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Shori review of the peculiaritics involved in the treatment
of noi-ferron. ores in comparison with other raw matcrials,

Puring the exccution of a projcet for the beneficiation of
ore: and tt;f: suelting and raﬁ‘ning of metals, scveral prob-
lemi have te hic solved which ncud the application of differont
kinds of know-low.

a) Mrocess krow-how ¢ metallurgical and cconoxio
considcrations

®) Project kavu-how ¢t organization of plant design and
~consiruction

v) Managemeni kiow-how : optimal operntion of plant

The saccce=hve nteps, fucluding the conrultaney services
of a projecet, ara outlined and it i» detonsitrated vierover
kiow-liow is appilied, ¥he possible ways fov Lho developnent
and transfoe ol know-how are oritically sammarized,




Introduct ion

1. The nost important metal) for a couniry in modern tines
is stccl. Bestdes iron and steel, thexre 16 a large nunher
of other netals videh have lower production rates but arc
also of great importance in the techuical and ccononle
Tield, Phe valne of tlhese metals, tc vitich belong copper,
aluwminjwn, zino end lead, per unit of welght or volume

is much Liglice than that of iron. The valuad of the world
production of non-ferrous metals cowparcd with that of irou
production is of the sane order. What wbkes it iwportant,
and intercesiing fou the dcvclopihg countries i tho faet
that the row matorials for these metals, the ores, nowadaye
aroe found mainly in the developing couniries, whereas tioy
are consuvmad wmuinly in the.iindustrial aroas,

2. Tho 'dcplmulcnuc of the industrial countries on foreign
raw matorials is not nlder than 100 ycars, Formerly thosc
countirios toeated thelr own ores ond produced the matals
for iheir m:.r_'a' 'conéumptidn. ﬂlining’, orc drossing .nd smolting
arc among tho oldest industrial activitics in the history
of mankind, They woerc practised long before the differont
fiolds of oxuct scierce had been developed, 'this fact
should not ¢ ncpiceied in the prescent dlscussion on the
transfer ol know-liow, In spite of its long tradition
mntallur;jy, especinily extractive sctallurgy, i a relative=-
ly young [icld of sciance, More than in any other industirial
aotivities tho metallurgical processcs and opcrating methods
arec bascd on cxpericice, and evon sometimes on tradition,
In other vwords: The proportion of kuow-how and still in
comparison vith scicutilio knowledge is higher in non-
ferrous metalivrgy than in other fiolds.

%. This dous not weau thai the smelting and refining pro-
censos Are not un--in-date and claboratle, On the contrary,




the stendily increasing need of metals Jed te a growing
shov.age of o, o5 and decreasivg netal content, and forced
the European ond Japoncue medllurglsis to develop more
and wora topbiuticited wethads aud tricis Lo extract even
the tuallest traces of rietals from the yaw material, World-
wide vompetition and the lack of Linancinl help fromn
govuwmnents icultoncously cavscd intense cadeavours for
improvenent of operating techiology in oruer to Jower pro-
duction e?stu and to raise quality.

Location of the Smoltor

A, When tho nutural rosources in EBurope and other in-
dustrinl countries were exhausicd, theco regions Lepran to
supply their nmciters with ores from othev continents. Dig
plants are ncw situntcd on tho coasts, vhere ore concentratces
from all parts of tho world are tre:ted; the moluls hoing
extracted aind the sulphur of the sulphid: ores counvarted

to sulphurie acid, which is ltself raw uaterial for further
chemical and Forotilixer plantis,

8. VWith reopoci to the high value of Lhe meta) conteat
of tho copper, zino and lcad ores, tho zmoliers geiarally
do not buy the cres und metals but cxtruot thesc apainst
a treatment charge, The owner of tha ores pays o so-called
returning chiipe to the smelier, and aiver extruiction oun
aiepoze ol the motal, Jf the mcial necds refining, the
ownuey can alsno pay a refining charge,

6. Duc to the shortare of ores in irdviirial countries,
the roterniy; charpe: arve low. The mining firms, wiiich
Bay also he revernnrcui-owned cotranice ia developing
countries, semd Lheir ores profoerably io that esuelter
which otfer. the Jow: b treadsai, enurya,




7. In reccnt bLimes there has been a groving fendoancy by

the developing counticees Lo tveat their oves in thelr own
conniry in ovder to save foreipn currercy. No doubt this
tondaney iu justified, althouwsh the saving is l1imitoed to
only the amcunt of Lhic smelting and resisiay, chaygon,

vhich are nol very high,

8. As the gea ireipghts are low and the transport 0i ores
gonchimos gobs specivl redueed rates, the differcuoe hetweun
shivaent of ores and woelal bars is smnll. There arc no
majoxr savines if the wetals arc produces far frou the
market, It has been nproposed thit the best solution would
be if the developing countries which own the raw materials
loocaied their smelters net in Lheir own vouwatry but in

the industri~) regious in closc toopuriiion with the uarket.,
i,e. the consvucrs of ihe metuls, This should be conncoted
with financisl support of the bmyors or Lheir govornmaontis,

9, It scems that this proposal doos not contribute direot-
ly to the pumrposo of this workshop, hut one should not
forgot that tlic owners of a smeltor in cay unse nced tho
know-how regiraless of whether the smelier is to be built
ip a rownte arce or on ivhe khinc, Sciane ur Thaumus,

10. Neverthclens it will be necossavy to build woro and
pore smelicrs In developing esountries. in proportion to
the smprovorenl of the standard of living, tho neca for
aluminium, ccpoer, zinc aud, of course, also for the re~
maining 35 othicr motals of tuportance, will inorense.
Flgurce 1 shous the consuiption of 3 wetisls in bighly in-
dustrialized countrios in compurison to tlhe conrumption
of the same mctals iv devoloping cennutries, Tho difforcnce
in astonishing. there 1s ne Goubt that In future the




need for wmciils will groy cnormously in the developing

countrices.

