lo spscifio needa of the dsveloping country.

36, It would te beet for the country tu have its own indepen-
dent oonsulting orgenisséios to osrry out tae planning study.

If in a special sectcr Loe requisiis axperienos is not avaiiable,
then the lsaaibility veport tesk could bw contrected to an outeide
oonsultant whe has mpecilic and rscspt experionce of work in
developing countrinn

31, Ooe caunot over-e- sharlzy that the ssiected sgency should
have indsyondence ar~ .o sctivity, divoroesd from vagted in! evegts,
particularly in the feazib*lity re;urt stage. There are nny
watallurgieal ~rojacte whare over-dasiyasd, cxpensive equipaent
ifer axample o messive stladhicg =111 whish may ani be VEWRA 4
Ubliizea o3 A derwniry or obuolebe tasimiques {asrap-based opsn-




hearthas in fomdries}, or ruleiively uniried procnssos (pre-
recuction in klias exnd hoi trapster %o amsibing furnaces) have
baen fols'ad on vnkmaving Qlests by scuipacnt suppliers,

Seeolalised indiganoys inglitutes

38. In soa> developlrg countrics the two phasea - fergibility
studies and engineering - ars undertaken by aeparate organisstions,
one altachdd perhapn to the Ninisiry of Flonning and the other,
88y, Lo the Minintrr of Industry. Whetusc separats agencies are
used or 3 alugle agency for Vs compiste veage nf eonsultancy
servises, derends on the oirounstances, avadiable peraannel and
perscnaiitiva. Moat of the teclmical aud soonomic digciplines
required aro soomon %o Loth pbases 2ud therefore there ia sdvantage
in oombining theso runetioms in one integrated organisation,

%9. later, dspending upen ks iaw arteriai endowsent and indus-
trial meturity of the ccouory, adiitional ingtitutes may be created
progrossively in differant fields - for metallurgionl plamts,
petrolevm, wator and power regource development, obemical ¢nd
petro-chemicais. There are obvicus merits in euch spocialisation,
if a truly professloral job ia o bs denw.

A«. Mo~e imports - 15 the kind of tuchnical loodership that the
nevly-established design srgsuisetion has. A dynamic techmologist
with: confidance in Miwsell acd in rig colleaguss oan do more in &
sboxt perfod with lecs fimds tasa, any, ¢ poreos vho has no
technology-orienteation and who alsc lock visicn and ocurage. A
donign lostitute can have Al vhe facilities and appearance of

officianqy, but will atsli remain & 'shell’ 1f the leaderabip is
diffident.

Selegted outsije ansigragce

Al In the early stages the newi -owmded desipu instituts may
advastageonsly ovopereis with s similar feraiin design organisation
in order to speed-'p the sbmorpblor of sorgultancy siills. Transfer
of teshmology from the domor %o ihs moipient institute can be

of Teoted by desuting wolecien exparienced perasonael to assiat on
specliiis prejecis-1r-hand, ceoding izeal peraonnel for ectuul work
with the teocmni.ai oclleborater, rorsiving apeciclly-prepared
dooumentation vhicr oar theo oe ztpanded to Jform » resorvoir of
baatn teghndnal stanurmy car Sxburs wolk,




o 30 -

42, Howevar, in such arracgenenis there ie elso tbhe dangar
that the sxpertise an? personnei avallable with the donor are
rot wholly in tune with thu requirements of the recipient, and
that indeod for woiitiecal or .thar resecus s marrisge ia foroed
which has 1little chance of deveioring inic & naalthy relation-
ship.

43. Thers 1a agein the porsibiisty tiat the resciplent,

through such an srrangemert, i8 renderce helpleus and pot

allowed to tuke or meaningful ou-the-job responsibilities, Conse=
quently, when tho next major prolect somee along, the recipient
contimies to have to depend uponr the donor. This necd not be

the case, Given the proper enoocuragerent from the top, even

this kind of specialiend sxparience ocan be transferred within a
period of three to five yoars, Tols is not to sgy that the =acipient
would then be wholly self-reliant - he would, nowever, hav. ths
confidence in future to take the prisze responsivility, supplemented
by outside assistance In a seleotive and limited manner only.

44. T acquire capebliity, whether it i im design work

or inplaying teonis, reading memuals and sttanding ‘workehops?
helps, but there are aci suostitutes or doing the job onesalf -
tho firet time with sxternel assiciance end the next feow
ocoasions with 1limited guldanoce, until the lnatitute nas deve-
loped the competence and ~onfidence o go it alone,

Yo INPUTS BREDED

45, Depending upon the wype or prujcct, the duration of the
feasibility study mmy be frur mouths for o relatively strsighte
forward uoit o 12 moutha and 1ove 1 @ verlety of locations,
rav materiale, progoases und other problome ars to be covered,
The corresponding inpuis of profeseional effort may very from

