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Ao _INTROLUCTION

1. Indigencus design and eugineering effort is kmown to act as
the 'prime mover' in s country's industrial develoment. Moat of the
dewleping countries have embarked Upon progremmes of rapid {ndustrial
develepment and economio growth, Metallurgiocal industries, parti-
oularly the iren and stesl industry, enjoy a high priority in these
development plans, as they are essential for sustained econmmic growth,
The speedy establishment of metallurgical industries, would in tum
Tequire ready availability of local expertise for planning, design
and operation oZ plant installations,

2, Experience has showvn that the conetruction and operstion of
& nmber of metallurgical plent.s have not automatically genersted
the ability to design and build nev metallurgical plants. Most of
these plants have been set wp with foreign assistance, but in many
ceses thers has been no effective transfer of kmow-hov nor
opportunity for the development of local skills and expertiee,
particularly in the cese of tumkey projects, While foreign
assistance 1e both neceseary and belpful, many developing countries
feel that they camnot continue to depand primarily on imported
'know-how! for the development of their metallurgical industries,
The early oreation of a micleus of deeign and engineering capacity
0 aseme responsibilities for the plamed development of metal-
lurgioal industries is themfore imperative in thoee countries where
thess faoilities are not availaole, Whereas, in the case of those
developing countries where such a nuoleus already exists, the
Gevelopment and use of locsl expertise and technical ekills ehould
be & oontinuoue exercies and an integral part of the developing




couptry's delibsrete petisnel rolicy %o establish e slrong
soientiflc techmologieal busws in thn couniYy.

3. Indarandsnt prolsssloand eonsilting fims eontinuously build
up technical lmow-how ani axparience in tha counbry, toking advantage
of the teshnological advinces alsswhore, and clioosing the most
appropriate processus wirl adapting Shem to aulb She epac ifie require-
menta of the project avd the oountyy. They aseist in the development
of indigencus matorisls, machinery and squipmen’ and ensure their
aaxiste wtilizabicn in metellurgieal and otuer pmjects. They also
help bring sbout speedy atiligation of indiganous research sfforts
vhere availabls and supplement developnent sftorts, Thue, they alao
assist in the evolution exd developmont of local gtandards end nddes
of practice.

4. India provides s good exanple of a developing country which
has not only esbablished the puclei of metallurgical knpow-how,
technical consuitancy servicee, ressarch and development stc, bud 1e
in a position to share ila experience and assist other developing
oountries in setting up their own design organisations, Iv is felt,
thersfore, that Indian expsrienue in this field would be of benefit
to other developiny countries, ’

S. This paper is based on the experisnce of consultansy work
in India snd abroad during the last 15 years and deals specifiocally
with the provision of desipu, enginearing and progureaent services
for iarge integrated ataesl nlanta. The services rendered by ths
eonsuitanta for the preparation of faasibility studies have been
discussad in another paper.

L1, DESIGN AND ENGINEERING SERVICES

De ct

8. The starting point for the provision of design and
engineering servicez on a motallurgical project ie the feasibllity
study. Nomally, the sonsultensy firm which haa prapared the
feasiviiity study, is alao antrusted witn the design and engincering
of the project, or ‘pioject engincering', which {mcluda divarue
gervioss for the si:cessive phssaes in the implementation of the




metallargical plant, ramely

1) Preparstion of the da*tailed projsct report giving
the overall desipn of the prolect including raw
materials, product-amix, predustion processes, and capital
and manufscturing ocvete

11) Preparation of tender doowments for equipment, services
and utilities, oivi) engineering works and other son-
struction work

111) Avalysis and eveluation of bids for equipment snd
engineering oontracts and recoemendations

iv) Inspection of equipment manufsoture

v) Coordination of all engineering and construction works,
equipment nenufacture, delivery and erection schedules

vi) Preparation of designs and drawings

vil) Supervision of construction and srection of the plant
and equipment

viii) Supervision of start-up and commissioning.

ix) Assistance in preparation of nanning schedules, job
specification, recrnitment and treaining programmes,

7. The soope of work and the responsibilities of the consultante
is nomally detsiled in the oontract doowment. Based on this, the
consultant proceeds Lo prepsre the overall design of the project,
for the given product-mix, plant sise and 1oostion » a8 determined

by the feasibility study snd acoepted by the oclient.