11. Iy auy aasc, chereves a peltes hus to be constructed,
§¢ should fn1€il sevoeral winiuwe dewanas fron Lhe teuhaical
and econonic puind of view, Sone o) ithese ared

u) low procdeciion cosis

b) pend metal rucoverYy *

¢) guilohle proaens

d) suwificient quality of the products

If a plant doos not work cconomica’ 'y, it necds subnidles
which ave patd by the popniation, thns lowaring: the
standard ol living. If the netal does not ecorpete well
because of poor quility, it will not be calcablile, ITf the
plant is Jooated in the wrong place 1i will alvays be
hupdtcapped hy itigh transporiation coild. Anathcr sethook
oould bo bud opiviilens and/or poor anageucnt,

12, A great nany guestiona and docisions avising during
the Lime ol plonning n gunolter, ddriny its construation and
during its opeiition ean beo solved briter if sound know-
how i apjiind &t thoe ripht time, Rescero talking about
this hknov-bow oo ity traunier, & shuri revioew shin'l

ho given of mowe of the conzideratioun, devisions, avtivie
ties amd cepeyicnent which arc eoenncelod with the plunuwing
and constrnciion ot o petallurrical plavt, viret of Gid,
sene wuldr abews Lhe mobeds! oxtraction in renerals

-

Extroettnn of Leinls

13, ‘thin is Aol Lhe place to reve:l all tho difforent
procesicy lor the winaine of metale, In non-fecrrout
metatturyy. il rocently frow fron, thes~ is 0 varfaty of
possibititics ¢ ' gat only because toere fe 8O wany uetala,
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Per caplia concuniption of metals in kg (1970)

Al}miuium Copper fine
UsA 17.0 9.0 5.}
Japer ' - 8.7 7.8 6.1
gerazay (V) 10.9 } FO S 6.5
Indin ~0.32 0,08 0.19
Noxive | 0.75. 1.8 .99
Chile 0.58 2.17 0.7

Atrica (Nerth and Central) 0.07 0.04 0.04

g

- Comrteny: Motallgesellschatt AG, 191 .
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For eoch metal Luere are vorious differeni peocesscs
avieilablce, YL we bole into considorotion enly copper, zine,
Jead, atusoniw, nicikel, tin, cadmiam and antivony, gold
and s3lvens, Whol acens 10 ~oiale, theve wiphi ve aboutl

6 = 168 el ba=sta e procosies for thedr exirvsciion In

use todsryv, 1L one luriher covats the possibilities of
conbining tha diilcient provess stepn in diiferenl ways

to £ind eni the woslt efficlont treiceunt, one nay arcive
at goveval ibLousand proaess variad i,

14, The row satoevicls of alvminiun nre oxldos, Bip de-
posits of nirclkel and smalles 0178 03 Copper ores ure foum
in oxidic fovk too, bul mon. of the ores of tha abeva-
wentionud mebiils arce sulphides,

19, Wigure 2 givos a sehene of thiir treatment, A8 tho
eres gencrilly contain not more thon 0.4 - 20 o« of the
metals vhich tg too low for their dircct extraction, they
are upgrad:d in an orc drecssing plani,. Thie plant sonds
ocomcentrates vith 20 - 80 4 motal contenl to the suelter.
Here the nuaiphuv is roasted and couverted to sulphuric
acid which cun ho sold,

16, In the smclter, the metals are seporated furthor from
fron and ponene, uhici ure ulse contnined in Lhe concen—~
trates, O motads aud depucities, like preciecus metnls,
solenfve, %-!luriwe, cadwiwi, poricantum, metole of growing
tochnolu;: fceai rmijpnificanve, but al:v raaenic nnd otller
deleterians a)erents somnin in the raw metal,

17, IL is new the iask of the roiinery, firetly te
purify the uetal to that it reashes the roquired quality,
and soconc.ly Lo convaeri the other conctituents into pro-
duols whice ean he treated separaicty valil they avoe i
galeable prodnct cr until toey can L discarded withevt

polinisoir o F v e nalar,
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J6. Also the refining can be done according to soveral
aliernativer. Mhese will be pgoverned by the concentration
aml aiount ¢i dwpuritics and by-products ond the ponvi-
Dititian of their fusiher treauw ont,

10,  Fie axiutence of so many procosses bar tcolmical,
vl ane cuononic ruatdoas, heavly every ore hus its
spociad ohasnaivristivgg there are hardly twe ores of the
garc walal it e woele which are eheai 31y and physically
g v nad. dnonest o casen the convasition of the mincrals is
difivrent, rooel7cady the ore dgrossing Las to be tailor-
pude. Conceniroiina and proportion of thi moetals ond im-
puritices in the ore govern wany ﬁltornuixvos in the rocovory
provsis, Jn addiilon, nany prﬂb]FMu have to be solved con-
corning tbe avoilahility of water, kind of onorgy, mnnpowor
and fluxes, (he proeveiling ccononic conditions, onst of
RANPOWCTr Veruus energy und fnvestment cost, transport and
market, the staie of indugtriulization and skill, and so on,

