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i, SUMMARY AND CONCLUSIONS

1.1 PURPOSE OF THE STUDY

The present report made by a team of experts of TECNICAS
REUNIDAS, S.A (company member of TECNIBERIA) corresponds to the
contract N. 85/59 of the United Nations for the Industrial Development
Organization (UNIDO), with TECNIBERIA, project number
SI/BOL/85/802 and pursues the goal of preparing an execution plan for

-y,

the bolivian iron and steel industry.

The first step to reach this objective was to take into
account the previous studies alreadv made by McKee, Cobrapi and
Unidad Promotora, in particular from the view point of the
technological processes, dimensions, recommended capacities and

evaluating their technical merits with respect to:

a) Maximum utilization of the raw materials and natural
resources (iron ore deposits at Mutan area, natural cas at Santa Cruz

area and hydroelectric energy).

b) Applications of the most optimum choice of technnlogy
and formulation of technological process roi.tes, taking into account the
physical nature and mineralogical characteristics of the ore
wealth/natural resources in the country selecting the technology based

inter alia on:

b.1 Direct Reduction of Mutun iron ores after prior
beneficiation and pelletizir.g, if necessarv, using natural gas as the
reductant to produce sponge iron followed bv melting of the sponge
iron in the electric arc furnace along with some steel scrap (produced
in the steel plant itself during its cyclic operation), steel casting of

.09402(12)/86
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billets and their rolling in a merchant-steel rolling mill to produce steel

bars, rods, =..d light sections or profiles.

b.2 Blast furnace smeiting of Mutun iron ores for pig
iron production using charcoal as the reductant following the highlvy
developed technology - mostly in Brazil-, refining the pig iren into

steel in LD converter, continuous casting and rolling mill for the

— production of steel bars, rods, light sections and profiles.

c¢) Detailed study of the current home market requirements

and their future projections including any export possibilities.

d) Formulation of well planned phases for the development
of the iron and steel industry in the countrv based on possibilities
such as the following:

d.1 Export of Mutun iron ores to Argentina in
exchange for stee! billets from the latter for re-rolling in Bolivia.

d.2 Transport of Mutun iron ores through the national
rai! system to Santa Cruz for its reduction using the Midrex or
HYL-!I! process to produce directly reduced sponge iron using natural
gas and its conversion into steel in electric arc furnace, casting and
rolling into the finished steel rolled products.

d.3 Utilization of Mutun iron ore in the region of
Mutun itselt using charcoal - carbonized from the neighbour forest
wood - in the blast furnace for iron smeiting/production followed by
LD oxvagen hacic stesl making in the converter and subsequent stee'

rolling mill operation.

d.4 Formulation of the steel product-mix required for
the domestic market.

. 09402(13)/86
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d.5 Formulation of capital financing plan for the

establishment and growth of the iron and steel industrv.

e) For the foregoing technological alternative analysis, the

following parameters must be examined:

e.1 Site location and general lav-outs of the different
shops, and movement and necassities of raw materials, utilities,

consumables and auxiliary services.

e.2 Materials' balance and total consumption of raw

materials and intermediate products.

e.3 Consumptions of water, electric power, fuels,

fluxes, scrap, etc.
f) Production costs estimates for each of the processes and

their different alternatives analized in this study, in order to

determine the possible cost and selling prices in the country.

Qaup2(1uy /88
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1.2 CONTENTS

Taking into account the purpose of this study, it has been
structured in four main chapters with the following contents:

Chapter 1.-
It contains the present summarv and conclusions.
Chapter 2.-

It covers the analysis of local conditions. It has bee:
subdivided in three sections. In the first one the previous studies
carried out bty McKee, Cobrapi and Unidad Promotora are analyzed. In
the second one the actual bolivian market for bars, rods and light
sections is studied, making a projection for mid-term. In the third
section, the bolivian availability of raw materials and other resources
related to the project are analyzed.

Chapter 3.-

it includes the techno-economical study of the eventual
alternatives for obtaining liquid steel. The most favourable
techno-economical alternative is celected and the required facilities for
continuous casting and rolling mill are studied at the end of this
chapter. That alternative and those facilities are compared with the
other alternative of rolling in Bolivia imported billets,

Chapter 4.-
The criteria for the selection of aiternative are stated again

and the selected project is formulated from the view point of required

facilities definition, labor force, infrastructure requirements and its

09402(151/86
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financial-economic  study, covering two alternatives and two

hypothetical seliing pricas of rol'ed products.

The economical data are given in US dollars, having been
considered an average exchange rate of cne US dollar for one million
of pesos bolivianos (1 US$ = 1,000,000 $b) that was prevailing at the
begining of October 1985.

The tables, figures and graphics pertaining to those

chapters have been included in the text and are located in the

following sheet to the one they are first referred to.

09402(16)/86 .
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1.3 SUMMARY AND CONCLUSIONS ABOUT THE LOCAL CONDITIONS

1.2.1 Background

1) The first study about the Mutun was prepared by

United Nations in 1974, It collects the researches and cubages of

eluvial, coluvial and primary iron ores of the iron ore deposit.

1) The bolivian iron and steel policy is defined in 1972 by .
the Supreme Decree N. 10521, SIDERSA (Bolivian iron and steel

company) is created in January 1973.

3) SIDERSA, contracts first with McKee and afterwards
with Cobrapi, the implementation of two important studies for the
development of the "MNational Iron and Steel Project".

4)  The first project of McKee (McKee I), located at Mutun,
was based on a production of 450,000 t/year of rolled products to
export 410,000 t/year mainly to Brazil. This project included direct
reduction with natural gas (from the gas pipeline to Brazil), electric
arc furnace, continuous casting and rolling mill.

— 5) Once revised the agreement of 1977 for the selling of
rolled products to Brazil, the second McKee study (McKee 1) reduced
the plant capacity to 250,000 t/year, substituting the direct reduction
for blast furnace with charcoal.

6) Cobrapi made its first project (Cobrapi 1) with a
capacity for 100,00 t/year located at Santa Cruz and based on direct
reduction with natural gas. In February 1984 was issued the version |l
(Cobraoi Il) to be implemented in two steps for 50,000 t/y and 100,000
t/y of rolled products located at Mutun and based on blast furnace

09402(17)/86
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with charcoal. In both Cobrapi versions the production was only for
the internal bolivian market.

7) In 1982 was created the Unidad Promotora to giv e push
to the "National Iron and Steel Project". The mentioned Unidad
°Promotcra issued its first report in May 1984 and the second one in
February 1985. This report was based on the Cobrapi il study making
the adjustment for a capacity of 78,000 t/year and located also at
Mutun.

8) The priority of the Unidad Promotora Studv by the
Supreme Decr2e N. 24076 was declared on September 25th 1985,

9) The necessary investment given by Cobrapi in Dec.
1983 showad a reduction of 30% with respect to the investment of Nov.
1982. The Unidad Promotora, for calculating the investment of its
project used the figures given by Cobrapi in 1983.

10) Comparing the different studies' investment figures with
the international ratios one arrives to the following conclusions:

McKee (I and 1), Investment comparatively high

Cobrapi I. Investment "in order" with the international
ratios
Cobrapi H and  Unidad Promotora. Investment

comparatively low
11) The highest productivity was obtained in the Cobrapi |

study with 82 t/man-year and the lowest in Cobrapi Il and the Unidad
Promotora study with 32 and 37 t/man-year respectively,

09402(18)/86
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12) The investment per job was about 100,000 US$ in the
Cobrapi | and Unidad Promotora studies. This figure is quadrupled in
McKee 1].

1.3.2 Market Study

13) For the market study, bars, rods and light sections,
only have been considered the main consumer of these products being:
drawing plants, (wire rod), civil construction, (concrete bars),

metel-mechanic (bars, sections and other}.

14) The actual geographic distribution of consumption is
as follows: La Paz, Cochabamba, Santa Cruz, Oruro, Beni-Pando and
Potosi-Sucre-Tarija.

15) Cencerning the historical consumption of bars, rods and
liyght sections, there is a big disparity in the consumption fiqures
depending on the source (Statistics Institute, Railwav Company,
Ccnsumers or ILAFA),

16) Actually there is a single re-rolling mill of some
importance in Bolivia, located at La Paz. it will produce round bars
from @ 8 mm up to ® 25 mm starting from billets of 60 x 60 mm. Its
actual production with two working shifts has been deemed abhout
7,000-8,000 t/year.

173 It has not been foreseen that Bolivia could export rolled
products to her neighbour countries.

18) There are discrepancies between the market studv of
Unidad Promotora and that of Comisién Técnica de SIDERSA. The last

09402(19) /86
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one, considered a historical series of 21 years, while the first one

considered 10 vears.

19} The market projection made bv Tecniberia is based on
an oscillating and cyclic type of steel consumption in Bolivia, with 1985
as a minimum. It has been foreseen a recovery towards 1995, to reach
again the 1969 per capita maximuin consumption of 7.7 kg. (BRLS
materials i.e. bars, rods, light sections).

20) The maximum consumption of BRLS materials has been
deemed about 65,000 t/year, and the market for the plant is supposed
to be 55,000 t/vear. Considering that BRLS, represent about 35% of
the total consumption, this figure is equivalent to 20 kg per capita of
total steel. The actual consumption per capita of Peru and Uruguay is
also 20 kg and they are producing steel time ago.

1.3.3 Available resources in Bolivia related to the iron and steel

project

21) The iron ores are located in Changolla (Cochabamba)
and Mutun. The deposit of Changolla has a high silica content, low Fe

content (43,8%) and poor reserves estimated in six million tonnes.

in the Mutun deposit three ore types have been
identified: primary, eluvial and coluvial. The cubed reserves reach:
Coluvial 38.6 M tonnes, Eluvial 31.8 M tonnes and primary 175 M
tonnes. Only the coluvial ore reserves of La Chalera (6.5 M t) and
eluvial ore (16.7 M t) have sufficient Fe content for its direct selling
after classification, this is without coiplementary treatments.

22) Up to date 300,000 t of coluvial ore, bhave been

exploited out of which 133,000 t exported. From these, 50,000 t have
been sent to SOMISA in 1973 and the balance to Altos Hornos de Zapla

09402(20)/86
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from 1977 to 1984 with big oscillations. This goes from a maximum of
i 38,7000 t in 1978 up to a minimum of 2,250 t in 1977. In 1985 up to
October there has not been exported any quantity.