8. Flanuing the general layout of s metallurgicel plant is

an axercise in rationsl arrangement of the mair produotion wnits,

the enexrgy networks, avd the auxiliary shops, within the limitations

of the selected site. The major oriteria of a good metallurgical

plant layout are

1) 4t must provide for the uninterrupted receipt and stocking
of bulk meteriecls, the rapid movement of in-process
saterisls, and the smooth disposal of finished produots
and by-products;
' 41) the production and auxiliary unite together with the

utility eysteme must be so arranged as to essist in
economy of capital and operating expenditure not cnly




for the initial plant but also for subsequent
expansion; and

111) 1% must provide ecope for rational future expansion
in order to meet growing requirements and aleo to
take advantage of the economies of scele.

The leyout, besides, shouid not only incorporate pruven techno-~
logloal advanoee in the initial design, but also give thought to
techniques which show prouise for the future. At the same time
the layout must facilitate expeditious construction sud commissioning

of the units.

9. The layout inevitably undergoes a series of revisions from

s mere concept of the designer to the warious alternative designs on
the drawing board, until the 'final layout' emerges, vhioh would

not only meet the immedinte requirements, but go beyond it to
maintein its logic and flexibility. As layout mistekes are usually
permanent and expensive, many man-nonthe of engineering enter into
the evolution of most cuitable arrangement of facilities. Careful
lsyout planniog is very importent in developing countries which must
nake the most effective use of their limited resouvces, specially
foreign exchange, and at the seme time provide for much needed
expansion - by providing spsce for new production units or by
providing certain in-built facilitiss which would out down invest-
ment costs of expansion.

10, The consultents also reassess the dets given in the Loani-

bility study on the available rav materiels and the requirements of
the project, in the light of new data that may have bsccme svailable,
identify the sources of supply, suggest measures necesssry to develop
the sources of supply 1herevar nuoesssry, and indicate alternative

sources if feasible., In the case of steel, for instence, tne
magnitude of the task can bs approoiated when il 1s realised that
a modern one million ton asteel plant would reguire per year
approximately the following quantities of Lew materiales




Zopg/yeas
Iron ore (64% Fe) - 1,500,000
Goking coal (16% ash) . 1,350,000
Idmestone (BF, SM grade) .o 550,000
Dolomita - 150,000
Dolomite for refractories ve 35,000
Refractories .o 56,800
Manganese ore (30% Mp) oo 60,000
Bauxite . 8,500
Ferro-alloys (FelMn, FeSi) .o 17,700
Sorap ve 240,000

The task 1s made none the easier by the faot that mining develoment
takes even longer than ereoting a steel plant. Where local avail-
ability of certein raw materiels is uncertain, possibilities of
lsport of these rew materisls are investigated so that necegsary
steps cen be initiated early by the projeoct authorities to arrenge
for their imports o» a long-ters basis, which would ensure their
idnterrupted supplies when the plant goes into streamm. The trans-
port of large quantities of bulk materials from souree to plant site
is a major task and very often the necesssry facilities need to be
developed.,

e ) ' strplie ] a A SIS A R _NIQUSNREL 134 (P
1. The consultants next review the aveilsble technology and
based on the availability of rav materials, their characteristios
md limitations, and un the locsl requiroments and conditions,
select the tecimolsgy best suitod to the project., In view of the
large investasnis involved, only well-established commercially
proved processes are selected. For instance, in the case of an
integrated steel project, the oonsultants will have to oonsider
the techno-evonomic feasibility of the alternative routes of iron
and steelmaking, such as

1) the blast furnace (iromsaking} - LD converter
(steslmaldng) - continuons casting or conventional
casting

14) direct reduction (sponge iron)/electric furnace
steelneking/continuous castirg.
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They 141l also heve Lo deiaiaine .In post guitable reed material
reqnirad, pyllsts, sivter ox lump ure, ot & blend of any of them
for 1101 =wd steelisking for acch soute, The consultents evaluate
ths alssrnmativa routes in %eims of availsble rew meterials and
produsi-qdx, s wil! as, ccnsiderations of profitability in the
onge whsi » mors bsu ene altsrnak we g technieally feasible, and

finaily e6lsoi Lh. wese approprists process for the nroject,

12, Cade the tecanolw; %p cetormirad, the next step is the
gelocting of optimiz iz production uoits to derive the saximm
bamefits of e~onorian of vcule. The consultant then studies in
detail s ouginaering requiresents of sach plant department and
their iptar-relrticnsnip, paying particulsr attention to the flov
¢? maoerials, tralspariavion and materiels handling facilities,
ut11dttes cte, end prepares the detailed layouts and eugineering

dravings “or sacu plant depurtaent.

p-ytetauen i1 _(oreicn ald negotistions and agreemeate

13, The cursulbunts hove a major role to play where forelgn
puplehancs heoa been swughl for the metallurgical project, The
exparioacs ¢ vome of the developing countries in this respect has
chown that forsien aid doas not alvays come as an unmixed blessing.
Diffietl Aoc uiten erine mainly due to the mishandling of aid-
pagatiaticuy a . collaboration arrangements by bureausrats without
cay Lechirical axperience. This emphasizes the need for active
nssoclabion of tha urnsultante witn coutract negotiations, so that
n-go of tht righakad, o, %Her in ten choico of technology or in the
denign tnd coginvering of the projest which would impair the |
ecimanic v1:bilily of the project, could bz avoided.