1

Feacihtlity SlLuiy

20. Let us uupposc, powowhere in Lhe woéld thero are row
mator.ale in sufficicrndt gquantity to jusiify the projeot '
of un extrastilon plant for metals. Cxhansiive studins will
bo nnde on the give for finding ont the avhnnt and type of
ora, the besi way to uine it, tho approprinte moans of
concueniration niil the transpert facilitics to the sncltor.
Another proup ol studies will deal with tho location of
the smoltor, the shortust and cheapeat councotions to the
mine and to. the market or to the roz;nc:y.lThcleconouion
will be cva)uatoed on ihe basis of cnst fuctors ruling in
different Joeations ond gencral id.as of ihe procuss de-
volepod, All itheso considerations ang calculations are
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gumanrizod L the Feasibifity Study. This pgenerally doos
net oty serve {or Lhe cevaluation of the project, butl also
for ueveloping & basis Jjor financing nepotiantions,

Tonk ‘oxh

21, IT the ores ore vory siniluyr to ollvrs which oxe al-
ready ocing Lrenied soucvhere and 1L the local and oconoeinric
cona Lions arce Jhe sane and ag teehnolopical propreas lae
tal:err plaoo-ticinvitile, one might sturt vwith the outliniug
of the process details, '

28. HMovever, Lhis 18 not a rule, Noxrually there are diffevc.n..
in bebiaviour ¢t tho ore and in local conditions, In those v:r:
tost work shoutd first boe done in tha lehoratory und thon o

8 sepi-indusiricl scale. Someotimes if the raw materiul tura.,
out to be unco;veutional or if a new precess has ie bo
checlkied, a pliot plant on the site of the sweltex uiy be
neoensary,

£23. It must bc borne in mind that » pilet plant can savo
much wonay; thoe preces: paramoters will be developed, the
number and dincisions ol apparatus cun be dctormined with
much more aceuveey in a pile: plant. Costly tost work in
the producing: plant and loeses in production ean be 1e¢-
duced to a minitnm by pilot plant operatioun,

24, oOn tho other hand, a pilot plant nceds a considerable
capitul cxpondilure in advance, i.e. moncy will bo epent
long hetore thie produccd metals pry the cosis of operation
and amortization, It bas to be decided vhat 18 worse, to
lose several yeors of produetion or to design o plant vhich

later on way »un into difticultices,
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25, No doubt a pilot plant can cause a loss of somc ycars
belore production can start, It 18 not posnwillc to outline
general rules Incicating whioh way the decicion should be
e, Two exanples might ilJustrate the prohloem:

26, "the first onse doals with an ¢lootrolytic zine plant

which wvas new i the couniry, There verc no cucstions about

the procese as sceh although, of course, & lot of detnils

had 10 .be azreed upon betwoun oustorer, consultant, enginsoring
oonpanYy anq supilior of material, The ore¢s cawe fror a now
mine, but the analysis ahowud.no abnormalities, The ain
was to £ind out tho best operating conditions. There wore

no probloms in dcaigning iud dimensioning of the cquipment,

. 1ike loaching vessels, types of filiors and electrolytio

covlls for which {ests worc requirod.

27. Yot it wano docided to build a pilot plant, Tho planning
and Qooign ot the production plant coimacncoed sinultancous-
1y with the building of tho pilot plant., Parts of the test
plant already coniuined commerclal-typo equipaeni; for
example, the clcotrolytic cells, Thic cnablod the nteo of
eusily noccenible anodes and cathod: shcets, Othor pavta
wvore sunller prototipea, for examplc tho tanks and thickoners,
The pilo. plant was already in full operat 'on onc ycar

aftor ths start of the whoic projcoi. The produnction plant
was ooruiissional onc yoar later. The pilot plant mado it
‘posaible to ohock u lot of procecss datnils, such as

" operating concitions, temperatures of leachiag, duration of
settling, ete, Lutor on it turned out that a vory important
"hy-vroduot” of this plant was the possibility of truining
the operating personnel who went fium the pilet plant

. direetly inte the hig zinc electrolysis, This is a good
oxample of the transfor and developmont of lLnow-hov.
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26, A totally oilferent situation arose in anothey case,
There yvas o oy ore, atacinnite, which conld not be con-
coniaitoa by coanventionnl ucthods Fhocanse it was n ehlorine
conicie g oNide, Dvery previous adlenpt to leach the ore
haa Frited as Lhe chloxias content cansed corrocion ona
contes cantdon i Lhe prodnet, It hed scemed fimossibio fov
many ducades be ubilise lhuge rosourced of conper in Noriéhern
Chilo, '

29, ¥t vns thon Jound oul ia the labository that the wwdn
disadventane 7 Lthe ore, the chlorive conbent, could tucn

out to be on iven? moans for an elcegant recovory of the

purs meial, Ii cie succcecds in precipliiating the copper in
the ponovalom?! titate an cuppor~l~éh}uriuc.'which is incsoluble
ip dilnted sulpiurie actd, ne other inpurity of the atacumite
is precipitated nud the chunces ere pood that this eopper
will vot nced vry furiher refining,

50, Thcllabora:nry tasts turned out o Le encowaging.,

A totilly now proccess of copper exyraction was developed,
but for the tinc being this was bausd only on the paper

and oir laboraiety tosts. Sceveral quistions were left opon
o deripn, propec mabterinls and conposition of intermediary
and cnd produnts;

31. In Lhis cone (L wan indispensabie to buile a pilot plant
and spend salticient tine on this vork im orver te solve

& loi ol questinng, such at loachin» characteristios of the
ore, acid consviaiion, scttiing conditions, etfficionc) of
the preecipitictioa, behuv ovr of acidé-nrood matovials and

of the furnnce iinings,

32, A period of 6 years elupsed frem Lthe cxprexsion of tho
first ideaz, vidivh nt the beginaine had scemed unbeliaveable,
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to the cemmissioning of the plant, 1t turned out to be worth-
while hoving spert this tiue und trouble, In spitc of so

many pessiwisiic aplnions of cliemints and m’cl.allm’gis(.s, the
prece . worked and wie geolity of tic copper uas exeelient,
The ptoant nesded no fearther improveacnt worih mentioning,
fortunately, ithe vheole veatwre vas an oconomic and tcnhnioal
succce:r,

33. This fortuie was due to the pilot plant. Also hero,
knov-hwow and cxporience wverce developoed from the beginniig
by the. r;taf!." and vorkmen of 'tho'cuato:::ur. the engineering
people and svpplicrs, Everynno' had. to’ share the risk, Tho
custoucr and his sountry, of coursc, was facoed with tho
biggost portion of the risk; on the other hand, he could
enjoy a good proiit for tho yoare to come.