\
23) In accordance with every the shipment analysis, the ;
calibrated coluvial ore fulfils the specifications of Altos Hornos de ;
Zapla and SIDERSA does not know the actual reasons why Argentina |
does not carry away their yearly 1985 order (60,000 t). The Fe "
content of the exported ore is higher than the calculated Fe content of ;gi
the reserves, and it is to suppose that they are exploiting the richest
zones of La Chalera.

24) It does not exist quality control in the mine and the
sieving facilities are very rudimentary.

25) The calibrated eluvial ore has similar characteristics to
other ores in the international market. It has only a P content quite |
high but can be used in the National Iron and Steel Project.

26) In order to cbtain an average Fe content of 64,5% it is
necessary either mixing ore from various blocks or having an ore stock

of various qualities.

27) SIDERSA has very few data of the P content in the
calibrated eluvial ore and it is necessary - as previously requested by
Cobrapi - to do research on the P content.

28) According to the tests made by Cobrapi it is possible to
improve the fines quality (sinter feed). It is important to continue
performing tests of gravimetric concentration and also to investigate if
there is in Argentina (SOMISA) market for this product that could
have a Fe content of 60% and P content of 0.1%.
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29) It is important to implement tests to check the

calibrated (eluvial or coluvial) ore behaviour in the blast furnace.

30) The primary ore would demand an expensive treatment
for its concentration and subsequent pelletizing and even with this the
obtained product would have a high F content (0.18%). It has not been
considered for this project.

31) There is manaanese ore at the Mutun area with a
content of 46.3% Mn and 11.4% Fe to be used in this project. SIDERSA
has a stock of 6,500 t that bought to the former mine's owner,

Actually the exploitation is stopped because of the lack of market.

32) Concernina the limestone there is a deposit between

Puerto Suarez and Mutun.

33) The Mutun area has a timber potential for the charcoal
production of a 2.2 M Hectares forest. The natural growth is deemed
in 2.5 m3/hectare/year with a production of 74.5 m3/hectare. The ratio
wood /charcoal is 7:1. The charcoal production must be based on the
reforestation and it is necessary to implement a nursery plan and the

exact determination of the plantations area.

34) The bolivian proved reserves of natural gas reaches
4,730 x 1012 cubic feet, located mainly at Santa Cruz, Chuquisaca and
Tarija departments. The actual production is about 300 million
cu.feet/day, 220 million of them being exported to Argentina through
pipeline. The internal price for the natural gas is 1.5 US%/1,000
cu.feet.

35) The project of gas pipeline to Brazil through Mutun is
actually in study phase and its cost is about 1,000-1,200 million

1 -1
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US$. For that reason it is not possible to consider natural gas for

‘ Mutun in the inmediate future.

' 36) Concerning the electric power, Bolivia has not a high

voltage interconnected network covering the hole national territorv.
; The eastern system covers only the local area of Santa Cruz with a
power of 117,600 kw produced by gas turbines. Mutun area has no
bolivian supply and the electric power is bought from Brazil. The
internal price is deemed as US$ 0.045/kwh and when imported from
Brazil the price is US$ 0.036/kwh.

37) There is no of water problem neither in Mutun nor in
Santa Cruz. In Mutun the minimum flow available when low water is 60
I/seg. The water price has been deemed as US$ 0.09/m3.

38) The  bolivian roads network is poor. Only the
Departments of La Paz, Cochabamba, Oruro and Santa Cruz are
interconnected through asphalted roads. Mutun has no connection by
road with Santa Cruz, only through railway.

39) The railway net is not interconnected. There are two
independent nets called "Andina" and "Oriental". The first one
— communicates with the railways networks of Chile and Argentina and
the second one communicates with the Brazilian network through Puerto
Suarez (30 km from Mutun).

40) The railway transport cost is different in both networks,
depending on the transported product. The stretch Mutun (Puerto
Suarez) - Santa Cruz has an actual cost of US$ 50-74/NM.i depending on
the products. The road transport is deemed now as US$ 0.15/Mt-km.

41} Concerning labor, 6 professional categories actually
| existing in mining and metallurgy)} have been considered. Their costs
] go from US$ 6,747/year to US$ 2,076/year.

! I - 12
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1.4 SUMMARY AND CONCLUSIONS ABOUT SELECTION OF
ALTERNATIVES

1.4.1 Iron ore and limestone

i 1) The iron ore considered for the different alternatives
studied i this chapter is eluvial calibrated ore from Mutun with a Fe
content of 64.5%., The primary is discarded and same for the coluvial

ore that had not similar quality as the eluvial.

[y ¥

2) It is not possible to concentrate the calibrated ores
whose Fe content goes from 59.2 to 67.8%. To obtain the average
quality foreseen as already has been told it is necessary to know in
detail the qualities of each one of the blocks in which the reserves
have been divided, to implement a mine exploitation permitting the mix
of several qualities and to have regulating stocks with different

qualities.

3) It has been foreseen a calibrated ore production of
150,000 t/year, being necessary to exploit 300,000 t/y of gross eluvial
ore, equivalent to a capacity of 200 t/h. The exploitation machinery
has been foreseen for a single working shift.

4) The foreseen crushing and sieving machinerv is
basically the same considered by Cobrapi and the Unidad Promotora,
making remarks on the crushing machine, sieving, thickening and
transportation of the calibrated ore.

5) The investment figure obtained for crushing, sieving
and ore exploitation after analysis of the required facilities, is US$
5.58 million. The calibrated ore manufacturing cost obtained is US$

2.5/Mt, siinilar to the one concidered by Unidad Promotora.
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6) Concerning the limestone, the investment for

exploitation and calcining plant is of US$ 1.04 million.
7)  For both iron and limestone exploitation, money for
studies and research, prior to the begining of the works, has been

accounted for,

8) The limestone and the lime costs of US$ 2.24/Mt .nd
US$ 50.50/Mt used by Unidad Promotora seem acceptable.

1.4.2 Eventual Alternatives

9) For a yearly production of 55,000 Mt of rolled products,
61,000 Mt of billets - assuming a rolling efficiency of 90% - are
required. Assuming an efficiency for the _ontinuous casting of 95%,
64,210 t/y of hquid steel would be required. The continuous casting
machine and rolling mill have been considered common to alternatives |
& 11,

10) For obtaining liquid steel, two alternatives have been
analyzed:

- Alternative |: Blast furnace with charcoal for pig

iron, later on refined into steci through an LD converter.

- Alternative IlI: Sponge iron (DRI) obtained by a
direct reduction process followed by melting and refining in electric
arc furnace.

Above alternatives are compared with an:

- Alternative Ill: Direct rolling of imported billets.

1 - 14
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For the two first Alternatives, consumptions of iron ore and

scrap have been calculated.

11) For Alternative 1, - similar to the one foreseen by
Cobrapi Il and Unidad Promotora, - investments of US$ 8.4 million for
the blast furnace and US$ 10.27 million for LD converter and oxygen
plant have been calculated. The production costs consequentlv obtained
are US$ 100.12/Mt for pig iron and US$ 166.9/Mt for liquid steel.

12) The analysis of alternative |l includes the study of
three direct reduction processes with natural gas in shaft furnace and
rotary furnace (Kiln)., For each of them, aspects as: process
description, existing plants, ore, natural gas and other consumptions
requirements, updated fabricating costs and summarv and conclusions

about the process.

13) Investment estimates have been reached based either on
ratios given by the process licensors or on data from available

technical literature.

The production costs have been obtained by applying
prices in use in Bolivia to unit consumptions. The lowest production
cost appears for the direct reduction piocesses based on shaft
furnace, arriving to an average cost of US$ 142/Mt of (DRI) sponge
iron with 91% Fe content.

14) It has been necessary to study a complete electric steel
shop in order to determine the required investment, reaching a figure

of US$ 7.7 million.

15) With DRI at a price of US$ 96/Mt following with an
electric arc furnace -with 80% DRI and 20% scrap-, a liguid steel

1 - 15
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fabricating cost of US$ 225.3/Mt is obtained, working with scrap of
US$ 110/Mt. Cperating with 100% scrap one obtains a cost of US$ 25/Mt
lower than operating with 80% sponge iron and 20% scrap.

16) With the prices existing in Bolivia, the steel produced
in electric arc furnace would become cheaper operating with sponge
iron, when the scrap price overpasses US$ 158/Mt. For scraps of lower
price is more economical to load the electric arc furnace with 100%
scrap.

1.4.3 Continuous Casting (Alternatives | & 1l comparison)

17) In order to compare Alternatives | & Il a continuous
casting machine -which for a maximum converter capacity of 10 t
casting 100 x 100 mm billets will require 2 strands- has been studied.

18) The required equipment and buildings have been
studied reaching an investment of US$ 4.1 million.

19) For Alternative | with liquid steel at US$ 166.9/Mt a
Santa Cruz delivered billet fabricating cost of US$ 225.88/Mt is
obtained. For Aternative !, with a liquid steel at US$ 225.28/Mt, the
Santa Cruz delivered billet fabricating cost becomes US$ 243,33 /Mt.

20) As a conclusion and in order to compare with
Alternative IIl, Alternative | -consisting of blast furnace with charcoal
and LD converter- has been selected as the most economical route for
the production of steel in Bolivia. The selection has been influencied
particularly by the low price of the lump ore to be used, only US$
2.5/Mt. In order to take full advantage of the economics of this low
price, the most suitable location for fabricating pig iron, liquid steel
and billets would be Mutun,

I - 16

09402(27)/86




' @ TECNIBERIA

1.4.4 Alternative 111 (Rolling Mill)

21) The rolling mill facilities calculation has been made on
an average production of 13.75 t/h, equivalent to 55,000 t/y working
two shifts or its equivalent 4,000 h/year.

22) It has been foreseen a rolling mill for the production
of: wire rod @ 5.3 - @ 12.5 mm (25% of the production), bars ¢ 6.3 -
@ 32 mm - for concrete (60% of the production), square bars 12 - 25
mm (2% of the production), round bars - ® 10 - @ 32 mm (4% of the
production), rectangular bars- 25 x 6 mm to 50 x 6 mm -(1% of the
production), angular sections- 20 x 3 mm to 50 x 6 mm (8% of the

production).

23) For this wide product mix it will be required a versatile
rolling mill with a wide speed range in the finishing groups so

requiring driving DC Mo'ors.

