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WS Atkins rAanagement Consultants 

'lbur',., 
O.Wnit F0045/PAW/JC 

o. 15th December 1988 

S Morosov Esq 
Chief 
Contracts Section 
General Services Division 
Dept of Administration 
UNIDO 
Box 300 
A-1400 Vienna 
Austria 

Dear Sir 

Project Title: Assistance in Establishment of 
Copper Fabrication Plant in Zallbia 

Project No: Sl{llJ4/88/801 
Contract No: 88/38 

,.,.., ..... 
Eoaa 
Sumlr K1'1158W 

Teleoho11e(037 27126t.O 
i!1Px 266701 CAdlins G) 
Fax (037 27) C0055 

Extnoz441 

I have pleas~re in submitting our Final Report on the feasibility of 
manufacturing copper semis in Zambia. 

The objectives of the study were to: 

* evaluate the opportunities for manufacturing copper semis in Zambia 

* carry out • technical, financial and economic evaluation of the 
proposed joint venture with Romania, and possible alternatives. 

The market research led to the conclusion that the best opportunities for 
Zambia lie in the manufacture of copper sheet and strip. It will be 
noted, therefore, that the technical, financial and economic evaluation 
focuses on rolled products. This is consistant with the conclusions of 
the study carried out by the Cooperation Centre of Tilburg and Eindhoven 
Universities, and with the Romanian joint venture proposal. 

It should also be recognised that the financial evaluation of tt1e Romanian 
proposal 1s based on information and assumptions drawn from our meetings 
with the Romanian delegation in Lusaka 1n June 1988, rather than a formal 
document. The Romanians were unable to prepare a full and final 
c0f'lllerc1al offer, as agreed, by the deadline specified. The assumptions 
used in the financial evaluation, therefore, may be subject to revision. 
However, as agreed with UNIDO (tele~ from Behrens 2/8/88) and INDECC 
(telex from Yamba 8/8/88), we have completed the evaluation on this 
basis. 

~ llO~ OI...., N#C... ""'- Mlt"Y J"'9 
.4-0.- A..._ AC ..... 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1. 
I 
I 
I 
I 
I 
I 

2 

In preparing the Final Report we have taken into consideration the 
coanents and suggestions set out in your letter of 9th November 1988. We 
have addressed the key conaents on the market and financial aspects of the 
proje:t in the manner described in our telex (23/11/88), to which you 
agreed (your telex 5/12/88). 

We have responded to each conment made in your letter as follows: 

Technical Calllents 

1(1): discussed further on p.94. 

1(2): discussed further on pp. 96-97. 

2(1): discussed on pp. 105-106. 

2(2): this is a very useful suggestion, '9hich we have addressed on p. 106. 
The cost implications of this technology are dealt with on p. 1~9, 
and this is carried forward to the sensitivity analysis on p. 190 
(and su11111arised on p.28). 

Martetifinance Calllents: 

2(a) the multiplier of 2.0 was derived from the market research results, 
and is explained in full on p. 53. A note has als' been added to 
the su11111ary on p.4. 

2(b) further discussed on p. 57, and added to sensitivity analysis on pp. 
187-189 (also p. 28). 

2(c) competition from Radiator & Tinning is discussed further on p. 54, 
and this has been added to the sensitivity analysis on p. 189 (also 
p. 28). The rate of growth in demand within the PTA market is 
discussed further on p. 62, and considered in the sensitivity 
analysis on p. 189 (also p. 28). 

2(d) the spurious figures in Table 3.8 were drawn from the Central 
Statistical Office in Lusaka, which was unable to check their 
accuracy. The estimated demand for plate, sheet and strip in Zambia 
shown in Table 3.9 is therefore built largely from market research 
results. 

2(e) to achieve full capacity production, the Rom~nian buyback would have 
to be 97i of capacity in Year 1, declining to asi in Year 15. It 
was not considered realistic to assume a variable bu)back ratio with 
a view to achieving full capacity production after the start-up 
period. Rather we have assumed that the buyback will be a constant 
soi of full capacity. This makes easier the analysis of the effects 
of raising or lowering the buyback volume. 
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2(f) deleted as requested. 

2(g) most of the financial tables in the draft report show only to Year 
2003 for convenien~e, although analyses were carried out over the 
full project period. These tables have not been altered as agreed 
;n your telex. 

We trust that these amendments are satisfactory, and we look forward to 
your confirmation that the Final Report satisfie5 the terms of our 
contract in full. 

Yours faithfully 
for and on behalf of 
WS ATKINS MANAGEMENT CONSULTANTS 

4L 
R A F Collin3 
Director 
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1. EXECUTIVE Sll'MRY 

Project Background 

Although Zambia is a major producer of copper cathodes, it imports 
most of its requirements for copper semis. These imports constitute 
a serious drain on Zambia's scarce forex reserves. Since copper, 
the main component of production costs, is available locally, import 
substitution would seem a logical development. 

The viability of manufacturing copper semis in Zambia is by no means 
certain, however. Despite the advantageous positioning close to the 
raw material, operating costs in Zambia are likely to be higher than 
competitive installations in the West, principally because of 
relative scales of production, the scarcity of scrap as a feed 
material, and the need to import expensive spares. 

A previous study, carried out by the Cooperation Centre of Tilburg 
and Eindhoven Universities between 1985 and 1987, concluded that a 
Zanmian manufacturer would be primarily dependent on the PTA 
regional market, and that the most promising opportunities lay in 
the manufacture of copper sheet and strip. However, a financial and 
economic evaluation of a small scale rolling mill with a capacity of 
1,000 t/pa indicated that the pro.ject would not be feasible. 

More recently, the Romanian organisation Uzinexportimport has 
presented a proposal concerning the establishment of a rolling mill 
in Zambia with a capacity of 10,000 t/pa. Romanian credits will be 
available to finance the purchase of Romanian plant and equipment, 
and repayment of the loan could be made in copper products. 
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This proposal is the main subj~t of the feasibility study presented 
in the present report. It is important to note, however, that the 
Romanians have failed to provide, as promised, full details of their 
conmercial offer by the deadline agreed. For this reason, we have 
proceeded on the basis of assumptions drawn from our discussions 
with the Romanian delegation in Lusaki\ in June 1988. Inevitably, 
several important aspects remain unclear. The most important is the 
proportion of the plant's output which can be sold to Romania. We 
have assumed that the Romani ans wi 11 accept a fixed percentage of 
production, rather than 
for plant and equipment, 
been paid off. 

the volume necessary to pay back the loan 
and continue to do so after the loan has 

The report also compares the Romanian project with possible 
alternatives. This involved a re-examination of market 
opportunities in sectors other than sheet and strip, and an 
evaluation of a different type of plant. The plant selected for 
this exercise was a rolling mil 1 of 2,250 t/pa maximum capacity, 
oriented to the PTA regional market. 

1.2 Market and Plant Capacity 

1.2.l PTA region 

Estimates of demand within the PTA region (Table 3. 10) indicate some 
significant developments since the Dutch consultants' study, largely 
due to ex~ansion among the region's major manufacturers. 

For the product sectors specified in the TOR, the key conclusions 
may be sunmarised as follows: 

* tubes: Almin (Zimbabwe) has e~tered successfully this market, 
and could supply a 1 arge percentage of demand within the PTA. 
Since Zamefa (Zambia) and Booth Manufacturers (Kenya) also 
have the capacity to produr.e tubes, investment in another 
plant in Zambia cannot be recommended 



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

3 

* copper and brass bars, shapes and sectio~s: this is a 
promising market, but there are three producers in both Zambia 
and Zim:>abwe, and one in Kenya. Further investment does not 
appear to be justified, although there is scope to develop 
secondary manufacturing industries using copper and brass feed 

* copper and brass sheet, strip and foil: t~t!re is still no 
major manufacturer of these products in the PTA region 
surrounding Zambia. Limited local competition is provided by 
Radiator & Tinning (Zimbabwe) and GECA mines (Zaire). 

The market research demonstrates that the only significant "gap" 
within the inmediate PTA market for a Zambian manufacturer lies in 
the sheet, strip and foil sector. This is consistent with the 
cone 1 us ion reached in the Dutch cons" l tan ts' report, and with the 
Romanian joint venture proposal (Section 3.1. 1). 

1.2.2 Sales outside the PTA 

AltJ'iough there has been considerable rationalisation of production 
in the major world markets, there is still ample capacity for rolled 
products, and declining markets have le1 to significant impr~vements 
in efficiency among the surviving producers. 

A Zambian manufacturer is at a competitive disadvantage in these 
markets, primarily because market requiraments are so varied and 
different to the PTA, because customers demand just-in-time 
delivery, and because foreign producers, using scra?, have lower raw 
material costs. 

Zambia is unlikely to achieve any significant sales in Europe or 
other hard currency markets. This is consistent with the 
conclusions of the market research carried out by the Dutch team. 
The most sensible approach is to assume that a Zambian manufacturer 
wi 11 concentrate on the PTA 1Mrket, where high tariff barriers 
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provide effective protection against European imports. Sales to 
Romania as liart of the joint venture proposal are treated as a 
separate and unique item (Section 3.1.2). 

1.2.3 Demand 

The current consumption of copper sheet, strip and foil in the PTA 
market is estimated at 835 t/pa. 

A multiplier of 2.0 co."' be applied where copper products can be 

purcnased in local currenc1es. This is based on end-users' 
estimates of the eff ~t of forex restrictions on local demand. On 
the basis of discussions with the PTA, an assumption that 2oi of 
export sales throughout the PTA will be paid in local currencies has 
been derived. 

Applying the multiplier, and allowing for competition from Radiator 
& Tir.ning and GECA mines, the current market available to a Zambian 
manufacturer of rolled products has been estimated at 1,080 t/i>a 
(Table 3.12). 

In the case of the Romanian mill, the off-take for the Romanian 
market ha~ been set at ao: of maximum capacity, which is 8,000 t/pa 
(Section 3.1.3). 

1.2.4 Prkes 

Ex-works prices are used in the calculation of revenues. 

Zambian sales prices are set at a 5% discount with respect to the 
landed price of European imports in the various PTA markets. 
Ex-works prices are calculated by subtracting the relevant duties, 
tariffs and transport costs (Table 3. 13 and Section 3.1.4). 

Ex-works prices of products sold to Romania are derived by 

subtracting transport costs from indicative international prices. 
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1.2.5 Product mix 

For the purposes of bui 1 ding ~ revenue stream for a ro 11 i ng mi 11 

supplying the PTA market (the small mill option), the following 

product mix has been assumed: sheet (651), strip (15i), and foil 

(201). 

For the Romani an mi 11 , the mix is composed of 801 sheet and 201 

strip (for the PTA market), and soi sheet and strip (for the 

Romanian market). Foil, for radiator applications, is not produced 

( Section 3. l. 5 ) • 

1.2.6 Plant capacity and production programme 

Sales forecasts in the PTA region have been built by inflating the 

potential demand (Table 3. 12) by 3S pa. 

This suggests that the PTA market for ro 11 ed product wi 11 be about 

1,600 t/pa after 15 years. For this reason, the small mill option 

has been designed with a capacity of 750 t/pa with one shift working 

and l.;500 t/pa with bu shift working. The mill moves to two shifts 

in Year 4 {i995). Capacit~· utilisation increases steadily over the 

project 1 ife, reac.hing lOOS in Years 14 and 15. Sales as a 

percentage of demand reaches a peak of 85%. 

The Romanian mi 11 has been designed to operate with three shifts, 

and a full capacity of 10,000 t/pa. In Year 3, sales to the 

Romanian market are stabilised at 8,000 t/pa. Sales to the PTA 

market rise to 1,500 t/pa in Year 15, comparable to the small mill. 

Demand, sales/production, capacity and revenue figures are 

sumnarised in Table 1. 1. 

It needs to be recognised that both mil ls are sma 11 by Western 

European standards. ThP capacities chosen have been dictated, in 

the case of the Romanian mill, by the terms of the Romanian 



----~-----~---------

TABLE 1.1 - Stll4AllY OF DEMAND, PROOUCTIONiSAlES, CAPACITY AHO RCVENUE FIGURES 

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Potenttal deaind I 1081 1113 1147 1181 1217 1253 1291 1330 1369 1410 1453 1496 1541 1687 1635 1684 1735 1787 1840 1896 

Sll&ll •ill I 
I 

CApactty I . - . . 750 750 750 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 
Product ton/Sales I 225 525 675 1125 1159 1194 1229 1266 1304 1343 1384 1425 1468 1500 1500 
C1p1ctty uttlts1ti011 (I) I . . - - 30 70 90 75 77 80 82 84 87 90 92 95 98 100 100 
Sales as I of de11111d I - . . . 18 42 ~2 85 85 85 85 85 85 85 85 85 85 84 82 
Reveiue ($'000s) I . - . - 1064 2482 3191 5318 5478 5642 5811 5986 6165 6350 6541 6737 6393 7091 7091 
(Constant atd 1988 prtces) 

ac.ntu atll 
I 

C1p1ctty I - - - - - 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 

Product ton/Sales: 
• Ro.antan .. rket I . . . - - 2700 5000 0000 8000 8000 00011 8000 8000 8000 8000 8000 8000 8000 8000 8000 
• PTA .. rt.et I . . . . . 300 500 noo 900 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 

I 
C1p1ctty uttltsatton Cl) I 30 SS 88 09 90 90.S 91 91.5 92 92.5 93 u.~ 9~ 94.5 !>5 

Sales as l of demand (PTA 
Nr .. et) I 24 39 liO 66 71 72 74 75 76 76 77 78 70 79 79 
Revenue IS •ooos) I . . . . . 11936 21848 349&6 35417 35877 36107 36330 36568 36790 31020 37259 37489 37719 37949 301no I 
(Constant atd 1988 prtces)I 

I 

Source: VS Atktns 

en 
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technical proposal, and, in the case of the small mill, by the size 
of the regional market and the need to operate at an efficient 
production level relative to capacity (Sections 3.2 t~ 3.4). 

Materials and Inputs 

The ma~n raw material is copper cathode, which will be provided by 
ZCCM on equivalent terms to those enjoyed by ZaEfa; i .e 
incorporating a rebate on the LME price related to transport costs 
($ 104/tonne}, and a quality related discount ($ 30/tonne} to 
compensate the user for having to use Grade A cathode. 

Zinc wi 11 a Tso be provided by ZCCM at a discount of $50/tonne over 
the LME price. This is used only by the small mill for the 
production of brass foil, which is lOi of output. 

Phosphor copper, which is required for deoxidisation purposes, will 
be imported. 

The main auxiliary materials are industrial gases. A 

nitrogen/hydrogen mixture is required for annealing, and can be 
supplied by Zamox in Ndola. Methane is also specified in the case 
of the Romanian mi 11 for preheating in advance of hot rolling. 
Since methane is not available locally in Zambia, this is replaced 
by LPG. 

The other major c. ·. :~s are re 1 ated to spares and maintenance. Spares 
for plant and equipment are estimated at 3% of initial capital 
costs, after two years. Spares for the bu1ldings and works area are 
estimated at 1.5% of initial capital costs. 

The main inputs are listed in Table 1.2, together with sunmarised 
information on consumption and costs (Section 4). 



------------~-~--~--

TABLE 1.2 - MATERIALS AND INPUTS 

I I 
I I Costs I 

Item I Consumption/tonne of output I ($/tonne) I 
I I mid-1988 prices I 

I 
I 

Copper Cathode I 1.05 tonne I 2,012 I 
I 

Phosphor Copper I Romanian mill: 2.2 kg I 3,994 I 
Small mill : 2.4 kg I 4,345 I 

I 
Zinc I Small mill : 0.033 tonne I 1, 179 I 

I 100 Nm3 i 
I 

Nitrogen/hydrogen 261 I 
LPG I 40 Nm3 120 I 

I 
Industrial materials I - I 35 I 

I 
Spares & Maintenance I I I 
* plant & equipment I - I 3% capital costs after 2 years I 
*buildings I - I 1.5% capital costs I 

I 
Electricity I Romanian mi11:2,500-3,000kwh I (Fixed charge $118,600)/variablel 

Small mill: 2,500kwh I charge 13.5 I 
(Fixed charge $41,700)/variable I 
charge 18.64 I 

I 
Water I Romanian mill: 15,000 litres I 2. 19 I 

Small mill: 7,000 litres I 0.89 I 
I O'I 

Source: WS Atkins 
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Locat"ion and Site 

Kitwe has been selacted as th'! location for the mill. Kitwe is 
located clo~ to the copper refineries, and is also well placed with 
respect to the da.estic market. It is served by the railway line, 
and there is a good supply of indu$tria1 land, labour and industrial 

services. Indeco has accepted Kitwe as a suitable location 
{Section 5.1). 

For the RCJUnian •il 1, a greenfield site has been selected in an 
area set aside for industrial develop11ent in north-west Kibe. 
Following discussions with Indeco, an existing lndeco industrial 
site was selected for the S11a 11 •i 11 opt fon, a 1 though the 
developEnt of a greenfield site would not involve significantly 
greater costs {Section 5.2). 

1. 5 Project Engineering 

1.5. 1 Layout 

The ROlllanian technical proposal did not contain infonnation on 
project layout. The layout of the factory, shown in Figure 6.1, is 
based on Atkins' interpretation of the information relating to 
technology and machinery set out in the proposal. The suggested 
design of the works area {Figure 6. 2 ) has been prepared by Arup 
{Zambi3). The more compact layout for the small mill is shown in 

Figure 6.3 (Section 6.1). 

1.5.2 Technology 

The Romanian mill is designed as a single product plant, producing 
1,000 mn copper strip with a thickness range 0.5 to 3.0 •, which 
can be marketed either as 1,000 mn x 2,000 mn sheet or in coil slit 
to the width required by the customer. The capacity is 10,000 t/pa. 
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The •ill follows conventional pr3ctice for the manufacture of copper 

sheet and strip, involving boti~ ht'li: and cold rolling (see Figure 6.4 

for the process flow diagraa}. The n~~el feat~re of the proposal is 

that a single mill will be used for both hot and cold rolling, in 

order to •inimise the cost of equipme~t. In principle, there is no 

reason why this procedure cannot be used, but there are 

disadvantages. The first is the wast~d oroduction time in making 

the roll change (estimated, and probably underestimated, as 1 shift 

per month). The second is the difficulty of cleaning properly the 

•i 11 and its ancillary runO'Jt tables, to prevent oxide particles 

being rolled into the strip. ;.·e third disadvantage is the delay 

imposed on the prod1.1ction process. Stock is tied up for about 12 
days before cold rolling can begin. fc.r this reason, work in 

progress has been set at a relatively hi9i 3 weeks. A further 

problem is that the mill is not designed to produce strip thin 

enou~ for radiator applications, for which there is considerable 
demand within the PTA market (Section 6.2.1). 

The small mill is conceived as a flexible unit capable of producing 

both ~heet and strip in copper, and strip in brass. It would have a 

capacity of 2,250 t/pa, depending on the mix of sheet and strip, 

with three shift working, 5 days per week. However, the melting and 

casting unit is designed for intermittent operation, and it is 

reconnended that a start be made with single shift working (c\pacity 

750 t/pa). The process specified involves static casting of slabs, 

and processing by cold rolling only (see Figure 6.5 for the process 
flow diagram). 

The suggested technology follows practices which are now largely 

outdated. It is proposed only as a possible means for satisfying 
the regional market, with minimal capital investment. The most 
serious problem is that low volume producers of copper alloy strip 

have adopted increasingly continuous strip casting since this avoids 

much laborious rolling of thick sectioned castings. Unfortunately, 

this is not a practical proposition for phosphorus d~xidised 

copper, which is necessary if strip is to be brazed. For this 

reason, it is proposed that rolling slabs should be produced by 
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static casting, and then processed entirely by cold rolling. This 
is an unconventional method for 11anufacturing copper sheet and 
strip, which is non1ally hot rolled frOll s011ewhat larger slabs, as 
in the ROliilnian •il 1. However, the capital cost of hot rolling 
•ills and the associated preheating furnace is too high for this 
process to be considered for Sllilll volUlll! ~roduction. 

A further prob la. with the Slla 11 •ill is that sheet up to 1 metre 
wide is 110st efficiently pr~duced with a wide rolling •ill. 
However, since the cost of rolling •ills tends to increase 
exponenthlly with width, cross rolling is recomended, which ~s 

relatively inefficient. With the same ai• of mini•ising the capital 
cost of equip11ent, it is proposed to carry out reduction only with a 
2-high •ill. Although it is possible to roll down to guages below 
0.1 • in this way, several passes are necessary, which is a~so 
inefficient. 

It is possible to reduce capital costs by using a single mill for 
both rough rolling and finishing, although this process would lower 
productivity (Section 6.2.2). 

1. 5. 3 Equipment 

The main items of equipment for the Romanian mill are listed in 
Uzinexportimport's technical proposal, and reproduced in Appendix 1. 
The capital cost is based on a verbal estimate provided by the 
R<>111anian delegation (Section 6.3.1). Plant and equipment is priced 
at S 20 million, and installation and co11111issioning at S 10 million, 
excluding contingencies. 

The list of equipment required for the small mill option is set out 
in Table 6.1. The main items are the mi 11, melting furnace and 
annealing furnace. Prices are based on quotations provided by UK 
supp Hers. Capita 1 costs are reduced by about 25i if second hand 
plant and equipment is used. Since such plant is in good supply, 
the small mill option has been evaluated both on the basis of using 
new~ second hand equipment (Section 6.3.2). Plant an1 equipment 
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is expected to cost S 6.38 million {or S 4.68 million if second 
hand), with installation and c<>111issioning priced at $1.7 million. 
Costs could be reduced to $5.38 million if the single mill concept 
is used ($3.93 million if second hand), with installation and 
COlllissioning priced at $1.5 million. All equipment will be 

imported. 

1.5.4 Civil engir.eering works 

The ROllilnian mill requires a main factory of 8,350 mz, plus a number 
of ancillary buildings, including offices, changing room, kitchen, 
workshops, fuel storage and guard house. The civil and external 
works includes ~ite levelling, 
construction of two boreholes. 
and total S 11.69 million. 

connecticn to main services, and the 
Costs are estimated in Table 6.2, 

It is also necessary to construct a housing complex for managment, 
technicians and some skilled labour to compensate for the shortage 
of good housing in Kitwe. The number of units required is estimated 
to be d9, and costed at S 1.18 million {Table 6.3). 

The small mill requires a factory of 900 mz, plus a changing room, 
canteen, workshop and fuel storage. Civil and external works 
include site levelling, connection to main services, and the 
contruction of one borehole. Costs are estimated in Table 6.4, and 
total S 1.96 million. 

The housing complex associated with the factory includes 49 units, 
at an estimated cost of S 0.65 million. 

Capital costs for all three projects are sunmarised in Table 6.6. 
The import content for civil engineering is estimated at 55i, while 
that for housing ;s estimated at 25%. Contingencies are 10% for 
buildings and works, and 15i for plant and equipment. 
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Plant 0rganisation and Overhead Costs 

Overhead costs for both the Romanian and small mi 11 options are 

estimated in Table 7.1. 

Distribution costs include only the costs of packaging. Freight 

charges are treated as external to the project, since revenues are 

calculated with reference to ex-works prices. 

The depreciation schedule is based on information provided by 

Indeco. Charges are calculated on a declining balance, rather than a 

straight line basis. 

Manpowr 

The manpower requirements for the Romanian mill are set out in 

Table 1.3. The table shows the breakdown between Zambians and 

expatriates, between skill categories, and between direct 

(production) anJ indirect (overhead) labour. These figures are 

based on an appraisal of the Romanian's technical proposal, but the 

Zambian manpower requirement, which is calculated to be 200, is 

identical to the verbal estimate provided by the Romanian 

delegation. The number of expatriates is projected to decline 

throughout the life of the project from 14 in Year 1, to 12 in Year 

3, and 3 in Year 10 onwards. A high expatriate presence is 

considered necessary, although the duplication of tasks with Zambian 

counterparts introduces a drgree of inefficiency. Manpower costs 

are estimated in Table 8.4 (Section a. 1). Remuneration rates for 

Zambian labour are based on figure provided by Indeco. 

The manpower requirements for the small mill (both options) are set 

out in Table 1.4. A complication is introduced by the transit~on 

from l)ne shift working to two shift working in the 4th year of 

production. The number of expatriates is projected to decline over 

tt.e life of the project, from a in Year 1, to 7 in Year 3, 3 in Year 

5, and 1 in Year 10 onwards. 

Table a.a (Section a.2). 
Manpower costs are estimated in 
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Upper management 
Lower management 
Technicians/foremen 
Ski 11 ed 1 abour 
Unskilled labour 

Totals 

Source: WS Atkins 

1.8 Implementation 

TABLE 1.3 - IWCPCJD REQUIREMENTS 
(Romanian Mill) 

Zambians Expatriates at 
project outset 

14 

Direct Indirect Direct Indirect 

2S 
41 
84 

154 

5 
5 
1 

35 

46 

4 
3 

7 

7 7 

The main features associated with the implementation of the Romanian 
mill are set out in Table 1.5. The decision to proceed is made in 
1989. The plant and equipment takes 24 months to manufacture and a 
further 12 months to deliver, erect and instal. Conmissioning, 
estimated to take between 6 and 9 months, therefore takes place in 
1593 (Year 5). Construction of the factory and housing colony 
conmences in 1990, and reaches completion after 30 months in 1992. 
Production begins in 1993, and builds up from 20% of full capacity 
production in that year, to 55$ in 1994, and to ass in 1995 
(Section 9. 1). 

The implementation schedule of the small mill is ~u11111arised in 
Table 1.5. The decision to proceed is made in 1989. The plant and 
equipment is ordered in end 1989/beginning of 1990. It takes 12 to 
18 months to manufacture and procure, and a further 6 months to 
deliver, erect and instal. Co11111issioning, estimated to take between 
6 and 9 m1Jnths, therefore takes place in 1992 (Year 4). 
Construction of the factory and housing complex conmences in 1990, 
and reaches completion after 12 months in 1991. Production begins 
in 1992, and builds up from 30% of ful 1 capacity production with one 
shift working in 1992, to 70% in 1993, and to 90% in 1994. The 
factory moves to two shift working in 1995 (Section 9.2). 



--------------------

Upper management 

Lower management 

Technicians/foremen 

Skilled labour 

Unskilled labour 

Totals 

Source: WS Atkins 

TABLE 1.4 - MANPOWER REQUIREMENTS 
(~~11 Mill) 

I One shift working I Two shift working 
I I 
I Zambians I Expatriates at I Zambians I Expatriates at 
I I proj~ct outset I I project outset 
I I I ______ _I 
I Direct I Indirectj_~irect I Indirect I Direct I Indirect I Direct I Indirect 

------, - ----, -- -1 
- 4 - 3 - I 5 I - I 3 

I I I 
- 1 - - - I 1 I - I 

I I I 
9 - 5 - 18 I - I 5 I 

I I I 
7 14 - - 14 I 19 I - I 

I I I 
26 - - - 52 I - I - I 

__ J_ I ___ I I I --- -r I ---- ---,--- --, 
I 42 I 19 I 5 I 3 I 84 I 25 I 5 I 3 
I__ L _ _J___ __J__ __ _ _ ___ L ___ l_ _ _J ___ I 

-..,, 
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TABLE 1.5 - IMPLEMENTATIOI SlllMRY 
(Romanian Mill) 

Year Year No. Events 

1989 1 Decision to proceed 
Order plant and equipmePt 
{completion in 24 months) 

1990 2 Connence construction 
{completion in 30 months) 

1991 3 

1992 4 Construction COllplete 
Delivery of plant and equipment 
(30 months from order) 
Erection and installation of plant 
and equipment (36 months from order) 

1993 5 Coaaissioning (6 to 9 months) 
201 of full capacity production 

1994 6 50-601 of full capacity production 

1995 7 881 of full capacity production 

Source: WS Atkins 

16 
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Year 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

TABLE 1.6 - Dl'LDEITATUlt SlllMRY 
(Sllall Mi 11) 

Year No. Events 

l Decision to proceed 

2 C01111ence construction 
(completion in 12 months) 
Order plant and equipment 
{completion in 12 to 18 months) 

3 Construction complete 
'lelivery of plant and equipment 
l15 to 21 months from order) 
Erection and installation of plant and 
equipment (18 to 24 months from order) 

4 Coanissioning (6 to 9 months) 
301 to full capacity 
production {one shift) 

5 701 of full caracity 
production {one shift) 

6 901 of full capacity 
production (one shift) 

7 2-shift production 
lOOi capacity shift one 
sos capacity shift two 

Source: WS Atkins 

17 
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1.9 Financial and Ecal'lOllic Evaluation 

1.9.1 Investment costs 

Investment costs for the three projects are suamarised in Tables 1.7 
to 1.9. The costs are expressed fo US Dollars fo both foreign and 
local currency, and in constant •L 1988 pdces. Investment is 
broken doWll between pre-production expenses, civil works and 
structures, plant and equipment, and working capital, and include 
contingencies. The expected phasing of expenditut-e on 
pre-production costs and fixed assets is also shown in the tables. 
The figures are drawn from Tables 10.l to 10.6, and Tables 10.10 to 
10.12 (Sections 10.1, 10.2 and 10.4). 