Posign and Conotruction of kl'z"o"lpoin.nl ylant

54, laving denlt so much with processing, speoial attention
wust bo drawn o the fact that the planaing of the production
plant and the excoution of the buildine und construction ‘
ac wkll as the compisajoning, involve a totally different
kind of Liow-hou,

33. buring the course of a projegt a dotailoed proccss
flowshuet will be mana, inocluding ull the rceturning imterials,
A balsnce of the input and gutput and oiroulating constituontis
is durived from the flowsheet; in wany chsca, heat balunces
arc¢ added, !

36, Whe basle envineoripr has to b performed, During
this stare ihe Jendamentual parameters ond data for ihe

nusther, ecapieily and type of the equijpuweat, the roequire-
ments for transport facilitics, genevad layout of the plant
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and the final cost cstinnte are produced, Most of Lhis
work consisty of caleulations, tables and descriptions;
the number os° drawings s liwiled, The bhasie enrsincering
atdoe includns tiue and cost sehoduling,

37.  The next step in the realizntion of o projeoil is the
gcelajled ens iacerine, Tiere, the tingd dincnsions of the

-~ pew

appavatus are setiled, arranrcnent draviags and drawings cf
opecindly developed cquipment exe complcrod and the speci-
ficitions arve claborticd, Detailed canginccring involves

a laxge amopnt of lavour in the engineering officaen, whore
not only drawingss, but also the specifications aro compiled.
Thosa contain the design paramctors of cvery picoe of
oquipwont and ihe doelivery requiromenis, They are the basis
of the enquirios and tenders,

38, The nunber of dravinge for the zinc clectrolysis plant
wontionod above with the capacity of 100,000 t/y of zinc
wight well amsunt to 2,000 inviuding gae cleaning and sul-
phuric acid pinni, 1,200 ordcrs for the zinc plant had to
be placed, which moans that cboui 6,000 offers had to he
exaumined and ocouparcd, It war neccessary Lo chook 800
suppliors in order tou cnsure the scheduled delivery time
and satisfactury qualitly of their doliveries,

39, Erection was exocutod by one miin contractor, which

wag the engincering conpany enirustod wiih the whole work,

50 diifcrent companices had to Lo sub-coniracted, because

cach of then =upplicd special cquipmont vhich neodod
specinlized ¢rcetiou pessonnel, Mors than 150,000 shifts weve
epenl for ercction, including speclal construction on tho
sito,

"0, oOther metidlur-ical planta are desipned and constructod
similerly te this exemplo of o zinoe plant, Somoe need wore
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engineoring work thon otliers, A considexrable amount of know-
how 18 invelved in the organization of this worik, In ordor
to cnsure the shortest detivery time, as nany culoulations,
drawincs and specifications as nossiblo mnst be prodnced
simulianeously, but went of taem will be waned on thoe re-
gults of precad:nyg ones, To find out the optimum way of
acheduling, the Critical Path Methed (CIMM) was developod,
All ii~ nevessary activities, their minimum and maxiomm
duration and their dependence on other activities, arc
drawm into a nei{wvurk. A computer prints out a schodule
which exprdkseu the times and dates when a drawing, a
ocalculation o1 ihe placing of an order has to bo started
and finished. This scheduloc warns the managemoent whon

a oritical situntion with respcot to the timc of delivery
ariscs,

Al., As a rule, tho cuetomer nominates a project comuittee
for such a8 bu:iness, The enginecring contractor which is
entrustod with the work, appoints a project managor. Hoe 1s
the toohnical representntive of the contractor,

42, Tho conirccior in this sense shall be the company, or
the group of onmsanies, which supply:

the process onprineerving,

the bosic and detailed engineering,

procurcmont services or dolivery of the eguipnont
itsolf, |
and the sito management,

This last-montioned item will be oarriocd out by a nite
nanagor,

43, ‘The services of the contractor can also include the
exccution of a3l civil enginecering work and the insiallation
ot the equipmeat, The civil enginecring and ercotion con-
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tractors have to execube thotr work under the dircotion of
the projret manarer,

B, Kol aalac ioie a projeel, several systens are used in
differentl companfes and jor d.ffurent jobs, in one of the
syuteivs, the project umanager represcnts the top of a
pyramid, A pumaher of different ervincering proups carry
out engincering work and business tr.nsactions in spocial
fiolds. Lech prow,: 16 supervised by & group Jueader, who
reporit to tie project menager, The project nanager has
full power to intervene direetly into every activity in
cise it is neccusary for the good prougiress of the projoet,
and nlso has couplete authority and responsibility for the
projoct in the internal orpanization of thc countractior.