24) The rolling plan for six characteristic products has
been studied in order to determine their productions from their rolling
speeds and times. The conclusion that for small diameter - 6.3 to 10
mm - products it is better to begin with 80 ¥ 80 mm billets instead of
100 x 100 billets, is clearly shown,

25) The reheating furnace, has been sized for the maximum

production of the rolling mill: 30 t/h.
26) The rolling mill itself, consists of:
- One three high roughing mill @ 500 mm rolls.
- Five two high preparing mills @ 350 mm rolls.

- Six two high finishing mills @ 300 mm rolls for
thick products.

I - 17
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- One seven stands finishing group for thin

products from ® 6.3 mm to ® 16 mm.

27) The investment analysis gives a figure of US$ 26.7

million.

28) When comparing Alternatives | & Il we have the

— following:

Alternative | Billet cost price: US$ 225.88/Mt
Rolled product fabricating cost: US$
263.1/Mt

Alternative 111 Imported billet with a FOB price of
US$ 185/Mt. Then, when custom
duties, transportation and handling
costs are added, a Santa Cruz
delivered price of US$ 297.13/Mt is
reached, and consequently a rolled
product fabricating cost: Uss
342.32/Mt.

29) The rolled product fabricating cost differential will be
US$ 79/Mt in favour of Alternative I. This figure does not include
depreciation, overhead or financing expenses. These items are studied
in detail in Chapter 4,

' I - 18
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1.5 SUMMARY AND CONCLUSIONS ABOUT PROJECT FORMULATIONS

1.5.1 Alternatives Selection Criteria

1) The basic criterium for the selection of alternatives has
been the econcmic, in order to avoid a bigger investment. From this
viewpoint the most economic alternative (the lowest investment) is the

Alternative lil of rolling mili with imported billets.

2) Netwithstanding, Alternative | provides the lowest
fabricating cost per ton of rolled product. Depreciation, overhead §&

financing expenses exciuded.

3) Alternative | has another technical advantage i.e. to

use a well ¥nown technology in the area (neighbour countries).

4) Concerning‘the location, the blast furnace, the LD steel
shop and the continuous casting must be located at Mutun to take
profit of the low iron ore cost ard to avoid the transportation of the
liquid pig iron.

5) Nervertheless, the rolling mill costs are lower (US$
8.2/Mt) if the rolling mill is located at Santa Cruz. The reason is the
lower cost of the natural gas in Santa Cruz versus the fuel-oil in

Mutun, when used as fuels for the reheating furnace.

6) The difference in price favourable to Santa Cruz
increases when the railway transportation cost decreases.

1.5.2 Project Definition

7) A definition is given of the different required buildings

and bays either in Mutun or in Santa Cruz. The list of main required

1 -19
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equipment, with their basic characteristics is also given. The most
important being: blast furnace, LD converter, continuous casting and

rolling mill.

8) Separate tables, corresponding to different fabricating
units additionally provide: the annual consumptions of raw materials,

water, electric power and fuels.
1.5.3 Labor

9) The manpower has been broken down by categories for
every new job, reaching a total of 705 jobs for Alternative | and onlv

181 for Alternative 111,

10) A schedule for training of the foregoing personnel is

outlined.

1.5.4 Infrastructure

11) As a new required infrastructure, the development of
the river harbour of Puerto Quijarro as foreseen by Unidad
Promotora - as well as the construction of a railway branch from

Puerto Suarez to the iron and steel plant in Mutun - are first priority.
12) The electric power supply in Mutun has been foreseen
imported from Brazil, because its lower price and in order to reduce

the necessary investment.

13) The location of the rolling mill in Santa Cruz, will avoid

the transportation to Mutun of more than 3,000 m3 of fuel every vyear.

1 - 20
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1.5.5 Financing-economic study

14) For Alternative | the fixed investment cost reach uss
59.7 million, with an estimate of 12 % of national funds and the balance
78 % being foreign currency. For Alternative Ill the now forecast fixed

investment reaches US$ 19 million with 16 % from national funds and 84

% in foreign currency.

15) The investment payments schedule, has been distributed
through a 4 vyears period taking into account the foreseen
implementation period and the usual payment conditions given bv the

suppliers when the equipments are not financed by them.

16) For the financing of the fixed investment it has been
foreseen a credit of 95% of the investments in foreign currency at a
rate of interest of 8%, a grace period of 4 years and return in 20
equal half year payments. Alternative | would require a US$ 44,26
million and Alternative 11l would require only US$ 15.5 million.

This type of credit is based on the Argentina's

Government offer.

17) The credit interests corresponding to the three years of
project implementation have been considered as interpolated interests
increasing the actual investment in US$ 4.07 millions (Aternative i)
and US$ 1.2 million (Alternative Il1) for the pay-off. The remaining
US$ 23.7 & 8.2 million respectively are assigned to the results account
of the following years.

18) The sales & revenue schedule has been completed taking

t into account the following path of plant start-up:
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Percentage of

Year maximum production
1 50%
2 70%
3 80%
4 and following 100%

For Alternative | the sales of export iron ore from the
4th year are obtained by difference between 150,000 t/y and the plant
requirements. For Alternative Ill, the whole ore production of 150,000

t/y since year 4 is considered as sales.

19) The selling price considered for the average rolled
products is -by comparison with an average international figure of US$
400/Mt- considered at two levels of 1JS$ 450 & 500/Mt for a sensitivity
study purpose. For the export iron ore a price of US$ 14/Mt has been
considered as given by Unidad Promotora.

The commercial expenses for rolled products have been
estimated 4% and for the iron ores: 11% plus US$ 3.8/Mt as
transportation to harbour.

20) in both Alternatives, total variable costs are obtained
of US$ 10 million for the first operating year and US$ 20 million from

the fourth year on.

21) The working capital is US$ 1.8 million for Alternative |
and US$ 0.68 million for Alternative I11.

22) Concerning the profitability of the investment as
measured through the Internal Returri Rate (IRR) for Alternative |, a

I - 22
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figure of 7.4 % is obtained for a sales price of US$ 450/Mt and another
of 10.4 % for a US$ 500/Mt selling price.

For Alternative i1l above figures become 22.2 and 25.5

% respectively with a significant improvem 1t.

23) Referring to equity, considering financing and
interpolated interests, the newly obtained IRR are:

Alternative | (sales price US$ 450/Mt): 8.3 §
Alternative | (sales price US$ 500/Mt): 16.5 %
Alternative Il (sales price 1JS$ 450/Mt): 36.6 %
Alternative 11l (sales price S$ 500/Mt): 51.8 %

24) The profitability of the equity in conventional terms, is
a minimum of 8.8 % for Alternative | with sales price of US$ u450/Mt,
and a maximum of 110.9 % for Alternative Ill with sales price of US$
5000/Mt. '

25) The (BEP) (break-even point) measured on average
production n a typical year (51,340 Mt/year) goes in Alternative |
from 42,050 Mt/year with a rolled product sales price of US$ 450/Mt till
33,320 Mt/year with a sales price of US$ 500/Mt. In Aiternative Il the
B.E.P is placed on production figures of roughly 50 % of above
figures.

26) The investment in foreign currency has been assumed
that will be paid-off in less than three (3) vears for Alternative | and

less than two (2) years for Alternative III.

27) As a summary, Alternative | when compared with
Alternative 111 requires more investment and gives higher fabricating
|l - 23
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costs if we consider all items affecting the costs per tonne of rolled

products.
28) The basic advantage of Alternative |, is to provide a

greater yearly saving of foreign currency than Alternative Ill, with an
estimated balance in a typical year of roughly US$ 6.9 million.

| - 24
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1. PREVIOUS STUDIES, MARKET AND RESOURCES

2.1 INTRODUCTION

In this chapter it is collected and analized tne information
available in Bolivia related te the "National Iron and Steel Project".

An interesting subject that has been worth of the
Tecniberia's teams attention, is the analysis of the different studies
carried out up to date. This analysis is stated in section 2 of this
chapter. and has been made mainly about economical aspects through

ratios compared after with the ones actually used internationally.

Following, is analized the bolivian market of bars, rods and
light profiles, that are the products which could be obtained in Bolivia
in a first stage.

Lastly, are analized the bolivian disponibilities of raw
materials and other resources related to the project as are:

- Iron Ores

- Manganese Ores
- Limestone

- Charcoal

- Natural gas

- Electric energy

- Water

- Transport means

Human resources

-1
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2.2 INFORMATION AVAILABLE ON STUDIES CARRIED OUT
2.2.1 Background

The first study in Mutun was the report prepared by the
U.N in 1974, covering the investigations and reserves of the coluvial,
eluvial and primary minerals of the ore deposits. It also covers data on

the manganese ore and the water availabilities in the Mutun zone.

The guidelines of the bolivian iron and steel Policy were
traced in the Supreme Decree nQ 10521 of October 3, 1972. To carry
out the foreseen plan the Empresa SiderUrgica Boliviana, S.A. was
created (SIDERSA), as a Decentralized State Company, in January
1973, through D.S. number 10670.

After SIDERSA was created, it contracts two consultants,
initially ARTHUR G. McKEE, in collaboration with CIMSA, Compafiia de
Ingenieria Minera McKee, S.A., and Ilater Cobrapi - Consultora
Brasileira de Projetos Industriais, two important studies for developing
the National iron and steel Project. The McKee study was delivered in
September 1977 and included two variants:

- Polling mill with a capacity of 450.000 t/y, as of the
pelletizing of Mutun primary ore, direct reduction with natural qgas,
melting in electric arc furnace and continuous casting, Localization of
the joint facilities in Mutun,

- Rolling mil with a capacity of 250.000 t/a as of
secondary ore calibrated from Mutun, charcoal blast furnace, LD

converters and continuous casting. Localization of the joint facilities in

the Mutun zone.

I --2
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The Cobrapi studies, likewise in two variants, were
completed in 1982-1983 the first one and February 1984 the second one
with the following scope:

Cobrapi |

100,000 t/v rolling capacity locating in Mutun: mining,
calcination of limestone and pelletizing, and in Santa Cruz: the direct
reduction plant, the electric steel plant, continuous casting rolling mill
and auxiliary facilities.

Cobrapi |l

50,000 and 100,000 t/y rolling capacity in two stages,
Process based on reduction of the calibrated ore in blast furnace with
charcoal, LD converters, continuous casting anrd rolling mill, Location
of the joint facilities in the Mutun zone.