1.9.2 Production costs 

Production costs for the three projects are outlined in Tables 1.10 
to 1.12. These costs are expressed in US Dollars. and in current 
prices. The costs are broken dcwn between direct costs, 
administrative overheads, financial costs and depreciation. It will 
be noted that the sma 11 mi 11 with second hand p 1 ant and equipment 
has significantly lower financial costs. These figures are drawn 
from Tables 10.16 to 10.18, and 10.34rto 10.36 (Sections 10.3, 10.6 
and 10. 10). 



--------------------
TABLE 1.7 - TOTAL INVESTMENT COSTS 

(RC11Nn1an M111) 

All Values 1n $'000s (Constant Prices) 

1tet1 I Total 1989 1990 1991 19!12 1993 1994 1995 1996 1997 1990 1999 2000 2001 2002 2003 

Pre-Production Costs I 720 
• foretgn currency I - 42 56 28 164 
• local currency I - 119 100 86 125 

I 
Ctvtl Works & Structures I 13086 
• foretgn currency I - 649 3766 1600 454 340 
• local currency I - 531 3152 1627 653 314 

I 
Plant & Equtpaent I 34500 
• for~ign currency I :!300 9200 9ioo 6325 6900 575 
• local currency 

Working Capital 
I • foreign currency I - - - - - 551 424 847 19 19 10 10 10 10 10 9 
I • local currency I - - - - - 1030 760 1118 31 31 15 15 15 15 15 0 
I 
I 
I Tottl I 3641 16274 12541 7721 9135 1759 1965 50 50 25 25 25 25 25 9 
I • foretgn currency I 2991 13022 10828 6943 7791 999 847 19 19 10 10 10 10 10 9 
I • local currenc~ I 650 3:!52 1713 778 1344 760 1110 31 31 15 15 15 15 15 0 
I 

Source: WS Atktni 

--'° 



--------------------

All V•lues tn S'OOOs (Const•nt Prtcesl 

It• Toul 1989 1990 1991 

PTe·Productton Costs 505 
• tor~ign currency - J(I 45 130 
• loc•l currency - 80 100 108 

Civil Works & Structures 2698 
• foreign currency - 127 512 576 
• loc•I currency - 143 li54 589 

Pl•nl & [quip11ent 9292 
• foreign currency . 734 4402 3765 
• loc •I currency 

Working i:•pit• I 
• fore 1 sn current}' I - . - . 
• 1uc•1 currency I - - - -

I 

loUl I - \114 5113 5168 
• foreign currency I - 891 4959 4Ul 
• loc•I curr~ncy I - i2l 754 697 

Source: WS Atkins 

TAILE 1.8 - TOTAL INVESTMENT COSTS 
(S..11 MOl wHll Nuw Pl•nt. & £qut1111Untl 

1992 1993 1994 1995 1996 1997 

5 
8 

55 
45 

293 98 

38 34 94 52 3 4 
92 83 60 130 4 10 

536 215 154 182 7 14 
391 132 94 52 3 4 
145 83 60 130 4 10 

1998 1999 2000 

4 4 4 
10 10 11 

14 14 15 
4 4 4 

10 10 11 

2001 2002 

4 5 
B 11 

12 16 
4 5 
8 11 

W03 

-

5 
12 

17 
5 

12 

N 
0 



------------ - -·-

TAll.E 1.1 • TOTAL INVESTMENT COSTS 
CSillll Mt11 wtth Second Hind P11nt I Equtp1111nt) 

All ¥1lues tn $'000s CConst1nt Prices) 

ltM I Total 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Pre·Productton Costs I sos . . . . 
• foretgt1 currency I . 30 4S 130 5 
• loc•l currency I . 80 100 108 8 

I 
Ctvtl WOrks I Structures I 2698 
• foreign currency I . 127 S12 S76 SS 
• loc•l currency I . 143 654 S89 45 

I 
Pl•nt I Equt.,.,nt I 7337 
• furetgn currency I . S38 3229 3179 293 98 
• loc•l currency 

Working C1pt U 1 
i • foreign currer~y . . . . 37 34 78 51 3 4 4 4 

• loci I rurrency I . . . . 92 84 56 131 l 10 10 11 

Toul I . 918 4540 4582 5J!i 216 134 182 6 14 14 15 
• foretgn currency I . 695 3786 leas 390 132 78 51 3 4 4 4 
• loc•l currency I . 223 754 697 145 84 56 131 3 10 10 11 

Sourc~: WS Atkins 

9119----

2000 2001 

4 4 
8 11 

12 15 
4 4 
I 11 

2002 

5 
12 

17 
5 

12 

I 
2003 I 

I 
I 

5 
I? --, 
17 : 
s I 

12 I 
I 

N .... 
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TABLE 1, 10 • rAOOUCT10N COSTS 
(Rount1n Mt1U 

All V1lue1 tn $'0001 (Current Prtcesl 

ltea I 1992 1993 1994 1995 1996 1997 1998 1999 

hctor1 Cost1 i . I 1408 ~960 35985 38180 40505 42749 45115 
Adlllntstr1ttve Overhe1ds I . 1608 1676 1!i91 1611 1754 1841 1!134 

Operlltng Costs I . 13016 22636 37576 39851 42259 44590 47049 

f tn1nc 111 r.,u s I . 6227 7361 6662 6564 6063 5401 4566 
OeprK Ill ton I . 61159 2670 2468 2352 2243 1974 1076 

I 
I Tot11 Productton Costs I . 26152 32668 46706 48767 50565 51!165 53491 
I I lus tu) I 
I I 

Source: VS Atkins 

2000 2001 2002 2003 

47612 IOUS 53023 ~lil71 
2030 2132 2230 uno 

49142 12377 HHI !17779 

4650 3974 ~148 1441 
1782 1693 1608 1 UB 

56074 50044 60017 61748 

2004 2005 

lft642 61801 
2319 2435 

60911 64316 

IOR6 ·359 
IOI 1379 

63490 65336 

2006 

65298 
2556 

67R54 

·1726 
1310 

6708 

2007 

68901 
2605 

71586 

·3246 
1244 

69504 

N 
N 



- - - - - - -. - - - - ... - - .... - - - -· 

All Y1lues tn $'000s (Current Prices) 

I 
I nee I 1991 1993 1!194 
I 
I 

I I Fic:tor1 Costs 1172 2199 3209 
I ~lntstr1tlve Cverhe•ds I S06 613 !-41 
I ,-

I I O,.r•ttng Costs l7SO ZBli! 3750 
I 
I 
I rtn1nc:t11 Costs I 2717 Z711 lOZl 
I Deprec:t1lton I 1816 71!i 673 
I I 
I I 
I lot•l Production Cnsts I 6Z91 6244 7444 
I (less tu) I 
I L. --
Slll:rc:e: WS AO tns 

TABLE 1. 11 • PllOllllCTIOft COSTS 
(511111 Mtll wtth Haw r11nt a Equ1p111nt) 

1995 1996 1997 1990 1999 2000 

5126 5323 5725 6159 6626 7130 
604 540 567 H5 li26 H7 

5729 5863 6292 6754 7261 7787 

2003 2905 29311 29~9 2933 3420 
645 610 4n11 4!i6 433 411 

9117 93116 9710 10159 10617 111126 

---

2001 2002 2003 

7616 00112 0715 
609 724 760 

0204 0016 9475 

3467 3U5 3401 
l!ll 371 353 

12062 12642 13221 

2004 2005 

9306 10G42 
799 RJR 

10185 lOROO 

non 3175 
3311 310 

13028 14373 

2006 

10544 
1100 

11424 

3001 
302 

14727 

N 
w 
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TAGLE 1.12 • PROOUCTION COllTS 
(511111 Mt11 with Second Hand Plant I Equt.-nt.) 

All Y1lues tn S'OOOs (Current Prtces) 

-
It• I 1992 1993 1994 1995 1996 19!17 11190 1909 2000 

factory Costs I 1172 2199 3127 5040 5230 5629 6058 6521 7019 
Acielnlstr1tlve Overhe1ds I m 577 506 H7 504 528 554 581 611 

Oper1ttng Costs I \123 2775 3633 5607 5734 6157 6612 7102 7630 

I 
fln1ncl1l Costs I 2108 2188 2327 2231 2265 2221 2147 2034 23H 
Oeprectlt Ion I 1489 623 !i85 HI 539 404 384 365 347 

Tot1l Production Costs I 5400 ~586 61i45 8399 8538 8782 9143 !1501 10305 
( leu tu) 

Source: WS Atktns 

2001 rno2 2003 

73911 7970 8H7 
641 673 706 

R03t 0643 tztl 

2212 2112 1937 
329 313 297 

106~0 11068 11527 

zon4 zoos 

t212 9901 
742 779 

H94 10600 

mt 1449 
283 268 

11996 12397 

2006 

10396 
818 

i1214 

ma 
2H 

12595 

N .... 
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Internal rate of return and net present value 

The cash flows before financing. presented in Tables 10.13 to 10.15. 
:ive the following results: 

Romanian Mi 11 

Slla 11 Mi 11 with 
New Plant & 
EquipEnt 

Sllall Mill with 

Second Hand Plant 
& Equipment 

Internal 
Rate of 
Return (S) 

10.61 

6.27 

8.59 

NPV at 121 
(Mi 11 ions S) 

-3.65 

-3.99 

-2.13 

All of the projects generate IRR's lower than 12i. which is the 
cut-off point specified by Indeco (Section 10.5). The ROllanian mill 
does generate significant forex earnings, however. These revenues 
total S 471.5 million (in real terms) over the project life. but 
they depend oo the assumption that aoi of the mi 11 's capacity is 
sold to Romania. and that payments are made in hard currency. 

1. 9.4 Fir•ancing 

The Romanian mill is to be partly financed by a credit from 
Uzinexportimport, covering the purchase of plant and equipment. The 
Romanians are not proposing to c~ntribute equity. 

Under guidance from lndec:o, local equity has been set with a ceilir.g 
of ~3.3~ of investment costs in local currency. Since local 
currency costs are around 10 to 15S of total inv1::stment costs, 
equity covers all local costs. This leads to very high debt:equity 
ratios. 
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The balance of costs is financed by long teras loans from the 
Develop11ent Bank of Zallbia at relatively high rates of interest. It 
is unrealistic to build in any soft tera financing for the projects, 
since Zalllbia's credit rating is, unfortunately, so low. It is 
equally unrealistic to assume foreign equity participation in the 
case of the small •ill options (Sectioe• 10.7). 

l.9.5 Financial statements 

All projects show high debt: equity ratios and very poor current and 
liquidity ratios. The Rollanian •ill, however, does generate higher 
profit margins and returns on capital 91Ployed. Profit after tax 
and retaiocod earnings also become positive •uch earlier in the 
project. The financial statements show clearly, therefore, that, of 
the three projects, the Romanian •i 11 is the preferred option, 
although its viability 11Ust be considered marginal. The small •ills 
are obviously not acceptable to investors (Section 10.8). 

1.9.6 Payback, simple rate of return, IRR (with financing) and 
break even analysis 

The calculations regarding payback ~riod, simple rate of return, 
break even, and IRR with financing are presented in Tables 10.31 to 
10.36. The relevant figures are reproduced in Table 1.13. 

The figures are consistent with the IRR and NPV figures above. They 
also show clearly that the Romanian mill is the most attractive 
option (with the conmercial terms assumed), and that the small mills 
are ~ot viable (Sections 10.9 and 10. 10). 

1.9.7 Sensitivity 

The sensitivity of the projects to changes in prices, operating 
costs, the price of copper, expenditure on fixed assets, and sales 
has been examined. The results are presented in Table 10.37. The 
impact of sales increases has not been examined, since each mill is 
operating very close to capacity in most ye~rs. 
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Romanian Mi 11 

Sma 11 Mi 11 with 
New Plant and 
Equipment 

Sma 11 Mi 11 with 
Second Hand Plant 
and Equipment 

Source: WS Atkins 

TABLE 1.13 - PAYBACK PERIOD, 
SIMPLE RATE Of RETURN, BREAK EVEN ANALYSIS, AND IRR (WITH FINANCING) 

Payback Simple Simple I Production IRR with I IRR with 
period rate of rate of I year in which financing I financing in 
(years return on return on I project (S) I real terms 
from total equity I breaks even I (%) 
1989) investment capital I (years from 

costs (S) (S) I 1989) 

I 
11 16.3 34.5 I 7 12.9 7.5 

I 
13 7.9 -58.5 I 14 -16.8 -20.8 

I 
I 
I 

12 I 11. l -32.0 I 10 -l.5 -6.2 
I I 
I I 
I I 

N 

" 
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In general, the projects are RK>re sensitive to changes in prices and 
operating costs, than expenditure on fixed assets. The small mill 
options produce an IRR in excess of 12i in only one case. A few 
cases produce IRR's over 12i in the case of the Romanian mill, but 
the validity of these scenarios is questionable, since the price of 
copper sheet and copper cathode are not ind.?pendent, but move in 
sympathy. A rise or fall in one will be preceded or followed by a 
rise or fall in the other. 

Although acceptable rates of return for the small mill are generated 
by setting PTA prices at a premium of 5 to 151 relative to European 
imports, such gains would be partly offset by increased import 
penetration. It is considered more realistic to proceed on the 
basis of prices set lower with respect to imports. 

An IRR of 11.91, with a decrease of expenditure on fixed assets, is 
encouraging for the Romanian project, but the price for the 
equipment used in the base case may turn out to be an underestimate. 
Even with a change in design of the small mill (to incorporate only 
one rolling mill), reducing costs by 15~. the second hand mill still 
does not generate an acceptable rate of return. 

All options are very sensitive to variations in sales. This is a 
particularly important observation with respect to the Romanian 
min, where sales well in excess of that needed to pay off the 
Romani an credit have been assumed. The sma 11 mi 11 project a 1 so 
appears to be very vulnerable to a reduction in sales, either 
through increased competition from Radiator and Tinning, or a lower 
rate of growth in demand throushout the PTA (Section 10.11). 

1.9.8 Economic evaluation 

The forecast cash flows in economic prices for the three projects 
are se~ out in Tables 11.2 to 11.4. The results of the DCF analyses 
are sunmarised in Table 11.5. 
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Gross value added by the Romanian project increases from $ 2.8 
million (in constant prices) in 1993, the first year of operation~ 
to S 10.5 million by the end of the project period (Section 11.4). 

The internal rate of return for each of the options is below the 
mini .. Indeco economic opportunity cost of capital requirement of 
12i. The rates of return for the s11c1ller mill options, at 4.8i for 
the new mil 1 , and 7. oi for the mi 11 with second hand p 1 ant and 
equipment, are such that these cannc,_ be considered to be viable 
projects in economic terms. On the other hand, the rate of return 
on the Romanian mill of 11.lS is sufficiently close to the cut-off 
rate to warrant further consideration (Section 11.4). 

The preferred option, the Romanian mill, would ~ave two important 
benefits for the Zambian economy: 

* direct net foreign exchange earnings amounting to some $ 30 
million pa at mid 1988 prices in 1995 

* an annual import substitutior. of copper sheet and strip 
totalling approximately S 1.5 million at mid 1988 prices by 
1995. 

The foreign exchange cash flow for the Romanian mill (excluding the 
forex benefits of import substitution) produces an IRR of 38%. It 
is therefore clear that the project would generate substantial net 
foreign exchange benefits for the Zambian economy (Section 11.5). 

From the point of view of the copper refineries, of course, the 
project results in foreign exchange losses of about $ 18 million pa 
(in 1988 prices). 

While the impact of the project on employment outside the works is 
difficult to quantify, it is nevertheless potentially very 
significant. Employment opportunities likely to arise within linked 
industries and induced elsewhere in the economy are estimated at 
875, compared to a total of 214 jobs within the mill (Section 11.6). 
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The market research demonstrates that the feasibility of 
manufacturing rolled products in Zambia merits further 
consideration. 

A Zilllbian manufacturer of rolled products will be heavily dependent 
on the PTA market, were high tariff barriers provide protection 
against third country imports. In major t«>rld markets, it will be 

at a competitive disadvantage. 

The small mill options produce poor internal rates of return. Other 
measures of co11111ercial profitability are also very poor. The 
projects are clearly not acceptable financially, and can be 

rejected. The break even analysis demonstrates that, while the 
mills are not uneconomically small from a production point of vie~. 
they are too small for the proposed financing scenario. 

The Romanian mi 11 produces better figures, particularly from an 
economic point of view, but will still look vulnerable to investors 
and creditors. The main problem is that all indications of 
profitability are very sensitive to sales. If sales are 
significantly less than those assumed, the project will be 

unprofitable. The project also suffers from a financing scenario 
which assumes no foreign equity participation, and no soft term 
loans except for the Romanian credit for plant and equipment. 

The Romanian mill does not meet the financial and economic criteria 
set by Indeco, but is worthy of further investigation. However, a 
final decision cannot be made until the full details of the 
Romanians' co11111ercial offer are known. The key is the volume of 
sales which the Romanians will accept (either as direct imports to 
Romania, or re-exports). Anything significantly lower than 80% of 
the plant's output will render the project unprofitable. It ~ill 
also be important to clarify the terms of the Romanian credit, and 
obtain a firm quotation for the plant and equipment. 
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Indeco should seek matching equity p~rticipation from the R011anians. 
This would i•prove significantly the project's acceptability from a 
financ~il point of view, and its attractiveness to creditors. 

Further attention should be directed towards secondary industries. 
A good ex•ple is the 11anufacture of copper and brass c011pOnents 
{plumbing fittings, electrical contacts, nuts and bolts). Unlike 
copper semis 11anufacture, this type of industry requires 
comparatively little capital investment. With the recent expansion 
at Zamefa, the 11ain raw 11aterial, copper and brass bars, car. be 
sourced locally. Industries established in Kenya or Zilllbabwe would 
have similar advantages, however, so a Zambian manufacturer could 
face significant cmpetitfon within the PTA market. Nonetheless, 
the feasibility of such a project is well worth testing 
{Section 12). 
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Although Zambia is a major prodl!cer of copper cathodes, it iaports 

mst af its requirements for copper semis, principally fraa Europe. 

Za1efa is the only d011estic manufacturer af copper semis, producing 

cable and wire- rod and expanding into shapes and sections. There is 

at present no local manufacturer af tubes or sheet and strip. 

These imports constitute a serious drain on Zambia· s forex reserves. 

Import substitutior. would seem a logical development since ..:opper, 

the main cost c~nent, is available locally. A further attraction 

is the likely 1111ltiplier effect af local manufacture on downstream 

industries. End-users af crpper semis report that production is 

seriously constrained by the scarcity of foreign exchange and 

erratic supply. The local availability of key raw materials would 

have a significant effect on capacity utilisation, and the 

devel oprnent of new industries. 

The viability of manufacturing copper semis in Zambia is by no means 

cc~tain, however. ThE potential market needs careful examination, 

for example. Operating costs are likely to be higher than 

competitive installations in Europe, principally because of relative 

scales of production, the unavailability of local scrap as a feed 

material and the need to import expensive ~pares. Technology is 

also a key aspect of the problem since this can have a major ef~ect 

on capital and operating costs. 

A previous study on the feasibility of manufacturing copper semis in 

Zambia was carried out by the Cooperation Centre of Ti lburg and 

Eindhoven Universities in the Netherlands. The study co11111enced in 

1985 and reported in 1987. A thorough market survey was carried 

out, focusing on the Preferential Trade Area (PTA), Europe and other 

Middle East and Asian markets. Taking into account transport costs 
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and the impact of customs tariffs and sales tax, the study concl~ded 
that a Zambian manufacturer would be competitive within the PTA, 
only marginally competitive in Middle East and Asian markets 
(particularly for high-valued added products like strip), and not 
competitive at all in European markets. 

The results indicated that a Zambian manufacturer would be primarily 
dependent on the PTA market, where preferential tariffs and sales 
tax rates provide effective protection against European imports. 
Within this market, it was concluded that the most promising 
opportunities lay in the manufacture of copper sheet, strip and 
foil, mainly because in this sector there is very little competition 

< 
within the PTA. Accordingly, the project team carried out a 
financial and economic evaluation of a small scale rolling mill, 
with a capacity of 1,000 t/pa. 

The financial analysis generated a negative npv at 12%, which is the 
cut-off rate specified by Indeco, the Zambian industrial development 
parastatal. Three variations to the base case (reduction of capital 
costs by 30%, increase of sales price by 20i, and a production 
increase of 50%) failed to provide a satisfactory IRR. The most 
promising was the reduction in capital costs which produced an IRR 
of 5.3%, corresponding to the use of second hand plant and 
equipment. The economic analysis also generated a negative npv on 
the base case, discounted at 12%. The IRR approached 10% only when 
capital costs were reduced by 30%. 

A variation on the base case, assuming both reduced capital costs 
and a 20% improvement in sales price produced a positive npv at 12%. 
However, the central conclusion of the study was that a small scale 
rolling mill, serving the PTA market, would not be profitable, 
either on a financial or economic basis. 
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Subsequent to the Dutch study, the Governments of Zambia and Romania 
signed a protocol to conduct negotiations on the establishment of a 
copper fabrication plant in Zalllbia. The Romanian organisation 
Uzinexportimport and lndeco agreed a set or principles covering the 
negotiations. These were that: 

* Romanian credits could be available to finance the purchase of 
Romanian plant and equipment 

* repa~nt of the loan cGuld be made in copper products, 
transfer prices being based on international prices 

* Uzinexportimport could undertake marketing both regionally and 
internationally in return for a coamission 

* the joint venture would be subject to an independ~nt 

feasibility study. 

WS Atkins was comissioned by Indeco and UNIDO to carry out the 
feasibility study. Discussions were held with Romanian 
representatives in Lusaka in June 1988. At these meetings, Romanian 
technical proposal was presented and evaluated by Atkins' copper 
technologist. This was based on a fairly conventional rolling mill 
of 10,'lOO t/pa capacity producing sheet and strip. However, the 
co11111ercial offer was discussed only in broad terms. It was agreed 
that a full connercial offer would be prepared by early August, but 
the Romanians subsequently requested a delay of several months. In 
order to comply with the timescale for completion specified in 
UNIDO's contract with Atkins, it has been agreed to prepare the 
analysis on the basis of provisional figures and terms provided by 
the Romanians, which can be revised when the full conmercial offer 
;s presented. 

It is essential to note that several important aspects of the 
Romanian proposal are still unclear. The first is the proportion of 
the plant's output which can be sold to the Romanians. It is 
possible that the Romanians will only agree to accept the tonnage of 
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copper products needed to pay off the loan for plant and equiJEnt, 

which would be conventional for a buy-back agreement. On the other 

ham, they could agree to absorb a fixed proportion of production. 

The ROllilnian position is that the ter11S are negotiable, but the 

latter procedure appeared to be favoured. Atkins has therefore 

assulEd the fixed percentage option in the financial and econmic 

analyses that follow. The second question is whether the Raunians 

wi 11 continue to buy products once the loan is paid off. The 

Raaanians appear to be flexible on this issue. Atkins has assUEd 

that the ROEnians wi 11 absorb a fixed percentage of output 

throughout the 15 years of production. 

The ter11S of reference for the feasibility study call for a 

c<>11parison of the Raaanian proposal with possible alternatives. 

This required an exa11inati on of ac.rket opportunities in sectors 

other than sheet and strip, specifically tubes and pipes and copper 

alloy products (shapes and sections). For this reason, the market 

data presented in the Dutch consultants' report was reassessed. It 

also required evaluation of an alternative type of plant to the 

Rananian offer. Accordingly, a lllJCh smaller rolling nrill, oriented 

to the PTA market only, was costed and evaluated. 
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3. IWllET AllJ Pl.MT CAPl£.ITY 

3.1 Dmlnd and llu'tet Study 

3.1.1 Market situation (PTA Region) 

In reviewing the 111rlcet data presented in the Dutch consultants• 

study, Atkins has focused attention on Kenya, z;lllbabwe and Zambia. 

These countries together account for over am of the PTA market for 

copper semis, and over am of !)rocllction. The research was carried 

out by means of field vi sits and telephone calls to both 

•anufacturers and end users, and analysis of the latest import/ 

~xport data. Colllpari son was al so made with the results of a (1986) 

survey of copper and alulliniUll fabricating facilities in the PTA 

region carried out by the United Nations Econ<>11ic Comission for 
Africa. 

Kenya 

A comparison of production and consllllption figures for selected 

manufacturers and end-users in Kenya is presented in Table 3.1. 

These show a reasonable fit with the figures reported by the Dutch 

consultants, allowing for annual variations. Import ~ata are 

updated in Table 3.2 (there are virtually no exports, other than 

re-exports). These data lead to the market size estimates presented 

in Table 3.3. 
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TABl.E 3.1 - llABET SITUATICll (KEllYA) 

Company 

East African 
Cables 

Ken West Fab 

Coast Cables 

Burns & Blane 

Products 

?ower cables 
& conductors 

Power cab 1 es 

Winding wire 

Radiators 

City Radiators Radiators 

Boo th Copper & 
Manufacturers brass 

extrusions 

APV-Hall Stnckists 

R• Co Stockists 

Sources: WS Atkins 

I ConsU11pt ion ( t/pa) 
Raw I 

11aterial ,---~--........ ---

wire-rod 

wire-rod 

wire 

strip, foil 

strip, foil 

billets 

tubes 

! Atk i ns I Dutch lit 
I 0 988 > I 0 986 > 0 986 > 
I I 

400 

240-300 

&J 

90 

75 

40-fiO 

5 

10-15 

I 
I 
I 

400 900(1) 

200 

9J 

90 

9J 

5 1000(2) 

5 

10 

F Meijer & B van Manen, Export Oriented Pro<k.lcti on of Copper 
Se11i-Products in Zalllbia: An Econom1c Arialys1s, pp 76-78 
Un1ted Nabons Econa.1c Com11ss1on for Afr1ca, Re£onal Survey 
of Copper and Alum;nilll Fabricating Facilities a Aarkebng 
Prospects for Copper arid Alu•1n1lll Based PrOducts 1n Afnca, 
Kampala, June 1988, pp 5-8 

(1) This figure probably refers to the weight of the product, not the 
weight of the copper 

(2) This figure is clearly spurious 
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TABLE 3.2 - DFmT DATA (KEllYA) 

I11p<>rts (t/pa) 
Product group 

1985 1986 

Bars, rods, wire-rod 
Wire 
Tubes, pipes 
Plate, sheet, strip, foil 
Stranded wire 
Insulated cable 
Winding wire 

719 
80 
33 

204 
47 

860 
40 

Source: -Kenya Annual Trade Report, 1986-1987 

957 
88 
85 

113* 
6 

760 
40 

* this figu~ is contradicted by i•port data supplied by 
manufacturers 

TABLE 3.3 - MARKET PUILE (KENYA) 
(Domestic cons1.1111ption) 

Product group 

Bars, sections, shapes 
Wire, wire rod 
Tubes, p;pes 
Plate, sheet, strip, foil 
Insulated cables 
Winding wire 

Sources: WS Atkins 

Atkins estimate 
{t/pa) 

100 
875 

85 
225 

1,500 
20 

Meijer & van Manen, op cit, pp 142-146 

Dutch estimate 
{t/pa) 

50 
750 

40 
200 

1, 150 
20 
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The figures suggest a significant increase in demand between 1986 

and 1988, perhaps exceeding lOI pa. This is consistent with 

i11proved perfonunce in metal and engineering sectors, ...taich have 

gro..i at an average n pa since 1983. It is al so i11portant to note 

that Booth Manufacturers { Thi ka) has. si nee 1986. mved into the 

•anufacture of copper and brass shapes and sections, mstly for 

electrical applications at present. 

fer •achi ned brass cmponents {e.g. 

There is considerable demand 

nuts and bolts). which Booth 

intends to supply. This develop•mt li•its seriously the Kenyan 

•arket for Zallbian •anufacturers of these products. Booth also has 

the capability of producing copper tubes and pipes, and plans to 

mve into this line soon. At present, there is no local 

manufacturer. 

ZtlllbalM! 

A comparison of production and cons1.11ption figures for selected 

manufacturers, stockists and end users in Zimbabw is presented in 

Table 3.4. Import/export dat1 are updated in Table 3.5. Market 

size estimates are cc:npiled in Table 3.6. 