10 man-months 4 ovar 100 rase~moatha. GF thio, ae mueh s

balf may bs anent in the 7Tield studles and tue rest in homs
offices.
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48, It is obviously difficult te quantify the cost of such
studies but it would certainly be undor 0,268 of the cost for «

which would have far-resoning effects o the fulure euocens of
the project,

47. The first atep is to appeint a Prolect Manager for
cdordinating and expediting the vsxious investigations, some of
whioh should proesed conoirrently wnile sthere must wait for
the input from the preceding study, an inter-disoiplinary
approsch 1s involved with the team coveriug the complete range
of enginecering diseiplines - gaoiaglonl and nliing, prooess
eugineering, ofvi’/structural, elescirical, inatrumentation,
materisle hendling, transportation, water, power and utility
systems, donstrusction, magpowyr plamning ane economias,

48, It xay not be possible to keep sane speclalists (eg the market
research tear) fully loaded tho year rownd; therefore such persamnel
oan be ‘borrowed! for specifia sssignments, or should be capable

of underteking other typee of studies whex needed,

49, On a typical study of » emali new iron and steel ocomplex
in a developing country {600,000 t/y1, 4irvsstment about $ 200

million), the following wintram inpmte in varicus disciplines may
be roquirad.

Halor diegip)d '1._0.7%&:7___“ -
Clvil, Zleo/ Reonomis

Geol/  Techio- Stxue/ Veeh/ Finanolal

Wolng loglst Conat Util  apalvsts = Dotal
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80. A teeanm of sbout 12 professional pexsormsl would be needed
over a study period of sey 9 montha, supported by secretarisl,
arafting and other specisliat staff. It will De noted that the
bulk of the work-1oad falls on ths technologist - the specialist
in iron, oteel rolling mills and other processes. Thisg is followed
by the {nduetrial eccnomist vho may well be en engineer or techno-
logist familiar with project eveluation, market research and other
techriques.

8. for market reseerch, rav material javestigation and eite
selection (iteme 1,2, § above) the bulk of the work (say three-
fourths) would be done 4n the field, For the other sspects of
the study, the main eifort would be in the pome offices based
upon dats collected in 2 short field trip.

52, The organisation of the task foroe for the study would
be typioslly as in Mgure 1. The Project Manager 1s like the
oonducter of & symphony orchestra, who must set the pace and
xeep the different musioians iv harmony. Bis personality and
experience, and the confidence in which he is peld by his colleagues
would have an important effect on the sucoese of the project.

Nork FXoEEsNnS

L The sequence of work 1n o typloal resaibility study is
shown in the uetwork (Pigure 2)e A preparatory period of one
month may be spent in home offices prepering questiomnaries,
sollecting and studying svailsble data and orienting the tesa on
the task ahead, Tor the next three months or 80 the action

would move to the £ield, during which the rav neterial sources and
utilities aveilable would ba studisd, the parket for steel investi~
gated through intervieve with nain consuaers/importers of steel
etc, the alternstive cites visited and intensive digcussions held
with various agonoies dealing with all aspocts of the plant's

requirement etc.




54. A prodlem encounterzd during the field stucies is that of
huguago. Tho oonsultanis tean should preferably have personnel
who knos the incal languegs ~ or have suchk personnel secondsd to
them by the client.

55. The lack of basic sconomie data !+ svother major difficmlty.
Definitions of mecro indinstors are widely JUiffsrent or the time
sories may be interrupved by s revisad mothod of calculation

after a mev political regime hxs taken over. The necesaity of
checking and oryso-ohenking detu nsnnot be over~emphusised.

S6, The pext phase o) work wouid be in the home offices. A
brief return to the field way be made, i iecesssry, for data that
may have beer missed or [or checking main conclusions. Im this
period of intensive atudy, the mair alternatives on plant sise,
product-mix, production procese, constricticn pbhesing are
vigorously analywed and their oost implications estimated. On
this basis, the optisum plunt parsmeters are evolved. The
selected slternatives arc then eichorated, preliminary designs
and drawings prepured for eatimating guantities and costs.

37, It 1r obviovsly szsential co kaep al) assumptions,
process ealeulatione &nd cost setimaies in the form of complete
vorking repers, frox which the text and apperdices of the
feanibility report would emerge. (064 enginsers are not
necesserily goud st preparing conoiss and resdabie reports

and the job of report-writing, editing and vsproduction oan

be very time-comsuming.

38, Generally it is s good idez te discuss the feasibility
study in draft fom with thc enthorities ooncerned to get their
oomnenta on the eonseptual sspucts amd to check cut the assumptions
mede, While thepe comment: shoul:i bs given (uil consideration,
the fioal responaibiiity f>- nbjectiivs. techniucl recomrendations
on the project is thet »f the consultant,




w id =

59, As mentioned earlier, the feesibility report is only
the beginning of a seriss of investigations on which further
action required hns beem cutlined, The critiocsl path in the
subsequent lmplementation programme and the agencies to be
involved must be cleerly impressed upon the client, in order
that the volume of the feesibility report, resplendent in
its leatber dinding, do set find an honoured and final
regting place on the clients' book-shelf.
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