4-2 Coke

The same considerations as in the case of ferro-
manganese are applicable to coke used for production of
ferrochromiunm,

4-3 8ilica

The same considerations as in the case of ferro-
silicon are applicable to the silica used for production
of ferrochromium.

4-4 Serpentinite

Serpentinite is required as a source of magnesia,
which functions as a flux in the ferrochromium production
process. It can be replaced by peridotite and dolomite,
Use of material containing 35% or more MgO, little iron and
in particle sizes ranging from 10 to 300 mm is recommended.

4-5 Electrode Paste
The same considerations as in the case of ferro-

manganese are applicable to electrode paste required for

production of ferrochromium.
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5. Perrochromium Production Project in Paraguay

5-1 Plant Site

The criteria for selection of the plant site are
the same as in the case of the ferromanganese project. In
particular, in the case of ferrochromium there is little
possibility of chromium ore, the key raw material for pro-
duction of ferrochromium, existing in Paraguay. According-
ly, the materialization of this project relies unavoidably
on imports of raw materials, It is recommended that this
plant be sited on the outskirts of Asuncion in view of the
convenience for fluvial transportation and the availability
of infrastructure for supply of electrical energy.

5-2 Sources and Prices of Raw Materials

For the chromium ore supply source, imports from
South Africa are recommended in view of the transportation
distance to the plant site, quality, stability of supply,
etec. Ferrxochromium produced using chromium ore of South
African origin has a low chromium content of the order of
50 to 55%, however, because the ore itself has a low Cr/Fe
ratio. Should it be desired to turn out ferrochromium
with a high percentage of chromium, it is best to import
high Cr/Fe ratio ore from other sources such as Albania,
India, Philippines, etc.

As for the supply of coke, import of this material

from the USA is recommended to ensure stable supply. Silica

and serpentinite can be obtained them from domestic sources,
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For the electrode paste, import of this material
from Brazil, which is located nearly, is recommended.

The expected plant site CIF prices of the raw

materials required for production of ferrochromium are as
follows:
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5-3 Production Scale of Plant

With respect to the production scale of the ferro-
chromium plant, furnaces with the largest annual production
capacity in the world are of the order of 60,000 tons, in
view of the same restrictive conditions which apply to
ferromanganese production. PFurnaces with an annual pro-
duction capacity of the 20,000 ton class seem to present
the best balance between ease of operation and economy.

On the other hand, when producing ferrochromium
in Paraguay, an annual capacity of the 9,000 ton class is
recommended to start with as this is adequate to learn
operating techniques and at the same time is the minimum
scale from the economical point of view. This is termed
Case A here. A furnace with an annual production capacity
of 20,000 tons termed Case B, is the average economical.
The study is done assuming two model plants with the ca-
pacities mentioned above.

6. Estimation of Model Plant Construction Cost
The cost of construction of a 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 are indicated in Table V-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, based on conditions related
to the raw materials expected for the project and taking
into consideration the empirical data available on similar
cases accumulated so far, are estimated to be those indi-
cated in Tabhle V-7.

The flow sheet of this plant is shown in Figure
V-'T .

Table V-6 Investments, for Construction of Principal
Facilities
{(Unit: US$1,000)

CASE A CASE B
Total Construction Cost of the
plant 18,000 30,400
Raw material facilities 1,530 2,580
Electric furnaces 5,630 9,520
Finished product handling
facilities 600 1,000
Substation facilities 1,050 1,760
Utility facilities 2,200 3,680
Sheds 5,580 9,400
Others 1,410 2,460
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Table V-7 Operation Conditions of the Ferrochromium Plant

