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StMIMY 

1.1 
General 

1.2 
MSTltatS 

Ths purposs of this study has been to exaertns 
the sits sslsctiofi of ths slsetroiytic copper 
refinery on Turkey, its capacity, finsi products, 
Mrketlng study, inventaient and operating costs 

and ths profitability. 

According to ths maritatine study ooppsr wirss 
with s diaswtsr of 0.4 - 8.0 m havs boon chossn 
ss ths final product of ths niant. Copper wir« 
will find ths bast «artista both in Turkey and 

1.1 
tits SSlSCtiOf» 

Ths opti»*» location for ths plant «ill bs in 
•anwon, in oonnsetlon with ths ooppsr ana Iter 
of Keradenii iskir Xsietatoierl A.i. 

1.4 
Capacity 

Ths plant should bs built in two stese*. 

- 1st ataca« capacity 2S 000 tons of ooppsr 
wirss por year 

- 2nd ataca t expansion of the capacity to 50 
tons psr year 
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1.5 
Capital coiti 

The total capital cotti for process aqtilpnaitt, 
civil anginearlng and utility services tra as 

fol Iowa i 

lat »tag«, 25 000 toni par year 

E*It*.StBt*i* 

- «nod« casting 
- alaotrolytlc refining 
- wire production 
- plant area 
- others 

5« 430 000 TL 
100 211 000 TL 
120 161 000 TL 

S 729 000 TL 
J7 4IS 000 TL 

suo*total 321 153 000 TL 

tf8t»aBa-SI8ftlil 

- liquid aaaati 
- inventorias 

tub-total 
TOTAL 

52 54» 000 TL 
§• HO 000 TL 

140 «58 000 TL 
402 111 000 TL 

2nd stage, fron 25 000 to 50 000 tona par yaar 

(slH-Sifslit 
- anodo canting 
- alootrolytie refining] 
- «ira production 
- plant araa 
- otliar« 

?• 7t4 000 TL 
107 53» 000 TL 

2 310 000 TL 
11 45t 000 TL 

tufe)-total 20/ 122 000 TL 
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- liquid unti 
- inventorias 

if7 932 000 TL 

234 367 000 TL 

tub-total 

TOTAL 

«02 299 000 TL 

609 421 000 TL 

Total stages 1 and 2 X 072 023 000 TL 

1.« 
Operating oasts 

The annual operating coats for both 
a« followst 

stages aro 

lat staee, 23 000 

- import fellstar 

- variable costa 

- fixed costs 

year 

SIS 703 430 TL/a 
47 906 999 TL/a 
11 361 000 TL/a 

TOTAL «37 979 299 TL/a 

I 
I 

L L 

2nd stage, 50 000 

- doaestlc blister 

- variable coats 

- fixed coats 

per year 

1 904 079 200 TL/a 
99 017 13« TL/a 
1« 909 000 TL/a 

TOTAL 2 019 999 33« TL/a 

inta (Included la operating Total labour requin 

coats) 

- lat atage 94 • 21 - 119 

- 2nd stage, additional  47 • 4 - SI 

TOTAL 19« 
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l.t 
Profitability 

1-4 

Annual grò«« incoi»*» at design oapaolty will 
ba 
- Ut ataea 713 ICS 000 TL/a 
- 2nd •tag« 2 704 654 000 TL/a 

Tha profitability for both ataoaa, taking tha 
payback pariod of lnvootawnt into cona iteration, 
ia aa follows 
a) 10 yaara with an intaraat of 15 %, without 

tácalation« financing and incoa» taxoa on 
profita 

b) oonaidaring aacalatlon and f inane in« 
axpanaaa of Ioana i fO t of total lnvaataanta, 
intaraat IS t and pay-back pariod • yoara* 
tha invoataant doaa not pay it a« If back 
durino tha) production yoara. 

Tha rata of rotiarn in tha a) eoa« »ill bo 25.1 I. 

Tha profitability ia vary aonaitivo to tha 
prie*    f bliatar and viro.   Tha influonea of 
invaatamt coata, aalaa and ooaratino ooata ara 
avallar. 

I 
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1.» 

Considering the resulta of ti» etudy we would 
•ttgf«st that the plant It bullt aa followsi 
- The plant ls basad on tha capacity 25 000 tons 

of Cu wiree par yaar.    Tha production could 
start In 19t0 using import bllater.    Its pro* 
ducts would ba Marketed althar wholly on 
donsstlc demande or surplus production abroad. 
Applications will ba mada for lnvastasnts and 
production to gat than tax and duty fraa. 

- Doaastlc blistar will ba usad aa soon as 
posslbla 

- Whan tha dosas tic production of blistar has 
basn davalopad, tha capacity will ba expanded 
to SO 000 tons par yaar. 

It would not ba prof 1 tabla to basa tha plant 
only on imported blistar and foreign markets. 

Tha plant will ba loca tad in Saneun. 

A nsrkat organisation for tha production of 
tha plant will ba foraad in such an aarly 
stags aa possible. 
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1.1 Contract 

1.2 Th« «in of the projoct 

1.3 Ixoeutioft of th« study 

1.4 T«a» 
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Contract 
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Thia work ha« baan basad on tha oontraot antarud 
lute by tha Unitad Natiom Industrial Pava la amant 
Orfani lation and Outokuaipu 0y# statad aa tha 
Study of Elactrolytic Coppar Production at 
Itibank, datad 23rd April,  1976. 

Itibank la an organiiation which la rasoonalbla 
for tha oparation of tha majority of tha non- 
farroua natallurgical aoetor in Turkoy. 
At praaant,  Itibank producás,  howavar, only 
bliator ceppar in tha ooppar aaction. 

1.2 
Tha ai« of tha projact 

Tha ai» of this projact ia to aaaiat tha Turkiah 
govaranant in furthar davaloptamt of tha pappar 
industry by praparing a taohno-aconcnUc 
faaalbllity atudy for tha aatablishnant of an 

alactrolytic coppor raf inary and tha aatabliah- 
•ant of a plant which will furthar proaaoa tha 

cathodal into wiroa. 

2.3 
Bnacutlon of tha atudy 

At tho firat staga of tha atudy tha datign 

crltarla hava baon atatod which aatomiaa tha 
aalaction of tha plant aita, capacity and 
products. 

Thia phaaa ia baaod on tha fiald work oarrlad out 
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tn Turkey, which included the rosearon of th« 
present tutus of Turkish copper industry, ani 
th« market research of present and potential 
marketing of electrolytic copper as «Mil as 
of by-products concerned. 

The next stage of the work consists of the 
plant design which has been performed by a 
project team from Outokumou Oy Engineering 
Division.   The experience of special lets from 
various plants of Outoktampu Oy has boon utilised. 

Considering the criteri« obtained from the 
market research, llko the products and capacity 
of the plant, and local circumstaness the 
proceas has been selected among various 
alternatives which has provld to meet best the 
technical and economie requirement» imponed 
on the electrolytic refining of blleter copper 
and on further prooeeelng into copper wires. 

In the design, th« moat advantageous solution 
for the Turkish national economy aa a whole 
has been pursued using the already existing 
production capacity and supplying all equipment 
from Turkey aa far as possible. 

In the economic« 1 syrvey, the capital costs and 
operating data haws boon utilised to determine 
the profitability for sash production alternative 
considered.    Based on those data, final 
recommendation» have boon made for the plant 
sise and raw materials. 
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3.1.1 
Ornerai 

Research on tha tit« eelection for tha 
electrolytic rafinary have been baeed on tha 
•ssimptlofi that tha economically aost favourable 
aitt would bet 

eithar in connection with tha «»alter« when 
transportation costs of blister and 
copper scrap would be si nini sed. 

In this case tha following sitas could be 
chosen i 
- X.I.X. i 
- Iti bank 
- Itibank 

iltar in Sanwjtin 
wltar in Eroanl 
leltar In ffurgul 

or naar meritati and consumar •, when trans- 
portation costs of the product would be 
•ore favourable. 

In this case tha site would ba in the Istanbul 
area according to the enclosed market research, 
(seaMarket Study! volts*» II, chapter ?,fia. 7-1) 

In addition tha Mlacted siU should fill the 
requlreaenta as wall aa possible reeardlnc 
- environsiental conditions 
- availability of utilities« as electlc power« 

ataaa, water, prassure air ate. 
- nan power 
- transportations 

The afore awjatloned ereea hava aalaly 
discussed in the earket research. 
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3.1.2 
Itlbank copper enaltar in Irganl-ftadan 

Onneral 

I 
I 

Tha enaltar i« situated in a mountainous 

ragion in southeast«• Turkey. The oro 
reservas in the »in« located near the smelter 

is about 13 yaars at the pr«s«nt mining rat« 

of 750 000 tons p«r y«ar. Small or« depoeito 

hav« found in the ar«a. Thae« ¿«posits ar« not, 

howavar, «eonomically fnasini« »nd«r present 

conditions. 

The preset oapaeity of the saw Iter is about 

10 000 - 12 000 tons of blister copper per year, 

The possibilities of expanding the oapaeity are 

liai ted. 

Tner« is a suitable site for the electrolytic 

refinery of about 40 x 40 » near the smelter. 

Thie area will only be large enough for a tank 

nous« with a capacity of 10 000 tons per year. 

An aanansion of the site for a larger capacity 

would require demolition of buildings not in 

uso and earth noting work. The site available 

would then be 40 * 100 a, and the «axis» 

estimation of the capacity would be about 

20 000 - 30 000 tons per year. 

The anode casting plant could be located el 

to the existing converter aisle. 

no evitable area has been found for the wire 

production plant near the enaltar. An area of 

about 2000 a3 would be required for a capacity 
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Transportation 

Utilities 

Electricity 

1 
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20 000 tons for ooppor por yoar.    Significant 
alto preparation work would ba needed   for 
a sul tabi« aita in tho Hadan araa. 

Tha rail way and ona of tha main ronda in 
Turkay 90 through thla araa.    Raw Mataríais 
and producta can ba transportad althar by train 
or trucks. 

Thara will ba sufficient fraa capacity for tha 
raflnary in tha smaltar network of ooapraaaed 
air, watar and aval labia steam.    Acid raquiramante 
would bo fro« tha plant aituated in connection 
with tho anal tar. 

The electric power, 9-10 Iff, required in tha 
refinery would need now transmission linea, 
12S km» and Main and distribution transfornara. 
Accordine to Turk i ye llektrlk Kumuru there is 
power capacity in tho aros. 

Adequate manpower exlata in tho aros. 

3.1.3 
asaltar in Huroul 

The smelter is located in tho Mountains of 
eeetera Turkey, about 1200 M above sua lavai. 

near tho enaltar there aro two Minos and 
concentratora. Damer yata« and Cakmakkaya, 
with on reserves for 13 and 10 reare 
with the prossnt minino rate ,1.5 Million ami 
3 million tons per yoar. 
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One of the concentrators serves the smelter 

and concentrât« from tht other is transportad 

to Samsun. 

Araa 

Transportation 

The saw It« r production is about 8 000 tons of 
blister per year. The production will be increased 
to 11 000 tons per year in connection with the 
new H2*°4 Plant* 

The anode casting plant of the refinery can be 
located close to the converter isle in the 
•Miter. A site of 40 x 70 m will be reserved 
for the tank house.    This will be adequate for a 
capacity of 10 000 tons per year.    Enlargement 
of this site would not be readily achieved. 

Mo suitable area has been found for the wire 
production plant near the »nelter. 

The only communication to the site is by a poor 
sonta in road.    All transportations fro» the 
plant would have to be performed by trucks to 
the nearest harbour town hopa and fron there 
either by ship or truck. 

Utilities 
There is free capacity for the cooper reflnsry 
in the smelter system of compressed air, water 
and staam.   Production of stessi will, however» 
be expansive with the present system burning 
of oil in reverberetory furnace wests heat 
boiler. 

The present •2*°4 plant is not in use» but a 
plant has been designed to be taken into 
in 1979. 
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Electricity 
TIM capacity of preeent feed iii 
tranaf ornare «ill not be enough for the refinery. 

Accordio to TEX tho installation of Additional 
potior, 5-10 Ml,  to the arc« would ba a vary 
difficult and expensive operation with praaont 
resources, h aoparata power plant nust ba built 
in tha araa for tha refinery; 

Labour 
Thara it adequate unskilled labour available. 
Skilled labour nuat ba drawn from other aroaa. 

3.1.4 
K.t.X. copear ltar in Sansun 

General 

Araa 

Tho anal tar la al tua tad on tha Hack Sea eoaet 
on a plana fiald about 10 kn fro« the tanaun 
town. 

There ara a enaltar, a alag concentrator and a 
H2*°4 Plânt in th# •'•••   The doaigned capacity 
of the enaltar la 40 000 tona of blister ooppor 
por year.   Por various reaeone tho production 
oapaoity haa boon only 10 000 - IS 000 tona por 
yaar during tha laet few ueara. 

near tha enaltar thara le a plana, open area for 
tho tank houao and production plant, both for 
tho preeent capacity and for possible expansiona 
in tha futura. 

Tha anode canting plant can ba placad in tho 
proaant blistor eaating plant without epeolal 
changes in tho building. 
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Transportation 
Transportation fron tht smaltar arsa to Samsun 
will be nada by trucks, and fron Sanson to othar 
locations by road, rail or saa. 

utilities 

A rail way connection fron tha sntltar araa to 
Samsun and tha harbour is undar construction. 

Thar« is adäquat« capacity in tha smaltar for 
water, compressed air and steam for tha 
electrolytic refinery.   Acid will be supplied 
from the sulphuric acid plant located near 
the smaltar. 

Electricity 
Mew transmission lines and transformers will 
be required for the power supply to the tank 
house.   Accordino to TIK the supply of eleetic 
power to the area will not be any problem, 
because the new 250 Ml hydroelectric power 
station on knaaaueurlu, near »amsun, will be 
commissioned in 1177. 

Labour 

3.1.5 
Istanbul area 

Sanerei 

mars Is adequate labour available In the araa. 

The market research showed that most of tha 
product's ooneumera in Turkey exist in tha 
Istanbul area.    Tha présent electrolytic 
reflnarias ara also located in the same araa. 

I 
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Than is a suitable sit« for tha plant in 
question in tha Istanbul area. Itlbank does 
noti how vir, own any nui tabla property there. 

Transportation 
Apparently it will bo possible to build the 
plant in sn area where the nain road and railroad 
are near. Transportât lona both to consonerà 
and to tha harbour can bo handled favourably. 
All blistars should bo transportad from the 
areai in various parta of Turkey to the plant. 

Utilitiea 

Iloctriclty 

Utllitlee naaded in tha refinery would require 
additional inveetsanta. 

According to TIR it would not be roooMsendable 
to place tha plant in tha Istanbul area. 
Tha area ia already ovar loaded and moat of tha 
power would have to bo transmitted to Istanbul 
fron other parta of Turkey. 

Adequata labour ia available in tha area. 

3.1.« 
Coneluelons 

I 
I 
I 

The inveetleatlons and calculations have shown 
that tha moot economic and favourable location 
for the electrolytic copper refinery would be 
the X.B. I. copper smaltar area in damson. 

•uch a sita la sors favourable than       the 
Istanbul area for tha following reasonst 
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1.   Ileoarding investment costs it will be 

cheaper to pisco tho plant in connection 

with tho ssoltor thsn to build tho plant 

separately frosi tho snslter for tho 

following rossonst 
- wstsr, stosnf ecuprsssed sir end seid 

oro slrosdy obtalnsbls in this sros 

- thoro is s sito for tho plsnt in this 

- ovsilsbls oloctrlc power 

2.   Oporstinf costs of ths plsnt in connoction 

with tho snoltor oro lowor, bocsuso 

- coopor will bo trensferred in noi ton 

condition fro» tho converter to tho 

snodo furnace, eliminating noi tino 

costs 
- ono proosss stage , no casting of blistor 

- ooppor scrap, shoot II % of tho snodo 

snount, esn bo rocyclod to bo osod 

in cooling of converters instssd of tho 

prosont blistor Ingots. At prosont 

ooppor snodo sorso fron tho tsnkheuso 

is ronoltod in ths snodo fumsoos by 

oil. 
- stoo» is taken ss wssto hoot f roo of 

chsrgo 
- trsnsportstloo costs will bo lower 

- port of the organi tat ion exists, so 

admiaietretion, eaintenanee ote. 

- tho woes level is lowor 

is the soot profitable smelter sros for 

«he following rossooot 

1.   An eroe suitable for sll buildings of 

the welter con be found with no 

limitations for future expone ions. 

In f rgenl end rkirool only e tank hoooe 

with the sow low esose i ty of 20 000 
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per year can b« located. The wire 

production plant mist b« located 

elsewere. 

2.   It will be possible to Increase the 

capacity of the eneIter in the futur« 

to correspond to the reguliisnl of the 

refinery unit, 25 000 * SO 000 tons por 

year. 

In argani and Murgul th« 11»It would b« 

about 10 000 tona par yaar. A largar 

eapaelty would raquir« additional trans- 

portation of »ataríais batwaan planta. 

3.   Thar« la a harbour in tanaun, ao tha 

tank houaa ean »or« econo»leally ba baaad 

on laport bliatar. 

4. Lowar transportation costs 

1.2 

Capacity and producta of tha plant 

3.2.1 

Tha capacity of th« plant can b« baaad either 
on totally dornstlc raw »atarlala and deaend, 
on totally foreign raw »ataríais with ««port 
of producta, or on th« opt lau» combination 
of tha two caaea. 

3.2.2 
•llat«r 

I 
I 
I 

production in Turkey 
»Hater copper ia produoed in Turkey by three 
»nel tarsi trganl and Hurgul, owned by Itlbank, 
and aaaeun enaltar, owned by Raradenia lakir 
IeletaoleriS.A. Itlbank ia a gof ansami owned 

About half of the share« of R.I.I,  is 
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In Etlbank'a pos ••••ion. 

Brganl 
The troanl amaitar was founded in 1946. Its 

daaignad capacity is 18 000 ton« of blieter 

copper par yaar. Tha production capacity has» 

howavar, baan 8 000 - 12 000 tons during tha 

last few yaar a, partly due tò tha old equipment 

and partly du« to tha dwcreaalng contants of 

coppar. Bacauaa of this tha production of th« 

enaltar will also in tha» futuro ba 10 000 - 

12 000 tons of coppar pair yaar. Thar« ara no 

plans of axpanaion. 

Nurgul 
Th« Mureul enaltar was founded in 1953.    Its 
production capacity is at preeent about 8 000 
tons of blister coppar par yaar.   Tha concantrator 
and oartaln ar«aa of th« enaltar liait   tha 
capacity of th« plant. 

It ia planned to inoreaae tha capacity to 11 800 
tona of coppar par yaar by Auguat,  1979. Th« 
poaaibllity of lnereaeine tha capacity further 
la vary lini tad with tha) present reverbera tory 
eewl tino. 

Th« Safaron enaltar, operatila with the flaah 
analting aethod, wee coaaUeeioaad in 1970. 
It« designed capacity la 40 00O tons per year. 
The production capacity has beam liai ted to 
only about 10 000 tone of bllatar copper per 
year» at preaent. 
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Xnereaec in capacity will be achieved by 

Improving concentrât« grades and using oxygen 

for molting according to the following schedules 

23 000 ton» por year 

30 000 " 

50 000 " 

- 1976 
- H77 
- 1971-1911 

Additional molting capacity la planned for 

1912. Tho capacity will thon bo 100 000 tons 

of coppor par yoar. 

A Bttmary of tho bllator production In Turkey la 

shown In Pig. No. 1. 

3.2.3 

HI star 
As shown In tho marketing study It Is posslblo 

to buy bllstor coppor on International markets. 

3.2.4 

Narkotlng 
As shown in Pig. No. 1 and In the marketing study 

siles of copper and primarily copper wlrea have 

steadily grown in Turkey. The estimated sales 

in 197« are about 35 000 tona. The annual 

sales growth with 15-20 % is shown as a «hadowed 

area. 

3.2.5 
Dtlstlng production capacity of electrolytic copper 

At present there are three companies in Turkey 

which produce electrolytic copper. 
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Haklnaklnlya 1 000 tona of 

Sarkuyaan   10 000 "   " 

itaoak      20 000 "   " 

oathodo« par yaar 
m 

m 

farkuyaan and ftafaak hav« nlannad to doubl« 
tholr production during 1977. 

In Addition to tfcoaa planta a fourth plant hat 
boon pi annodi aakiraan with a production of 
10 000 ton« par yoar.    Thia plant ahould «tart 
Ita production in 1970. 

In rif. No.  1 tno prasant and plaanod roflnlnf 
oapaclty in Turkoy 1« shown graphically. 
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Demand for copper wires In Turkey, growing 

15-20 %, and production capacity oí blister 

and electrolytic copper with planned expansions 

are shown graphically in Fig. No. 1. 

The following can be seen fro» Pig. No. 1. 

- production of blister and electolytlc cooper 

will be in balance until the end of 1981 

- fro» the beginning of 1982 the extra 

production capacity of blister will be about 

50 000 tons per year. Consumption of cooper 

wire may correspond to the production two 

years later, 1983-84. 
- in 1980-81 consumption of.  copper wire nay be 

10 000 - 20 000 tons greater than the production 

capacity 90 000 tons per year. 

Taking the before mentioned into account the 

capacity of the plant in the basic alternative 

could be 25 000 tons per year and expansion 

possibility 25 000 tons per year, totally 

50 000 tons per year. 

As the demand may, however, grow faster than 

estimated, the economic profitability of the 

plant will be studied in such cases that 

blister will be imported until the blister 

production balances the refining capacity. 

In order to examine what is the most economic 

capacity of the plant, considering expansion 

possibilities, foreign and domestic raw materials 

and marketing, comparative feasibility calcula- 

tions will be made for four various alternatives. 

Final profitability calculations will be made 
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for the most favourable of these. 

Alternatives for profitability calculation» 

All capacity alternatives have been shown in 

rie. No. 2 as fol lows i 

1. The plant will be started in IMO with 

a capacity of 2% 000 tons per year 

using imported blister. The product« 

will be exported. 
In the beginning of 1913 the capacity 

will be increased to 50 000 tons per year, 

rhe whole capacity will be based on 

Turkish blister and domsstie Markets. 

2. In the beginning of 1910 the plant will 

be started with a canacity of 50 000 tons 

per year uaitKj imported blister. The 

products be exported. In 19S2 the 

production will be changed to use Turkish 

blister and doswstic markets. 

3. The niant will be commissioned in early 1N2 

with a capacity of 50 000 tons per year 

using Turkish blister and domestic Markets. 

4. In the beginning of 1982 the plant will 

be started with a capacity of 25 000 

tons per year using Turkish blister and 

domestic markets. In 1984 the capacity 

will be increased to 50 000 tons per 

year using domestic blister and markets. 

All the alternatives are based on molten blister 

from the tsmsun smelter. The deficiency in 

supply for other electrolytic refineries «*11 

be filled by Imported blister. 



r: ä 

3.3 
•••il of design 

i 
3-15 

3.3.1 
battery liait» 

• noiten blister copper to «nod« furnace 
• outlet of packed copear product from the plant 
- food of electric power to the nein swltchgoer 

at tha MM 1 tar area 
• inlet of coo 11 no and process «Niter fron tha 

•aaltar 
• inlet of pressure and instrument air from the 

•nelter 
- inlet of atoan fora the) enaltar 
• inlet of chemical» to the •terese tanna and 

bina 
• eat lot of anode »lina i« narralt fom the plant 
• outlet of «snata «toter fron tha see Iter area 
• outlet of oypsun eludo« to the tellina aree 

3.3.2 

new notariale 
•Hitar 
- Cu tt.O 1 

- M O.02 1 
m AU O.002 t 

- Ml O.057 % 

- • 0.1 1 
• 0, 0.1 1 

3.3.1 
Producta 

According to tha stärket study the producta have 
been ehoaen in tha basic capacity alternative 
•a follow»i 
1.        m ree 

- dianmter • a* «250 MTPA 
4 n» «250  • 
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diMMUr 3.S  -   1.4  MR fiso um 
• 1.4 -  1.0 an 37S0  • 
* O.t an •31 • 
* 0.« aa •33  * 
• 0.4 um •33  " 

riamai »I io tha product io« distribution of 
various viro thickaaaaas aa proaantod in tht 
aar ho tin? study, tha distribution has boon 
OMO* on ino production of lam« diaawtar «ira 
rod.    Thia it dut to Uta fact that tha cabla 
planta havo a tsoaaaey to buy wira drawing 
planta of thair own, wham tha asaand for 
thickor viroa on tha aarkata will «row.   For 
tha aaaa raaaon aarkatino on foraina aarkots 
will as aaaiar. 

a. Anodo illas 
• quantity 

- Au 

- M 
m cy 

35 Km 
1.4 I 

Id  % 
¿1 I 

3.3.4 
sit« oonditiona 

Ataoopharic data 
• aablant toaparaturaa 
- avoraça BOX. 

- svvraaa ain. 
3i°C 

• 2°C 

- rolatlv* huaidlty 
7$0aiW 

70 t 
- rainfall 710 a» par yoar 
• wind 

- daalgn valoelty       27 a/a 
- pravalllng directions   northwast 

I 
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tel 

typ« of toll 
Mil   lotte 
f round wator lovol 

2.S - 1.0 k«/< 
-1.1 • 
2  (101) 

utllltlM atoa», «eolia* and 
wotar, Imtri—m and aoayrataad «ir 
ovai labi« at ta» aawltar. 

1.3.S 
Ajoovraoy of tho atady 

TIM accuracy of tfco «tody la • 20 I, 
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4.1 
Proewa OUtliSM 

4.2 
Plot pU« 

4.3 
ftnffHf GMtinf 

4.1.1 Oaasral 
4.1.2 Caatiaf ito!» 
4.1.1   Moil tañaos 
4.1.4   AntOMtle Mo«« oaatlaf «ad walffclof operation« 
4.1.1   lajaipaMt daaerlptio» 

4.4 
llaetrolytlc rafUUaa 

4.4.1 Contrai 
4.4.1 PfOCtH MlMt&O» 
4.4.1 Prootn oalcalatloa» 
4.4.4 »room aad »laat deaorlptloa 

4.S 

4.1.1   nooiii aalaettoa 
4.1.1   ProoMt and pUat daaorlptlon 

4.4 
Mod rollini aad wit« drawl»! 

4.4.1 Osami 
4.4.2 PTOOIM aad pUat daiorlptloa 
d.i.2   Oaality ooatrol 
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4.7 
Electrification,  lnatrunontatlon and civil ang i neoring 

4.7.1 Elactrlfioatlon 
4.7.2 Instrumentation 
4.7.3 Civil engineering 

4.t 
Total labour requirement and utilities 

4.4.1 Labour 
4.1.1   Utility ooMuaptlon 

4.t 
flow snoot, lay-out« and equipment Hata 

4.9.1 Flo« »boat 
4.9.2 Layouta 
4.9.3 Imiipsjont Ilota 

4.10 
Additional capacity 

4.10.1 txtondsd capacity 
4.10.2 Principle« of entónalo« 
4.10.3 Now coat factora 
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4. 
PLANT DESIGN 

4.1 
Procast outlines 

4.2 
Plot plan 

I 
I 

Tha following procoas stags* aro nacoaaary for pro- 
ducing ceppar viro fron bllator ooppori 

1. bllttor refining and anodo casting 
a. olectrolytie rtflnlng 
3. oathodo neltlng and wlro rod oaatlng 
4. rolling and drawing to wir« 

Tha auggoatod location of tha aloctrolytlc tank houae 
and the rod oaatlng and wlra drawing planta in tna araa 
of tha Sansun anal tar haa baan presented In tha en- 
eloaod plot plan, drawing No. 7Ml34-1. 