4%, 1In other sysccms for project adminiatration, tho pro-
jeot manager deluratces Lho differont tasks to ostabhlished
departmcnts c¢v groups in an cxisting orgaenization, The groups
carry out the w1 specificd by the projeot manager, This
system igs ocalled Matrix Projcot Nanayvmcut.+ The responsibi-
1ity and the autlority of the project uwoniger is limited

to the "what and when" of thoe different sstivities, wvhercas
the differcal groups or depariments arc rosponsible for

the "how" nf the work to bLe carried out,

|
46, 7L needr . cunsideriable amount of kinow-how to organigo
and delerate the work and the responsibilities, At the
project manager's olfice all pertaiu:ing informalion re-
quired for the otciution and all inforwation oclaboratled
in the different groups will come tosether, Therefore,
the preojoct manager is the technical parincer of the customer,

*)h.1. creram
W.Re Kaurn
Systcws mnalrs s ond progeet nanagemont
Meadcaw=Hedt, Mew York, 19006
pare oo




-15 -

h7. VUclfore Lthe plant is starvted, 1t i advisable to install
o Ltreiinang proscautia for the futuse eperators, ke skilled
vorhuis, feremen, enrsincer:s cnd conuereial pesple, In so
many enred this point in nerlected, elso i the developing
countricy, The contractor ¢an build cud ereeci his plant,

the projcel enpgivwcesr will Lnow cvery detail of the construc-
tion, bLut there i4 no oliter way: tie operation and wanage-
ment Last be 1n the hands of the custuuerts personnel,

4, Of course, the contvrrcior will send a tcean of quali-
iind cengineers and foremen for the stovieup, but as thie

it a coutly operation the nuiber ol those speeinlists will
be limited, Thcy connot stay on the site for too long a
period, 5o the trniﬁing ncthods of local pecoplo have to

be discusscd ard planned thorvoughly,

49, In some ccies it wmight be advisable to make a manoge~
monnt conhiraot oy the first fow ye:urs of production with
oither the contractor or another kuni--liow suppller., Thea
the opcration of the plant will he managed by conginecrs
who huve done sluilar jobs before, se that iroubles during
the bogiuning ot eperation can be winjmized and produution
lossen kept s Jow as possible, Simultnacously, able locu)
cngincers can hie trained so that they can teke over the
manaponcent posilion after a certain timo, Such managewont
contracis are capecinlly advisable vhon ocouplicnted in-
tograted plants are considered,

The Procedare of a Inoject

50, Sunuarizivg the foregoins, onc might list the maut
important steps ol a project in the following ways

Preliminacy investigations

raw niiesials, resonvucs




Pirat jdoas about realfzation
ducation, {hroupghput, investmunt, loocation

Kcleelion of procosacs
concentrotion, wet or pyromctallurgioal recovery

Peasibitity studice
meballurgy and cconowy, market, availability of
enarey, labour and utilities

vest york (it ncoossary)
pilot plant, revision of proeccs details

Agreement on scope of work, conceplual enginesriag
limitntions, handling of projoot

Basin enrineoring and cost estinate
flousheet, material and heat bulances, main
equipnment, poneral arrangemont

Detatil nd englincering
final design, arrangemont of equipwent, off

sitos

Preour.nent
tenders; ordurs, expediting, ocontrols

Site munagouwont
civil engincering, orcction, test rums

Coumfusioning
start, opceration, guarantes runs

Manageiont
plant organizetion, commcrcc, optimizing
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51, Sonetlies, some steps e evcculed simultonecously,
Sometinmes too, one of the first sveps con be owlitbed be-
cause the problems Rave alicady boen selved, Auyway, in a
project of an inbkeeril metalrargical niaut, i.ec, a plant
porCoyming neveral zonscculise procens steps which need
ditrforent departoenis, involviag the nijoerity of the
listed activities s practically tnaveidable,

52, 1n overy siep « eertain amount oi Lnow-how is
applicd and tronsierved, In asccnding order the most
fmportant roans of trausfor wight be mcutioned:

Mexbors of custouer's siaff
they develop their own knov-how by intense
work with the objccet

Speciulirte in the pertaining country
o sponinlined know-how from similar projeots

they have deanll with

Univorsity instiiutes and similar luberaterics
Luve genoral hnowledge and may have sade studies

on the objeot

Consut tunto -
bave wider knowledre and oxporience from the
oxecution of process studies, comparisons of
prices nnd methods

8%, All theso groups oan do valuable work in tho pre-
paration of the projcot, i.v. until the selootion of the
process ond the [irst rough pricoe estinaia, The followirp
organizations could do this preliminary wovk as wall, but
algo the nexi sxlepn, They have in comaon u good stock of
know-how from u viurioety of ficlds,




Toclmival depariments of smolier:
can use onListing oonegionee and dravvings ina
conn vheve exantly the sone proecs:s an that ol
the smeltes is cuncerned, telpful mainly for

elaborvatiov of gpovition couls

Engincoring, contsultants
carry out Feasibility otudics, cost ci.timaten,

process sesreasiions

Engincering ond constiuction coupnnies
have specialized stafts of process engincoers
in all fields s well as projeot managors,
purohasing, and ereciion departucnts; can carry
out icztu, and often have feod conncctions with
othov producing planits wuich tacilitate trajaing
programuci: for the future oporators.

53. In mony casen only limitod amuunts of aoncy are spent ,
as the capitul oxpendituro of u projrol grows stop by stcp
whioh means that proferably those institutions are con-
tracted whnse nriocc seom rcasonshle, i.c. the firat'groups
in tho above~-mentiored 1ist (52)., This might be justifiod
during the first contact with a new deposit or raw matorial,
in order to avoid wrong invesiments, it should be taken in-
to consideration au carly au possible ibat a group which is
krown to own the hishest coneontration of knovw~how in

the pertaining ficld sheuld ho engarcd, This shouwld put

the project on to the optiwua road with a minimum of rislk,

-» ’ . B

The Diffeyent Kinds of Kuow-how

G4, In Lhe prececive passapes the vhore and vherecaboutls

of the applicaiion and nerd of know-how were outlined,
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1t might now he usceful to define the different Linds of
know-how, This shohld'hclp to tind o way for its develap-