Unit Case A Case B

Trangformer Capacity Kva 7,000 16,000
Transformer Power Factor % 75 72
Average Load KW 4,600 9,500
Electrical Energy Consumption MwH/Y | 37,500 77,500
Basic Electrical Energy Unit KWH/T 4,050 3,950
Production of Ferrochromium T/¥ 9,260 19,600
Product Yield % 93 93
Product Quantity T/Y 8,500 18,000
Land for Construction of the 2
Plant m 55,000 95,000
Cooling Water Quantity T/H 80 200
Personnel Requirement for
Operation Persons (62) (82)
Management staff " 1 1
Engineers " 1 1
Technicians " 6 6
Workers " 54 74
Basic Raw Material Unit KG/T
Chromium OQre " 1,852 1,865
Coke " 470 470
Silica " 136 138
Serpentinite " 428 403
Electrode Paste " 18 18
Number of Days of Operation Day 340 340
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VI. Estimation of Cost in Ferroalloy Model Plant

1, Exfactory Price of Model Plant, Estimated on the Basis
of Market Price of the Product

The ex-factory prices of the model plant in
Paraguay, estimated on the premise of export of the ferro-
alloy products toc Euro-American markets and based on world
prices, are indicated in the Table VI-1l.

The study is carried out assuming moderate market
prices because the current market prices of ferroalloys are
abnormally low.
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2.

Estimation of Product Cost

The estimated cost of each product is indicated

in Table VI-2-1l. The product cost is estimated on the
following premises:

(1)

(2)

(3)

(4}

(5)

Depreciation (for details of installation cost, refer
to Table on installation construction cost for each
product)

20-year straight line depreciation is assumed in this
cost estimation.

Interest

It is assumed that all investment funds required are
covered with loans at an annual interest rate of 10%.
The reimbursement period of the principal is assumed
to be 15 years.

Real asset tax and insurance

Omitted in this calculation.

Personnel expenditures (for details of required person-
nel, refer to table on operation conditions for each

product) .

Wages per function are assumed to be as follows:

Manager: Uss$48,000/y
Engineer: Us$24,000/Y
Technician: Us$14,000/Y
Workexr: us$ 6,000/Y

Maintenance cost

Assumed as 2% of installation cost
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{6) Raw material cost

Basic units and prices of raw materials are given in
Table VI-2-2,

(7) Marketing cost

Assumed as 10% of production cost.

(8) Head office cost

Agsumed as 3% of production cost.

(9) The infrastructure is not taken into consideration in

this calculation.

(10) Exchange rate

Asgumed as ¥250/USS.

- 62 -



a99! mM.m.\umh a9 %ﬂﬂ.w% a.on.\ .ﬂm&wm a9/ %Pw.o::, 099l mﬁ.wwmh Ty \oni..\om. a9/ k.m.ﬂmw 9 Gat \hhd.qn 3150) TeiIoL
§2 | sand? | g9 [ us7C || £9 Iys9s | &8 | ez | g 50037 | @@ | cpbe | 88 | 4o 7S | 88 | gen?7 3S0) SupIAAEH

2% |7289% | £2 | gpe | £F |£pg%F | L |eedé | 2w 7e38” | AT | zgh€% | 2T | a9 |2z | sepbf |[ 3990 279330 BEOM

<88 (737 | <@@ |ase3% | e |ouhsl | o5e | oyt | s |43 | cer e L8C | 588 250975 | §8% | oe#?? @+ (M

; ) J umau.nowuuﬂuoum

75 T or 77| 277 [ ani 005 [ £07 |omsts | o 05 20757 | 7oL et HIT | g57 | pahe8S | §C | 431199 | 987 | oo S5 (@ toacaans
¢

eh n..qs.mm &7 | agern | pus?€ oF kmm.m.w £t | geg4¥ o | erg?? S q.&...on o .wsn.Gm. 3500 2DUBRUSIUTEH

“2w | 29426 | AP VoSl £ | 9an @8 | g | 99955 9¢ | z5ed/ | = ? |yo53F § o 4208’ | #9 |a0a 8% 3509 anaqe