Tha anodo rof Inlng and oaatlng shop will ba constructed 
in tha converter aiolà of tha existing anal tor.   Tha 
now building a» tha tank houae, rod oaatlng and wlro 
drawing plant will ba In tha i—id lata vicinity of 
tha anol tar.    A poaalbls expansion of tha anal tar and 
thoao additional production dopartnanta nava, however* 
boon takan into conaldcratlon.   With cloaa location« 
tha boot raonlta aro obtained aa to lntomai trane- 
portatlon of anodo«» anodo acrap, and cathodal, aa 
woll aa to good eonnoctiona to tha already mating 
notworka of electricity, atea», and ceapreeeed air. 
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4.1 
Anode catti*! 

4.1.1 
General 

A special feature ef this process is the fact that 
reductio« of copper aalt la par forai ad by propana 

instead of tba traditional poling by wood. 
isa polín« la ansiar and ñora sconcale. 

Another apaelai f satura is ths au tona tic and axact 
«Michino durin« casting giving amali davlatlon in 
the weight of anodaa.   Thia snabiaa a high currant 
of fieieney to   bs aaintalnad in alaotrolytic raflnary 

snail anount of anodo scrap. 

4.1.1 
Casting 

furnaca ia looatad in tha converter aisla 
bas idas tha su 1st in« holding furnaca.    Ths snoda far* 
naca bea bssn dinanalonsd so that one batch is trsatod 
in it daily.    Ths capacity of tba furnaca is HO Mf. 

Charging of furnaca is csrrlsd out by convertsr alala 
«rasa.   Ths furnaca is filiad about half fall with 
ooltsa blistar copper fron conyartars through ths 
opening in tba nan t la.   for that raaaon anal ting 
oparation is not naadad.   Anodo oaatlng operations 
are carried oat in one • hoar shift. 

travelling crane of 2 x S NT is located 
casting table and cooling tank to carry 

to tba racha outside of tha building. 
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To transport anodo« fro« lntoroodlata atorago rooks 
to tho «loctrolytic tank houoo a sposisi fork lift 
will bo uood. 

•llatar casting lino oan bo usod at boforo, dur Inf 
•nod« furnaoo repairing operations, or alternatively 
holding furnaoo oan torvo at anodo fur nao« by in« ta na- 
tion of on ida t i on/r «duct ion nestles, ino inora tor «Ml 
latinear fro» furnao« to tho lntereodlate oaatlng Iodio. 

4.3.3 
Anodo furnaoo 

Tho aneé» furnaoo la tilting typo, cylinder- 
furnaoo. 

Tho furnaoo will bo li nod with ohrojta nagnoalto brloko 
with a booking of enalotto arlotto.   Thoro it an 
atkottot plato botwoon tho fire-proof lining and too 
atool manti«. 

Tho oil burner will bo 
furnaoo.    Tho gaa 
tho burnor. 

loeatod at ont ond of tho 
for off gat it opposite 

Propano for poling and air for OK Ida t ion aro f od to 
furnaoo through «poêlai notti««.   Tho duration of 
tho poling and tho oxidation por loia aro 1-1 h. 

Tho 
an 

furnaoo la chargod with bllttor 
on tho top of tho furnaoo. 

Molton anodo eoppar la 
tho aldo wall of tho 

through tap holoo in 

I 
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4.1.4 
Antena tie casting and weighing oparatIoni 

Mol tan ooppar f Iowa oontinuoualy out of tha furnace 
Into tha Intermediate ladla of tha caating and weighing 
equipment, which filia up tha caating ladla. 

Tha catting ladle la aupported on a weighing mecha- 
nic*. 

nie weight of the ladle and a amali amount of copper 
la counterbalanced mechanically.    The reat of the 
copper la compenaated and measured with a load cell. 

In thla phaae the numerical indication at tha control 
dealt ahowe copper load in the caating ladla.    When tha 
required amount of copper haa been poured into the 
caating ladla,  the intermediate ladle breaks off tha 
pouring.    The weight of the caating ladle it then 
reeorded into the electronic atorage. 

The casting then bag ina, provided that tha casting 
wheel is in the correct position. 

When caating copper« the tilting of the easting ladla 
la regulated according to a nreeet program, depending 
on the inatantaneoua weight of the casting ladle. 

The casting wheel is turned by the hydraulic cylinder 
controlled by a servo valve a© that accelaration in 
the beginning of the turning and deaccelarttlon st tha 
end of the turning are controlled.    When tha easting 
wheel haa stopped the easting la repeated. 
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The operations of the casting machin« and the casting 
wheel are phased together.     In that way the casting 
capacity can be increased without raising actual 
pouring speed. 

After casting the anodes are cooled with cooling water 
sprays onto moulds and anodes.    Steam is removed by 
an exhaust fan.    Cooled moulds turn to the location 
where the mould is locked by a laver actuated by 
hydraulic cylinder and the anode is loosened by the 
lifting pins.    If an anode is distored it will be 
removed by a separata hoist or if it is fastened in 
the mould so that the trunnions have not lifted it 
the whole mould with anode can be changed after the 
whole casting cycle has bean completed. 

The released anodes move on to the take-off device, 
where they are lifted from the moulds to the cooling 
tank«.    There is an automatic lifting device for good 

Wien the casting wheel is turning the lift frame of 
the take-off machine is in a waiting position near 
the moulds.    When the casting wheel stops the lift 
frame goes down.    Th« anode cups fasten to the shoul- 
ders of the anode and the lift frame turns up and 
lifts the anode onto the chain conveyor of the cooling 

After the cups have loosened the aneé« the lift frame 
turns back to the waiting position th« packing «evloe 
pushes the aneé« close to the former ani th« chain 
conveyor moves a step forward. 

When the required anodes are on the conveyor, th« 
conveyor moves automatically about 300 mm forward M 

that suitable bundle is formed. 
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Fron the take-off point the moulds turn to the dress- 
ing stag«.   The pneumatic cylinder« control that th« 
lifting pini ara in thair oorraot position at th« 
botto« of th« moulds and also check if th« mould la 
empty.    If thara is a mould with an anode there will 
be an alarm in an electronic memory circuit and th« 
easting and weighing equipment do not pour copper to 
auch a mould. 

Before the moulds go to the casting position a detec- 
tor controls th« height of a mould with anode and if 
the mould is too high, damages to the weighing and 
easting machine are prevented by stopping the casting 

All these functions are automatically controlled ex- 
cept the hoist lifting of distorted anode and mould 
dressing.   However equipment can be controlled manual' 
ly if required by operating control switches in the 
control room. 

4.3.1 
Iqulpmcnt description 

Casting and weighing equipment 

Nalgsilng «echanlem is an electro mechanical eeale ef 
ateel construction with a tene ion load «all with a 
sheen damner and with removable shields aganist 
splashing. 

The «eating and Intermediate ladles are made ef «set 
iron with SO an thiek brlea-lining.   Tilting credle«, 
frame construction «sii base framawar* are made of 

itlonal ani weld«)« steel. 
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Catting wheel 

Casting wheel it of welded steel conttruction which 

it supported on the concrete by a vertical thaft 

•quipped with on« ball tearing. The wheel it 

•upportad on track rollara (16) loca tad on tha con- 

creta foundation under tha moulda. 

Wheal drive am actuated by hydraulic cylinder it 

connected to tha vertical thaft. 

I 
Tot mould locking and anode lifting there la one 
lever actuated by hydraulic cylinder and hydraulic 
cylinders with lifting pint. 

Take-off naehin« 

The construction it welded and the lift frane it 
provided with two hydraulic torque cylindara and 
pneumatically operated anode lifting cups. 

Cooling tank with oonveyor 

The water oapaeity of tank is about 10 «   and numbtr 
of stored anodes cloeely packed is about 40. 

The tank ia of welded steel plate.    Tha chain con- 
veyor and the packing device with their driving 
nao han i ens ara located in the tank.    The conveyor 
hat ita cha int and wheals with shafts stainless 
steel and the sliding partt of the chain support 
structures ara plaatie. 

Nsuld areaalng 
Mould dreesin« will be 
slurry, which is the 

dene Manually using •af04 

suitable dressing agent. 
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Mould cooling spray syst«« 

Piping material is coppsr.   The hood covers the 
cooling arsa and it collects atoa« which la exhauated 
by an ax tract ion fan. 

4.4 
Electrolytic refining 

4.4.1 
Ganara! 

In the design of the tank nous« the following criteria 
have been consideredt 

good cathode quality 
low energy consumption 
low investment costs 

The main parameters affecting on the aforementioned 
are sa fol lows i 

current density 
spacing 
anode quality 
atarting aheet quality 
electrolysis duration 
composition of electrolyte 
temperature of electrolyte 
circulation of electrolyte 
purification of electrolyte 
addition agenta to electrolyte 

In technical solutions, optimum factors should be 
reached in order to fulfill the above criteria. 
In addition, possible extension of the capacity has 
been considered. 
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4.4.2 
Process sslsetion 

4-t 1 

The asln factor influencing lavestnent costs in the 
electrolytic refining of copper is current density, 
which deteralnes the itueber of tamis, ih« sis« of 
a tank hous«, «to.    Thus tht current donaity should 
fa« as high as feasible.   During tho last decade, 
current density has been Increased using special 
techniques, l.a. par iodic current reversai (tei). 
Tha basic characteristics of the process is tha 
periodical reversal of tha direct current, i.a. at 
certain intervals and for a brief period of tina tha 
direction of the currant ia changed, sad tha cathode 
and tha anode chanoe their polarity.    Plants already 
in operation have been adaptad to thia systea. 
Usino this technique, s current density of 2IO-3SO 
A/n   has been obtained instead of the conventional 
200-240 k/m*. 

The quality of cathodes la a crucial factor.    Although 
it is elaleed that using pen the sane quality can be 
achieved aa with conventional techniques« it is ad- 
visable to start with the latter.    This spolies par- 
ticularly to the caae now under consideration to 
guarantee the production of high quality oxyeea free 
copper wire,    it ia advisable/ however, to design for 
the techniques of PC* so that in the deaign of recti- 
fiers the possibility of changing then to thia system 
is considered.   Thia systea could be Installed later 
If an expansion is required. 

I 
I 
I 
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Process calculations 

Cspaeityt 25 M« t/s alactrolytieally roflnsd 
cathodes of AfTN quality 

Mode «Mlytls t Cu ff % 
ne 20« 9/t 
Au 20 e/t 
Ri 470 fA 

These values sre on «Mian basis. TI»« following 
procesa vsriablee end unit» havs been basa* on opera- 
tine experience of roflnary ia Outoktaspu Oy Port Works, 
oa visits to other refinerice and páparo publish«* on 

Electrode» and sisotrolytic tanks 

disensiones IfO * ito wm 
Cathode diaansionsi MO » 919 am 
Cathode nraai 0.f2 » 

of cathodes par tanks 44 
of snoda par tanki 43 

•peeing» 19% an 
Inside diaensions of t*nkt 1100 » 1310 M 477S a» 

llootrodas of about 1 a2 nava baan found to bs 
practical to tank house bandiinf. 

Carrant density 
Csthodic eurrant density of 240 k/m usad. 
A nereis should bs allowed, houever, so tbst currant 
nan bs UUr raiaad up to 270 k/m2 »wording to 

This value is usad for currant distribution systa* 
sad design of roctlfior. 
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Current efficiency 

Du« to the »elected current density, spacing of elec- 
trodos, procese parameters end quality of anodo it 
is expected that the current density of 93 t will be 
reached.    Efficiency increases with the spacing« 
but this would mean bigger energy consumption as 
the ohnlc resistance between electrodes increases. 

Electrode periods 

Anode period and cathode period of 21 and 10-11 days 
respectively would be used. 

Operating efficiency 

Operating efficiency is the period of the electrical 
current flow in tho tank.    It is reduced by the tine 
spent for the change of electrodes and for tho wash 
and repair of cells.    Hence» the longer cathode and 
anode cycle the better operating efficiency. 
In practice, 21 days is suitable for anode cycle. 
If it is longer, the weight of anode grows and will 
Mke the handling difficult and require heavy con- 
struction.   10-11 days are sufficient for a cathode 
cycle.   There is no uss adapting a longer period 
because the longer the cathode period is, the lower 

the quality of cathodes.    It is expected that with 
those periods the operating efficiency of 96 % will 
be reached. 

Number of tanks 
The number of tanks in relation to the cathode pro- 
duction is 144 units when calculated on basis of 
total currency and current and operating efficiencies. 
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Number of stripping tankt 

Tb« starting aheet requirement ls II 000 per nonth, 

About 10 por oont nor« of cathode loor« •*• needed, 
and if the yield ia §0 %, nino stripping Unas aro 
required in easo tho stripping it performed oneo a 
day. 

Height of «nodos 
A now anodo volgila 290 agi 23« kg utiliaod in 21 day« 
and thus It por oont of anodo scrap is prodoood. 

Height of cathodes 

Cathodos of 10 to 11 days weigh fro» lit to 110 kg 
and tho woight of cathodos fren ono tank is fron 
5100 to 5000 kg when pulling. 

Amount of discarded electrolyte 

To romovt impurities dissolving from anode into 
electrolyte, part of electrolyte haa to be dis* 
carded continuously from tho system. The controlling 
impurity is nickel. When tho nickel amount in tho 
anode is 0.057 % and tho level of 10 g/1 is Main- 
tained in tho electrolyte, tho discarded solution 
•mount it 1425 »V«, i.e. 4 mVday. 

number of docopperislng tanks 

before discarding tht remaining solution« copper is 
liberated from it electrolytieally in tank«, which 
have lead anodes. The amount of removed copper is 
175 kg Cu/day when the concentration of the electrolyte 
is  initially 45 g/1 and after liberating loss than 
1 g/1. The electric power retirement is 247 Ah/day. 
The average current efficiency is low, i.e. about 

00 %, due to the low copper concentration. 
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The ntOMMry capacity it achieved by uaing « ** 

current for ceil, which haa been divide electrically 

into two halvee M th«t newer of 210 kAh/day can bo 

fad to the call and tha currant denaity In tha tank 

la 150 A/«2. Although one tank would be au f fie Ian t 

to handle tha bled electrolyte it la reaeonabla to 

build two tanka fro» tha etart ao that poeelbla 

changea in impurity level of the anode doea not inter- 

fere with tha operation. In addition a apace for two 

additional tanka haa to be reeerved in eaae «ore in- 

pure raw »ateríala than preeent onea ahould be uaed. 

rower requirementa 

With the dtiign current danaity of 270 A/» , tha total 

current ia 21110 A. Tha correepondine cell volteee 

ia 0.15 V, which includea voltage loaaea in bara and 

contacta. The total voltage of 144 cella la than 

SO. 4 V. Temporär i ly in ace» comaarclal tanka lead 

anodea hava to be uaed to décrétée the copper con* 

centrât ion in the circulating electrolyte. In theee 

tanka the cell vol tag« ia 2 V. Therefore, the voltage 

of the rectifier haa to be greater than calculated. 

The charectarietice of the rectifier are »elected to 

bet 

Current 31 kA 

Volteee to V 

Power 1240 kAV 

Pollowing rectifier ia »elected 

tanket 

Current     • kA 

Voltate     10 V 
HO kAV 

for decopneriiing 
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CoMunption of olootrlelty 

NiUi UM 

«•11 voltofo 
for 

evrroot ooooity of 140 k/mm
9 

io 0.M V, «IMO UM DC 
oopooiUo» io 271 «oAf Co. 

of 

of 
ooooo Is rootoiMblo pur«, ooproaiaotoly 2 kf/t 

it prodtMod.   TIMM UM oowool ilia» pro* 
lo SO 00« kf.   Tho eoopoiltioo of UM ilio« 
MttMtoJ lo boi 

Co M) % 
Af 10 % 
A*        Il 

IMO« Ito/i) 
I S00 *•/•> 

Aftor ooopof loooalof Uw total 
lo IS t/i of UM follovmt 

Co     looo UMM 2 % 
Af 14 t 
JM 1.4 % 

it of UM il lot 

1loor«tor oolli to 

oiUMáoo to roi ooitlof 
•loéfo to tooltor 

»Ito» 

(H t Oil 
lit I) to 

to olootrolytio rof im»f 

2S OtO t/i 
M t/i 

as lit t/i 

2S 244 t/i 
S SÎ2 t/i 

24) tS4 t/i 
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Copper inventory 

Anodes in process 1 059 t 

Anodo storage (1 day) 100 t 

Cathodes in procos« 360 t 

starting shoot storage (? days) 

including process 30 t 

Electrolyte 32 t 

Anodo slim 2 t 

Docopperlslng system 2 t 

Copper residues 2 t 

Total 1 517 t 

4.4.4 

Process and plant description 

General 

The electrolytic copper refinery is designed to 

treat anodes to produce 25 000 tons of cathodes 
per year. 

Anodes dissolve electrolytieally in the tanks and 

pure copper is deposited on the cathodic starting 

sheet. The precious natals (Ag, Au and Pt-netals) 

in the anodes do not dissolve and they are renovad 

in the anode s lis* fallen on the botto« of the tanks 

with other Insoluble impurities (Pb, Sn, So, To). 

Uftptiritles (*i, re, As, 8b, li) dissolving electro- 

lytieally fro» the anode are renoved by bleeding off 

part of the electrolyte continuously. 

The nominal capacity of the tank house is obtained 

with oathodle current density of 240 A/*2 and with 

144 cells, which nave been arranged in « sections, 

each section including 2 groups of 12 cells. 
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Anode he udì i 119 

The design of the tank house it based on six working 
days por week for «nod« and cathode extraction and 
on aovon days a week for starting shoot stripping. 

Anodos aro transportad by a truck fron tho anodo 
esalino shop to tho othor ond of tho tank houso to 
tho anodo handling aroa whore spacing 105 mm is dons 
manually on a spocial rack.    Ánodos aro 1iftod by an 
ovorhoad erano of IS tono'  capacity in groups of 43 
dlroctly olthor into tho tanks or onto tho storago 
racks. 

Tho lifo tina of ono anodo is 21 days. Tho spont 
anoéoa aro transportad fro« tho colls to tho anodo 
washing tank» whore adhorlng anodo si Uso IS washod 
frost tho anodos by water sprays. Tho was had spont 
anodes aro dropped to pilos and transported to tho 
anodo casting plant by a truck. During a working 
day anodes are changed in • tanks. 

Cathode handilug 

The oathodo period is 10 to 11 days, 
are produood fron ono anode. 

00 two cathodes 

Tho pulling operation of the first cathodes only 
conprlses the renoval of cathodes which are replaced 
by no« starting shoots» tho anodes remaining in their 
places.    After the second cathodes, tho operation com« 
priant alto tho renoval of scrap ánodos» the loading 
of now anodos and now starting sheets. 
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The cathodes extracted fron the calls are taken to 

the other «nd of th« tank house and ara claanad by 

submerging than into tha wash tank. Tha oathodas ara 

tippad down to stacks and suspension rods are removed. 

The rods are transported to the startin« sheet pre- 

paration. Cathode stacks are weighed and transportad 
to tha storage area. 

In a working day cathodes are pulled from If tanks. 

Production of starting sheets 

The starting sheets to be used aa cathodes for com- 

mercial calls are produced in 9 electrolytic cells 

located at one end of the tank house, near tha strip- 
ping area. 

The cathodes for starting sheet deposit consist of 

titanium shaeta called blanks, on which 0.7 mm copper 

layer is deposited during 24 hours. This layer is 

stripped and used aa stripping sheet. 

Call construction, anode dimensions, number of elec- 

trodes per cell, current and electrolyte have the 

characteristics as those of commercial cells. 

Numerous advantages offered by titanium blanks, the 

moat important of which is tha good quality of the 

ancata, justify their use in spite of their high 

price compared with usual copper blanks. 

The blanks are extracted from the cells «very 24 

hours and dipped in a wash tank before being placad 

on a stripping rack, on which the starting sheets 

are detached manually from th« blanks. 
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Simultaneously only on« third of the blanks are 1 if tad 

fro» tha stripping tank so that tha currant continuai 

to paaa through tha oall and short-circuiting la not 

Part of tha stripped ahaata ara out by tha loop cut- 

ting machinas. Two loops and a straightened and 

out tad shaat ara assembled with a suspension rod to 

fern a starting shaat. 

Tha starting ahaata coming fron tha praparation 

»achina ara atorad on atatic racks and loadad in tha 

commercial calls in complota aats of 44 ahaata. 

Ilaotrolytlc calls 

Tha alactrolytlc calla ara conatructad of pracaat 

eonerata alamants with staal rainforcement. Tha 

calls ara aaaamblad in unita of 12 calla each. Tha 

aama daalgn is uaad both for commercial and strippar 

calla. Tha liberator calla are similar in conatruc- 

tlon but have a deeper and mora angled bottom to 

allow for accumulation of copper mud. 

The calls reat on horlaontal concrete beams aupportad 

by concrete columna, where it la electrically in- 

aulatad. 

The inner lining of the calls la manufacturad of 3 mm 

antimonial lead sheets. So far the lead lining is 

etili considered more reliable and more economical 

than the plastic lining. 
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Electrolyte 

The commercial electrolyte if a solution of diluted 
sulphuric acid and copper sulphate with a composition 
of approximately! 

200 9/1    H2S04 

40 to 45 9/1 Cu 

During the electrolysis,  such impurities as Ni, As, 
Fe» 8b and Bi, dissolve fro» the anodes. 

The different electrolyte compositions are controlled 
regularly and the required corrections can be medei 

By adding condensed water when HJSOJ-content 
is too high 
By adding fresh acid when h^BO^-content is too 
low 
By regulating the quantity of electrolyte sent 
to the deeopperislng or to the purification 
Installation. 

Specific reagents are added to the electrolyte in 
order to improve the quality of the deposit and the 
microstructure of the cathode.    Reagente added swat 
commonly are glue and thiourea.    They are fed with 
water to the circulating electrolyte at a rate that 
corresponds to the consumption of 20 to SO g of 
thiourea and 20 to 100 g of glue per ton of copper. 
Furthermore, hydrochloric acid ia added in the elee* 
trolyte so that ita chlorine oonteat is about 30 
mg/1.    Primarily the purpose of chlorine is to 
eipitate silver fro» the electrolyte. 
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Circulation of electrolyte 

The electrolyte flow In the colls uust bo regulated 
vory carefully at Ita optlnun value,  taking into 
account following pointai 

The aloctrolyta flow ahould not disturb th« 
cal* décantation of anodic alls».    Therefore, 
It la not allowod to circulât« too quickly. 
The circulation ahould not ba too slow, which 
would causa excaaalve coolino or irregular ltlee 
of concantratlon In th« solution. 
The circulation smst furtheraore bo arranged 
so that tha flow la «van in tha whola call, 
and no daad pointa will ba croatad In tha flow. 

Tha tank houaa Is divided Into two solution circuits. 
Tha largar circuit has 4 sections an« tha as*liar 2 
sectionsi siso stripping Is done In the latter. 

taeh solution circuit consists of a solution tank, a 
graphita heat exchanger with another as a stand-by, 
a horlsontal centrifugal pus» with another as s 
stand-by» andanaln feeding pipe systeen    Each oell 
has its own feeding pipe,    rvc pipe la used for all 
solution piping.   Overflow electrolyte froai each 
«ell la collected and returned to the solution tank. 

The circulation of electrolyte in th« eelle Is of the 
•botto»-to-ton- type.   This principle enmures the 
beet distribution of the electrolyte acrooa the foe« 
of the electrodes.    The feeding rata per a cell 1« 
» te M l/«in.   The temperature of the electrolyte 
at the inlet to th« colle la f>S°C and falle by 2 
to 4°C towards the outl«t. 
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The smaller circulation system, which Includes 
•tripping* is provided with a ftchelbler filter. 
This continuously operating polishing filter can 
for ita part help the production of hlgh-<vuallty 
starting aheeta. 

CnndenMte fro» the heat exchange» la collected 
in a separate atoreee Una» fro« «here it is taken 
into the circulating electrolyte to compensate 
evaporation looses,  and it is used for washing of 
cathodea and scrap anode a, too. 

Ills» handling 
Because the anodes to be handled are relatively 
pure and thus the amount of anode sliiM is small, 
snoda siine is removed from the tanks after two 
•nodes have been dissolved in thee.   Accordingly, 
four tanks are totally emptied daily.    First catho- 
dea and acrap anodes are removed, then anodic slimes 
•re drained out with the electrolyte through the 
bottom hols and washed down through a 1 sunder system 
into a holding tank.    Conner mseoets, greater than 
S na, remain on the screen in the launder and are 
returned to the melting. 

Msshlng water from scrap anode a ere stand in the 
•ems holding tank.    The solution is pumped through 
• scheibler polishing filter to the electrolyte 
•tornee tank. 

•lime is separated by a press filter« and the clear 
filtrate is led to the electrolyte storage tank. 
The filter cake is pulped is • leaching reactor to 
the electrolyte so that the solid material content 
is 200 g/i, and steam and air are blown into the 
reactor when the copper in slime is oxidised and 
dlMOlves in the acid of the electrolyte.   The tem- 
perature in the reactor is about I0°C.    The blowing 
tins is 5 to 10 hours. 
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After the leechlnf, the aline fr«« of copp«r it 
•««•rat«« ««to tu« preee filter, we ehe« with water, 
«a« «ri«« by prMwrt air. a«« finally paek«4 in 
barrala te b« transport«« «leewtiere for proceeilnf 

Tli« l««etilnf reactor la a 10 a3 tank, which haa an 
J •ffactiva volta» of $ to 7 m* bocauee of tha foaming 

¿urla« the Uechlnf.   Tha ieeehlne of anode alia« 
haa to ba «O«J« one« a week. 

Tha leeehinf raaetor can ba IM«« alao for preparation 
of ooppor etilphate eolation, if tha a© lut ion la naa«a« 
for tha clrailatinf electrolyte, an« alao in tha 
•tart-op of tha plant.   Thon a« raw materials oan ba 

ehote, ooppar au«, reeidu«, ate. 

Ilaetrolyt« pari float ion 

Tha ooppar concentration in tho electrolyte auet bo 
kopt between 40 to 45 f/1.   Thia balano« la «alntainad 
by ooatrelliaf tho onyfon content in anooee.   If tha 
ooppor contant of tha electrolyte • tar ta to «ecreaee, 
l«aa anooa pol Inf aunt bo «one, whan mor« ehaaieally 
«ieeolvable ooppar oaloo la left on the anooa.    If 
the ooppar oonoantration in tho electrolyte lncreeeee, 

pol Inf ia «one, or a certain number of cella 
in the commercial «action ean be adopto« by 

replaelnf tho normal ooppor anooa« by lea« anooee. 
Sn thOM eelle, no anodic ooppor entera the electro- 
lyte bat a carUin part of the ooppor etilphate ie 
tranafomad into •a§04 an« into a ooppor depot it on 

The electrolyte loevlnf theee eolie Join« the cir- 
eelatlnf electrolyte froa tho oooaarclal eolla, 
oeil« proéeo« cathodea of commercial quality. 



r: & 0* 
4-23 

BtciuN of impurity build-up, a part of the electro- 
lyte  C4 m3/day) ha« to be bled off.    This solution 
it handled in on« or two liberator cells, where there 
are in«olubl« lead anode».    Th« solution i« circulated 
until th« copper content la lea« than  1 g/1.    Partly 
the copper precipitatea on the starting sheets and 
partly it drop« aa mud on to the botto» of the cella. 
Both are contaminated by auch impur i tie» aa A«, 8b» 
Bi and are returned to the smelter. 