The results show some very significant developments since the Dutch 

consultants' study in 1986. The first of these is increasing self 

sufficiency. Imports as a percentage of dOU1estic cons1.111ption is now 

about l<>i (bars, sections, shapes), 0.3S (wire and wire-rod), SS 

(tubes and pipes), 20S (cable) and ~ (stranded wire). Significant 

improvements have been made in all areas, except plate, sheet, strip 

and foi 1 where imports account for about 95: of domestic 

con sumpti on. 

The second important development is increased production of tubes 

and pipes. Almin (Harare) started manufacturing copper tubes in 

1987, and is now producing 600 t/pa entfrely for the domestic 

market. Expansion into the export market is planned. A target of 
200 t/pa exports has been set to provide the means for financing the 

recent purch.:.se of equiJJ!lent in hard currencies. The press has a 

capacity of 3,400 t/pa. End users report that quality is excellent, 
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TAil.£ 3.4 - INIET SllUATillll (ZDmlllEI 

~ion/Clr.sumption (tip.a I 

c.a.p..., Products hw •terial 
Attins Dltdl .. 
(i968) (1986) (1986) 

I bcHatar I Tt•iag Bars. sections bi nets. "'~ 5m 5Cll 310 (esp) 
I Tubes 180 100 31i (exp I 
I Strit» 10-15 25 
I • Foil 0.5 (prod) 0 (prod) 
! 55-60 liajl J 12!J {icpJ 
I 
l Altmi•i• !nc.:stries {.llmini Tubes billets "" 500 m 

a.rs. ~ions 5 500 

Catral Africaa tables (tafcaJ table llilte:s z.s~v 5.lGO (Zl Z.360 
Vi~ rad 1.~ 5Cll 

RclCe:lll ie Stockists of: 
Rod. llNr Closed 41! 
Slleet Gem 1z; 

!lan-fernx;s Jtetal !'.i::tifacturers Stockists of: 
Tubes 0 ZD 
Slleet filJ filJ 

• &field Cutes Stockists of: 
i Tubes 0 3 
I Slleet 10 

., 
( 
! Air Cool Air conc:itioniiig units 
i 

iubes 10-3) 6 

; ~ol Atr Air conditioning units Tulles 10 5 
! 
! R:l7&t Refrige!"ilti Clll aetrigerattan units Tubes (iJ 

' !:a 
'. I~ al !l~ri']r.a :i Clll Refrigeration units Tul!es «> 
I . 
. I'!: :n:o s:i Geysers Sllett. strip 36-40 JJ 

ireger lni:us tries Geysers Sl'.ett, strip 8J Z8.5 

~ppeneres Coppenrares Sllett, strip 8 

i.ria Co;r,ter Products Coppenrires Slleet, s:rip 1Z 

Illdm ti')' t:>tl I (co pp.,,,.,. es) Coppl!"Wlres Slleet, s :rip 3J 

:,.;vrcas: :.'S .ttk'lns 
iteijer I wan MMlen, op cit, pp 90-15 
Uni~ ll1tions Ec:>noaic Ca.issicn fer Mri:1, :;:: ci:, pp JJ-37 

~as: 111 plllllled production 
(Zl this figure 1111st refer to tlle ioei;nt of the fin11 proc:uct, not t.'le ioei~ht of tlle Cl>pper 



~-~-~-~--~----~---~-

Product group 

Bars, rods 
Tubes, pipes 
Plate, sheet, strip, foil 
Stranded wire 
Cable 

TABLE 3.5 - IMPORT/EXPORT DATA (ZIMBABWE) 
r ·- -- - -- ·- ------·--
1 Imports (t/pa) I Exports (t/pa) 
I I 
I~ 

l 1984 l 1986 I 1981 I 1984 I 1986 I 
I --·---------T 
I 97 I 87 I 47 I 212 I o I 
I 78 I 62 I 46 I 3 I o. 1 I 
I 178 I 175 I 232 I o I 1. 2 I 
I 339 I a I 3 I 1 I 2. 6 I 
I 1,767 I 1,383 I 607 I 707 I 946 I 
~--~ __ J ______ J _ _ _ I I 

Source: Central Statistical Office, Import/Export Statistics, Zimbabwe 

Note: Figures for 1987 have been estimated on the basis of data up to November 1987. 

1987 

110 
2.5 
3 

12.3 
1,750 

.,.. .... 
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so that the products are suitable for both pl Ullbing and 

refrigeration applications. Radiator & Tinning (Bulawayo) has also 

increased production of copper and brass tubes to 180 t/pa, although 

the products are said to be suitable only for plumbing applications. 

A S11all export market (of 4 t/pa) has been developed. Capacity is 

reported to be bet-.een l ,000 and 2,000 t/pa, and a steady expansion 

programe is planned. As a result of these developments, import 

1 icences are oo longer being issued for tubes now being manufactured 

in Zimbabwe. 

Tm.£ 3.6 - MAKEY PRCFILE (ZIW) 
(Domestic consu11ption) 

Product group 

Bars, sections, shapes 
Wire, wire-rod 
Ti.mes, pipes 
Plate, sheet, strip, foil 
Insulated cables 

Sources: WS Atkins 

Atkins estimate 
Ct/pa) 

450 
3,450 

700 
230 

3,000 

Meijer & van Manen, op cit, pp 142-146 

lkltch estimate 
(t/pa) 

400 
3,000 

190 
350 

2,800 

A third development is the installation of further capacity for 

copper and brass bars, shapes and sections. Radiator & Tfoning, 

which produces about 500 t/pa of macMning brass, borehole liners 

and earthing strip, is the largest manufacturer at present. It has 

capacity for 5,000 to 10,000 t/pa. Almin, however, has the 

capability of doubling Zimbabwean production of these products 

within a few years. It is concentrating, for the present, on the 

manufacture of ti.mes since danestic demand has risen so rapidly, but 

it intends to increase production of shapes mainly for bus bars, the 

local market for which is estimated at 320 t/pa. Cafca {Harare) is 

also capable of producing copper and brass bars and sections. At 

present, Cafca ;s producing cable, wire and rod at near full 

capacity { 3,600 t/pa against 4,000 t/pa capacity), but it intends 

expanding capacity to nearer 6,000 t/pa. This will allow it to 

diversify into 11 kV cable (800 t/pa planned) and expand telephone 
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cable production (from 100 t/pa to around 500 or 600 t/pa}. Thfa 

wi 11 leave a capacity of around 1,000 t/pa for the manufacture of 

shapes and sections. 

Local cons1.111ption of copper sheet and strip appears to have been 

over-estimated in the Dutch report, possibly through double-counting 

direct and fodirect imports. We estimate consumptfon at 230 t/pa 

against a reported 350 t/pa. Radiator & Tinning, for example, is 

maoof acturi ng only 10 to 15 t/pa of sheet and strip ( against a 

reported 25 t/pa}, and iniporti ng only 55 t/pa of radiator fofl 

(agafost a reported 100 t/pa}. The coq>any's sheet, befog only 

200nn maximllll width, is unsuitable for geyser manufacture (a market 

of about 120 t/pa}, and the quaHty of its other products ;s 
considered poor by end-users. Radiator & Tinnh19 cl ai11S to have 

recently produced a small quantity (0.5 tonnes) of satisfactory foil 

(rolled clown to 0.13nm), and expects to satisfy its own requirements 

within a couple of years. 

The prospects for a Zambian maoof acturer in the Zimabwean market 

appear poor in every major product group, with the exception of 

sheet, strip and foil. Cables, wire and tubes are dominated by 

Cafca and Almin respectively, while current opportunities in copper 

and brass shapes and sections will disappear with expansion at Almin 

and Cafca. In sheet, strip and foil, however, Radiator & Tinning is 

considered unlikely to make a significant impression on the market 

since the quality and specifications of its equipment limit the 

appeal of its products. 

Zillllbia 

A comparison of production and consumption statistics for selected 

manufacturers and end-users in Zambia is presented in Table 3.7. 

Import data ara updated in Table 3.8. Estimates of the size of the 

Zambian market are set out in Table 3.9. 



-------------------~ 

TABLE 3.7 - MARKET SITUATION (ZAMBIA) 
r - ------- I - ----1 
I I I Production/consumption (t/pa) 

Company 
I I I 
I Products I Raw material ,----..----------
1 I I Atkins I Dutch I UN 
I : I ( 1988 > I (1986 > I ( 1986 ) 
I I I I _ I r- -- ---- --------~- - --------r~ ,- -------, 

Zamef a Wire-rod I Cathodes I 7,224 I 6,800 
Power cables I I 1,884 I 600 
Tel cables I I 847 I 200 I ) 1,500 
Copper & brass I I 1, 609 I 100 
billets, shapes 

Non-Ferrous Metal Works Copperwares I Sheet, foil I 8 I 9.5 
Brass & bronze rods I Scrap I 10 I 10 

Monarch Geysers I Sheet, strip I 150 I 60 
I I 

Radiators I Strip, foil I 16-20 I ) 
) 10 

Automotive Radiators 

Kitwe Radiators Radiators I Strip, foil I 3-5 I ) 
I 

Delta Engineering Switchgear I Strip I l 
Busbars I Wire I 0.6 

NEI Electrical goods I Strip I 0.5 
_ Bar I 2 . 

L_ _ I I I I 

Sources: WS Atkins 
Meijer & van Manen, op cit, pp 114-116 
United Nations Economic Conmission for Africa, op cit, pp 18-23 

• • 
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TABLE 3.8 - lllPCllT DATA (ZAMBIA) 

I 
I Imports (t/pa) 
I Product I r 19 
I 
I 1984 1985 1986 
I -I 
I Bars, rods, sections 50 l 
I Wire 3 22.5 45.6 
I Tubes, pipes 10 9 52 
I Plate, sheet, strip, foil 39 3,243(1) 6,903(1) 
I 

Source: Central Statistical Office, Import/Export Statistics, Zambia 

(1) these f.;gures are clearly spurious. They may be 32t and 69t 
respectively, or even 3.2t and 6.9t. 

Note: the only export is of about 7,000 t/pa of wire rod by Zanefa 

TABI.£ 3.9 - IWIKET PR<FILE (ZMISIA) 
(Domestic consumption) 

Procklct group 

Bars, sections, shapes 
Wire, wire-rod 
Tubes, pipes 
Plate, sheet, strip, foil 
Insulated cables 

Sources: WS Atkins 

Atkins estimate 
{t/pa) 

1,650 
1,400 

50 
230 

2,750 

Meijer & van Manen, op cit, pp 142-146 
Zamef a 

Dutch est i na te 
Ct/pa) 

150 
1,200 

30 
150 

1,000 

The fi91 1res reveal some important developments since the Dutch 

corisultants' study. These are mainly the product of recent 

expansion at Zamefa, which has increased the capacity of its 

Outokumpu continuous caster (by increasing the thickness of wire-rod 

drawn by the machine) from 9,000 t/pa to 12,000 t/pa. This wfl l 

enable Zamefa to triple production of telephone cable (to 850 t/pa), 

and div~rsify into the manufacture of llkV cable (like Cafca in 

Zimbabwe . In addition, the company's Schloeman press is to be 

exploitec. -., .. "'·illy to produce a range of copper and brass shapes 
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and hollow bars (bus bars, for example). Production is budgeted at 

1,600 tonnes for 1988/89, cmpared to 100 t/pa at the time of the 

Dutch consultants' vi sit. This market is al so being supplied by 

Non-Ferrous Metal Works (Kibe) ant• Zani>ia Aluminium (Lusaka). 

Zamefa has also considered marufacturing tubes, primarily for the 

refrigeration and air conditioning ~arkets. This is well within the 

capabilities of the existing plant, and is a logical diversification 

of acti vi ti es. 

The Zaabian market for sheet and strip, estimated at 150 t/pa in the 

Dutch consultants• report, needs to be revised upwards. •. figure 

nearer 230 t/pa may be more accurate. Demand in this sector, 

particularly for geyser and radiator applications, aop!ars to be 

buoyant. Zamefa has in fact considered diversificatL .nto rolling 

strip, but decided that the project was not feasible, although this 

conclusion appears to have been based 'Jn an und~restimate of market 

size. 

~ '..her Countries 

The other countries within the inmediate PTA region (Tanzania, 

Angola, Mozambique, Malawi and BLS) have not been researched first 

hand. International trade statistics have been used where possible. 

E1 sewhere the consumption of copper semis has been estimated by 

comparing levels of manufacturing activity (this being used as a 

proxy). Published country rerorts, trade journals and regional 

journals have been usect to check for production figures. From this 

it ~u ld appear that the Dutch consultants' estimates are not 

unreasonable. Table J. 10 sets out our estimates of the regional 

market by product group. 

It is clear that ti1e regional market has altered significantly in 

all prociJct areas, with the exception of plate, sheet, strip and 

foil. This is largely due to developments taking place among the 

region's major manufacturers: Zamefa, Cafca, Almin, and Radiator & 
Tinning. 



--------------------

Product group 

Bars, sections, shapes 
Wire, wire-rod 
Tubes, pipes 
Plate, sheet, strip, foil 
Insulated cables 

Sources: WS Atkins 

TABLE 3.10 - PROFILE OF THE REGIONAL MARKET 
(Domestic consumption t/pa) 

I 
Kenya I Zimbabwe I Zambia I Others I Total I 

I I I__ I I 
.--- I I 

Atkins Dutch I Atkins I Dutch Atkins I Dutch I Atkins I Dutch I Atkins I Dutch I 

(est) (est) I (est) I (est) (est) I (est) I (est) I (est) I (est) I (est) I 

I I I I I I I I 
100 50 I 450 I 400 1,650 I 150 I 100 I 105 I 2,300 I 705 I 

875 750 I 3,450 I 3,ooo 1,400 I 1,200 I 1,200 I 1,105 I 6,925 I 6,055 I 
as 40 I 7 ao I 190 50 I 30 I loo I es I l , o 1 !:i I 34 5 I 

225 200 I 230 I 350 230 I 150 I 150 I 135 I 835 I 835 I 
1,500 l,150 I 3,ooo I 2,800 2,750 I 1.000 I 2,000 I 1,870 I 9,250 I 6,820 I 

I I L_ I I___ I I I I 

Meijer & van Manen, op cit, pp 142-146 

• ....., 



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

48 

Discussion 

The market research leads to the following conclusions regarding the 
regional market for the product sectors Atkins was comissioned to 
study: 

* tubes: Almin (Zint>abwe) has entered successfully this market, 
and could clearly supply a large percentage of demand within 
the PTA. Since Zamefa (Zambia) and Booth Manufacturers 
(Kenya) also have the capacity to produce tubes, investment in 
another pl ant in Zambia would not appear to be a sensible 
option 

* copper and brass bars, shapes and sections: this is a 
promising market given the diversity of shapes that can be 
produced, and range of products that can be machined from 
these materials. There are, however, three producers in both 
Zambia and Zimbabwe, and one in Kenya. Further investment 
does not appear to be justified, although there must be scope 
to develop secondary manufacturing industries using copper and 
brass feed (e.g. brass nuts and bolts) 

* copper and brass sheet, strip and foil: there is still no 
major manufacturer of these products within the PTA region 
surrounding Zambia. P.adiator & Tinning {Zimbabwe), the only 
producer, has a rolling mill with a reported capacity of 3,500 
t/pa (well in excess of present consumption within the 
region), but its claims regarding future production levels are 
considered far fetched. The company has a long history of 
poor quality and unreliability. Nevertheless, it is probable 
that Radiator & Tinning will supply around 20% of the 
Zint>abwean market, and around 15% of PTA markets in respect of 
which Zimbabwe has locational advantages over Zambia (notably 
BLS and Mozambique). Local competition is also provided by 
the Zairean manufacturer, GECA mines, which is already 
supplying Monarch (Zambia) with sheet for geysers. It 
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supplants European imports because of lower transport costs 

and lower prices related to poorer quality. The surface 

finish of the sheet is poor, and unsuitable for applications 

other- ~._an geysers. GECA is not believed capable of producing 

satisfactory radiator foil. 

The market research denonstrates that the only significant •gap• 

within the immediate PTA market for a Zambian manufacturer lies in 

the sheet, strip and foi 1 sector. This is consistent with the 

conclusioo reached in the Dutch consultants' report, and with the 

Rananian joint venture proposal. 

It was 1 ogical, therefore, to limit the investigation at this 

juncture to sheet, strip and foil. 

3.1.2 Sales outside t~e PTA 

Prospects for exporting sheet and strip outside the PTA region 

appear poor. Although there has been considerable rationalisation 

of production both in Western Europe and in the USA, there is still 

ample capacity for rolled products, and declining markets have led 

to significant improvements in efficiency among the surviving 

producers. 

The Western European market would be particularly difficult to 

penetrate. It is daninated by West Germany (which accounts for 

118,000 t/pa out of an EEC total production of 287,000 t/~a), which 

possesses very modern mills. The US market, valued at about 143,000 

t/pa (1987), has a relatively high level of import penetration 

(25%), but European manufacturers are well established in this area. 

Markets in the Far East are dominated by Japan, which has by far the 

highest level of production in the world (182,000 t/pa), and perhaps 

the llDSt efficient mil ls. There may be markets in Eastern Europe, 

but these countries are outside the hard currency areas, and 1 ittle 

is known about consumption and import patterns. 
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It is s011eti11es assumed that a Z•bian llitr1.1facturer of copper seais 

wi 11 achieve lower prodlcti on costs/tonne by virtue of the discount 

it wil 1 receive on the LME price of copper cathodes related to 

transport costs to Europe. This a.>"1ts to about S HD/tonne in ttie 

case of Znefa. However, European 11anufacturers are producing 

copper strip priaarily frm fairly low grade scrap, which is itself 

some S 150/tonne checiper than the LME price for Grade A cathode. 

The unavailability of scrap in Zallbia cancels effectively any 

advantage that a Zambiar. 11anufacturer llight obtain on raw 11aterial 

costs. A Zambian aanufacturer will also be at a disadvantage with 

respect "CO the costs of spares and 11oterials, "1ich wil 1 be 

imp<rted, both frm the point of view of prices {because uf freight 

costs and customs tariffs) and stock levels (be\.ause of erratic 

transhipment times and approvals for forex}. Potential advantages 

over European manufacturers with respect to labour costs wit 1 J.~ 

balanced by higher manning levels, higher training costs, poC!'er 

productivity, and the cost of technic1l support from expatriate 

management. 

Another problem is that that the market for copper strip in advanced 

industrial economies is quite different to that of the PTA. 

European requirements are mainly for thin strip for electrical 

applications, while the PTA market is presently dminated by sheet 

(for geysers), and to a lesser extent foil (for radiator 

applications). A manufacturer selling to both the PTA and Europe 

would therefore need to develop a quite complex and diversified 

production progril!llle, which may be canparably inefficient. 

The marketing of Zambian products to Europe would also be 

exceedingly difficult. There are a few large users of sheet such as 

maoofacturers of copper ht.>t water cyH nders, but generally the 

market ;s divided between nunerous engineering firms using sheet or 

strip for drawing or pressing components forming part of a finhhed 

product. These concerns deal mainly directly with the mills. They 

require prompt (often daily) and reliable delivery in order to 

minimise· stocks and financing charges. Some have special 

requirements in terms of hardness and grain size range. Uni form, 
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high quality is demanded, since highly auta11ated 11achinery will only 

operate efficiently with a standardised feed. Servicing this kind 

of 11arket is obviously very different froa the supply of cathode in 

bulk to a few large users. It would be necessary to stockpile 

products in European depots. This wuld entail relatively •inor 

warehousing and handling charges 'in the range 10 to $15/tonne, but 

significant financing charges given a delay of perhaps 3 months 

beween ex-works shipment and receipt of payment, and the need to 

hold substantial stocks. It would also be necessary to protect 

against losses arising from a fall in the lME price of copper 

between paying for cathodes froa the refinery and receiving payment 

for finished products several months later (the prices of rolled 

products rise and fall in s,Y11pathy with the LME price of copper). 

It is possible that arrangements could be 11ade with S11aller 

re-rollers in European 11arkets to take strip at an intermediate 

stage of production, and finish it to the requirements of final 

customers. Further research could be undertaken to establish the 

size of this 11arket, but it is a less attractive proposition because 

the value-added of partly rolled strip would be significantly less 

than that of finished products. 

For these reasons, we have rroceeded on the assllllption that a 

Zambian manufacturer will not achieve any sales to Europe, or other 

hard currency markets. This is consistent with the conclusions of 

the market research carried out by the Dutch consultants. The most 

sensible approach is to assume that a Zambian manufacturer will 

concentrate on the PTA market, where high tariff barriers provide 

effective protection against European imports. Sales to Romania as 

part of the joint venture proposal must be treated as a separate and 

unique item. 
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3.1.3 Calculation of demand 

PTA region 

The calculation of delland assUlll!s that sales from a Zambian 
11anufacturer displace European i11p<>rts. Prices are adjusted to 
effect this displacement, takfog into account differentials in 
transport costs, custOllS tariffs, and sales tax rates (see Section 
3.1.4). 

The calculation also takes into account the impact on demand of 
local 11anufacture. The 11arket research has demonstrated that 
cons111ption by end-users is seriously constrained both by 
restrictions on forex for imports, erratic supply due to 
transhipment inefficiency, and the high price of imports because of 
tariffs. Low capacity utilisation (figures average between 401 and 
SOS within the region according to Table 3.11) is blamed largely on 
the problems of securing forex. 

TABLE 3.11 - CAPACITY UTILISATION AMONG SELECTED USERS <F COPPER SEMIS 

End-user 

East African Cables (Kenya) 
Kenwest Fab (Kenya) 
Kenby Cables (Kenya) 
Booth Manufacturers (Kenya) 
Burns and Blane (Kenya) 
City Radiators (Kenya) 
Radiator and Tinnin~ (Zimbabwe) 
Almin (Zird>abwe) 
Cafca (Zimbabwe) 
Treger (Zimbabwe) 
Non-Ferrous Metal Manufacturers (Zimbabwe) 
Copperwares (Zimbabwe) 
Mcintosh (Zimbabwe) 
Enfield Cables (Zimbabwe) 
Zamefa (Zambia) 
Monarch (Zambia) 
Automotive Radiators (Zambia) 
Kitwe Radiators (Zambia) 
Non-Ferrous Metal Works (Zambia) 

Source: WS Atkins 

Capacity 
utilisation (S) (1988) 

50-60 
50 
75 
70 
30 
40 

10-20 
50 
90 
80 
50 
40 
30 
30 

80-90 
50 

50-70 
50 
40 
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According to .,st respondents, consumption of copper semis wuld 

probably double if materi~1s could be purchased lo~ally, or at least 

with local currency. Almin, for example, estimated the Zimbab~an 

market for copper tubes at 300 t/pa, but now finds that 600 t/pa is 

insufficient to satisfy demand. Similarly, Monarch (Zambia) which 

purchases copper sheet in hard currency frOll Zaire and Europe, 

estimates its own demani at YlO t/pa, against the 150 t/pa it 

cons111es at present. Manufacturers also report that the 

irregularity af forex allocations and thus import licences forces 

them to maintain uneconcnic stock levels, placing further downward 

pressure on production. Burns and Blane (Kenya), for example, 

reports that with import licences taking 6 months to be granted on 

average, deliveries (from Europe) are spread at least 9 months 

apart. For this reason, the company maintains 12 months stock. 

It seems reasonable to assume, therefore, that a multiplier of 2.0 

can be applied where copper products can be purchased in soft 

currencies. 

This does not mean that our estimate of 835 t/pa (see Table 3. 10) 

for the regional market for sheet and strip can be revised to nearer 

1,700 t/pa. The multiplier can be applied to domestic sales, but it 

is unlikely that the PTA clearing system :.i1i 11 develop sufficiently 

in the near future to allow PTA members outside Zambia to purchase 

copper semis entirely in soft currencies. Trade between PTA members 

is presently weak and often unbalanced. On the basis of our 

discussions with the PTA, an assllllption that 2oi of export sales to 

PTA markets will be paid in soft currencies has been derived. In 

any event, a Zambian manufacturer will need hard currency to finance 

capital costs a~d imports of spares. 

It is also important to allow for competition from Radiator & 
Tinning, and also GECA mines. It has been assumed that Radiator & 
Tinning will supply 20% of the Zimbabwean market (see Section 

3. 1.1), and perhaps 15% of the more adjacent markets in the PTA 

(notably BLS, Mozambique), while GECA mines will capture 5% of 
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11arkets outside Zambia, which will be protected frOll ca11petition by 
i11p<>rt licence practices. A further assumption is that PTA llellbers, 
particularly Zilllbabwe, Mozambique and BLS will not displace European 
with South African imports. 

The assumption regarding c011petition frOll Radiator & Tinning 11ay be 

invalidated by improvements in quality and productivity at its 
plant. For this reason, we have included in the sensitivity 
analysis {Section 10.11), an analysis of the effects of greater 
competitior. from this source under two scenarios. 

These calculations are presented in Table 3.1£. They show that a 
Zalli>ian manufacturer of sheet and strip has a realisable market of 
about 1,080 t/pa initially. One will note that this figure depends 
on total dominance of the Zalllbian market, and high import 
penetration of the surrounding PTA countries. 

Romania 

Sales ~o Romania depend on the precise terms of the agreement 
reached with UZINEXPORTIMPORT. It is as yet u"certain whether the 
volume of annual sales will be fixed against repayments of the loan 
for p1ant and equipment, as is customary in buy-back arrangements, 
or whether the off-take will be a fixed percentage of output. 

It has been assumed for the purposes of establishing a base case 
that the latter will be implemented. In the initial analysis, the 
off-take has been set at 80~ of maximum capacity (i .e 8,000 t/pa). 
This allows the spare capacity to be used for serving the regional 
market (see Section 3.~.2). 

3.1.4 Derivation of prices 

In order to satisfy the assumption that a Zambian manufacturer will 
displace European imports from the PTA markets under review, it is 
necessary to set sales prices with reference to the landed prices of 
European sheet and strip. L.and~c .,rices are derived by adding 
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C:ountry 

Kenya 
Zimabwe 
Zambia 
Tanzanh 
Others 

TABLE 3.12 - CALCULATION Of DEMAND FOR COPPER SHEET, STRIP AND FOIL IN THE PTA REGIONAL MARKET 
(Figures in t/pa) 

I ,----- ---~- -----1- ----- -- _____ T ___ -----------, ----- ---- T-- -- I 
I Potent;al I Adjust for I Competition I Competition I Total I Assumed I 
I market I multiplier for I from Radiator I from GECA Mines I demand I penetration I 
I (1) I payments in local I & Tinning (3) I (4) I (2)-(3)-(4) I of market (%) I 
I I currency (2) I I I I I 
I I I I I __ I I r ~ -- ----r - --- -- - --T- - -- - ----- r --- ------ ----T- r-- ---, 
I 225 I 270 I - I 11 I 259 I 96 I 
I 230 I 276 I 55 I 12 I 209 I 76 I 
I 230 I 460 I - I - I 460 I 100 I 
I 60 I 72 I - I 7 I 65 I 90 I 
I 90 I 108 I 16 I 4 I 88 I 81 I 

---T-1 ___ I I I I I I 
: I I 

Tota ls I a 35 I 1 • 186 I 71 I 34 I 1 • 081 I I 
I I 

Source: WS Atkins 

Share of 
total 
demand 

(%) 

24 
19 
43 
6 
8 

Notes: (1) From Table 3. 10. Breakdown between Tanzan1~ and 'Others' is based on Me1jer & Van Manen, op cit, p. 145 
(2) Multiplier is 2.0 in the case of Zambia, and 1.2 elsewhere, since only 20% of sales in these markets will be 

payable in local currencies 
(3) Ba~ed on 20% of Zimbabwean market and 15% of 'Others• 
(4) Based on 4t of markets with the exception of Zambia (Oi), which will be free of imports, and Tanzania (10%), 

where transport advantages may allow a higher import penetration 

"' "' 
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Europe 
Zambia 
Kenya 
Zimbabwe 
Tanzania 
Others 

Zambia 
Kenya 
Zimbabwe 
Tanzania 
Others 

TABLE 3.13 - DERIVATION OF EX-WORKS PRICES FOR A ZAMBIAN MANUFACTURER OF SHEET, STRIP AND FOIL 
- -------. - ----, ---~--- ·-1 

I Transport I Tariff rates I Sales tax rates I Effective rates I Landed prices ($/tonne) 
t costs from I against third I for third I against third I 
I Europe I countries I country imports I country imports ,---------....... ----
1 ($/tonne) I (%) I (%) I (%) I Sheet I Strip I 
I I I _L _ I I I --- T-----i-------, 
I o I o I o I o I 3, 937 I 4, 121 I 
I 120 I 15 I 15 I 33.25 I 5,365(b) I 5,609 I 

I 70 I 30 I 17 I 52.10 I 6,095 I 6,375 I 
I 120 I o I 20 I 20.00 I 4,868 I 5,089 I 

I 10 I 25 I 25 I 56. 25 I 6, 261 I 6, 548 I 
I 100 I 20 I 20 I 44.00 I 5,813 I 6,078 I 

I I I 

,-----------~- --,--- --- - ~~ - I 

Foil 

4,520 
6, 136 
6,981 
5,568 
7' 172 
6,653 

Transport I Tariff rates I Sales tax rates I Effective rates I Ex-works prices Zambia ($/tonne) 
costs from I against PTA I for PTA I against PTA I 

Zambia I members I country imports I country imports i-----,-----.,......----
1 ($/tonne) I (%) I (%) I (%) I Sheet I Strip I 

I I I I I I I 1- -- l 
I o (d) I o I 15 I 15.00(c) I 4,432(a) I 4,633 I 
I ao I 10 I 5 I 15.50 I 4,933 I 5,163 I 
i 40 I o I 7 I 7 • oo I 4 , 282 I 4 , 4 7 a I 
I so I 8.75 I 8.75 I 18.27 I 4,979 I 5,210 I 
I 50 I 10 I 10 I 21.00 I 4,514 I 4,722 I 
I I I _ _ I _ _I _ __ I I 

Foil 

5,069 
5,662 
4,903 
5, 711 
5. 173 

Source: WS Atkins 

Notes: (1) European prices from Metal Bulletin, July 1988 
(2) Tariffs and Sales tax rates from Meijer & van Manen, op cit, pp 63-66 (confirmed by PTA) 
(3) Example of calculation: sheet price ex-works Zambia = (a) • (b - 5%) + c) - d; (5,365 - 5%) + 1. 15) - 0 

U1 

"' 
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transport charges (freight, handling, wharfage, and insurance) to 

European prices, and then multiplying through by the relevant 
custOlllS tariffs and sales tax rates (see Tab1e 3.13). Indicative 
European prices for sheet, strip and foil for mid-1988 have been 
drawn frOll Metal Bulletin. Note that the prices for the three types 
of rolled product are significantly different, corresponding to 
different levels of value-added. The landed prices derived in this 
way are consistent with quoted prices among selected end-users in 
Kenya, Zimbabwe and Zambia. 