14, Cauttar7 to taat cne heara shout 'aid without strings',

a good deal of peliticnl preapuras continusm to be exerted in one
@use or the 2thor by sdd-olvers, be they from the capitaliet bloo
or from the scelslirt crurntiies, Ald~piving countries have been
known t tupley tret foesibility studies ond deteiled project
reporie rre onryisd cub by agencles in their own country, even when
Toquis be cpalige 16 avaliable within tbe recipiont country.
Tiss. . eles ‘he icohavent dangor ibat the resciplont country is
Nely ‘¢ e waliea vt & 'mixed bag' of technolegy. Many of the




teohniques peculiar Lo the ald-giving country are transferred
vholesale to the dsveloping oouniry, partieularly under 'tied-aid'
‘agresments. Die Lo an axeggersted rotion of the techniosl back-
vardnass of the country, elxost complete eontrod of the project
durirg the construction end esrlr dperation utages is asmmed by
the foreign collaborators, who ‘usist on thigp es o pre-condition
for giving technicali guaian.ee:,

15, Wrong clioice of layout, technology end design mistakes are
usually permanent and adi to the oapital azd product costs, which
camnot be remudied when the plsnt wrerstione oommence. In the
absence of proper techniesl sorutiny from the deweloping country's
ond, the plant may cost twice as muck as that of & comparsble
Plant built in ac edvanced country. The presence of independent
oonsulting engineers at the ajd negotiations and vollaboration
arrangements, would help ic safeguerd the interests of the recipient
comtry and Lo ensure that most suited processes and squipnent -
rsther than 'off-the-shelf' processss and equipment more suited
to the aid-giving country - are adopted.

T e s

18, The preparation of technicai specifisations and tender
documents vhioh serve as the basis of bids of the various equipaent
suppliers or contractors is s spesialised service performed by the
oonsulting engineers requring a great deal of engineering expertise
and experience sa well as sound indgement and knowledge of the
sources of equipment supply. The legal and financial texss and
sonditions that k. 7ern the relatfonship between the squipment
supplier/contractor and the olient are usually specified in the
section on general conditions,

17, The techoical spscifications ars generally divided into
distinot machinery groups, sccordiog to the manufacturing funotions
and thoy spacify ths vusbsr of items naeded, design, sise, output,
capacity, oconstruction asterisl, safety festurse, psrformance,
guarentses and othsr relevant requiremeris, Conatructiou standards
and tolerances sre stipuiated and ths workmanship ie dafined
aocording tc specific codes ¢f practice and is ultizstely subject




%0 the comsuliants' inepeciicn end aspproval, The poasibdlities of
standardiesation of various items of equipment is also kept in view,
while drawing up the specificstions,

18, To ensure fair praciice in tendering snd supply of equipment,
and to obviate favouring cns manutacturer over another, technical
specifications do not usuaiiy refar to equipment by the trade marks
or brand names, However, in care the squipment is mentioned by its
brand name, it is spscifically mentioned that the brand name or its
squivalent is intendsd, It is also customary to append general
errengement drawiugs, flov diagrans, instrumentation schematics,
electrical line diagrams, detailed plans, drawings and blue prints
to each set of technice) specificationa which include many details
essential for the clear understanding of the written specification.
The choice is also givenr to the tenderers to submit alternative
offers for the equipmant outlining their specific advantages.