The liberator cell« are emptied once a week, the 
solution la pumped to the storage tank,  and the 
copper mud on the bottom is drained off by the hole 
in the bottom on to the filter box underneath the 
tank.    The mud is transported to the eme Iter in the 

filter box. 

Copper removal from the electrolyte is a batch 
procesa.    When after a day's or so circulation a 
chemical test proves that the copper content li lees 
than 1 g/1,  the aolutlon is pumped frost the cells 
and a new aolutlon la taken from the electrolyte 

solution tank. 

The copper-free aolutlon, which Includes about 260 
g/1 H2S04 and Mi and Pe as main impurities, is neu- 
tralised with lime stone in an agitator reactor, 
the formed precipitate is dumped. 

and 

Because of its low total amount, the refining of nickel 
does not pay.    If later the nickel content of the 
anode exceeds 0.2 %,  the refining of nickel as crude 
nickel sulphate can become economical with the pur- 
chase of a vacuum evaporator, by which the copper- 
free solution is evaporated to a concentration of 
approximately 1200 g/1 H2K>4.   Then the impure nickel 
sulphate crystallises and it can be separated fro» 
the acid by filtering and sold to elsewhere for puri- 
fication, or a purification system can be adapted. 

I 
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Acid can be returned to the circulating electrolyte. 

Becauee soia »ist It fonsed with tnt oxygen gat 
evolving on th« anodo in th« liberator colli, and 
duo to tho aroonlc dissolved in tho oloetrolyto thoro 
la a poaalblllty of «volvlng of aralno gat, thota 
colli «wat bo placod aoparatoly fron othor tankt and 
providad with rigid plastic covert.   Tho gaaoa ara 
exhauttod along a plastic dust syst«» into an exhaust 
fan situated outs id« th« plant. 

Procese control 
Short circuita ara continuously controllod by gauts- 
Mteri during ovory work shift. 

Recorders aro Measuring uninterruptedly following 
factors i 

total current 
total voltage 
section voltage (6) 
O-point 
tsupsraturs of circulating electrolyte 
(2 circuita) 
atoa« consuMptlon 

The circulation and atorage tanks of tho oloetrolyto 
and the condona« storage tank have continuously opera« 
ting turfaco level indicatore. 

The food of the oloetrolyto into the tank« baa to bo 
control lod by a »assuring voetel according to a cer- 
tain prog r a«. 

Cu and H2K>4 have to be analysed fron tho electrolyte) 
dally and tho main Uspurltlos approxinatoly once a 
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4.5 
Hod c«•ting 

4.5.1 
Procesa selection 

TIM modern technique handles the cathodes directly, 
in a continuous process,  into copper roda« thus 
avoid In«} tha traditional cathod« melting into wir« 
bara and furthor th« hot-rolling into copper roda. 

Th« capacity of 25 000 tona of copper rod a y«ar 
requlrea a nal tin« capacity of approximately 4 t/h, 
which la in th« anali capacity category.    This anali 
production excludes such proceaeea davalopad for 
greater capacitlea as fouthwlre and Contlrod process««. 
Procasses already ueed, developed for a snail capacity« 
and producing oxygen free copper« are Outokumpu Up* 
ward-casting and Din-forming of General Electric. 
Outokunpu process is recommended to be used because 
it is considerably simpler in construction« has avallar 
operation costs and thus also safer in operation. 
In addition« this process is not so sensible to changes 
in cathode quality, which is an important factor« 
sines all cathodes produced by electrolytic refining 
are cast into copper rods and therefore, it la not 
possible to select th« beat cathode for Melting at la 
usually dona. 

Th« capacity of one Outokumpu Upward-easting unit of 
li-stranda is approximately li 000 t/a 20 mi dia eon 
per rod« so two units are needed.    When operating 
with two unita» safer operation and undisturbed pro- 
duction are achieved.   The plant has an exeesaive 
capacity of at leaat 7000 t« whan th« circulation of 
scrap wir« »ill, about S %, to b« reme 1 ted, is also 
considered. 
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4.S.2 
rrocaaa Mid plant deeerlption 

Gemerai      Tht rod caeting ehop in nitaated m the Mir vicinity 
of the tank houee. Two mltinf «nit» are at tho othor 
end of tu« building tide by «ido. Moiehed cathodea 

art transportad Otara by a true*. 

Halt Inf      Ceppar cathodea ara automatically fad into a ehannal 
typa induction nal tin« furnace ondar charcoal covar. 

Intamittaatly tha noltan coppar will ba pourad through 
a «aa tight alaetrically haatad Inundar into a hold- 
ing furnaea. Thia la a ehannal typa induction furnaea 
provided with one inductor. The temperatura of the 
aalten material ia kept within the allowed liai ta by 

a temperature control loop. 

hod oeatln«   ^ wi%Mrmml machina for if atrandn in located above 

the holding furnace. Graphite dlaa are iameraed to a 
fined depth into the molten metal and the eollfied 
rod in pulled upwarda by undam pinch rolla. Theee 
are driven by two edjuetable hydraulic motora each 

driving • at randa. 

The dation alIowa tha diet to be chanced individually 
without interruptine the werkln« of the other a. Tima 

for one die chance ia approximately 10 minutée. 

The withdrawal machina novae up and down accordine to 
the maul level in the furnaea a© that tha dlaa are 
alwaya in the nane noe It ion in renard to the carfano 

of tha molten material. 
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for each tir and there 1» a eoli in« machine which Matos 
un io 4000 kg eolio of 20 m diameter In special rock«. 
Mien tho rock it filloa, the strand will bo cut Indi- 
vidually with a hydraulic shear,  tho full raek llftod 
away and replaced by an empty ooo.    Tho coll Inf machi- 
nes aro drivon with hydraulic »©tor« and tho «pood la 
ad justad automatically accordine; to tho easting «pood. 

The plant oporatoo continuously  (7 days a wook). 
Based on tho experlonco, Interruption of casting on 
Sunday 1« not rscoamiendsbls. 

rower consumption In the noi tin« la about 300 ktftVt. 
The additional consumption of electricity during con- 
tinuous operation Includine tho holding furnace, tho 
withdrawal machino and tho collars, is approximately 
140 kmh. 

Utilities 
The amount of cooling water is JO 1 por strand 
in s minute,    »rassure should bo approximately 0.4 MPs 
and tao tempersture 10°C maximum. 

sy using good quality graphita and with careful oar- 
face finishing tho average dio lifo will bo approxi- 
mstsly • tons of oast rod. 

Tho consumption of charcoal ami graphite powder will 
be 5 1 and 0.7 kg par ton, rsspsotlroly. 

I 

The maintenance of the plant lncludos rei ini ne of 
melting and holding fur nacos and thoir inductors, ami 
ths maintenance of mschnieally was ring parts.   Tho 
life of ths inductor lining is 0 to 12 months and of 
the molting furnaco lining S to 10 yoars. 
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Scrap wir« and rod ara out by a mechanical davloe an« 
ara fad with cathod«• to tha malting. 

4.6 

Rod rolling and wira drawing 

4.6.1 

Ganara 1 

Evary copper coil of 2® mm dia rod produced by tha 

upward-caating ia walghad and rollad into wira of 
8 mm dia. 

In addition to tha rolling, wira ia drawn into various 

diamotera according to tha attached production program, 

A rolling mill with 10 atanda haa boon aelected on the 

baaia of wira characteri«tica and reduction. 

Tha annual capacity of 25 000 MTPA can be achieved at 

tha rolling speed of approximately 4 ra/a with an oper- 

ation time of 6000 hour«. The maximum aneed of tha 

primary wira drawing machin« la 38 m/a and of tha 

final wira drawing machina 60 m/a. 

I 
I 

Rod casting 

Rod rolling 

Primary drawing 

Pinal drawing 

25 009 
MTPA 

25 0ÔÔ 
MTPn 

I 
0 8 mm   6250 MTPA 

16 75©   w *'* " 
MTPA     \m l.á - 

| f 0.8 mm 
¿ìéélj 0.« mm 

MTPA      '    - m  A __ 

j 4 mm    6150 MTPA_ 
I 1.8 - 1.1 m*   Ig 
j 1.4 - 1 mo jj$ 

0 
o 

633 MTPA 
IBTIJA 

i l.i i Uá-JUBA 

MTPA 
MTPA 

I 



1 
4 

4-29 1 
i 

4.€.2 
Process end plant description 

(tonerai 
The rod rolling and wir« drawing shop is loca tad in 

tha sana bullding aa tha rod casting shop. 

The shop consists of one wire rolling line and three 

wire drawing linea and necessary product and inter- 

mediate storage rooms. In the connection of tha 

building there are in addition tha necessary main- 

tenance ahop for the maintenance of the drawing mach* 

Ines, the laboratory rooms, and the necessary social 

and office rooms. 

Moiling Coiled wire rod from rod caating is placed under the 
pay-off device and tha end of tha wire rod is guided 
to the rolling machine puahing-in device.    The first 
pinch rolls are pressed pneumatically in order to 
eaaa the starting.    After the pushing-in device, there 
are five rolls for straightening the rod. 

From the straightening the rod comes to the rolling 
with S stands arranged hor i ion tally and 5 stands ver- 
tically.    Every second stand can be adjusted so that 
all three rolline grooves of tha rolls can be utilised 
to produce • mm    square wire Starting from continuously 
oast 20 mm dia wire rod. 

The stands are driven by a atrong cardan joint shaft. 
Each atand has guides for automatic leading-through 
of wire from the puahing-in device to the bending and 
coiling device.    The «hafts and rolls are internally 
and externally cooled with cooling emulsion continuous- 
ly during rolling. 
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Pro« tht rolling »ill» th« wir« it led to th« bending 
and coiling de vie«.   Th« might of th« coll it 4000 kg, 
In th« colling de v lea th« ready coll la ti«d »anually 
with at««l banda.    Tht ready colli art weighed before 
th« next ttage. 

Drawing 

I 

Coila to bt told art tranaported with a cran« to th« 
product ttorag« ar«a.   Colls to bt drawn further ar« 
transportad with a cran« to th« wir« drawing lin« 
through a «mall balancing storagt arta.    before th« 
wir« drawing lln« thtrt la • pay-off d«vlc«,  through 
which tht wire is guided into tht drawing machina. 
Th« drawing machine hat 13 drawing «tag«a and imme- 
diately after th« laat drawing atag« th« wir« la led 
through tht resistane« annealtr to a tpoo 1er of bundle 
packer type,    wir« carriers «re nade of both ateel 
and wood, and th« capacity is 2 to 4 tons.    Ready wire 
carriera are weighed and carriera to be sold are trans« 
ported with a cran« to th« product atorag« area. 

tnpty carriera return to respoollng.    Wlrea to be 
drawn further are transportad to th« next two wir« 
drawing linea through th« Inf madiata storage are« 
with a cran«. 

Both final drawing llnsa ar« alallar and they 
pris« pay-off device of coil« drawing Machina, resis- 
tane« anntaler and apool«r of bundlt packer type. 
The drawing «achine ha« 17 drawing stagos.   Mires from 
these production linea srs spooled also to stsel 
carriera, the capacity of which la 500 to 1000 kg. 
Ready carriera ar« transported through the weighing 
to th« product storage are« by trucha and fro* there 
to Marketing.    All tht drawing «achines have a no—on 
snulsion handling and cooling station.    The protection 
gas needed by the rasittance annealers is generated 
by a COSMOn atea« generator.    The power demand of rod 
rolling and wire drawing is 1900 kN. 
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Th« product and intercediate •tot** areea have been 

dlnencioned rather large, for peckagee of SOO kg to 

4000 kg» but according to our experience however, 

la tar alao anal lar peckagee have to bo ocrketed. 

Thoao requlr« thair own handling aquipawnt and the 

now equipment can ba placad in tha axlating hall. 

4.4.Î 

Quality control 
h continuo«« quality control is nacaaaary for an 
disturbed operation of tho viro plant and for main- 

taining tha high quality atandardt aat for copear 

viro. 

A quality control laboratory in needed for tbia fune« 

tien. It will carry cut conductivity and tanalia 

teatine of the wire, and when needed, Metallographie 

analysing, rollowine equipment ia racoaawoded to 

eaOar    •POJM —JFeeeV ë^O^ojp # 

lab annealine furnace 

conductivity balance 

netalloorepbic nl 
tonali« teetinq ñachine 

Ub weighing acale 

grinding and polishing 

graphic 

Menine for netallo- 

$ IS eoo. 

SO a2 end a ataff of 

•bout M to 
Tbc total price of theee lnotrmunta ia approainetely 

for the laboratory« a apace of 
e quality controller and 

laboratory aaaiatanta are 
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4.7 
Electrification, instrumentation and civil engineering 

4.7.1 
Electrification 

General principi«« 

4.3 kV ewltchgeers 

TIM 4.1 kV «witchgears of the «nod« catting plant, 

electrolytic refinery and wir« plant will be placad 

«• showd in the layout drawings. 

Supplies to tha «wltchgeara of electrolytic rafinary 

and wir« plant will ba takan fro« tha 4.3 kV main 

«wltchgsar <*C 1" in tha araa. Tha nain awitchgear 

will have to ba expandad in both direct ion« by two 

calla (totally four calla). Tha aupply to tha trans- 

formar of anode casting plant will ba takan fro» tha 

present switchgear of tha enaltar. Thie awitchgear 

will be expanded by one call, if thara la no «para 

call.  «4.3 kV »ingle Lina D lag raw, No. 738139). 

0.4 kV motor control center« 

Transformer« 

The electrification of tha procese«« need« appr. S 

to 10 0.4 kv aotor control cantara which will ba 

placad In tha same electric room« a« tha 4.3 kV 

•witchgears. 

It is eetiMted that tha plant need«! 

1 tranaformar 2 MVA  for electrolyai« 

1 transformer 0.2 MVA for electrolyai» 

4 transformers 1.6 MVA for motors 

2 transformers 0.5 MVA for lighting ate, 

I 
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power for tho «oat lnpor- 
Unt eguipmnt.    In the «tro niant on« 1000 kVA 
dlecel-egoTogata will bo needed for tho induction 
•od holding furnacas. 

Too anali aotora to bo owltohod of tor tho emergency 
power in tho «nodo casting plent could bo connoctod 
to tho prooont motor control cantar of emergency 

Control ayatoai 
Tho control of alactrical notora aholl bo contrai i tod 
in tho control rooata, oneept in tho wire plant where 
•oat of tho notora aro controlled locally. 

Lighting and voiding pointa 

Illumination will próvido nocoaaary lighting for tho 

Mercury leaps and fluoroacont tubas will bo uaod. 
Molding outlota «ill bo located in all tho nocoaaary 
working aroaa. 

•uebara of tho tank houoo 

Coaanrclal eolla 

The buabars of co—rclal colla are of copper.   Tho 
croaa-aoction of nain buabars la U 000 m* (1.3 V 
m2) and tho croaa-aoction of distribution bara ia 
20 000 am2  (1.0S A/e»2). 
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•••MM» 

Decopporiiino colla 

Tho croaa*aoctlon of Min buabara ia 4 400 im    (1.3 A/ 
MI

2
) and of distribution bars i 000 i2  (1 h/wm2). 

Short circuiting is don« on OM sid« of th« group of 
2 M 12 eoi It by nanually onoratod twitch««. 

I 
I 

Cenerai The value« of th« installed power aro «atmatad and 
partly calcula tad on th« tenia of othor factor loa. 
Therefore tho power daaand la not final. 

Inata11 ad power 
ToUl instai lad power ia about § H*. 

It oan bo divldad into tho following portai 

•nodo catting plant       about   0.5 MK 
tank houaa " 2     KM 
wire production plant    " 3.S MM 

'inat. § MM 

Maxima running load 
Nomai running load 

nan 4.S MM 
3.7 m 

engineering criteria of olactrifieation 

Voltaoea 

prioary dletrlbutlon 
•jotora ovor 140 Ml 
•otora up to 140 kM 
control 
control 

€.3 kV, 3 ph, 50 Hi 
• .3 kV, 3 ph, 50 Ml 
0.4 kV, 1 oh, 50 Mi 
220 V, 1 ph, 50 Hi 
110 V, DC 
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Short circuit capacities 

6.3 kV  max. 400 MVA, 1 aac thermal withstand 

max. 100 kA  craat momentary withstand 

0.4 kV max.    40 kA, 
max.  100 kA 

1 sac tharmal withstand 
crest momentary withstand 

4.7.2 
Instrumentation 

Basic system The main idea of Instrumentation associated with a 
limited automation is to facilitate operation main- 
tenance and expansion. 

The instrumentation will be an electronic and/or 
pneumatic system with signal ranges of 4 to 20 mA 
and 0.2 to 1.0 bar. 

All signals from field to a control panel and from 
the panel to field will be electric standard signals 
4 to 20 mA.    These signals will be changed with e/p- 
converters to pneumatic standard signals 0.2 to 1.0 
bar for pneumatic diaphragm motors or cylinders of 
control valves. 

All local control loons will be totally pneumatic. 

Structure of system 

All the signals from the field-situated devices will 
be wired to local distribution boxes.    From these 
boxes signals will be carried to the cross connection 
box near the control room with a trunk cable.    Prom 
cross connection signals will be taken to the control 
panel. 
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Control signal from the panel goes through the MM* 

way as before which is thus, panel - cross connection 

trunk cable - distribution box - équipaient cubicle 

(for e/o - transducers etc) - pneumatic actuator. 

All cables from a distribution box to a cross connec- 

tion box and to a control panel will be twisted and 

shielded pair by pair. 

Electrical and pneumatic supplies will be taken fron 

electric and pneus«tic supply panels which are 

connected to the main supply nets. 

All the temperature transmitters, square root ex- 

tractors and auxiliary devices will be installed into 

the electric room of its own. This room should be 

furnished with air conditioninig. 

Control panels 
Control panels for instrumentation will consist of 

three main partst the panel, the pult and the scema 

parts. Panels will be furnished with doors in the 

back side. 

All the instruments and alarm centers will be in- 

stalled on the panel part. On-off switches, indi- 

cating lamps, Am-meters etc. will be installed on 

the pult part. 
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4.7.3 
Civil engineering 

Tank houee 
The tank houee building it preeentcd m «rawing »o. 

73*135-1/0. 
The total volune of tha building la about 41 000 n . 

Tha body of tha building will ba nada of profila ataal 

franea, tha walla and roof of profila ataal plata«. 

Tha ground and oparating floora «ill ba nade of cen- 

erata with acid-proof coating and alopad to a central 

launder ayatea. The electrical and office roca» of 

the building will be eeparated fro» tha other parta 

by brick «alia. 

Ventilation la carried out by fana which are placed 

on the roof. The effecleney of the ventilation la 

five tinea per hour. 

The foundation! of the cella will be nade of concrete. 

All nor1»onta1 eurfacee are acid-proof coated. 

Wire production plant 

The building la preeentod in layout drawing no. 7311Je« 

1/0. The total volune of the building la 23 350 n 

and the atructure la of the aane kind aa the tank 

houee. The efficiency of ventilation la 2-3 tinea 

per hour. It will not be neceaaary to coat the 

atructure of the building with acid-proof coating. 

I 
I 

Anode caating ahop 

Aa the equipnent will be placed in the exlating 

bllater caating ahop of the anaIter, building con- 

etruetunal work will be needed only for equipnent 

foundationa, for the crane trail and to change the 

preeent wall atructure ao that the crane can be 

taken out fron the caating ahop. 
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Main switchoaar 

••cans« it is not known If thora is roo« for naadad 
•od it ion« 1 «cfuiniMnt in tha axiitlng Min awltchoaar 
building, a reservation hat boan »ada in tha plani 
to axpand tha building with about 1*0 a.3. 

It baa baan astlmatad that tba new plant will 
about 300 a of paved additional roada. 
No railway haa baan plannad to be built in tha area, 
baoauae tha «cods can ba transportad by trucks to th« 
•pur road ooino to tha axlating bliatar cae tin* thoti. 

I 
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4.0 
Total labour requirenenta and util It ios 

4.Í.1 

Labour for UM plant with a capacity of 25 000 WTPA 

will bo raqui rad aa fol low» i 

castina ano» 
Persons/shift Total 

i ix : III IV 

Furnace operator l 1 1 1 

Cattino oporator l 

Mould palntar l 

Halpor 4 

Truck driver 1 

Crano driver 1 

Total 10 1 1 1 12 

rorenen 1 

Total 13 

houee 
»arsons/shift Total 

1 IX III XV 

anodo nan a 2 

Cathode nan 4 

Stripperà 4 

•tartin« anaet prop. 4 

Inspector 2 2 2 2 

Crano driver 1 1 

Truck driver 1 

Process helper S 

Circulation att. 2 1 1 1 

aline worker 1 

Total 22 10 3 3 30 
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Per eons/shift Tot 
I II 1X1 IV 

Forceen 3 1 
Of fio« clerk 1 
Process engineer 1 
Metallurgist 1 
Super intentent 1 

7 1 
Total for Unk hotiM 4« 

Miro production 

Persona/shift Total 
I II III IV 

Casting operator 4 4 4 4 12 
»od rollar 1 1 1 
Drawing operator 4 4 4 12 
Truck driver 1 1 1 
Helper 5 
Na intanano« 3 1 1 

Total It 11 11 4 44 

Foreman 3 1 1 
Office elerk 2 
Ovaiity controller 1 
Laboratory assistant 2 
Process engineer 1 
Superintendent 1 

10 1 1 12 
Total for wire production 54 

Total for the plant 
- workers §4 
- staff 21 

US 
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4.8.3 

Utility eonaunptlona 

The annual consumption will be ae iollewat 

Anode catting 
Elactrieity 

Cooling water 

Oil 

Propana 

Baryta 

1 §00 

70 000 m3 

1 240 tona 

124 tona 

50 tona 

€4 k*fh/ton Cu 

2.1 m /ton Cu 

SO kg/ton Cu 

S kg/ton Cu 

2 kg/ton Cu 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Elactrolytic raíinin« 

Elactricity 

ftean 

Prooaaa watar 

H,i04 
Linaaton« 

Wire production 

TOTAL 

Elactricity 

Cooling watar 

Graphita dlea 

Graphita powdar 
Charcoal 

Elactricity 

ftea* 

Prooaaa watar 

Cooling watar 

Oil 

Propano 

Baryta 

•aK)4 

Graphita dlaa 

Graphita powdar 

Charcoal 

10 000 

2 000 tona 

3 SOO tona 

400 tona 

440 tona 

20 340 NMh 

1 OtO 000 H3 

3 300 pea 

If tona 

130 m3 

29 MO NNh 

2 000 tona 

3 S00 tona 

140 000 a3 

1 240 tona 

124 

S« 

4«« tona 

440 tona 

3 !•# pea 

19 tona 

130 at1 

320 kwh/ton Cu 

•0 kg/ton Cu 

140 kg/ton Cu 

If kg/ton Cu 

11.5 kg/ton Cu 

•IS kWh/ton Cu 
43.f itVten Cu 
0.13 pea/ten Cu 
0.1   kg/ton Cu 
5.2 é* /ten Cu 

1.2 Mftt/to« Cu 
•0 kg/ton Cu 

140 kg/ton Cu 
#€.4 mVton Cu 
SO   kg/ton Cu 

5   kg/ton Cu 
2   kg/ton Cu 

If   kg/ton Cu 
lt.4 kg/ten Cu 
0.13 pea/te« Cu 
0.1 kg/ten Cu 
S.2 d*S/ton Cu 
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4.9 

I 
I 
I 

Plow ihNt,  layout and aquipawnt list 

4.9.1 
Flow BhaOt 

4.9.2 
Layouts 

Tha procaaa flow ahaat which conpriaaa tha annual 

amount! of 
raw materiali 
utllitlaa 
producta 

li ahown in Chaptar No. 9. 

Layouts with aoctiona of diffaront dapartmants ara 

shown in Chaptar No.  9. 

4.9.3 
Equipmant Hat 

Iqulpawnt with pr a limi nary apacificationa ara llatad 

in Appandlx 3, Chaptar No. 10. 
Main aquipawnt ara ahown in tha oquipaiant diagra«, 
which la praaontai in Chaptar No. 9. 
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4.10 
Extension of capacity 

4.10.1 
Extended capacity 

The capacity of tha daaifnad plant will ba 25 000 tona 
of alactrolytlc raflnad copper par year.    Here the 
possibilities of doubling the capacity to 50 000 
MTPA will be discussed.    This capacity haa been 
presented aa en alternative (sea ite« 3.2.6). 

4.10.2 
Principles of extension 

Blister refining end anoda casting 

It will ba possible to doubla tha capacity of this 
department when two furnace charges are handled per 
dey.   Tha refining and ceetlng of one charge teke 
about alght hours » so the department will have to 
work in two ehlfta.    There will not be any changea 
regerding équipaient or bullding. 

Tank house 

I 
I 
J 

The parameter a of operation will remain as before. 
The amount of production tank« haa to be doubled end 
another rectifier must be supplied.    The building 
will haw to be expanded at ona and correspondingly. 
Handling of elisie and electrolyta purification een 
be performed with exlatlng equipment and in the pre- 
vious roona.    •tripping end preparation of starter 
eheets can be made by previous facilities, but two 
ehifts will et leaat partly be needed. 
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Cathode melting and rod casting 

For the production o£ wir« rod on« additional melting 
and upward catting unit will be needed.    An annual 
capacity of about 56 000 ton will be obtain«* with 
three unit«, aa on« unit produco« about 2.4 t/h and 
th« «fficiency i« 0.9. 

Wir« rolling and drawing 
Th« amounts of both rolling and drawing equipment will 
have to b« doubled when th« production program of 

wires remain« unchanged. 

I 
I 

4.10.3 

New cost factors 

Equipment 

Utilities 

Labour 

Th« additional equipment list, Appendix 3, shows 

thos« equipment which will hav« to be bought in 

addition to equipment in th« previous list, when the 

capacity is increased. 

The consumption of utilities per ton of copper remains 

unchanged. The total consumption is doubled. 

The additional need for labour is according to depart- 

ments 

•lister refining and anode casting I workers 
1 foreman 

Tank house 
«ire production plant 

TOTAL 

15 workers 

24 workers 
3 foramen 

47 workers 
4 foremen 
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Electrification 

Tha capital coat« of alactrif loation will incraaaa 
by about SO % in connection with tha axtanalon. 

I 
I 
I 
I 

Civil an* lnaaring 

Tha building volua» will inoraaaa by 65 I In connec- 

tion with tha axtanalon. 
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5. 