The justification of the first McKee Project in the Mutun
zone with a solution of direct pellet reduction with natural gas, is
based on negotiations carried out on that date for selling natural gas
to Brazil through a Santa Cruz-Puerto Suarez gas duct and the
commitment of Brazil to purchase 410,000 t/y of iron and steel
products during 20 years.

On slackening the interest of Brazil in the purchase of
natural gas from Bolivia, the later again negotiated with Brazil the
possibility of a new contract for selling 200,000 t/v of rolled products
non-flat (commercial bars and profiles), base of the second McKee
variant, that does not use direct reduction with natural gas as the
project is located in Mutun, where the gas-duct for Brazil would not
reach,

-3
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The Cobrapi solutions are based on sales of rolled products
practicaiiy only in Bolivia, locating the reduction plant in Santa Cruz
due to the availability of gas. Charcoal variant (Cobrapi 1) located
the blast furnace and the other installations in Mutun.

In this sense the Supreme Decree 18613 of September 23,
1981 indicated that the siderurgical industry based on the Mutun ore
deposits would be installed in the Department of Santa Cruz.

After carrying out both the McKee and the Cobrapi studies,
and in order to bring them un to date and adequate the supply to the
demand, at the same time that the iron and steel Project was pushed,
the Unidad Promotora was created in 1982 through Supreme Decree n9
19151 in which SIDERSA and the Corporacién de Desarrollo de Santa
Cruz - CORDECRUZ jointly participate.

In May 1984, Unidad Promotora presented to the SIDERSA
Directorate a report including as a solution charcoal, blast furnace, LD
converters, continuous casting and rolling mill, all this to be installed
in Mutun for a minimum capacity of 60,000 t/a of bars and profiles,
all of which was approved and ratified bv the Directorate on October
3, 1984. The final version of the study of Unidad Promotora according
to this solution with a production capacity of 78,000 t/a of rolled
products is dated February 1985.

With the socio-economical reform started as of the publication
of Supreme Decree 21060 of August 29, 1985, the decentralization of
the Corporacién Minera Boliviana COMIBOL is foreseen, SIDERSA being
called Comparifa Minera del OJriente, with home address in Santa Cruz
and depending on COMIBOL.

Lastly, on September 25, 1985, through Supreme Decree n®
24076, the Bollvian Government declares a priority on the Mutun

-4
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Integrated iron and steel Project. Said Decree aparently shows a
contradiction on the technical solution to be adopted, since on the one

side the following bases are set in the provisions:

- Location: Mutun

- Process: Reduction in blast furnace based on charcoal,
LD converter, continuous casting and rolling miil (Technology, adopted
in the Basic Project of the Unidad Promotora).

However, n Article 1 it is stated that the Unidad Promotora
the Siderurgy will define the basic project taking in consideration
technologies adapted to the optimum productive scale, ecological factors
and above all economic factors.

To summarize, the basic information analyzed is composed of
the two versions of each of the studies carried out by McKee and
Cobrapi, together with the solution of the Unidad Promotora.

Also consulted have been the comment reports to the study
Cobrapi | carried out by Technical Assistance Advisors of the
Governinent of Mexico and the Advisor Dr. Emil Lieberman, comments
to the study of Cobrapi ! by the Technical Commission of the
SIDERSA Directorate and the Technical Report on the second Advice
Stage to SIDERSA by Engineer Joaquin Gatz.

We have also been provided with the results of the
characterization tests of 200 t of calibrated eluvial ore from Mutun,
against direct reduction H y L I,

Lastly there is also included a variant appearing in the

publication of the Cartagena Board of Agreement dated March 29, 1985,
publication J/DI/70 on "Evaluation of the Andean Siderurgical

-5
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Industry" which foresees a capacity of 100,000 t/a of wire rod, bars
and profiles, starting from sponge iron, electric arc furnace and

continuous casting.

2.2.2 Content of the Studies

1) McKee Study

This study comprises the largest base information
available in SIDERSA in different aspects of the iron and steel project,
such as examination and analysis of the Mutun primary and secondary
ore, study of soils and flora the Department of Santa Cruz,

infrastructure, etc,.

It is an important work presented on 13 volumes, some
of them with over 2,000 pages, with the following content:

Volume |I. Summary

Volume 1. Mining an Geology

Volume [I1, 250,000 t/year Integrated Siderurgical
Plant

Volume |V. 450,000 t/year |Integrated Siderurgical
Plant

Volume V. Direct reduction

Volume VI, Charcoal

Volume VII. Concentration and Pelletizing Plant

Volume VIIl. Infrastructure

Volume IX. Market

Volume X. Services

Volume XI, High Administration and Human Resources

Volume XlI. Economical and finance analvsis

Volume Xill. GCeneral Specifications

It -6
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As activities subcontracted by Mckee we must mention
the tests of ore concentration, carried at the University of Minnesota,
prereduction trials carried out in the Midrex laboratories and H v L
and volume VI (Charcoall which went to firm Hunt, Leuchars and
Hepburn Ltd. cf Johannesburg, South Africa.

Due to their importance for comparison effects, we will
consider as two independent variants the alternatives of 450,000 t/a
(pelletizing, direct reduction, arc furnace) and 250,000 t/a (charcoal,

blast furnace and LD converter).

2} Cobrapi | Study

It consists of a series of partial reports of which it has
been possible to consult 4 and 6 tomes, these last presented in 13

different volumes, with the following content:

1PM-02 (Vol. 1) Final market report

IPM-02 (Vol. 1V) Final market report. Direct inves-
tigation questionnaires

IPT-02 Partial technical report. Final re-
sources report.

IPT-09 Cost of the rollea product unit,

Tome |, General Presentation. Summary.
Part A. Background
Part B. Summary
Part C. Pre_entation

Tome 1, Market and plant capacity.

Part A. Internal market

-7
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Tome 111,
Tome 111,
Tome 111,
Tome I11.
Tome 1V,
Tome V.

Part B. Foreign market

Part C. Plant capacity

Resources.

Part A. Consumptions
Part B. Fluids

Resources.

Part C. Electric energv.

Resources.

Part C. Electric energy.

Resources.

Part D. Labor
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N
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Volume |

Volume [1

Location of plants and transport

Part A. Location of plants

Part B. Transport

Techrology.

Part A. Mining

Part B. Iron ore, pelletizing. Calcina-

tion, hydration
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Tome V.

Tome V.,

Tome V.

Tome V.

Tome VI,

Tome VI.
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Technoloay.

Part C. Direct reduction

Part D. Electric steel plant

Part E. Bar and Profile rolling plant
Part F. General layout

Part G. Production flowgrams

Technologv.

Part H-1 Auxiliary services. Vol. |

Part H-2 Auxiliary services. Vol. Il
Technology.

Part H-3 Auxiliary services. Vol. Ill
Technologv.

Part 1. Planning and development

Part J. Synthesis of the intearal project
Part K. Drawing and chronogram of im-
plantation

Financial-economical studv,

Part A. mathematical model

Financial-economica!l study.

Part B. Financial-economical study

Part C. Socio-economical evaluation
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It includes concentration and pelletizing tests in CVRD,
Midrex and H y L (USIBA plant}.

The market study was subcontracted to the bolivian
consulters CAEM - Centro de Asesoramiento Empresarial
Multidisciplinario Ltd.

This study introduces as a novelty as regards McKee
the location of the direct reduction, steel shop, continuous casting and
rolling will in Santa CRuz with a bar and profile capacity of 100,000
tly.

3} Cobrapi !l Study

It introduces the concept of plant construction in two
stages of 50,000 and 100,000 t/year capacity of bars and profiles. The
location is Mutun and the technology to be used is charcoal blast
furnace fed with calibrated secondary ore. It also has LD converter,
continuous casting and rolling plant.

This study consists of two volumes, with the following

content:

Volume |, Summary. Market and plant capacity Re-

sources. Location of plants and transport

Volume I1. Technology. Economical and financial study

Socio-economical evaluation

- 10
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4) Study of the Unidad Promotora

The last version brought to date to February 1985,
which is the one analyzed, is based in the solution given in Cobrapi (|
study, taking into account the conclusion of a new market study made
by CAEM,

The study consists of six volumes following a structure
and methodology analogous to Cobrapi I, except that applicable to
urban ordination, that is studied more deeply. The content is the
following:

Volume 1, Summary and conclusions

Volume 1. Market and plant capacitv. Resources,

Location and transport

Volume |1]. Technology

Volume 1V. Economical-financial study, socio-economical

evaluation

Volume V. Urban development

Volume VI. Electric energy, forest ordination and
charcoal production

5) Other reports

The report of advisors Gatz and Lieberman coincide in
the conclusion, Which i wmary taking into account the low bolivian
market of bar ¢énd profile “ts and the high investments required,
recommends nstalling the rolling plant only, SIDERSA producing

-1
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minerals for export. In a second stage it is foreseen to have a direct

reduction plant and use of this sponge iron in an electric arc furnace.

This is the same conclusion of the report of the
Technical Commissions of the SIDERSA Directorate of August 1984,

Analogous conclusions come from the report prepared by
the Technical Assistance Advisors of the Government of Mexico, that in
February 1984 advocated the mining development of Mutun and the
manufacture of sponge iron for export, covering the Bolivian demand
for siderurgical products through a rolling plant processing foreion
billets as part payment for the sponge iron exported. The installation
of the steel shop and the continuous casting plant would remain, in
the opinion of these advisors deferred for a more favorakt’: moment.

6) Study of the Cartagena Board of Agreement

This is the solution appearing for Bolivian within *he
evaluation of the Andean Siderurgical Industry of March 29, 1965,
mentioning SIDERSA as a source. The solution indicated is little

documented and consists, such as was summarized in section 2.1 of:

- Pelletizing plant (300,000 t/a) and direct reduction
in Mutun

- Steel plants (two 20 t electric arc furnaces - 10/12
MVA}. Continuous casting machine with 2 lines and rolling plant of
100,000 t/a capacity (30 t/h preheating furnace, two-three high rolling
mill @ 520 mm at 2.2 m/sec, 8 two-high stands for bars and profiles @
380 mm at 7 m/sec, cooling bed 42 x 7 m and 8 two-high stands for
wire rod @ 280 mm at 28 m/sec). All this to be installed in Santa
Cruz.

- 12
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7) Tests with Mutun calibrated ore in Pilot Plant H and L
I

From November 16 to December 2, 1983 there were
tested in Monterrey 200 t of calibrated eluvial ore with 65.8% in Fe,

granulometry + 1/8" - 1",

These tests are deemed very interesting, as they
proved the possibility of obtaining sponge iron with a high
metallization without process problems. Although the gas consumption
is 14 to 20% higher than that obtained with Alzada pellets and brings a
larger generation of fines (25.5% of - 1/8" against 3.5% with Alzada
pellets).