Baluation of tender
19, The 0all for tendar may be on the basias of open tenders

or on selsctive tender basis, sccording to well-established
procsdures, From the point of view of expediting the equipment
supply and the progress on the project as well se ensuring the
quality of the supply, seleotive tendering by registered suppliers
whose credentials have been screened, wuld be preferable. Once
the bids are received and opened pndblicly on the specifisd date
in the prusence of the representatives of suppliers, the client
and the coneultants, the bides are avaluated, taking into acoount
their compliance with specifications, their completeness, the
quality of supplies, the price, the competence eund ospacity of the
supplier, the delivery period ste. The mein objoctive is to
select the lowest technically woceptable offer, commensurate with
delivery requiremente and other conditions, This is primarily the
function of the coneultunt who analyses and compares the various

functional groupipge of equipment and records the preferences and
the reasons for the chotice and alternativer if any. The salient
Ceatures of each offer are tabulated and a summary prepared,




20, The reccemendstionu concerning each bid are prepared,
sumitted to the client, and then discussed with the client,
The supplisre vicae bide have bean recommended are contaoted
for negotiations and for settling the teclmiocal aspects of the
bid, The consultant«+ amatwt the a}dent during the negotiations
in draft ng the coniract doomer .8 sad in obtninin, the
guarantees required, Thay aleo participate 1o the discussions
conoerning the delivery peried spd othar techuical matters,

memzmﬂmm
ad_tender doomentn

21, As in the aase of souirment required for the project,
the conaultent plavs o the civil angineoring and strustural
work and preparos the tendar deomuents conaisting of genersl and
special concitions of sontrect, teohnical specifications, 11
of quantities end dxawingo, The specificationy give the Mo
design data and the dssoription of the dimensions,materials,
wrimanghip, type of construetion and finigh of each seotion of
the plant.

23, The quality ef the warions bullding materials are

clesrly specifiod. The junctions, dinensions end charaoteristios
of each of %lio various types of strustures such as production
shops, adminisiretive buildngs, water supply and drainage
struoturos, roads and reilwey tracks arc gpecifiod, Vater, power
and steam line: :rs 1xlicoted o 0ibly, and ‘l:ir loeation,
the sise of the cutlete wio axe v nn *he dravings, The ’
dravings are generally deteiled enough to allow the contractor
%o plan the consirustion rrgurenart:s and estimate 1te magnitude
so that he could allocate his recources for the construction and
assoss the time for completion,

238, The codes of practice, stasdards or materials used in

the spesifioutions should be based on losal standards, Foreign
standards should bs waod only in cases where looal -tmdugn or
codes of prastice are not available. Tau partiogpation of looal
oonsultancy and engineericg servioces on the projact will ensure
that looal sturdarda and speci®ications are adhered to in the
construetion of the project. |
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24, In view of the magnitude of the construction work,
tenders arv normally invited from biose comtractors wmo have
sdeguate experisnce and nucassary capacity and resources to take
up the work, For this purposs, the contrastor usually states his
qualifications for the work, She englnveslng porsonnel and thelr
qualifications, the trme of a!.a organization pronosaed to be set
wp by hin, extent of hia facilities and mechinery, and experisnce
on similar cometructior prol-cte, If tho job is too large or
beyord the capabllitiss of local contracters, the tender is put wp
for international biddings and in cases of laxgs projects divided
into convenient smones.

25, The evaluation of tha bids for conetruction ie carried
out by the consultants as in the case of bids for equipment who,
after an analysie of the various aspecta,make their recommtnda-
tions to the olient, The contractor or contractors are selected
on the basis of these reccmmendations, the details of contract
are negotiated and the contract concluded, The selected contractor
is provided with necessary design anc working drewings by the
consultant to enable him to execute the work.
Swperviadon of squiment manufactuze

26, Aftar the placement of equipnent orders, the oonsultants
approve, after scrutiny, the general arrangement and other drawings
submitted by the tenderers, to enable them to proceed with
manufa: Sure, The consultants re alao required { . carry out
periodic inmspection o: equipment manufacture to ensure materials
of the right quality are used and the workmaunship conforas to the
specifio requirements as well as to expedite the manufacture.
Performance tests on zome typss of equipment are carried out by
tke equipment manufasturer,which are witnessed by the consultant,

7. This service offored by the consultants involves several
visits to the manufecturere' plant at warious intervals. For
this purpose the consultsnis draw up the ingnection procedures
in consultation with the aquipment manufacturers, oublining the
type of teusts and stage inspection eotc required. Tha work is



rendered more difficult in the developing countries wvhoa depend
on foreign supplies for most of the cquipment, omtailing visiis
‘%o the manufecturers' country whieh wonld be both costly and time-
consmaing. In such cuses iv would bs edvantageous to entrust
such imepeotion and certification to xeputed inspastion agencies
. in the* ocountry, who will aisc chesk the shinmen’ to ensure that
the oconttracts oompiy witu wne oiils 0! imdiug,

Erogurmert probloma

28, The wide variety and large nmab:r of equipment required
for a metallurgical project like steel plunt makes the procure-
nent from different scurces, u complax and time-ccnswming
operation. This is particularly mo §n those developing comtries
which pursue vigorously impcort subetitution policles to sase
thelr difficult balance of payaenta position, as in the case of
India, Some of the developing oountries have already established
some machine building capacity in furtherance of their import
substitution efforts. Govermment polioies ia these countries
require that as much equipment and suppiins as possible must be
procured from indigemons sources. Since scme iteme of equipment
are being menufactured for the first time im thess oountries,
izspection esames greater significance us quality and standards
of performanse have yet %o be establisghed.