PROJECT DESCRIPTION 

I 
I 
I 
I 
I 
I 

CONTENTS 

5.1 General 

5.2 Project organization 
5.3 Project time schedule 

5.4 Engineering 
5.5 Project management  and  orocureraent 
5.6 Erection 
5.7 Recommendation 
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5.1 
General 

1 
5-1 

Certain phases will be Included in the 
construction    of the plant,  like design, 
equipment deliveries and Installations. 
These will require an effective project 
organisation. 

I 
5.2 
Project organisation 

The scheme for project organization Is shown 
in Fig. No.  5.1. 

5.3 
Project time schedule 

5.4 
Engineering 

The preliminary project time schedule  is shown 
in Pig. No.  5.2. 

The total amount of design hours, appr.  40 000, 
for the first stage for a capacity of 25 000 
MTPA has been estimated for the following 
departments t 

- anode casting shop 

- tank house 

- wire production plant 

Basic engineering is included in the estimated 
design hours as followst 

• process   design 
• plant design 
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- equipment design, outline drawings with 
specifications, erection drawings 

- piping design 
- electrification and instrumentation design 
- civil engineering 

The necessary documents tor purchasing will be 
provided. 

I 
I 

Part of the basic engineering,  as civil 
engineering,  and almost all   the detail design 
heve been assumed to be carried out in Tur- 
key. 

The additional design hours  in the second 
stage, when expanding the capacity to 50  000 MTPA, 
have been estimated at 20 000 h,   including 

- tank house 12 000 h 
- wire production 8 000 h 

5.5 
Project management and procurement 

As shown in the organization scheme 3-10 men will 
be needed for project management and procurement 
depending on the project phase.    In the first 
stage 120 men months are estimated to be required 
and 72 men months in the second stage. 

5.1 
Erection 

The erection stage requires an erection supervlsior 
organization,  3-7 men depending on the erection 
phase.    60 men months have been estimated for the 
first erection stage and 45 for the second 
stage. 
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5.7 
Recommends t ions 

5-3 

In general when the client   designs and 
purchases the  equipment himself,   he will be 
held responsible for the operation of the 
plant.    On the other hand,  when delivering on 
turn-key basis,   the supplier or main contractor 
of the plant will take the  responsibility, 
transferrinn it to the equipment orice. 

Me would suggest that Etibank forms an 
organization for the realization of this project 
in Turkey, in order to minimise costs.  However, 
this organization will need internationtal know- 

how.    This know-how could be gained on  the 
basis on international offer competition,  from 

organizations that have 

- know-how on process operation 
- experience in marketing of copper products 
- possibility  to supply major    equipment 
- possibility to provide training and start-up 

assistance. 
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6. 

ECONOMICAL  SURVEY 

L 
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6.2 
Operating costs 
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6.2.2 Extent of estimates 

6.2.3 Basis for estimates 

6.2.4 Operating cost estimates 

6.2.5 Domestic and foreign suoniles 

6.2.6 Annual operating costs during the 

production years 

6.3 
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6.4 

6.3.1 General 
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Annual proceeds 

Return on Investment and pay-back period 
Sensitivity analysis 
Risk analysis 

Cash flow calculations and financing 
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6.1 
Capital costs 

6.1.1 
Qsnsral 

Tht capital  cost estimate for the copper 
electrolytic refinery has been made as an 
accuracy of  • 20 %.  It covers necessary cost 
items to complete the plant for production 
inside the scope of this study. 

The limits and basis of estimates and the 
essential investment cost are as fol lows i 

6.1.2 
Extent of estimates 

Alternatives According to item 3.2.6 capital cost estimates 
consist of  four alternatives. 

Alternative 1 first stage, capacity for wire products 
25 000 MTPA after 1980 
second stage,  3 years after first stage, 
additional capacity 25 000 MTPA after 1983 
based on imported blister to the end of 1982 
and thereafter on Turkish blister 
the production is marketed abroad up to the 
end of 1912 and afterwards on domestic markets 

Alternative 2 capacity  50 000 MTPA after 1980 
based on Import blister until the end of 1983 
and thereafter on Turkish blister 
the production is marketed abroad to the 
end of 1982 and afterwards    on domestic 
markets 



r A 6. 
6-2 

Alternative 3 

Alternative 4 

- capacity 50 000 MTPA after 1980 
- baaed on Turkish blister 
- the  production la marketed on domestic markets 

- first stage, capacity   25 000 MTPA after  1982 
- second Btage, 2 years   after  the first  stage, 

additional capacity  25   000 MTPA after   1984 
- based on Turkish blister 
- the  production la marketed on domestic markets 

In each one of the alternative» the  construction 
times of the stagea have been estimated  for two 
years before commissioning. 

The  estimates cover anode casting,  electro- 
refining and wire production plant  In  the first 
stage of the project and additional   investment 
for   the plant in the second atage to  double the 

production. 

The  coat areas are as  fol Iowas 

Fixed capital 
Fixed capital comprises  the following main nartat 

Plant areai 
- piping 
. electrification 
- civil engineering 

Anode casting areat 
- anode casting equipment 
- piping 
•  instrumentation 
- electrification 
- spare parts 
- civil engineering 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Electrolytic tank house area« 

- tank house equipment 

• electrolyte purification equipnent 

- »lime treatment equipment 

- Auxiliary equipment 

- piping 

- instrumentation 

- electrification 

- apare parta 

- civil engineering 

Wire production pianti 

- rod casting equipnent 

- rod rolling equipment 

- wire drawing equipment 

- Auxiliary equipment 

- piping 

- instrumentation 

- electrification 

- spere parta 

- civil engineering 

The cost items for process equipment and 

buildings consist of FOi-prices for material end 

equipment, freight end sea insurance, erection 

and taxes. Civil work and foundations for 

heavy equipment are included in the estimates 

for buildings. 

Other fixed capitali 

- engineering 

- training 

- erection supervision and start-up services 

- project management and procurement 

- contingencies 
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Workine capital 

f.1.3 
iMli for estimates 

Monetary unita 

1 
1-4 

Engineering, project management,  training and 
other services for the project have been 
eatima ted to facilitate the good completinoli 
of  the construction and performance of th« plant. 

The working capital conaleta of the investment 
which keeps the plant comlex in continuous 
performance. 

The cost Items a rei 
- eaah 

- accounts receivable minus accounts payable 
- process Inventories 
- product inventories 

The estimates are baaed on pricea and rates of 
exchange valid on September, It76. 

Ratea of exchanget 

1 TL - 0.240« Finnish marks 
* 0.0Í25 UM 
- 0.0351 tt.C 
* 0.1552 DM 

•ulldln«. and equipment coats 

The costs for bul Id Ines and equinment have 
ont 

- quotations fro» material and equipment 
manufacturers for this project 

- quotations from manufacturers for previous 
projects similar to this 

- coat information and unit priées from Turkey 
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- the experience of Outokumpu Oy in previous 

investment projects in Finland and abroad 

Regarding  the quotations  attention ha«  been paid 

particularly to the reliability of 
manufacturera  from Outokuropu Oy'u exnerlence. 
The advantages of offers  have been considered 

fro» both economical and technical points of 

view. 

Freights and sea insurance 

The  freight charges have been estimated on the 

basis of  freight volume and weight taking into 

account both Turkish and  foreign suoply. 

The »»an sea freight charge  frort Europe has 
been assumed to be 1930 TL/m3.    The  sea   insurance 

haa been calculated 0.37   %  of  the ClF-value 

•  10  %. 

Erection 

As a basis  for erection costs unit price of 
wages and other cost items  in Turkey have been 
used,    also previous cost  information  in erection 

and civil work has been used. 

Unit procès 
Average dally wags 
- engineer     450 TL 

- worker       250 TL 

Material and equipment 

- steel construction 

- steel plate at factory 

- reinforced concrete 

- concrete foundation 

13 TL/kf 

4 TL/kf 

400 TL/mJ 

350 TL/m3 
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brick wall (1/1) 

rooming 

painting 

panelling average 

664 TL/m" 

100 TL/n" 

4 5 TL/n: 

120 TL/nJ 

•nare oarts 

Dutlaa and taxes 

A »et of snare parts for two yaar's oneratIon 

of the niant haa been eatInatad to be 5 % of 

the value of nrocess ecuinmont. 

Cuaton duties and taxaa have been calculated 

on the baala of information fron Turkey, for 

•ach one of the alternativea and eauinnent. 

To make thia poealble the eauinnent have been 

divided into Turkish and innort sunnites. 

The following duties and taxaa have been taken 

into account for innort sunnllesi 

- cuaton duty (CIF-value x % rate) 

- municipal tax (custom duty x % rate) 

- at arm duty (CIF-value x % rate) 

- harbour tax (CIF-value • cuaton duty • 

nunicinal tax x % rate) 

- production tax (CIF-value • cuaton dut*' • 

municlnal tax + harbour tax x 

i rata) 

Tha ratas of taxas and innort fron nrivilogad 

countries have bean taken into account in the 

eatinates. 

tita ratas have been calculated so that foreign 

•UfjplleB are imported during the second year 

of the construction period. 

I 
i 
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No duties or taxai have teen con« id«red for 

engineering and other services, Turkish sunnlies, 

erection cost and for the alternative» where 

the production is exnorted. 

Engineering 

According to itera 5.4 th« engineering costs 

for th« project have been calculated by using 

estimated 40 000 hours in the first stage and 

20 000 hours more In the second stage. 

Project management and aervicea 

Contingencies 

Working canital 

Project manageisen t and procurement, erection 

supervision, training end start-up services 

have b««n «stimatsd to b« totally 

180 men/month (see items 5.5 and 5.6) in the 

first stag« and 117 men/month in the second 

stage. 

Contingencies for fixed canital costs have 

been estimated to be 15 I of the fixed cenital 

to cover miscellaneous costs of capital. 

To cover the cash requirement during th« 

operation tine of the niant a monthly value 

of supplies and wages hes been reserved. 

The delay which is due to the nayments of the 

client is taken into account as the value of 

average monthly accounts receivable minus value 

of average monthly accounts nayable which ar« 

due to sunoly of utilities. 
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«.1.4 
Fixed capital 

«.1.5 

Working capital 

1 
6-e 

For the supply of utilitiee the value for 

on« month'a operation haa been eatinated. 

The average value of copper in nrocees haa 

been eatlmated to be 2400 tona, when the niant 

capacity ia 25 000 'tTPA. 

To cover the fluetuationa in the demand for 

wire, producta have been considered to be lient for 

one month1a production in the warehouae to 

facilitate the sudden need. 

The eatimates for alternativea are shown In 

Table Mo. 6.1. 

The detailed coat break-down for equinnent 

coata have been indicated in Chanter 9. 

Working capital haa been collected into Table 

No. 4.2. 

I 
I 

6.1.1 
Domestic and foreign sunnites 

The supply of cani tal haa been eetlnated between 
Turkiah and foreign sunnlies according to Table 
No.  6.3. 

Freight and erection ooats have been included 
in the Turkiah aunniy. 

I 

r; « a, i 
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«.1.? 
Annual capital cost» 

n |      GtUo4fnf»fGf 

I 

Annual capital cotti have been estimated In each 

alternativa accordine to the nrelininary nroject 

schedule. 

Tha main principiai arai 
- conatructlon tine in aach a tag« and alternativa 

la 2 yeare 
- engineering completed dur inn the fi rat year 
- tha foreign supplies are delivered durino 

tha aecond year and tha nain ahare of naynents 

are made than. 
- workinn cenital la Invested at the beginning 

of the third year 
- escalation for capital costa hai been 

estimated to be average 12 t per year. 

Tha distribution of annual costs has bean 

presented in the Table No.  €.4. 

Annuities for the capital costs for the 
alternatives have been calculated ao that annual 

capital costs have been discounted to tha 

beginning of tha project and the annuities have 
bean calculated according to the nreduction 

tima of 18 years.    The rate of Interest Is 

15 %. 

Alternative 1 
Alternative 2 

Alternative 3 
Alternative 4 

101 813  620 TL 
112 307  050 TL 
130 528  990 TL 

115 097   100 TL 

The coït break-down for equipment and buildings 
in Alternative 1 la presented in Chapter •. 

•MMMMM 
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ANNUAL  CAPITAL   COSTS 
(UN'IT 

r 
i 

ßmSo4mfwZ/f 

~1 
1000  TL) 

1 tern 19 7b W ' 19 BO 1981, 1 J V 1J : 19 y 4 

ALTERNA TI '.rE   1 
Jfixed   capita 
-Pl'-jtit   -i]'ea 171 34   7 57 5 699 1 -,3- ' J J 

-An 'iit-   •-':- s Ling 
p I 'int. !75: •' 3503o 584 3 - - - 

-Eloctro Lytic 
tanKhouse ;ooói 001   " 10022 246 38 4727 7 16 79 

-./ire   Production 
p Lant »6040 72000 12016 3 .'26 2 645-!; 10754 

- Others 1K.V5 22449 3741 55o8 1 1075 ¡846 

Sub total 9658b 19 317, 32193 0/1;''7 U473 : 0 71 ? 

140658 40 2: J j 

TOTAL 96586 19:517? 17285 3 6213? 1247-- -12 7.01 1 

ALTERNATIVE   2 
Fixed   capitai 
-  Plant  areaa 2418 48 33 806 
- Anode  casting 

plant '7529 35058 5843 
- Electrolyte 

tankhouse 5 3184 '06368 17728 
- 'Vire   production 

plant 6 37 30 '.'7461 21243 
- Other 13149 ..'6298 4383 

Subtotal 15^010 300020 5000 3 

W.erMïA capital 279573 264125 

TOTAL 130010 00020 •^29576 2 0410 5 

ALTERNATIVE   3 
Fixed   capital 
-Plant  area : 418 48 33 806 
-Anode   casting 
plant .'1130 42261 704 3 

-Electrolyte 
tankhouse 54665 1093 30 18222 

-'.Vire   production 
plant 7964 5 159286 26547 

- Other OH9 2629b 4393 
Subtotal 1710b 42010 57001 

339997 

TOTAL 1 ro5 342010 596998 

6-21 
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Fixed capital 
-I'lant area 
-Anode  casting 
plant 

•Eltctro ly te 
tankhouse 

• vVire  production 
plant 

j-Lü \m m um USL IML 

«Others 
Subtotal 

TOTAL 

1719 

20826 

510^5 

5437 

416$; 

62109 

45559       87120 

JUMHL 

I.'7í 159« '¿-y!j 

694 2 

33975 47   4* 7874 

46130 6'.:-.'Vi 10537 

itëfl »fft»   JOS t'iufô    -iH8 
261970 ¿¿im. 

108384     215767 '  359^.8  122940 >B2460 

r CT>id»éS»«f* » <^p 
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I 
I 
I 

«.a.i 
The onoratine; cost» eat látate for the niant 
eeapleit cottale ta of eetlmatea of variable 
•fti fixed operating coita.    The orice eatinate 
for »Hater cooler hae been eonaidered in this 
aectlon. 

f.a.a 
latent of oat tata tea 

The «at lata tea have been calculated in each 
atete of the alternative« for the following  it 

Maw Material 
blister eopner 

Operating coate 
Variable coata i 

proooaa water 
eoollajf water 
ooopreeeed air 
oil 

barytea 
eulphurlo aol4 

• 1 

• f rapii ito «lee 

rixod ooatai 
• labour 
- ataff Miarlo« 
- Mraetlrwj exponaos 
- »iecellaneoua 
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6.2.3 

la«la for estimates 

•lister copper 

Utilities 

The «mount of blister is based on process 
calculations.    The price of  import blister has 
been considered according to the L"E quotation 
and Turkish blister is based on information 
from Turkey. 

The consumption of utilities  is    based on 
process calculations and unit nrices on 
information from Turkey and in some cases on 
world market prices taking into account the 
Turkish import taxes. 

Unit prices: 
- electricity 

- oil 

- sulphuric acid 

- wood poles    2 

- propane 

- lime (untreated) 

- process water 

• cooling water 

- barytes 

- compressed air 

- graphite dies 

- graphite power 

- charcoal 

0.4793 TL/Kwh 

2 TL/kg 

1 200 TL/MT 

600/1 900 TL/m3 

10 TL/kq 

0.50 TL/kg 

1 TL/m3 

0.1 TL/m3 

4 TL/kg 

0.2 TL/m3 

160 TL/nc 

25.5 TL/kg 

11.2 TL/kg 
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Maintenance costa 

Mag«« and aalariea 

Marketing axpenaea 

Maintsnanea material« for the plant complex 

hava baan eatiraated on tha baala of Outokumpu 

Oy'a experience for almilar plant« a« follow«» 

- anode caating     10 % of equipment prices 

- electrolytic refining 5% " " 

- rod casting      15 % " 

- wire rolling and 

drawing 10 % " 

Labour and staff costs have been baaed on the 

manning liât of the plant (see Item 4.8.1) 

and on the average annual wages in Turkey. 

The marketing expenses have been calculated 

according to aale incomes, taking 1.5 % from 

the sales and 1.5 % more for agent«' fees if 

it is marketed abroad. 

The marketing expenses include the salaries of 

sales personnel and salea promotion costs. 

The expenses have been taken into account as a 

decrease in the sale price of Cu-wire. The sale 

prices have been considered on roB-basis. 

Miscellaneous 

Variable miscellaneous cost« include general 

laboratory costs, internal traneportation costs 

and utilities with low consumption. These 

costs have been calculated on the basis of 

other variable costs taking 15 % from them. 
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I 

TïW   biui 

- cost information and unit prioes from Turkey 
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Fixed miscellaneous costi include consumption 
of office materials and contingencies of 

operating costs.    15 %  for other fixed 
operating have been estimated to cover these 

costs. 

6.2.4 
Operating cost estimates 

Raw materials 

I 
I 
I 

Price of blister 

Turkish blister price 

- 37 000 TL/t 

Import blister 

Cu-price for one ton of blister 
- 1000 kg x 99 % Cu - loss 0.3 % « 987 kg 
- price of LME quotation for Cu wire bars = 

900 £/t «   25 641 TL/t 
- 987 kg/t x  25 641 TL/t » 25 308 TL/t 
- treatment charge 8.8 USeVlbs =3.10 TL/kg 

987 kq x  3.10 TL/kg -    3 059.7 TL 
- 25 308  -   3   059.7 -  22  248 TL 

Au-price of one ton of blister 

- average 20 g Au 
- loss 1 g Au 
- 20 g Au -  1 g Au » 19 g Au/t 

- price of LME quotation for gold • 
111 U8ff /troy OZ *  177.6 TL/troy OZ - 

1071.1 TL 
- treatment charge 35 U80/kg - 560 TL/kg » 

10.64 TL 
- 1071.1 TL »  10.64 TL - 1060.43 TL 

r *'4*/c444*y*«   f?y 1 
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Ag-prlce for on« ton of bllater 

- average   200 g 

• loee      3 S kg 

- 200 g - 35 kg - 165 g Ag 

- prie« of LME quotation for alIvor • 
2.75 l/troy OZ - 71.35 TL/troy OE -    410.31 TL 

- treatment charge 4 USiVkg - 64 TL/kg- 10.56 TL 

- 410.34 TL    -  10.56 TL -  399.78 TL 

Total prie« for on« ton of Dilatar 

- prloa of Cu • Au • Ag » 

22 248 TL •  1060.43 TL •   399.71 TL - 

23 791.21 TL/t bliatar 

Total coata for raw mataríais par yaar in the 

varloua caaes at the capacity of 25 000 MTPA 

Turkiah bllater 

- 37 700 TL/t x 25 253 t/a « 952 03S 100 TL/a 

Import bliater withour taxes 

- 23 70S.31 TL/t x 25 253 t/a - 598 703 430 TL/a 

If the production of the plant is marketed 

on doraeatic markete it will have to increaae 

innort dutiea and taxea by 12R.7 % (see item 

3.8 of the marketinq study). 

- 2.287 X 23 708.21 - 54 220.68 TL/t bliater 

- 25 253 t/a x 54 220.68 - 1 369 234 830 TL/a 
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Capacity 25 000 MTPA 

- Electricity 

29960 KWh x 0.4793 TL/kWh « 14  359   82B TL/a 

•tea*. 
20000 t No coati 

• Process water        ^ 

3500    »3 x  1 TL/n 3  500 TL/a 

Cooling water 

1160000 in3  0.10 TL/in3= 116 000 TL/a 

- Compressed air 

1313000 m3 x 0.2 TL/m3 262 600 TL/a 

Oil 

1240 t x 2 TL/kg 2 480 000 TL/a 

Propane 

124 t x 10 TL/kg 1 240 000 TL/a 

Barytes 

50 t x 4 TL/kg 200 000 TL/a 

Sulphuric acid 

400 t x 1200 TL/t 480 000 TL/a 

Lime stone 

460 t x 0.5 TL/kg 230 000 TL/a 

Graphite dies 

3300 pes x 160 TL/pc 580 000 TL/a 



T 

I 

"j*   • «-*«i-.. A.y   qtuuunv»   navAoxe  wnicn   are 

due to aunoly of utilitien. 
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Graphite powder 
II.5 t x  25.50 TL/kg 471   750 TL/a 

- Charcoal 
130 m3 x  11.2 TL/kg 582  000 TL/a 

- Maintenance « 20 617 500 TL/a 

• Miscellaneous 

15 % x other variable 

costa 

Total for variable coats 

- 6 235 677 TL/a 

47 806 855 TL/a 

When the capacity of the niant is increased by 

25 000 MTPA the variable coat« will be doubled. 

fixed Coata 

Capacity 25 000 r!TPA 

- Labour 

94 x 75000 TL/pereon 7 050 000 TL/a 

- Staff 

21 x 135 000 TL/peraon « 2  835 000 TL/a 

-Miscellaneous 

15 % other fixed costa -  1 483 000 TL/a 

Total 11 368 000 TL/a 

Capacity 50 000 MTPA 

- Labour 

151 x 75 000 TL/peraon « 11 325 000 TL/a 

I 
- Staff 

25 x 135 000 TL/peraon « 3 375 000 TL/a 

-Miacellaneoua 

15 % x other fixed costa » 2 205 000 TL/a 

Total 16 905 000 TL/a 

r &Hdo4t$»9Ym/^T 
1 



«-17 

Total operating coati 

Alternative 1 

Firat stage 25 000 MTPA 
Variable coati 1912.27 TL/t Cu-wire 47 806 855 TL/a 

Fixed costa    454.72 TL/t Cu-wire 11 368 000 w 

Total 2366.99 TL/t Cu-wire 59 174 655 TL/a 

Second atagei additional cariacity 25 000 MTPA 

Variable coita 2048.41 TL/t Cu-wire 51 210 281 TL/a 

rixed coati    221.48 TL/t Cu-wire 5 537 000 * 

Total        2269.89 TL/t Cu-wire 56 747 281 TL/a 

Alf rnative 2 

Export marketing to the end of 1982 

Variable coati 1912.27 TL/t Cu-wire 95 613 710 TL/a 

Fixed coiti    338.10 TL/t Cu-wire 16 905 000 TL/a 

Total       2250.37 TL/t Cu-wire H2 518 710 TL/a 

Domeatic marketing from 1983 

Variable coats (additional) 
68.07 TL/t Cu-wire 3 403 426 TL/a 

Fixed costs (additional) *  
Total          68.07 TL/t Cu-wire 3 403 426 TL/a 

Alternative 3 

Capacity 50 000 MTPA 
Variable coiti 1980.34 TL/t Cu-wire 99 017 136 TL/a 

Fixed coiti    338.10 TL/t Cu-wire 16 905 000 TL/a 
Total      2211.44 TL/t Cu-wire  115 922 136 TL/a 

I 
I 

r; @udp4t*ny* M ' Z/y 1 
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Alf rnatlve 4 
First stage  25  000 MTPA 
Variable costi  1880.34 TL/t Cu-wire 49 508 568 TL/a 
Pix«d cost« 454.72 TL/t ru-wlr«  11 368 000 TL/a 

TotÄl 2435.06 TL/t Cu-wire 60 876 568 TV« 
«•••««•«»»•HB« 

Second stage»  additional capacity 25 000 MTPA 
Variable coat»  1980.34 TL/t Cu-wire 49 508 568 TL/a 
Fixed coat« 221.48 TL/t ru-wir«   5 537 000 TL/a 
Tot.i 2201.82 TL/t Cu-wire 55 045 568 TL/a 

.«.«»«SB*«»« 

6.2.5 
Domestic and foreign «upplie« 

As import supplies barytes,  graphite dies and 

graphite   powder have been considered. 
In the alternatives where the production is 
sold to domestic conauners the import taxes 

have been estimated to be 100 %. 

6.2.6 
Annual operating costs during the production years 

»aw Materials 
The increases in blister prices per year have 

been estimated to be 11 % for Turkish and 

import blister. 

I 

Operating Costs 
Annual operating coats for each stage and 

alternatives have been estimated according 

to the rate of escalation 15 % per year. 

The distribution of annual operating costs and 

blister prices without escalation has been 

presented in the Table No. 6.5. 
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€.3 
Incomes 

6.3.1 
General 

The Income    estimation for the electrolytic 

refinery plant contiate of the aale incomes 
from several qualities of copper vire products, 

gold and silver. 

