9-3 Influence Exerted by Various Factors on the Estimated

Cost
9-3-1 Scale Merit

The copper refining industry is a typical example
of an installation-intensive business and 30% of the cost
is fixed. The costs corresponding to various production
scales with facilities using the same system are presented
in Table III-9~3-1, starting from an annual production
capacity of 60,000 T/¥.

Table III-9-3-1 Variation of Cost According to Production

Scale
. Estimated
Production Scale Refining Cost Share

(/) (US¢/Lb)

60,000 6.45 1.00
120,000 5.78 6.90
180,000 5.50 0.85
240,000 5.33 0.83

It is rather difficult to attain scale merit in
a copper refining plant because once the size of the anode
is determined, the plant area increases proportional to the
production scale. In case of expanding production scale
from 60,000 T/Y to 200,000 T/Y, however, it is possible to
cut the cost by 10 to 20%, by adopting an entirely different
system instead of simply multiplying the production scale
with the same system. Considerable rationalization can be
attained through modifications in the system, e.g., use of
jumbo tanks, mother blanks of stainless steel or titanium,
etc.
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9-3-2 Influence of Electricity Cost

The electricity cost represents approximately 10%
of the total refining cost. Furnaces of the ordinary type
using fuel oil are adopted in the blister melting process,
because steam is required in the electrolysis plant. The
share of the electricity cost can be increased further,
therefore, by engineering the system in such a way as to
use as much electricity as possible.

Variations in the production cost according to
variations of electricity cost for a plant with a production
scale of 60,000 T/Y shown in Table III-9-3-2.

Table III-9-3-2 Variation of Production Cost According
to Electricity Cost

Electricity Cost Estimated Refining Cost Share
(US¢/KWH) (Us¢/Lb)

1 6.02 0.93

2 6.23 0.97

3 6.45 1.00

4 6.67 1.03

The influence exerted by variation of the elec-
tricity cost on the production cost is minor because the
share represented by the electricity cost in the production
cost is small. For example, even when the electricity cost
js reduced from 3USZ/KWH to lUSg/KWH, the production cost
is cut by only 10%.
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10. International Competitiveness of Estimated Cost

The estimated cost calculated in section 9-2 of
this report is rather high compared with the target value
set in section 9-1-1. The peculiarities of each factor

composing the production cost are as follows:

° fThe share of fixed costs is very high, being of the
order of 30%.

° The share of electricity cost is very low, being ap~
proximately 10% in the case of 3USg/KWH.

The following measures are required in order to
further reduce the production cost.

(1) The construction cost should be cut as much as possible.

The calculations in this study are carried out assum-
ing prices prevailing in Japan plus a mere 25%., It is
assumed that reduction in the construction cost will
be possible through local procurement of machinery.

(2) The plant should be designed considering some expansion

in production scale concurrently with rationalization of

the production system.

(3) fThe project should be planned considering fund raising

methods and depreciation metheds as advantageous as

possible.

(4) Cut in energy costs. The possibility of cutting enerxgy

costs should be examined using as much electricity as

possible in the blister melting process, which current-

ly uses fuel o0il, and in the generation of steam for
the electrolysis plant.
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The most important factor in determination of the
profitability of this project is the purchasing terms (re-
fining charge and recovery stipulated in the terms).
Therefore, it is fundamentally important to purchase the
blister copper as advantageously as possible in pursuit of
the mutual benefits to South American countries. On the
other hand, it is also indispensable to materialize trans-
portation costs on par with those of custom ore refineries
in Japan and Burope in order to attain advantageous ore
purchasing terms.

It is quite possible to establish a copper refin-
ing industry in Paraguay, located in the center of South
America, by studying carefully the relevant factors, princi-
pally the ore purchasing conditions. It is needless to
say that it is indispensable to obtain the understanding
of the countries of the region concerned, by explaining
the importance of this project. Adequate timing for imple-
mentation of the project is extremely important also from
the point of view of collection of invested capital and
therefore it should be decided after a careful study be-
cause the copper market is subject to major fluctuations.

11. Problematic Points Related to This Study

This study assumes the construction of a model
plant adopting the usual copper refining process. The pro-
duction cost of the plant is estimated assuming various
conditions. However, it is necessary to improve the
accuracy of the study by determining further concrete
conditions. The factors which should be in mind a more

concrete form are as follows.
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(1) Purchasing terms for blister copper

Discussion of profitability under terms actually pro-
posed by some suppliers. It is not an exageration
to say that everything depends on the ore purchasing

terms,

(2) Transportation cost

Discussion of means for materialization of transpor-
tation costs on par with custom refineries of other

areas, including study of land transportation routes,
referring to concrete example of raw material sources

and product sales destinations.

{3) Construction costs

Discussion of means for reducing the construction
costs as much as possible, including the possibility
of procuring machinery and materials in Paraguay and

from South America.

Other factors which should be considered are listed

below.

°® Fund raising plan
Discussion of the most advantageous fund raising method
and cash flow.

° Marketing of products and byproducts
Discussion of concrete marketing conditions, e.qg.,
destination, prices, specifications, etc.

° Market survey

Discussion of investment timing based on world supply

and demand trends.
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Materials

Discussion of conditions related to the purchase of
principal materials, e.g., quality, price, etc.

ProOCess

Design of the production process able to make use of

local conditions, based on concrete results of analysis
of raw materials.

Utilities

Discussion of utility supply plan, particularly evalu-
ation of the electricity price, based on a concrete
process design.
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IVv. Zinc
1. General Description of Zinc

Zinc is a metal characterized by the following

properties.

~ Corrosion resistance
- High ductility
- Easy formation of alloys with other metals

- Easy casting

Zine is used as a coating material for iron and
steel as protection against corrosion and as a material in
alloys and castings. In particular, more than a half of
demand is for protection of iron and steel against corro-~
sion and therefore, the zinc industry is closely related
with the iron and steel industries., On the other hand,
with regard to die castings, principally of parts used in
the automotive industry, these are being replaced partially
by alternative products of aluminum and plastic. Demand
for zinc itself has remainded unchanged, however, due to
the development of applications in other fields. Moreover,
further expansion in demand can be expected through develop-
ment of new applications for this metal. The production
of zinc has been stagnant or declining in recent years due
*o the 0il shock and subsequent worldwide economical reces-
sion, and is in fact below the peak level. 1In particular,
in the hydrometallurgical process, the most important among
zinc refining processes, there is a substantial cost dif-
ference between countries such as Japan, where the unit
cost of electricity is expensive, and countries like Canada,
where it is cheap. This energy problem, together with the
environmental pollution control problem, is bringing about
a considerable change in the production mechanisms of the
international zinc market.
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2. Market and Price Trends for Zinc

The worldwide consumption of zinc reached 6.3
million tons in 1979 but declined thereafter. In 1981 the
consumption of this metal totalled 5.9 million tons. It
is presumed that this decline has been caused by the oil

s&hock and the subsequent stagnation of the world economy
but the same consideration is applicable to copper and
other metals too. The principal consumers of zinc are the
Soviet Union, the U.S. and Japan.

The principal zinc ore producing countries are
Canada, the Soviet Union, Peru, etc., while the principal
metal zinc producing countries are the Soviet Unien, Japan,
Canada, ete. In other words, Canada is an exporter of both
ore and metal, while Peru is a zinc ore exporting country
and Japan a zinc ore importing country. The Soviet Union,
which is one of the principal consumers of this metal, pro-
duces metal as well as ore, but in the case of the U.,S.,
domestic consumption of zinc is covered by importing both

metal and ore.

Statistical data on production of ore, production
of metal and consumption of zinc are given in Tables IV-2-1,
IV-2-2 and IV-2-3. 2Zinc negotiated on the market is clas-
sified into Prime Western Grade Zinc, Special High Grade
Zinc, Electrolytic Zinc, etc., according to the refining
process adopted for production. Electrolytic zine and
special high grade zinc are of high grade, surpassing 99.9%
purity, while prime western grade zinc is rather low grade.

Zinc is a typical example of an international

commodity whose price is determined by the supply-and-demand
balance on the world market. The London Metal Exchange
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(LME), the Producer Price (P.P.), the independent price of

the U.S., etec., are examples of mechanisms for determining
the price of zinc on the world market. The evolution of
the LME 2zinc price in recent years is indicated in the

Table II-2-4,
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3. Z2inc ExXtracting Process

Broadly speaking, zinc extracting processes can
be classified in two types, namely, the hydrometallurgical
process, where the ore is roasted, lixiviated and electro-
lytic zinc produced by electro-winning, and the pyrometal-
lurgical process where prime western grade zinc is obtained
by roasting, sintering, reduction and volatilization of
the ore. 1In the latter case special high grade zinc is
obtained by distillation refining of prime western grade
zinc.

An outline of the extracting processes is illust-
rated in Figure IV-3,

Sulfide ore is the principal raw material used
for production.of zinc. Approximately 80% of zinc produced
in the world is turned out by means of the hydrometallurgi-
cal process, in view of factors such as the high grade of
the metal obtained, easy measures for coping with environ-
mental protection requirements, etc. The hydrometallurgi~
cal process consists of the following steps;

- Roasting: The sulfide ore, composed basically of ZnS,
is roasted and the ore is oxided in the form of ZnO.

- TLeaching: The roasted ore is leached with H3S04 solu-
tion (electrolyte residue) and is converted to ZnS0y
solution, Impurities like Cu, Cd, Co, etc., are

eliminated from this solution.