29, Action needs to be taken well iu advance, right from
the project report preparation atsge itself {. 1’st out major
equipment , identify )*kaly 4r”  mpaun 2rautacturo-a, assess
their capaoity and workload and to encourags them to menufacture
the equipment items, Assistance also needs to be piven by the
project suthorities to the indigenous manufscturers to proocure
eritical materials required for equipment masufacture sither
locally or throagh imports. Ouch a procodurs would also pin.
point the items whiok have to be imported eiihsr due to non-
aveilability in the country or uncertainty about supplies in
time.
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fStes] epd other materislg
80. A million ton steel plant requires sbout 100,700 tons

of structursl stesl and a two milljon ton ulaut about 160,000 tons.
In deveioping countrics, it is ery difficult to ) roowrs from
indigenous sources such large quantities in time in the required
sises and shapes to suit the constructicn schedules., Indian
sxperisnoe has shown that the pragtice of n'asing orders for

steel after the commencement of engineering inveriably leads

to delay, particularly dus to difficuities inm proguring platen

and matcohing steel through imports. Zhese delays could be

avoided to & large axtent by prepering material indent during

the DPR stage itself.

51, The donsultante should advise the projeot authorities
on the advance sotion to be taken for the import of steels and
seotions which cannot be obtained locally. Stailarly, inm the
oase of other materials liks rafractories, ferro-alloys ets,tbe
supplies of vhich are elither locally not avsiiable or uncertain,
the consultants should recommeud to the projcsts the appropriate
action to be taken in these respects.

Geordipation serviges

5%, The physical megnitude of construction vark involved in

the installation of & stee! plant i lmmenze. ™rat, difficulties
arise dus to short supply of stiustural steel and other construction
materiels. Sesond, in view of the large quantiiies of equipsent

to be procured from variocus sources, both iudigenous snd foreign,
there is every likelihood of delsyed deiiverles whioh has to

be safegusrded, Third, & large mmber of ageroles wvill be

engaged ip the different aspects of the projeet construction,
vhose sctivities are often inter-related and dovi-tallsd. Plaming
and coordination of the various activities is tierefore e oomplex
tank, which ewohasises tbe nmed for specialised coordination
services by the Comnsultaite.

58, in 8 complex metsllurgleel projeot like a ateel plant,
in addition to the basic task of dove-tailipg of vurious
construetional overations. a pumber of sriivities heve to he
oarried cu* simultaneously to avelc “elay and Jott necks end to




expedite tho progress of the pmjeci. further, in order to
achieve coordinated work on varicus iteme st all stages, the
agencies conceroud with commtruohior aoc febrication, aguipment
supply and sreetion atc hsve tc he slerted wull shead of the
actual execitian of thelr veapaciive tasie,

34, The moritoring and coc dirabion of (ke n serous
activities 1p & compsns vasx Foyliany 8 doteileu analysis and
identification of activities thiorgh s networt analysis., The
basic concept of network anelyeis s1visager prisarily a logloal
sequence diagram which outlines Lks preoedure 1v vhich the
oconstruction abould be organisud. 7o neks thy network truly
effective, it le put on & computer a» tho time uf ocmpletion
changes with alteratior in pleming und in time esiimates,

This will neceesitate cousient voaputa’ion of ¢he oritiosl path.
It 1s only on the basis of such detuiled retwork, the projest
san be acheduled, oritical arsas »pi bo*tlavecks identified,
resouroes allocatud and correcti e measures taken on tims,

Baged on such a detsiled study, progrens raportec are prepared
on all aspects of the project whizi wiuld nresor® a realistie
ploture on the status of various i%ame of wecrk cn ihe project,
the likely bottlemecks and the preventive wiion required, Such
reports wuld slso foous stten’dot or matters requiring decisions
by the project suthorities and Governmaut sgccien,