6.3.2 
Basis for Estimates 

According to the definition of alternatives  in 

item 6.1.2 and process calculations the 

productions are as follows i 

- 25 000 MTPA Cu-wire products 

0 0.4 mm 834 t/a 

0 0.6 mm 833  " 

0 0.8 mm 833  " 

0 1.0 - 1.4 mm 3750  " 

0 1.4 - 3.5 mm 6250  " 

0 4 mm 6250  " 

0 8 mm 6250  " 

25000 t/a 

I 1 

- 490 kg/a Gold in anode slimes 
- 4900 kg/a Silver in anode slimes 

When the capacity is increased to 50 000 HTPA 
the    afore mentioned quantities will be doubled, 

The prices and incomes are aa follows i 

r; a, 

Wire products 

iB.Ï»£*ÎX 

0 0.4 mm A 
0 0.6 mm  V  55.15 TL/kn 

0 0.8 mm J 
0 1.0 - 1.4 mm 53.50 TL/kg 

6L 1 
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I 1.4 -  3.5 ron   \       52.55 TL/kg 

0 4 iron > 

0  8 nun 51.45 TL/kg 

Weighted mean 52 677.5 TL/kg x 25 000 t 
1 316 937 500 TL/a 

(marketing costs are included) 

Abroad 

The average price of Cu-wire products abroad ist 

LME quotation for wire bars    880 E/t 

• price difference between 

wire bars and wires *4 £/t 
924 E/t = 

26   324.79  TL/t 

• sale organization and agent fee 3 % 

1.03093  X  26   324.79 = 27   139.02  TL/t 

25000  t x  27  139,02 TL/t » 678  475   500 TL/ 

Gold 

The selling price of gold is LUE quotation 

111 U8*/troy OZ 

./. 45 E/kg 

./. bulk treatment 50 USÍ/t 

490 kg x 55 658.48 TL/kg 

s 56 941. 33 TL/kg 

1 282, 05 « 

55 659. .28 TL/kg 
«= 0 .80 TL/kq 

55 658 .48 TL/kg 

27 272 655 TL/a 

Silver 

The selling price of silver is WE 

quotation 

2.75 £/troy OZ -  78.35 TL/troy OZ      2  512.02 

./.  30 £/kg « 854.70 
1 657.28 

TL/kg 

TL/kq 

TL/kg 

r ~i 
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./. bulk treatment 50 U80t » 

490 kg x 1 656.48 TL/kg 
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1 
1 657. 28 TL/kg 

0i ,80 TL/kg 

1 656 .48 TL/kg 

8 116 752 TL/* 

6.3.3 

Estimate of incomes 
The estimate for incomes for each alternative 

without escalations is(18 years' production life)t 

Alternative 1 
First stage 25 000 MTPA production from 1980 

Cu-wire first year 18 000 MTPA   488 502 360 TL 

2 x 678 475 500 

Gold   first year 353 kg/a 

2 x 27 272 655 

Silver first year 3530 kg/a 

2 x 8 116 752 

./. marketing costs 

First stage + second stage » 50 000 MTPA, prod, 

from 1983 

Cu-wire first year 47 500 MTPA 

14 x 2 633 875 000 

Gold   first year 931 kg/a 

14 x 54 545 310 

Silver first year 9310 kg/a 

14 x 16 233 504 

./. marketing costs 

TOTAL 

356 951 000 M 

19 647 443 " 

54 545 310 " 

5 847 374 - 

16 233 504 " 

55 363 600 " 

2 502 181 250 TL 
36 874 250 000 " 

51 818 045 " 

763 634 340 " 

15 421 829 " 

227 269 056 " 

590 646 469 H 

41 730 291 442 TL 

r i â. & 
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Mttnuuvt ? 
Capacity 50 000 MTPA, production from 1980 

Cu-wlre first year 35 000 MTPA   949 IfS 700 TL 

2 x 1 356 951 000 

15 x 2 633 S75 000 

Gold   first year 606 kg/a 

17 x 54 545 310 

Silver first year 6160 kg/a 

17 x 16 233 504 

./. marketing cotta 

TOTAL 

2 713 902 000 " 

39 SOI 125 000 " 

31 ltl 717 - 

927 270 270 * 

11 363 453 " 

275 969 561 " 

 70? 534 tOf " 
43 723 142 102 TL 

Capacity 50 000 MTPA, production fro« 1910 

Cu-wire first yaar 35 000 HTPA 1 843 712 500 TL 

17 x 2 633 875 000 

Ooid   first year 686 kg/a 

17 x 54 545 310 

Silvar first year 6860 kg/a 

17 x 16 233 504 

./• marketing costs 

TOTAL 

44 775 875 000 " 

38 111 717 " 

927 270 270 " 

11 363 453 • 

275 969 568 " 

fff ??3 m " 
47 173 078 696 TL 

Al Urna ti ve 4 

First stag« 25 000 MTPA, production from 1982 

Cu-wlre first year 18 000 MTPA 

second year 

Gold   first year 353 kg/a 

second year 

filver first year 3530 kg/a 

second year 

./.  marketing costa 

948 195 000 TL 

316 937 000 " 

19 647 443 " 

27 272 655 " 

5 847 374 • 

8 116 752 " 

•7 9S1 975 " 

I &$êéoX-*ymsGy 

Percentage change of 

6-34 
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Plrit staçe • Moontf etaoe » SO OdO 1TPA,  prod. 

fro« 1904 

Cu-wire  first year  47   500 MTPA 

15  K   2 «33  875   000 

Gold        first year 931  kg/a 

IS  x  54 545   310 

Silver    firet year 9310 ke/a 

IS x   If 233   504 

./. Marketing cotta 

TOTAL 

2  502  iil 250 TL 

3t   500  125 000  " 

51 118 045  " 

• II  179 650  " 

15 421 829  " 

243 502 560  " 

630  154 594  " 

44  767  136 489 TL 

6.1.4 

The escalation for the product! of plant haa baen 

eetleated for 

- Cu-wire product! avoraçe 10 % por year 

- Gold    average 1976-1910 3 % per year 

1981-2000 S % per year 

• Sliver average 4 % per year 

r • •35 
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6.4 
Profitability calculations 
6.4.1 
General The comparison between the alternatives will be 

made by calculating the rate of return and pay-back 
period of each alternative without escalation. 

On the basis of these and other factors a basic 
alternative will be chosen on which the escalation 
is calculated,  taking the following into accounts 
- rate of  return and pay-back period 
- sensitivity analysis 
- risk analysis 
- cash flow 

6.4.2 
Annual proceeds 

The annual proceeds of the investment alternative 
without escalation before Income taxes have been 
indicated in the Table No.   6.6. 

These average annual proceeds have beam calculated 
on the basis of 13 years'  production tine. 

The annual capital costs have been discounted to 
the beginning of the project and the annuities have 
been calculated according to 18 years'   production. 

The rate of interest 15 % has been used. 

Investment costs are according to item 6.1.7. 
Operating and raw material costs are according to 
items 6.2.4 and 6.2.6. 

Incomes are according to item 6.3.4. 

1 
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6.4.2 

Return on investment and pay back period 

r; 

When making profitability calculations   to find 
out to return on investment and pay back period 
the following principles have been used» 

- The lift of investment  is  20 years and the 
construction time for each stage of  the 
alternatives have been considered to  be 2 years. 

- The depreciated value tor the alternatives is 

alternative 1 562 925   000 TL 
alternative 2 565 743  000 TL 
alternative 3 562 614  000 TL 
alternative 4 545 743  000 TL 

- The pay-back period haa been calculated using 
the rate of interest 15  %,  depending  on the rate 
of interest of loans in Turkey. 
- short period loans 2-5 years» 14  % 
- longperiod    loans, over 5 years,   17 % 

- 30 % production tax of  the increased value of 
products has been taken  into account but no 
incomes taxes 

The result of calculations are shown  in the 
following. 
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Alternative 1    (without escalation) 

(Unit =  1000 TL) 

1 
6-26 

Year Capital 

costs 

Net 

Incomes 

Blister Prices 

Operating  costs 

Production Tax 

Net before 

income 

taxes 

1978 

1979 

1980 

1981 

1982 

1963 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1994 

1995 

1996 

1997 

96 586 

193 172 

172 853 

62 137 

124 273 

423 011 2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

a 

449 

693 

693 

531 

665 

665 

665 

665 

665 

665 

665 

665 

665 

665 

665 

665 

228 

341.4 

511.9 

511.9 

886.6 

143.8 

143.8 

143.8 

143.8 

143.8 

143.8 

143.8 

143.8 

143.8 

143.8 

143.8 

143.8 

068.8 

489 

675 

675 

2 116 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

2 227 

687.2 

702.3 

702.3 

573.3 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

082.1 

9 654.2 

17 009.6 

17 809.6 

415 313.3 

483 061.7 

438 061.7 

438 061.7 

438 961.7 

438 061.7 

438 061.7 

438 061.7 

438 061.7 

438 061.7 

438 061.7 

438 061.7 

438 061.7 

1 000 9H6.7 

Total       1  072 032    42   293 190 35 136 814.S 7 156   375.5 

Rat« of return i    25.6% 

Pay-back periods 10 years 

I 
I 
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Alternative 2 (without escalation) 

(Unit « 1000 TL) 

Year Capital Net Blister Prices Net before 

costs incomes Operating costs income 

Production Tax taxes 

1976 167 569 

1979 335 137 

1980 335 429 970 914.9 946 971.6 23 943.3 

1981 1 387 023.8 1 345 573.7 41 450.1 

1982 1 387 023.8 1 345 573.7 41 450.1 

1983 264 125 2 665 143.8 2 227 082.1 438 061.7 

1984 2 665 143.8 2 227 082.1 438 061.7 

1985 2 665 143.8 2 227 082.1 438 061.7 

1986 2 665 143.8 2 227 082.1 438 061.7 

1987 2 663 143.8 2 227 082.1 438 061.7 

1988 2 665 143.8 2 227 082.1 438 061.7 

1989 2 665 143.8 2 227 082.1 438 061.7 

1990 2 665 143.8 2 227 082.1 438 061.7 

1991 2 665 143.8 2 227 082.1 438 061.7 

1992 2 665 143.8 2 227 082.1 438 061.7 

1993 2 665 143.8 2 227 082.1 438 061.7 

1994 2 665 143.8 2 227 082.1 438 061.7 

1995 2 665 143.8 2 227 082.1 438 061.7 

1996 2 665 143.8 2 227 082.1 438 061.7 

1997 3 230 886.8 2 227 082.1 1 003 804.7 

Total  1 102 260 44 287 862.5  37 044 350.5 

Rat« of returni 22.7% 

Pay-back periods 10 years 

7 243 512 
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15 % x other fixed costs 

Total 

• 2 205 000 TL/a 

16 905 000 TL/a 

r &H/cX»#ytH €/y 
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Alternative 3  (without escalation) 

(Unit » 1000 TL) 

Year Capital Net Blister Prices Net before 

costs incomes Ooerating costs income 

Production Tax taxes 

1978 171 005 

1979 342 010 

1980 596 999 1 865 596.4 1 564 027.3 301 571.1 

1981 2 665 143.8 2 227 082.1 438 061.7 

1982 2 665 143.8 2 227 082.1 4 38 061.7 

1983 2 665 143.8 2 227 082.1 438 061.7 

1984 2 665 143.8 2 227 082.1 438 061.7 

198S 2 665 143.8 2 227 082.1 438 061.7 

1986 2 665 143.8 2 227 082.1 4 38 061.7 

1987 2 665 143.8 2 227 082.1 436 061.7 

1988 2 665 143.8 2 227 082.1 438 061.7 

1989 2 665 143.8 2 227 082.1 438 061.7 

1990 2 665 143.8 2 227 082.1 438 061.7 

1991 2 665 143.8 2 227 082.1 436 061.7 

1992 2 665 143.8 2 227 082.1 438 061.7 

1993 2 665 143.8 2 227 082.1 438 061.7 

1994 2 665 143.8 2 227 082.1 438 061.7 

1995 2 665 143.8 2 227 082.1 438 061.7 

1996 2 665 143.8 2 227 082.1 438 061.7 

1997 3 227 757.8 2 227 082.1 1 000 675.7 

Total 1 110 014 47 735 657 39 424 423 8 311 234 

Rat« of returnt 33.4t 

Pay-back period> 6 years 

r Cf*/oX»*yM - Gp 7-1 
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Alternative 4  (without escalation) 

(Unit - 1000 TL) 

Year Capital Net Blister Prices Net before 

coats incomes Operating costs income 

Production Tax taxes 

1980 108 384 

1981 216 767 

1982 359 568 959 464.4 807 030.1 152 434.3 

1983 122 940 1 332 571.9 1   116 456.5 261 115.4 

1984 282 460 2 531 886.6 2  116 573.3 415 313.3 

1985 2 665 143.8 2  227 082.1 438 061.7 

1986 2 665 143.8 2  227 082.1 438 061.7 

1987 2 665 143.8 2  227 062.1 438 061.7 

1988 2 665 143.8 2  227 082.1 436 061.7 

1989 2 665 143.8 2  227 082.1 438 061.7 

1990 2 665 143.8 2  227 082.1 438 061.7 

1991 2 665 143.8 2  227 082.1 438 061.7 

1992 2 665 143.8 2  227 082.1 438 061.7 

1993 2 665 143.6 2  227 082.1 436 061.7 

1994 2 665 143.8 2  227 082.1 438 061.7 

1995 2 665 143.8 2  227 082.1 438 061.7 

1996 2 665 143.8 2  227 082.1 438 061.7 

1997 2 665 143.8 2  227 082.1 438 061.7 

1998 2 665 143.8 2  227 082.1 436 061.7 

1999 3 210 906.8 2  227 082.1 983 824.7 

Total 1  090 119 45 346 842.9 37  446 291.4 7 900 551.5 

Rate of return i  32.9% 

Pay-back periods 7 years 

r @*¿*Ammfu ' &p 
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Selection of alternative 

The rate« of return and pay-back periods calcu- 

lated for the alternatives have proved that 

Alternative No. 3 would be the best. This alter- 

native is based on domestic blister, capacity 

50 000 tons of copper wire per year, and marketing 

of the products in Turkey. 

The result of Alternatives Nos. 1 and 2 shows 

that the profitability of the plant would be 

weakened on present world markets, when the pro- 

duction is started with import bliste* and foreign 

markets. Alternative No. 1 is the most favourable 

of these alternatives. The production would then 

be started with the capacity 25 000 tons per 

year i expansion to 50 000 tons per year as soon 

as possible and domestic production. 

If this period for expansion is three years, the 

rate of return would fall fro« 32.9% to 25.8%. 

A shorter period would improve the result and a 

longer period would worsen it. 

Alternative No. 1 has, however, the following 

advantages comoered with Alternative No. 3i 

the investment of the plant will be divided 

over several years 

it will be easier to start the operation in 

two stages 

experience on export markets will be gained 

as early as possible before EEC custom 

barriers are removed 
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it will be easier to turn to domestic 
markets when  the demand has grown,  as the 
products and sales organization are ready. 

On the basis of these factors, Alternative No.  1 
can as a whole  (apoarently)   be selected as the 
most favourable. 

An Investment calculation,   in which the evaluated 
escalation factors for different components of 
investment have been taken  into account, has been 
calculated for Alternative No.  1. 

& 
7-4 1 

I 
Hflranvar   ¥>>m   r*1nili»(nni    ihnu   »li*»    it    »ko   nia«* 



jp   u.«   ran 

0  0.6  Kin     V      55.15 TL/kq 

0 0.8 mm   J 
0  1.0 - 1.4 ram 53.50 TL/kg 
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6.4.3 
Sensitivity analysis 

Alternative 1 

To investigate the influence of different 
investment parameters on the rate of return on 
investment a sensitivity analysis has been made. 

The following parameters have been studied by 
the sensitivity analysis!  how much the rate of 
return depends on the unit price of Cu-wire 
products,  variable costs,  orice of blister and 
the sun of fixed capital costs. 

The limits of alternation of the estimated 
value aret 

Lowest value Highest value 

Unit price of Cu« •wire - 201 • 20% 

Blister price - 20% • 201 

Variable costs - 20% • 20% 

Fixed costs - 20% • 20% 

Fixed capital costs - 20% • 20% 

The sensitivity analysis indicated that the return 
on investment to a great extent depends on the 
price of wire products and blister, but chances 
in amounts of fixed capital and operating costs 
have a very small effect on it. 

The results of the sensitivity analysis have 
been presented graphically on the next pages. 
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Alternative 1 

To find out in which Units the rate of return on 

the investment probably well be, the risk analysis 

has been made using the "Monte Carlo" method. 

As the bases of analysis the estimated probabili- 

ties of the changes in price and production of Cu- 

wires, blister price, variable costs and fixed 

costs have been given. 

Percentage change of 
production of Cu-wires 
fro* the estimated value 

Estimated 
probability 
of the change 

- 20% - - 10% 29% 

- 101 - 0% 55% 
Ot - 10% 15% 

10% - 20% 1% 
20% - 30% -% 

Percentage change of price 
for Cu-wires from the esti- 
mated value 

Estimated 
probability 
of the change 

- 20% - - 10% 5% 
- 10% - 0% 25% 

0% - 10% 40% 

10% - 20% 20% 
20% - 30% 10% 

Percentage change of price 
for blister from the esti- 
mated value 

Estimated 
probability 
of the change 

- 20% - - 10% 4% 
- 10% - 0% 5% 

0% - 10% 45% 
10% - 20% 30% 
20% - 30% 16% 

r A Ä 7-7 
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Percentage change of 
variable coats from 
the estimated valu« 

Eat lata ted 
probability 
of the change 

- 20% - - 10% 2% 
- 10% - 0% 17% 

0"o - 10% 31% 
10% - 20% 251 

20% - 30% 11% 

Pareantag« change of 
fixed costa from 
the estimated value 

Estimated 
probability 
of the change 

- 20% - - 101 2% 
- 10% - 0% 14% 

0% - 10% 4SI 

10% - 20% 26 % 

20% _ 30% 13% 

The risk analyals shows that on the basis of 
estimated probabilities  for different components 
of Investment calculation the return on Investment 
Is between 20 and  27% at a probability of 65%. 

The cumulative probability curvea of the rate of 
return are uresented below. 
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Cash flow o« leu la t ion and financing 

Mtarnatlva 1 

Tha annual cath flow« hav« Iwan dlacountad 
according to tha rata of In tarait 151 to tha 
and of tha firat yaar. 

Financing Tha nathod of financing it not known.  In ordar to 
«fat an ldaa of tha lnfluanca of financing on tha 
payback osriod,  tha financing ha a baan axaatlnad 
accordino to tha following axcaamlat 
In thla aatiaata tha financing of  lnvaatatant 
ia dlvldad into 

loan 00%, 443 219 000 TL,  rata of  interast 
15%,  pay-back parlod • yaara 

own financing 40%,  442 ill 000 TL • lntaraat 
of loan untila the and of 1*03, 52 491  250 TL 

Tha financing raqui ramant lai 

us   üü   ¿ai   ¡SEL  üH (unît - IOíTTL) 
1913 

193172    139095   S019.7   14390.25   33031.2 
33790   42137     124273      423011 

Tha rapa yawn t parlod for tha loan hat baan 
oa leu la tad to bag in aftar tha laat ahara of tha 
lean ha a baan takan. 

lntaraat on borrovad capital 

Yaar     Dabt at tha 
bag inning of 
tha yaar 

1911 33790000 

1912 95935000 

1913 220201000 

lntaraat     Jtaount 
at 15% paid back 

5049700 Ì 
14390210 > Own financing 
33031100 J 
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Annual cash flows 

Year Dept at the 
beginning of 
the year 

Interest 
at 15% 

Amount 
paid back 

1984 643219000 96482850 80402375 

1985 562816625 84422494 80402375 

1986 482414250 72362137 80402375 

1987 402011875 60301781 80402375 

1988 321609500 48241425 80402375 

1989 241207125 36181069 80402375 

1990 160804750 24120712 80402375 

1991 80402375 12060356 80402375 

The annual net cash flows with financing have 

been presented in the Table No. 6.7. 

Escalated annual net cash flows without financing 

and discounting have been presented in the 

Table No. 6.8. 

Cumulative cash flow curves for various cases 

have been presented in the Fig. No. 6.9. 

The curves show that financing according to the 

example will extend the nay-back period from 10 

to 11 years. In addition it can be proved that 

the operation of the plant will bring losses 

after 16 project years, if the escalation is 

according to estimates. 

On the estimated terms of financing and escalation 

the investment does not pay itself back, but small 

improvements in the terms of financing or not so 

pessimistic cost development have such an effect 

that the pay-back period might be 15-16 years. 
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TABLE No. 6.7 

ANNUAL DISCOUNTED CASH PLOW WITHOUT ESCALATION 

(The financing has been taken into account! 

Unit 1000 TL 

Year Inflows Outflows Net 

Net 
incomes 

Capital 
coats 

Blister prices, 
operating costs, 
production  tax 

Interest 
of  loan 

CHohflow 

1(1978) 96586 -9' 586 

2(1979) 167963 -16796 3 

3(1980) 339747 1306 94 370252 -V 1199 

4(1981 ) 455984 40855 447274 3333 -   52473 

5(1982) 396481 71047 386299 8227 -  69092 

6(1983) 1258601 210279 1052149 16420 -   ¿0,47 

7(1984) 1152143 962768 41710 14 7b65 

8(1985) 1001828 837160 31734 132 9 54 

9(1986) 851236 728033 23655 119548 

10(1987) 757434 6 32937 17138 107359 

11(1988) 658557 550312 11920 96325 

12(1989) 572739 478600 7775 86364 

13(1990) 498115 416242 4508 77365 

14(1991) 433086 361901 1960 09225 

15(1992) 376585 314687 61898 

16(1993) 327280 273486 5 3794 

17(1994) 284637 237852 4 b 78 5 

18(1995) 247592 206896 40696 

19(1996) 215344 179948 55396 

20(1997) j   226610 156341 70269 

Total 10073999 717424 
I 

8590137 168380 598058 
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CONCLUSIONS 

7.1 

General 

The «In of surveys made in Turkey during the 

study work end plana and calculations made after 

that has been to for» an Illustration» as wide as 

possible, on the situation In Turkey of today and 

on future possibilities to refine copper to vari- 

ous products. 

The ai» of the study Is to give the bases for 

possible further actions within the Units of 

accuracy and to enphaslse those factors on which 

It will be profitable to pay special attention. 

7.2 

Field survey in Turkey 

Our al» during the field survey was to gather 

needed basic Information fro« as »any sources 

as possible in order to get an objective result. 

In our opinion the bases connected with the plant 

design* like 

products and Markets 

location and capacity 

available raw »ateríais and utilities 

equipment supplies fro» Turkey 

ware sufficiently cleared up. 
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On the other hand, matters regarding financing, 

like 
loans, their pay back periods and interests 

import taxes and duties for equirment 

taxes and duties of raw materials 

product taxes 

taxation on profits, depreciations etc. and 

possible allowances and liberations in 

various situations would need clearer expla- 

nations in connection with the further 

actions. 

7.3 
Markets 

As shown in the marketing study the most favour- 
able products within the investment period would 
be copper wires the demand for which now is 
growing by 15-201 per year due to Turkey's strong 
industrialization degree. The growth rate of 
demand will,  however,  decrease in a longer period. 

The calculations showed that it will be consider- 
ably more profitable to start the plant on the 
basis of domestic blister and markets than foreign 
blister and markets. 

Part of the capacity of the plant should, however, 
be directed towards exportation for the following 
reasonst  Regarding Turkey's balance of trade it 
is necessary that the new plants produce export 
articles and replace Imports.  Secondly, Turkish 
plants must get experience on exports and be 
prepared for the hardened international competi- 
tion caused by EEC.  Regarding marketing the best 
time for Investments is just now,  because the 
plant will get a good start-up protected by 
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7.4 
Site selection 

Turkish custom walls.  The nam plant must be 
orepared  for the new situation after 10-20 years, 
when customs between Turkey and EEC will be 
removed according to their agreement. 

On the basis of surveys the economically most 
favourable site was found out to be the K.B.I, 
ssielter area in Samsun.   The calculations are based 
on and valid only for this  site selection. 

If any other factors than these mentioned in 
the study will require the site to be chosen else- 
where, new calculations must  be made. 

7.5 
Capacity 

Based on the plans for expansion regarding pro- 
duction of Turkish blister*  on the present electro* 
lysis capacity and growth rate of demand,  the ca- 
pacity of  the plant has been chosen to 25 000  tons 
of copper wires per year in  the first building 
stage. This production will  be based on import 
blister and marketing abroad  for the part which 
exceeds the demand on domestic markets. 

The profitability calculations show that it will 
be profitable to start using domestic blister 
and markets as soon as possible in the production. 
Three years have been used  In calculations. When 
the demand for domestic blister production and 
copper products grows,   It will be profitable to 
expand the production In the second stage to 
50 000 tons per year. 
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7.« 
Process 

Moreover the calculation! show that If the plant 
would be baaed only on import blister and foreign 
market a,  the capacity should be considerably 
bigger,  about 100 000 tons per year,  before the 
unit would be economically profitable. 
Considerine national economic views  such a big 
investment would not be the best possible, also 
because of the big risks of it. 

The process selection and design of the plant 
neve been based on typical domestic blister. 

The plant in this case is new and the procesa 
is new for ita users,  so that the «in in the 
process selection has been to select a reliable 
final  result avoiding risks. 

A lower quality of import blister could make 
the recovery of by-products,  like Ni, profitable, 
but,  on the other hand it is likely that harmful 
impurities should be eliminated. 

The selected processes and equipment will giva 
possibilities for these mentioned additions. 

7.7 
Plant 

The capacity 25 000 tons per year has been chosen 
as the basis for the designed plant. The possi- 
bilities of expansions and their Influences have 
been examined separately. 
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Unnecessary automatisation has been avoided in 

the Diana, but It will be possible to include 

this in the layout. 

The following characteristic features describe 

the designed pianti 

equipment and building investment per 

annual production of copper fro» blister 

to wire « 9 464 TL/ton of Cu-wlre 

equipment and building Investment for elec- 

trolytic refinery per annual production 

- 3 580 TL/ton of cathode 

man hours without supervision and mainten- 

ance oer cathode ton in refinery (25 000/ 

50 000) - 2.1/3.0 

operatine costs per ton of production from 

blister to wires « 2.3 TL/kg. 

The mentioned characters are according to 

international practice. 

The total investment costs of the plant are as 

followst 

1st stage 

2nd stage 

462 ill 000 TL 

609 421 000 TL 

Normal import duties and taxes« 30-40%, have 

been imposed on those foreign equipment supplies 

which are marketed on a domestic basis. Possible 

allowances for taxes and duties will decrease 

Investment costs correspondigly. 
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Profitability 
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The profitability calculation! show that   the 
rate of return of the  «elected alternative will 
be 25,8% and the pay-back period without   interests 
of   loan« 10 years and  11 years, orovided  that  60% 
of  the investments will be taken as loan»  with 
15%  interest and 8 years' pay-back period. 

The sensitivity analysis showed that the  oro- 
fltablllty of the  investment will be very   sensi- 
tive to the purchase price of blister and   aales 
price of the product.   Special attention  »hould 
be paid on these matters in further research. 
On the other hand the  influences of investment 
and operating costs and changes in sales  amounts 
are  «nailer. 

The profitability will  improve with the transi- 
tion to dossstic blister and real markets 
instead of purchased blister and foreign markets. 

Taking the before mentioned into consideration, 
the capacity of the plant, the expansion  of 
capacity and the profitability will aalnly be 
dependent on the supply of dossstic blister, 
on the development of the Turkish blister  pro- 

duction. 

The price development of blister will also 
influence on the export Dossibllitles. 
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7.9 

National economic effect 

Foreign trade 

Copper exporta 

In the formulation of the consumption and pro- 
duction targets,   a forecast and examination of 
the probable export and import figures is con- 
sidered essential. According to the Third Five 
Year Development  Plan  1973-1977 Turkey's aim 
is to get a zero current account deficit by the 
year 1982.  The average annual growth rate of 
exports must then be maintained at 101 up to 
the year 1987.   In Pig.  Ho.  7.1 foreign trade 

and balance of trade during the last ten years 
are shown. 

The development of copper exports is shown in 

Pig.   No.  7.2. About 20-30% of the production of 
the electrolytic refinery to be built can be 

estimated to be exported. This means exportation 
of about 5 000 -  8 000 tons of copper wire per 
year, which corresponds to an addition of about 
UBI  12-18 million in exports. 

Income target 

The growth rate of the Gross National Product 
is estimated to be recently 8.6% per year, and 
9.61  for the future  (rig. No.  7.3). 
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Investment for mining 

Employment 

The domestic demand for mining product« is 
expected to grow by an average annual rate of 
13%.  In order to keep pace with the growing 
demand it is anticipated that the output of the 

mining sector will increase by 15.3% per year 
on an average.  During the last ten years invest- 
ments of about 10 billion TL have been made in 
the mining.   And for the next five year period 
it will be about 15 billion TL.   About 40% of 
these investments should be allocated to pros- 

pecting,  exploration and research. 

In the following table the development of 

unemployment  in Turkey during the last few 

years is shown. 