- Electrolytic zinc (purity of more than 99.997%) is
obtained by electro-winning, through the precipitation
of Zn from the purified solution on an Al cathode
plate using a Pb-Ag(Ag 1%) anode.
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The Zn is recovered from the leaching residue by
submitting it to separate processing because it contains
gn in the form of 2ZnO-Fez03 (zinc ferrite). Impurities
such as Cu, Cd, etc., separated at the purification pro-
cess, are subjected to a separate recovery process. In the
roasting process S contained in the ore becomes a gas in
the form of SO and is recovered an sulfuric acid in the

sulfuric acid plant.

- 121 -



DUTZ OT3ATOI303TH

_mCﬂ::ﬂkauomHm

-
exelxTdroaIa ATIIIII*:OﬂHMUMNﬁuzm
ﬁm:wEummuB msvﬂwwm_

I

anprsoad

P1IOY SNCTUIS AT

Jsnd oulg

PIOY 9TIngiag

burzseoyn

23eIju@ouUO) OUIZ

ss8001d TeoTbaniie3sucIpiAl

ss9o001g BurloeI}XRIT OUTZ

SUT2 pPeuijgod

INpISs oY
uoT3eITTA6TA |

uctijezrrodea
DULlZ pPesSUopu0d =—<=—f

. pue buronpay

m:ﬂumu:ﬂm_

S —
X 500

__r XTI BOTITS

PIoY OIXAnZLRS

93eIqU3DUQCD JUTZ

5§590034 Te21IbanTreiauwoxid

£-AI 2anbra

- 122 -



4, Z2Zinc Ore and Byproducts
4-1 Zing Ore

Zinc ores normally used for production of this
metal normally consist of zinc blend (2nS). This is often
found in nature together with galena. The grade of crude
ore is of the order of 3% and this is refined by converting
the ore into zinc concentrate containing more than 50% Zn
by means of flotation. Therefore, zinc ore is negotiated

in the market as concentrate.

Currently, world deposits of zinc are estimated
to be of the order of 240 million tons.

The principal countries blessed with natural
resources of zinc are Canada with 62x106T (25.8%), the
U.S. with 48x106T (20.0%), Australia with 24x109T (10.0%),
Peru and Mexico. It is estimated that the communist block
has some 24x108T (10.0%) of zinc deposits.

A temporary worldwide shortage of zinc ore has
cccurred for some time in spite of concentrate sufficient
deposits, due to the absence of development motivation for
new resources caused by recent stagnation of zinc prices.
The balance between supply and demand is expected to even
out on a long term basis, however.

4-2 Byproducts

Zinc concentrate contains many metals which can
be separated out as byproducts during refining.
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4-2-1 sSulfuric Acid (HpS504)

Sulfur (S) contained in the zinc is separated
out in the form of 50, gas. This gas is fixed and recover-
ed concentrate as H,S04, Cuso4-2H20, liquid 804, etc. The
recovered byproduct can be sold if there is a demand.

4-2-2 Lixiviation Residue

Lixiviation residues are materials which do not
dissolve in the HpS04 lixiviation solution. They consist
principally of zinc ferrite (Zn0O+Fej03). Precious metals
like Ag are contained in this lixiviation residue. There
are various treatment methods to recover Zn and Ag from
the lixiviation residue.

4-2-3 Precipitates of Various Types

The solution purification process consists of
various steps, each one of these generating a precipitates
consigting mainly of Cu, mainly of Cd, etc. These precipi-
tates are sent to processes for recovery of the various
kinds of metals contained therein.
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5. Expected Zinc Extracting Project for Paraguay
5-1 Status quo of 2inc Market in South America

A portion of the statistical data of Section 2
referring to South America in 1981 is presented in Table

IV-5-1.

Table IV-5-~1 Zinc Market in South America (1981) x103T

Mine Production gigguiiggn Consumption
Argentina 34,0 26.9 21,9
Bolivia 48.0 - 1.8
Brazil 67.1 91.9 108.8
Chile 1.0 - 2.7
Peru 496.9 129.0 23.6

Ore is exported by Peru and Bolivia, while metal
is exported by Peru only. In the South American region
there is insufficient zinc refining capacity, as in the
case of copper. On the other hand, demand is growing in
Brazil and in Argentina and further increases in quantity

are expected to develop in future.

For the South American region as a whole, it is
obviously necessary to meet the increasing demand for zinc
metal. On the other hand, with regard to ore exported
from this region, it is thought best to increase the added
value by converting it at least into metal and, if possible,
processing it further into finished products.
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5-2 Form of Zinc Extracting Industry to be Introduced in

Paraguay

In the custom smelters and refineries of Japan
and Europe which use integrated extracting processes from
raw material to electrolytic zinc, the transportation of
ore is rationalized by using large-sized ore carrying
vessels. In view of the geographical peculiarities of the
country, it is expected that Paraguay will face disadvan-
tages from the point of view of transportation. However,
discussion of the form of the zinc¢ extracting industry to
be introduced in Paraguay can be set forth paying attention
to the following points, should there be advantageous con-
ditions regarding factors related to the other items com-
posing the smelting and refining cost such as electricity

cost, etec., compared with other zinc smelters and refineries.

(1) The study of a zinc refining plant for Paraguay should
take into consideration the pursuit of an integrated
system consisting of the production of ore -- refin-
ing ~- consumption and export of the metal within
South America.

(2) The raw materials should be obtained as economically
as possible with minimum transgportation cost.

(3) Electricity should be used as effectively as possible
for production of metallic zonc.

Such being the case, transportation of raw
materials produced in the South American region as effici-
ently as possible to produce electrolytic zinc by means of
the hydrometallurgical zinc refining process is recommended

in view of the large consumption of electricity an export
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of the product to consumption markets is recommended. In
this case, it is necessary to reduce the refining cost by
cutting the electricity cost as much as possible in order

to compete with other refineries.

-3 Plant Site

This study is set forth assuming construction
of a plant in the vicinity of Asuncion, capital city of
Paraguay in view of the availability of electricity and
labour and the advantages of the fluvial route of the La
Plata River for transportation of raw materials and pro-

ducts,

5-4 Sources for Supply of Raw Materials and Markets for

Products

Peru and Bolivia can be considered as possible
sources of the raw materials required for operation of the
plant. The source which will actually supply the concen-
trate is not concretely know yet but it is presumed that
transportation can be carried out in principal by sea.

It will be necessary to study the most efficient method of
transportation. Land transportation is possible, but is
not necessarily adequate for handling zinc concentrate,
which is a very bulky material. Possible markets for the
products obtained are Brazil in South America and North
America.
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5~5 Production Scale

The scale of the hydrometallurgical zinc re-
fineries which currently exist around the world vary from
5,000 T/Y to 300,000 T/Y. The refineries in South America
are La Oroya, Peru, with 70,000 T/Y capacity, Cajamarquilla
with 100,000 T/Y and some other plants in Brazil and
Argentina., In the case of custom refineries, the larger
the production scale the more advantageous from the point
of view of economy. A production scale of the order of
100,000 T/Y seems best. 1In the case of Paraguay, however,
the study is set forth assuvming an annual production capa-
city of 72,000 T, which is the minimum economical scale.

6. General Description of the Model Plant Process

6-1 Production Process
Roasting: Fluid solid bed roasting process
Lixiviation: Composite continyous lixiviation process

Purification: Continuous purification process
Electrolysis: Electro-winning

Lixiviation E.G., sulfation roasting process
residue ,
treatment: (only congtruction costs are calculated)

6-2 General Description of Processes
The process flow sheet is given in Figure IV-6-2,
Zinc concentrate, the raw material, is charged

in the fluid bed roaster in the form of a slurry where it

is oxidized and roasted. The rocasted concentrate is
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lixiviated with electrolyte and the residue is separated
from the solution. After removal of impurities the solution
iz sent to the electro-winning process as electrolyte. 1In
the electro-winning process, Zn is precipitated on the Al
cathode using a Pb anode. Pure metallic Zn precipitated

on the cathode is stripped off at intervals of 36 to 48
hours. The Zn obtained is melted and cast to become the

finished product.

Gas generated in the fluid bed roaster is sent
to a sulfuric acid plant where it is converted into sulfu-

ric acid.

Byproducts such as copper and cadmium are obtained
in the form of precipitates in the purification process of
the lixiviation solution. The lixiviation residue contains
Zn so it is necessary to submit it to separate treatment
like lixiviation after roasting with sulfation, wWhen the
raw material contains Ag, it is recovered in the residue
treatment process., The final residue is disposed of.

The residue treatment process to be adopted in
the model plant should be determined based on the results
of analysis of the raw material. The process actually to
be adopted in this plant has not been selected yet therefore.
(The sulfation roasting process is indicated as an example

in the process flow sheet).

6-~3 Plant Layout

Plant layout is given in Figure IV-6-3,
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7.

Estimation of Model Plant Construction Cost

The construction cost of the model plant assumed

in this study is estimated on the following premises:

(1)

(2)

(3)

(4)

Construction cost is estimated by referring to prices
quoted in the Japanese market as of Auqgust, 1982 plus

25%,
(The accuracy of prices quoted for the Japanese market
is assumed to be +30%).

Installation cost is included in the estimation.

Land and land preparation costs are not included in
the estimation.

Cost of facilities such as maintenance workshops,
management office buildings, warehouses, etc. are not

included in the estimation.