The sales prices for each product group in each PTA market are set 
SS lower than the European landed prices to give a competitive edge. 

It can be argued of course that a Zanmian producer could set prices 
at a premium with respect to European imports, since this would be 
offset by the ease of selling products in local currency. However, 
it ~uld be unacceptabl.~ in our view to proceed on such an 
assllftption since: 

* users of copper semis in the region appear to be price 
sensitive. Several consumers of copper rod, for example, 
indicated that they have continued to import supplies when the 
local supplier has been uncompetitive on price, despite the 
difficulties of obtaining forex 

* most purchases of sheet and strip by PTA consumers outside 
Zambia wi 11 continue to be made in hard currency for the 
foreseeable future (80% in our model) 

* there are likely to be quality differences between locally 
produced and import~d products. 

In our view, a 5% price advantage will be sufficient to compensate 
for quality deficiencies, transport inefficiencies, overcome 
established distribution networks for European products, and to 
displace imports, given the added advantage that some payments may 
be made with local currencies. 
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However, this is only an estimate. The sensitivity of the project 
to variations in this discount rate is therefore assessed in 
Sectfon 10.11. 

From these sales prices, cif prices are derived by deducting tariff 
and sales tax charges. Ex-works prkes are then calculated by 
deducting transport costs (see Table 3.13). These ex-works prices 
are used in the financial and economic evaluations set out in 
Sections 10 and 11. This means that distribution costs, other than 
packaging, are focluded in neither the revenues nor the operating 
costs. Transport costs associated with selling the products are 
treated as external to the project. 

The prices of products sold to Romania are made comparable to 
international prices, as defined by Metal Bulletin. Ex-works prices 
in Zambia are derived by subtracting transport costs at S 100/tonne. 

The ex-works prices derived in this way are specific to particular 
markets, because of variations in customs tariffs and sales tax 
rates for PTA and third country imports. The tariff structure 
within the PTA gives a manufacturer located in the region an 
advantage which varies between 10% and 20~ over third countries. 
Sales tax differentials provide an advantage varying between 0% and 
15%. These differentials provide a significant degree of protection. 

It would appear, however, that the advantages accorded a Zambian 
manufacturer through transport differentials have been 
over-estimated in the Dutch consultants' report. According to data 
provided by Zamcargo, a Zambian manufacturer has, for example, only 
a S 20/tonne transport advantage over a European competitor to 
Dar-es-Salaam, compared to the Sl02/tonne claimed. It is not 
inmediately clear why transport cost differentials for plate, sheet 
and strip should be significantly higher than for products like 
wire-rod, as reported in the Dutch study (Meijer & van Manen, op 
cit, p.46). Sheet and strip has a near identical volume/weight 
ratio when freighted as other copper semis, and the higher value of 
these products is reflected only in higher insurance costs. The 
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which vary 
$90/tonne 

It is also noteworthy that several Kenyan end-users continue to 
import wire-rod and billets frOll Europe, although these products are 
available frOll Zambia. This is partly due to the problems 
experienced by Kenyan manufacturers in importing from Zubia. Truck 
haulage is impractical and uneconomic since contractors cannot find 
return loads of 20 to 25 tonnes frOll Kenya to Zambia. Air transport 
costs work out at over $1,300/tonne. Haulage via rail and 
Dar-es-Salaam port is slow and unrealiable. According to figures 
provided by Zaacargo, travel times from the Zambian Copperbelt to 
Nairobi will be a minimim of 35 days, and probably mch longer. 
European deliveries are said to take about half the time. 

In our view, a Zambian manufacturer is only likely to obtain a 
significant transport cost advantage over European producers in the 
landlocked markets, notably Zimbabwe, Zambia and Malawi. The main 
advantage lies in tariff barriers against third countries. 

3.1.5 Product specifications 

The regional market for copper and brass sheet, strip and foil may 
be segmented by end-user within the PTA region as follows: 

* geyser manufacture (sheet): 60-70% 

* radiator manufacture (foil): 20~ 

* copperwares (some sheet, strip): 

* electrical and other uses (strip): 2-3% 
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Most of the demand is for copper sheet up to 1 metre wide and in 
thicknesses up to l.6mm. This would be provided in coils, or cut to 
specified lengths. Brass accounts for only 10~ of the total market 
(about soi of the radiator sub-sector). This is in sharp contrast 
to the situation in European and North American Markets where brass 
strip predaainates, primarily because of its use in the electrical 
industry. Possibly, brass consumption in C1e PTA will increase with 
the growth of consumer industries. There could also be a demand for 
bronze strip which has superior spring properties for contacts etc. 

On the basis of information supplied by end-users, a Zambian rolling 
mill, supplying the regional market, "°uld need to manufacture in 
accordance with the product specifications and production profile 
set out in Table 3.14. 

TABLE 3.14 - PR(h)UCTION PROFILE AND PRODUCT SPECIFICATIONS 

Product i of Specifications 
Production End-user Gu ages Widths (est. ) (nn) (nn) 

Sheet 60-70 Treger (Zimbabwe) 0.46-1.6 500-900 
Monarch (Zambia} 0.71-1.6 600-920 

Strip 10-15 Non-Ferrou~ Metal 0.46 150 
Works (Zambia) 

Foil 20 

* copper Burns and Blane (Kenya) 0.08 32-73 
Kitwe Radiators (Zambia) 0.08 26-109 
Automotive Radiators 0.08 35-85 
(Zambia) 

"" brass Burns and Blane (Kenya) 0. 14 32-73 
Kitwe Radiators (Zambia) 0. 14 32.5 
Automotive Radiators o. 14 35 
(Zambia) 

Source: WS Atkins 
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To supply fully the PTA market, a manufacturer would therefore need 
to: 

* roll copper thinner than O.lnm 

* supply sheets in widths up to 1 metre. 

For the purposes of building a revenue stream for a rolling mill 
supplying the PTA market (the small mi 11 option), we have assumed 
the following product mix: 

* sheet: 65f. 

* strip: 15% 

* zoi l: 20% 

The product mix must be revised for the Romanian mill since this 
mi 11 is not designed to produce rad .. at or foi 1, nor are we clear on 
requirements for the Romanian w.arket. The followin~ product 
breakdown has been assumed: 

PTA Market Romanian Market 

* sheet 80% 50% 

* strip 20% 50% 

* foil 0% 0% 

A higher percentage of strip has been assumed for the Romanian 
market, since demand in electrical industries will be stronger . 
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Sales Forecasts 

Market trends are notoriously difficult to assess. Growth rates in 
manufacturing and industrial activity, which are usually valid 
indicators of demand for metal fabrications, are variable across 
countries and unpredictable. Manufacturing output in Kenya rose 7% 
between 1987 and 1988, while the consumption of copper semis 
increased SJlllpathetically by around 9 to 10:. !n contrast, 
manufacturing in Zimbabwe recorded a modest 1% growth in 1987/88, 
fol lowing a 2.2'1 decline in 1985/86. Manufacturing output in 
Tanzania has declined in recent years up to 2% pa. 

The performance of end-users and manufacturers eif copper semis in 
the region provides some indication of likely sales trends. The 
data suggest that a growth rate in demand between 2 to si pa is not 
unreasonable. T~e balance of opinion among manufacturers is that an 
average growth in demand of around JS pa in the PTA would be a valid 
assumption. 

Taking all the data together, it would seem reasonable to build 
sales forecasts by inflating the potential demand (Table 3.12) by 
341 pa. It must be assumed that European imports are reduced to 
zero, and that no further manufacturing faciHties are established 
in the region. 

The 3% pa rate of growth is of course only a "best estimate", based 
on published sources and market research results which are sometimes 
contradictory. For this reason, it is prudent to test the 
sensitivity of the project to variations in demand forecasts 
(Section 10.11). Two scenarios - 1% pa and 5% pa growth - have been 
used. 

Sales to Romania are assumed to be a fixed percentage of project 
output throughout the life of the project. 
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3.3 Plant Capadty and Production Programe 

3.3.1 Small mill 

The small mill option, which has been designed as a possible 
alternative to the Romanian proposal, is oriented t~ the PTA market. 
This market is likely to be around 1,600 t/pa after 15 years. For 
this reason, the plant has been designed with a capacity of 750 t/pa 
with one shift, and 1,500 t/pa with two shifts. 

Table 3.15 shows that production begins in 1992 (see Section 9 on 
implementation), with one shift at Joi capacity. This builds up in 
Year 2 (1993) and Year 3 (1994) to 7oi and 90% respectively of one 
shift. The mill moves onto two shifts in Year 4 (1995), with 100% 
product~on on shift one, and 50% production on shift two (an average 
capacity u~ilisation of 75%). Thereafter, capacity utilisation has 
been designed to increase in S.)'lllpathy with the growth in demand, 
eventually reaching full capacity in Years 14 (2005) and 15 (2006). 
Asswning that all production is converted to sales (which is 
reasonable since rolled copper products are normally manufactured to 
order), sales as a percentage of demand reaches a peak of around 
85%. 

3.3.2 Romanian mill 

The Romanian mill has been designed to operate with three shifts and 
a full capacity of 10,000 t/pa. Table 3. 15 shows that production 
begins in 1993 (Veer i), at 30% capacity utili~ation. Production 
builds up to 55% of capacity 1n Year 2 (1994) and to 88% in Year 3 
(1995). In Year 3, sales to the Romanian market are stabilised at 
8,000 t/pa. This corresponds with our assumption that 80% of output 
will be absorbed by Romania. Sales to the PTA market are then 
inflated by annual increments to generate a total of 1,500 t/pa in 
Year 15 (comparable to the small mill). It should bP noted that the 
Romanian mill will not t.e producing foil, so the potential demand 



-----~-~-------~--~-

TABLE 3.15 - PLANT CAPACJ1Y AND PRODUCTION PRDGRNICE 

r----- I 
I 1988 1989 199G 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 I 
I -I ,-

Potent h11 demand I 1081 lli3 1147 lHll 1217 1253 1291 1330 1369 1410 1453 1496 1541 1587 1635 1684 1735 1787 1840 1896 I 
I 

I 
s.an •tl 1 I 

I 
Capac Uy I - - - - 750 7!\() 750 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 
Production/Sales I 225 525 675 1125 1159 1194 1229 1266 1304 1343 1304 1425 1460 1500 1500 
Capacity utilisation (I) I - - - - 30 70 90 75 17 80 82 84 87 90 92 !15 98 100 100 
Sales as l of de11and - - - - 18 42 52 85 05 85 05 05 85 115 85 05 85 114 02 

hMntill •tll I 
I 

Colpactty I - - - - - 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 1nnno 10000 10000 10000 10000 
I 

Product1on/Sa1es: I 
- R09'~i• i a1! 11arket I - - - - - noo 5000 8000 8000 8000 8000 8000 8000 8000 8000 11000 0000 8000 0000 11000 
- PTA 11arke\ I - - - - - 300 500 800 900 1000 1050 1100 mo 1200 12SO 1300 13511 1400 1450 1500 

I 
Capacity ut11tsat1on (I) I 30 55 88 89 90 90.5 91 91.5 92 92.5 93 93.5 r,4 94.5 95 

I 
Sales as I ot de11and (PTA I 
Nrket) I 24 39 60 66 71 72 74 75 76 76 77 70 78 79 79 

I 

Sour~e: WS Atk1ns 

~ 
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figures (in Table 3.12) have to be reduced by 20:. This means that 
sales to the PTA •arket as a percentage of demand in the case of the 
Romanian •ill is close to 1ooi in the latter years of the project. 

It needs to be recognised that both •ills are Slla 11 by Western 
European standards. The capacities chosen have been dictated, in 
the case of the ROllilnian mill, by the tenas <if the Romanian 
technical proposal, and, in the case of the small mill~ by the size 
of the regional market and the need to operate at an efficient 
production level relative to capacity. This is not to say that 
mills of these capacities are necessarily uneconomic from the point 
of view of operation (see the break-ever. analyses in Section 10.10), 
but their size imposes difficulties in financing capital costs. 

Sales Revenues 

Sales revenues are estimated 1n Tables 3.16 (Romar.ian mill) and 3.17 

(Small mill). These revenues are based on ex-works prices. The 
calculations make use of: 

* the product segmentation ratios estimated in Section 3.1.5 

* the breakdown betweP:- .. " markets derhed from Table 3.12 

* the sales forecasts estimated in Table 3.15 

* the ex-works prices derived from Table 3.13. 

Sales to Zambia, and 20% of sales to other PTA markets, produce 
revenues in local currency. The balance is priced in US Dollars. 

Marketing 

Marketing rolled products in the PTA market will be 1argely a matter 
of developing awareness among potential end-users, and ensuring that 
prices, quality and delivery are competitive with European imports. 
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An important c<>11ponent of the marketing strategy will be to survey 
potential end-users during the pre-production stage to evaluate 
requirements and bring t~ their attention the manufacturing facility 
to be developed in Zallbia. Since the number of end-users is 
presently limited, the budget for sales prOllOtion during the 
pre-production phase has been kept relatively low. 

Ttiere will be little need for expensive advertising and other 
promotional ce11paigns. Sales will depend principally on price, 
delivery and quality. AssU11ing that prices are pitched at levels 
lower than those of landed European imports, the project is only 
vulnerable with respect to delivery, and then only in markets like 
Kenya and Mozambique where transport frOll Zambia can be difficult. 
It will be important for the project to obtain satisfactory service 
from a freight hau 1 age contractor. It wi 11 a 1 so be necessary for 
marketing persor.nel to make sales visits to major customers on a 
periodic basis, and where problems arise. 
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4. MATERIALS AND INPUTS 

4.1 Raw Mater;als 

4.1.1 Copper 

The principal raw mated""·, 
supplied by ZCCM. 

is copper cathode, 

6~ 

which would be 

There are inevitable irrecoverable metal losses during production, 
and 1t is estimated that an input of copper cathode equivalent to 
1051 of the output tonnage would be needed. 

In the case of the Romanian mill, a significant volume of scrap will 
be generated during production, and this will be returnett to the 
metal store to be incorporated in the melt charges. Some wi 11 be 

off-cuts f,vm the castings and hot-rolled strips, some millings, and 
some cuttings from sheet or strip. Storage bins wi 11 have to be 
provided for each type of scrap. 

At full capacity, the Romanian mill would require about 200 tonnes 
of cathode per week, equivalent to about 10 truck loads of 20 tonnes 
each. Since the plant is to be located adjacent to a railway line 
(see Section 5), it would be most economic to tranship the cathode 
from the refineries by rail, and then by siding directly into the 
factory. The trucks would be shunted into the metal store and 
off-loaded by overhead crane. 

The small mill wculd require one 20 tonne delivery per week when 
operating with one shift, and two deliveries on two shifts. Lorries 
would be used for this purpose. 
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Since copper is the principal cost component associated with rolled 
products. it is important to minimise stocks. Since the plant would 
be located close to the refineries. it should bi! possible to reduce 
stocks to one week. Interior storage facilities for copper cat~ode 
have been built in to the design of both mills. and costed 
accordingly. Surplus can be stored temporarily outside. as is 
practiced at plants like Zamefa, Cafca and Almin. 

It is important to note that it is not in ZCCM's interests ~~ supply 
cathode to a domestic manufacturer. ZCCM is already struggli"!; ~o 
fulfil its connit111ents to cust0111ers. and is having to buy copr~r to 
cover the shortfall. More importantly, local deliveries payable in 
Kwacha result in a fall in forex earnings which are needed 
desperately to finance the importation of spares to maintain 
production levels. In this context. the diversion of even 10,000 
t/pa (only 2i of current sales) to the local market will be 
unpopular. Since a strip mill can accept low quality copper as raw 
material feed, an alternative would be for ZCCM to supply reject and 
low grade copper, which would fetch a discount of about $80/tonne on 
the LME price for Grade A cathode. However, ZCCM does not appear to 
have sufficient quantities of this type of copper to provide a 
satisfactory supply. 

ZCCM has confimed to us, however, that it would comply with 
gcvernrnent wishes in this regard, and guarantee the rolling mill a 
secure supply of copper. ZCCM also ddvised us that the rolling mill 
would receive the same price terms as Zamefa. This involves a 
discount of about $104/tonne on the LME price of Grade A cathode 
(since the LME price includes transport from producer to Europe), 
and a qua 1 i ty rebate of about $ 30/tonne to compensate the ro 11 i ng 
mi 11 for having to use Grade A cathode. The LME price has been 
averaged for mid-1988 at $2142/tonne. Subtracting the discounts, 
and adding transport from refinery to mill at $4/tonne, gives a 
delivered price of $2012/tonne. 
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4.1.2 Phosphor copper 

Both mills will also require phosphor copper for deoxidation 
purposes. This is usually supp 1 i ed as a copper /15% phosphorus 
alloy. 

With respect to the Romanian mill, it will be necessary to melt 1.8 
tonnes to produce l tonne of output. With phosphor copper required 
at a rate of 1.2 kg/tonne of metal cast, it needs to be supplied at 
a rate of 2.2 kg/tonne of output. 

The small mill will have a slightly higher melt to output ratio, and 
the requirement for phos~hor copper is estimated at 2.4 kg/tonne of 
output. 

Phosphor copper will have to be imported. Mid-1988 prices range 
from $2,700/tonne to $2,900/tonne for 10 tonne lots. The Romanian 
mill will be able to import at these prices, since its annual 
consumption will be in the order of 21 tonnes. The delivered price 
to the rolling mill including transport, and an effective rate of 
duty of 37.5%, is calculated at $3994/tonne. Stocks of 6 months are 
recomnended, since lower levels would incur penalties on price and 
the quantity of capital tied up is low. 

The small mill, with consumption peaking 3.6 t/pa, will pay a 
premium over quoted prices. The delivered price mid 1988 is 
estimated at $ 4345/tonne. Stock levels will also be 6 months. 

4. 1.3 Zinc 

Zinc is required for the small mill to manufacture brass strip and 
foil. Only 10% of output will be brass, so the consumption of zinc 
will be (33% of 10%) 3.3% of output. 
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Zinc will be supplied by ZCCM at a discount of S SO/tonne over the 
LME price, which averaged $ 1224/tonne mid 1988. Subtracting the 
discount and adding transport from Kabwe at $5/tonne, gives a 
delivered price of $ 1179/tonne. Deliveries can be made by truck. 
Stocks of one month would be sensible. 

4.2 Auxiliary Materials 

4.2.l Industrial gases 

The specification of the Romani an mi 11 ca 11 s for the annea 1 i ng of 
coils to be done in bell type furnaces with a protective atmosphere 
provided by burning methane. The flow rate of the protective gas is 
estimated at 140 to 150 Nm .. /tonne of output. Met~ane is not 
available locally in Zambia, but since the gas obtained by the 
coni>ustion of methane consists essentially of nitrogen with l to 
2.5% hydrogen, it could be replaced by a nitrogen/hydrogen mix. 
Both gases are available from the Zamox plant in Ndola. 

All the production has to be annealed once in coil form in the bell 
furnace. Material cut to sheet is annealed afterwards in a roller 
hearth furnace. This is supplied with a protective atmosphere from 
the same gas generator as the bell furnace. No data is provided in 
the Romanian technical proposal, but it is assumed that the 
consumption will be similar to bell furnace. With a 50:50 split 
between sheet and co i 1 , the requirement for protective atmosphere 
gas will be around 280 to 290 Nm .. /tonne of output. 

This requirement for nitrogen/hydrogen seems abnormally high, and 
implies a cost of around $740/tonne of output (which is about 18 to 
19% of European sales prices). We would estimate real requirements 
at $100 Nm" /tonne of output, which is consistent with the Dutch 
consultants' figure and with observed consumption in UK mills. 

The small mill also requires a nitrogen/hydrogen supply for 
annealing. Consumption is estimated at 100 Nm"/tonne of output. 
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The Romanian mill also specifies methane for the •walking beam" 
furnace, for hot rolling. Since methane is not available locally in 
Zambia, LPG could be used as an alternative. Consumption of LPG is 
estimated at 40Nm~/tonne of output. 

Since the small mill C'ption is designed with cold rolling only, 
there is no requirement for methane or LPG for slab reheating. 

LPG, nitrogen and hydrogen can be supp 1 ied by Zamox in Ndo 1 a in 
pressurised contain£rs. Prices mid 1988 work out at $120/tonne of 
output for LPG (priced at K24.66/Hm~), and $261/tonne of output for 
the nitrogen 98S/ hydrogen 2S mix (nitrogen is priced at 
K21.43/Nm~). Since deliveries are local, stocks can be maintained 
at one week. 

These prices are high by Western standards, so it may be worth 
investigating whether to use vacuum annealing, which is now fairly 
conmon for copper wire and strip. However, since the Romanian 
technical proposal specifies t>(Otective gas atmospheres, we have 
calculated operating costs on this basis. 

4.2.2 Industrial materials 

The main factory consumables are as follows: 

* refractories for melting furnaces, which would be imported at 
a probable cost of $0.3/tonne of output 

* cutting emulsion for the slab saw and miller, at a consumption 
rate of 10 litres/tonne of output (Romanian mill), and, for 
the miller {small mill), at a rate of 4 litres/tonne of output 

* oil for roll bearings and hydraulic drives - this is recycled 
but therE! are some losses of between 2 to 3 1 itres/tonne of 
output 
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* emuhion for cold rolling - this is alsc; recycled, but there 

is some loss due to evaporation, and eventually it will need 
replac;ng through metal pick-up. A cons•Jmption rate of 3 

litres/tonne of output is reasonable 

* miscellaneous lubricating oils and greases, at a consumption 
rate of 1 litre/tonne of output 

* for brass strip {small mill option), the pickling/cleaning 

line creates a <!~and for sulphuric acid. 
be 1 kg acid/tonne brass pickled, or 2 
pickling is carried out twice 

Consumption would 
kg/tonne if the 

* cleaning :11aterials for the rolls (mostly paraffin) 

* saw tips 

* tools. 

The total cost of these materials is estimated at $35/tonne, 
including transport and duties. Since most will have to be 

imported, it is reconmended that stocks of 3 months be maintained. 

Spares and Maintenance 

For plant and equipment, two years' spares shou1d be provided as 
part of the turnkey contract with the supplier. After this period, 
spares are valued at 3% of initial capital costs per annum. This is 
based on the experience of factories currently operating in this 
sector, with which Atkins is familiar. 

Plant and equipment spares wi 11 be imported, mostly from the 
origir.al supplier. It is reconmended, therefore, that stocks of 3 
months are maintained. 
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Materials and costs associated with the upkeep of the factory 
buildings and outlying area are estimateJ at 1.51 pa of initial 
capital costs. Th1s is also based on observable expenditures at 
comparable factories. 

A large percentage of building materials are available locally. 
Although several important items wi 11 be imported, notably spares 
for the heavy electrical gear, it is reasonable to assume an average 
stock level of ~i-.c month. 

It is assumed that the maintenance of the housing colonies 
associated with the mills wi 11 be financed out of rents. No 
provision has been made in the estimates of operating costs to cover 
this item. 

4.4 ut~lities 

4.4. 1 Electricity 

Only the main items of equij)ment listed in the Romanian technical 
proposal have data on power requirements. Even some of these omit 
important information, for e13111ple, the cathode shear, the baler and 
the slitter. These have been estimated. 

The main items of plant have a total power requirement of about 
5,350 kW. There are many auxiliary items such as pumps, extraction 
fans, miscellaneous drives, gantry cranes and lifting gear, and 
lighting facilities, for which power figures have not been supplied. 
Our estimate for installed power is 6,500 kW to 7,000 kW. Maximum 
demand can be estimated at 213 of installed power, ·: .e. 4,350 kW to 
4,700 kW. 

Electricity consumption is rtifficult to calculate since it depe1.Js 
on the yield of material shipped as compared with metal melted, and 
the rolling schedules which are not specified. The largest single 
requirement is for melt·ing. With a 60% yield, electricity 
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consumption would be 800 kWh/tonne. Our estimates of other 
operations, making allo~ances for yield, gives a total of 2,500 to 
3,000 kWh/tonne shipped. 

The total installed power for the small mill option is estimated at 
2,500 kW, allowing 375 kW for miscellaneous items. Maximum demand 
would be 1,675 kW. 

Electricity consumptior. is estimated at 2,500 kWh/tonne output. 

Electricity data and local price infomation are sunmarise<l in 
Table 4.1. 

TABLE 4.1 - ELECTRICITY DATA 

Installed power (kW) 

Maximum demand (kW) 

Electricity consumption (kWh/ 
tonne output) 

Fixed monthly charge (Kwacha) 

Maximum demand monthly charge 
(Kwacha/kW) 

Unit charge (ngee/kWh) 

Sales tax (i) 

Sources: WS Atkins 

Romani an Mill 

6,500-7,000 

4,350-4,700 

2,500-3,000 

17,225.00 

11.80 

3.51 

15 

Zambia Electricity Supply Corpo~ation Ltd 

4.4.2 Water 

Small Mi 11 

2,500 

1,675 

2,500 

1, 722 .so 

13.81 

5.33 

15 

The Romanian mill will require some 15m~ water/tonne of output~ over 
and above recircula!ed water {i.e. 15,000 litres/tonne). 
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The sma 11 mi 11 , on the other hand, wi 11 consume water at an 
estimated rate or 7m~ water/tonne (i.e. 7,000 litres/tonne). 

Costs ha~e been based on rates set by Kitwe Distri:t Council. The 
appropriate rate for industrial consumers is K 1.20 per 1,000 
litres. 
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5. LOCATION AND SITE 

locatfan 

Kitwe has been selected as the location for the mill. The reasons 
for this are various. Kitwe is located close to the copper 
refineries, and is also well placed with respect to the domestic 
mar~et, which is concentrated in the Copperbelt. 

Kitwe is also s~rved by the railway line which ~onnects the 
Copperbelt with Dar-es-Salaam, on the one hand, and Lusaka, on the 
other. 

Kitwe also has an abundance of industrial land, and a large pool of 
labour. The town, by Zambian standards, offers a relatively wide 
range of industrial and building services, which will be important 
in maintaining production levels. 

INDECO has indicated that it accepts Kitwe as a suitable location. 

Site 

For the Romanian mill, a gre~nfield site has been selected in an 
area set aside for industrial development in north-west Kitwe. ~~e 

site is well placed alongside the main road to Ndola and Lusaka and 
the railway line. A railway siding could be constructed to bring 
railway trucks directly into the factor~. thus minimising break-bulk 
costs. 

The site is not developed, but is close to existing services. The 
cost of 1 inking the site to main services has been inclu'1ed in the 
civil works costs prepared by the engineering consu i tancy, Arup 
(Zambia). 
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The site is flat, and welt drained. The soil conditions are not 
perfect, but the water table le~el is not a problem. Arup (Zant>•a) 
has inspected the site, and foresees no problems in developing it 
for the Romanian mill. 