LABOUR  (million people) 

1962 

Labour force supply 12.2 

Labour force surplus 1.1 
Unemployment rate %    9.0 

1967 1972 1973 1974 1975 1976 

13.4 14.3 14.7 15.1 15.6 16.0 

1.4 1.6 1.6 1.9 2.0 2.1 

10.4 11.1 10.8 12.6 12.8 13.1 

Considering the development of unemployment the 
effect of the copper electrolytic refinery will 
be considerable. The plant will directly employ 
about 170 persons, but  indirectly,  including 
families and public services,  about 600-800 

persons will be employed. 
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t. 
APPWDIX No.   1 

1.0 Cost braak-domi, Alternativ« 1 

1.1 First »tag«, capacity 25 000 HTPA 

1.2 Sacona «tag«, capacity fron 

25 000 to 50 000 MTPA 
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APPENDIX  No.   2 

CONTENTI 

1. Drawiwr« 

1.1 Flow ah««t 

1.2 EqulpMftt diagram 

1.3 Plot plan 

1.4 •Hitar refining and 
anoda castinn,  layout 

1.5 Electrolytic tank 

hoya«,  layout 

1.« Wirt production plant. 

layout 
1.7 Elactrolyaia and wir« 

oroduction olant, 

ntraoaetlv« 

l.t Sincri« lin« diagram 

Dwg No. 738132-1/0 

Dwg No. 738133-1/0 

Dwq No. 738134-1/0 

Dwq No. 738137-2/0 

Dwg No. 731135-1/0 

Own No. 738136-1/0 

Own No.   738138 

Dwg No.   738139-2/0 
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10. 

APPENDIX No. 3 

CONTENTS 

1.  Equipment lists 

1.1 Equipment list for the capacity 25 000 MTPA 

1.2 Equipment list for copper refinery plant 

extension (total capacity 50 000 MTPA) 
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r cjr lo-l 

l.i 

Contant« 

CI  

JoUBBx»JK*iP*f • JTHHt 

Caatlfw Ar«« 

Electrolytic fu» WQi^f MH 
HI    Coooar Aoflnlnc Equipment 
Ra    lUctrolyt« Purification Equi pawn t 
111    Ilia» Treatment tcfttipawnt 
M    Auxiliary touipmnt 

Ml »od Casting Iqulonant 
W2 »od Pollina Equinwant 
«1 «ir« Drawlnq Enulp«*nt 
W4 Auxiliary Ecu l ornan t 

I 

PO.E Piolita for Plant Ar«« 
rf .1 Pipino for Aneé« Cast 1*9 9hop **•* 
M.I Piolita; for Tank No*»« Ar«« 
WO.I Pipili« for Wir« Production Plant Ar«« 

•HfWittiU«» 
PO.R   Electrification for PUnt Ar«« 
rt.lt    Electrification for Ano*« Castina «to© Ar«« 
M.Il   ll«etrlfioatiofi for Tank Uovo« Aro« 
WO.A   Electrification for Wir« Production 

Plant Area 



r if-i 

Pf .i    iMtrwtnttttoi tor Anote C««ti*q ilnw» Ar«* 

M.N    ! A« tr «MA têt ion tor ?•** Neu«« Ar«« 
m.n    InstrtMMtation tor War« »reivetlo« Ar«« 

M.C Civil •*« Incorili« tor »laut Ar«« 

P9.C Civil innlnMrin« tor Anoé« C««U«<? Ar«« 

M.C Civil EiN?i«««rl«« tor ton« «BUM Ar«« 
ift.C Civil ln«in««rlii« tor Wir« »roénetioti Ar«« 



r it-} 

rf 

ft. ti 

ft.ti.ti 

eap*eity lit NV Cu 
liM | J IM I UM 

MttrUl Mil« ««Ml 
«•Ifttt 40 Mt 

ff.tl.il 
lit 

Pt.tl.tl 
fm «rlv« «S Ml 
•lo« érlvt    4 Ml 

tie «• «rtvt « Ml 

ft.tl 
t««p*r«tiir« tt ml«« *1«M C 

•t owtUt •lft°C 

ft.ta.•i 
•Merlai UM •*••! 

ft.ti.ti 
«MâfUt ti Ht 



0p 

1 ft.03 tmi on 9ftm 

1 rt.es.«i Oli Tank 
Mtarlal alidi »fmì 

1 VOiVM  §0 A1 

1 rt.03.02/1...a tuo <1> Oli *m» 
capacity H>,  1 000 kf/tt 

1 
toad 20 « HO 
«riva O.S MI 

1 
1 

re.ti.ei 041 turnar 
capacity iSO-1 000 kf/ti 

re. 04 Propana fyataa 

1 re.04.01 Propani Tank 
«ai«rial alld »fi 

1 
voi UH» appr.   SO • 

re.o4.oa/i...a •T^O^p      " 4» f      • W%^^ßW^^Nß     « Wkift^P^P 

1 capacity K*X.   1 004) kf/ti 
haad IO • «e 

1 érlv« 0,5 ktf 

1 re.04.0) llactrloal 1 vaporato r 
capacity aax.  1 000 ka/h 

1 re.04.04/1...4 Pour  (4) Owldatlon/PaéMctlo» ato 

1 re. ti Coaomatlon Air Oyata« 

1 re.oi.oi/i...i fwa (ai OaaOmatiOfi Air fana 
•atarlai ai 14 itttl 

1 capacity li 000 (OfP) mì/h 

•       praaanra 000 a* M 

1 
érlva «S MI 
a»ltIvana radiai éaapar 

r 
«.     M 

1 
10-4 



ry «•MB 

It-* 

1 
1 

Pf.tl.il owurti-r Air tipi** 
w*«ri«t »il« t%Ml 
4lM»t«r §M m 
totftl lauft* M • 

1 rt.n.ti/i...i UM (il  twtt«rfly V«lvM 
«i«*t«r M« •» 

1 ft •§# ONUH Atr •*•*«» 

1 
1 

P9.M.U/I...I *» (1) Cooliiif hit P«M 

MMrial «il« •%•»! 
OMNeity 10 00« (»f») • Vh 
f mri IM MI W 

1 «ri* It M 
MltlVMM r#iiêl éffp«r 

1 
1 
1 
1 
1 
1 
1 
1 

Pf.M.tt OMUH Air nplM 
MMrial »Hi t*Ml 
«i«K*«r M« « 
tetti  leufth M • 

ff.M.tl/l...t Two (1) l*tt«rfly ¥•!*•• 
êimttmr Mt « 

Pf.tV OfffM Hfrt« 

Pf.tT. •!/!...a fW   (|)  Offf«M HM 
Mt«ri«l  Mi« pM»f  t%Mi 
•aptcity H M« (Mit) • /* 
•Wi—f IM • M) 
t«p»ff«tttf« •H«°C 
«*!«•  IM Mi 

1 
1 
1 



r i 
lt«t 

fO.07.01 Offoot ioeta 
eatarial oaroo* at aal 
éiaaatar 1 000 m 
total  la*«th 70 • 

f*.07.01/1...4 (4)  111«« Oata »Mptri 

rt.07.04 
»Might M • 
Mtorlal carbon etaal 
boot inaiti ata« 

for 

P9.tt.tl •tool Work 
attor lai MU4 atoai piota, 
«•levé oonat ruction 
total lanoth 9 » 

P9.tt.tt Limata 
refractory H nod 

P9.99 Aotooatic Caatln* an* «alohln« 

P9.t9.tl Coatine ana WeiotUof Hachan i aa 
ano lntanaaaiata latía 

oao cantío« iatla 

hyoraulic operations 

P9.lt 

P9.lt.tl 

Ceetine Mioal oontieaeftt 

Caatlnf «heel 

tleeeter 9 »tt no 

It «etilio «aia of 
hytraullc trlvln« «achanU 
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i it-? 

ff.10.01 

ff.il 

pt.ia 

Pf.lS 

Pt.i« 

rt.is 

•»toy pipino 
hoo4 «fcovo ooolln« oroo 
•It« «««OUit OiMl o»©*o «!• oo«* 

•to« «»houit fan 

Awtoaotlc Lifting Devio« for teoéoo 
froao of «oiéoé »tool eoaotroctioii 
nyéroiillc M« piMUMtle ooorotlono 

Coollft« Tonn for Anoéoo 
«•tor took, vol«» 10 «   ••*• of »iW 

•tool pioto 
chain oofivoyor tilth oloctricol êrivo 
•poeto« oovieo with pnooaotlc oporation 

»lotforao oui otoimoys 

Control Moo» for Coot i i* Oporotiono 

Kloetronlct for Coot in« Ooorotiono 

»ytroullc towor Unit for Cattino Oporotiooo 

érlvofl IS Ml on« 17 M 

Pf. If 

P9.it.ti 

ff,u.oi/i...ie 

AoallUry »qulpaont 

Ovorhooé trivoilinf Crono 
oopocity I » S Ut 
•poo 17 m 
«rivo id Ml 

Too  (10) Troc*! for Anoéo Otorini 

aotorUl oild «tool 
oooh troelt for 40 anooot 
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BL lUiliffiyUff T 

RI.OI 

Rl.01/1...144 

9Mwr Hitiftlni Wyi—ii 

On« Hundred and Forty Four  (144) CoMMreUl Calls 
inai«« distensions 1 100 x 1 310 n 4 775 
vol UM 7 a 

m.oí.oí 

I 
I 
I 

RI.01.02/1...144 

Concr«t« Work of Cells 
••tal foriM 
••tarlai rainforead ooncrata panal« 

Ona Hundred and Forty Four  (144)  Laad Lining« 
with Overflow Iquip»ent for Coa*»rei«1 Call« 

••tarlai antimonial laad 

Rl.01.03/1...450       Four Mundrad and Fifty  (450) Itartar Blank« 
•«tarlai of spadai 9rada tltanlusi 
coppar hanger bars 

Rl.01.04/1...7000      lavan Thousand  (7000)  Ractangular Cathoda Roda 
••tarlai coppa r 

Ri.oa 

RI.01.01/1...2 

R1.02.01/1...S 

Rl.03.OS/1...2 

llaetrolyta Circulating Equipment 

Tue (2)  Circulating Tanks for llaetrolyta 
••tarlai ooncrata 
voluMa SO m 
laad linings 

F iva (5)  Circulating Punse for llaetrolyta 
capacity 1.5 m /»in 
total haad 20 R NO 
••tarlai AUX 31* or equal 
alactrlc «riva 20 kW 

Two (2)  Polish Filters for Itarting sheet 
llaetrolyta 

flow rata 1.5 m /min 
material Alti 316 or rubber lined «114 steel 
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m.oa.04/1...» fava) (5) Maat Iwtiaaf ra for flactrolyta 
taaqw ratura ran«« §S-«S°C 
flow rat« of alactrolyta 1.5 » /»In 
•tarn conaunptlon 1.0 HTM 
•»tarlai graphit« 

Rl.oa.05 •toraqa Tank for H2«o4 
VOlUK« 10 M 

»•tarlai, »ila ataal plata 

il.02.04 for N2t04 
capacity 200 l/»ln 

total haad 15 « WO 

••tarlai Alti 31« or äqual 

alactrlc «riva 3 kV 

ii.01.07 •toraqa Tank for tlactrolyta 
voluaa fO • 
•atarla! Mil 31« or äqual 

RI.02.01/1... 1 (3> Pumpa for tlactrolyta 
capacity 400 l/»in 
total haad 20 a ne 
•atarlai AHI Ili or äqual 
alaotric driva 4 Irti 

HI.03 •tripping and Start Inq thaat Präparation 

11.01.ti Tank for Blanka 

VOIIMM 7.5 » 

»atarlai AHI 31« or äqual 

dlroot ataaw haatlnq 

Ri.OS.01/1...1 (1) Raeka for 1trippln« 

»atarial »lid ataal 
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* 

Rl.01.01 

RI. 04 

RI.04.01/1...2 

Ri.94.01 

RI. OS 

Rl.01.01 

IO-10 

•tortino Uteot Preparation Machinée 

cutting unit for »hoots «na loooe 

stralohtenlna unit 

punching unit 

Cathode and icrap Anodo «asnino Kqulpnent 

two (2) Moth Tanks for Cathodes 
. -  3 vol us» 7.5 « 

natoriai AHI 110 or äqual 
éiroct »tea* hootinf 

•crap Anodo Noahint Iqulpnent 

washing by water hoao 

plato surrounded washin« oro« 

Condensate Col lactina and Distribution tqulpeent 

Colloctinq Tank for Condanaata 

VOltMM 3 • 

natoriai ASH  310 or equal 

1 

Ri.es.oi for Condanaata 

capacity 300 l/»in 

total hoad 00 • NO 

natoriai Alti 310 or 

•lactrie driva 11 Ml 

Ri.os.ei 

HI 

R1.01 

Poodlnq Tank for Condanaata 
VOIUSM 2 « 
notorial AIRI 310 or equal 
eosjproaaod air connection 

Rlootrolvta Purification Emi 

Circulâtinq iquipnont for Booopporlilne 
lloctrolyta 
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A2.01.01/1...2 

M.01.0J/1...I 

M.02./1...1 

ftl.02.01 

M.Ol.01/1...I 

ftl.02.OS/1...1 

M.ti.M 

iu.oi.oi/i...i 

ritin« 

Two (I) Colioettef as* Clrowiêttn^ 
fer Daoopparltin«. lUotroiyta 

t 
VOI VMM   10   M' 

•aterial MOI  1U or «quai 

Tve (2) Clrculâtlnq »«Mapa for 

•laetrolyta 
capacity 400 l/»tn 
total haee" 200 M MO 
MtorUl AHI  lit or equal 
alactrlc érivo 4 M 

Two  (2)  Deeepeeriaiiif Colla 
ins id« die*««loe« 1 100 M 1 310 « 4 m 

.1 VOlUM   ?   »" 

•iooina botto« 

Concret« Work of Colia 
•at a i fore* 
•atarial role forceé ooftcret« panola 

Two (2) I*aé Lining« »ith Overflow lojtiiBaont 

fer Paooaoarlamo Colia 

tuo (2) Oaa Mooéa for Pocopparlaim Colia 
»Merlai plastic or fiaar fiaas 

capacity 0 900  <WT») a3/h 
Mterlal Alti  Ili or aeeal 

(2) Vanti latloe raaa 
oaeactty • 000  (Uff) «'/n 
ereaaiire 100 a* «0 
«•tarlai Atti 110 or oqaal 
•ieetrle èri ve 4 MI 

I 
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M.Ol.M/1...229       Two Hundred and Twenty  (220) Lead Anodes 
copper hanger bara 

Maui rail ting Equi patent for Decopperlied 
Blectrolyte 

Neutralising Reactor 
volua* S m 
Material AliI  316 or equal 
equioped with agitator and vent tube 
teed funnel  for aline itone 

Traneport Tank for Neutralisation Residue 
.3 

1 

L^- 

1 M.0a.04/1.. .2, 

1 
1 

M.01 

1 •J.91.01 

1 
1 
1 

tt.93.92 

1 
RS 

1 M. ti 

1 •J.Ol. 01 

1 
•I.01.02/1...2 

1 
1 M.01.01/1...2 

1 
1 
1 «.01.04 

1 
1 
1 

volunte S m' 
Material «lid steel 

•Isa» TrooiUfnr Fgutjejent 

Siiae Collecting Equipaient 

Launders for Oline Collecting 
Material elastic 

Tuo  (2) rioor SuMpe for 011MS Collecting 
vol us»  3 n 
Material MSI  310 or equal 

(2) Vertleal Punpe for Slim 
capacity 200 l/Min 
total head 20 M W0 
Material MSI  3li or equal 
electric drive 3 Ml 

Storage Tan* for ilie» Slurry 
.3 volumi 30 n- 

Materlal MSI 31i or equal 

air afltator 



r: ä 

RS. 02 

R3.G2.01/1...2 

10-13 

Treatment Equipant for flliM Hurry 

Two  (2) Pumpa for SI IM ni tar in? 
capacity 400 I/min 
total head 50 m WG 
Mtarlal AI8I 316 or «quai 
alactric driva 11 kW 

113.02.02 Polishing Filter 
flow rat« 400 1/rain 
natarial AISI 316 or rubber lined 
ni Id steel 

H3.02.03 Pi1tar Praaa 
caka volume 300 1 
filtering araa 15 m' 

US.02.04 Leaching Reactor 
volume 10 m3 

material AISI 316 or equal 
direct eteam heating 

M 

M.01 

M.01.Ol 

M.01.02/1...IS 

14.91.03/1. ..6 

lyiliarv lauipment 

Rack! for Tank Houee Area 

Spacing Rack for Anode« 
material mild steel 
manually operated spacing 

Fifteen  (15)   Racks for Anodes and Scrap Anodes 
«aterial ai Id steel 

Six (6)  Racka for Starting Sheete 
material mild steel 



rm 

I 

I 
I 

« A 

M.01.04/1...12 

R4.01.05/1...2 

M.02 

M.02.01/1...2 

R4.02.02 

M.02.03 

R4.03 

R4.03.01 

R4.04 

R4.04.01 

R4.04.02 

10-14 

Twelve (12)  Racks for Cathodes 
material »lid at«el 

Two  (2)  Racks for Lead Anodas 
material mild steel 

Auxiliary Lifting Equipment 

Two (2) Bundle Lifting Devices for Anodes 
and Cathodes 

material mild steel 

Bundle Lifting Device for Starting Sheets 
material mild steel 

Bundle Lifting Device for Lead Anodes 
material mild steel 

Neighing Equipment 

Scale for Cathode Weighing 
capacity 2 MT max 

Cranes and Transportation Equipment 

Overhead Travelling Crane 
capacity 2 x 7.5 NT 
span 27 m 
drive 30 ktf 

Overhead Travelling Crane for Side Aisle 
capacity 2 x 3 MT 
span 9 m 
drive 20 ktf 

1 
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M.04.03 Fork Lift 

capacity IS NT 

14.04.04 Transfer Wagon for IIactrode 

capacity S NT 

A4.04.05/1...2 Two   (2) Transfer Jacka 

lifting capacity 2 NT 

R4.05 Hand Too la 

M.0S.O1 Stripping Tools 

M.05.02 Short Circuit Defection Meter 
gauss aster 

10-15 1 
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i 
«L Wirt rytJMfltyn ftrtt 

NI 

Ml.01/1. Two  (2) Automat le Charging Devio«! for 

••MitInf Furnae« 

NI.02/1. (2) SMltiitf Furnace« 
channel typ« induction furnace 
capacity • NT 
smelting capacity 15 000 MTPA 
two inductors 
furnae« rating 600 kW 
hydraulic tilting mechanism 

NI. 03/1... 2 Two (2) Launders bctwaan awaiting and 

Holding Furnace« 

gai tight 

•lectrical heated 
rating 11 kN 

N1.04/1...2 

N1.05 

Two  (2)  Molding Furnaces 
channel type induction furnace 
capacity 3 NT 

-        one inductor 
furnace rating 150 kW 

Cooling System for Inductors 
cooling air ducting,  § 400, L • 30 m 
three  (3)   fans, capacity appr.  10 000 
(NTP) »3/h 

N1.0I Production Qas Generating System 
capacity 400   (NTP) m3/h 
pressure 2 urn MG 
CO content 20% 
raw natarlal charcoal 



n IO-i? 

m.07/1... a fue  Cl) Withdrawal Machinaa 
if atranda 
eaatad rod di ana tar 20 Mi 

W1.00/1...U 

Mi. 00 

Wi.i© 

IlitMn   (lf) Paira of Collina; Machinai 
hydraulic driva aqulpnant,  1.1 M/pair 
apaad and coil dlaiMtar control 

Control Doak for »waiting and Casting Oparationa 

Vacuum Qanaratln? Iquipnant for Withdrawal 

Maehinoa 
fan, capacity 0-10 n3/«in, p • 100 aw WO, 

driva 7.5 kW 
vacuua piping 

W1.11/1...2 

W1.12/1...2 

Two   (2)  Hydraulic Powar fyataiM for Onalting 

Purnacna 
oil tank 250 1 
oil punp,  capacity 57 l/*ln,  p - 70 kq/cm4 

driva 11 kW 

Two   (2)  Hydraulic Powar Syataaa for Withdrawal 

Machlnaa 
oil tank 250 1 
oil punp, capacity 45 1/nin, 
p - 50 kg/cm2, drive 5.5 kW 

W2 

W2.01 

»of MolU»f H<4g»»"t 

Rod Rolling Machina 
fron f 20 an rod to 8 am aquara wire 
running out apaad max.  € n/sac 

rating 570 kW 

M2.01.01 

W2.01.02 

Straightening Davica 

Pay-off Tabla 
two coil barrala 
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W2.01.03 

na.01.04 

«3 

«3.01 

«1.01.01 

«3.01.02 

«3.01.03 

«3.02 

«3.02.01/1...2 

••If-windln« Device 

laul«ion Treatment and Cool Inf Lin« 

•ir« Drying »qalpmnt 

Primary «ir« Drawing tino 

Medium Wir« Drawing »Meh in« 
inlet diameter MX • mm 
outlet dliMttr »in  1 Ni 
nuotar of draft« 13 
drawing epeed MX  31 »/««e 
connection rat in« 2§6 k« 

Sliplee« Contlnuoua Real «tance tatnealer 
annealing dtavatar  ranqe f 4.52 - I  1 

connaction rating  300 kVA 
annaaltnq voltage MAX 65 V 

•undla Packer 
collar with «tationery wire carriar 
coil in« diameter ranga f 5 - f 1 mm 

colling »peed max  30 m/««c 
f langa diameter max 1250 am 

barrai diameter min    600 m 
total width 400-900 mm 
wire capacity max  5 MT 
connaction rating  30 k« 

Fino «Ira Drawing Lin« 

Two   (2)  Fine «ir« Drawing Machina« 
inlat diameter max  4.5 mm 
outlet diameter min 0.4 mm 
number of draft«  17 
drawing «peed max 60 m/sec 
connection rating  132 kW 
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Wl. 01. M/i... a 

M. 01.01/1... 1 

»1.01.04 

«1.01.09 

IM.01 

IM.01.01 

IM.01.01 

IM. 01.01 

Two (1) Ollplass Continuous Aas lit «no« 

anna«ling dlanatar ranga I 1.1 - f 0.4 

oonnactlng rating 100 kVA 

•MMAllllf volt«O« MX 05 V 

Two (1) lundi« Packars 

oollar with stationary wira oarrlar 

coiling diaswtar ranga §  1.0 - 0.4 im 

flanga diaswtar na« $  1000 an 
barrai diaita tar nin f 045 an 

total width 1000 mm 
wlra capacity Utax 1 150 kg 

•»vision Lina for Drawing Machinai 

Staaa Qanaratlng Lina for Drawing Linas 

Cranaa and Transportation Bquipmant 

Ovarhaad Travailing Crana for Mod Caatlng 

capacity 10 NT 

apan 14 m 
driva 15 kW 

Ovarhaad Travailing Crana for Mira Drawing 

capacity 5 MT 

span   14 « 

driva  11 kW 

Fork Lift 

capacity 5 NT 
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«4.02 

W4.02.01/1...3 

»4.02.02/1...3 

W4.02.03/1...3 

W4.02.04 

W4.02.05 

Auxiliary Mettiti«! and Reala 

Thr««  (3)  Pointing Machin«« 
diameter rang« f • - 1.2 

Thr««  (3)  But-w«lding Machines 
on« for diameters I 8-4 mm 
on« for diamatara § 4-1 mm 
on« for diameter« f 1 - 0.15 mm 

Thr««  (3)  Pay-off Devices for Drawing Nachinea 
on« for primary wire drawing line 
two for fine wir« drawing linei 

Cutting Davie« for Scrap Wires 

ferais for Drawing Machines 
500 metal reala 
1500 wood«n reela 

W4.03 

W4.03.01 

W4.03.02 

W4.03.03 

Weighing Equipment 

Scale for Wire Rods 

capacity 4 NT 

Scale for Wirea from f 8 mm to f 1.4mm 

capacity 4 NT 

Scale for Wirea from §  1.4 mm to flf 0.4 

capacity 1 NT 
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PO. E 
PO.1.1 
PO.E.02 
PO.E.03 
PO.E.04 

P9.E 
F9.E.01 
P9.E.02 
F9.E.03 

Pipano for Plant Area 

•t«am piping 
Process water piping 
Cooling wattr piping 
Compressed air piping 

Pipino for Anoda Caatlna «hop Art» 

Futi ol piping 
Propane piping 
Utility piping 

RO.E 
RO.E.01 
RO.E.02 

NO.E 
NO.E.01 
WO.E.02 
NO.E.03 

Piping for Tank House Arta 

Process piping 
Utility piping 

Piping for Wire Production Plant Araa 

Hydraulic piping 
Eamlsio piping 
Utility piping 

PO. E 

PO. R. 01 

PO. ft. 02 

Ff, ft 

F9. ,R. 01 

P9 .R. 02 

F9 .R, .03 

P9 .R, .04 

Electrification 

Electrification for Plant Araa 
Extension of main switchgear 
Power supply for tank house and wir« 

production 

llactrlf lcatlon for Anode) Caatlna Shop Arta 
Expansion of smelter high voltage switchgear 

Process transformer 

Cabling and control 

Lighting 
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RO.R 

RO.R.01 

llectrlflcatlon for Tank Houae Arta 

Rectifier tranaformer for coMMrcial celli 

currant 21 kA 

voltage 60 V 

RO.R.02 Rectifier traniformar for dacopparliing celli 

currant 6 kA 

voltage 20 V 

RO.R.03 
RO.R.04 
RO.R.05 

6.3 kV awitchgear 
Proceea tranaformer 
Main buabara 

area 16 000 mm2 
total length 77 m 

RO.R.06 Dlatribution buabara 

area 20 000 mm2 

total length 123 m 

RO.R. 07 Cell buabara 
2 

area 1 000 mi 

total length 657 m 

RO.R.08 Short circuit awitchea aectiona 

quantity 6 

RO.R.09 Main buabar for decopperiiing cells 

area 4 600 an2 

total length 14 m 

RO.R.10 Cell buabara 
area 1 000 MR 

total length 19 m 

RO.R. 11 

RO.R.12 

Cabling and control 

Lighting 
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NO.R 
WO. R.Ol 

NO.R. 02 
NO.R.03 
NO.R. 04 
NO.R. OS 

nitrification for Nlro Production Plant Art« 
High voltage swltchgear 
Prooess transformera 
Cabling and control 
Lighting 
Emergency power for tank house and wire 

production 

H InpfrrumentjUof» 

F9.H 

ftO.N 

NO. M 

Instrumentation for anode casting «hop area 

Instrumentation for tank house area 

Instrumentation for wire production area 

civil Engine«r^ng 

PO.C 
P0.C.01 

Civil Engin—ring for Plant Area 
Building of main switchgear 

volume 160 m 

PO.C.02 
PO.C.03 
PO.C.04 

Moating and ventilating of the building 
Foundations of equipment 
Roads and yards 

length 300 m 

PO.C.05 Sewage work 

F9.C 
F9.C.01 
F9.C.02 
F9.C.03 

Civil Engineering for Anode Casting Area 
Foundations of equipment 
Trail for overhead crane 
Auxiliary building works 
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M.C 

M.C.Ol 

RO.C.02 

M.C. 03 

M.C. 04 

M.C. 05 

NO.C 

NO. COI 

W0.C.02 

NO.C.03 

NO.C.04 

NO.C.OS 

civil toala—ria« 

Foundation for équipaient 

Building 
diiaenaion» 3S.5 x »I » 

volai»      40 Ì00 »3 

Heating and vanti Ut ing 

Furnitur« 

Sanitary plumbing 

Civil Engineering for Nlra Production Area 

Foundation of equipment 

Building 
di»an»ion» 25 x 105 m 

volua»     23 350 m3 

Haating and vantilating 

Furniture 

Sanitary plumbing 
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(total capacity 50 000 H?»A) 