I e B N - 1P o] gpr?Ev - 8L 7| Aee 8B o 9| 4,0 90F v ||7mocuT 3onpoadiy
/5 1 a0e 9% | 9% | aano? % | o0 9% 2€ |aeth | s5 | goo9€ | A€ | geo IF | AT |gao™E | £ S,o,.nn 938 ‘s{ejieicm i
757 205 O | o/ |any &7 || 29€ |20 775 | €8T |00 04T | 9%’ |00z 7€/ | 57 | 0! LEY % lagrde | 97 |4a08¢ 43701132314 G
m.mm Qm.ﬂoh m.&m 974 eaof .m."%m. wwdr\.NN g_..ON. aq_vm.Nﬂﬂ- N...ﬂm /o8 1€€ ﬂ.ﬂﬂ ...Ti&.Nh. m.w.w aor 07 E \bi T ALE STRTI2IBW MEY t

(51500 91qeTiT))

70T | 7eeh? | 8EC | pres || 9% | 947847 o4t | erplRE | 67 5aeSE/ | £2T | ec AT || £57 pocbs | § 8/ | gy d?/]] (1) TEIOI-AOS
mai\ 950 m% $.“\ %Nﬂ i = It 79 A 0-0\ Mﬂmhh\ O.Q\ \o.&.m;N m..ﬂus.- khh o M'..W \M@.m-h m.ﬂg zH e o8 Iseaequyl

96 e ga! PxY, k3 1.%..& Aee e | S€/ 490937 -.uw..m s’/ #9? | oas €4 zd | 2enT% ' |a 1287 . uojavyoaadag
(83805 paxTi)

STES .—\.w 535S . L/gy ] @aeus L SIS L'y EEEDE L..\ & uua_ﬂm._ /g || 2aeus L4 saeyg Lrgh "

(/1)
age &/ aon§ .Qw'l...i !m.hhs. &7 agey AT HE aeg & g0 .\mW.I clnlm..m uoTIsApold TENUUY
QO5¢ ao o7 gdo 2% o0T L adL S5/ Qa5 oo |1 00SE T (md) peoT 9%easay
87209 v a0 g o) AL W 20 Y o0 g 2% Vv v
, UM TWwoIg20I3I8d T USOTTTSOIIDI . 952UebURWODTTIS IEUBDURWOIID S

Aenbezed ur sAoTTROII=Rd JO 350D pIjewrisd T-z-IA 2Tl



Table VI-2-2 Estimated Basic Units of Ferroalloy Raw
Materials in Paraguay (Kg/T)

Ferro- §ilico- Ferro~ Ferro-
\\\\“\\\ manganese manganease silicon chromium
- T
- Al B A B A B A B
$/T
Ampa lump 130.2 1,056 991 - -
Assoman HG 130.2 338 248 - -
Mamatwan lump 109.6 568 628! -
BHP HG 135.0 718 451 316! 856
BHP MG 108.4 - 600
Slag from high )
carbon ferro- 44 .8 : 730) 714 [
manganese .
S |
Chromium ore | 1)5 4 ' ! 1,3051,865
Lump l
Chromium ore 110.6 5471 -
fine ! ; i
i | .
! : .
Quartzite 26.0 744, 685 |1,846'1,910 , 136° 138
Serpentine 16.0 ‘ ! 428 403
Limestone 14.0 | 159 ! 507 669 ,
Scale 40.0 | 300; 300
Coke 147.9 | 4691 461 | 498( 512 | 663 678 { 470] 470
Coal 100.0 ! 353 359
Wood chips 20.0 ! 260 270
!
Electrode paste | 534.0 15! 15 30| 30 45| 45 18| 18
i
Total 2,75542,734 13,954 4,066 |3,467[3,562 {2,904 |2,894
i

~ to be continued -




! Ferro- Silico- Ferro- Ferro-
T manganese manganese silicon chromium
o A A B
~_ 3 A B A B
Amount of KwH/T | 2,6002,570 | 4,570{4,540 |9,000]18,700 | 4,050|3,950
electricity
.S/t
Returned slag 44 .8 670, 638 |1,575(1,590 - - - -
Furnace gas 0.n48/ - 430 - 630 - - - -
Nm3
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3. Influence of Electricity Unit Price on Estimated Cost

Of the 4 types of ferroalloys taken into consid-
eration in this study, ferromanganese requires the smallest
consumption of electricity while ferrosilicon requires the
largest. Electricity costs for unit prices varying in 4
steps from US1lg/KWH to 4¢/KWH are calculated for Model Case
B of both products and their influence on production costs
are indicated in Table VI-3.