2.2.3 Comparison of the McKee, Cobrapi and Promoting Unit

studies

1) Production capacities

Table 2.1 summarized the pronduction capacities of gross
ore, calibrated ore, pellets, sponge iron, charcoal, pig iron, liquid

steel and rolled products, foreseen in the various solutions studies.

It is appreciated in said table that the solution of the
Unidad Promotora coincides with the first step of Cobrapi Il in the
capacities of calibrated ore, charcoal and pig iron. The largest
consumption of pig iron in the Promoting Unit (as the production
capacity of steel is also larger), it is compensated with 12,000 t/a of
the purchase of ingots.

I -13 -

09402(49) /86




TABLE 2.1
Foreseen Production Capacities of the Different Studies (T/year ¢ yroduct for each Productive Unit) E;%
2
[ ey
Study i Steel Shop %
Gross Concentrated Sponge Gross Pig LClectric arc Rolled ::,
Author Date Ore Ore Pellets Iron Charcoal Iron LD Converter ‘furnaced Products 5;:
McKee 1 Sept. 77 1,500,000 860,000 840,000 | 567,500 - - - 527,400 450,000
(1)
McKee 1I Sept. 77 975,000 557,900 - - { 170,000 295,000 293,000 - 250,000
- Cobrapi I Sept. 83 496,000 296,000 300,000 | 200,000 - - - 113,186 100,000
H
!
= Cobrapi TI (2)
(1st Step) Feb, 84 207,000 113,190 - - 67,900 77,000 54,320 - 50,000
Cobrapi 11 (3)
(Final Step)| Feb. 84 340,000 200,000 - - 111,100 126,000 113,186 - 100,000
Unidad Pro 4)
motora Feb, 85 207,000 113.190 - - 67,900 77,000 88,285 - 78,000
Cartagena (5)
Agreement Mar. 85 - - 300,000 } 200,000 - 113,000 100,000

(1) Consumption, 255,000 t/y. It was also foreseen to purchase 85,000 t/h of charcoal from private suppliers
(2) A pig iron excess for selling as ingot of 11,383 t/y is included

(3) A pig iron excess tor selling as ingot of 12,509 t/y 1is included

(4) Purchase of foreign pig iron ingots 12,007 t/y excluded

(5) Estimated values

09402(50) /86
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2) Locatiorn of productive units

The summary appears in table 2.2 practically only in
Cobrapi | and the project made know to the Cartagena Board of
Agreement foresee installing part of the productive units (direct
reduction, steel plant and roiling plant) in Santa Cruz. The others

locate the total plant in Mutun,

McKee foresaw the possible export of pellete through
Puerto Busch. The access to this port is today impossible by land,
since the road built in due time by COMIBOL is flooded, with water
heights of 3 to 4 m, reason for which Unidad Promotora foresees ore
exports through the new Puerto Quijarro, prevised in a location very
close to Mutun.

3) lnvestmen_té

The general summary of investments taken in table 2.3
for each installation of the various solutions has been taken in the
respective studies, bringing to date these figures from the reference
date to the first quarter of 1985, through the indices of bringing to
date of costs of the equipment of MES (1),

(1) The figure in parentheses are related with the
bibliographical information appearing at the end of
this chapter.

The reason given by Cobrapi fo lowering these prices

is that due to the recession and the exchange of the Cruceiro against
the dollar USA, could make the important decrease.

I - 15
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TABLE 2,2

Location of the Productive Units in the Different Studies

Study Steel Shop
Concen- Ore shipment
tration | Pelletiz- for Direct Pig Rolling
Author Date Ore Plant ing Plant Export Reduction Charcoal Tron LD Electric Mill
McKee 1 Sept. 77 Mutun Mutun Mutun Puerto Busch Mutun - - - Mutun Mutun
McKee 11T Sept. 77 | Mutun Mutun - - - Areas T and 1T | Mutun | Mutun - Mutun
as showed in
attached map
Cobrapi I Sept. 83 | Mutun Mutun Mutun - Sta. Cruz - - - Sta.Cruz |Sta.Cruz
Cobrapi 11 Feb. 84 Mutun Mutun - - McKee Study Mutun | Mutun - Mutun
(1st Step) Area T
Cobrapi II Feb. 84 Mutun Mutun - - - McKee Study Mutun § Mutun - Mutun
(Final Step) Areas T and IT
Unidad Pro | Feb. 85 Mutun Mutun - Puerto - Triangle Yacu- | Mutun | Mutun - Mutun
motora Quijarro ses-Pto. Suarez
San Juan
Cartagena Mar, 85 Mutun Mutun Mutun - Mutun - - - Sta.Cruz |Sta.Cruz
Agreement
09402(52) /86
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Investments {Tn UISS thousand

Reference LD Steel Electric Auxiliary Toral
Date Mining & Shop + Direct Steel shop Services & Flectric Total Tat al Investment
>f the Calcin- Pelle- Carboni Blast Cont. Reduction + Cont, Rolling Administra Power Tnvest- Financial Invest- up-dated
Studv Investment ing tizing zing Furnaces Casting Plant Casting M{1ll tive units Generation ment Costs ment to lan, 89
McKee 1 Sept. 17 49,499 35,272 - - - 76,999 88,579 106,547 71,720 69,844 500,460 70,064 570,524 890,399
McKee 11 Sept. 7 24,238 - 24,119 70,793 103,198 - - 62,911 B89, 744 47,661 427,664 60,936 483,600 754,680
Cobrapi 1 Nov, 82 11,993 25,268 - - - 49,9913 19,320 32,175 26,174 8,788 173,711 25,044 198,755 210,244,1
()
Cobrapi T Nav, B2 11,993 - - - - 50,193 19,320 32,175 22,038 6,356 142,075 20,483 167,558 171,986.5
(1)
Cobrapt 1 Dic. 83 8,395 - - - - 35,135 13,524 22,523 15,427 4,449 99,453 11,923 113,376 117,533,7
Cobrapt 11 Nav. 82 9,365 - 4,911 6,519 11,670 - - 27,454 30,790 19,826 115,535 17,250 112,785 140,460.,7
(1st step)
Cobrapt 11 | Nov. B2 9,365 - 15,996 11,000 12,150 - - 27,454 30,790 19,826 126,581 18,249 144,830 153,202
(Pinal step)
[#3) ()]
(2) N
Cobrapt 11 Dic. 83 6,232 - 7,566 4,338 7,334 - - 15,870 18,670 4,990 65,000 9,370 74,370 77,097.3
{1st step)
Cobrapi 11 | Dtc. 83 6,556 - 11,197 7,700 8,505 - - 19,218 15,605 19,826 88,607 12,773 101,380 105,097.7
(Final step)
Unidad Pro | Feb. 8BS 6,232 - 5,679,1 4,338 7,334 - - 19,218 23,634 13,709 80,144, 11,235.3 91,1379. 91,379.4
motora
Cartagena Mar. 85 Incluido |Incluido - - - Incluido Incluido Incluido Incluido Incluido Tncluido Inctuido 208,000 708,000
Agreement

(1) The pelletizing plant has been deleted. Consequently the utilities and electric power have been lowered. It {ncludes a briquetting machine {n

(2Y In this first step the wire rod rolling mill was not included
(3) Electric power imported from Brazil, Voltage & frequency change, only, evaluated

-r:-cv.,_,

the D.R. plant,
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The Unidad Promotora takes the Cobrapi |l prices of
December 1983, in particular for mining and calcination blast furnaces,
steel plant and continuous casting ard rolled products and deems them
fixed February 1985. Really the increase from December 1983 to
February 1985 has been 4% that should be taken into account also in

the Unidad Promotora as has been done in Cobrapni !I.

In Cobrapi | there has been introduced as a variant
eliminating the pelletizing plant, as according to the tests made by H v
L it is possible to reduce the calibrated ore. In turn there has been
an increment of the investment of direct reduction plant in US $
200,000 value estimated for a hot, bricketing facility, of fines

produced in the reduction process.

As in the case of Cobrapi I, to variant Cobrapi | has
been applied the 30% discount deemed by the brazilians in December
1983,

a) Comparative Ratios

In order to analyze more in detail these
investments following they are compared between each of the individual
facilities, which are compared in turn with the international figures
brought to date of specific investments (US $/t of year capacity) taken
from the bibliography (2), (3) and (4) for plants in the range of
capacities here commented. These international fiqures are the

following:
Investment capacity US/T
Facility year for each product Product
Ore concentration 6.6 - 66.5 Concentrated ore
Pelletizing plant 40 - 60 Pellets

-8
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Investment capacity US/T

Facility vear for each product Product

Direct reduction with

natural gas 125 - 150 Sponge iron
Carbonization 160 - 320 Charcoal

Blast furnace 110 - 150 Pig iron

LC steel plants and

continuous casting 165 - 195 Billets

Electric arc steel plant

and continuous casting 200 - 250 Billets

Rollings mill plant 300 - 500 Rolled products

b) Mining and ore concentration

The figures that can be found in the literature go
from 6.6 to 66 US$/T of concentrated ore, that means a proportion of
1:10.

This wide range is logical taking into account the
very different characteristics that the iron deposits can have: the run
of mine Fe content, the concentrate type to be obtained (fine,

calibrated, pellet feed and the concentrates production.

The obtained value in paragraph 3.2.1.4 for the
Mutin project is of 37,23 USS$/T figure that in principle seems
reasonable because is similar to the figure of the El Rhein Project in
Mauritania (33.16 US$/T).

The figure for Mutdn (37.23 US$/T could be

improved appreciably in the case that the fines could be commercialized

as sinter feed.

it -19

ANnPANfCECNY Tar

Sy




| TECNIBERIA

UNIDO - 1177

The actualized specific investment figures given bv
the different studies for mining and ore concertration are given in
table 2.4 being all except the one given in the McKee study inside the

limits considered as norraal.
c) Pelletizing and direct reduction

In pelletizing according to table 2.5, specific
investments are obtained brought to date in the McKee and Cobrapi |
studies of 74.7 and 71.3 US $/t, surpassing by 20-25% the higher limit
of 60 US $/t deemed now as reference figure in the investments by t
of capacityv.