The construction costs of the various plants are

estimated as follows:

Estimated
Plant Construction Cost

(103 Us$)

Ore storage plant 4,000
Roasting plant 17,900
Lixiviation and purification plant 7,700
Electrolysis plant 13,600
Casting plant 2,800
Sulfuric acid plant 23,500
Total 69,500
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8, Operation Conditions Expected for Model Plant

8-1 Amounts of Materials to be Handled (Raw Materials,
Intermediate Products, Finished Product)

The grades and amounts of the principal materials

to be handled in the model plant are as follows:

Name Grade (%) Amount (T/Y)}
Zinc concentrate Zn 50 152,000
Lixiviation residue Zn 20 46,000
Electrolytic zinc Zn 99,997< 72,000
Sulfuric acid HpS504 98< 128,000
Copper precipitate Cu 50 2,000
Fe residue Fe 50 25,000

8-2 Principal Operation Materials

The base units and annual consumption of the

principal materials required in addition to spare parts are

as follows:

2inc dust

Arseniocus acid
Slaked lime
Precipitant

20 kg/T

1 kg/T

125 kg/T
0.25 kg/T

14,400 T/Y
(in house production)

72 T/Y
9,000 T/Y
18 T/v

Material flow of the items in sections 8-1 and

8-2 is given in Figure IV-8-1.
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8-3 Utilities Regquirements

The base units and annual consumption of the
various utilities required for operation of the model plant

assumed in this study are as follows:

Electricity 4,100 KW/T 295,200 MWH/T

Steam 1 7/T -72,000 T/Y
(recovered from the
roasting plant}

Industrial water 100 /T 7.2x10% T/V

8-4 Personnel Required

The personnel required for operation of the model
plant assumed in this study are as follows (Only plant oper-

ation personnel):

Manager 1
Engineers Foremen Operators

Roasting plant 1 1 15
Lixiviation &
Purification plant 1 1 30
Electrolysis plant 1 1 48
Smelting plant 1 S
Sulfuric acid plant 1 1 9

Total 4 S 111
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9, Estimation of Production Costs -in the Model Plant
9-1 Profitability in the Case of Custom Refining:
9-1-1 Determination of Terms of Ore Purchase

Zinc refineries are classified into two types,
namely domestic refinery and custom refinery, as in the
case of copper refining. Broadly speaking, ore purchase

terms (CIF basis) are as follows:

Zinc concentrate price (USS/T)

= K x (x%-b) x 2204.6 - ¢ (9.1.1)
Where:

K: Metal cost (&/Lb)

X3 Zinc grade (%)

b: Unit reduction

2204,6: 2204.6 Lb = 1T

c: Treatment Charge (T/C) (USS/T)

c: T/C is corresponds to the treatment charge
for obtaining electrolytic zinc from zinc concentrate,
b: Unit reduction corresponds to recovery.

When the zinc concentrate contains Ag in excess
of a fixed percentage, the content of the precious metal
is evaluated by deducting a fixed amount from the content
in question and multiplying the difference with the quoted
price,

Zinc ore contains a wvariety of metals but S, Cu,

Cd, etc., are recovered as byproducts., On the other hand,
in the case of impurities like Fe and others, these are
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considered noxious component and a penalty is applied when
they exceed a fixed proportion. The penalty is applied in
the form of reduction of an amount corresponding to the

impurities from the ore price.

Expenses such as domestic transportation cost,
commission paid to the trading company participating in
negotiations and other miscellaneous costs are added to the
zinc concentrate price given by expression (9.1.1) when the
concentrate is actually delivered to the refinery. The
actual purchasing prices are not clearly known, at present,
as in the case of copper. This study is carried out by
estimating the CIF prices of zinc concentrates with those
prevailing at custom refineries in Asia and Europe, esti-
mating the domestic transportation cost, commission paid
to the trading companies involved in the transaction, other
miscellaneous costs, inventory interest, etc., and by set-
ting a target of the order of 10 to 11#/ILb for the refining

cost.

In a more advanced study, it is indispensable to
determine the target value based on ore purchasing conditions

proposed by an existing ore supply source.

In particular, it is indispensable to materialize
transportation conditions equivalent or close to those of
custom refineries in Asia and Europe because otherwise it
will be necessary to further cut the refining cost target
value. Therefore, a concrete study of the methods and
routes of transportation is important for determining ore
purchasing conditions.
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9-1-2 Profitability of Custom Refinery

The mechanism for determination of the profita-
bility of a zinc refinery is the same as in the case of a

copper refinery.

Materials considered as byproducts are sulfuric
acid, copper precipitate, etc., but Cd and other materials
can also be included if there is a market for them. As
for the Zn contained in the lixiviation residue, it seems
appropriate to include it in the recovery difference.

If the lixiviation residue is disposed of as is,
the process itself becomes simpler but from the point of
view of profitability it is better to recover the Zn from
this residue. Residue treatment technique is new, however,
and so there are a number of processes. Accordingly, the
best process should be selected in accordance with results
of analysis of the lixiviation residue to be treated.

This study assumes that the lixiviation residue
is submitted to Zn recovery treatment but the treatment
process itself has not been selected. The recovered Zn is
evaluated at approximately 30% of the metal price, taking
into consideration treatment costs.

In this study the profitability of the refinery
is discussed by estimating the refining cost, including
earnings resulting from sale of the byproducts, and by
comparing. the estimated refining cost with the target value.
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9-2 Estimation of Refining Cost

Refining cost estimation for the model plant and

elucidation of each element of the cost are carried out on

the following premises:

(1)

(2)

(3)

(4)

Depreciation cost (Refer to section 7 of this report

for details)

A depreciation period of 13 years is applied, assuming
a residual book value of 10%, 10 years for depreciation
of the refining facilities, 20 years for depreciation
of the sheds and a proportion of 70:30 for construction
costs of the refining facilities and sheds, respective-

1ly.

Interest

It is assumed that all funds required for construction
of model plant are covered by loans with an annual

interest rate of 10%.

Real estate tax and insurance

Real estate tax and insurance are not taken into con-
sideration in the calculations.

Personnel expenditures (Refer to section 8-4 of this
report for details on personnel required for operation
of the model plant)

Personnel expenditures are calculated only for person-
nel required for operation of the model plant, assum-
ing the following wages per function (personnel ex-
penditures for auxiliary management sections are in-
cluded in the overhead costs):
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Manager Uss48,000/Y

Engineer Us$24,000/Y
Foreman Uss$l9,200/Y
Operator Uss14,400/Y

(5) Maintenance cost

2% /year of installation cost.

{6) Material costs (Refer to section 8~2 of this report
for details on principal materials reguired for oper-
ation of the model plant)

{(7) Utility costs (Refer to section 8-2 of this report
for details on utilities requirement for operation of
the model plant)

It is assumed that the electricity cost is US¢3/KWH.

{8) Transportation costs

Only the costs of transportation of materials inside
the plant are taken into consideration in this study.

(9} Overhead cost, etc.

50% of personnel expenditures

(10) Earnings resulting from sale of byproducts

Sulfuric acid Uss3o/T

Copper precipitate  Evaluated at US$1,000/T.Cu (Eva-
luated as an intermediate product)

Zinc recovered from Evaluated at US$250/T.Zn (This
lixiviation residue portion of zinc corresponds to

the part in excess of the recovery
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(11)

(12)

stipulated in the ore purchasing
terms. The treatment process

is not chosen, but is evaluated
by deducting an amount corre-
sponding to the treatment cost).

Ag is not taken into (Recovery is assumed to be the

gg?:lSZE:ziggigg same as that stipulated in the

ore purchasing terms).
Direct marketing cost, etc.

10% of the prime cost

Exchange rate

¥250/U8$
The refining cost estimate based on the exchange rate

above is given in the Table IV-9-2.
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Table IV-9-2 Estimated Electrolytic Zinc Refining Cost

Amount per
ton of
Item Total amount electrolytic Share
copper
(x106us$ /) (US¢/Lb) (%)
{rixed Lost)
Depreciation 4.812 3.03 27.1
Interest 0.535 0,34 3.0
Real estate tax, _ . _
insurance, etc.
(1) Sub-total 5.347 3.37 30.1
{(Vvariable Cost)
Personnel
expenditures 1.838 1.16 10.3
Maintenance costs 1.390Q 0.88 7.8
Material costs 2,294 1,44 12.8
Utility costs
Electricity cost 9.216 5.80 51.6
Others 0.072 0.55 0.4
Transportation costs 0.288 0.18 1.6
Qverhead cost, etc. 0.919 0.58 5.1
(2) sSub-total 16.017 10.09 89.6
(1)+(2)
Total prime cost 21.364 13,46 119.6
Earnings of by-
products 5.640 3.55 31.6
Direct marketing
cost, ete. 2,136 1.34 12.0
Total Prime Cost 17.860 11.25 100.0
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g-3 Influence of Various Factors on Estimated Cost

9-3-1 Scale Merit
The influence of the production scale on the cost
when using the same system starting from 72,000 T/Y is indi-

cated in the Table IV-9~3-1.

Table IV-9-3-1 Influence of Production Scale on Cost

Production Scale Estimated Refining Cost Share
(T/Y) (US¢/Lb}

72,000 11.26 1.00
144,000 9.94 0.88
216,000 9.13 0.81
288,000 B.76 0.78

Data indicated in the table above reveals that
when using 72,000 T/Y as a reference, the cost is cut by
10% when the production scale is doubled and by 20% when the
production scale is quadrupled.