Prolect costg pednrticr »rd anmhrol

3s. Experiance of stes) ») .nt covcd -~ -tien 4 India has

shown that the Snvestments are high eund the construotion periods

rather long, vhich in trrr add “o the oveiail cost of the project.
Measures discusped above such an detailed project plsmning,

advance action on critical 1temn, e’fective coordination of
construction activities through network aenitoring, as well as

budgetery control teohnicues for allccution of resournes ard

phasing of expenditure, would sxnedits tha projest and cut down

projeet t a9 and radnee the costs., Thic proasasn of ‘cost-consciousness’

should commence xight from ths nisruing aeé dvsign stage, through
the englneering ana construction of the nlaut %o finally the
operating stage. The sunsultante constantly siviaze the projest
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authorities on these and other relevant sspects of projeat eontrol
and assist them in setting up the nocesssry appstvstus and
proosdures tc oarry out these tasks swoothly and expeditiouvaly.

Sapervi; lon of copativetdon
B6. The supervision of sonstruction and erection are isportent

fumtions of the coasultax s on the project. For this purpose,
the donsultants provide a resident staff of engineers, draftsssn
and supervisors at plant sits to enmsure that the enginsering
plans and specifiscations are adhered to and that o high level

of workmanship is schioved. They also imterpret the design
drevings and speoifications to the contrastor aud oarry out
ainor alterations iv the originel designe or installation plans
which may becoms necsseary. Ocoasionally new dasign dravings
may be required, whioch will be handled by the main offies of

the comsultants. The cunsultants’ epgineers at site investigate
and request tests to ensure that materisls and vorkmanship ocmply
with the specifications lesued Lo the comtractor. The contrestor
is required to finish the work on wsohednle as siipulatsd in the
contract, or is penalised amept in sases of delays dus to
eircumstances beyond his sontrel. The coustrucilen vork is messured
as it progresses sud the suthorisetion fo. peyment is {esued
sontracteor eccordingly.

87. *he construction phase « * tha projeot is t & longest one
and requires vast pracuiew. sxpecience ok thu pars uf the
consultants and their epgimeers ai site. The engioeering staff
at site is constantly faced with adminisiretive and enginesring
probless vhick need to e solved effectively, ofien om Lhe spot.
They are hacked, of oourse, by the experience and knowletge of
the engineering staf? at the main office of the comsultants.
During this pericd, the senior staff mewlsr who le responsible
for the gooruinetion of the project in the mein office as well
as the key pecsomel responsibls for the design of the various
predustion units end fxcilities, visit the stto to cheok the
progress of work. to iros cut dffisulties toat sre bsyond the
suthority of the mit® anginsers, cr to tske dscisicus on matters
of prinsiple, The scusultante! approsch sucrld bs necesaarily
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flexible, but in a1l their deciajone, they should bear 4n mind
thet their maiv responsibility 1s to sufeguard the interests of
the client,

Supervisien of stert-up ad comalusionius
38, The performarco guarsntess c¢f individual equipment are

the res rneibllity of the enuip mb supnliers. T . coneultants,
however, supervise the start-up and commiamioning siter the
installation of the production and suxiliary equipment, and the
construction of main buildings as woll as the comneation of the
equipment %o sources of power, stesm, water, soupressed air atc
and the preparstory tests by the squipment auppliers. Once
mechanical adjustments have Leen mede, the actual in-process
teate proceed, first individually by sach section, then for the
plant as & whole,under the supervision of the squipment menufacturers
and the control of the consultants, Aftor the condition and
performance of the machimery as well as output, quality of the
end-produot and consimption of utilities ere checked and the
speoified perfornance lavels are 20t and maintained over o
stipulated period of time, a complation document detsiling the
commissioning of tho operations 1a proparcd, which forms the
basis of payment to the oquipﬁont auppliers,

Regrultment, treining and plant mepagement

39. Manpower certainly constitutes one of ihe most intractable
problems in most of the daweloping countries, hecause development
of skil.s necesserily takes tim: . Thix serves to ssphasise the
importance of advanne action or manpover development, which must
stert well ahead of the oonstruction of a project, The consultents
prepare the manning schedules, job specifications and trade or
other tests and prooceed to recruit the number and type of people
needed at various levels, in consultation with the climsmt.
Well-tried recruiting procsdures are empluyed and appropriate
traicing programmes developed. Special ettention is pald to the
treining of technicians and mairtensncc engineers snd norsally

it would be an advantage to ussociute the maintonance crew with
the ereetion of the plant, This would necessitate the recruitaent
and training of the requisite utaf! sufficiently early in the
project ronstruction stage,
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40, The coasultants may arrenge for the training of operatives
and technicians at equipment suppilers' ecstedlisuments within

the country. Certain ¥sy prrtustion parscans? mv e pent to the
equipment aanufecturer’s plant absad for srecislisel training.
Where fagilities are aveilable, arrargemsnts oan sleo be mede

for traiming ai other steel plants within the oouatry. The
consultants may also rocommend the ostabiictment of a sieel plant
training institute vhich weuld enmure a steody cupply of trained
technicians and skilled operatives to the plant in She future.