Regarding direct reduction, the figures of specific
investment obtained in the same table are 241.3 and 212.6 US $/t of
sponge iron are 61 and 41% respectively higher than the upper limit of
the investment order figure.

d)} Carbonization

Four investment figures are available, taken in
table 2.6, In accordarice with reference (4), the standard investment
in Brazil for charcoal burners through the half-orange furnace method,
deemed in the Cobrapi and Unidad Promotora studies, using
eucalyptus-culture, goes to about 160 US $/t of charcoal. This figure
is about 30% to 60% larger than those obtained as of the Cobrapi and
Unidad Promotora investments.

The larger figure obtained in McKee is justified by

using higher technology furnaces albeit the figures obtained are 58%
higher than those considered in Brazil,

I - 20
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TABLE 2.4

Specific Investment in Mining and Ore Concentration Updated to 1985

Ore USS x 103 Mt Specific Tnvestment USS/Mt/
Study Mt /year Direct investment /year of Plant Capacity
McKee 1 860,000 84,982 98.81
McKee 11 557.900 28,260.8 50.65
— Cobrapi 1 296,940 8,084 27.22
T
N Cobrapi IT
(1st step) 113,140 5,892.6 52.06
Cobrapi II
(Final step) 200,000 6,198.6 31.00
Untdad
Promotora 113,190 5,664 .4 50.04
09407(57) /86
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TABLE 2.5
‘ Specific Investment in Pelletizing and Direct
Reduction Plants (lipdated to 1985}
' Pelletizing
_ I ] T l
' US$x10” /Mt | Specific Investment |
Pellets capacity Direct US$/Mt/Year !
Study Mt/year Investment Plant Capacity ’
l
l : |
McKee | 840,000 62,749.1 74.70 l
l
!
Cobrapi | 300,000 21,407.5 71.36 !
f
Direct Recution
3 l
US$ x 10° | Specific Investment |
Mt/year Direct US$/Mt/Year l
Study Sponge Iron Investment Plant Capacity l
!
- l
McKee | 567,500 136,982.8 241,37 !
Cobrapi | 200,000 42,524 212,62
!
" - 22
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TABLE 2.6
! Specific Investment in the Charcoal Plant
(Updated to 1985}
l Mt /vear US$x10° /Mt | Specific Investment
Gross Charcoal Direct US$/Mt/Year
i Study Capacity Investment Plant Capacitv
_ [
|
! McKee |l 170,000 43,065.2 253.32
Cobrapi Il
(1st step) 67,900 8,974,112 132,16
Cobrapi 1!
(final step! 111,100 13,280.8 119,539
! Unidad |
Promotora 67,900 6,475.24 95.36

I - 23
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e) Blast furnace

In this facility, according to the data taken in
table 2.7, the differences McKee and the others are very notable. The
Cobrapi and Unidad Promotora figures are about 50% lower than those
considered today as order figures (110-150 US $/t of pig iron), while
the McKee ones exceed in over double that.

f) Steel plant and continuous castinga

According to the summary of table 2.8, the
investment figures nearest to the present reference figures are the
Cobrapi | (electric arc furnace) with 15% difference.

In the others, Cobrapi Il and the Promoting Unit
with LD steel plant are about half, while McKee exceeds in over double
the figures of investment per t of billets deemed today as normal
(165-195 US ¢/t in LD steel ptant and 200-250 US $/t in arc furnace).

g) Rolling mill plant
According to table 2.9, in comparison with the
order figures of today (300-500 US $/t of rolled products), there are
under the flower limit those of Cobrapi and Unidad Promotora, while
McKee is within said limits.
h) Summary of investments
Table 2.10 summarizes a critical opinion on the

quantitative evaluation of the investments inferred from studies
analyzed.

I - 24
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TABLE 2.7

Specific Investment in Blast Furnace
(Updated to 1985)

|
US$x103/Mt Specific Investment |
Pig lron (P.I) Direct US$/Mt/year l
Study Capacity Mt/year | Investment | Pig Iron Capacity :
|
!
McKee 11 295,000 126,403, 1 428,48 !
!
Cobrapi 11
{1st step) 77,000 5,145.3 66.82
I
l
Cobrapi Il
(Final step) 126,000 9,133.0 } 72.48
Unidad
Promotora 77,000 4,946.1 | 64.23
’ - 25
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TABLE 2.8

Specific Investment in Steel Shop and Continuous
Casting (Updated to 1985)

[ l ¥
1 Investment US$/Mt x 103 | Specific '€A
| Investment | 4
T Electric | US$/Mt/year |
Study MT/vear | LD Steel Shop| Steel Shop lBlllet Capacity
McKee | 495,000 157,583.9 ‘ 318.35
I
McKee I 275,000 184,263.3 670.04 '
Cobrapi | 110,992 15,982.6 | 144,089 l
Cobrapi 11 l
(1st step) 63,034 8,699 138 |
- ol |
Cobrapi Il ‘ l
(Final step) 110,922 10,087.8 ‘ 90.94
!
l
Unidad ‘
Promotora ~ 89,519 8.362.1 | 93.41
11 - 26
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TABLE 2.9
Specific Investment in Rolling Mill and the Whole Plant (Updated to 1985)
USSx103/Mt US$ x 103/Me Specific Investment Total Specific
Rolled Products Rolling Mill Whole Plant USS /Mt /year Rolled Investment
Study Mt/year Direct Investment Total Investment Product Capacity USS /Mt /year
McKee 1 450,000 193,107.4 890.329 429.1 1,978.5
McKee 11 250,000 112,329.6 754,680 449.3 3,018.7
Cobrapi 1
Dic. 83 100,000 26,617.7 117,533.7 266.1 1,175.3
Cobrapi II
(1st step) 59,000 18,823.6 77,097.3 376.4 1,541.9
Cobrapi TI
(Final step) 100,000 22,794.7 105,097.7 227.9 1,050.9
Unidad
Promotora 78,000 19,218 91,379.4 246.38 1,171.53
Cartagena
Agreement 100,000 - 208,uL00 - 2,080
09402(€3)/86
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TABLE 2.10
Rough Evaluation of the Investment E;%
S
=)
Steel Ship & cont. casting )
[
Ores Direct Blast Rolling The whole
Study Concentration Pelletizing Keduction Carbon{zation Furnace Mill study :F.
LD Electric arc
Furnaces
McKee 1 0.K. 0.K High - - - 0.K. High
-
v
o McKee 11 0.K. - - High High - 0.K. High
00
Cobrapi I 0.K. 0.X. High - - - 0.K, 0.X. 0.X.
Cobrapi II
(Final step) 0.K. - - Low Low Low - Low Low
Unidad
Promotora 0.K. - - Low Low Low - Low Low
09402 (64) /86
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It has been considered that the investments are
' "In order" when thev differ in +20% the rations taken in section a).
They have been designated as "High" when thev are 20% higher and
' "Low" when they do not reach 20% those ratios.
' The general summary of this first approximation,
which will be justified in chapter IIl, is the foliowing as regards said

Y comparative ratios.

{
A
¢

McKee (investments |

and I1): High investment

Cobrapi |: Investment in order

Cobrapi 1l and

Promoting Unit: Low investment

4) Labor

Table 2.11 compares the labor needs in the wvarious

solutions analyzed, broken down by facilities.

_ In order to tie these staffs with the rolled products
capacity, table 2.12 calculates the productivity given in t of rolled
products capacity by persons and year, taking into account the purely
siderurgical staff and the total staff (including the personnel needs

making charcoal).

Maximum productivity is obtained in the Cobrapi |
variant (direct reduction without pelletizing plant) with 8z t/person

and year, and the minimum for the solution studies for Cobrapi Il and

the Promoting Unit with 32 and 37 t/person and year.

09402165} /86
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TABLE 2.11
O
LABOUR (Number of employees) Z
| ]
LD Con- w
verter Direct Electric Adminis- Total r11
Study Mine | Pellets | Charcoal Blast & cont. Reduc- arc furna | Rolling Mainte- tration & | Charcoal ::J
Furnace cast. tion ce & c.c. mill nance services excluded Total E;:
McKee I1 158 - 1,700 168 29?2 - - 197 509 395 1,719 3,419
Cobrapi I S&4 125 - - - 150 180 224 250 365 1,348 1,348
Cobrapi I
(without pe
lletization) 54 - - - - 150 180 224 250 365 1,223 1,223
Cobrapi I1 54 - 1,972 128 208 - - 224 328 193 1,135 3,107
Unidad Pro 1)
motora S&4 - 1,208 80 134 - - 160 297 [ 192 917 2,125

(1)

Note:

McKee study of direct reduct
down factor will apply and t

This screw has been multiplied by 1.4 because for equipment working 24 hours a day (LD and cont.

apare one working shift:

8 hours/shift x 3 shifts x 7 days/week = 168 hours/week. Working 3 men at the rat

hours/week, consequently:

168

% = 1,4 workers/job

09402(66) /86

ion has not been considered. Because of
he labour force is not comparable with the other studies.

their high production (450,000 t/y), an important scale factors
casting) it is not possible to

e of 40 hours/week makes a total of 120




TABLE 2,12

Labour Productivity

Productivity in Tonnes of
products/person and year
|
o Rolling Capacity | Iron & steel plant | Charcoal Plant Total Iron & steel plant Complete
Study Mt/year Personnel Personnel Personnel Charcoal plant excluded Plant
McKee 1{ 250,000 1,719 1,700 3,419 145 73
Cobrapi I 100,000 1,348 - 1,348 74 74
Cobrapi I
(without pelletizing) 100,000 1,223 - 1,223 82 82
Cobrapi 11 100,000 1,135 1,972 3,107 88 32
Unidad Promotora 78,000 917 1,208 2,125 85 37
09402(67) /86
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As comparison, a 200,000 t/year plant based on direct
reduction and electric arc furnace is estimated as requirina todav
about 600 persons (5), which would give a productivity of 333
t/person and year, that is, in the order of 10 times that obtained with
the Cobrapi Il solution and Unidad Promotora including carbonization

and 5 times if only the siderurgical jobs are considered.

The 10 countries now comprising the European Economic
Community have a production capacity of rolled products of 131 millions
t/year and employ a total 1,143,000 person in siderurav, which gives a
productivity of 115 t/persons and vear, that is, 77% higher than the
theoretical one of Cobrapi Il and Unidad Promotora considering
siderurgical positions and three times as regards the total staff of this

solution.