9-3-2 Influence of Electricity Cost

The electricity cost has a considerable influence
on the refining cost because it represents more than 50%
of the total production cost. The influence of the elec-
tricity cost on the estimated refining cost in the case of
a 72,000 7/Y model plant is shown in Table IV-9-3-2,
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Table IV-9~3-2 Influence of Electricity Cost on 2inc Cost

Electricity Cost Estimated Refining Cost Share
(US¢/KWH) (US¢/Lb)
1 7.00 0.62
2 8.99 0.80
3 11.25 1.00
4 13.38 1.19

Data indicated in the table above shows that with
an electricity cost of 3 USZ/KWH as a reference, the refin-
ing cost is cut by 20% in the case of 2 US¢/KWH and by 40%
in the case of 10 US¢Z/KWH.
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10. International Competitiveness of Estimated Cost

The estimated refining cost calculated in section
9-2 is rather expensive compared with the target amount set
in section 9~1-1. The estimated refining cost has the

following characteristics:

(1) The fixed cost represents approximately 30%.

{2) The electricity cost represents approximately 50% when
the electricity charge is 3 USE/KWH.

(3} The share of earnings brought about by sale of the
byproducts is approximately -30%.

With regard to fixed costs, it is necessary to
discuss the construction cost and means for raising funds
under advantageous conditions and advantageous depreciation
methods, as in the case of copper.

On the other hand, the share of the electricity
cost is large, unlike in the case of copper, and, therefore,
the total cost may be cheaper even when other disadvantage-
ous factors exist, .if the electricity charge is low compared
with other countries,

As for the byproducts, the following conditions
should be fulfilled to obtain earnings from them.

(a) A firm market is required for approximately
120,000 T/Y of sulfuric acid.

(b) The appropriate zinc residue treatment process
should be selected.
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As for sulfuric acid, production should be based
on a reliable demand study in the domestiec market of Paraguay
and in the South American region, closely related with the
chemical industry and fertilizer industry.

For residue processing, it is possible to recover
zinc in excess of the recovery stipulated in the purchasing
terms, depending on the treatment process.

It will be necessary to check one by one the
aforementioned refining cost component elements. On the
other hand, as mentioned in the case of copper refining,
examination of the purchasing terms (conditional refining
cost and conditional recovery) and transportation cost is
the most important point in this study.

Regérding the importance of the introduction of
a zinc refining industry in Paraguay for the South American
region, it is necessary to understand conditions in the
countries related to the matter in order to obtain the most
advantageous terms for purchase of concentrate, transpor-
tation and marketing of the finished product.

Materialization of the zinc refining industry
in Paraguay might be proven possible by studying carefully
ore purchasing terms and other relevant factors described
in the foregoing.
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11. Problematic Points of This Study

In this study the refining cost is estimated
based on various conditions, with reference to a model
plant adopting the very usual process. It is necessary to
improve the accuracy of the study by determining further
concrete conditions. The following lists are various con-
ditions which should be confirmed in a future study:

(1) Market Survey

Timing is a very important factor in investment
planning, therefore, correct judgement should be inplemented
based on an accurate market forecast of world supply and

demand.

(2} Raw Materials

The purchase terms depend on each individual case.
They should be examined with regard to concrete cases,
based on the treatment charges (T/C), conditional recovery,
etc, (In particular, it is recommendable to seek the most
advantageous terms within the South American region).

(3) Products and Byproducts
It is necessary to conduct studies about concrete
marketing conditions such as price, specifications, etc.,

of the selling destinations (In particular, a very careful
study is required for sulfuric acid).
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(4) Materials

It is necessary to study aspects such as availa-
bility, alternate materials, price, quality and other pur-
chasing conditions for the principal materials.

(5) Transportation

Study of rational transportation means and routes
and cost evaluation for the raw materials, products, second-
ary raw materials, consumption materials, etc. to be used.
(In particular, a very careful study is required for the
zinc concentrate).

(6) Processes

Process design making the best use of local con-
ditions and based on results of analysis and properties of
the raw materials to be actually used. (In particular, the
lixiviation residue treatment process should be chosen from
among the various processes available based on results of
analysis of the raw materials).

(7) Construction

Estimation of the construction cost taking into
consideration local conditions such as procurement of
materials, import conditions, labour conditions, etc. (The
purchase of equipment from South American countries should
also be taken into consideration).
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(8) Utility

Study of utility supply plan and evaluation of
costs, based on the process design actually implemented.
(The cost of electricity should be evaluated with particular
care, in view of its importance in cost make up).

(9) Fund Raising Plan

Study of cash flow plan advantageous fund rising
and the economy of Paraguay.
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The Ferroalloy Industry

I. Introduction
1. General Description of Ferroalloys

Ferroalloys are ingredients indispensable in the
steelmaking industry and, as represented by ferro-manganese,
ferro-silicon, ferro-chromium, etc., they are alloys com-
posed mainly of iron., Nowadays there are many types of
ferroalloy, as shown in Table I-7, as results of the progress
occurred in steelmaking technology and the development
of many kinds of steel. The volume of production and the
price of these ferroalloys presents considerable variation,
depending on the types. From the point of view of use,
ferroalloys can be classified into those used as deoxidants,
desulfurants, etc., which have the function of eliminat-
ing impurities like oxygen, sulfur, etc. Which got contained
in the steel in the steelmaking process, and those used as
additives with the function of improving steel properties.
Ferroalloys used as deoxidants and desulfurants are
represented by ferrosilicon and ferromanganese. They are
characterized by massive production and low price. On the
other hand, ferroalloys used as additives, represented by
ferrochromium and ferronickel used in the production of
stainless steel. They are characterized by relative small
volumes of production and high prices.

The ferroalloy industry is a kind of refining
industry which uses mineral ores as raw materials. The
ferroalloy production'process is composed'principally of
the reduction in the aforesaid impurities by melting them.



Accordingly, it is an installation-intensive industry of
the energy-intensive type and at the same time a capital~

intensive industry.

The submerged arc type electric furnance is
currently used for production of most ferroalloys because
they have a high melting point. Accordingly, it is a
typical example of electricity-intensive industry within
the class of energy-intensive industry.

The cost of ferroalloys is determined by three
predominant factors:

- Price of the raw materials (ores)
- Installation costs, mainly for the electric furnace
- Electricity cost

The ideal location of a ferroalloy plant is con-
ditioned on three factors,

- Proximity to the source of raw materials

~ Availability of cheap and abundant electricity

- Cheap transportation cost for the products to con-
sumption centersg

So far the ferroalloy industry has developed
mainly in the major iron and steel producing countries
because it is the source of an important ingredient for
the iron and steel industry. Since the oil shock of 1974,
the major iron and steel producing countries have been
faced with difficulty in increasing production in their
due to increases in the cost of electricity, and as a
consequence imports from ferroalloy producing countries
with cheaper electricity cost has shown a tendency to



increase. This tendency is especially pronounced in the
case of products like ferrosilicon, ferromanganese, silicon-
manganese, etc., for which the electricity cost in the
production cost represents a major share.

On the other hand, as for types of ferroalloys,
for which a high percentage of the cost of production cost
is raw material cost, together with the electricity cost,
the location of the plant for their production has tended
to shift from the iron and steel consumer countries to
countries where both raw materials and electricity are
available at low prices. Currently, world production of
iron and steel is decreasing due to the worldwide recession
and, therefore, production of the ferroalloy industry is
at a low level. However, on a long-term bkasis it is evident
that the world production of 'iron and steel will increase
and in such a case, the aforementioned change in the fer-
roalloy industry distribution pattern in various countries
of the world is expected to become more pronounced. In
other words, it is expected that the production of ferro-
alloy in countries where cheap electricity is available
low in raw material producing countries will become more
active, with expansion of production and the implantation
of new industries. From the point of view of production
technology the ferroalloy industrv is gquite mature. The
transfer of technology is relatively easy because it is
an installation-intensive industry and at the same time
most of the technology is concentrated in the installation
itself. A very high degree of operating skill and instal-
lation maintenance technique is required, however, because
the ferroalloy industry is a heavy industry which handles
very large guantities of raw materials and products at
high temperature. Accordingly, production control in
this industry requires a small number of high grade engi-
neers and workers with a very high degree of skill.



2. Selection of the Ferroalloy Products which can be

Produced in Paraguay

Wwhen discussing the location of the ferroalloy
industry in Paraguay it is necessary to always bear in
mind that the consumption of ferroalloys in the domestic
market is negligible, therefore, discussion should be set
forth on the premise that the products to be exported world
markets. Accordingly, the key point in determining feasi-
bility of the project is production of ferrcalloys at
sufficiently low cost to ensure competitiveness on the

world market.