41. Thers is also a real shortage of metwy and syperienced
persomael in developing cowntries to £11) mavsgerisl positions
in metallurgical projests. The nonsultarnts rey assist the olient
in reeruiting suitable persons for positions of re3pomeibility
and advise on the propsr steps snd procsdues to b tien S0
piak out the most promising amorng the new resrunits end moom

them by additionel trsining to shouldeyr lurgar reziounibilities
in future,

Lxpe ad sise of copsultenay srgentsatiol,

42. It vould be svident that the wida range of ornsiitenoy
services reculred foi the installation of medern 561 urgdond
plants demand the oumbined talevts of o.gineers ard Ceplgners
experienced in the dewigs, engimeiing wus 50.s . .. ten eud
operation of metallurgicrl plarte The rerzorwi = +1d sover
the complete range of di: -iplines - amtallw g'osl, chenical,
Rechanical, elootricsl, civil, sirmslural, sTohlteciurel, as well
48 oxperts in soconomic evaluation, industrial eud personnel
managemeat as vell as project mamsgemsnt, Th~ carplexity of
modern sotallurgical piante demends not oaly anglneering
knowledge covering various areas of spealalisation, Y also an
inter-disciplinaxy approach to plant problenis and desisn so that
well ooordinated integratsd servwisns eon be mede svallable,

48+ The sime and type of consultanqy organisation would
depend primarily on ihe range of servicas provided and on the
sasurvd volume of work to sustazin It. Deve.cplag cmutries

vhich have long-term stecl s sctallorgiocl devolopacst programme ’
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involving ths construotion of weveral new stesl pleuts and/oy
metallurgiosl plante can gensrate adequate amnowmt of oconsultanay
work whiob sould surtoin a modimg to larga-sized consultancy
organization. For sonntries whers there is mo such assured
prograre, it would be advanta yous i have a sms ler sonsultancy
organization with a wuis proup cuw watew eupporting stafi’, and
to reoruit additions) ataff as required en project to project
besis. A full-fledged coraultanoy organization providing the
integrated services on asntsl lurgicel plants wouid have a minimum
staff of about 300 to 400; whersam s mmaiier consultancy organization
with ooly the core group may hew a atrangth of about sven lems
than a hundred, Sualler consultansy units asy engage external
consultants from within the zountry or sbroad, for speaific items
of wrk for which thoy hava ne facilities within their own
organization. For instance, maiket raseaxch, geologioal
investigations, mining development,, moil investigations, plant
trensport requirementc, etc may be entrusted to agencies outside
the organisstion. i typicsl functional orxganization structure
for a medim/large-sise congultancy orgenisation geared to
provide integrated sorviges on astellurgicsl projects 1s shown
in Fig 1. However, in a creative profesaional motivity like
consultancy enginesring, the calibre and competence of the
persomnel, their traiming, axperience » capabilitiee and specific
qualiff ~ations, more than mere vize of the organi -ation, ensure
that a project wiil Ly Casiabu val vuseessfully and oooncl:lcally
In fact, these are the very factors that welgh with olients in
the choloe of consultents for any given project.

44, '+ should be borne in mind, howsver, that a consultancy
organisation osnnot be met up ke a fastory, with foreign aid.
In order to nm the specific needs and conditions, the nusleus
of the design force must Le crested withiz the comtry and then
given adequate scope and opporiunities to uevelop under competent
leadership. Whila the rrccess of economic development jtpelf im
a factor in the growith of otron: nnd compotent consultency orga-
nizations in the developing countries, the proper ‘climate' for
their progress has to be created by the Governyent as wall as
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industry in those countries. First, there must be the svareness
of the meed for independent sonsultancy services on indnstrial
projeocts and of the important role and sontribution of consultents
in industrial development. Sscond, both Government and industry
should hava confidende in the abiiity of their own er¢ineers amd
consultants. Thizd, cppc Suritdr: thowld bo given to loeal
engineers to shoulder responsibilities on industrial projects.
Pourth, local englosers saould fully partioipate in projests
bullt with foreign know-how and assistancs so as to ensure
offeotive transfer of know-hov and building up of consul tangy
experience in the country. Finally, the developing countries
should assess the know~how and skills slready available locally,
identify the gaps aud set about maouiring the kmowhow required
by judiolous imports of know-how, while also actively encoursging
the developmeat of local expartise and skills, Talenited and