wens amd troncfor,

55 PTheor ctieal Kknowledye Is acoest hle to Lhoue who

rearch for it, in universitics, techknical docwiontations,
oasoeciatlion, and corrrosses, Practical exporicunoe is pained
dusing the execulion of projects, in the construction

peaciod and meiply during the aperatios of a plant, It is

t meuns of developuent of Laoow-how, but it neoeds time,

vears or peyerations and it involves crrers and ristake
wh.ich can causc expensive trouble, unless it is done with

the help of axpericaced and gualificd people or organisationa,

56, Know-how, in the sense of thoe present disnussion,
should be apart from sciencc and new learning: it is the
already exzisfting treasure of knowlcdge, expericnce and
gkil: which is in the brains and hands of a4 limitod amount
of people, In the scove of the preseni discussion, 1t is
tho group of those who know how Lo scluct and develop &
procese, build a plant and operate 'ii, This group includer
skilled wosrkors and foremen, draltswen, engincoers in all
ficlds, scioutists, commcrcial people ond mancgers. Thoso
might be cillod the "donors". '

57. 'To ensure bettcer undorystanding, the disferoent kinds
of know-hor shatl be divided into 3 groups, These arog

A) Proocecss Nnow-how

%5, 7This j¢ conncetcd with all the metallurgical, eco-
nomic aud icchnical questions of the prucess, Someo
evaeploes;

find ottt the best way ol troatment with renpect to
the tecal comditions by eonneciing the svailable
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local information with (yinting kiowledge and ox-
perience of the differeni procesies vhich can be

applied

cxploring tne hest sites lor ore deessing, suelting
and refining, ivcloaing roqpiremenis and resources
el utilirics

in cacn of uncopventional row matevials, finding ouwt
cuitable aud cheap tost methods for developing a

new process or adjust existing methods to the domands
of the matovinly

consicvering alse the economic, politicul and scolo~
logicul circumsiunces, including naviet studios, trans-
portaticr costs

confivming the feasibilily of ihe sclected or tesied
prooess, caleuluting hect and material balances,
flowshcetls and puseible alternatives

seleotion of oquipment, including material of construction,
design cuuipuent, necessary spanre parts and tools,
everylling not only under the aspeotl ol technology but
also ol ccotouny

supplyin;; proocss desoriptions, oparating and main-
tonance programncs

B) ?X"QiOCL ..Z'.".".‘.fl"'“"m“'

59. This capecially includes tho abllity to managoe a big
projuct, Scue cxamples of the sicope of work:




organization of planning and scheduling of the

diifereni studigs and aefivitics

nade of scading oul enquiries, tonders
contpaxin:: Yida and piacing orders
fiiing dntce For official anthorities
erpaniciite the CPg

forwulating responsibilities for Lhe diffeveni
aotivitic:

discussing conditions of finance and guarantecs

co-ordinating and controlling nll the stages of a
projoot ‘

time schoeduling and‘quality cchtrol

C) Pperatirny Arov-how

60. %his containu, among othcerc, the know-how for
operating tho plant, Somc exuwmples;

manual aud wontal skill to ﬁnrk with the tools and
wachines

to maintuin and ropair thea

to opcrata, improve and co-or:iinute the successive

procoss siloges
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to orpunize and gontroel tle labour in the plant in
order to ensurc cffective and continsuous productiion
with high quality

troubl e-shooting

ercation and whintenanc: of a goud psychological
olimuts in Lhe plant

steady «wfforits for improvementsn and rasearch and
developmont

to improve comusercial activity for the purchase of
cheap raw materiials and spare paris and the sale of

producis on good torms

Pevelopment and Transfoy of Know--how

61, The original sources of know-how in the industrial
contres of the world ure oxperionce, tradition and learaing.
During dceades, in sone cascs over gercvations, rradual ex-
pansion of skill, personal knowledge, spaed of reaction,
fuwiliarity with sophisticatod eausaiitics, improved., Vis-
appointwent cortribut:d in the same way to know~how &8s
BUCOCHY,

62, Of courasc, all thcse itews contribute alse to the
know=how ol ¢itizens of a developing countiry; but as they
nocd so much time, the prescnt efforts must be - so it
poens - corecentvated on the tronsfor of know-how.

63. There should noi Lo any mental rescrve against this
transfor, Everybody ul good will is intricsted in o high
standard ef 1ivinr in all parts of the world. It is not
only a demind of huwnanity, bvt also a personal and natioena)

incerest of everyone aua cvery patjon,
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6%, Anothev thing is Lo be consideyed: the Knhow=-haw 1s not
soneentfetled dn the industrind comnivies alohe, The Gow
veluping countries themselver own a tal oo colitiun Sense,
Erowtedpe aud know-hew in ony Cields wiiel mirht be oJ

viiive to the industsial counivies,

65, VWhy inveat and dovelop Ldeas arnd cxpericners which

Bre nlready availabie clsewhere? Bver il it is necessary
to miake souc clforts, spend money o carc, the icauirenent
of cxisting know-Low will alwuiys be casizr, cheaper and
fuster than the development o the cose at one's own cx-
poense,

66. 0f eourse, ruccessful irunsfer of know=how in only
posaible if the recapicat ls prepared to accopt it,

67. Tho recipient shal) be eritical, bnt this crviticism
should be limitod to the degrec of exporience and knowledse
alroedy in his possession, Too much critioism without renl
background cnlarges the time o reccption and hinaais the
trunsfer,