Contant« 

iL 

Hl 

JL 

Electrolytic Tank noua« Ara» 
111    Copper »«fining Equipment 
Ra    Elactrolyta Purification Cqulpawnt 
R3    Sliiaa Treatment Equipaient 
M    Auxiliary Equipawnt 

Wir« Production Ara« 
Wl Rod Caatinq Equipaient 

W2 Hod Rolling Equlpawnt 

W3 Wlra Dravlna Equipaient 

W4 Auxiliary Eau l paient 

PO. E Pipinq for Tank Nouaa Araa 

WO.I Pipinq for Wlra Production Plant Araa 

Electrification 
PO.P Electrification for Plant Aroa 
M.R tlactrlfleation for Tank Houaa Araa 
WO.R Electrification for Wlra Production 

Plant Araa 

I 
I 
I 
» 

Inatrunantatiopq 
M.N I net ruaient at Ion for Tank Noti«« Araa 

WO.H Inetrumentation for Wir« Production Araa 
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i.C   Civil •RflMMrlMf for fïtmt ht— 
i.C   civil *»fliiMrlftf fer tank *e*m Ara 
I.C   Civil MflnMrliif for »Ir« *r©4«ctlon 
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IT LIST  FOR COPPER REFINERY PLANT EXTENSION 

(total capacity  50 000 MTPA) 

R0 Electrolytic Tank House Area 

Rl Copper Refining Equipment 

Rl.02/145...211 One Hundred and Forty Four  (144) Correlai Celia 
inside dimensions 1  100 x 1 330 x 4 775 

3 
volume 7 m 

RI.01.01 Concrete Work of Cella 
metal forms 
material reinforced concrete panels 

Ri.01.02/145...2M   One Hundred and Forty Four  (144) Lead 
Linings with Overflow Equipment for Commercial 

Cells 
material antimonial lead 

Ri.©i.01/451...tOO   Four Hundred and Fifty  (450)  Started Blanke 
material of apecial grade titanium 

copper hanger bara 

Ri.01.©4/7001...        leven Thousand (7000)  Rectangular Cathode 

14000 Rods 
material copper 

w#0j Electrolyte Circulating Equipment 

11.02.©1/3...4 Two (2) Circulating Tanks for Electrolyte 
material concrete 

volume 50 m 
lead lining 

Ri.02.02/f...9 Four  (4) Circulating Fumps for Electrolyte 
capacity 1.5 m /min. 
total head 20 m MG 
material AISI  316 or equal 
electric drive 20 kW 

«•MB^ 
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RI.02.04/6...9     Four (4) Heat Exchanger« for Electrolyte 

temperature range 55-65 C 

flow rate of electrolyte 1.5 m /»In 

steam consumption 1.0 MTPH 

material graphite 

Rl.02.08/4...5     Two (2) Pumps for Electrolyte 

capacity 400 1/min 

total head 20 m WG 

material MSI 316 or equal 

electric drive 4 kW 

R1.04 Cathode and Scrap Anode Washing Equipment 

Rl.04.01/3...4     Two (2) Wash Tanks for Cathodes 

volume 7.5 m 

material AX8I 316 or equal 

direct steam heating 

m#05 Condensate Collecting and Distribution Equipment 

Rl.05.01 Collecting Tank for Condensate 

volume 30 m 

material AI8I 316 or equal 

Rl.05.02 Pump for Condensate 

capacity 300 1/min 

total head 60 m WG 

material AI8I 316 or equal 

electric drive 11 kW 

Rl.05.03 reeding Tank for Condensate 

volume 2 m 

material AI8I 316 or equal 

compressed air connection 

~l 
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R2 

R2.02/3...4 

Electrolyte Purification Equipment 

Two (2) Decopoerizing Cells 

inside dimensions 1 100 x 1 330 x 4 775 

volume 7 m 

sloping bottom 

R2.02.01 Concrete Work of Cells 

metal forms 

material reinforced concrete panels 

R2.02.02/3...4 Two (2) Lead Linings with Overflow Equipment 

for Decooperizing Cells 

R2.02.03/3...4 Two (2) Gas Hoods for Decopperizing Cells 

material plastic or fiber glass 

R2.02.06/221...440  Two Hundred and Twenty (220) Lead Anodes 

copper hanger bars 

R3 

R3.01 

R3.01.01 

Slime Treatment Equipment 

Slime Collecting Equipment 

Launders for Slime Collecting 

material plastic 

R3.01.02/3...4 Two (2) Floor Sumps for Slime Collecting 

volume 3 m 

material AI8I 316 or equal 

R3.01.03/3...4 Two (2) Vertical Pumps for Slime 

capacity 200 1/mln 

total head 20 m WG 

material AISI 316 or equal 

electric drive 3 kW 
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R4 

R4.01 

Auxiliary Equipment 

Racks for Tank House Area 

R4.01.02/16... 30        Fifteen   (15)   Rack«  for Anodes and Scrap Anodes 
material mild steel 

R4.01.03/7...12 Six (6) Racks for Starting Sheets 

material mild steel 

R4.01.04/13... 24   Twelve (12) Racks for Cathodes 

material mild steel 

R4.01.05/3...4 Two (2)  Racks for Lesa An< 
material mild steel 

R4.04 Cranes and Transportation 

R4.04.01/2 Overhead Travelling Crane 
capacity 2 x 7.5 MT 

span 27 m 
drive  30 kM 

R4.05 Hand Tools 

R4.05.01 Stripping Tools 
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wo Wire Production Area 

Wl 

Wl.01/3 

Wl.02/3 

Wl.03/3 

Rod Castina Equipment 

Automatic Charging Device for Smelting Furnace 

Smelting Furnace 
channel type induction furnace 

capacity 8 MT 
•melting capacity 15 000 MTPA 

two inductors 
furnace rating 600 kW 
hydraulic tilting mechanism 

Launder between Smelting and Holding Furnace 

gas tight 
electrical heated 
rating 11 kW 

Wl.04/3 

W1.05 

Holding Furnace 
channel type induction  furnace 

capacity 3 MT 
one Inductor 
furnace rating 150 kW 

Cooling system for inductors 
cooling air ducting,  0 400 
one fan, capacity appr.   10 000  (NTP)  m3/h 

Wl.07/3 

W1.08/17...24 

Withdrawal Machine 
16 strands 
casted rod diameter 20 mis 

Eight   (8)   Pairs of Coiling Machines 
hydraulic drive equipment,  1.1 kW/palr 
speed and coll diameter control 
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Ml.09 

Ml.11/3 

HI.12/3 

Control Desk for Smelting and Casting Operations 

Hydraulic Power System for Smelting Furnace 

oil tank 250 1 

oil pump, capacity 57 1/min, 

p » 70 kg/cm2, drive 11 kW 

Hydraulic Power System for Withdrawal Machine 

oil tank 250 1 

oil pump, capacity 4 5 1/min, 

p « 50 kg/cm2, drive 5.5 kW 

W2 

W2.01/2 

112.01.01/2 

W2.01.02/2 

W2.01.03/2 

W2.01.04/2 

W3 

W3.01 

Rod Rolling Equipment 

Rod Rolling Machine 

from 0 20 mm, rod to 8 mm square wire 

running out speed max 6 m/sec 

rating 570 kW 

Straightening Device 

Pay-off Table 

two coil barrels 

Self-winding Device 

Emulsion Treatment and Cooling Line 

Wire Drawing Equipment 

Primary Wire Drawing Line 

I 
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W3.01.01/2 Medium Wire Drawing Machine 

inlet diameter max 8 min 
outlet diameter min 1 ran 
number of drafts 13 
drawing speed max 38 m/sec 
connection rating 286 kW 

W3.01.02/2 Slipless Continuous Resistance Annealer 

annealing diameter range f 4.52 - f 1 

connection rating 300 kVA 

annealing voltage max 65 V 

W3.01.03/2 Bundle Packer 
coller with stationary wire carrier 
coiling diameter range 0 5-01 
colling speed max 30 m/sec 
flange diameter max 1 250 mm 
barrel diameter min      600 mm 
total width 400 - 900 mm 
wire capacity max 5 MT 
connection rating 30 kW 

W3.02 

W3.02.01/3...4 

W3.02.02/3...4 

Fine Hire Drawing Line 

Two  (2)  Fine Wire Drawing Machines 
inlet diameter max 4.5 mm 
outlet diameter min 0.4 mm 
number of drafts 17 
drawing speed max 60 m/sec 
connection rating 132 kW 

Two  (2)  Slipless Continuous Resistance 
Annealers 

annealing diameter range fl.8-f0.4mm 
connecting rating 100 kVA 
annealing voltage max 65 V 
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Two   (2)  Bundle Packers 
coiler with stationary wire carrier 

coiling diameter  range 9 1.8 -  0«* "W» 
flange diameter max 9 1000 mm 
barrel diameter min 9    645 mm 
total width  1000 mm 
wire capacity max 2  250 kg 

~1 

W3.02.04/2 

M3.02.05/2 

W4 

W4.01 

W4.01.01/2 

Emulsion Line for  Drawing Machines 

8team Generating  Line  for Drawing Lines 

Auxiliary Equipment 

Cranes and Transportation Equipment 

Overhead Travelling Crane for Rod Casting 

capacity  10  MT 

span 24 m 
drive 15 kW 

N4.01.02/2 Overhead Travelling Crane for Wire Drawing 

capacity 5 MT 
•pan 24 m 
drive 11 kW 

W4.02 

M4.02.01/4...6 

Auxiliary Machines and Reels 

Three (3) Pointing Machines 

diameter range 9  8 - 1.2 

W4.02.02/4...6 Three  (3)  But-welding Machines 
one for diameters 0 8 - 4 mm 

one for diameters 9 4 - 1 mm 
one for diameters 0 1 - 0.15 
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W4.02.04/4...6 

W4.02.O5 

Three  (3)  Pay-off Devices for Drawing Machines 

one for primary wire drawing line 
two for   fine wire drawing  line» 

Reels for Drawing Machines 
500 metal  reels 
1500 wooden reels 

I 
114.03 

W4.03.01/2 

W4.03.02/2 

«4.03.03/2 

Neighing Equipment 

Scale for Wire Rods 
capacity  4 MT 

Scale for Wires from 9 to 1.4 mm 

capacity 4 MT 

Scale for Wires from i 1.4 to 0.4 mm 

capacity  1 MT 
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Piping 

RO. E 

RO. E. 01 

RO. .E. 02 

WO. .E 

WO .E. 01 

WO .E. 02 

WO .E. .03 

Piping  for Tank House   Area 

Process piping 

Utility piping 

Piping for Wire Production Plant Area 

Hydraulic piping 

Emu Is io piping 

utility piping 

Electrification 

PO.R 

PO.R.01 

PO.R.02 

RO.R 

RÒ.R.01 

RO.R.02 

RO.R.03 

RO.R. 04 

RO.R.05 

RO.R. 0C 

Electrification for  Plant Area 

Extension of main switchgear 

Power supply for tank   house and wire production 

Electrification for Tank Home Area 

Rectifier transformer   for commercial cella 

current 21 kA 

voltage 60 V 

Rectifier transformer   for decopperiting   cells 

current 6 kA 

voltage 20 V 

6. 3 kV switchgear 

Process transformer 

Main busbars 

area 16 000 mm3 

total length 77 at 

Distribution busbars 
2 

area 20 000 mm 

total length  12 3  in 
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R0.R.07 

R0.R.08 

R0.R.09 

Cell busbars 
2 

area 1 000 mm 

total  length 657 m 
Short circuit  switcher sections 

quantity  6 

Main busbars for decopperizing cells 

area 4 600 mm' 

total length 20 m 

R0.R.10 Cell busbars 

area 6 000 mm* 

total length 19 m 

R0.R.11 
R0.R.12 

Cabling and control 
Lighting 

W0.R Electrification for Wire Production Plant Area 

HO.R.01 

H0.R.02 

W0.R.03 

E0.R.04 

W0.R.05 

High voltage switchgear 

Process transformers 

Cabling and control 

Lighting 

Emergency power for tank house and wire 

oroduction 

H Instrumentâtion 

R0.H 

W0 

Instrumentation for Tank House Area 

Instrumentation for wire production area 

Civil Engineering 

P0.C 

PO.C.Ol 

Civil Engineering for Plant Area 

Building of main switchgear 

volume 160 m 
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P0.C.O2 
P0.C.O3 
P0.C.O4 

10-38 

Heating and ventilating of the building 
Foundations of equipment 
Roads and yards 

length 100 m 

1 

RO.C 

R0.C.O1 

RO.C.02 

Civil Engineering for Tank House 

Foundation for equipment 

Building 

dimensions 38.5 x 64 m 

volume 26 522 m3 

RO.C.03 

RO.C.04 

RO.C. OS 

Heating and ventilating 

Furniture 

Sanitary plumbing 

tfO.C 

WO.C.Ol 

W0.C.O2 

Civil Engineering for Wire Production Area 
Foundation of equipment 
Building 

dimensions 18 x 105 m 

volume 16 065 m 

M0.C.O3 

M0.C.O4 

W0.C.O5 

Heating and ventilating 

Furniture 

Sanitary plumbing 

P0.C.O2 

P0.C.O3 

P0.C.O4 

Heating and ventilating of the building 

Foundations of equipment 

Roads and yards 

length 100 m 

RO.C 

RO.C.01 

RO.C.02 

Civil Engineering for Tank House 

Foundation for equipment 

Building 

dimensions 38.5 x 64 m 

volume 26 522 m 
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RO, c. 03 

no ,c. 04 

RO .c. 05 

wo .c 
wo ,c, 01 

wo ,c, 02 

W0.C.03 

W0.C.04 

WO. COS 
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Heating and ventilating 

Furniture 
8«nlt«ry olumblng 

Civil Engineering for Wire Production àrea 
Foundation of équipaient 
Building 

dimenalone 18 x 105 m 
3 

volume 16 065 m 

Heating and ventilating 

Furniture 

Sanitary pluntolnq 
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1. 

SUMMARY 

1.1 

Purpos« of tht study 

The purpose of  this market research hat been to examine 
the market possibilities in Turkey for the producta 
fro« the new electrolytic refinery.    The research 
include! a literature atudy and a field survey in 
Turkey.    Since supply of blister copper,  the raw 
material to the new plant, is an eatential pert of 
the wire production plant's operation,  the blister 
markets have been examined. 

1.2 
Blister markets 

Blister can be purchased on international markets, 
either by direct purchase or toll agreements* Part 
of the capacity of the refinery could be satisfied 
by toll agreements. 

1.3 
Products 

It is evident that copper wire will be the most suit- 
able product form the electrolytic refinery to be 
built in Turkey.    Copper cakes,  billets, wire bars 
and wire rods have not sufficient demand on the 
Turkish market,  and it would not be profitable to 
produce them for export. 

Demand for copper sheet is growing in Turkey, but at 
this stage it would not be profitable to Install 
rolling mill capacity.   There is enough production 
capacity for copper sulphate in Turkey,  and the 
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demand for it is growing very »lowly.    Aleo an anode 
•lime treatment plant with »ufficient capacity for 
Turkey i» under construction. 

Fro« the marketing aepect the most profitable product» 

for a new plant would bei 
- copper wire 
- anode slime 

1.4 
Demand 

The demand for copper wire ha» »o far been in excess 

of production capacity. In future the demani will 

grow by 15-20 % per year. Although the wire plant» 

now operating in Turkey have program» for expansion 

and one new plant 1» being built, there will be 

adequate demand for a new wire production plant on 

the Turkish market. A plant suitable for the mar- 

kets would have an initial capacity of 25 000 tons 

per year with a later expansion to 50 000 ton» per 

year. The new plant should be prepared to develop 

markets and also to export. The demand for copper 

wire in Turkey i» at present 35 000 - 40 000 tons 

per year. 

Anode »lime can be treated in manbul at the anode 

•lime plant which i» being built there. Slime could 

also be processed in foreign plants on toll basis. 

1.5 
Price 

The price of copper wire in Turkey is at present 
approximately 54-56 TL/kg.    The price can be esti- 
mated to grow by 7-10 % per year.    On international 
markets the price of copper wire is about 990-1010 
E/ton.    The price is expected to rise by about 
10-15 % per year. 
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1.6 
Consumera 

Th« largest consumers are the cable industry and 
the industry of electrical equipment.    This industry 
is situated mainly in the Istanbul area. 

1.7 
Competition 

At present there are two manufacturers of wirei 
Rabak A.S. and Sarkuysan A.8., but next year Bakir- 
san will also start  its production.    All these are 
situated in the Istanbul area. 

1.8 
Sales effort 

The ne%# plant should form an effective sales organi- 
sation at an early stage of planning.    It should also 
be prepared for marketing abroad.    Regarding marketing 
the moat important factor would be the commissioning 
of the new electrolytic copper refinery before Turkey 
becomes a full member of EEC and the custom barriers 
are reiaoved.    At present the protective duties effec- 
tively protect a new industry and give the possibi- 
lity of a profitable start-up. 
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2. 
STUDY PROCEDURE 

The market study was made by the following Outokumpu 

Oy'a engineers i 

Mr. Jouko Sinisalo, Chief of Project Appraisal 
Department» Engineering Division 

Mr. Raimo Rantanen, Manager of Pori Refinery 
Dr. Olli Hyvlirinen,  Metallurgist of Pori Refinery 
Mr.  Heikki Savolainen,  Project Engineer, 

Engineering Division 

The field work was performed from 17th May to 18th 

June,  1976. 

2.1 
Sources of information 

Before the proper marketing research in Turkey was 

carried out a literature survey was made at the 

following libraries! 

- The Library of the university of Helsinki, Finland 

- The Library of UNIDO, Vienna, Austria 

- The Library of Outokusipu Oy*s Metallurgical 
Research Institute 

- The Library of Finland's Export Association 

During the field survey the following blister cooper 

producers in Turkey were visited i Etibank and Kara- 

deni» Bakir Isletmeleri A.S. and their smelters in 

Bamsun, Murgul and Ergani. The main blister copper 

consumers in Turkey 

- Rabak Elektrolitik Bakir ve Mamullari A.S. 

- Sarkuysan Elektrolitik Bakir Sanayii ve Ticaret A.S. 

- Bakirsan A.S. 

were visited. One of the Turkish copper wire users, 

TUrkkablo A.O., was interviewed. 
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The Turkish economical development was discussed with 

Mr. Emre Gonensay, Professor of Economics, Bo^azici 

university, Istanbul. Export taxation was discussed 

with the Ministry of Commerce, Ankara, and 

Import taxation with the Ministry of Monopolies, 

Ankara. 

The availability of power was discussed with TUrkiye 

Elektrik Kurumu (TEK). 

Statistics was collected from the following sources i 

State Planning Organisation 

State Institute of Statistics 

Turkish Industrialists' and Businessmen's 
Association 

Because Outokumpu Oy has exported copper and copoer 

products since 1935 and annual sales of copper out- 

side Finland is 30 000 tons, we have used Outokumpu 

Oy's own experience for the estimation of international 

copper markets. 

2.2 

Persons Interviewed 

During the field work 

the following persons i 

we collected information from 

Mr. Suat Yasa, Manager 

Mr. Muamater Senkart, RftD Manager 

Mr. Turaon Ardali, Sales Manager 

Mr. Eneren CUler, Sales Department 

Mr. Osman Vesal, Manager of Credit« 

Mr. Enver Eke, President 

Mr. Ugur Bilkin, Vice President 

Mr. Aykut Akis, Chief of Designing 

Mrs. Osmur Yalcinkaya, Economist 

Etibank, Ankara 

Etibank, Ankara 

Etibank» Ankara 

Etibank, Ankara 

Etibank, Ankara 

KBI, Ankara 

KBI, Ankara 

KBI, Ankara 

KBI, Ankara 
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Mr. Attila Celik,   Engineer 

Mr. Naki Akpinar,   Plant Manager 

Mr. Ali  Yavuz,  Plant Manager 

Mr. Suleiman Akbai, Chem.  Engineer 

Mr. Sabri Altin,   Economist 

Mr. S.   Soylernetog lu, Metallurgist 

Mr. Taakin Akdenlz,  Plant Manager 

Mr. Abdullah Carni i,  Technical Manager 

Mr.  Bêlent Gökberg, Chemical Engineer 

Mr.  Eroi  Erden,  Plant Manager 

Mr. Cahit KUtUkoQlu, Chief of Design 

Mr. Ma gboo1 Siddigui,  Project Manager 

Mr. Tarhan GUnay,   Marketing Engineer 

2-3 

Etibank, Ankara 

KBI, Santsun 

Etibank, Murgul 

Etibank, Murgul 

Etibank, Murgul 

Etibank, Murgul 

Etibank, Ergani 

Etibank, Ergani 

Etibank, Ergani 

Alarko A.S., 
Istanbul 

Alarko A.S., 
Istanbul 

Alarko A.S., 
Istanbul 

Alarko A.S., 
Istanbul 

~1 

Mr. Mahmut Erdin,   Manager Türkiye Zirai 
Donation Kuruir.u 

Mr. Erdal Ka bat eoe 

Mr. Nahit Erui, Assistant of General 
Manager 

Mr. Suât Ocurn, Chief of Dept. 

Mr. Dinecr Asena,  Manager 

Mr.  Ismet Bacerdem, Chief of Dept. 

State Planning 
Organization, 
Ankara 

Ministry of 
Monopolies and 
Customs, Ankara 

Ministry of 
Commerce,  Ankara 

State Institute 
of Statistics 

Mr. Orhan Yildirim, Manager 

Mr. Vural Akin,  Engineer 

Mr. Orhan Tarkan,   Engineer 

Mr. Olli Kokkonen, Manager 

Hr. Bahri Ersoi,   President 

Mr. Setal Cankut,  General Manager 

TEK,  Ankara 

TEK, Ankara 

TEK, Ankara 

TUrkkablo, 
Istanbul 

Rabak A.S., 
Istanbul 

Rabak A.S., 
Istanbul 
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Mr. Fehini Kavurga, Plant Manager 

Mr. Metin GUngörmüa, Techn. Director 

Mr. Basar Ergun, Techn. Director 

Rabak A.S., 
Istanbul 

Rabak A. S., 
Istanbul 

Rabak A.S., 
Istanbul 

I 

Mr. Yusuf Ay, Manager 

Mr. Sami Onursal, Lawyer 

Mr. Ekrem Aakin, Chief of Dent. 

Mr. Cavit Akcay, President 

Mr. Kayrettin Cayci, Manager 

Mr. Dogan Cakir, Chief of Refinery 

Mr. Ishok Alaton, President 

Mr. GUner Kocel, Manager 

Mr. Emre Gonensay, Professor 

Mr. Teoman Yurdunol, Manager 

Bakirsan, 
Istanbul 

Bakirsan« 
Istanbul 

Bakirsan, 
Istanbul 

Sarkuysan, 
Istanbul 

Sarkuysan, 
Istanbul 

Sarkuysan, 
Istanbul 

Marko Holding 
A.S., Istanbul 

Bonasiei 
University, 
Istanbul 

Metkon Mlisavir 
MUhendislik 
Firmasi 

2.3 
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3. 

INTERNATIONAL ELECTROLYTIC COPPER MARKET 

3.1 

General considerations 

During the last thirty year«, the technical progress 

has brought forth new structural materials. Some of 

them, particularly light alloys, plastic materials 

and stainless steels have been widely used in those 

fields of application which had been reserved by 

tradition to copper and its alloys. The copper con- 

sumption in the world is steadily increasing owing 

to the rising living standard and to development of 

new applications brought about by the physical, che- 

mical and mechanical characteristics of copper. 

Copper and its alloys possess a range of properties 

which no other material for industrial use can present. 

The main properties of copper arei 

high electrical and thermal conductivity! 

among the other metals, only silver presents a 

higher conductivity than copper, while aluminium 

has an electrical conductivity amounting to 

55 % of the copper figure 

good castability and hot and cold workability! 

these characteristics are also displayed by the 

main alloys, such as brasses, bronzes, aluminium 

bronses, cupro-nickel, nickel silver 

the ability of forming alloys with many other 

metals to make a large number of materials pre- 

senting a very wide range of properties 

the excellent mechanical characteristics existing 

to the lowest temperatures 

the good corrosion resistance in many atmos- 

pheres 
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easy electrodeposltlon permitting the production 
of sesti-product» directly by the electrolytical 

Method 

easy jointing by welding and soldering 

3.2 
Geographical distribution 

To a great extent copper reserve! are to be found in 
different continents and countries than where copper 
is consumed.    The main production areas of copper «re 
South America, Africa and also Australia.    Copper is 
mainly consumed in Europe, North America and Japan. 
Figure 3-1 shows the production and consumption in 

various continents. 

For the above mentioned reasons copper is in value 
one of the moat important materials in the world. 

3.3 
Copper consumption and production 

The relative share of copper consumption on a world 
wide basis is as follows i 

Material 

Iron and steel 

Cement 

Plastics 

Aluminium 

Copper 

Zinc 

Lead 

49 

45 

3 

1 

1 

0.5 

0.5 

TOTAL 100 % 
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Copp«r is the fifth in this table. 

In addition to virgin copper a considerable amount of 

cooper is being refined in the world by using either 

copper scrap from the industries or scrap fron- old 

products, e.g. old cables, machine parts, household 

articles, as raw materials. About 37-40 % of all the 

copper consumption in the world, including alloys, 

is taken for» scrap.  It has been estimated that 

about 75 % of the total world copper consumption 

could be recycled. The circulating time is on an 

average 30-35 years. 

The world production and consumption of copper arc 

shown in figure 3-2. At present world consumption 

of copper is about 7-9 million tons per year and 

production is marginally greater than consumption. 
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3.4 

Copper price* on European market! 

3.4.1 

The  London Metal Exchange and Commodity Markets 

In Europe the London Metal  Exchange (LME)  mainly 
determines the price of copper.    It was founded as 
early aa in 1881 and it has become a significant 
pricing  factor of copper   in the whole world. 
However,  only a fraction of the world copper  goes 
through the London Metal  Exchange, perhaps about 
St.    A majority of the copper trading is done by 
mutual contracts. 

Copper  transactions on the London Matal Exchange are 
done In lots of 25 tons and only authorised members 
belonging to the so-called  "ring" take part   in the 
actual  trading.    The trading is done in periods of 
10 minutes - the quotations of the first session will 
be the basis for information given to the press. 

It is alleged that the price of copper exactly follows 
the law of supply and demand. 

The main purpose of the LME is nowadays for  both 
producers and buyers to uae it for so-called hedging. 
The trading is done either  in cash or in three months' 
futurea  in accordance with standard contract*.    The 
principle in so-called hedging is that the physical 
transaction is always opposite to the transaction 
made on the LME.    Therefore, because of this   function 
of the LME the physical exchange of copper  i a approx- 
imately 10 % of the transactions made. 
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Only three copper quantici are tradedt 

a) wir« barai  electrolytic or high conductivity 
fir« refined copper 

b) electrolytic copper cathode«t Cu minimum 99.90 % 
c) fire refined beret Cu minimum 99.70 % 

Only copper fro« approved auppliera can be bought 
or sold on the London Metal Exchange.    It is the 
buyer's duty to receive the cooper from any ware- 
house of the LME in England, Hamburg, Rotterdam or 
Antwerpen. 