Following discussions with Indeco, an existing Indeco industrial 
site was selected for the small mill option. This is quite small, 
but large enough for the mill. It has good road access, and has the 
advantage that no costs would be incurred in land acquisition. 

The existing 
demolished. 

building is unsuitable, and would have to be 
The foundations would also have to be altered, and the 

services redeveloped. 

Arup (Zambia) argues, however, that the cost of redeveloping the 
site would not be signifi~antly lower than developing a greenfield 
location. 

It should be noted that site requirements are not a major constraint 
on the project. There is ample land available for fodustrial 
development in Kitwe, and most of it is suitable for civil works of 
the typ2 required for the mills. 

The climat'I! is not problematic as far as the project is concerned. 
The production process does not generate a great dea1 of heat, so 
there would be no need for cooling syst&ms, provided sufficient 
ventilation is provided. In fact, the favourable climate leads to 
lower construction and operating costs than would be experienced by 
a similar mill in Europe, since the buildings do not have to be 
d2S i gned to with stand harsh winters, nor does heating have to be 
provided for offices and other cold areas. 
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5.3 Costs 

Kitwe District Cou~cil was quite unable to provide estimates of the 
present day costs of connecting the greenfield site to main 
services. For this reason, these costs have been calculated by Arup 
{Zambia), and included in our estimates of civil works costs. 

Land acquisition costs, set by the Ministry of Lands, are nominal, 
and can be ignored for the purposes of calculating investment 
outlays. 

Kitwe District Council was also vague on the question of rates. We 
have therefore extrapolated estimates of rates from known rates 
being paid by similar factories in the area. Our estimates are 
$5,000 pa for the Romanian mill and $1,000 pa for the small mill. 

5.4 Environmental I11pact 

5.4.1 Emissions, noise and waste 

There will be no noxious emissions from the Romanian mill. Melting 
copper produces nc fume, since the furnaces are electrically heated. 
The combustion of fuel for preheating will result in a small 
emission of contustion products, mainly carbon dioxide, but there 
will be no sulphur dioxide. 

Rolling produces a small amount of oil fume, which is to be 
exhausted via a stack after passing through a filter to remove oil 
mist. 

Periodically, the rolling oil emulsion may need renewal due to 
pick-up of copper. In a highly industrialised area, the emulsion 
would probably be broken down by alkali treatment, and the oil 
skimmed off before passing the 1 iquid to a settling bed before 
discharge. However, since space is not a problem on the site 
selected for the project, the waste could simply be lagooned where 
the oil would separate as water drains into the subsoil. 
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Noise from the plant would not be problematic. The mill is small by 
western standards, and the chosen site is far from housing. 

Similarly, the small rolling mill will have very little impact as 
regards emissions, waste and noise. Melting copper will cause no 
fume, and since all furnaces will be electrically heated there will 
be no cont>ustion products. 

The rolling mills will be low speed, and will not give rise to 
significant oil fume. Because of the small volume production 
disposal of waste oils will not cause problems. If necessary, the 
small amounts involved could simply be incinerated. 

Production of brass would introduce minor emissions of zinc oxide 
fume during melting. These are white in colour and hannless. A fan 
in the melting 1rea is all that is required to remove them. 

It would be necessary to pickle the brass in dilute sulphuric acid, 
ar.d .; t would be a a vi sab 1 e to inc 1 ude a s imp 1 e treat:r.ent p 1 ant to 
neutralise the rinie ~ater and waste acid, allowing the metal salts 
to settle before discharge. The volume of effluent is unlikely to 
exceed 5m"' /hour. This could be treated continuously or collected 
and treated with lime once a day. After the metal hydroxides have 
settled, the water is safe to discharge into any convenient drainage 
system. The sludge of metal hydroxides would be best lagooned to 
dry out, but it is of no co11111ercial value. Construction of an 
effluent treatment plant with pH control would not cost more than 
$10,000. 

The noise associated with the plant will be relatively minor, and 
acceptable for the industrial site suggested for the project. 

5.4.2 Infrastructure and population 

The two plants will place significant pressure on the local housing 
stock in ''.itwe suitable for managerial and technical staff, and 
skilled workers. It is concluded that the construction of a housing 
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colony would be necessary to cover the shottfall in existing housing 
and attract employees from elsewhere in the country. The costs 
associated with housing are estimated in Section 6.4. 

The demands placed upon utilities in Kitwe will not be problematic, 
nor will there by any serious disruption of the traffic network. 
The Romanian mill would create a significant volume of traffic if 
lorries were used both for the importation of raw materials and the 
distribution of finished products, but very little if the railway 
line is used for these purposes, as rec011111ended. 
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6. PROJECT ENGINEERING 

6. 1 Project Layouts 

6.1.1 Romanian mill 

The Romanian technical proposal did not contain information on 
project layout. Figure 6.1, which shows the layout of the factory, 
is based on Atkins' interpretation of the information relating to 
technology and machinery set out in the proposal. 

The layout is relatively simple, with the factory partitioned into 
six areas: 

* offices 

* raw material deliv~ry, storage and charge make-up 

* melting furnaces, holding furnace and casting machine 

* preheating furnace, hot/cold rolling mills, and milling 
machine 

* annealing bells and roller hearth furnace 

* test and inspection, packaging and despatch. 

The factory covers 8,350 m~. 

Figure 6.2 shows a suggested design for the works area. It has been 
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decided to locate outside the plant: 

* management offices and car park 

* electricity substation 

* changing rooms, kitchen and canteen for the workers 

* recreational facilities 

* workshop 

* fuel and lubricant store 

* underground and overhead water tank, underground recyc 1 i ng 
water tank and cooler tower. 

6.1.2 Small mill 

Figure 6.3 shows a suggested plant layout for the small mill. The 
factory is divided into five main areas: 

* offices, containing workshop 

* store, Lathode shear and baler 

* furnace 

* process area, containing rolling mills, miller, bell furnace, 
annealing furnace and pickling/cleaning line 

* test and inspection, packaging and despatch. 

Given the nature of the site chosen for this mill, it will be 
necessary to have a relatively compact works area. Effluent 
treatment and the water tank are located alongside the factory. 



- - - - - - - - - - - -·- - - - - - - -

\ 

\ ,' 
\ I 
\ ,' 
\j 

om~ 
I , 

,' \\ 
I , 

' I 

METAL STORE 
CATHODE SHEA 
~ BALER 

fURNAJ:E 
PLATfdRM I 

0' I 

EmUENT TREATMENT 

PICKLING/CLEANING LINE 

SURFACE MILLER 
I I 

ANNEAL!NG WATER 
I I I ·-, 

FURNACE QUENCH 

WATER TANK 

D 

000 
BASES roR DELL 

FURNACE 

WIDE MILL 

SHEET SHEAR 

I I 
I . H -- I 

SLITTER 

I 0 ---, S~fALL MILL 

I 0 I 

<'.3 60m 

FIGURE 6.3 PLANT LAYOUT (SMALL MILL) 

TEST 4' 
INSPECTIOH 
rACIUTIES 

PACKAGIHQ le 
DESPATCH 

AREA 

A015PWOO 

£> 

I 

15m; 
' I 

+ 

00 ...... 



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

88 

There will be no discreet office area separate from the factory, and 
no recreational facilities. For this reason, a separate diagram of 
the works area has not been provided. 

6.2 Technology 

6.2.1 Romanian mill 

The Romanian technical proposal provides a comprehensive description 
of the plant to be supplied and the associated technology, but no 
details of the cost of equipment, the manning levels, or operating 
costs. These have been estimated, or calculated from first 
principles, where necessary. 

The Romanian mill is designed as a single product plant, producing 
1,000 nm copper strip with a thickness range 0.5 to 3.0 nn, which 
can be marketed either as 1,000 nm x 2,000 nm sheet or in coil slit 
to the width required by the customer. The products would comply 
with DIN 1792 or BS 2870 Cl06, phosphorus deoxidised copper. The 
production process may be sunmarised as follows: 

Charge Makeup 

Assuming a 5 day week of 15 sMfts, it is necessary to melt 75 
tonnes/day. This is made up partly of cathode and partly of process 
scrap. Imported cathodes are cut in a guillotine shear into small 
pieces. Strip and sheet scrap is compressed in a baling machine. 
The chopped cathodes plus scrap is loaded into buckets (capacity 400 
kg), and lifted by crane onto the furnace platform of the adjacent 
melting/casting shop. 

Phosphorus is added at the melting stage. This acts as a deoxidant 
downstream when the strip is brazed or wr.lded (as in the m~iufacture 
of geysers), otherwise hydrogen and oxygen in the copper combine to 
produce steam, rendering it brittle. Oxygen free copper, such as is 
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used by Zamefa for wire-rod, would be unsuitable. Phosphorus is not 
added to Zamefa' s feed, since it reduces the conductivity of the 
copper. 

Melting and Casting 

Melting is carried out in two channel type low frequency induction 
furnaces, each with a capacity of 1.5 tonnes/hour. These are used 
to replenish a similar type of furnace of 5 tonnes capacity which 
acts as a reservoir of molten metal to feed the casting machine. 

The casting machine is a vertical semi-continuous machine in which 
the molten metal is poured into a short water cooled copper mould in 
which solidification takes place. The casting is withdrawn 
downwards on a hydraulic ran at a maxinun speed of 135 nm/minute 
with direct water cooling of the slab. The slab she is 120 lllD x 
1,050 nm x 3,200 mm, which provides two rolling slabs. The yield of 
meta 1 cast to rolling slab is 93. 75S. The process is 
semi-continuous in the sense that the caster produces slabs (of 3.2 
metres length) discreetly. The mould has to be filled again before 
another slab can be produced. 

The casting machine and its hy ... raulic ram require the sinking and 
lining of a pit 8 metres deep. This has been costed in the civil 
engineering e~timates. A water flow rate of 120 m~/hour maximum is 
required, 50% of which i~ closed circuit. For safety reasons, it is 
reconmended that this should be supplied via a water tower to 
provide a gravity feed in case of pump failure. 

As the rate of casting is less than 1 drop/hour, mel!ing and casting 
will have to operate for 15 shifts per week. The melting furnaces 
should not be emptied or allowed to freeze, so they will have to run 
on low power during the weekends. 

The melting furnaces will need new refractory linings from time to 
time. 
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Sawing Rolling Slabs 

The cast slabs are taken to a circular saw where they are stockpiled 

for sawing into rolling slabs. The ends of the casting have to bP 

rejected, so the sawing produces two rclling slabs 1,500 • long 

frm1 each cast. These are stockpiled for rolling. 

Rolling 

The novel feature of the Romanian proposal is that a single •ill 

will be used both for hot-rolling and cold-rolling. It is intended 

that it will operate as tw-high mill for 10 days of each mnth, 

accmulating a stock of hot-rolled strip. The rolls will then be 
removed and two pairs of rolls will be inserted (i.e a work roll and 

a backing roll), converting the mi 11 to a 4-high mi 11 for cold 

rolling the accumulated stock for the rest of the 111>nth. 

For hot rolling, the slabs are brought to a temperature of 850 to 

900°C in a "walking beam0 furnace with a throughput of 4 slabs/ 

hour. To obtain full capacity production, this furnace and the hot 

mill have to work continuously for 9 or 10 days in each month. 

The furnace is 10 metres long, and is fired with methane gas, 

although this would be best replaced in Zambia with LPG which is 

available locally. The furnace requires 210,000 kcals/tonne of 

output, or 1,470,000 kcals/hour of operation. 

The hot mill is a reversing mill with conventional powered run-out 

tables. The output of 4 strips/hour is limited by the output ~t the 

preheating furnace. Slabs are discharged from the pr'!h~tting 

furr ace onto the tab 1 e of the hot mi 11. They are ro 116d from a 

thickness of 120nm to 14.Snm in 7 passes according to a pre· set 

schedule. The rolls are cooled with water sprays. At this stage 

thJ strips will be about 12.5 metres long. They are quenched in a 

water tank alongside the run-out table, then removed and stored 

alongside. 
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Before the strips can be cold ro 11 ed, they have to be mi 11 ed, 
remving about 0.5 • from each side. Thi:; is carried out on a 
milling machine which flattens the strips, crops the ends, and then 
mills them one side at a time (line speed 10 m/minute). The chips 
are pneUlliltically collected. The milled strips are stored ready for 

cold rolling. 

The technical proposal suggests that the hot mill can be converted 
to cold rolling in one shift of 8 hours. This involves withdrawing 
the rolls and relilOVing the run-out tables, thoroughly cleaning down, 
and inserting the purs of rolls for cold rolling and the 
appropriate run-out tables. The necessary guage control 
instrmentation would also have to be put in place, and the m"ill 

drives coupled. 

The strips are cold rolled in a series of passes from a thickness of 
13.5• to 4.S-, by which till! they wi 11 be lbout 38 ll!tres long. 
At this juncture, a coiler is positioned either side of the mill, 
and rolling is continued coil to coil for 5 further pa::ses to 3nn 

thick. 

The strip is subse~uently bright annealed in coils. The coils are 
then further cold rolled to a minimlll thickness of O.Snn or to an 
intermediate thickness depending on the final requirement. They are 
annealed again, either at the final thickness or within one or two 
passes of the final thickness depending on the quality required, 
i.e. soft, half-hard or hara. 

Finishing 

The finishing operation in the production of strip is to edge trim, 
slit to the required widths, and recoil. The trim is automatically 
chcpped up to fall into a scrap bin. For sheet, the strip aft~r 
edge trinming enters a cutting shear where it is cut to length. The 
cut sheets are then annealed in packs in a roller hearth bright 
an~ealing furnace. 
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Annealing 

Annealing of coils is carried out in bell type furnaces with a 

protective atmsphere provided by burning 11ethane. The annealing 

furnaces are situated in a separate bay parallel with the rolling 

bay. 

There are three bases for annealing, one loading or unloading, one 

heating and one cooling. An electrically heated bell and a water 

cooled cooling bell can be located over any base. The maxi .. 

charge weight is 13 tonnes. The heating and soaking tiar. is 

specified at 9 hours, giving a maxilllllll throughout of l tonne/hour. 

The methane atmosphere can be replaced by a nitrogen/hydrogen mix 

containing 1 to 2.5 S hydrogen, since these gases are available 

locally in Zanmia. 

All the production has to be annealed once in coil form in the bell 

furnace, and 1110st coil has to be annealed twice in the furnace. 

Material cut to sheet is annealed afterwards in a roller hearth 

furnace. This is electrically heate~, and is supplied with a 

protective atmosphere from the same gas generator as the bell 

furnace. It has two zones: the first is heated and the second, 

which has a double wall structure through which cooling water flows, 

is d cooling zone. Both zones are supplied with the protective 

atmosphere, but no data on flow rates are provided (but wfl l be 

similar to the be 11 furnace}. The throughput is 0. 5 tonnes/hour. 

Packaging and Despatch 

The end of the bay used for annealing is intended to house the area 

for packaging the products and despatching them. Sheets will have 

to be packed in wooden crates, and interleaved with paper. Material 

shipped in coil, particularly small coils of narrow strip, would 

also require protection. Thus it may be necessary to have a 

carpenter's shop to produce crates and boxes, un 1 ess these can bt! 
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provided by the haulage contractor. No provision has been made in 
the Romanian proposal for this either as regards equipment or 
labour, but the equipment is unlikely to cost more than $25,000. 

Inspection and Control 

Inspection is made at various stages of processing to ensure that 
the material is of suitable quality. A final inspection for surface 
quality and guage can be carried out at the slitting stage or during 
packing. 

Depending on the origin and consistency of the incoming metal it may 
be possible to avoid analysing the cathodes. The phosphorus content 
of the melts will have to be controlled, but if the copper is 
consistent this can be some simply by a conductivity measuring 
instrument. Otherwise, spectrometric analysis will be needed, and 
an instrument will have to be provided (about $150,000). 

Hardnes~ measurements will have to be made regularly on the output, 
and simple metallographic faci 1 ities wi 11 be needed to enable grain 
size measurements to be made. It will be necessary to have 
certificates of tensile properties for some orders, and thus tensile 
testing equipment will have to be installed. A small laboratory to 
house the instruments and a lathe and milling machine to prepare 
test pieces would seem to be essential. To equip such a laboratory 
would cost in the region of $100,000. 

Works Transport 

The proposal specifies a gantry crane in each of the four bays of a 
capacity suitable to the operations in each bay. These are not 
includett among the items to be supplied ( but are included in our 
estimates of building costs). However, it is certain that 
additional transJ,iort and lifting faci l1ties wi 11 be needed in a 
works of this kind, and it is recommended that provision be made for 
two fork lift trucks. 
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A process flow chart is provided in Figure 6.4. 

Discussion 

The mill follows conventional practice for the manufacture of copper 
sheet and strip. Many plants of this type were built in the 1950's, 
and many of these continue in operation although most will have been 
considerably updated in the intervening years. 

The novel feature of the proposal is that a single mill will be used 
both for hot and cold rolling. This approach has been adopted to 
minimise the cost of rolling •ills, which are the most expensive 
items of equipment. 

In principle, there is no reason why this procedure cannot be used, 
although as far as is known, there are no mills operating in this 
manner. There are good practical reasons against it, quite apart 
from the inconvenience and wasted production time lost in making a 
roll charge. It is not possible to evaluate this loss accurately 
because we do not have sufficient details of tne mill construction. 
The Romanian proposal gives the impression that such a mill exists 
only as a design concept, and has not actua11y been built. However, 
it does mention special facilities for effecting the roll changes. 

The Romanian delegation indicated that the change over could be 
accomplished during a single shift, and it has been assumed in 
calculating the manning levels that the change would be made by the 
normal mill operating crews assisted by the shift electricians and 
fitters together with a crane operator and possibly a fork-1 ift 
truck driver. 

Our opinion is that the change would take longer than one shift, and 
would probably result in the loss of one day'~ production unless 
scheduled over the week-end. 
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FIGURE 6.4 PROCESS FLOW CHART (ROMAriIAN MILL) 
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It has to be agreed that moving heavy gear of this kind could 
·;ncrease the chance of an accident; to personnel and also the 
possibility of damage to equipment. Much would depenC: on the 
training of the operatives an~ on the quality of the supervision. 

In heating copper to the hot-rolling temperature it becomes covered 
with an oxide scale, and t~is continuously reforms while the surface 
is being extended during rolling. This scale tends to be brittle 
and to exfoliate, so that t~ae mill and its associated run-out tables 
accU11Ulate a considerable amount of oxide flakes or particles. Some 
of these are rolled into the copper which is one of the reasons why 
it has to be surface milled after hot rolling. 

To use the same mill for cold rolling would involve a very thorough 
cleaning of the whole area to ensure absolute removal of all oxide 
particles, otherwise there would be a strong possibility of 
particles being picked up and rolled into the strip. 

Cleaning the mi 11 and ancillary equipment to the standard required 
may not be impossible, but it would be quHe difficult and time 
cons111ing. In practice, oxide particles may remain on the copper as 
lubricant residues tend to be good adhesives. One can envisage 
hating to clean down thoroughly using copious amounts of, say, 
kerosene. 

Once oxide particles have been rolled into the surface of the copper 
they would be difficult to remove, and if removed would leave a 
pitted surface. Abrasive cleaning would be risky as the abrasive 
itself could become embedded in the soft copper. Acid pickling 
would probably be the best solution, but this would entail a 
considerable change to the plant. Pickling would best be carried 
out near the end of the ro 11 i ng schedu 1 e, and wou 1 d i nvo 1 ve the 
addition of a continuous pickling, washing and drying line. This 
itself would be costly although there fs the possibility of 
eliminating some of the bright annealing. However, a continuous 
pickling line would be more expensive than the annealing plant. 
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Detectfon of rolled-in oxide would require SOiie 11ethod for 

automatically scanning the strip for inclusions possibly carried out 

in line with a finishing operation such as edge trinming. 

It is not easy to assess the ugnitude of the hazard or how much 

weight should be attaci1ed to the possibility of rolling in oxide 

scale largely because there would seem to be no practical experience 

of using the same mill for both hot and cold rolling. The problem 

is recognised to some extent in the Romanian proposal which includes 

the di smant 1i ng of the hot rolling feed tab 1 es and rep 1 acement by 

of;her tables during the change of rolls. It is not possible to 

predict whether this precaution would be adequate to overcome the 

risks of picking up oxide particles. 

The presence of oxide scale inclusions would not be harmful for low 

grade applications of the copper sheet such as for roofing or damp 

courses. It would, ho~ver, prevent the s·~rip being marketed for 

applications where visuctl appearance is important, and where the 

oxide could be a potential source of pitting corrosion in an 

application such as hot water cylinders. Inclusions would also be 

deleter·; .1S if the stdp were further reduced to produce radiator 

fin stock since the inclusfons would then becoi:e significant in 

relation to the thickness of the metal. 

A further disadvantage with the design is the delay imposed on the 

production process. Stock would be tied up in hot rolling for 10 

days, plus about a forther two days for annealing to soften the 

strip. This means that it will take a minimum of 12 days before 

cold rolling the product can begin. It is for this reason that 

work-in-progress has been set at 3 weeks for the Romanian mill. In 

Europe, this would be regarded as a serious disadvantage. 

A further problem is that the mill is not designed to produce strip 

thin enough for radiator applications (the mini~um guage is said to 

be 0.5 nm). This limits the regional market for the plant. A 

further rolling mill would have to be installed to roll down to 

radiator foil 9uages. 
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6.2.2 Small mill 

This pla~t is conceived as a flexible unit capable of producing both 
sheet and strip in copper, and strip in brass. It would have a 
capacity up to 2,250 t/pa, depending on the mix of sheet and strip, 
with three shift working, 5 days per week. However, the melting and 
casting unit is designed for inter11ittent operation, and it is 
suggested that a start should be made with single shift working. 
This would reduce the output to 750 t/pa, but output could be 

increased to 1,500 t/pa witlt two shift, as demand warranted and as 

production efficiency increases. 

The method of operation may be suanarised as follows: 

Metal Preparation 

The copper will be received in the form of cathode$, which will 
require shearing into pieces suitable for loading into the melting 
furnace. As the yield cf finished product to metal melted is 
unlikely to exceed 6<n, there will be process scrap returned from 
various stages, and some of this will require baling before it can 

be charged into the furnace. 

Charges will be made up in skips holding about 450 kg which will be 
hoisted onto the raised furnace platform by ~rane and emptied onto a 

shute feeding the furnace. 

Melting and Casting 

A l tonne careless induction furnace will be used for melting, which 
will tilt for pouring. An addHion of phosphor copper would be 

necessary at this stage. 
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Moulds w;11 be made from copper plate surrounded by a water jacket. 

Three moulds are suggested, 400 • x 50 m x 1.5 111 each. These 

would be located on a carousel, to br;ng each ;n turn to the 

furnace. The moulds open to enable the cast;ng to be lowered onto a 

trolley for transport to the ro11;ng m;11. 

The max;11111 output of the furnace 11fOU1d be 0.8 tonnes/hour, 

equivalent to 3 slabs. 

First Rolling 

Initial rolling will be on a narrow 2-high mill with large diameter 

rolls to accept ;:hick slabs. The slabs are reduced in thickness 

from 50 • to 25 m in four passes, during wMch they are cycled 

round the mill on a trolley. Starting at 1.5 metres long, the sla~s 

finish 3 metres long. Capacity ;s about 24 slabs/shift. 

Slab Anneal 

The rolled slabs are loaded in batches into a simple annealing 

furnace which does not require a protective atmosphere. After 

anneal fog they are removed ;nto a water quench where most of the 

scale will flake off. 

Surf ace Mi 11 i ng 

The slabs are surface milled, both sides simultaneously, removing 

0.5 nm/side. The miller specified in the equipment list leaves a 

slightly ridged surface, but the l!'.arkings are obliterated during 

rolling. 

Second Ro 111 ng 

Rolling continues on the same mill, reducing t:1e thickness from 24 

nm to 10 nm in about 5 passes. The strips finish 7.5 metres long. 

Capacity is 24 strips/shift. The treatment thereafter depends on 

the end product. 
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Sheet 

For sheet, the strip ends are tr;nmed and then cut to 1 metre 
lengths w;th a c;rcular saw. The lengths are stacked w;th ceram;c 
spacers ;n a be 11 furnace and annealed w;th a hydrogen/n;trogen 
protect;ve atmosphere, up to 140 p;eces/~h;ft. 

The lengths are then cross ro 11 ed on the wide mfl 1 from 10 m to 
3 DID th;ck ;n a sequence of passes, to g;ve sheets 1,000 DID w;de and 
1,330 DID long. These are reannealed ;n the bell furnace, and rolled 
to f;n;shed guage to customer requ;rements. Th;s produces half hard 
sheet. The sheets are then sheared to customer spec;f;cat;ons. 

Strip 

RolHng can be cont;nued on the same mfll or on the w;de mfll ;n 
straight passes to 5 nm thick, when ;t can ~ up-coiled. 

Accord;ng to the final product requfred rollfog may be continued, 
coiling after each pass, or the strip may oe anr1ealed ;n the bell 
furnace in coil before final rolling (up to a maximum of 24 
coils/shift). To avoid directional properties in the final strip, 
the rolling reduction inmediately before the final anneal should not 
exceed soi, and the rolling/annealing schedule has to be chosen 
accordingly. Brass strip could be produced with the addition of a 
simple, inexpensive pickling/cleaning unit. 

The strip is finally edge trimmed, and slit to customer 

requirements. 
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A pr~cess flow chart ;s set out ;n F;gure 6.5. 

Discussion 

The suggested des; gn for the sma 11 volume pl ant f o 11 ows pr act; ces 
wh;ch are riow largely outdated, and the product;on route would not 
be compet;t;ve w;th convent;onal plants. It ;s proposed only as a 
poss;ble means for sat;sfyfog the regfanal market, with mfo;mal 
cap;tal investment. 

The most ser;ous problem ;s that low volume producers of copper 
ailoy str;p have adopted ;ncreas;ngly cont;nuous str;p cast;ng s;nce 
tMs avo;ds much labor;ous rolHng of tMck sectioned castfogs. 
Str;p cast;ng ;s carr;ed out us;ng graph;te d;es or moulds, one end 
of the d;e be;ng permanently ;nmersed ;n the molten metal. 
Unfortunately, str;p cast;ng w;th submerged graph;te d;es, as 
suggested ;n the Dutch consultants' report, ;s not a pract;cal 
propos;t;on for phosphorus deox;d;sed copper, wh;ch ;s necessary ;f 
str;p ;s to be brazed (as, for example, ;n the manufacture of copper 
water cyl;nders). Th;s ;s because phosphate slag part;cles, which 
form when phosphorus ;s added to molten copper, accumulate ;n the 
entry to the d;e. A consequence is that the surface quality of the 
str;p deteriorates. Furthermore, ;t ;s unl;kely that a die life of 
more than 10 hours casting could be obtained. This is equivalent to 
a die cost of about $85/tonne cast, which would be quite 
unacceptable. There would also be considerable foterruption to 
production. 

Although this problem has been overcome in casting round billets by 
the submerged die technique, the solution would not be applicable to 
thin strip dies. So far as is known, no-one is casting successfully 
deoxidised copper strip by t;his method. In theory, it should be 

possible to avoid the formation of slag by melting in a two 
compartment furnace, but this would be an experimental plant and too 
risky to reconmend. For this reason, it is proposed that rolling 
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FIGURE 6.5 PROCESS FLOW CHART {SMALL MILL) 
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slabs should be produced by static casting, as practiced by Zamefa 
(i.e where slabs are cast individually in stationary 110ulds). The 
cast slabs would then be processed entirely by cold rolling. This 
is an unconventional method for manufacturfog copper sheet and 
strip, which is nor11ally initially hot rolled fra11 se>11ewhat larger 
slabs, as in the ROlllnian proposal. However, the capital cost of 
hot rolling •ills, and the associated preheating furnace is too high 
for the method to be considered for small volume production. 

The proble11 could be overcome if geyser 111nufacturers in the region 
could be persuaded to accept a copper/zinc alloy instead of 
phosphorus deoxidised copper, since the former are readily cast by 
the submerged die process. There are two possible alloys: cap 
copper to BS 2870 CZ 125 which is copper/SS zinc; and gilding 111etal 
to BS 2870 CZ 101 whkh has lOS zinc. The alloys have a golden 
colour, and are used for architectural work and jewellery. Both 
alloys are easily brazed, and both have corrosion resistance 
comparable to that of copper. Using one or other of these alloys it 
would be possible to cast strip continuously, say 16 nm thick, and 

up to 1,000 nm wide. 

The 01itput of well designed casting ma:hines is about 3 kg/• width 
of strip/hoo;r. With 1,000 • wide strip the output would be 

approaching that of the Romanian plant, and there would be obvious 
problems in marketing the products within the PTA region. However, 
a plant casting 500 nm wide st;rip, having a potential output of 
3,000 t/pa, might not be unreasonable. It would be possible to 

widen the strip by cross rolling. 