Frankly speaking, it is premature to conclude
that a ferroalloy industry can be located in Paraguay, an
inland country with an economy based mainly on agriculture,
merely because cheap and abundant electricity will be
generated in Itaipu. On the other hand, it is also not
correct to conclude that a ferroalloy industry in Paraguay
is impossible simply because the country is not rich in
mineral and other natural resources. It is thought that
the Paraguayan ferroalloy industry may acquire competitive~
ness in the international market, with possibility of
exporting its products, should the necessary conditions be
gradually improved on a long~-term basis of the order of
10 to 20 years. Improvement of the aforesaid conditions
is also necessary in the case of other electricity-inten-
sive industries. These necessary conditions are as follows:

1. Overcoming of the disadvantages inherent to an
inland country

2., Training of industrial engineers and workers

3. PFormation of fund-raising capacity



The long-term effort of the government through
appropriate policies and the cooperation of the people are
indispensable for materialization of these goals. However,
it is not correct to conclude that the location of indus-
tries in Paraguay will be impossible since the aforemention-
ed conditions are not fulfilled. It is possible to pro-
gress by setting out towards industrialization with products
able to maintain cost competitiveness under current con-
ditions, in parallel with the improvement of those conditions,

In order to develop the ferroalloy industry in
Paraguay as an export industry, it will be necessary to
select products which can be turned out under the con-
ditions currently prevailing and expected to develop in
the near future and to discuss the possibility of produc-
tion related to each individual product. As mentioned
above, there are many ferroalloy types with different cost
compositions, production technigues, market and other
peculiarities. Selection of the type of ferroalloy best
suited for production in Paraguay is the first step for
examination of the possibility of its location in the
country.

The ,following conditions should be taken into
consideration in selecting the type of ferroalloy to be
produced in Paraguay.

(1) The raw materials should be available from domestic
sources or. from neighbouring countries or they should
be available more easily and more economically than
on the international market.

(2) The transfer of technology should be easy. In other
words, the production process should not be technical-
ly sophisticated.



{(3) 'The electricity cost should represent a large propor-
tion of the production cost.

{4) The products should be exportable to the world market

in future.

When implanting an export oriented ferroalloy
industry, it seems that ferrosilicon, ferromanganese and
silicon-manganese are the most appropriate type in view
of the aforementioned conditions, the strong possibility
of raw materials deposits in the country and the large
proportion of the electricity cost in the production cost.
Next is ferrochromium, in view of the availability of
imported raw materials and the future potential of the

export market,

This report discusses the current world market
gituation, raw materials and other ingredients related to
the 4 types of ferroalloys mentioned above and described
the contents of the optimum scale and expected production
cost of the plant assumed for Paraguay.

The reader is asked to bear in mind that this
report has been written under a number of unfavourable
conditions, mentioned below and the production costs
calculated based on many suppositions.

(1) In view of the worldwise recession, the international
iron and steel industry is experiencing extremely un-
favourable conditions. Accordingly, the international
ferroalloy market is in a very confused state and
prospect for the future is gloomy.



(2)

(3)

(4)

The cost of electricity to be generated at Itaipu,
Paraguay, is not clearly known at present.

The transportation infrastructure of Paraguay has
major deficiencies and currently transportation costs
are very expensive.

Engineers and workers are not available in sufficient
quantity or guality.
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II. PFerromanganese
1. General Description of Ferromanganese

Ferromanganese is an alloy of iron and manganese.
It generally contains 73% to B5% manganese, 1.0% to 7.3%
carbon, 0.5% to 2.0% silicon and the remainder iron. Ferro-
manganese can be divided into 3 groups, namely, high carbon,
medium carbon and low carbon, according to the carbon con-
tent, Each of these groups has several specifications.
The most popularly used ferromanganese is the high carbon
type, which has the largest production. High carbon ferro-
manganese is the object of discussion in this report,
Hereinafter in this report the term "ferromanganese" shall
be used to mean "high carbon ferromanganese"., Ferromanga-
nese is used in every type of steel as a deoxidant and
desulfurant., It is also used as an additive in the steel-
making process. For alloy steels such as high manganese

steel.

Ferromanganese is the ferrocalloy used most popu-
larly in the steelmaking industry. In Japan, which is
the largest consumer of this product-in the world, it is
consumed at rates of 3.5 to 4.0 kg per ton of steel.
Ferromanganese represents 21% of the total consumption of
ferroalloys.



2. Market and Prices Trends for Ferromanganese

World production of ferroalloys reached its peak
in 1974 but since then it has stagnated at levels of the
order of 3.4 to 3.5 million tons per year in view of the
poor showing of steel production. In terms of production
per country, the Soviet Union, a country with abundant
deposits of manganese ore and iron and steel production
of top level in the world on par with the U.S. and Japan,
has the highest production, representing approximately 25%
of the total quantity turned out in the world.

The Soviet Union has sufficient export capacity
and is one of the most important exporters to its satellite

countries and to Europe.

The.U.S., Japan, France and West Germany, countries
with massive preoduction of iron and steel, are also im-
portant producers of ferromanganese following Russia.
These countries rely, however, on imports for supply of
most of the required raw material ores. Furthermore, pro-
duction costs have risen considerably due to the rise in
electrical energy costs after the oil shock. Currently
the production of ferroalloys in these countries is stag-
nant or in decline due to recession in the iron and steel
industry in addition to the unfavourable circumstance
mentioned above.

In countries like South Africa, Brasil, Australia,
etc., where manganese ore is abundant and development of
electric power is being promoted, the production of ferro-
alloys is increasing thanks to the favourable evolution of
exXports, in spite of the recession in the world iron and
steel industry. In Europe, Norway is maintaining its
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production of ferroalloys at satisfactory levels, based
chiefly on exports to the European market, thanks to the
availability of cheap electricity from hydroelectric power
stations.

The rise in the cost of electricity brought about
as a consequence of the rise in the price of crude oil
after the oil shock of 1974 resulted in an important change
in the structure of the world ferrocalloy industry. Ferro~
manganese is not an exception.

The production cost in the ferromanganese industry
of the major iron and steel producing countries such as
the U.S., Japan and European countries is suffering a pro-
nounced increase due to the increases in the raw material
transportation cost, electricity cost and environmental
protection cost. As a consequence, the ferroalloy industry
in these countries is declining as a consegquence of the
pressure exerted by imports from countries with cheap pro-
duction costs like Norway, the Soviet Union, etc., and
from newcomers like Brazil, South Africa, etc,.

It is evident that from now on the major con-
sumers of ferromanganese like the U.S,, Japan and European
countries will gradually increase their reliance on imports
from ferroalloy producing countries where electricity is
available at cheaply.

Currently the price of ferromanganese in the
world market is not unified because it depends on circum~
stances such as the supply demand balance at the time of
a transaction, the commercial relations between the producer
and consumer, etc. Therefore it is quite difficult to grasp
precisely the current market situation. The most recent

- 11 ~



price trend inferred from the transaction prices in Japan
and the U.S. which are the two largest consumers of ferro-
alloy in the world, is presented in the table below.

Table II-2 Evolution of Ferromanganese Import Price in
Japan and the U.S, (Unit: USS)

1972 1973 1974 1975 1976 1977 1978 1979 1980

Japan 228 236 256 370 412 480 480 480 580

U.S.A.]| 125 126 197 307 287 291 261 313 350

Note: USA ~- CIF
Japan -- Plant CIF

In spite of the stagnant consumption of ferro-
manganese in the iron and steel industry after 1973, the
price has risen substantially due to the increase in petro-
leum energy costs. It goes without saying that this is a
consequence of the substantial rise in the electricity
cost resulting from the reliance of Japan and US on oil
fired thermoelectric plants. Other important factors which
should be taken into consideration are rises in the cost
of raw material ores and the rise in transportation costs.
In spite of the substantial rise in the prices of ferro-
alloy in the world market, ferromanganese producers of the
U.S5., Japan, West Germany, France, etc., are suffering
substantial impoverishment in profitability because the
rises in production cost caused by the rise in electricity
cost surpass increases in the price of the product. There~
fore, these traditional ferroalloy producers are losing
ground to the Soviet Union, Norway, South Africa, Brazil
and other exporters in the world market.

- 12 -



3. Method of Ferromanganese Production

Ferromanganese is produced in electric furnaces
using manganese ore with 35% to 55% Mn as the principal
raw material and coke, limestone or dolomite and electrode
paste as secondary material.

Manganese Ore Electricity

(Mn 35 to 55%)

Exhaust Gas

(2500 to 2600KW)

2.1 - 2,27 410 to 420 m3

Coke Electric Ferro-—
Furnace manganese
0.46 -~ 0.47T iT
. Electrode
Limestone Paste Slag
0.16 - 0.17T 0.015T 0.6 — 0.7T

The approximate quantities of electricity and
raw materials required to turn out 1 ton of ferromanganese
are indicated in the figure above. Exhaust gas composed
principally of carbon monoxide and carbon dioxide and slag
containing approximately 30% manganese are turned out to-

gether with ferromanganese.
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4. Raw Materials for Ferromanganese Production

4.1 Manganese Ore

Manganese ore is distributed guite unevenly in
the various countries of the world. The largest deposits
are located in South Africa, the Soviet Union, Australia,

Gabon and Brazil.

Currently, manganese deposits throughout the
world are estimated to be of the order of 2.5 to 2.6
billion tons, and the largest deposits in Latin America

are located in Brazil and in Mexico.

In view of the geological characteristics of
Paraguay and the state of distribution of manganese ore
in Brazil, it is presumed that there is considerable chance
of manganese deposits being found in Paraguay. The manga-
nese ores used as raw material for production of ferro-
manganese are those containing manganese dioxide, like
pirolusite, manganite, blowsite, etc. Normally, ores
containing 25 to 55% manganese are used in the ferroalloy

industry.

The most important producers of manganese ore
are South Africa, which has abundant deposits of this
material, followed by Australia, the Soviet Union, Gabon
and Brazil. These countries consume part of their own pro-
duction in ferroalloy industries and export the remainder.
(Refer to Table II-4).