66, As tho pourchrion of know-how is mainly connccted

with the individuual bLeing and net se nuch with orguntzatfons,
the transfe: of know-how demands persoinl continet betweon
donor and rucipient, As a muttcey .of fact, this contact

should extend over u certain iime, the loager Lhe better,

In connectinn wiih wetallurpical project:, diiferent smethods
are pragtiscd, Som: of them are:

pervonnl discussion botween stolt membors and _
engincers frowm the compionies in developing countrics
and the ecammereinl and technicol upucialisnis of
representations, consulting and enrincoving, com-

punies,
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Tn the bewiraing ihere todhe are wore or less cursory,
but paralecel to the developient of 0 nvojeet ihoy moy
cxpond te o very inlense exchange of know=how, Tie ci-
ginecring offices Lry to delesate able and anperienced
peoplo (o assiguncsts ol thes hind, It both partices suc-
oced in aaivieving co=cperaiioa bascd on confidence and
appreciction, this personal contact night Jcad to the

best mcans of tranater,

69, The siice blio applics vo ether levels, imving the
construction o1 & plaut and during couwissioning, there
are enough opporinnmitivs for persencl contact,

70. In practice, it must bhe adwittecd that this method
often workas satisfaclorily only in the first stapges. For
the practical construction and erection, the contractor
soisetines uenus men who either cammot speak the language
of the couniry or who indecd do theiv work excellently
but are not able or willing to touch others, The rocipient
on the other Land wisses the opportunity bocausc often ho
hos not acquired aufficient prrsonnt:d in duo tine, It ocan
also be ob=crved that durirpg the eonstruction and commis-

sioniny period engincers, fulure fosrenen and rkilled 1abourers

often have tou chanpa their position in the plant. As the
transfer of k¥novw-how needs tine, such reorgunizations
should be avoided, Another means of tevelopment and truns-
for can be seen in the training of th: future peraonnel

in einilar plants, Such a training programme should be
disousscd carly cnouph to have specinlized engineers,
foremon and gpcrators ready wheun ercation and commigsioning
starts, A prograwie should be fixed 2 years ahead for the
ongineers and B aouths Jor the forc.ca and the opcrators,
The receiviny orpanization needs to muke preparatlons,

If possible, the irainees should be entrusted wilh
respousible vork vhich is, of coucse vithin tke seepe of
tiredr abilily,
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N. If posusible, this instruction shovld take place in
plauts in the country where the (raiance wis bhorn, If thers
are no plant: in this countbyy, theve should be the pos=-
#ibility to seaul peeple into the plants in the induwityial
countrics, 0f cuurse, this will be limitced lo only a fow
peoplu,

72, According te oxpericnce, this kind of assignuout way
have as many advantapes as disadvantopci, The traiico has
the best chance to tearn from the indusirial expericncve of
bis new collaorues, llowever, sometines thue plants are old-
fashionod or they work with partly different processcs and
the trainoe nay micundexstand things or guain a farso
iwpression of his qualiticatiomi which wight cause 4rouble
lator on. The vorst thing is that ne may become discontentod
when he lcarns tha! the worker in an industrial country
often gots uorc pay than he himself can hope to carn in
his own oomntry for ¢quite some time, Dissatisfaction is

a bad motor in the opcration of a plant,

7%. In any case, it is necossary to nurinate a loader

for each of tho groups scent away for training. He has to
watch tho time schedule, control the 3iving conditions of
the trainecs, suporvisc the progress ol learning aud act
as o spoakar bebween trainees and plant nanagemnent. It

18 not strictly ncoeseary that he is alrcedy trained,

ho wight bo a trainee himsclf, but he should be authorizod
by the managenent of the delcgating company,

7%, Nobody will be ahle to avoid forcign planits keeping
the most able trainces if they cxprcss'thc wich to remain
in the plunt, This facl and the alsve-uontioned difficul ~
ties limit the dclepation of people irlo other pluants or
foreign conntrios to a few special disciplines in plunt

operations vhich cannnti be stadied by othcr meina, Ag-—-
cording te exporience, the opposite way, that in the




contiaeiing ol personnel from other plants for a limited

period, is wvore efficient and bears less risk,

75. The opecctors and foremen in indnstrial countrxics find
it exeiting to be send into Soreign counlrics in order to
tcoch colleizues, Yhev apprecate the honour this involves
in the faet vhat their menagenment had setected thiem and
nobouy eltc, They ave personilly tnicrestied in scoing

thui the trainces fov vwhom they are specially responsible
do the best wvork, and many long-tastiing iriendships have
developed in this way,

76. Apart from the methods of know-how transfer diroctly
related to ¢ project, theire are usome vihor possibilities
of ¢ more gencral character, They shull Lo mentioned horo
becnuse they ulso cin converi into projaée oriontated oncs,
though their original intention was diflereni. Sowc of
theu are mentioned below,

77. Every ycar an increasing number of young men and

wouten from dovelaping countrics enre! in tho universities
and technical schoolz of ‘he industriul regions, The guveran-
ments of th: developing countries and the parents, who spond
the foreign currency for the student:' cost of living, hope
that tie returaing graduated «nginceys and sciontists will
help Lo impricve the standard of living of their country.

78. No doubt, these siudents work hard; as they are a
seicotion o the wost able and intelligent youns pcople,
it 1s not surnrising thaut n pood preportion of them got
excellent marks in the cexaminpations. They should be able
to transfer the most modern knowled;¢ 1« also know-how
into their countrics.

79, %o o cerinin calont thin is trve, On the othor hand,
1 must be said that a large number of engincors and

seientists do pot retuen al'ter having Cinished their studios,
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These uble ond skillted en and wvonten refer to get a job
in the indusirial countrics in spite of the oflen hard
strurple for tife,

80. 1T they sre as¥cd why they took this deeision, they
masver that thelr ownt couniry could not give thom an |
tfdcquute Job.