Using this technique the preliminary stages of rolling are a~oided. 
As cast the strip would be 16 11111 thick, and it would then be surface 
milled to 15 11111 thick before cold rolling. At this stage it 
approximates to the hot rolled and milled strip of the Romanian 
proposal, the hot rolling stage having been bypassed. 
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Cold !"Olling would be either as strip 500 .. wide eventually coiled, 
or the •i lled strip r:ould be cut into approxi11ately 1 metre lengths 
and cross rolled; i.e. rolled in the short direction increasing the 
500 • to l metres or more to produce sheet as in the later stages 
of the saall •ill option described above. Intermediate annealing 
and a final anneal M>Uld be required, and thh M>Uld be carried out 
"ithou\ a protective atmosphere. After annealing it would be 
necessary to pickle in dilute sulphuric acid, rinse in hot water and 
lightly nrush to give a clean bright surface. 

The potential output of the plant exceeds significantly the present 
and forecast demand for sheet in the region, but the alloys would be 

satisfactory substitutes for copper as radiator fin stock. The 
thenaal conductivity is about 67S of that of deoxidised copper, and 
it could be rolled to foil. The golden colour •ight not be so 
acceptable for spun wares, but the plant coulci be used to produce 
limited quantities of oxygen free or low oxygen copper strip for 
this trade. The same equipment could also be used to make brass 
strip 70/30 or 64/36 without modification. 

However, it is unknown whether the products of this plant could gain 
acceptance from end-users in the region, and it is likely that the 
plant would never operate above SOS capacity. For these reasons, we 
have proceeded to examine the feasibility of the small mill option, 
using static casting and phosphorus deoxidised copper. 

A further problem with the small mi 11 is that the chief domestic 
demand currently is for sheet for the manufacture of geysers. For 
this the sheet has to be 1 metre wide. This is most efficiently 
produced with a wide ro 11 i ng mi 11 • However, the cost of ro 11 i ng 
mills tends to increase exponentially with width; i.e. doubling the 
width, quadruples the cost. Thus, a very expensive mill would be 
required, even though the demand is only a few hundred tonnes per 
annum. For this reason, cross rolling has been reconnended, but 
this is relatively inefficient. 
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With the same ai• of •ini•ising the capital cost of equip11ent, it 

has been proposed to carry out reduction with cold rolling only and 

with a 2-high •ill. Although it is possible to roll down to guages 

of o.oe.. with this syste•, and thus satisfy the demand for r~diator 

foil, several passes through the rolls are necessary. This is also 

relatively inefficient, although less so where labour is cheap. 

UNIDO Technical Staff have made two coments on the small •ill 

design: 

* since the width of the first •ill is only 400m, the aspect 

ratio of material to be cross rolled at the second •i 11 is 

small, which may i;1troduce difficulties in cross rolling 

squarely and thus reduce yield. It was suggested that cast 

slab width be expanded up to about 800la 

* rather than increase the width of the first rolling •fll to 

SOOan, it was suggested that first rolling should be carried 

out by the second {finishing) mi 11. This would require the 

finishing mill to be 4-high, with roughing rollir.g carried out 

only with the backup rolls. 

The point about the aspect ratio of the material for cross rolling 

is appreciated, although with proper guides it should be possible to 

enter the mater1 al into the ro 11 s squarely. There are al so very 

important practical problems in producing wider material for the 

cross rolling stage. 

Casting a wider slab was considered, but it was thought that there 

would be difficulties in increasing the slab width without at the 

same time increasing slab thickness. 

slab SOOnm wide and only 50nm thick. 

It would be unusual to cast a 

There would be problems in 

obtaining a uniform distribution of molten metal along a narrow 

section of such length. It would be desirable to increase the 

thickness to 75nm or more in this case so that the solidification 

ti• in the mould was sufficient for the metal to become evenly 

distributed. However, increasing the slab thickness would 
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necessitate more cold rolling and would probably add another anneal 
to the schedule and it was ruled out for these reasons. It is just 
possible that a wide thin slab could be produced by semi-continuous 
casting by extending the mould into a graphite •hot top•, but this 
again would add to plant costs. It also is the case that wide •ills 
are not ca.on in the copper industry. 

The idea of using tne backing rolls of the finishing •fll for the 
rough rolling is fe'"sible, but not so desirable from the point of 
view of prodllctivity. Time would be lost in rP.moving the wo:-k 
rolls, and prod:ictiOft would have to be scheduled to allow for a 
c..,aign of breaking down rolling followed by one of finishing. 
Manning levels would re111in about the same. There is a possibility 
for eli•inating a fore11an and 4 operatives associated with the 
breaking down •i 11, but extra work would have to be done on the 
finishing •ill which would involve another shift. 

Incidentally, the difference in plant capital costs between casting 
statically a slab 800la wide and one 400nll wide would be •inimal if 
a single rolling mill were to be employed for both roughing and 
finishing. However, if a separate rough rolling mill is decided 
upon the greater slab width would increase considerably the cost of 
the rcughing mill with adverse effects on the economics of the 
project. 

The single rolling mill idea would have an impact on capital costs 
for the project, and this has been carried forward to S~ctions 6.3.2 
and 10.11. 

6.3 Equif!lll!!t 

6.3.1 Romanian mill 

The main items of equipment are specified in the Romanian technical 
proposal. A copy of the list of equipment is included in 
Appendix 1. 
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Haere appear to be no foaccuracies or inconsistencies in the 
specifications, but the list is not c011prehensive and the quality of 
the machinery and finished product cannot be checked without 

first-hand investigation. 

The probable capital cost of the plant and equipmen~ is set out 
below. This is based on a verbal esti11ate given by the Romanian 

de 1 egat ion: 

* plant and equipment: $20 million 

$10 11Hlion 

The estimate for the plant and equipment seems low. A figure nearer 
$25 million would be more realistic if the equip111ent were procured 

from Western Europe. 

The cost of cranes and power supply have been included in the civil 

engineering costs. 

The connissioning cost includes the costs of trial runs and 

materials, ancillary equipment, and expatriate supervision. 

It is assumed that the plant and equipment will be provided with a 
two year supply of spares, or access to spares free of charge. 

It is also assumed that imports of plant and equipment for the 
project wi 11 be free of customs and sales tax under Article 21 of 

the Industrial Development Act. 

6.3.2 Small mill 

The main items of equipment for the smal 1 mill option and budget 
prices are set out in Table 6.1. The prices have been quoted by UK 

manufacturers and merchants. 
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TABLE 6.1 - MAJOR ITEMS CF Pl.AllT MD EQUIPMENT FOR THE SMl.l Mill 

Processing Equip111ent Estimated 
stage I cost 

I ($'000s) 
I 

Metal preparation Cathode shear 170 ( 1) 
Baler for process scrap 50 

Melting & casting 1 tonne mains frequency furnace with 645 (2) 
water circuit and transformer 3 moulds 35 

First rolling 2 high 450 x 650lll rolls non reversing 935 
with electrics 

Surf ace 11i 11 i ng Surface miller 210 (3) 

Second ro 11 i ng 2 high 300-400mn rolls x 1.2 metre 2,550 
wide non reversing 

Anneal'ing Bell annealing furnace 3 bases 
(nitrogen/hydrogen atmosphere) 

510 

Finishing Slitter for coil and shear for sheet 425 
Roll grinder, circular saws, run out 
tables and misc. minor equipment R50 

6,380 (4) 

Source: WS Atkins 
Notes: ( 1 ) This is expens he for a machine cutting a re 1 at i ve ly sma 11 

number of cathodes, and a less costly solution might be 
researched 

(2) This seems expensive, but is based on an existing 
installation, and inclu~e~ erection and comnissioning 

(3) This is an inexpensive miller but considered suitable if 
mH 1i ng is done at an early stage. Better ones cost around 
$680,000 

(4) The cost of setting up a plant using the submerged die process 
and manufacturing copper/zinc alloys (as described in Section 
6.2.2) is estimated as follows: 

$'000s 

Cathode shear and baler 220 
1.5 tonne channel type induction furnace 128 
500nn wide strip casting machine 595 
Surface miller 680 
1.2m wide rolling mill 2,550 
Annealing, pickling and cleaning unit 170 
Edge trimning and slitting 340 
Ancillaries 850 
Total 5,533 
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It should be possible to reduce the ca.,ital cost by about $1.7 
11illion if suitai>le reconditioned mills can be found. Cheaper 
unreconditioned equipment can be found, but it is ~ssential to 
recognise that refurbi st.nt costs for second hand p 1 ant can be 

expensive and unpredictable. Often the electrics will have 
disappeared, and the drives and i>earings damaged. 

Enquiries have revealed that there is a good supply of second hand 
equipment on the market, with agents spechl ising in its 
procurement. Since this redu~es the cost of equipment by over 251, 
it has been decided to investigate the feasibility of the small mill 
option both on the basis of using new and second hand equipment. 

: - ~·,e single rolling •ill is used, costs can be reduced by about 
$- 11 ion for new equipment and $0. 75 million for second hand 
equipment. 

Installation and coanissionir.g would cost in the region of $1. 7 
million, this including trials, trial materials, ancillary 
equipment, and expatriate supervision. 

Costs may be reduced to an estimated Sl.5 mi 1 lion if the single 
rolling mill concept is used. 

Design, installation and commissioning would be best carried out as 
a turn·key contract by an engineering concern in this field. The 
contractor would undertake procurement, and be responsible for 
refurbishment if necessary. 

It is assumed that the contractor will supply spares for two years 
free of charge. 
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6.4 Civil Engineering Worts 

6.4.1 ROllilnian •i~l 

Civi 1 engineering costs for the factory buildings and works are 
estimated in Table 6.Z. A preli•inary design of the main building 
i~ set out in Figure 6.6. 

Import requirements for the project are estimated as follows: 

* available locally: sand, cement, stone, bricks, asbestos, roof 
:.heets, design, project management, contracting, and other 
professional services, labour, land procurement, conveyance 
fees, council scrutiny fees (approx 45 to 50% of costs) 

* available locally, but in short supply, and imported 
indirectly: window frames, door frames, glazing, floor tiles, 
reinforcement steel, paiPt, electrical transformers (approx 
z5i of costs) 

* materials to be imported directly: structural steel, gantry 
cranes, electrical components, mechanical fixtures (approx 25 
to 30% of costs). 

Import content is estimated at 55%. Imports of materials and 
manufactures for civil engineering works have been costed inclusive 
of transport costs and ;ustoms and sales tax duties at an effective 
rate of 37 .5%. 

It will also ht= necessary to provide a housing colony. Table 6.3 
provides an estimate of the cost. This is based on the assumption 
that expatriates and al 1 Zambian management wi 11 be provided with 
high cost housing, technicians with medium cost housing, and 
overhead sknled labour w;th low cost housing (see Section 8 for 
manning levels). 

The import content for housing is estimated at 25%. 



-~~~~---~~-~~~--~-~~ 

TABLE 6.2 - CIVIL ENGINEERING COSTS - (RC1111n1an M111) 

Buildings 
Main factory: 

Building fabric 

Item 

Ground floor slab and machine bases 
Gantry cranes 
Mechanical services 
Electrical services 

Offices (including building services) 
Change room, kitchen 
Workshops (including building services) 
Fuel storage 
Guard house 

Sub-total 

Civil .and extr.;·nal works 
Concrete roadways/hardstanding/office parking 
Site levelling/landscaping/stonnwater drains 
Fencing 
Borehole x l. 

Sub-total 

Total cost 
Contingenr.ics (101) 
Preli•inary and general (101) 

Total L-..dget estimate 

Source: Arup (Zambia) 

8,350m4 @ K 3,500/m4 

8,350m4 @ K 1,500/m4 

4 x K 2,500,000 

Estimated cost (K'OOOs) 

2 No. 2 x 1000 kVA 11/0.4 kV substation including 
switchgears 
2 No. 1 x 1000 kVa 11/0.4 kV substation including 
switchgears 
1 No. 33/11 kV substation including switchgears 
Light~. power outlets and general electrical works 
600m4 @ K 5,500/m4 

500m4 @ K 5,000/m4 

540m4 @ K 5,000/m4 

50m4 @ K 3,500/m4 

4,000m4 @ K 250/m4 

4,000m4 @ K 120/m4 

750m4 @ K 500/m" 
2 x K 75,000 
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TABLE 6.3 - tOJSING COSTS (Rmlnian Mill) 

Type of housing 

High cost housing 
Medium cost housing 
Low cost housing 

Totals 

Sources: WS Atkins 

No. 

l4 
30 
35 

89 

Estimated 
size (11

2
) 

80 
70 
45 

Estimated 
cost per 

112 (K) 

2,000 
1,800 
1,300 

Indeco (for sizes of housing and costs/m2
) 

6.4.2 Small mill 

113 

Total C'lSt 
(K'OOOs) 

3,840 
3,780 
2,048 

9,668 

CivH engineering costs for the factory building and works are 
estimated in Table 6.4. A preliminary design of the factory is set 
out in Figure 6.7. The assumptions regarding import content and the 
customs and sales tax duties are the same as those for the Romanian 
mill. 

Housing costs are set out in Table 6.5. The assumptions regarding 
which staff are to be assigned housing is the same as that used for 
the Romanian mill. 

TABLE 6.5 - HOUSING COSTS (Sllall Mill) 

Type of housing 

High cost housing 
Medium cost housing 
Low cost housing 

Totals 

Sources: WS Atkins 

No. 

14 
16 
19 

49 

Estimated 
size (m') 

80 
70 
45 

Estimated 
cost per 
m2 (K) 

2,000 
~ ,800 
1,300 

Indeco (for sizes of housing and costs/m2
) 

Total cost 
(K'OOOs) 

2,240 
2,016 
1,112 

5,368 



--~-~---~~~--~~~~~~-

TABLE 6.4 - CIVIL ENGINEERING COSTS - (511111 M111) 

Buildings 
Main factory: 

Building fabric 

Item 

Ground floor slab and machine bases 
Gantry cranes 
Mechanical services 
Electrical services 

Offices 
Change room, kitchen 
Canteen (including building services) 
Workshop (including building services) 
Fuel storage 

Sub-total 

Civil and external works 
Concrete roadways/hardstanding 
Site levelling/landscaping 
Fencing 
Borehole 

Sub-total 

Total cost 
Contingencies (101) 
Preliminary and general (10%) 

Total budget estimate 

Source: Arup (Zambia) 

900m4 @ K 3,000/m4 

900m4 @ K 1,000/m4 

Estimated cost (K'OOO~' 

l No. 2 x 1000 kVA 11/0.4 kV substation including 
switchgears 
1 No. 1 x 1000 kVA 11/0.4 kV substation including 
switchgears 
Switching station 
Possible need for upgrading ZESCO's 11 kV line (1 km) 
lights, power outlets and general electrical work 
included in factory 
150m4 @ K 5,000/m4 

150m4 @ K 5,000/m4 

l,OOOm4 @ K 250/m4 

1,000m4 @ K 120/m4 

2,700 
900 

1,500 
1,500 

1,000 

700 
1,500 
1,000 

200 

750 

750 
250 

12,750 

250 
120 
100 

75 

545 --13,295 .... 
1,330 
1,462 

16,087 
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S!m1'7 of Costs 

The investment costs of plant and equipment and civil engineering 

are s.-arised in Table 6.6 for the three options under review: the 

ROllilnian aill, the Sllill •ilJ -ith new plant and equipment, and the 

sull •-: 11 with second hand plant and equipment. 



-~~~-~----~~-~~~-~~-

ltetl 

Plant and equipment 

Installation and 
comissioning 

Factory buildings 

Works, preliminary and 
~eneral 

Housing 

Contingencies 

Total 

Source: WS Atkins 

TABLE 6.6 - ESTIMATED COSTS Of PLANT AND EQUIPMENT AND CIVIL ENGINEERING 
(all costs in $'000s) 

~-~---~-, 

I Romanian mill I Small mill (new plant I Small mill (second hand plant 
I I and equipment) I and equipment) 
I I I 
I I- I I I I I 
I Foreign I Local I Total I Foreign I Local I Total I Foreign I Local I Total 
I currency I currency I I currency I currency I I currency I currency I 
I I I I I ___ J ______ L _____ L_ ___ __ I r - r r r- T- -- - -- T r -- - T -- --, 

20,000 I - I 20,000 I 6,380 I • I 6,380 I 4,680 I - I 4,680 

10,000 

5, 181 

715 

294 

4,239 

585 

882 

10,000 

9,420 

1,300 

1,176 

1,700 

852 

137 

163 

698 

113 

490 

1,700 

1,550 

250 

653 

1, 700 

852 

137 

163 

698 

113 

490 

1, 700 

1,550 

250 

653 

5, 119 I 571 I 5,690 I 1,327 I 130 I 1,457 I 1,012 I 130 I 1,202 
I I I I I I I I I r--------.----- I I I 
I 41,309 I 6,277 I 47,586 I 10,559 I 1,431 I 11,990 I 8,604 I 1,431 I 10,035 
I I I I I _ I I I I 

Notes: (1) Where costs have been calculated originally in Kwacha, conversion to Dollars has been made at the official rate of -
l $ • 8.22 Kwacha. Figures have been rounded up or down where appropriate ~ 

(2) Contingencies are 101 for buildings and works, and 151 for plant and equipment 
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7. PlMT ORGMISATIOI All> OYERtDD COSTS 

Overhead costs are esti111ted in Table 7.1. 

TABLE 7. 1 - OYERIEAD COSTS 
($/pa) 

Cost item Romani an •i 11 Sllall •ill 

Consumables 100,000 20,000 

Comunications 10,000 S,000 

Travel 10,000 S,000 

Rates S,000 1,000 

Insurance 1.41 value of plant & 1.41 value of plant & 
equipment & buildings equipment & buildings 

Distribution 10,000 2,000 

Depreciation: 
* Plant & machinery soi year 1 soi year 1 

I JOi thereafter on Joi thereafter on 
I written down value written down value 

*Buildings I 15i year 1 151 year 1 
I SS thereafter on si thereafter on 
I written down value written down value 
I 

Sources: WS Atkins 
Indeco (for insurance rates and depreciation schedules) 

The item for consumables includes materials for maintenance as well 
as office supplies. 

There is no provision for utilities. 
are allocated fully to the fact,.,ry. 
offices will be negligible. 

It is assumed that these costs 
The proportion consumed by 
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Distribution includes only the cost of packaging 11aterials. Since 
we are working in ex-works prices, the cost of freight is treated as 
external to the project. 

The depreciation schedule is based on infonution provided by 
Indeco. Depreciation charges are calculated on a declining balance, 
rather than a straight line basis. 
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8. ..... 

8.1 Rallnian Mill 

8.1.1 Management 

The managerial resources for the Romanian project are specified in 
Table 8.1, including initial expatriate require11ents. 

TABLE 8.1 - MMNiERIAL RESCIJRCES 
(Romanian Mill) 

Upper management 
Managing director 
Works manager 
Production manager 
Accountant/c0111pany secretary 
Sales/marketing manager 

LCM!r mnagment 
Stock control/purchasing manager 
Transport manager 
Personnel manager 
Quality control manager 
Maintenance manager 

Sources: WS Atkins 

Zambians 
(including 

counterparts) 

x 
x 
x 
x 
x 

x 
x 
x 
x 
x 

Uzinexportimport Technical Proposal 

Expatriates 
at project 

outset 

x 
x 
x 

x 

x 
x 

x 

It has been proposed that 30 expatriate Romanians (including 
technicians) wi 11 work on the project during erection and 
comnissioning, with 12 to 15 remaining for initial running and 
training purposes. 
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Expatriate labour required during erection and c~issioning is 

treated as part of the c~issioning cost. Expatriate labour 

required during operation is treated as part of the operating costs. 

The Romanians have also offered to provide training in Romania for 

Zambians while the plant and equipment is being 111nufactured. The 

purpose of this is to have trained Zambians ready to tit0rk as 

counterparts to expatriate 111nagerial staff and as technicians when 

the plant begfos production. The costs associated with training 

have not been provided by the Romanians, but have been esti111ted and 

included in the pre-production costs (see Section 10). 

The experience of Zcmefa demonstrates that expatriate 111nagement 

wi 11 be a feature for 11any years in a project of this nature. 
Zcmefa still operates with 8 Phelps-Dodge employees in senior 

11anagement after 17 years of production, and used 48 expatriates 

during the setting up phase. Several of these expatriates are 

shadowed by Zallbian counterparts, being trained to take their 

places. This in part reflects the fact that Phelps-Dodge has a 
stake in the project, but we would expect to follow this practice in 

the case of both •ill options. This results in considerable 

duplication of duties during the early years of operat•on, but the 
gains in efficiency will justify the costs. There will be gradual 

run-down in the use of expatriates over the lifetime of the project. 

8.1.2 Labour 

The produ:tion manpower requirements for the project (excluding 

expatriates) are estimated in Table 8.2. These figures are based on 

an apprahal of the Romanians' technical proposal, which did not 

contain information on manning levels. The figures are built up by 

breaking down the production process into activities, and 

calculating for each activity the necessary shifts and labour 
requirements per shift. 



-------------------~ 

I 

Activity 

het11 pre.,.r1tion 1nd ch1r9e 111ke·up: 
• inc1111in9 .. t1I 
• shell'ing cathodes 
• baling returned scrip 
• Chll'ge .. ke•up 

2 Melting and casting 

3 Sawing rolltng slabs 

4 first 10 days of 110nth 
• prehe1ttn9 furnace 
• hot rolHng 
• •Hling 

5 Second ZO days of month: 
• strip rol Hng 
• 11111e•ltng cotls 
• IMH I hig sheet 

6 finislltng: 
• sHtt tng 
• sheet she•rlng 
• packaging 1nd inspection 

1 Testing ind inspection: 

• surfiCe ins.,.ction I hardness 
.. 1suret1ent 

• 1n1 lysts 
• mech•nic1l testtng 
• .. chining test pi~ces 

Sub·tot11 

TABLE a.2 - PRODUCTION MANPOWER BREAKDOWN (Re1111nt1n Mt11, 

No. of 
sMfts 

3 
1 
3 
2 
3 

3 

3 
3 
I 

3 
3 
3 

3 
I 
1 

I I I I I I I ForeMtn/ I Tnta1 Operators Total Cr1ne I T.,tal I Forklift I 

I tKMl<I... I ... Shift I """' I '''"" I 
por shirt I ... -~~1. I 

1 I 3 I I I 2 2 I 1 I 
3 ~ o.5 I 
2 4 I o.6 

3 

2 fi I I 3 I 
2 4 , 3 I 

( furn1c1 l I I I 
2 I 4 I I 

(c11tin9) I I 

3 
3 

11 .. crow 11 for h~t rolling 

3 

2 
6 
2 

1 I 3 I 1 
11 .. crew 11 for preheating furn~ce 

I I 
I I 

1 I 3 I 4 
for .. 1n 1h1red with slitting 2 

1 I 1 I 10 
I I 

1 I 
(chief inspector) 

I 
6 

22 

3 I o.s I o.s I 
I I 
I I I 

6 I 1 I 3 I 
ltl 1h1re wt th rurn1co I 
2 I o.s I 0,5 I 

I I 1 

3 I 
I 
I 
I 

12 I 
2 I 

10 I 

I 
I 

6 

92 

3 

14 

o.s 

0.25 

0.5 
0.25 

I 
I 
I I I I 

a Mlinten1nce: I I I I I I 
• electric1111 3 1 I 3 I 1 I 3 

fitter I 3 I I I 3 I I 3 I 

.orkshop foreMn I 1 I I 1 
roH grincltng, 11w sh1rpentn9, I I I I I I 
storekeeper I 1 I I 1 I 1 I I I 
re.,.trs I 1 I I I 6 I 6 I I 

i Totals I I I 29 I l--w6--j 14 I 
I__ --------'------ I I I I _ I _________ l__ ____ f ____ J 
~----· I.lie ...... _ .. 

Tl)t11 

1.5 
1 

1.5 

0.25 

0.5 
0.25 

6 

.... 
N 
N 
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COllbination of Tables 8.1 and 8.2. and the addition of estimates on 
indirect and expatriate labour requirements, gives Table 8.3. This 
sets out in full the project manpower requirements. divided by skill 
levels. origin, and categorised as •direct• (i.e. production labour) 
or •indirect• (i.e. overhead labour). 

TABLE 8.3 - TOTAL MNPCID RE(JIIREIENTS 
(Romanian Mill) 

Zanmians Expatriates Direct Indirect 
at project labour labour 

outset 

Upper management 5 4 9 

Lower management 5 3 8 

Technicians/foremen: 
- security officer 1 1 
- foremen 20 5 25 
- technicians 9 2 11 

Skilled labour: 
- crane drivers 14 14 
- secretaries 10 10 
- clerks/typists 25 25 
- operators 21 21 
- forklift drivers 6 6 

Unskilled labour 84 84 

Totals 200 14 161 53 

Source: WS Atkins 

It is assumed that Romanian personnel will be needed for each 
activity for which a foreman is necessary (i.e. 5). 

The Zambian manpower requirement of 200 is identical to the 
Romanian's verbal estimate. 
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8.1.3 Costs 

An estimate of labour costs for the Romanian 11i1 l is set out in 
Table 8.4. The costs are broken down into "direct• and •indirect•, 
and into local and foreign currency. 

The costs of Zambian labour are based on figures provided by Indeco. 
They include allowances, estimated at SOS of basic salary. The unit 
cost of expatriate salaries has been estimated on the basis of 
salary levels known to prevail in Eastern Europe, and include 
allowances for posting in Zambia. The Romanian technical proposal 
contained no infonaation on the costs of expatriate workers. Under 
direction frc:m Indeco, it has been assumed that 33'1 of expatriate 
salaries are paid in foreign currency. 

8.2 Sllall Mill 

8.2.l Management 

The mar.agerial resources for the small mill project are specified in 
Table 8.5, including initial expatriate reql'irements. A 

complication is introduced by the planned move from one shift to two 
in Year 4. 

There is scheduled to be a high degree of expatriate involvement in 
the early years of the project, with Zambian managers acting 
initially as counterparts. The duplication of tasks will lower 
labour productivity during the initial years of the pro.ject, but 
this is considered necessary for the development of competitive 
levels of efficiency. 

Expatriates will have to be recruited on short-term contracts, 
probably from a European manufacturer rather than the supplier of 
the plant and equipment, which may come from many sources. 

A provision for training has been included in the pre-production 
expenses (see Section 10). 
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Skill category 

Upper 11anagement 
Lower •anagement 
Technicians/foremen 
Skilled labour 
Unskilled labour 

Total cost 
1oca1 currency 
($'000s) 

Total cost 
foreign currency 
($ 1 000s) 

Sources: WS Atkins 
lndeco 

Note: D = Direct, 

TABLE 8.4 - TOTAL MANPOWER COSTS (Ra11antan Mill) 

I ----T I I 
I I I I Expatriates 
I Unit I I I I cost I Zambians I Unit cost ,-----------------
! Zambian I I expatriates I Years 1-2 I Years 3-4 I Years 5-9 I Years 10+ 
I labour I I ($/pa) I I I I 
I (k/pa > I I I I I I I 
I ID I I I ID I I ID I I ID I I ID I I 
I I I I _ I __ J I I I I I I I I I I l __ r ___ T ______ T __ -- -T - _ T___ -,- -, 
I 100,000 I - I 5 I 35,ooo I - I 4 I - I 3 I - I 3 I . 2 
I 65,000 I - I 5 I 30,000 I - I 3 I - I 2 I - I 2 I · I 1 
I 42,000 I 29 I 1 I 25,000 I 7 I - I 7 I - I 7 I - I - I 
I 18-21,000 I 41 I 35 I - I - I - I - I - I - I - I - I 
I 12-15,ooo I 84 I - I - I - I - I - I - I - I - I - I 
I I I I I I I I I _ _ _I______ I I I I I -, I ----,--T ___ T ____ I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I - I 383 • 4 I 188 • 5 I - I 117 • 2 I 154 • l I 117 • 2 I 11 o • 5 I 117 • 2 I 11 o • 5 I - I 6 7 • o 
I I I I I I I I I I I I ,----- T-----~---T------------1·---, 1 ,-- ---, ------T- - r --- -- r 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I - I - I - I - I 57. a I 75. 9 I 57. a I 54. 5 I 57. a I 54. 5 I - I 33. o 
I I I I I I I I I I I I 

.... 
N 

"" 
I = Indirect 
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Upper.,.._t 
General •nc!~er 
Works 11anager 
Accountant 

TABLE 8.5 - IWWDIAL RESOORCES 
( Slla 11 Mi 11 ) 

Zallbians 
(inc. counterparts) 

Purchasing & sales 11anager 

x 
x 
x 
x 

La.r.,.._t 
Personnel 11anager 

Source: WS Atkins 

8.Z.Z Labour 

x 

126 

Expatriates 
at project outset 

x 
x 

x 

The production manpower requirement~ {excluding expatriates) of the 
project are set out in Table 8.6 for one shift working. 