The hedging can be described by the following ex- 
ample!    the refiner of copper buys his copper at the 
price of the shipping day from some corner of the 
world, but he receives it only after about three 
sonths.    The refiner has to take the risk of copper 
price fall during these three months, after which 
he can resell the copper.    In hedging the refiner 
sells through a broker the same amount as he actual- 
ly bought.    After three months if the price of copper 
has decreased the refiner can buy from the LME the 
quantity of copper he sold.    In this way he makes 
good almost totally those losses that were caused by 
the decrease in price of copper to be refined. 

Another function of the LME is to be a speculative 
market.    On the other hand, this is alleged to make 
the rise and the fall steeper, but on the other hand 
speculators stabilise the markets,  because they act 
contrarily to those making hedging transactions. 
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3.4.2 
Producers' prie« 

In the beginning of I960»s so-called producer« •   prie« 
was valid for »OR» tin».    The purpose of thi« prie« 
wat to baiane« changas on copper prie« and to chock 
an excess  increase in coppar prie«.    Th«r« were faar« 
that an excess increase in coppar prie« would causa 
replacement of coppar by aluminium. 

Gradually the cooperation became impaired and the 
producer a*   price was given up.    Altogether this 
stage lasted from 16th January 1964 to 24th April 

1966. 

3.5 
Coppar prie« on American markets 

In USA th« pricing bases of copper differ completely 
from the European one».    There are thre« different 
pricing bases and in addition to thee« «o-called 
COMEX-price which is used for «peculation trading 

in futures. 

The most  important one la dome»tic producer price. 
It is,  at least in principle, determined by each big 
fir» independently.   The difference between the 
highest and the lowest price valid at a time ia 
approximately 2 c/lb or about £ 16/t. 

The second most important one probably is the weighted 
average published by Engineering and Mining Journal 
(E*MJ).    Daily transactions are registered and the 
above-mentioned average is calculated from them. 
Domestic and international price« are calculated 

separately. 
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Ths third prie« is consumer smelting prie«.    This 
prie« fluctuates considerably»  because th* smalterà 
try, with the help of pricing,   to keep their plants 
operating with an even capacity.    Another reason for 
the great fluctuation Is the large use of scrap as 
raw material,  the price of which fluctuates con- 
siderably according to demand and supply. 

The fourth price in the US copper markets is the 
COHEX-price   (Commodity Exchange Price) .    This price 
is used, however, mainly for hedging transactions 
of speculative type.    COHEX is a clearing house of 
its 

3.6 
Copper price trend 

I 
I 
I 
I 
I 
I 
I 

The copper price depends on very many factors and  it 
is sensitiva to changes,  however small, both in supply 
and demand.    The figure 3-3 shows the development 
of copper price from 1960.    In the following we give 
some factors that have affected the copper price. 
In the autumn 1962 during the Cuban crisis the Rhode- 
siana sold copper to the LME thus preventing prices 
fro» rising.    There were fears that aluminium would 
be Introduced as substitute to copper. 

A heavy Increase in demand in 1964 caused a sharp 
rise in copper price. 

At the end of 1964 it was thought that copper price 
was coiaing back to its "normal" price level when it 
decreased strongly. 

In the latter part of the year  1965 there were large 
strikes in the U8 mines.    This resulted in severe 
disturbances in the copper deliveries from Chile to 

USA.    Because of the Vietnam war a stipulation was 



r 

i 
i 
i 
i 
i 
i 

~i 



mm 

r * 
(fjn/o444tH{t«   (/y 

3-8 1 
given in USA that 20 % of copper had to be reserved 
for military requirements.    The consequence of all 
this was that the copper price on the London Metal 

Exchange approached E 500/t. 

In the beginning of  1966 strikes  in Chile continued 
for which reason USA declared an  import prohibition 
on refined copper.    The Vietnam crisis still limited 

the US copper production. 

In the production the situation relaxed when the 
strike at the mines of El Teniente in Chile was 
called off.    This and another significant factor  - 
transport of copper from Zambia became easier - 
had an effect on the sharp fall of the LME price of 
copper.    When the strike in Zambia was solved at  the 
end of 1966,  the decline of copper price continued. 

At the end of  1967 the former Congo,  nowadays Zaire, 
nationalized all its mines.     In the same year four 
significant copper producers formed an organization 
called CIPEC  (Conceil Intergouvernemental des Pays 
Exportateurs de Cuivre).    These countries were Chile, 
Peru,  Zaire and Zambia.    In the summer of 1967 a 

lengthy strike started in the US mines. 

Strikes were prevalent in 1968 which included the 
lengthy strike in USA, which started as early as 
in the middle of 1967.    The end of strike in March 
caused a sharp fall  in copper price on the London 

Metal Exchange. 

In 1969 Zambia took over 51 %  i.e. the majority of 
shares of mines in the country.    Chile partially 
nationalised her mines and the extent of nationali- 

sation varied between various mines. 
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At first the demand increased and on the other hand 

the disturbances associated with nationalisation of 

mines decreased the production. Large strikes occured 

both in the Chilean mines and in the Faiconbridge 

mine in Canada. Exceptionally large purchases by 

China and the Vietnam war increased the demand. 

The copper prices continued to rise up to 1»74 when 

it fell sharply. One reason for this was the commi- 

ssioning of the further production capacity in 

various parts of the world and stocks were filled 

with copper. 

During the present economic depression copper stocks 

grew to a record site. Voluntary decreases in pro- 

duction and closing of some small mines were not 

enough to stabilise the situation. 

The low copper price, large stocks and sluggish demand 

have caused that resources Invested in copper pro- 

duction have been few and therefore there is a risk 

that in the future changes in demand and supply will 

be considerable. It has been suggested that a pro- 

tective stock should be created to stabilise copper 

markets» but its realisation in the near future is 

unlikely because of amount of necessary capital 

(approximately 3 to 4 billion dollars) . 

At this moment it is estimated that only about €0 t 

of the western copper producers in the world can 

continue to operate on the present price level. 

If the price level does not rise the rest of the 

producers run into difficulties and it may cause 

a downward swing in the copper production. 
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Natii th« «commie recovery coming up alio in Europe 

tt li to be expected that also the consumer goods 

industry needing copper will become mor« active. 

However, th« large stocks way have a restraining 

affect on the price development of copper at the 

beginning of the boo» despite of the increasing 

demand. The price peak has been estimated to be 

during years 1979 and 19Í0. 

Economic development forecast 

the slowing down in economic activity, which started 

at the end of 197 3, deepened to the worst depression 

in the industrial countries since the second World 

War. The gross national product of the OECD countries 

decreased by 0.1 % in 1974 and by 2 % in 1975.  In 

the middle of 1975 the economic conditions indicated 

a rise in recovery in U8A and Japan. Recently some 

signs of the recovery have been seen also in West 

Europe. Economic conditions are estimated to improve 

rather slowly, because so far the great industrial 

countries have increased the demand only slowly to 

avoid reacceleration of inflation. This year the 

gross national product of OECD countries is estimated, 

however, to grow by at least 4 %, which is partly 

caused by the low comparison level. 

» 

! 

I 
I 

TIM growth rate of the total yield in Industrial 

I countries is assumed to grow slowly from the level 

in 1974 and to reach its peak at the end of 70*s. 

I 
I 

The groas national product of OECD countries is «sti- 
ma ted to «row in 197Ì-Ì1 by an average of 4 to 5 % 
a year, whilt the correaponding average in 1960-7 3 
was 5.5 % a year,    h a lower growth than during pre- 
vious recoveries can be explained by high inflation 
level, change in th« atrue ture of business life in 
favour of services i.e. a move from the producing 
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industry, and  large share of energy investments of 
the production« 1   investments  in the near future. 

Figure 3-4 presents the achieved gross national 
product volume and price  increase of OECD countries. 
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3.7 
Copper substitutes 

Aluminium has always been the worst  threat as a 
substitute for copper.    The electrical conductivity 
of aluminium is 63 % of copper, but as the specific 
weight of aluminium is only 30 % of  copper, alumi- 
nium requirements are only half as much as copper. 

Use of aluminium and copper in various areas is 

divided as follows! 

Copper Aluminium 

Electrical industry 55 % 10 % 

Building industry 14 % 20 % 

Workshop industry 14 % 9 % 

Motor industry 9 % 30 % 

Consumer goods 4 % 7 % 

Packing products - 15 % 

Others 4 % 9 % 

100  % 100  % 

Figure 3-4 shows the growth of aluminium and copper 
besides some other metals.    The areas where aluminium 
has replaced copper are the electrical Industry 
(open-wire circuits,  electric cable«, bus bars)   and 
the building industry  (profiles,  facade materials). 

The world production of major metals and their rela- 

tive growth is presented in figure 3-5. 



I- -4 

QËt! 
Fif   3-4    Growth of  world production and   consumption ( tonno»«1(f) 

of major nor. forrou* motáis ovor tht ponod   11*0-1970 

Fif 3-1   World production of major 
motott (toni) 
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Plastic and stainless steel 

Plastic has won markets from copper pipes in special 
areas like instrumentation and in some sections of the 
chemical industry.    The biggest  threat was however - 
and is still - with the hot water pipes in the 
building industry.    So far plastic pipes have not 
been approved for various reasons. 

The threat coming from stainless  steel has not been 
as great,  except regarding building facade and roof- 
ing materials. 

3.« 
Custom duties in Turkey 

Import 
Customs for blister import is tero, if the blister is 
refined in Turkey and is then reexported.    If the 
imported blister is refined and used in Turkey, its 
customs value will be 128.7  % of   its cif value. 

The custom is composed as follows t 

30 % 
30 t 

24 % 

9 % 

5 % 

15 % 

Legal custom duty 

Production tax 

Import duty 

Stamp duty 

Harbour tax 

Municipal tax 

Legal custom duty 

olf value x 30 % 

Import duty 

cif value x 24 I 

ftamp duty 

cif value x 9 % 

30 % 

24 t 

9 % 
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- Municipal tax 
custom duty x 15 %    - 4.5 % 

- Harbour tax 
cif value + custom duty + 
import duty + municipal tax 
x 5 % *     8.4 % 

- Production tax 

cif value + custom duty + 
import duty + municipal tax 
• harbour tax x 30 % «   52.$ % 

TOTA*, 128.7  % 

Export 
According to information from the Ministry of Customs 
no custom duties have to be paid for goods which are 

exported from Turkey. 

3.9 
International associations of Turkey 

Turkey is a member of OECD and GATT and associated 
member of the European Economic Community.    According 

to the time schedule Turkey will be a full member in 
1995.    Turkey also belongs to the Regional Cooperation 
for Development  (RCD)  organisation consisting of 

Iran, Pakistan and Turkey. 
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4. 
INTERNATIONAL  BLISTER MARKETS 

4.1 
Dealing methods 

4.2 
Sources 

At present about 1.0 million tons of blister is dealt 
with per year,  either through agent firms or by direct 
buyers.    About 20 % of blister goes through agents and 
the rest to direct buyers.     The most important of the 
direct buyers are purchasers from subsidiary companies 

in developing countries. 

The following agent firms can be mentioned: 

Ametalco 
Amalgamated 
Philips Brothers 
Marc Rich 

In figures 4-1 and 4-2 the blister production in Turkey 

is shown. 

On international market» blister is sold by 

South Africa 

Chile 
Peru 
Southwest Africa 

Peru is, however, reducing its sales, because they 

will refine blister in their own country. 

Zaire also markets blister, but most of the refining 

is carried out in Belgium. 
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4.3 
Sales agreements 

I 

The blister quality  is defined  in the agreement. 

The price is usually determined as fol lowst 

from the Cu-content of blister 0.3 %  is 
deducted to cover losses and for the rest 
of  the copper  100  % or  99  %  of some L?*E 

quotation is  paid 

from the silver content  30-35 g Ag/ton of 
blister is deducted and  for  the rest  99  \ 

of  the LME quotation is paid 

• 
from the gold content 1 g Au/ton of blister 

is deducted and for the rest 99 % of the 

lowest LME quotation is paid 

The price is normally based on the average of  the 
month of arrival.    Treatment charge will be reduced 
from the value of blister calculated as above. 
At present the treatment charge has been about 
7-8.5 USeVlb, but the charge has been falling 
lately because there is shortage of blister and 

copper scrap. 

Penalty  for the blister seller is also defined in the 

agreement,   if the Cu-content is lower than the re- 

defined analysis. 

Gold and silver treatment charges are generally 

determined separately, e.g.t 

gold treatment charge US* 30-35 /kg 
silver treatment charge      US$ 3.5 - 4.0 /kg 

Penalties for the contents of arsenic, antimony and 

nickel are also normally defined in the agreement. 
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4.4 
Toll agreements 

4.5 
Conclusions 

Toll agreements are in principle similar to sales 
agreements. 

An exception is the fact that in the agreement defined 
amounts of refined copper will be returned.    Thus the 
refineer will gett 

treatment charge 
if the yield is better than estimated in the 
agreement,  the difference will be a profit 
for the refiner,  correspondingly losses for 
the refiner with lower yield. 

The production of blister has been sufficient on 
international markets.    Developing countries are 
beginning to electrorefine blister in their own 
countries.    In addition to new refining capacity, 
mines and smelters are being commissioned.    Thus 
nart of the capacity of the copper electrolytic 
refinery to be built in Turkey can be based either 
on nurchase or toll blister. 
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5. 
DEMAND FOR ELECTROLYTIC COPPER IM TURKEY 

5.1 Cathode copper 

5.2 lillets, €•*•• Mid 

5.3 Shoots 

5.4 Rod 

5.5 Wir« 

5.6 Conner sulphste 
5.7 Gold sud silver 

«fir« bars 
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DEMAND FOU ELECTROLYTIC COPPI* IN TURKEY 

5.1 

Cathode copper 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 

The òer*and for cathode copper in Turkey 1B at present 

very low. The compari lea with equipment for melting 

of cathode copper have adequate refining capacity, 

ao they do not need to buy it. Only occasionally 

damane for cathode copper might be found. 

5.; 
Silleta« cakes and wire bars 

5.3 

Sheets 

At present there arc no niants in Turkey which use 

confier billets« cakes or wire bars as raw materials. 

Thus it would not be logicai to build a plant pro- 

ducing copper billets, cakes and wire bars for Tur- 

kish markets. On international markets the plants 

using billets, cakea and wire bars as raw materials 

usually have long-tern agreements with their suppliers, 

and it could be difficult for a new producer to break 

into these markets. 

In Turkey copper sheets are produced only by Maklna 

Kästln«, a plant near Ankara with a "earlv production 

of «bout 2000 tons. The Import of copier sheets to 

Turkey has been insignificant, below 100 tons ^ex 

year. The imnort of sheet has been about 200 - 400 

tons per year, Including bronces, brasses and other 

copper alloys* which does not justify investment in 

this sector at the moment. 
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3.4 

Rod 
Pianti that might buy copper rod« in Turkey tre« 

Rabak A.S. 

Sarkuysan A.S. 

Bakirean A.S.  in 1978 

All these planta are "laced in the Istanbul area. 

That« firmi have «uf fie lent production capacity for 

wire rods. 

5.5 

Hire 
Cooper wire eeema to be the moat promising product. 
There la a rapidly growing demand for copper wire in 
Turkey. 

Copper wire la at present produced by 

Rabak A.S. 

Sarkuyean A.S. 
Makina Klmlya 
and In the nearest future bakirean A.S. 

All these plants have plans for expansion. 

The copper consumption and demand trends ars presented 
in figure 5-1.    The derand is predicted to Ine rea a« 
by about 15-25 % per year.    The beses for this are 
the following i 

the    latest trend 
plans in the cabla industry 
plans in the industry of electric motore 
plana in the transformer plants 
Turkey*s growing development as industria- 
lised country 
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The development hai occurred very rapidly, but la 
not expected to be maintained. The latent demand 
haa now been filled by the production. 

Demand for cooper wire 

Becauae all the wire will be uaed in manufacturing 
planta,  the thickneae of consumed wire depend« on 
Ita end use and the manufacturera* equipment. 

I 
I 
I 
I 

Most of the produced copper wire ia uaed in cable 

planta.  In European cable factories there haa pene- 

rally been a tendency to purchase drawing machines 

and uae rolled wire as raw material. The aame ten- 

dency has been noticed in Turkey. Bone cable planta 

have alreedy bought drawing machinée and in nany 

planta there are plans for Installation of drawing 

capacity. Thus it seems that the demand will be 

distributed differently after a few yeara (aee the 

following table). 

Wire thickness 
san 

Présent altuetion Estimate after 
2-4 yeara 

1 2 % 10 l 

4 11 1 30 % 

1.4 - ï.S 15 1 30 % 

1.0 - 1.4 25 % 20 % 

below 1.0 IS % 10 I 

100 1 100 1 
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5.6 
Copper sulphate 

Rabak A.S. now produces «bout  3000  toni of copper 
sulphate per year.     It   is produced  from dirty electro- 
lyte and blister copper.    The capacity of thia plant 
satisfies the present demand  in Turkey,  which is 
mainly by the wine   industry. 

I 
I 

5.7 
Gold and silver 

The demand for go Id and  silver follows the Interna' 
tional desend.    Blister copper produced in Turkey 
contains gold and  silver as fol lows i 

femsun 

90 Id 

silver 

yearly average 

2Ì.5 g/t 
151     g/t 

latest months 

20 g/t 
130 g/t 

Erganl yearly average latest months 

90 Id 
silver 

H     g/t 
77     g/t 

13 g/t 
«• g/t 

Rabak A.I. is just building an anode slime treatment 
plant in Istanbul   in which gold and silver will be 
recovered.    As the cenacity of this plant will be 
considerably in etteess of their own requirements,  it 
would be advisable  to co-operate with them on the 
question of anode  slime treatment instead of building 
•n additional plant. 
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6. 
PRICE 

6.1 
Blliter cooper 

The price of blister copper  in Turkey has developed 
According to th« curve presented in figure 6-1. 
The price has not followed international fluctua- 
tion» in the copper price, but stayed firm.    The 
present price of blister delivered to Istanbul is 

37  700 TL/t. 

C.2 

Copper wire 

The price of blister on international markets follovs 
the fluctuation of copper prices in the Lf'.E quotations. 
Calculation of the blister price has been presented 
in item 4.3 and duties to be paid in Turkey in iter. 

3.8. 

The price of copper «rire has  followed the price of 
blister copper on Turkish market».    The clear price 

leader has»  however, so far been Rabak A.s. whose 
pricing the other producers have followed.    The price 
of wire was in June 1976 as follows i 

aunt)« lad hard 

0.20 MR 57.00 TLAçj Si. SO TLAf 

0.25 PS) 50.70 « 56.20 H 

0.30 pen 50.40 m 5f.90 M 

0.3S - 0.40 tm SCIO m 55.00 M 

0.45 - 0.50 tm S4.S0 « S4.30 « 

0.SS - O.iO SSK S4.S0 • S4.00 N 

O.fS - o.to tm 54.20 m 53.70 M 

0.15 - 1.35 MR 53.90 m S3.40 H 

1.40 - 2.00 SSH S3.10 m 52.60 m 

2.05 - 2.90 HSR 52.05 m S2.35 m 

2.95 • 8.00 mr. 51.95 N 51.45 H 
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€.3 
Cathode copper 

The  increase in wire price it shown in  figure 6-2. 

On  international markets the wire nrice  follows close- 
ly  the price quotations of LUE copper.     In figure 6-3 
the  yearly averages  and development  trends of copper 
wire bar LME cash quotations have  been  presented. 
The wire price  is generally about  St E   44/ ton more 
expensive than the wire bar.    The growth trend of 
wire price has been estimated to 7-10  % per year in 
the near future. 

Cathode copper is generally not dealt with in Turkey. 
But  if there was a trade,  the price would apparently 
be AS much cheaper than the wire price as the costs 
of wire production.     On international markets the 
price of cathode copper follows L!!E quotations 
(figure 6-3).    Cathodes are generally about St E  10/ 
ton cheaner than wire bars. 

«.4 
Gold and silver,  anode siine 

In figure 6-4 the latest development of the gold and 
ailver priée la shown. 

Usually the price of anode Bilma is determined as 
folIowai 

gold» quotation minus 40-4 5 I/kg 
silvers quotation minus 28-30 t/kg 

The amounts of gold and silver to be paid are generally 
ft % of their actual contents.    The handling cost of 
bulk*  about SO USf/ton, is also reduced from the prie«. 
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7.2 Location of consumers 

7.3 Copper sulphate 
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7. 

CONSUMERS 

7.1 

Copper wir« 
The main consumers of copper wire arei 

cable plants 

transformer plants 

plants for electrical machinery 

The demand for copper wire in cable plants will de- 

crease as copper is replaced by aluminium in power 

cables. In telephone cables copper will remain as 

the main material. 

According to the Third Five Year Development Plan 

1972 - 1977 the target for average annual increase 

in the production of the electrical machinery indus- 

try has been set at 19.9 %. The apparent annual in- 

crease will be 15-25 % in the future, having been 

10.8 % during the last five year period. The growth 

of demand expected in item 5.5 will be justified in 

spite of the fact that aluminium will be substituted 

for copper in the production of cables. 

Most of the consumers- of copper wire are located in 

the Istanbul area. 

Potential consumers 

Cable manufacturers 

Siemens 5 500 t/year Istanbul 

Kavel 4 000 " Istanbul 

6urtel 2 O00 " Istanbul 

Anka I SOO " Istanbul 

Ttlrkkablo 1 500 " Istanbul 
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In addition there are about 50 «mall cable plants 

that are consuming «bout 800 tons of copper per year. 

Two new cable plants are now being built in Turkey 

and the previous ones are being expanded. 

Transformer manufacturers 

AEG Istanbul 

E BAS Istanbul 

Etitas Izmir 

The transformer plants need bus bars in addition to 

electrolytic copper. 

Electric motor manufacturers 

AEG 

General Electric 

Cemag 

7.2 

Locatioti of consumers 

The demand for copper wire has been mainly in the 

Istanbul area. The principal locations are shown 

in figure 7-1. It is» however, assumed that cable 

plants for electrical machinery will be placed also 

•lsewhere in the country in future. 

7.3 

Copper sulphate 
Copper sulphate is mainly used by small 

of which the largest consumer is 

Turkiye Zlral Dona tin Kuruntu 

in Ankara. 

vinyards, 
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8. 

ELECTROLYTIC COPPER PRODUCERS 

8.1 

Rabak A.S. 

Rabak A.S.'s plant and head office are situated in 

Istanbul. Rabak started its operation in the begin- 

ning of 1960. At present their production is 18 000 

tons per year which not« is being expanded so that 

their production will be 40 000 tons per year in 

1977. Rabak is the 19th biggest company in Turkey 

according to turn-over (1974). 

turn-over 

capital 

profit 

employees 

816 million TL 

338 million TL 

117 million TL 

924 

Rabak A.S. is at present building an anode slime treat- 

ment plant. Its capacity will be enough to treat all 

anode slime produced in Turkey. This plant will be 

in operation in the end of this year. In addition 

Rabak produces about 3000 tons of copper sulphate per 

year. Rabak also produces small amounts of bronze and 

other copper alloys. 

The Rabak plants Includet 

anode casting plant 

copper tankhouse 

wire rod casting plant 

wire rolling and drawing plant 

copper sulphate plant 

anode slime treatment plant under construction 
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8.2 

Sarkuysan A.S. 
Sarkuysan started its production in 1975. The niant 

has had a good start-up and at present 10 000 tons of 

copper wire per year is produced. Sarkuysan has plans 

for expansion so their production capacity will pro- 

bably be 20 000 tons per year within a few years. 

The plant includasi 

anode casting plant 

copper electrolysis 

wire rod casting plant 

wire rolling and drawing plant 

The plant is situated about 30 km fro» Istanbul on the 

Ankara road. 

• .3 

Bakirsan A.8. 
Bakirsan is at present building a wire plant which 

should be started in 1977. The capacity of the plant 

will be 10 000 tons per year initially, but there are 

plans to expand the capacity immediately to 20 000 

tons per year. 

The plant is located in Istanbul. 

1.4 

Makina Kimiva Kurumu A.S. 

The Makina Kimiye plant is situated near Ankara. The 

production of the plant is mainly used for military 

purposes. The plant produces about 2000 tons of 

copper sheets annually and about 600 tons of copper 

pipes annually. 
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8.5 
Location 

Figure 8-1  ihows the   location of electrolytic  co-er 
nroduetion in Turkey. 
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9. 

SALES 

9.1 

Salas on domestic markst» 

Ths planta now producing copper wire do not have to 

make conaidarable salai sfforts» as the consumers 

buy it themselves fron the producer. There Is no 

significant price competition, but the others follow 

the pricing of labak A.S. This is due to the fact 

that a seller*s market exists at present, however, 

when all the plans for expansion have been realized 

and the plant discussed in this research has been 

built, attention will have to be paid to marketing. 

The new firm in particular should start effective 

Marketing efforts before production has commenced. 

On dosteetlc markets sales efforts should primarily 

be directed towards larger comaumers, for this reason 

they should be mace familiarised early with the new 

«ire plant and its products. It would also be use- 

ful to make longer supply agreements with them after 

samples have been aent. 

9.2 
Sales organisation 

Typical for the sale of copper is the fact that the 
volume per salesman is big, however, an effective 
marketing organisation is essential.    Figure 9-1 
shows a draft of sales organisation. 
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9.3 
International markets 

I 

Several alternative rot'tes are possible for starting 

copper wire exports i 

1. direct sales to consumers 

2. sales through agents 

3. sales offices 

A direct sale to consumers is the most favourable when 

steady contacts have been made. When making these 

contacts it is possible to call in consultation help 

from small producers of copper wire in Europe. 

When selling through agents the agents' fees will of 

course have to be paid. At first it would be best 

to find an agent firm which has experience of selling 

copper wire« but not a major organization. 

It would be advisable to set up a sales office, if 

marketing is not contracted to an agent, in Central 

Europe from where the European markets could be 

handled. In addition suitable agents should be 

found for all the other continents. 

Turkey's favourable location in the Middle East should 

also be taken into consideration regarding potential 

markets. It could be easier to come into these mar- 

kets than the very competitive markets in Europe. 

9.4 
Marketing initiation 

The sales manager should be employed about two years 
before the plant is started.    His first task would 
be to make an organisation of domestic and export 
marketing.    The sales organisation should be formed 
about one year before the start-up of the plant. 
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Then an active information campaign and visiti to the 
new plant will be arranged for potential consumers. 

The new production plant should maka a well organi zed 
advertising campaign, with brochures and advertisements 
During the advertising campaign advertisements and 
articles on the new plant should be published in 
professional magasines.   Advertisements should be 
made in professional advertising bureaus. 

9.5 

Marketing costs 

Generally marketing costs are about 2 - 2.5 % of the 

sales. In addition there are the agents' fees, about 

0.5 - 1.5 %. 

9.6 

Deliveries 
The normal terras of payment «re cash against documents. 

On domestic markets the consumer usually transports 

the copper wire with immediate payment.  In exports 

longer period« of payment have to be given» 30 days, 

60 days, 90 days. The longest it normally 180 days. 

The sise of lots varies from 1 ton to 100 tons. 

The terms of delivery on lurkish markets is usually 

free on factory, but in exports it can be fob or 

cif. 
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