Lastly, table 2.13 takes the investments by work
positions, In siderurgy they are about US$ 100,000/work position for
the two solutions Cobrapi | and Unidad Promotora. This fiqure is
quadruplicated in McKee II.

Also considering the charcoal kiln, the figures are

appreciably reduced to a minimum of 33,800 US$/person in Cobrapi 1l
and 43,000 US$/person in Unidad Promotora.

" - 32
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TABLE 2.13

Investment per Job (in 1985 US$)

naun?(691/86

! |
l
Study Ilron and steel Timber & Complete
plant charcoal plant | Plant
! I
l
McKee I 439,022 14,187 | 220,731
l
[ [
|
Cobrapi | 109,177 - [ 109,177
!
[
|
Cobrapi |
(without pelleti
I zing) 96,103 - 96,103
Cobrapi Il 92,597 5,678 33,826
Unidad Promotora 99,650 4.701 | 43,002
|
1 - 33
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2.3 MARKET STUDY - PAST AND PRESENT CONSUMPTION

To make this market study, taken as a base have been the
market studies previously made by McKee, Cobrapi and the Promoting
Unit, in a comparison with the data taken directly by the Tecniberia

team in Bolivia.

There are also included the curves of simulation of demand
prepared by the Technical Commission of the SIDERSA Directorate,

deemed the most adapted to the actual situation of the Bolivia market.
Following, a general version is given of the structure and
consumptions of bars and profiles, light, in Bolivia and their

geographical distribution.

2.3.1 Main Steel Consumption Sectors in Bolivia

We will follow the traditional classification in use by the
studies made previously. According to the classification, there exist

four sectors responsible for the steel consumption in Bolivia, to will:

1)  Drawing plant sector

The manufacture of which is mainly: barbed wire,
screws, bolts, etc. The only siderurgical product consumed by this
sector is wire rod, that in most cases is imported directlv. It is the
only sector making a change in the siderurgical product (drawing),
before making the manufacturing operation of the finished product.
The other sectors consume directly without transformations the

products they purchase.

The sector is formed by nine ma2'n companies,

distributed as follows:

I - 34

nN94N2(701/86




| ea— a——— — ez — am— waanee

A L] S A S F ——

l TECNIBERIA

UNIDO - 4177

FANDA, KALIFRA and ATLAS LTDA in La Paz,
EVEREST and KERY-NAVA in Santa Cruz, ACERBOL, HERCULES and
MAFAL in Oruro and OSO LTDS, in Cochabamba.

Oruro is the large drawing plant in Bolivia, with a

consumption of wire rod of about 60-70% of the total.

During the sojourn in Santa Cruz, EVEREST and
KERY-NAVA were visited finding that the first is frankly decadent, ¢
going from producing 1000 t/year in 1982 to 300 t/year in 1984 The

main reason indicated is the Brazil competition with the assistance of

30% to exports, which brings offering very low prices.

KERY-NAVA however, is a rising industry, with 70
persons in the staff and a production of about 3000 t/year.

2) Construction sector

Consumes only bars for concrete. Depending on the size
of the company they import bars directly (large companies) or else
purchase them from warehousemen (medium and small). The imports of
bars for concrete are about 50% of the total bolivian imports of bars,
rods and light profiles (BRLP).

At the end of 1980 there were 176 companies classified
in 3 categories according to size (42 first category, 55 second and 79
third). Today it is a sector on crisis.

3) Metatlomechanic sector

It shows the poor bolivian industrialization. The sector

is formed by workshops and shops without large size companies, the

It - 35
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fabrication of which mainly are light structures based on rounds for

bays, liquid fuel tanks, truck bodies, trailers, etc.

METAL-MEC was visited in Santa Cruz, the fabrication
of which is: tanks, wire-mesh, light structures, car bodies and
profiles from plate bending. Its staff is 70 persons working in one
shift and its steel consumption is 40 and 80 t/month of plate imported

from Brazil.

In general this sector in supplied by distributors and

wholesalers.

4) Other consuming companies

This sector covers those companies having a steel
consumption of a certain importance, not used as raw material, as is
the case of sugar mills, Yacimientos Petroliferos Fiscales Bolivianos,

the Empresa Nacional de los Ferrocarriles, etc.

2.3.2 Consumption distribution

The variation of the consumption distribution among the

various sectors has been approximately the following in percentages:

1977 1981

Drawing plant 16.5 24.4
Construction 64.3 58.0
Metallometallic 18.5 17.0
Others _ 0.7 _0.6
Total 100.0 100.0

- I - 36
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The geographical distribution of consumption is the following

in an approximate percentage (1981 data).

La Paz 40%

Cochabamba 10.8%
Santa Cruz 21.1%
Oruro 20.7%
Beni-Pando 1.1%

Potosf-Sucre-Tarija  6.3%

2.3.3 Main Products Consumed

Since practically the whole consumption is imported products
and there is no ruling for quality control of the siderurgical products,
the variety of imported products is enormous. SIDERSA must propose
the introdl.Jction of regulations in Bolivia, to standardize qualities and
forms of the products.

Table 2.14 shows as an indication the structure of bolivian
imports of siderurgical products in 1982. The figures of this table
confirm the choice of light bars and profiles to be fabricated in the
future siderurgy, as the imports (and therefore consumption) of rcher
products, do not justify the investment and even in some cases there

are no economical facilities for such small productions.

Shortening the subject only for the non flat products
(BRLP), table 2.15 expresses the evolution in recent years according
to the various sources available: statistics of the Instituto Nacional de
Estadisticas (1.N.E) (National Statistics Institute), statistics of the
Empresa de Ferrocarriles del Estado (E.N.F.E), those deriving from
the direct polls to the consumer carried out bv CAEM, and the ILAFA
data.

- 37 -
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TARLE .14

Bolivia: Imports of fron and steel products {n 1982
Bv orfgin courtries
(In M)
Tngots Wire & Rail tracks Colls for
& semi- Wire their manu Light Heavy and re- Medium Thin Coated Tin- Welded Seamless
products Bars rad factures | sections sections accesories rolling Plates sheets sheets sheet s Serip plate piping piping Toral
G.F.R, 90 30 n 18 34 39 3 618 RB40
G.D.R 9% 96
Spanish North Africa 4l 41
Argeria 25 25
Argentina 30 6,537 5,471 396 34 861 26 17 131 1,703 5,051 20,257
Australia 5 5
Belgium 18 143 105 39 365
Brasil 2,733 1,217 138 9 442 120 996 573 1,244 196 23 13 1,706 87 8,997
Canad4 4 5 8 6 21 3 1 78
Northern Korea 7 7
Southern Korea 52 52
Chile 30 36 118 9 184 79 30 536
Continental China 124 124
ll..S.A. 22 30 2 52 185 650 6 40 1N 1,147 109 2,520 4,79
Spain 102 33 135
France 193 193
Netherland 19 1,341 1,360
Ttaly 2 7 9
Japan 627 24 181 1,440 10,567 36 27 705 251 1,674 15,532
Peri 37 30 19 1 1 3 91
Poland 5 5
United Kingdomas 5 38 10 244 297
Rep. South Africa kY23 47 368
Taiwan 191 17 208
Venezuela 197 197
Total 10 10,153 | 6,790 1,097 270 1,577 692 272 1,246 780 | 12,068 232 120 3,495 3,548 10,242 54,612
-
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TABLE 2.15

Bolivia: Total Yearly Figures of Consumption or Entrances of steel

Bars, Rods and Light Sections ac~srding to Several Sources (Mt)

I l :
T INE ENFE Inquiries fron ' ¢
(Imports) (Inlets) | Consumers § Importers{ ILAFA ; “
[ |
1974 17,818.2 - - | 31,438 |
l !
—_ [ l
1975 17,632.6 17,164 - 24,848 |
l
I
1976 24,957.4 15,437 - 18,576
!
1977 37,047.1 14,888 27,955.5 40,912
1978 32,233.8 38,220 35,221.8 36,241
l
T !
1979 31,119.5 30,068 37,753 36,162 |
|
l
o 1980 17,962.6 42,287 35,948.3 19,772
]
1981 31,806.7 42,322 35,196.1 48,932
r
1982 19,070.8 24,740 24,843 18,419
1983 10,733.6 21,191 - 32,074
V
|
1984 7,335.0 22,378 - -
| l
1~ 39

0ou02(75)/86




l TECNIBERIA

UNIDO - 4177

As can be noticed, there is a great disparity in the annual

figures depending on the original source.

It must be taken into account nevertheless, that since as we
always speak of apparent consumption, there is no consideration of the
stocks varia'ions in the period and therefore, it does not look easv
that there is coincidence of the entrance figures, according to INE or
ENFE, and consumption according to the polls. Now then, the figures
should always keep a rela’ion, that does net exist in this case at all
(see graph 2.1).

Besides in 1980 and in the ENFE statisticc there is a
difference of 12,194 t. On the one side, and the information taken by
the Tecniberia team, shows entrance figures of BRLP in 1980 of 42,287
t, however, the transcription of a letter from ENFE to SIDERSA dated
13/8/84 shows a figure of 30,093 t for that vear,

Attention is also drawn to the ILAFA figures for 1984 of
32,074 t, with a spectacular increase of 74% regarding 1983, when the
INE and ENFE statistics show figures much lower and that besides
mean a retrocession for 1983,

As seen in these figures, it is not easy to make market
forecasts not only due to the uncertain economical situation of the
country, but also because the starting data may be different
depending on the origin,

2.3.4 Existing Rolling Mills

The only rolliz.g mill existing in the La Paz zone, SUNG-SAN
LTD; in El alto (La Paz) was visited, in the stage of commission and
equipped with second hand equipment. It has a three-high dresser

1 - 40
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stand and five two-high stands, intermediate-finishing stands, all in

line.

The rollers are 250 mm@ and 700 mm table, directly by one
750 HP electric motor.

The pushing preheating furnace is 5 t/h, precarious enough,

both far insulation and because it has an only fuel-oit burner.

It starts with billets 60 x 60 mm in lengths of approximately

1 m cutting with a disc saw.,

To date and in the commissioning stage, they worked one
shift, with a low productivity and many problems of breakdowns and
lack of spare parts (roller repair is made recharging them with weld
cords). The capacity is estimated at about 15 t/shift of 8 hours, that
is, 4,500 t/year in one shift. Actual production is estimated at 3,000
t/year pers shift, with a maximum of 7,000 - 8,000 t/year in two
shifts.