There are considerable differences in the price
of manganese ore in the world market according to the con-
tent of metallic Mn. The evolution of import contract

prices of Japan, one of the principal importers of this

- 14 -
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ore, indicates that a substantial increase occurred after
the oil shock of 1974. The prices shifted from US$25 to
US$31 in 1972 to US$67 to USSB8 in 1981,

4-2 Coke

Steelmaking coke with a grading of 5 to 30 mm,
fixed carbon of the order of 85% and low impurity content
phosphorus and sulfur is used for production of ferroalloys.

The world production of coke is of the order of
350 to 400 million tons and the quantity used for produc-
tion of ferroalloys is of the order of 10 million tons.
Accordingly, it is easy to import the required quantity of

coke.

4-3 Limestone

Limestone required for production of ferroalloys
is found everywhere in the world and all producers use
limestone obtained from domestic sources. As for the
quality of limestone required, it should contain 95% of
more calcium carbonate, and products with low silicon oxide
impurities are best.

4~4 Electrode Paste
Electrodes of the self-baking type are used in
electric furnaces for production of ferroalloys. Accord-

ingly, the parts of the electrode consumed in the ferro-
alloy production process should be supplied in the form of.
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paste. The principal suppliers of self-baking electrode
paste are Japan, Norway, the U.S., Brazil, etc., and this
product is easily available on the wrold market.

5. Excepted Ferromanganese Production Project in Paraguay
5-1 Plant Site

Currently, it is impossible to carry out analysis
of the feasibility of production of ferroalloys in Paraguay
because some important cost conditions such as electricity
cost, transportation cost, ete., are not clearly known.

However, we believe discussion of the economical
feasibility of the project assuming some premises is by no
means absurd. Such being the case, we carried out two
model calculations regarding the ferromanganese project.

The selection of the plant site is conditioned
on two factors

(1) The plant should be located at a site offering the
cheapest transportation costs for the raw materials
and the finished products.

{2) The plant should be located at a site making possible
the stable supply of cheap electricity.

There is possibility that manganese deposits in
Paraguay exist but for the time being discussion is carried
forward on the assumption raw material ore is imported.
Such being the case, the outskirts of Asuncion, the capital
city, seem to offer the most favourable conditions for

- 17 -



siting the plant in view of the conveniences for fluvial

trangportation and availability of electricity.

5~2 Supply Sources and Prices of Raw Materials

The following factors should be taken into con-

sideration in selecting the manganese ore supply source.

-~ Transportation distance from the production site to

the plant site,

-~ Purity, configuration and quality of the ore.

In the case of Paraguay, it seems best to import
ore principally from Brazil and South Africa. The addition
of ore of Australian origin is expected to contribute to
stabilization of the operation of the ferrocalloy plant.

As for the coke, it is thought best to import
from Brazil and Argentine, taking into consideration trans-
portation costs. Import from the U.S. is another possible
alternative from the point of view of the stable supply.
Limestone is available from domestic Paraguayan sources.

As for electrode paste, import from Brazilian producers
seems best in view of the geographical proximity.

The expected CIF prices of the raw materials at
the plant are as follows:

- 18 -~
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5-3 Production Scale of the Plant

The production scale of ferromanganese is deter-
mined by the capacity of the electric furnace, the princi-
pal production facility. Theoretically, the larger the
scale of the furnace, the better the economic performance,
e.g., investgment efficiency, thermal efficiency, etc.

The largest furnaces in the world have production capacities
of the order of 100,000 tons per year, in view of restric-
tive conditions such as difficulty of operation, strength

of the refractories and firebrick, ete. As a matter of
fact, furnace with annual capacities of the 300,000 ton
class are considered the most advantageous from the eco-
nomical point of view. In the case of producing ferroalloys
in Paraguay, it is recommendable to start out with furnaces
with an annual production capacity of the order of 10,000
tons, the minimum scale from the economical point of view,
and at the same time best suited for learning of operation
techniques. This is termed Case A. A plant with an annual
production capacity of 30,000 tons, considered the average
economical scale in the world, is termed Case B. The con-
struction of the model plant is discussed for these two

cases.

6. Estimation of the Model Plant Construction Cost

The costs for construction of the plants for
Case A and Case B are estimated on the following premises:

(1) The land for construction of the plant is obtained
free of charge

(2) The equipment and materials for construction of the
plant are imported
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(3) All imports required are exempted from duty

(4) Welfare facilities such as dwellings, hospitals, etc.,
for the workers are already available in the vicinity
of the plant site

(5) Labour for construction of the plant is hired in Para-
guay

The estimated prices of the principal installa-
tions of the plant are as follows,

Table II-6 Construction Costs of the Principal Facilities

(Unit: US$1,000)

CASE A CASE B

Total Construction Cost of the 14,400 31,200
Plant
Raw material facilities 1,220 2,650
Electric furnaces 4,510 9,760
Finished product handling
facilities 480 1,030
Substation facilities 840 1,810
Utility facilities 1,740 3,780
Sheds 4,460 9,670
Others 1,150 2,500
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7. Expected Operation Conditions for the Model Plant

The operation conditions for the.plant scales
assumed in Case & and Case B, based on conditions related
to the raw materials expected in this project and taking
into consideration the empirical values for similar cases
accunmulated so far, as estimated as follows: {Refer to
Table II-7).

The flow sheet of the plant is shown in Figure

- 22 -



Table II-7 Operation Conditions of High Carbon Ferro-

manganese Plant

Unit Case A Case B
Transformer Capacity RVA 5,500 16,000
Transformer Power Factor 2 85 75
Average Load KW 3,500 11,000
Energy Consumption MWH 27,720 87,120
Basic Power Unit KWH/T 2,600 2,560
Production of Ferromanganese T/Y 10,600 34,300
Product Yield 3 90 90
Product Quantity T/Y 9,500 31,000
Land for Construction of the 2
Plant m 55,000 95,000
Quantity of Cooling Water T/H 50 410
Personnel Requirement for
Operation Persons (62) (84)
Management staff " 1 1
Engineers " 1 1
Technicians " 6 6
Workers " 54 76
Basic Raw Material Unit Kg 2,755 2,721
Manganese Ore " 2,112 2,246
Limestone " 159 -
Coke " 469 461
Electrode Paste " 15 15
Number of Days of Operation Day 330 330
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ITI. Silicomanganese
1. General Description of Silicomanganese

Silicomanganese is an alloy consisting mainly of
a compound of silicon and manganese and ferromanganese
carbide (MnFe)4C. Generally it contains 60 to 70% manga-
nese, 14 to 25% silicon, less than 2.5% carbon and the
remainder iron.

Silicomanganese is used as a deoxidant and de-
sulfurant in the steelmaking process for products such as
high carbon ferromanganese. It is used mostly in the pro-
duction of alloy steels and special steels because it has
a lower carbon content and stronger deoxidizing capacity
than high carbon ferromanganese.

Data on production is not as readily available
as in the case of ferromanganese but in Japan consumption
is of the order of 80% of ferromanganese. Silicomanganese
is often replaced by a combination of ferromanganese and
ferrosilicon for economical reasons.

2. Market and Price Trends for Silicomanganese

Inferring from the consumption in Japan, it is
presumed that the market for silicomanganese is of the
order of 2.7 to 2.8 million tons per year.

Discussion of the producing countries, consuming
countries and energy situation for silicomanganese are
omitted here because they are similar to those for high
carbon ferromanganese discussed in the previous sections

of this report.
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3. Method of Silicomanganese Production

The silicomanganese production process uses

manganese ore with 30 to 45% Mn as the principal raw materi-

al in addition to slag generated in the ferromanganese pro-

duction process which is recycled as a source of Mn and

5i0,.

Silicomanganese is produced in electric furnaces

using silica, coke, limestone and electrode paste as ad-

ditional materials.

Manganese Ore
(Mn 30 to 45%)

Electricity

Approx., 1.5T

Ferromanganese
Slag
(Mn approx. 30%)

0.6 - 1.0T
Silica
0.6 - OnBT

Coke

BApprox. 0,57

Limestone

Exhaust Gas

{4500 to 4600KWH)

Approx. 900Nm3

Elegtric
Furnace

0.5 - 0,7T

Electrode
Paste

Approx. 0.03T
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An example of the gquantities of electricity and
raw materials needed to turn out 1 ton of silicomanganese
is shown in the figure above.

4, Raw Materials for Silicomanganese Production

As for raw materials, the following differences
occur in the case of silicomanganese as compared with ferro-
manganese.

~ PFerromanganese slag is used in addition to manganese
ore as Mn source with the goal of using natural re-
sources more effectively.

-~ In addition to silica, ores with high SiO2 content
are selected to ensure supply of the required quantity
of si.

Such being the case, the same discussions related
to the raw materials of high carbon ferromanganese are
applicable to this case.

5. Silicomanganese Production Project in Paraguay
5-1 Plant Site

Plants for production of silicomanganese are
often constructed in conjunction with high carbon ferro-
manganese plants. One of the reasons for this arrangement
is the use of ferromanganese slag for production of silico-
manganese, as described in the section on raw materials,

in order to reduce costs.
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It is recommendable to construct the silico-
manganese plant within the high carbon ferromanganese plant

in this project.