8l. %oday in the industria) countries the young intellipent
and able pouo;.ic who bring new ideas and vho are well educated,
are wclcone 'nunbers oj sociocty yopardles: of whore thoy
worc horn, Should it not bLe possible to offer them weil
remunioratod positions ia their own countries? During the
years thoy wore nbsoni., they lost many personal and business
oonnoctions to industry and public authorities which vould
be their fuiure cmploycrs, This is a bandicap whinh should
be componsatcd by some nroans,

*

#8. To & o rtain extent it could possibly help when com-
panios of the developing countries take an interest in
those undergruduates wito work !n relevont fields., 0f course,
the studentt nust be free to make up their ovn minds in
respeot to thcir futwre euployers, It scens that Yugo-
slavian planis have had good experience vith this xwethod.

83, Certainly, thore are ocountries which cannot offer
enough adequate poditions to their own graduates, In those
cases it would he prcferable 1f thoy send their students
mot to universitios but to industrial {triining scihools
whore tochnicians and craftsmen are Lelny instructed., Those
schiools can supply proac.ically-minded wen vho, in many
oasrs, oan be of more help to u developing country in
building a ncy industry rhan scientists,
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64, Last but not least, another method should be wentioned
which, uniortunately, can only be applicd to & smnll

nuober of ercineers and cefontists whoe already have a de-
grec, This in to work ip ipdustrial plants, neicatific
institutes or test plonts ol onningaring compunies, Heve
the younp e will have the necuossary close personi] con-
tace vith tv- donor:. They will bo confronted diructly

with tho provwlceus and troubles of indusirial processcs,

8%, fThere are still more methods for the tranifer of knov-
hov, but the forcpoing exaumplcs may kav. tshown the probleis
involved, There 3s u certain amount of mogress in. tho de-
velopuent and transfer of know-how, dut a critical oxauina-
tion would reveal thit we arc only in the process of be~
ginning, It is worth-%mtlc thinking ovt sound inprovemonts,
which is thc intention of thi: contritution,

86, 1f a dcveloping country decides o fo ahead with a
project it las to be duoiced in the very boginning where
the know-hov will ceme frowm, gxpericnced onginecring and
consiruction companics oan rupply the know-how for cvery
etecp of the project. They oan carrf through a projoct
with the most officicnl project know=-how. The plant
built by then con incorporate the best process know-how.
fhe olicnt receives o wnodern plant whic:) would thea have
to Le operated by his personncl.

67. If onec did not cnuure the transfer of know-how during
the course of the exccution of the project it would end in
a disastcr,

88. A oclient in a dcveloping country r.Liould, thorefore,
build uwp hiz operating organizotion in {he very beglinning
of the projeet. The naprager, superiiiendonts, metallurgists,
maintonance engincers and the foremen shauld co~oporate

closcly witll: ihe corresponding enginecvs of the ongineering
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gontractor durins the project caecution. They should he prescent
wvhen Linjor decinions ave tnken. Taey should know vi, a cer-
tain process was chosen, vhy the plaint wis arrangseds o certain
way oy vhy a specific picee of coyulipnient wax ohouon, They
should nake the projoet their owa project, They should be

at the site te sce thelsr plant groving. |

89, 12 this is supported by o good training progrusme every
good project is hound to be 8 succeus.

90. This we think is the best wiy of kuow-how transfor for
metallurgical plaants.
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Main steps for the development and the
execution of a project

-n---tu.znunua-auunn.nsmsnsssnss“n-

Exploration on ore body.
Investigation on possible processes.
Preliminary ecoromic calculations.
Investigation on requirement and
resources on raw materials and

IDEA

utilities. PRELIMINARY

Metallurgical calculations

on various possible processes.
Economic calculations on

various processes.
Comparison between processes.
Investigation on best disposal of

-+ INVESTIGATIONS

mets. SELECTION OF

Detalled metallurgical calculation
on selected processes.

Requirements, resources and cost of
labour, energy, fuels and other
utilities.

Auxiliary plants and off sites.

Investment cost.

Opsrating cost.

Capital requirement.

Market for products and by-products.

Transportation cost for raw materials.

Transportation £1d distribution costs
for products.

Rsonomic calculation (cash flow,

*  PROCESSES

return on investment, profitability). FEASIBILITY

Setting up of project execution procederes.

Definition of tasks.

Scheduling, budgeting.

Establishing of control systems.

Building up of project organisation.

Nomination of Project Manager.

Selection of main contractors and
suppliers.

Preparation of financing.

*  STIDIES

PROJECT

*> ORGANISATION

l
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SIS el lb.l.nccringc
NDevelorment of plant lay out,
Deslgn of prooess units, auxiliary
plants and off sites.
Proparation of final cost estimute, BASIC
* ENGINEERING

auxiliary plants and off sites.

esign of special equipment.

iechanical, electrical und civil
design,

evelopment oi instrumentation and
con%rol systems.

Conslderaticn of special process
rejuirenents,

Jcleotion of eaquipment.

Procurenent of cquipment and lttViOtl.

Tacpection of equipment.

Stippins ot cquipment.

Mure &id cost schedule control,

Devais des.gil 0l process units
D

Contac*s witli public authorities. "DBTAIL
*  BNGINRERING

waaservetion of bulldings.

“netallation of equipment. ,

Seaving of eqvipment.
simoe and ccst schedule control. PLANT
* CONSTRUCTION

WALl Lweselinz off plants and equipment.

JomaLssicadlng o’ plants.,

Treiniug of starf and operators,

Ml fillment of guaranties.

Sevting u, ot cgnirol systems for plant
operacing (recoveries, qunlitv of
nroducis

Duilding vp of operating organisation. > COMNISSIONING

ingyrovenen. or plant operations. 1
Cptimizing of mﬂtallurgical
ani economic eonditions. OCOMMERCIAL
OPERATION