Table VI~3 Influence of Electricity Cost on Ferroalloy
Production Cost

*E\\HHM Unit p;ice of Us
—electricity 14/kWH | 2 3 4
\___._
Basic electricit
Q Y
9 | consumption unit i 2,570 ?:?i as §2$§ as i:?: as
g | (RWH/T) | )
& |
£ | Electricity cost '
% (0SS /KWH) ? 25,7 sl.4 1 T77.1 102.8
e !
4 | Electricity cost/ |
% | Production cost 1.4 9.6 13.8 7.5
(%)
i
Basic electricity
consumption unit | 8,700 ?a?i as ia?e as ?ame as
8 (KWH/T) : e eft eft
U 5
- . ;
—~ | Electricity cost
5 (uss,/xam) | 87.0 {174.0 261.0 348.0
0
o Electricity cost/
2 | Production cost 14.7 25.7 34,1 40.8
(%) |
!
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As indicated in the table above, the influence of
the unit price of electricity on the production cost is more
pronunced for products with larger consumption of electricity.
When the unit price of electricity varies 1l¢, the percent-
age of the production cost of ferromanganese will be affect-
ed by approximately 4%, while in the case of ferrosilicon
it is approximately 10%.

VII. International Competitiveness of Estimated Cost

The estimated costs of the model plants of
Paraguay calculated in this study are indicated in Table
VI-2~1l. The production costs of all 4 kinds of ferroalloys
exceed by far not only the ex-factory price estimated from
current market prices but also the plant ex-factory prices
(Table VI-1) assumed as moderate market prices. The princi-
pal reasons for this discrepancy are explained below, re~
ferring to the composition of the cost.

(1) The depreciation and interest represent a large
percentage of the cost because the model plants are
newly constructed. For instance, even in case B,
which is a model plant of average world scale, it
reaches 15 to 20%.

(2) The transportation cost is high because Paraguay is
an inland country. Particularly when a large propor-
tion of the material is imported, th- fluvial trans-
portation cost alone contributes to increasing the
raw material cost by at least US$100/ton.
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(3)

A further basic problem is the fact that the moderate
market price is assumed on the basis of the profita-
bility line for traditional ferroalloy makers which
have raw materials available from domestic sources,
electricity available at low cost and depreciation of

the production facilities is advanced.

Countermeasures studied with care to cope with

the aforesaid demerits are therefore required in order to

make possible participation of Paraguay in the world market.

Examples of such countermeasures are described below:

(1)

(2)

{3)

(4)

The installation cost can be cut to less than half of
the amounts estimated in this study by raising low
interest rate funds (interest free funds in extreme

cases).

It is recommended to exploit domestically available
minerals in order to cut down transportation costs.
For example, ferrosilicon and ferromanganese are pro-
mising ferroalloys because quartzite is available in
the country. Furthermore, there is good chance
manganese ore deposits exist in Paraguay.

Transportation should be rationalized through measures
such as improvement of fluvial routes in order to make
possible navigation of large-sized ships, etc.

The feasibility of the project is evaluated assuming

a unit price of US3¢/KWH for electricity. The de-
merits inherent to an inland country can be compensated
for by making the electricity price par or lower than
in other ferroalloy exporting countries. For example,
in Brazil, the preferential electricity price for
export industries is 1.2¢/KWH, which is half the
ordinary domestic electricity rate.
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Table VII  World Electricity Rates (Mill  /KWH)

Electricity Charge
Ordinary Preferential Rate for
Country Domestic Rate Export Industries

Brazil 24 12
Venezuela 14 -
Norway 10 20 -
Canada 15 -
Ching * 27 63 25 33
France¥* 20 25 -
South Africa 20 25 -
Spain : 20 25 -
India 33 38 -
Japan 60 -

Source: Metal Bulletin
Note: Figures for countries marked (*) in the table above

are preferential electricity charges applicable to
ferroalloy industries.
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In addition to the aforementioned countermeasures,
it is presumed that there are other aspects such as determi-
nation of plant scale, sharing of personnel expenditure,
etc., related to the industrial policy of the nation which
may compensate for the poor international competitiveness

of the project.