5-2 Sources and Prices of Raw Materials

Compared with ferromanganese, ferrosilicon re-
quires two more raw materials, namely, ferromanganese slag
and silica. In this study it is assumed that silica is
available from domestic sources at US$26/ton and the price
of ferromanganese slag is calculated at US$44.8/ton, in
terms of content of Mn.

5-3 Production Scale of the Plant

As for the production scale of silicomanganese,
the larger the capacity of the electric furnace, the better
the investment efficiency and thermal efficiency, result-
ing therefore in greater economy, as in the case of ferro-
manganese. On the other hand, large sized furnaces are
technically more complicated and require more sophisticat-
ed operating techniques. As there are also other restric-
tive conditions, the maximum world production scale is
currently of the order of 70,000 tons/year. This project
assumes production scales able to maintain a balance with
consumption of slag generated as a byproduct of the ferro-
manganese plant. Discussion is therefore set forth assum-
ing production scales of 8,000 tons/year and 25,000 tons/
year, termed Case A and Case B, respectively.
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6. Estimation of Model Plant Construction Cost

The cost for construction of the silicomanganese
plant is estimated on the same premises as for the ferro-
manganese project.

Table ITII-6 Investment for Construction of Principal

Installations
(Unit; US$1,000)
CASE A CASE B
Total Construction Cost of the 16,000 34,000
Plant
Raw material facilities 1,360 2,890
Electric furnaces 5,000 10,640
Finished product handling
facilities 530 1,120
Substation facilities 930 1,970
Utility facilities 1,940 4,110
Sheds 4,960 10,540
Others 1,280 2,730
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7. Operation Conditions Expected for Model Plant

The operation conditions for the plant scales
assumed in Case A and Case B, based on the conditions re~
lated to the raw materials expected to prevail in this
project and taking into consideration the empirical values
for similar cases accumulated so far, are estimated to be
those indicated in Table III-7.

The flow sheet of this plant is shown in Figure

III-7. Figure III~7-2 shows a sample layout with the ferro-
manganese plant and silicomanganese plant sited together.
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Table III-7 Operation Conditions of the Silicomanganese

Plant

Unit Case A Case B
Transformer Capacity KVA 6,300 22,000
Transformer Power Factor % 85 75
Average Load KW 5,000 15,700
Energy Consumption MWH/Y 39,302 124,396
Basic Electric Energy Unit KWH/T 4,570 4,540
Production of
Silicomanganese T/Y 8,600 27,400
Product Yield % 90 a0
Product Quantity T/Y 7,800 24,600
Land for Construction of 2 FMnH+SiMn
the Plant 90,000 150,000
Quantity of Cooling Water T/H 60 350
Personnel Requirements
for Operation Persons (39) (66)
Management staff " 1* 1*
Engineers " 1
Technicians " 5
Workers " 54 60
Basic Raw Material Unit Kg 3,954 4,066
Manganese ore " 1,445 1,456
High carbon ferro- " 730 714
manganese slag
Silica " 744 685
Limestone " 507 669
Coke " 498 512
Electrode paste " 30 30.
Number of Days of Operation Day 330 330
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IV. Ferrosilicon
1. General Description of Ferrosilicon

Ferrosilicon is an alloy of iron and silicon.
It generally consists of 15 to 80% silicon, 1 to 2% aluminum
and the remainder of iron. Ferrosilicon has one weak point,
i.e., it may disintegrate depending on aluminum and phospho-
rus content of the product. Nowadays, however, this pro-
blem is avoidable through careful study after the raw
materials and casting method used.

Ferrosilicon is used as a deoxidant, additive
for addition of Si, heat insulator to maintain the temper-
ature of the molten metal, innoculation agent, reducing
agent for thermite, etc. Low aluminum ferrosilicon is used

for production of silicon steel.

As mentioned above, alloys of the silicon family
produced in the form of ferrosilicon cover practically
every content of silicon, but this discussion is set forth
based on 75% ferrosilicon, which is produced in the largest
quantities and is the most popular type.

2, Market and Price Trends for Ferrosilicon
Like for other ferroalloys, production of ferro-
silicon reached its peak in 1974 and after dropped to

levels of the order of 2.6 million to 2.8 million due to
stagnation of iron and steel manufacture in the world.
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In terms of production per country, the U.S. has
the largest output among the principal iron and steel pro-
ducing countries of the world with approximately 28% of
the world total followed by the Soviet Union, Japan and
Norway, the latter country favored with cheap cost of elec-
tricity.

However, the production of ferrosilicon consumes
large quantities of electrical energy and the percentage
of electricity cost in the production cost is particularly
high, therefore, the rise in the price of petroleum after
the oil shock has had a pronounced effect on this industry,
particularly in Japan, which relies on thermal power plants
for generation of most of its electrical enexrgy. The
ferrosilicon industry in Japan has no margin of profit and
currently production has declined to half that of the 1974
level.

The same tendency for a decline in production is
taking place in the U.S. and the Europe.

On the other hand, countries favoured with cheap
electricity thanks to use of hydroelectric power plants,
e.g., Norway, Brazil, Canada, etc., are expanding produc-

tion of ferrosilicon based on exports.

Countries favoured with low cost electricity are
planning further reinforcement of production facilities
and therefore the tendency of change in the structure of
the international market for ferrosilicon is expected to

become further pronounced.

The prices for ferrosilicon negotiated in the

world market are extremely variable, due to factors such
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as supply and demand situation variations in exchange rates,

etc., and therefore there is no unified price.

The market-

ing prices in Japan and the U.S., the largest importers of
ferrosilicon in the world, are presented in the table below

for reference and to give an idea of recent price trends.

Table IV-2 Evolution of ferrosilicon import prices in

Japan and the U.S.

{Unit: USS$/ton)

1972 1973 1974 1975 1976 1977 1978 1980
Japan 216 251 474 586 454 492 753
U.s. 235 233 532 585 426 407 471

NOTE: Products with 70 to 80% gilicon content in the U.S.

and products with more than 40% silicon content in

Japan.

Also in the case of ferrosilicon, a sharp rise
in market prices took place after the oil shock of 1974

but in the principal iron and steel producing countries of

Japan, the U.S, and Europe, which rely on thermoelectric
power stations for generation of electricity, it was not
sufficient to absorb the rise in production costs due to

increased petroleum prices. Profitability of ferrosilicon

makers of these countries is poor, therefore, and they
have been forced to either cut down the volume of produc-

tion or to stop operation altogether.

On the other hand, countries favored with cheap
electricity are planning increases in production so the

price of this product is expected to remain stable for the

time being.
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3. Method of Ferrosilicon Production

The principal raw material in ferrosilicon is
silica, and this alloy is produced in electric furnaces
using ingredients such as coal, coke, wood chips, mill
scale or iron ore as the Fe source and electrode paste.

An important peculiarity of the process for pro-
duction of ferrosilicon is the fact that it generates
practically no slag, unlike in the case of other ferro-
alloys.

The approximate quantities of raw materials,
electrode and electrical energy required to turn out one
ton of ferrosilicon are indicated below.

Silica Electrical Exhaust Gas
Energy
3
. . )
1.8 to 1.9%T (8600 to 9200 KWH/T) 1300 Nm
Coke
0.66 to 0.6
Coal Electric Ferrosilicon
Furnace
0.35T 1,07
Mill Scale
0.3T
. Electrode \\\E Slag
Wood Chips Paste
.0
0.26 to 0.30T 0.04 to 0.05T 0.030T
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4. Raw Materials for Production of Ferrosilicon
4-1 Silica

Silica, the principal raw material for production
of ferrosilicon, is the mineral most commonly found in the
crust of the earth. It is found everywhere in the world,
and except in the case of applications requiring material
of very special gquality, silica of domestic origin is used

throughout the world.

As for composition, it is best to use silica
with few impurities and containing 98% or more SiO,. The
presence of impurities is not desirable from the point of
view of the silicon reduction mechanism because it lowers

the melting point of the silica itself,

Further, silica used as the raw material for pro-
duction of ferrosilicon must be strong to heat shock in
order to prevent decomposition into particles in the fur-
nace. It is appropriate to use silica sized at 20 to 40

mm.

4-2 Coal

Coal is a raw material indispensable for smooth

ferrosilicon refining.
In this case coal is must have a high coking

capacity. The recommended size is of the order of 5 to 25

min .
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Coal is produced abundantly throughout the world,
and is readily available. In this project it is assumed
that coal is domestically available in Paragquay.

4-3 Coke

It is recommended that coke with approximately
85% of fixed carbon and sulfur content not exceeding 0.5%

because sizes of 10 to 25 mm are approximate in this case.

4-4 Tron Source

(1) Mill scale is generally used as the iron source for
production of ferrosilicon but can be replaced by iron

ore.

4-5 Wood Chips

Wood chips are a low grade material used as a
reducer but indispensable for controlling the bulk density
of the raw materials. Sizes of 20 to 50 mm are appropriate

for this application.

4-6 Electrode Paste

Generally speaking, electrodes of electric fur-
naces are the self-baking type (Soderberg electrode) and,
therefore, the consumed portion of the electrode should be
replenished by adding paste. The principal suppliers of
self-baking type electrode paste are Japan, Norway, the U.S.,
Brazil, etc., and it can easily be imported at the inter-

national market price.
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5. Ferrosilicon Production Project in Paraguay

5-1 Plant Site

The criteria for selection of the site for con-
struction of the ferrosilicon plant are the same as those
for the ferromanganese project. 1In the ferrosilicon pro-
Ject it is assumed that silica is available from domestic
sources but in view of convenience for export of the pro-
duct, availability of consolidated infrastructure, etc.,
it seems best to locate the plant in the outskirts of
Assuncion for the time being.