intelligent young wen and women should be enoouraged tv beoome
sngineering and managerial specialists, and provided with
adequate training and industrial experience to snable them to
practioe uwnder conditions that are both professionally and

esoononically satisfying.
Zndscendent stetns

45,  In this task of sutting uwp & maoleus for design and
ongineering services for the promotion and develepment of
teshmology the independence of the oonsulting orgsalsation

is a prime oonsideration. The aorsiltenay organisation should
have no fimanoial or other sonmitments whateoever with menue~
facturers/suppliers of proocess or equipment. This independent
statws should be sorupalously maintained, becsuse a doaign
organisation should have objeotivity and national perspeetive
to give jupartial tdehrical advice on various problems vithout
being influenced hy pressures from any sourge. A ocaptive
organisation or a firm with business links with squipment
manufacturers and contractors, on the other hand, eannot be
expected to give independent and unbiased opinioa on important
technical issues, Their viewvs are likely to be oonditioned by
their organisational '“uks and loyalties, snd other extranmous,
mon-techniosl eonsideretions. In view of the huge investments

4 e S
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imvolved in metallurgiesl projests, the integrity and objestivity
pf the independent sonsultant im technioal matters is all the
more valmbhle in the 3ese of & developing country, partioularly
vhen there are #0 meny pressures from variows sourees,

46. The oreation and develc ment of locai des.gn and engi~
neering organisstion will disinish the dependenss of the develop~
ing ocountries em outside sources for know-how and reduce the eost
of techwolegy tranmsfer through imported techmology and servioes.
There need be, however, mo oonfliet between the growth of looal
oonsultiag profession and foreiga consul tangy erganisations,
There are many situations in devsloping countriss where locel
and foreign consultants oan supplement cach other's efforts and
mpnunumnummﬂormot
oountiries. This is partioularly true of developing cewntriss
vhich do 2ot have vell-developed design and consul taney
erganisations. However, on a leng-tera basis, it would be to
the advantage of the develsping country to utilise to the maximm
the esnsultanay and enginsering services available ia the coumtry
and sotively encourege thoir development as & matter of matiomal
policy and te import foreign know-hew and consultaney serviees,
Vhere absolutely neeessary, for the development and pregress
M&MMMWMMOCMM.




e e e
—— T ﬁvuiﬁ p——
oqe Lroqwioqer
odsuely ‘selIpunog
oys Jywdes-sedyvalec
e "Weeq s |
‘woyivioued Jemod
‘dajea - SOTITTIAN
9%e gsjurq
uopsnIy ‘3uydaoy
STIIW SuITIoy
Sujuorssymwon J 3uyiswn snonujjuo
AduwyTnsuwo) 10d3u09) 3809 08[odg uoy3 vyJodsuwdy 4
TeIoues ) 3 Jutuueyg wlomqaN [ ¥ JupTpuSy TelIewy uryewyreesg
KouwiTnsuoy JuomeIvuwy SOT3TTTIN
Jusmseuwy | uolonaisuoy [ J9Y30 B Jeqwpm STeoTWeus 2 009
IaIeeuTdug Juyqpedxy y uoll | UcTIRITUNWNO)-0Te] sforTv-o0Ja04 3 r
Teyd3snpuy -%edsuy‘juemsandoly ¥ UOYTIvIUSEMNIISUT u5~¢lco.~7w5:alwb
yoJwesey suoyjvsedg sjuewndoq Jspue;
» Jupssesorg wisg | ® uoT1wd1 JJoeds T TR2T1JI300TS A3anTTeq0 Tvaeuen |
sisA{euy TwTouwug [ SuyLeaing £3jjuene mmommo-..moaqq,ww« 3 |
guotjenTeay 10efoag [ 3 Juyemyaey [ TedTURUOON .cwﬁc umm“a o.«un —
— Nﬁ.—ﬂlﬂj 1W3d - w4) duy TIr300q[yoay » B
ue 80 - . -
ou..owoow.owmuwm | -TNepUdS 3y suiauety T®IMONIIS ‘TYATYH JUTUTW » LZotoe)
1 L [ i
AW sdianis LNSNEOVYNYW | YEIOUd ONTHTIANIONT NOTSEO ONTMTANTONS STIONNS
¥ NOILIVMISINIWNGY ¥ SNOILVOIISEANTY
L T ) | )|

8J0900J3(q jo pJIeog

‘T Ay




20.12.73