They will only fabricate bars for concrete from ¢ 8 mm to 0
25 mm. This mill must resolve before anything else the problem of

direct coupling of the motor and improve the preheating furnace.

There is no notice of the existerice of more rolling mills in
Bolivia except a very small one (RELAMINADORA FILAM) that uses
points and is located in the Santivaniez industrial park in Cochabamba.

At this point one must points out the relative importance of
tr SUNG-SAN rolling mill for the Siderurgical project. To date, the
.. - -ious studies have considered that all the Bolivian BRLP markot
would be supplied by the siderurgical plant, however, and taking
large figures, at this time the BRLP consumption in Bolivia is of about

- -4
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20,000 t/year; if the La Paz market represents u40% approximately and
that of concrete bars 50% of tctal BRLP consumption, it means that the
present market of La Paz for bars for concrete is about 4,000 t/year,

which may be supplied fully only by the small ¢~ G-SAN rolling mill.
If it delays more than three or four years for the installation
of the rolling mill of the Siderurgical Project, there is the risk that

the BRLP market is then saturated.

2,3.5 Analysis of the Market Study made by the Unidad Promotora

Following are indicated the points seeming the least clear of
the mentioned market study, as it is the most recent and besides it is
the study that is the base of the present conception and dimensioning
of the Bolivian Siderurgical Project.

a) Coinciding with the opinion of the Technical Commiscion
of the Directorate of SIDERSA a lack of rigor has been detected in the
adoption of criteria, as at the time of defining the most probable
consumption (see table 2.16) to 1979 and 1981 the I.N.E. datum is
taken and in 1980 and 1982 the figure given by the polls to importers.

p) There are some differences between the data used by
Unidad Promotora and those taken directly by the Tecniberia team. As
an example, the cement consumpiion is cited, in which the difference
reaches 140,000 ¢ in 1978.

- 42
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TABLE 2.16

Bolivia: Imports of Bars, Rods and Light Sections, according to Several "i
Information Sources (Mt) 1
O
7
—
&
=5
Consumers Importers More Reliable -
Year INE (*) (*) ENFE Figures >
1974 17,433.1 not given 17,433.1
1975 16,692.7 23,567 16,692,7
1976 25,181.3 25,862 25,181.3
H
-
| 1977 37,047.1 27,955.5 n.g. 37,0471
N
w
1978 32,223.8 35,221.7 38,220 32,223.8
1979 31,119.6 37,753.2 n.g. 31,119.6
-7 1980 17,962.4 35,948.2 28,110.3 42,287 28,111.3
1981 31,806.7 35,196.1 30,841.0 46,479 31,806.7
1982 16,670.4 24 B43,1 (*%) 26,933.0 (*%) 24,744 26,933,0

(*) From inquiries taken in 1980-81 to 100% of the firms for the period 1977-81.
(**) Inquiries taken in May 1984,

Source: INE, ENFE and inquiries.

09402(79) /86
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Cement Consumption according Cement Consumption according

to Unidad Promotora to the INE Data
1977 342.700 230.780
1978 391.600 247,350
1979 348.300 258.335
1980 346.900 246,223
1981 379.800 374,581
1982 325.800 324,925

c) Lastly, the consumption forecasts are deemed optimistic

for the following reasons:

- There is no consideration of the market part to
which private roiling may accede, giving production figures as if all

the bolivian market were to be supplied by the Siderurgical Project.

- They considere the possibility of exporting
sioderurgical products to neighbor conuntries, when according to data
from the Metal Bulletin, latinamerican exports of siderurgical products
is foreseen to increase 10% this year, going from 8,650 million tons in
1984 to 9,67 M. tons in 1985. Brazil will export according to forecast
6.6 M tons and Argentina 1.1 M. Besides, steel production in
latinamerican countries close to Bolivia has grown in the first semester
of 1985 in respect to the same period in 1984 as follows:

Argentina +0.2%

Brazil +7.1%

Ecuador +14,9%

Peru +21.4%

Uruguay +17.7%
Il - 44
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For all this, although there are countries like Peru,
Uruguay or Venezuela with a deficit of BRLP it is not easy to believe
that Bolivia is to export systematically to neighbor countries, takina
into account that Argentina and Brazil are higly exceeding and
Paraguay will begin producing steel in ACEPAR before the Siderurgical

Project is underway.
Ocasional and punctual exports are not discarded,
provided the price is competitive, but they should not be taken into

account when dimensioning the Siderurgical Plant,

2.3.6 Demand curves of simulation prepared by the Technical

Commission of the Directorate

Following are given the curves prepared by the Technical
Commission of the Directorate of SIDERSA as it is estimated that they
are more adjusted to what may be a realistic market forecast.

For preparing these curves, a historical series of 21 years
(1964 to 1984) has been taken, which results more representative that
that taken in the market studies made previously (concretely the
Unidad Promotora considers a 10 years period form 1973 to 1982). See
histogram of the demand function in graph 2.2. The mentioned
histogram has been normalized by Fourier series obtaining the curve

shown in figure 2.3,

Figure 2.4 gives the enveloping curves of maxima and minima

of the previous function.

Figure 2.5 shown the demand projections of the market

studies made to date as we!l as the |.N,E. data up to 1984,
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It is that the Cobrapi study is excessively generous when
foreseeing the demand, the study c¢f the Unidad Promotora is also
encugh from the present figures and McKee, having taken a series of
more years, is the most pessimist of the three and therefore more
adjusted to reality.

This graph shows a difference between the fiqures of the
Technical Commission and those taken by the Tacniberia team, but as
noted no year exceeds 650 t.

Figure 2.6 sets a comparison in percentage between the rates
of bolivian national inflation, world inflation, the Bolivian Gross
Internal Product a~d the bolivian consumption adjust enough to those
of the G.I.P.

Figure 2.7 represents three simulation curves of the
consumption function, previously calculated by Fourier series, and
increasing it respectively in 10% (curve 3), 20% f(curve 2} and 30%
(curve 1). Likeviise, there is represented the demand curve of the
Technical Commission of SIDERSA.

~igure 2.8 compares the Projection of demand of the studv of
Unidad Promotora with the function of optimistic simulation (adding
30%).

Figure 2.9 represents the optimist projection of demand made
in the study of the Technical Commission of the SIDERSA Directorate

on the simulation curve increased by 30%.

Figure 2.10 is similar to the above but calculated without
incrementing any percentage the simulation function.
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Figure 2.11 compares the projection made by the Promotina
Unit with the optimistic projection of the Technical Commission. It is
notable that in 2002, if the plant were designed according to the
previsions of the excess in productior would be about 25,000 t as
regards the forecasts of the Technical Commissior of the SIDERSA

Directorate.

Figure 2.12 is ismilar to the previous one but it compares
the pessimist projection of the Technical Commission. The differsnce in
this case is about 45,000 t for year 2002.

Figure 2.13 indicates the demand forecasts calculated bv
ILAFA and 2.14 gives the market forecast for the siderurgical project
but taking already in account the rolling mills that may exist and the

market quota they have.

2.3.7 Projection of BRPL demand for the Fulure

Taking into account that making forecasts for the future of
any market will always be a simple approximation and even more in the
case of Bolivia in which as has been said there is a difference in the
same data cdepending on the origin of the information, any criterium to
make the projection is vaiid, provided it is developed with rigor, and

using aiways the same source.

To make the projection, there is adopted as a premise, that
the function steel demand is oscillating and cyclic in most countries in
the world (see graph 2.15), that shows the corisumption histograms of

BRPL of various Latinoamerican countries according to ILAFA).

Th= cvcle in Bolivia inferred from the period 1965 to 1984 is

repeated every eight or ten years and is as follows:

It - 47
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FIGIRE 2.15.

' 3 HISTOGRAMS OF THE ANNUAL CONSUMPTION OF BARS,
T RODS AND LIGHT PROFILES IN LATINAMERICAN
; COUNTRIES. (SOURCE ILAFA).
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- After a maximum there i1s a depression, then a maximum
lesser than the previous one, then follows a depression and lastly

another meximum.

Said maxima are ‘o be calculated by means of the

specific consumption of steel per inhabitant. (See table 2.17).

— In 1969 (first maximum studied), consumption was 7.7
kg of BRLP per inhabitant. Eight years later, in 1977, (following
maximum of the period studied), consumption was 7.17 kg of BRLP per
inhabitar.t. Since today there is an almost absolute minimum and that
recovery can not be very rapid we must consider that the next
maximum will appear at the end of 10 years after the previous one,
that is, in 1987, with an BRLP consumption of 20,200 t, calculated
supposing that:

- The vegetative growth of the population is kept (2,668%

annual cumulative).

- Consumption per capita of BRLP in that year will be 3
kg/inhabitant.

— I* has been supposed that the recovery of the same
specific consumption level of steel of 1969 (absolute maximum with 7.7

kg/inhabitant) will be in the next maximum of the cvice, toward 1995.

' - u8
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TABLE 2.17

Per Capita Steel Consumption in Bolivia (Kg/person)

—-
3 Total yearly Steel
Year Persons x 10 Consumption (Source: Annual Consumption of Total steel consum | BRLP ccasumption % BRLP*
Population Metal Bulletin) Mt BRPL (Source: INE) Mt tion kg/person kg/person over Total
1969 4,212.1 - 32,500 - 7.7 -
1970 4,324.6 - 18,000 - 4,2 -
1972 4,541.2 - 25,000 - 5.5 -
1973 4,662.7 - 13,000 - 2.8 -
1974 4,772.2 - 17,818.2 - 3.7 -
1975 4,894.4 - 17,632.6 - 3.6 -
1976 5,026¢.9 - 24 ,957.4 - 4.96 -
1977 5,163.3 - 37,047.1 - 7.17 -
1978 5,303.8 - 32,233.8 - 6.1 -
1979 5,449.3 82,200 31,119.5 15.08 5.7 38
1980 5,599.6 50,100 17,962.6 8.94 3.2 35.7
1981 5,755.1 113,300 31,806.7 19.68 5.52 28,06
1982 5,915.8 54,800 19,070.8 9.26 3.22 34.6
1983 6,115.0 28,000 10,733.6 4.6 1.76 38.3
1984 6,252 7 29,000 7,335.0 4,64 1.17 25.3

* BRLP: Bars, Rods and Light
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On the other hand, the Banco Interamericano de
Desarrollo, in its annual report for 1985 on the economical and social

pregress in Latin America, in some of its paragraphs