5~2 Sources and Prices of Raw Materials

In the case of ferrosilicon it is assumed that
silica will be supplied from domestic sources. Tt should
be available at a plant CIF (including mining and trans-
portation costs) not exceeding approximately Uss26/MT,
which is the plant CIF price of ferrosilicon makers of
other countries. As for coke, it is recommended that this
be imported from the USA in order to ensure stable supply.
As for coal, this study assumes the use of products sup-
plied from domestic sources.

For the electrode paste, import from Brazil, the

nearest source, is recommended.

The expected plant site CIF prices of the raw
materials for production of ferrosilicon are as follows:
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5-3 Production Scale of the Plant

As for the ferrosilicon production scale, fur-
naces with the largest annual production capacity in the
world are of the order of 40,000 tons in view of the same
restrictive conditions applicable to ferromanganese. Fur-
naces with annual production capacities of the 20,000 ton
class seem to offer the best balance between ease of oper-

ation and economy.

On the other hand, in the case of ferrosilicon
production in Paraguay, it is recommended that the project
start with an annual capacity of the 6,000 ton class, which
is adequate to learn operation technique and is at the same
the minimum scale from the economical point of view. This
is termed Case. A. A furnace with an annual production
capacity of 20,000 tons, the average economical scale, is
studied as Case B. The study is set forth assuming the
two model plants with the capacities mentioned above.

6. Estimation of Model Plant Construction Cost

The cost of construction of the model plant is
estimated on the same premises as in the case of the ferro-
manganese project.

The estimated costs for construction of the prin-

cipal facilities of the ferrosilicon plant are indicated
in Table IV-6.
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7. Expected Operation Conditions of the Model Plant

The operating conditions for the plant scales
assumed in Case A and Case B are estimated taking into con-
sideration empirical data related to operation accumulated
so far, are indicated in the Table IV-7.

The flow sheet of the ferrosilicon plant is shown
in Figure IV-7.

Table IV-6 Costs for Construction of the Principal
Facilities of the Ferrosilicon Plant

(Unit: US$1,000)

CASE A CASE B
Total Construction Cost of the 20,000 36,000
Plant
Raw material facilities 1,700 3,060
Electric furnaces 6,260 11,300
Finished product handling 660 1,200
facilities
Substation facilities 1,160 2,000
Utility facilities 2,420 4,360
Sheds 6,200 11,200
Others 1,600 2,880
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Table IV-7 Operation Conditions of the Ferrosilicon Plant

Unit Case A Case B
Transformer Capacity KVA 9,000 32,000
Transformer Power Factor 2 82 72
Average Load KW 7,000 23,0040

Electrical Energy Consumption MWH/Y 58,800 184,800

Basic Electrical Energy Unit KWH/T 9,000 8,700

Production of Ferrosilicon T/Y 6,500 21,200

Product Yield % 93 93

Product Quantity T/Y 6,000 19,700

Land for Construction of the 2

Plant m 55,000 95,000

Cooling Water Quantity T/H 150 600

Personnel Requirement for

Operation Persons (38) (49)
Management staff " 1 1
Engineers "
Technicians " 5 6
Workers " 31 41

Basic Raw Material Unit KG/T 3,467 3,567
Silica " 1,846 1,910
Scale " 300 300
Coke " 663 678
Coal " 353 359
Wood Chips " 260 270
Electrode Paste " 45 45

. Day/
N
umber of Days of Operation Year 350 350
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V. Ferrochromium
1, General Description of Ferrochromium

Ferrochromium is an alloy of chromium and iron
and is classified as high carbon, medium carbon or low
carbon according to the carbon content. The component
materials are variable within the range of chromium 55 to
70%, carbon 0.1 to 9.0%, silicon 1.0 to 8.0% and the remain-
der iron. High carbon ferrochromium is the most popularly
used type.

High carbon ferrochromium is the object of dis-
cussion in this report, and therefore, the term "ferro-
chromium" shall be used to refer hereinafter to high carbon
ferrochromium. Ferrochromium is a typical additive for
special steel,'particularly stainless steel, and is the
most popularly used of this class of products. Japan has
the largest production of stainless steel in the free world.
Accordingly, the consumption of ferrochromium in Japan is
the largest.

The quantity of ferrochromium used to produce
one ton of special steel, including stainless steel, is
of the order of 29 to 34 kgqg.

2. Market and Price Trends for Ferrochromium

The world production of ferrochromium reached
its peak in 1974 but after become stagnant at levels of
the order of 1.8 million to 1.9 million ton due to reces-
sion in the iron and steel industry as in the case of other

ferroalloys like ferromanganese, ferrosilicon, etc.
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In terms of production per country, South Africa
is the largest producer. Favoured with abundant chromium
ore deposits and cheap electricity, this country is expand-
ing its exports to the principal iron and steel producing
countries, and nowadays it generates approximately 26% of
the world production of ferrochromium. Next ranked are
Japan, the Soviet Union, the U.S. and Sweden.

Production of ferrochromium in Japan, the U.S.
and Europ, which are the principal producers of iron and
steel and used to be the principal producers of ferro-
chromium, is declining gradually, however, because they
rely on imports of chromium ore, and are confronted by
exports from countries favoured by chromium ore resources
and cheap electricity, in addition to the worsening pro-
fitability of ferrochromium business due to the rise in
prices of electricity after the oil shock.

On the other hand, countries which have both
chromium ore and cheap electricity like South Africa and
Brazil and countries favoured by cheap electricity like
Norway, etc., are expanding production based on increased
exports. As a result, the rise in prices of electricity
generated in thermoelectric power plants caused by the
rise in the price of petroleum after the oil shock of 1974
and the rise in the chromium ore price influenced by the
former are bringing about a substantial change in the dis-
tribution of producers of ferrochromium in the world. It
is expected that from now on this tendency will become
further pronounced and Japan, the U.S. and the principal
iron and steel producing countries of Europe will be forced
to increase their imports of ferrochromium from countries
favored with chromium ore and cheap electricity.
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The ferrochromium transaction price on the world
market is subject to considerable fluctuation depending on
factors such as demand and supply, fluctuations in exchange
rates, etc. The evolution of the ferrochromium import price
in the U.S., which is one of the most important importers
of this product, is indicated in the table below.

Table V-2 Evolution of Ferrochromium Import Price in the
u,s.
(Unit: ¢/LB of Cr)

1972 1973 1974 1975 1976 1977 1978 1979 1980

U.s. 20 20 50 56 42 35 38 46 46

The international market price of ferrochromium
was approximately 20£/LB of Cr until 1973. After the oil
shock of 1974 it soared temporarily, reaching levels of
the order of 70 to 80¢/Lb of Cr after which it declined,
dropping to approximately 30¢/Lb of Cr in 1977 and in the
U.S. and European countries reaching the point of where
imports were restricted to protect domestic ferrochromium
makers.

After this, the market price recovered to a level
of 44 to 48¢/1Lb of Cr. <Currently the price seems to have
stabilized.

Even at this price level, however, it is impos-
sible for the U.S., Japan and European countries to absorb
rises in electricity and chromium ore prices which occurred
after the oil chock. They are faced with imports of cheap
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products turned out by newcomers in the industry and the
business is running with no profit margin. It is expected
that production of ferrochromium in South Africa, Brazil,
Sweden, etc., will increase further and, therefore, it is
probable that the price of this ferrocalloy will remain
stagnant on the international market for the time being.

3. Method of Production of Ferrochromium

Ferrochromium is produced in electric furnaces
with Cr ore with 27 to 34% Cr as the principal raw material.
Secondary materials include coke, silica, serpentinite
(peridotite) and electrode paste.

Chromium Ore

(Cr 27 to 34%) Exhaust Gas

Electricity

1.8 to 1.9T (3800 to 4100 KWH) 750 to 700Nm3

Coke

0,45 to 0.48T

Electric Ferrochromium
Furnace
Silica ‘ 1.0T
\
0,12 to 0,147
Serpentinite Electrode Slag
Paste
0.40 to 0,44T 0.016 to 0.020T 1.1 to 1.27
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The approximate quantities of raw materials and
electrical energy required to turn out one ton of ferro-
chromium are indicated above. Slag generated in this pro-
cess is either discarded or crushed and used as paving

aggregate.

4, Raw Materials for Production of Ferrochromium
4~1 Chromium Ore

Confirmed deposits of chromium ore total 1.8
billion tons, and total deposits, including estimated
sources, are of the order of 4.7 billion ton.

Chromium ore is distributed very unevenly around
the world, as in the case of manganese ore, and South
Africa, Zimbabwe and the Soviet Union have 97% of total
world deposits.

In terms of production of chromium ore, South
Africa and the Soviet Union represent the absolute majority,
followed by Albania, Turkey and Zimbabwe. Most of the
chromium ores produced contain 26 to 34% of Cr and the Cr/
Fe ratio is of the order of 1.1 to 3.4.

The prices of chromium ore on the world market
rose considerably after the oil shock of 1974, as in the
case of other ores for production of ferroalloys. The
evolution of the import price (FOB) in Japan, is one of
the major importers of chromium ore, shows that until 1873,
immediately before the oil shock, it was of the order of
16 to 20 dollars but after 1974 rose considerably. Today
it is of the order of 45 to 50 dollars.
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