Combination of Tables 8.5 and 8.6, with the addition of estimates of 
indirect and expatriate labour requirements, gives Table 8.7. TMs 
sets out in full the project manpower requirements, divided by skill 
level and categorised as direct or indirect. It has been assumed 
that there will be a need fer an expatriate for each activity where 
a foreman is necessary (i.e. 5). 

The table also shows requirements for two shift working. There is 
no change in expatriate manning at two shifts, but there is an 
addition of one Zambian shift manager, a doubling of direct labour 
requirements, and an adjustment upwards of about 25S of indirect 
labour. 

8.2.3 Costs 

An estimate of labour costs for the small mill option is provided in 
Table 8.8, broken down into "direct" and "indirect", and into 
foreign and local currency. 
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TABLE 8.6 - PRODUCTION MANPOWER BREAKDOWN : ONE SHIFT WORKING 
( Sma 11 Mi 11) 

l -----T--------------,--- I I 
Activity I No. of I Foremen/ I Total I Operators I Total I Forklift I Total 

I shifts I technicians I I per shift I I drivers I 
I I per shift I I I ! per shift I 
I I I I I I I r-- --- ----r ---~ - 1 1 

l Metal preparation and charge make-u? l I ) l I 1 I 2 I 2 I 0.25 I 0.25 

2 Melting and casting 

3 Breaking down mill 

4 Surface milling, strip sawing and 
rough annealing 

5 Annealing 

6 Finishing mill 

1 Finishing sheet ~nd strip 

8 Packaging and inspection 

9 Services 

) 
) I I 3 I 3 

1 I) l I 1 I 4 I 4 

l 

2 

1 

) 
) I I 2 I 2 

0.5 

0.5 

0.5 

2 

0.5 

2 

4 

4 

4 

2 

8 

4 

4 

1 I 3 I 3 I 3 I 3 
I I 

0.5 

0.25 

r . 
Tota ls I - I - I 9 ! - I 32 I -

Source: WS Atkins 

Note: The finishing mill would normal1y have one shift, but needs two if a large percentage of sheet is made 

0.5 

0.25 

1 

.... 
N ...., 



--------------------
TABLE 8.7 - TOTAL MANPOWER REQUIREMENTS (Small M111) 

I -----------. 
I One shift working I Two shift working 
I I 
I 
I Zambians I Expatriates I Direct I Indirect I Zambians I Expatriates I Direct I Indirect 
I I at project I labour I 1 abour I I at project I I abour I 1 abour 
I I outset I I I I outset I 

: I I I I I I I 
Upper management 

Lower management 

Technicians/foremen: 
foremen 
technidans 

Skilled labour: 
forklift drivers 
operators 
secretaries 
clerks/typists 

Unskilled 1 abour 

Totals 

Source: WS Atkins 

4 I 3 I - I 7 I 5 I 3 I - I 8 

1 

6 
3 

5 11 
3 

1 1 

12 
6 

5 17 
6 

I 
1 I - I 1 I - I 2 I - I 2 I 
6 I - I 6 I - I 12 I - I 12 I 
4 I - I - I 4 I 5 I - I - I 

10 I - I - I 10 I 14 I - I - I 
I 

26 I - I 26 I - I 52 I - I 52 I 
I I I 

I -- - I T T l I l I 
I 61 I a I 47 I 22 I 109 I a I 89 I 
I I I _____ J______ J 

5 
14 

28 

.... 
~ 



--------------------

Sitt 11 c1tegory 

Upper .. n1gement 
Lower .. 111gaent 
Techn1ci1ns/forellefl 
Sii. i 11ed 11bour 
Unskt lled l1bour 

Tot11 cost 
1oc11 currency ($'000s) 

Totl1 cost 
foreign currency CS'OOOsl 

Snurces: WS Atkins 
lndeco 

Note: 0 • Oirt'ct, I • Indirect 

TARL£ R.8 • TOTAL MANPOWER COSTS IS..11 Mt11) 

I I 
I I I I Exp1tr11tt1 I 
I One I Two I 

Un1t cost I 1111ft I shHU I UnH cost I -, 
zmitln 11bo11r I I I expatrhtea I Years 1•2 I Yoara 3·4 I Years 5•9 I YHrs 10t I 

(k/pa I I I I CS/pa I I j I I I 
I I 0 I J I 0 I I I I 0 I % I 0 I J I D I I 0 '1 -;---, 
L _____ L I I I I I I L I_ ___ I I I u---------. .---- I I I 

100,000 • I 4 • s 60,000 I . I 3 I • I 2 I - I 1 I - I 1 I 
65,000 • I 1 • 1 50,000 I • I • I • • I • I . I • I . I 
42 ,ooo 9 I · 18 • 40,000 I 5 I • I 5 I · I 2 • I · · I 

......... 1 I 14 14 " • I . I • I • I • I • I • I • I • I 
,,.,..... '' I • " . • • I . I • I • I . I . I • I • I 

I ~--I I --~-, 
I I I I I I I I 

. 105.l I 89.8 210.6 113.8 • I 134.0 120,6 134.0 80.4 53,6 40.2 • I 40.2 I 
I I --, 
I I I I I I I I I · · I · • • • I 66.o I 59.4 66.0 39.6 26.4 I 19.8 • I 19.8 
I I I I 

... 
N 

'° 
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The table includes a calculation of labour costs with two shift 

working, which is scheduled to begin in Year 4 of operation. 

The cost of expatriate workers is set higher than in Tab le 8.4 to 

reflect the higher salaries in Western Europe and the difficulty of 

attracting staff fro11 these countries to work in Zallbia. Inducement 

allowances, gratuities and travel perks will have to be added to 

basic salaries. It has been assumed that 3Ji of expatriate salaries 

are payable in foreign currency. 
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9. llfi.EIDTATICll SCHEDULING 

Rmlnian llill 

The suggested i11ple11entation scheduling for the R011anian •ill is set 
out in Figure 9.1. This assumes that a decision to proceed is •de 
on 1st January 1989. 

The first year is taken up in establishing an Indeco project tea11, 
cmpany forution, arrangement of finance, the aprointllent of 
proJ@Ct •nagement consultants for both civils and plant and 
equip11ent, procurement of land and site survey, the preparation of 
tender docUEnts and the allocation of contracts for the civil 
engineering works and housing colony. 

The plant and equipment is ordered on December 31st 1989/lst January 
1990, with ccnpletion expected after 24 110nths. This is based on a 
verbal estimate provided by the R<>111anian delegation. Construction 
of the works and housing colony also begins early in 1990, and is, 
according to Arup (Zambia), expected to take 30 mnths. It is 
scheduled to be ready in time for the delivery of plant and 
equipment, which will take place around June 1992. Erection and 
installation of plant and equipment is expected to take about 6 
months, and co•issioning 9 ir.o.1ths. Production can begin in the 
later months of 1993, when an o•Jtput of 20S is estimated. 
Production builds up to 50 to 60S in 1994. 

Key personnel for the project (5 upper management) are recruittd 
early in 1991 to join the rnde'o proj~ct team. Further staff are 
recruited around April 1992, starting with the foremen and lower 
management who, together with some upper management, attend a 6 
months training course in Romania in the second half of 1992. They 
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return in time for comissioning at the beginning of 1993. 

Meanwhile, recruitment of other manpower resources continues, ready 

to achieve a full CQllPlement early in 1993. 

S-11 Mill 

The suggested i11plementation scheduling for the sull •ill project 

is set out in Figure 9.2. This also assumes that a decision to 

proceed is made on 1st January 1989. 

The first year activities include the appointment of an Indeco 

project teaa, eo11pany fonution, the arrangement of project finance, 

and the procure11ent of land and site survey. Project Management 

Consultants will also be appointed for civils and for the plant and 

equip11ent. Tender doCUlll!nts for the civil engineering and housing 

project will be drawn up in the first year, and the contracts let up 

to about February 1990. Negotiations with plant and equipment 

suppliers will also begin in 1989, leading to the preparation of 

tender documents and the signing of contracts by the end of 1989. 

It is expected that the contract would be placed as a turnkey 

operation with an engineering ~oncern able to offer design, 

procurement, an1 manufacturing services, as well as installation and 

coamissioning. 

Design, procurement and manufacturing of the plant and equipment 

package will begin in early 1990. Completion is expected after 12 

to 18 months. Construction of the works and housing colony will 

also begin in early 1990, with completion after 12 to 15 months. 

De 1i very of the p 1 ant and equipment wi 11 take 3 months, and a 

further 3 months for erection and installation. Conmissioning is 

anticipated to take 6 to 9 months, and shou 1 d take p 1 ace at the 

latest by 1st January 1992. About 301 of full production from one 

shift will be achieved in Year 1 (1992), building up to 701 and 90~ 

in Years 2 and 3 ( 1993 and 1994 respectively). In Year 4 (1995), 

the plant moves to two shift production. 
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Key personnel (4 upper 11anage11ent) will be recruited in •id 1990. to 

join the Indeco project team. The foremen wi 11 be recruited in 

1991. and. together with the Works Manager. will comence 6 months 

training overseas. They will return to Zallbia is till! to 

participate in the comissioning process. Recruitllent of 

expatriates wi 11 take place in the second half of 1991. for arrival 

in Zambia in till! for comissioning the plant and equipment. 

Recruitllent of labour is also scheduled for late 1991 and early 

1992. 
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10. FINMCIAL EYALUATIOIC 

All values shown in the tables following are expressed in US $. 

10. 1 Pre-Production Costs 

10.1.1 Rollanian •ill 

Pre-production costs for the Romanian mi 11 are estimated in 
Table 10.1, and total S 720,000. 

The major item is consultancy fees for project management, site 
survey, building design, and further econa1ic studies, including a 
survey of potential custOlll!rs. There is also a provision for legal 
expenses. 

The item for salaries for key personnel is based on five management 
level Zad>ians for two years. 

Training costs are based on 22 Zambians (foremen, Works Manager and 
Production Manager) spending 6 months in Romania. The estimate 
includes travel and subsistence for the Zambian team at S 88,000, 
and a training fee of $62,000 based on the salaries of three 
Romanians plus a 100 i fee. 

The cost of preparatory installations has been included in the civil 
engineering costs. Trials and comnissioning costs are included in 
the conmissioning costs quoted by the suppliers, and are found in 
Table 6.6. 
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Table 10. l also shows the expected phasing of the pre-production 
expenses in constant mid 1988 prices. and breaks do""' the costs into 
foreign and local currency. using asslJllptions on the import content 

for each item. 

10.1.2 Slla.11 •ill 

Pre-production expenses are estimated in Table 10.2 for the mill 
using new plant and equipment, and in Table 10.3 for the mill using 
second hand plant and equipment. The figures ;ire identical, and 

total $505,000. 

The salaries of key personnel are based on 4 Zambian managers 

working for 18 months. 

The trai:iing costs are based on 7 Zambians (foremen and the Works 
Manager) spending 6 months at a European ro 11 i ng mi 11 • The cost 
includes travel and subsistence for the Zambian team at $49,000. and 
training at $61,000 based on two men's salaries plus a 100 i fee. 

Tables 10.2 and 10.3 also show the expected phasing of the 
pre-production expenses in constant mid 1988 prices, and the 
breakdown between foreign and local currency. 

10.2 Expenditure on Fbed Assets 

10.2.l Romanian mill 

The phasing of expenditure on fixed assets for the Romanian mill is 
set out in Table 10.4, in constant mid 1988 prices. Expenditure is 
broken down by year, and separated into foreign and local currency. 
Expenditures total $47.6 million, including contingencies (lOi for 
buildings and works, and lSi for plant and equipment). 

Investment costs are derived from Table 6.6. Import content figure~ 
are estimated in Section 6.4. 
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The phasing of expenditure on plant and equipment and installation 
and co•issioning is based on our discussions with the Romanian 
delegation. Some lC>i of the cost of plant and eouipiW?nt is payable 
on order in 1989, and lOS on delivery in 1992. The balance is 
divided equally between 1990 and 1991. 

Installation and comissioning charges are incurred in 1992, when 
the plant and equipment is delivered and erected, and in 1993 when 
comnissioning takes place. A SS retention is payable in 1994. 

The civil works conmences in 1990, preceded by a lOS advance in 
1989. Payments follow the usual S shaped curve for civil contracts, 
with the bulk payable in 1990 and 1991, and only SS due in 1992 on 
completion. A SI retention is payable in 1993. Work on the housing 
complex begins in 1991, preceded by a lOS advance. The project is 
completed in 1992, by which time 95: will be paid. A SS retention 
is due in 1993. These payment schedules are based on figures 
prepared by Arup (Zambia), which has considerable experience of such 
projects in Zambia. 

10.2.2 Small mill 

The phasing of expenditure on fixed assets is set out in Table 10.S 
for the small mill with new plant and equipment and Table 10.6 for 
the small mill with second hand plant and equipment. Table 10.6 
shows a lower figure for expenditure on plant and equipment, but all 
other figures are identical to Table 10.5. Values are expressed in 
constant mid 1988 prices. Expenditures total $12.0 million for the 
mill with new plant and equipment, and $10.0 million for the mill 
with second hand plant and equipment. 

Investment costs are derived from Table 6.6. Import content figures 
are estimated in Section 6.4. 

The payment sc he du 1 es for p 1 ant and equipment and ins ta 11 at ion and 
comnissioning are based on information provided by plant suppliers. 
The order for plant and equipment is placed in 1989, and a 10% 
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C11hltfe&ll\ lk1!4'1 & lhl •••• 
lllhltfMI .. ltl .. t '( .. lfl •.ts 

................................................................................. ,,,, .......................................................................................................................................... 
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dowf1)ayment is required. The plant is delivered in 1991. It is 

esti•ted that 60I wi 11 be payable in 1990 and JCS ir1 1991. 

Installation and comissioning takes place in 1991 and 1992, the 

bulk of the payments falling due in 1991. A SS retention has been 

scheduled for 1993, one year after comissioning. 

Civil works and construction of the housing cC11plex c~nces early 

in 1990. Advance payments of 1 GS fall <lie in 1989. '*>rk finishes 

in late 1991 in the case of structures and works, and •id 1991 in 

the case of hcusing. Retentions of SI fall <lie in 1992 in t."e cas~ 

of structures and civil works. The schedule of payments shows that 

601 is pud by 1990 in the case of works and 4Si in the case of 

structures. This reflects the phasing of construction work on the 

factory site. These repayment sche<llles are based on infon1ation 

provided by Arup {Zubia). 

10.3 Operating Costs 

Tables 10.7, 10.8 and 10.9 show the estimated operating costs for 

the RORBnian mill and the t"'° small mill options. 

As with the sJles revenues {Tables 3.16 and 3.17), the operating 

costs are calculated for a project 1 ife of 15 years. The ROlllilni an 

mill has an operating life from 1993 to 2007, while the small mill 

is scheduled to operate fran 1992 to 2006. 

The tables bring together the infomation on the costs of raw 

materials, auxiliary materials, spares 

(Section 4), overheads {Table 7. 0, 
8.8). 

and maintenance and utilities 

and manp<Mer (Tables 8.4 and 

The figures are expressed in constant mid 1988 prices, and broken 

down into foreign and local currency. A contingency of si is added 

to total operating costs. 
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Tables 10.8 and 10.9 show differences only in the costs of spares 

and 11aintenance and insurance (and hence, contingencies). These 

stem from differences in the value of plant and equipment. 

The breakdown between variable and fixed costs is shown in the 

break-even analysis (Section 10.10). 

Working capital estimates are set out in Tables 10.10, 10.11 and 

10.12 for the three options. The figures are presented in constant 

mid 1988 prices. 

Net working capital is defined as accounts receivable plus 

prepayments, inventory and cash in hand, less accounts payable. 

The assumptions regarding stocks are set out in Section 4. Work in 

progress for the ROlllilnian mi 11 is set at a relatively high 3 weeks 

because of the interrupted production process which necessitates an 

accumulation of stocks for the first 10 days of every month (see 

Section 6.2.1). Work in progress for the small mill is estimated at 

1 week. Stocks of finished products are set at 2 weeks for both the 

small and R0111anian mill. 

The assumptions used for accounts receivable, prepayments, cash in 

hand and accounts payable are shown on the tables. These are 

consistent between the various options. 

Net working capital and changes in working capital are broken down 

between local and foreign currency. These ~igures are created by 

multiplying the various working capital ;tems by their respective 

"average foreign component". These components are calculated from 

Tables 10.7 to 10.9 (operating costs) and Tables 3.16 and 3.17 

(sales revenues). 
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10.5 Cash Fla.s before Financi119 

Cash flows before financing in constant arid 1988 prices are 

presented in Tables 10.13 to 10.15 for the three options. For the 

sake of convenience, the tables show figures from 1988 (co•encement 

of payments), through 1992 (camencement of production for the sma 11 

mill) and 1993 (conaencement of production for the Raaanian mill) to 

2003. This represents 11 years of production in the case of the 

Ranani an Iii 11, and 12 years in the case of the sma 11 mi 11 • 

The cash flows bring together the information on: 

* the phasing of expenditure on pre-production costs 
(Tables 10.1 to 10.3) 

* ttte phasing of expenditure on fixed assets (Tables 10.4 to 
10.6) 

* operating costs (Tables 10.7 to 10.9) 

* increases in working capital (fran Tables 10.10 to 10.12). 

Prices are assumed to be mid year. 

The residual value of fixed assets is set at 10% of the original 

expenditure, and appears in Year 16. 

The realisation of cumulative working capital is also al located to 

Year 16. 

The expendHures have been divided into foreign and local currency, 

but the cash flows are expressed in US Dollars. 
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The results in real terms of the base case scenarios are as follows: 

Romanian Mill 

Small Mill with New 
Plant & EquipnEnt 

Sma 11 Mi 11 with 
Second Hand Plant 
& Equipment 

Internal 
Rate of 
Return CU 

10.61 

6.27 

8.59 

NPV at 12~ 
(mHHons $) 

-3.65 

-3.99 

-2. 13 

All project options ganerate IRR's lower than 12%, the cut off point 
specified by Indeco. 

However, it should be noted that the Romani an mi 11 does generate 
significant foreign exchange earnings, which, in itself, makes the 
project quite attractive. These revenues total $471.5 mi?lion (in 
real terms) over the project life, but they depend on the assumption 
that 80% of the mill's capacity will be sold to Romania, and that 
the surp 1 us (of copper over the volume needed to pay off the 1 oan 
for plant and equipment) will be purchased in hard currency. 

Inflated Cash Flows iU16 Depreciation 

Inflated cash flows before financing are presented in Tables 10. 16 

to 10. 18. 

Foreign inflation is assumed to be 5% pa, and Zambian inflation 20% 
pa. It is further assumed that the exchange rate adjusts 
continually to compensate for the difference in inflation rates. 
Thus, since all costs and revenues are expressed in US $, const~nt 

price cash flows can be converted tc current price cash flows by 
inflating costs and revenues by 5% pa. 
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Depreciation calculations are presented in Taoles 10.19 to 10.21. 

The depreciation schedule is taken from Table 7.1, with the 

exception of the pre-production expenses, which have been 

depreciated over 5 years on a straight line basis. The calculations 

are based on the phasing of expenditure on pre-production expenses 

and fixed assets set out in Tables 10.1 to 10.6 (but inflated by 

SS pa). 

The possibility of financing part or all of the project with a soft 

tena loan has been discussed with aid and bank officials in the UK. 

Assistance towards the Romanian milt is out of the question. No 

western donC'r win be interested in subsidising the purchase of 

Romanian plant and equip111ent. Assistance towards the small mill 

option is more likely, especially if tied to the purchase of the 

donor's plant and equipmer.t, but Zambia now has a very poor credit 

rating (in the UK, export credit guarantees are no longer being 

issued for Zambia), and, for this reason, there seems little 

liklihood of securing a loan on soft terms. Most UK aid to Zambia, 

for example, is being disbursed in the fonn of tied grants, up to a 

ceiling of about $3.5 million. Moreover, priority is being accorded 

rural rather than industrial development. The last loan to Zambia 

was granted in 1980. For the purposes of this analysis, therefore, 

soft tenn loans, or grants, from western sources have not been used 

in the project financing scenario. 

We have assumed, therefore, that finance will be sourced from the 

Development Bank of Zambia (DBZ) and, in the case of the Romanian 

mill, Uzinexportimport. 

The Uzinexportimport loan is for plant and equipment only. The 

maximum facility is $ 20 mUlion. The terms of this loan are 

negotiable, but on the basis of our discussions with the Romanian 

delegation, we have assumed the following scenario: 
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* interest rate: 7S pa 

* repa)'llent period: 10 years 

* grace period: 3 years from delivery of plant and equipment 
(i .e 1992). 

A further assumption is that repa,YEnts are paid in the year they 
fall due. 

Interest is capitalised up to 1993, in the case of the Romanian mill 
(the first year of operations), and 1992, in ttte case of the small 
mill. 

Under guidance fro• Indeco, the terms of the DBZ loan are assumed to 
be as follows: 

* interest rate: 151 pa 

* repayment period: 7 years 

* grace period: 3 years. 

The assumptions regarding payment of the principal and the 
capitalisation of interest are the same as those specified for the 
Romanian mill. 

The small mill options source finance from the DBZ on the same terms 
as those set out above. Interest is also capitalised up to the 
first year of operation. 

Further assumptions, applicable to all options, are as follows: 

* interest rate on cash balance: 9% pa 

* interest rate on short term loans: 11.5% pa 
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* equity : limited to 33% of investment in local currency 

* dividend policy 4% of equity (not dependent on profits) 

* corporate tax : 35% with holiday for five years from 
c01111ence111ent of production. 

The interest rates for the cash balance and the short term loans are 
based on information provided by Barclays Bank, whkh has 
representation in Zambia. 

It should be recognised that investment costs in local currency for 
the three options represent only 13.2%, ll.9i and 14.Ji respectively 
of total investment costs. For this reason, it has been assumed 
that all investment costs in local currency are covered by equity. 
This leads inevitably to very high debt/equity ratios, well in 
excess of conventional figures. The Romanians have not offered to 
provide equity to the project. 

The loan repayment schedules are set out in Tables 10.22 to 10.24. 

10.8 Financial Statellents 

Profit and loss statements for the three options are set out in 
Tables 10. 25 to 10. 27. Sources and app 1 i cat ions of funds are 
presented in Tables 10.28 to 10.30. Finally, Tables 10.31 to 10.33 
show the project balance sheets. 

10.8. 1 Romanian mill 

The major conclusions arising from the financial statements are as 
follows: 

* short term loans, which are planned to meet cash requirements 
in any p~rticular year, grow in the early years to cover after 
tax losses to 1994, and peak in 1999 
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* profit after tax is negative for the first two ,years of 

operation, and then becanes positive in 1995 

* the profit margin on sales grows over the project period from 

5% in 1995 to lBi by the end of the project period 

* return on capital employed also improves, from 51 in 1995 to a 

peak of 3Ji in 2004 

* retained earnings become positive in 1995 

* the current ratio (which is an indication of the cover 

av ai lab 1 e to creditors and short tenn lenders) is 

unsatisfactory (below 1.5:1) until the ,year 2003. In general, 

a 2:1 ratio is cc isidered satisfactory, although an acceptable 

minimum is 1. 5: 1 ·,or this kind of business 

* the debt: equity ratio is very high, up to 9C>i and not lower 

than 80% throughout the nineties 

* owing to the large anounts of interest to be paid on borrowing 

(around $6 million pa between 1983 and 1987), debt service is 

not adequately covered by profits unti 1 1999 

* the 1 iquidity ratio (current assets less stock/current 

liabilities; varies from 0.09 in 1993 to l.07 in 2004. The 

ratio is well below an acceptable 1 .o throughout 11Dst of the 

project period. This is indicative of a fragile balance 

sheet. 

10.8.2 Small mi 11 with new plant and equipment 

The major conclusions arising from the financial :.tatements with 

respect to the small mi 11 with new plant and equipment may be 

surrmarised as foilows: 
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* short term loans grow in the early years to cover after tax 
losses up to 2001, and peak in 2002 

* profit after tax is negative for the first 10 years of 
operation, and then becOllle positive in 2002 

* the profit margin on sales becomes positive in 2002, and grows 
only to 91 by the end of the project period 

* return on capital employed is also very poor, and recovers to 
231 only by the end of the project period 

* retained earnings become positive in 2002 

* the current ratio from 1993, when the short term loans 
conmence, is unsatisfactory throughout the project (i.e. below 

1.5:1) 

* the debt: equity ratio is very high, and stays over 80% 
throughout the project 

* because the project is very highly geared, debt service is not 
adequately covered by profits at any point in the project 
period 

* the liquidity ratio is very poor throughout the project 
period, peaking at 0.06 after 1993. 

10.8.3 Small mill with second hand plant and equipment 

The major findings with regard to this option are as follows: 

* short term loans grow in the early years to cover after tax 
losses up to 1997, and peak in 2000 

* profit after tax is negative for the first six year~ of 
operation, and then becomes positive in 1998 
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* the profit margin on sales bec'mes posit~ve in 1997, and grows 

to 17% by the end of the project period 

* re turn on capita 1 emp 1 oyed is a 1 so very po er , but reaches 27% 

by 2003 

* retained earnings become positiv~ in 19~8 

* the current ratio fran 1993, when the short tenn loans 

conmence, is unsatisfactory throughout the project (i.e. below 

1.5:1) 

* the debt: equity ratio is very high, and stays over 60% until 

2003 

* because the project is very highly geared, debt service is not 

adequately covered by profits until 2004 

* the liquidity ratio is very poor throughout the project 

period, peaking at 0.11 in the final year. 

All the projects generate pocr P/L statements and balance sheets but 

the small mi 11 options are clearly inferior, and cannot be 

considered viable. Interestingly, an increase in the short term 

int~rest rate fran 11.5% to 13.5% sti 11 gives an IRR (with 

financing) of 11.79% for the Rananian mill (see Section 10.9). in 

contrast, in order to pr:>cilce a positive IRR (with financing) in 

real terms for the smail mill with second hand plant and ~quipnent, 

the short tenn interest rate must be reduced to 4%. Even if the 

short term interest rate is reduced to 0%, the smal 1 mi 11 wit Ii new 

plant and equipment does not achieve a positive IRR (with financing) 

in real terms. 
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10.9 PQback Period. Simple Rate of Retum and IRR (with financing) 

The calculations regarding payback period, simple rate of return, 
and IRR with financing are presented in Tables 10.16 to 10.18 and 
10.31 to 10.33. The relevant figures are reproduced below, in Table 

10.34. 

The results are consistent with the IRR and NPV figures in Section 
10.5. The small mill options are clearly inferior to the Romanian 
mill (under the conmercial terms assumed), and cannot be considered 
viable. The Romanian option generates an IRR with financing in real 
terms of 7.5%, but this is very marginal. 

10.10 Break Even Analysis 

The break even analyses are shown in Tables 10.35 to 10.37. The 
break even points (in tonnes/pa) are calculated, first, with 
reference only to operating costs, and second, adding to operating 
costs depreciation, financing charges, and tax. 

The figures show that the Romanian mill breaks even (after 
depreciation, tax and interest) in the tttird year of production 
(when sales exceed the break-even point), the break-even point 
steadily declining to below 50% of sales by the final year of 
production. 

In contrast, the small mill with new plant and equipment breaks even 
in 2002, after 11 years of production. 

The small mill with second hand plant and equipment breaks even in 
the 7th year of prcduction. 

These figures also indicate that the preferred option is the 
Romanian mill, and that the small mills are operating at too low a 
volume of production to be viable. 



--~---~--~~~--~--~-~ 

TABLE 10.34 - PAYBACK, SIMPLE RATE Of RETURN, AND IRR WITH FINANCING 

R<>11ani an mi 11 

Small Mill with New Plant and 
Equip11ent 

Small Mill with Second Hand 
Plant and Equipment 

Source: WS Atkins 

r- I ---.----------T·- ------------, 
I Payback Period I Simple Rate I Simple Rate I IRR with I 
I (years from I of Return on I of Return on I Financing I 
I 1989) I Investment I Equity I (S) I 
I I Costs (S) I Capital I I 
I I (1995) I (S) I I 
I I I I _ _ __ _I I ------~---------------r----- ------------T - -- -- I 
I 11 I 16.3 I 34.5 I 12.9 I 
I I I I I 
I I I I I 
I 13 I 7.9 I -58.5 I -16.81 I 
I I I I I 
I I I I I 
I 12 I 11.1 I -32.0 I -1.51 I 
I I I I I 

IRR with 
Financing 
in Real 
Terms 

(%) 

7.5 

-20.77 

-6.2 

... 
co w 
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10.11 Sensitivity Analysis 

The following scenarios have baen selected for the sensitivity 
analysis: 

* variations in the price discount rate for the PTA .arket (vis 
a vis European i11pOrts) 

* variations in the level of c011petition frOll Radiator & Tinning 

* variations in the demand forecast for the PTA market 

* general price increase/decrease of lOI 

* operating costs increase/decrease of lOS 

* copper price increase/decrease of lOI 

* expenditure on fixed assets increase/decrease of 10% 

* general sales decreases of loi and 20%. 

The results of the sensitivity analysis (on IRR without financing) 
are presented in Table 10.38. 

The analysis of variations in the price discount (relative to 
European imports) for sales to PTA markets shows that: 

* the Romanian mill project is not very sensitive to such 
changes, since 80% of rapacity is sold outside the PTA 

* the three projects achieve an acceptable rate of return only 
with a price premiun over European imports of between 5 and 
15%. 



--------------------
TAILE 10,31 - SENSITIVITY AllALYSIS 

I AC1111nt1n S..111 Mtll wtth Ntw Plant S.111 Mt!l wtth Second Hand I Mtll and EqutpMnt Plant 1nd EqutpMnt 

JAR NPV It JRR NPV It IRR NPV It 
(I) 121 (S•OOOsl (I) 121 ($'000•, (I) 121 ($'0001) 

I 
-3,653 6.27 -3,992 8.59 I laMCIH 10.61 -2,126 

I V1rt1Uoas t• the Prtce Dtacount 
I I I I l•t• ( .... C•~• • 51 Dtscount) I 

I Ito prtce dtscount 10.!17 I -2,733 I 8.05 I -2.864 10.46 ·998 
I SS p,_ium 11.32 -1,812 I 9.69 -1. 737 12.19 129 
I lOS pr•ium 11.67 -892 11.21 I ·610 13.81 1,256 
I 151 ,.._ium 12.01 I 28.51 12.65 I 518 15.33 2,384 
I 101 dt scount 10.25 I -4,574 I 4.3i I ~5, 119 6.H -3,253 
I '51 dtsc;ount 9.87 ·S,494 2.15 -6,246 4.29 -4,380 
I I I I ver11ttoa1 1• c_,.uuoa fram I 
I lld11tor I T1••t3 I 
I ( .... C1u• IOI Z •llMI• .... 'tet I I 
I 151 ot1'er ldj1C911t PTA .... kets) I I 

1n.04 I ~c1n1rto 1: llOI Ztlllblbwe, SOf ~•hers ·5,0G4 2.77 -5,919 4.95 -4,053 
Scenuto 2: SOS Ztlllb1bwe, w.. others 10.34 I -4,333 4.72 -4,901 6.96 I ·3,035 

I I I 
Ver11Uoas h1 DIMnd Forec:11t I I I I 
for PTA Mlrtet Ila•• Cue • JI pa) I 
Scenario 1: 11 p1 10.00 I ·S, 135 I 2.43 -5,866 I 4.88 -3,887 
Scen1rto 2: 51 p1 11.36 -1,729 I 8.23 ·2,697 10.70 ·831 

Otller Ver11tton1 
I I I Sales prtce tncre111 f lOS I 15.42 9,905 9.69 I -1, 734 12.19 129 

i Siles prtce decrease f 101 I 4.58 -17 ,200 2.15 I ·6,24G 4.29 I -4,380 

I 
I 

Oper1ttng costs increase f lOI 5.90 ·15, 165 2.36 -6, 140 4.39 I -4,377 

Operating costs decrease f lOS 14.30 6,454 8.30 -2,645 10.72 I ·815 
I I I Copper price incre1se f 101 I 7.43 -11,299 4.50 -5,025 6.74 -3, 159 

I --Copper prtce decrease f 101 I 13.44 3,992 7.90 

I 
-2,958 I 10.31 I -1,092 I ~ 

Expenditure on fixed assets I 9.50 -5,774 5.39 -4,892 I 7.66 I -2,876 
increHe f 10l I I I I I Expenditure on fixed 1ssets I 11.88 ·292 7.25 -3,091 9.65 -1,375 
decreue f lOS I I 

I I I Siles clecre1se f 101 I 5.15 I ·16, 121 -0.93 I ·7, 131 1.26 -5,265 

bl•!l ............. '°" _,_n I I I 
.,A_§QO _,_ .. •I.OH ·!Lill I •7.llH 



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

189 

The impact of this price premium wil 1 be offset by a reduction in 
sales arising fr<>11 i11pOrts. For this reason, we believe it is 
unrealistic to proceed on the basis of selling products at prices 
above those of European imports. 

The effect of variations in the level of c011petition frOll Rad;ator & 
Tinn;ng was evaluated under two scenarios: 

* Radiator & T;nn;ng has SOS of the z;mba~an market, and SOS 
of adjacent markets 

* Rad;ator I T;nn;ng has SOS of the z;mba~an market, and 30S 
of adjacent markets. 

Both scenarios have little impact on the Romanian project, s;nce 
over sos of sales are outs;de the PTA. However, the effect ;s qu;te 
111arked for the small mill, which is c1early very sensitive to any 
fall of sales. 

This is also clear from the sensitivity analysis of variations in 
demand forecasts for the PTA market. Two scenar~os were exami~ed in 
addition to the base case: lS pa and SS pa growth. Again, there is 
little impact on the ROlllilnian project, but the effect is significant 
for the sma 11 mil l option. It shou 1 d be noted, however, that 
neither of the two small mill projects would produce IRR's in excess 
of 121 with SS pa growth in PTA demand. With SS pa growth in the 
market, the small mill could add a third shift by Year 9 which would 
improve the situation. In our view, however, it is unrealistic to 
assume such a high level of growth for a region currently 
experiencing severe economic problems. 

The other results show that projects are more sensitive to change:; 
in prices and operating costs, than expenditure on fi.(ed assets. 
This is unfortunate from the point of view of negotiatir19 witit 
suppliers of plant and equipment and with contractors. 
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Both small mill options produce IRRs lower than 121 in all cases, 
with the exception of a price increase of 101 in the case of the 
Sllilll mill with second hand plant and equipment. This is probably 
an unrealistic ass1,11ption since the price of copper sheet and strip 
is heavily influenced by the price of copper, and a price movement 
in one wi il be fol lowed or preceded by a similar price mvement fo 

the other. 

A few cases produce IRRs in excess of 121 for the Roman"an •ill. 

However, the validity of these scenarios is questionable. A 
decrease in operating costs or the price of copper should, 
realistically, be matched with a si•ilar decrease in the price of 
copper sheet and strip. A decrease in operating costs, other than 
copper, has very little effect on the viability of the projects. 

An IRR of 11.881 with a decrease in expenditure on fixed assets is 
encouraging, but the quoted price for the Romanian plant and 
equipment may in fact be an underestimate (see Section 6.3. l). A 
decrease in ex.,enditure on fixed assets, while improving the figures 
for the small mill, does not produce a rate of return over 121. 

The effect of changing the design of the small mill production 
process to include only one rolling mill (as suggested by UNIDO) was 
also considered. Although this design would lower productivity, it 
would save about 151 on the cost of plant and equipment, 
installation and coamissioning. The analysis shows, however, that a 
saving of 391 or1 these cc;sts would be necessary to produce a rate of 
return of 121 for the second hand plant. In our view, such savings 
would not be achievable. 

All opt1oni are very sensitive to variations in sales. This is 
particularly important to bear in mind with regard to the Romanian 
mill, where sales well in excess of that needed to pay off the 
R01111n1an credit, have been assumed. Sales of about 7 ,000 tonnes 
would be needed between 1995 and 2002 to cover the repayment of the 
Romanian loan of $20 million. This is only 101 of the 69,000 tonnes 
projected sales throughout the period. 
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Note that the impact of sales increases had not been examined. The 
reason for this is that each mill option is operating very close to 
capacity in every year after the first 3 o· 4. It is unreal~stic to 
postulate a significant sales increase. An increase of only SS 
would bring the Sllilll mill up to 1001 capacity in every year 
(although there is scope for adding a third shift). This is equally 
true of the Romanian mill. 
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11. ECOfOUC EYALUATIClt 

Approach to the Econamic Analysis 

The ai• of econ<>11ic analysis in project evaluation is, taken over a 
large nullber of projects, to direct the allocation of resources in 
such a way as to assist in the achievement of nationa 1 development 
objectives. Since, frm the ncational standpoint, money values are 
an imperfect measure of resource costs and prices, it is necessary 
to have a COlmlOl1 unit of account, or numeraire, in tenns of which 
ev~rything is 11easured. The use of economic cost-benefit analysis 
arises from the need to express costs and prices in terms of this 
numeraire by adjusting for distortions in product and factor markets 
caused by market imperfections and the effects of fiscal measures. 

The economic evaluation for this study was carried out within the 
framework of an approach,<1) which is now the generally accepted 
World Bank r..ethod for the economic eva 1 uation of projects in a 11 

sectors • The numer a ire in this method is uncon111i tted government 
income measured in terms of foreign exc~ange. This is expressed at 
border prices by converting into domestic currency at the official 
exchange rate. The methodology involves the separation of benefits 
and costs into traded, potential1y traded and non-t:-aded goods. 
Traded goods are valued directly at border prices. Some adjustment 
may then need to be made to these prices to allow for transportation 
and handling, depending upon the conmon point of valuation. 
Potentially traded goods may be valued directly at border prices or 
treated as non-traded depending upon how trade pol icy in the goods 

for Develo in Countries, by IMO 
e an r ees. 

Economic Analysis of Projects, by Lyn Squire and H van der Tak 
(World Bank Publications). 
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is expected to change, if at all, over the evaluatiQn period of the 

project. With respect to non-traded goods, the prfociple ;s to 
break them down into their traded and non-traded elemen·;:s until only 

the pri11ary traded and non-traded components are left. In practice, 

it is usually only necessary to break down each non-traded good 
onir:e, value the traded elements at border prices and value the 

non-traded elements fo terllS of the nU111eraire by 11Ultiplying by the 

appropriate conversion factor. 

Oc:IEstic price distortions are adjusted for by netting out the 

effects of all taxes, duties, subsidies and similar types of 

transfers within the econ~. which represent a financial cost to 

those paying the tax, but <le "ot reflect the consumption of economic 

resources. 

11.2 Conversion Factors and Econmic Costs 

Conversion factors are required, in the abser.ce of more detailed 

information, to change the value of 11on-traded costs and benefits 

measured at domestic market prices into their border price values. 

A value multiplied by a conversion factor retains its domestic 
currency denomination but this domestic currency now represents the 
value of t~ good at border prices or its foreign exchange 
equivalent value. The st~ndard conversion factor (SCF) is a 

weighted average for the whole econo~ and is used to estimate the 
economic prices of g~ods which cannot be directly revalued at border 

prices because of inadequate ciata. The SCF is equivalent to the 

inverse of the shadow exchange rate. 

There was insufficient information available to be able to estimate 
a complete range of conversion factors from primary data. However, 

the Indeco Economic Evaluation Unit has developed conversion factors 

for thd most important items, as follows: 
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Land 
Construct;on 
Local !lach;nery and equ;pment 
Management and superv;sory labour 
Sk; 11 ed labour 
Sem;-sk;lled labour 
Unsk;lled labour 
Power 
Fuel 
Water 
Transport 

Convers;on factor 

1.00 

0.80 

0.85 
1.00 

0.96 
0.67 
0.50 

0.80 

1.00 

0.95 
0.80 
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These convers;on factors were adoi:ted for the purposes of tMs 
evaluat;on. However, the SCF was recalculated us;ng the l~t£:st 

i!. tailable data. Table 11. l sets out the base data used. "!'Ms 
.v;elded a five year average SCF of 0.86. wMch ;s comparable with 
values used by the World Bank for countr;es at similar stages of 
development in east and southern Afr;ca. 

11.3 Valuation of Cash Flows 

Starting with the cash flows in constant price terns at market 
pr;ces, as set out in Section 10, each of the individual elements of 
the cash flow items were revalued in economic tems in accordance 
with the foregoing prfociples. The factory gate was taken as the 
conmon point of valuation for all project inputs and output. 

The copper cathode raw material inputs represent a potentially 
tradeable cor.modity and were therefore valued in tems of their 
opportunity costs to the Zambian economy. This was based on the LME 
price iess sea and land freight charges; the Kwacha road freight 
costs within Zambia being adjusted by mean!. of the conversion fact~r 
for transport. For the other inputs, the foreign exchange and local 
currency elements were separated, the local components being 
multiplied by the relevant conversion factor 



-~-~-~-~~~~~~-~~--~~ 

TABLE 11.1 - DATA USED IN THE ESTIMATION Of THE STMDARD CONVERSION FACTOR 
Value in the Year (K million) 

Item 

.Value of exports (fob) 

Value of imports (cif) 

Taxes on foreign trade: 

Sales tax 
Customs duties 

r - r- -----T- --- I I I 
I 1982 I 1983 I 1984 I 1985 I 1986 I Total 
I I I I I I r - T ---- -- -,--- I 
I aao. 2 I 1204. 1 I 1650. o I 2502 • 5 I 5366. 6 I 11603. 4 
I I I I I I 
I 932.0 I 895.2 I 1108.0 I 1793.8 I 4028.6 I 8757.6 
I I I I I I 
I I I I I I 
I I I I I I 
I 58.7 I 44.5 I 64.5 I 157.o I 414.6 I 739.3 
I 42.3 I 38.8 I 63.2 I 138.6 I 406.8 I 689.7 
I I I I I I 

Source: Bank of Zambia, Annual Report and Statement of Accounts, 1987 

.... 
'D c.n 
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o:- the SCF, as appropriate. For electrk;ty and water, the 
respecthe specific conversfon factors were used. Manpower costs 
were broken down foto the managerbl, skHled, semi-skH1ed and 
unskilled elements and the appropriate conversion factors appl~ed. 

On the revenue side, dOlllestic sales were valued in tel'llS of foreign 
exchange on the basb of the cif prices of imported copper sheet and 
strip, since they represent import substitution. For sales to the 
PTA countries, the foreign exchange element of revenue was separated 
out and added to the local currency element adjusted by the SCF. 
Sales to Romania were based on the LME prices of sheet and strip, 
adjusted for sea freight charges and approprbtely converted land 
transportation costs. 

11.4 Results of the EcOllOlric Evaluation 

The forecast cash flows in economic prices for the Romanian mill and 
the two small mill options are set out in Tables 11.2, 11.3 and 11.4 
respectively. The results of the CX:F analyses for each option are 
sunmarised in Table 11.5. 

The internal rate of return for each of the options is below the 
mininun Indeco economic opportunity cost of capital requirement of 
12i. The rates of return for the smaller mill options, at 4.81 for 
the new mi 11 and 7 .oi for the reconditioned mi 11, are such that 
these cannot be considered to be viable projects in economic terms. 
On the other hand, the rate of return on the Romanian mill 
investment of 11. li is sufficiently close to the cut-off rate to 
warrant further consideration. 
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!All.E 11.5 - RESULTS CF TIE EtmCMIC MALYSES 

CrUerion I Romanian 
I Mill 
I 
I 
I 
I 

I Slla 11 Mi 111 Slla 11 
I with New I Mill with 
I Plant & ! Second Hand 
I Equipment ! Plant & 
I I Equipment 
! I 
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Internal Rate of Return (IRR) 

Net Present Value (NPV) 

I 11. 11 
I 
I I 
I -$10.9611 I 
I -$ 3.29111 I 
I -$ 2.3211 I 
I I 

4.81 7.0I 

' 8.0S -$2.781111 -$0.7611 
' 10.0I -$3.90ll -$2.00I 
' 12.0I -$4.681111 -$2.89111 

Source: WS Atkins 

11.5 

Gross value added by the Romanian project increases from 
$2.8 •illion (in ccnstant prices) in 1!193 (first year of operation) 
to $10.5 •ill ion by the end of the project pe.-iod (Table 11.6). 

TABl.£ 11.6 - RllWIIM MILL: VALUE A1JOED CAl.CULATUll 

All values in S'OOOs (Constant Prices) 

1993 2007 

Sales 11936 38180 

Less: Cost of Materials 8167 25591 
: Cost of Spares etc. 186 1272 
: Consumables 105 105 
: Insurance 679 679 

Gross Value Added 2799 10533 

Source: WS Atkins 

f ore11!! Exchange Effects of the Project 

The preferred option, the ROllllnian mill, would have two important 
benefits for the Zambian econ~: 
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an 

* direct net fore;gn exchange earnings ..aunting to SOE $30 

•;llion per an1111 at •;d 1988 pr;ces ;n 1995 

* an annual ;.,rt substnut;on of copper !J'.eet and str;p 
tota11;ng approx;mately $1.5 .;11;on at •;d 1988 pr;ces 

by 1995. 

Table 10.13 shows the fore;gn exchange cash flows for the Roman;an 
.;11. Thb cash flow does not ;nclude the fore;gn exchange benefits 

resulting from the i111JOrt substitution effect. The cuh flow yields 
an IRR of 38S and an NPV of $90.1 •illion at 1988 prices. It is 
the':'"afore clear that the project t110Uld generate substantial net 

fontign exchange benefits for the Zalllbian economy. 

11.6 El!plop!l!t Effects of the Project 

O.r the last decade e11ployment opportunities in Zallbia have not 
expanded to keep pace with the rate of growth of the labour force. 
In fact aggregate e11plo,YEnt in the fonaal sector declined from a 
peak of SOE 381,000 in 1981 to around 361,000 in 1986. This has 
resulted in an increasing proportion of the econ011icaily active 
population remaining un91Ployed or grossly under-employed. In 
addition, because of the slow expansion of the country's industrial 
base, a large majority of the population continues to derive its 
incOE frm activities with relatively low productivity. The 
proble11 my be characterised as one in which a large nUlllber of 
potential entrants to the modern sector have, of necessity, been 
absorbed into slow-growing sectors, such as traditional agriculture, 
artisanal mnuf acturing and low proauctivity service activities. 

A principal effect of the construction of the Romanian Mill would be 

the generation of a significant number of new relativeiy high 
productivity 111ployment opportunities, initially during the 
construction of the works and subsequently during its operation. It 
is esti1111ted that the Rounian Mi 11 option would give rise to SOiie 

214 permanent emplo1'18nt opportunities, as indicated in Table 8.3. 
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It is projected that 14 of these posts wouuld be taken by 

expatriates at the outset due to the shortage of suitably qualified 
and experit:nced Zallbions. However, the 111jority of these posts 
could probably b.e localised in the medi• tera. 

Whilst the i11pact of the project on e11ployment outside the works is 

difficult to quantify, it is nevertheless potentially very 

significant. Studies in a nUlllber of both newly industrialising and 

developed countries have de11anstrated that non-ferrous metals 

industries show a relatively high degree of interdependence as 

measured by the nullber of forward and backward linkages with other 

industries. The industries serving the works will be sti•lated, as 

wi 11 transport and infrastructure facilities. The industries 

directly serving the works will include the copper refining 
industry, gas and electricity supply industries, fil"llS supplying 

C011pOnents and cons11111bles and professional and other services. The 

purchases by the •ill frOll other industries in Zalllbia 111y be derived 
fro11 the stataent of operating costs for the works (Table 10.7). 

At full output d011estic purchases a1110unt to SOii! $25.4 million. 

Forward lint.ages generated will include increases in capacity ;n the 

dOMtstre• industries induced by the reliability of the new source 
of supply, and its availability in local currency. The existing 

dC*nstrea11 industries include principally, geyser manufacture, 

copperwares and radiator assembly, together with SOiie electrical 
c011ponent firms. 

The new works and the linked industries will also induce tertiary 

employment. Induced tertiary activities will include such social 

and c011111ercial activities as local administration, shops, banking 

and insurance services, educat~~nal, medical, cultural and sporting 
faci 11ties. 

An tndicatil)n of the secondary and subsequent increases in 

employment in linked industries is given by the use of the 
•P 1 oyment mu 1t i p 1i er • Emplo_yment 111Ultipl1ers may be ~rived by 
operating on an extended input-output matrix for the economy. Two 
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types of multiplier are generally ~rived; Type 1 •Jltipliers, which 
give the ratio between thi! direct and indirei:t emplo,Ylll!r.t changes to 
the initial direct e11ployw.ent change, and Ty~ 2 11Ultip~iers td1ich 
incl..de the expenditure induced employment in the r.tme;""ator. Such 
data ..ere not available in Zallbia and hovP. been esti•ted for 
relatively few countries. However, World Bank Staff Working Paper 
No. 255 The E!plopent :11pact of Industrial Investllent quotes Type 1 
and T:-·pe 2 multipliers which ..ere developed for South Korea in the 
1970's. To the extent that indutrial linkages in a newly 
industrialising Zallbia are expected, over the next two decades, to 
eventually bear SOiie reselllblance to a 110re industrialised developing 
eco~ the cc.parison is relevant. The relevant •ltipliers for 
non-ferrous •tals industries were as follows: 

Type 1 Multiplier 
(Direct plus indirect employment) 

Type 2 Multiplier 
(Direct plus indirect plus induced 
employment). 

3.00 

5.09 

Based on these indicative 11Ultipliers, the new permanent employment 
opportunities generated by the Rounian mill 11ay be s.-arised as 
follows: 

Within the new Mill 
Within linked industries 
Expenditure induced employment 

Total Employment Generated 

New Employment Opportunities 

214 

428 

447 

1089 

It 5hould be emphasised that these figures can only be indicative 
estimates. It should also be noted that multiplier analysis 
neglects the possible existence of supply constraints, including 
skilled labour, foreign exchange and savings, and gives no 
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fodicatio'\ of the ti•ing of ttle changes involved. Since the 

e11plo,Y11ent creation would necessitate SOlll! expansion in the capacity 
of e:dsting downstre• industries, and the developEnt of new copper 

strip and sheet cons•ing industries, it is considered that th.! 
changes involved "°'11~ 'IOt be substantially ca11pleted until at least 
10 years frOll the start-up of the •ill. 
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12. CCKUJSICllS All> RECCll IEllJATICllS 

The 111jor conclusions of the study 111y be s1,1111arised as follows: 

* investllent in capacity to 111nufacture copper tubes is not 
recomended. The Zillbabwean cmpany, Alain, has entered 
successfully this market, and could supply a large percentage 
of deund within the PTA. Moreover, both Zamefa (Zallbia) and 
Booth Manufacturers (Kenya) have the capacity to produce tubes 

* investllent in c.apacity to manufacture copper and brass bars, 
shapes and sections is also not rec~ded. There are three 
existing producers in both Zallbia and Zilllbabw, and one in 
Kenya, and these have sufficient capacity to cope with demand 
wi~hin their markets for the forereeable future 

* there is a market opportunity in the manufacture of copper and 
brass shtet, strip and foil. There are growing ~arkets for 
rolled products in the region, particularly in radiator and 
geyser applications. There is also very little local 
competition. The feasibility of manufacturing rolled products 
in Zambia merits further investigation 

* a Zambian manufacturer of :'"Olled products will be heavily 
dependent on the PTA market, where high tariff barriers 
provide protection against third country imports. In major 
world markets, it will be at a competitive disadvantage, 
primarily· because market requirements are so varied anJ 
different to the PTA, because customers demand Just-in-time 
delivery, and because domestic producers, using scrap, have 
lower raw material costs 
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* the current consU11ption of copper sheet. strip and foil in the 
PTA market is estimated at 835 t/pa. Applying a 11Ultipler of 
2.0 where copper products are purchased in local currendes. 
and al lowing for competUh11 from exht;ng producers in the 
region. the current 11arket available to a Zallbian 11anufacturer 
of rolled products is esti11ated at 1.080 t/pa. This is 
projected to grow at 31 pa. giving a potential 11arket of about 
1.500 t/pa in the year 2000 

* a mill with a capacity of 10.000 t/pa. as proposed by the 
R011anians. would need to sell outside the PTA the lliljority of 
its output. To operate near full capacity. sales of about 
8,000 t/pa are needed to ROllania, or other third countries 

* a sensible alternative to examine, is a Sllillle~ mill oriented 
to the PTA market. The •i 11 specified is this study has a 
capacity of 750 t/pa with one shift working, 1,500 t/pa with 
two, and 2,250 t/pa with three shift working. Both this and 
the Romanian mill are small by Western standards 

* the technology specified for the Romanian mill is 
conventional, with the exception of the p•·oposal to use a 
single mill for both hot and cold rolling. While this measure 
does reduce the cap'ita 1 cost of the project, it does have 
certain disadvantages, notably the delay imposed on the flow 
of product through the plant which results in high working 
capital costs 

* the suggested technol~gy for the small mill follows practices 
which are now largely outdated. It is proposed only as a 
possible means for satisfying the regional market, with 
minimun capital investment. There are significant 
inefficiencies associated with the use of cold rolling only in 
the reduction process, static casting, and cross rolling to 
produce wide sheet 
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* capital costs for the project, including plant and equipment, 
structures and civil engineering. pre-production expenses and 
contingencies are esti11ated as follows: 

- R011anian •i 11 
- Sllall •ill with new plant and 

equip11ent 
- Sllall •ill with second hand plant 

and equipment 

$ 48.3 •illion 
$ 12.5 •illion 

$ 10.5 •illion 

* the S11a11 •ill options produce poor internal rates of return, 
well below the Indeco cut-off point of 121. Payback, si•ple 
rate of return and IRR (with financing) figures are also very 
poor. The financial statements show high debt:equity ratios 
and unsatisfactory current and liquidity ratios. The projects 
are clearly not profitable and can be rejected. The break 
even analysis demonstra~es that, -.hi 1 e the mi 11 s are not 
uneconarically small from a production point of view, they are 
too small for the proposed financing scenario 

* the Romanian mi 11 produces an internal rate of return of 
10.6S, which increases to ll.9S if capital costs are reduced 
by lOS. The financial statements and calculations of payback, 
break even and IRR (with financing) all show substantial 
improvements over the small mill options, although the project 
will still look vulnerable to investors and creditors 

* the main problem with the Romanian mill is that all the 
indications of connercial profitability are very sensitive to 
sales. It has been assumed that 80% of the mill's output will 
be sold to Romania. We have no clear indication whether this 
would be acceptable, but it is well in excess of the sales 
needed to cover the Romanian credit. If sales are 
significantly less than those assUP1ed, the project wi 11 be 
unprofitable 
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* all the projects suffer fro11 a financing scenario wnich 

ass.es no foreign equity participation, and no soft term 

loans except for the Romanian credit. For exa11ple, if the 

loans required for the Romanian mill over and above the 

Romanian credit, were supplied at an interest rate of lOI 

rather than 151~ the IRR in real terms (with financing) would 

improve frOll 7.51 to 10.91. Similarly, if equity is increased 

from 151 of investment costs to Z51, the IRR in real terms 

(with financing) improves to 9.41. Nevertheless, the 

financing scenarios assUlll!d are, in our opiniori, realistic 

* the Romanian •ill produces an IRR on the net cash flow in 

econ011ic prices of· 11.11. This is sufficiently close to the 

Indeco cut-off point of lZS to justify further consideration 

of the project. The sma 11 mil 1 options produce poor I RR' s in 

econ011ic prices, and can be eliminated 

* the R0111anian mi 11 is attractive frOlll the point of view of 

forex earnings. The forex cash flow (excluding the effects of 

import substitution) produces an IRR of 381 

* employment opportunities induced by the Romanian project 

within linked industries and elsewhere fo the ec.ononay are 

Hkely to be very significant. They are estimated at 875, 

compared to Z14 jobs within the mill. 

The major reconnendations of the study are as follows: 

* the small mill options are unprofitable, and should be 
rejected 

* a 1 though the Romani an mi 11 does not meet the Indeco 

reguiranents for IRR either in economic or market tenns, it 

does merit further investigation, because of the substantial 

net forex earnings. However, a final decision cannot be made 

until the full details of the Romanians' commercial offer are 

known. The key is the volu• of sales which the Romanians 
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wn 1 accept (either as direct i11pOrts to Romania, or as 

re-exports). Anything significantly lower than SOS of the 

plant's output will render the project unprofitable. It will 

also be i•portant to clarify the terms of the Romanian credit, 
and obtain a firm quotation for the plant and equip111nt 

* Indeco should seek 11atching equity participation from the 
Romar~-:.,s. This would i111prove significantly the project's 

acc( ~ability frma a financial point of view, and its 

attractiveness to creditors 

* further attention should be directed towards secondary 

industries. A good example is the 11anufacture of copper and 

brass ca111ponents (plunming fittings, electrical contacts, nuts 

and bolts). Unlike copper se11is 11anufacture, this type of 

industry requires c011paratively little capital investment. 

With the recent expansion at ZUl!fa, the uin raw material, 
copper and brass bars, can be sourced locally. Industries 

established in Kenya or Zimbabw would have si•i lar 

advantages, however, so a Zambian 11anufacturer could face 

significant competition within the PTA 11arket. Nonetheless, 
the feasibility of such a project is well worth testing. 
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