Under the current abnormally weak world market
situation, however, any project is expected to encounter
difficulty regarding commercial feasibility. Accordingly,
it is necessary to wait for the recovery of prices. Even
with the moderate prices assumed in this study however it
is not easy for the products of this project to compete in
the international market.

In the case of implementation of a ferroalloy
industry in Paraguay, it is indispensable to ascertain the
trends in ferroalloy prices in the world market, in ad-
dition to adopting a vigorous industrialization incentive

policy.
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VIII. Problems Requiring Further Discussion in This Study

Fundamental elements such as data and information
on the location of industrial plants in Paraguay, customs
of the people, etc., were not sufficient for this study,
therefore, most of the conditions taken into consideration
are based on hypothesis and assumptions. Accordingly, the
results obtained can be used as a reference for determi-
nation of a general direction, but accuracy is in sufficient,

It is necessary to make a further detailed study
of the relevant conditions such as plant scale, construction
costs, transportation of raw materials, etc., after carry-
ing out a field survey in Paraguay, discussions with con-
cerned authorities to collection of information, etc., in
order to improve the accuracy of the study on projects of
this kind.
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SECTION V

TRON AND STEEL INDUSTRY
(ELECTRIC FURNACE-SMALL BAR MILL PLANT)
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I. Introduction

Integrated steel works adopting electric furnaces
can be taken into consideration when discussing the feasi-
bility of iron and steel as an electricity-intensive indus-
try to be introduced in Paraguay. This country currently
has no domestic production of iron and steel, however, and
total demand is covered by imports from foreign countries.
On the other hand, abundant electricity is expected to be-
come available soon at very low prices. Such being the
case, it is thought pertinent to start the discussion with
a discussion of a mini-mill plant consisting of electric
furnace and rolling mill for production of small scale non-
flat products. This alternative is convenient from the
following points of view:

- In a couﬂtry where the iron and steel industry is at
an early stage of development and there is no domestic
production of these items, consumption is mainly of
construction materials like steel bars for reinforced
concrete and small sections,

- The mini-mill plant has a convenient scale from the
point of view of capital required, management, tech-
nology, labour, etc., as a first step for the construc-
tion of an iron and steel industry.

Under the circumstances, this report discusses

principally the two aspects below:

(1) General information on types, production, raw materials,
etc., related to small bars, aimed at promoting a
better understanding for people involved.



{2) Preliminary study of feasibility of a mini-mill plant
{(combination of electric furnace and rolling mill for
small bars and small sections).

It is possible to produce small sections together
with small bars in the mini-mill plant but in this report
discussion focuses mainly on small bar because the demand
for small sections is presumed to be negligible in Paraguay.

ACEPAR (Acero del Paraguay S.A.) is currently
constructing a blast furnace integrated steel works (char-
coal blast furnace - converter - continuous casting - small
bar mill) in Paraguay. This report is a pre—feasibilitf
study for a mini-mill plant using a electric furnace as a
form of electricity-intensive industry and, therefore, its
relation to the ACEPAR project is not discussed here. In
future steps of the study, however, it will be necessary
to discuss the relation between the ACEPAR project and the
mini-mill project.



IT. Types of Steel Bar
1. Types of Steel Products

Generally speaking, steel products are classified
into non-flat steel, flat steel and steel pipes, according
to external appearance. Non-flat steel is a general nomen-
clature which comprises steel products rolled in the form
of "strips" and is classified into rails, sheet pilings,
shape steel, steel bars and wire rods according to the
shape of the product.



Table II-1 Types of Steel Materials
Type Nomenclature
Rail Heavy rail, light rail, accessories
Sheet pile Sheet pile, simple sheet pile
Non- Shape steel H-steel, heavy shape steel, medium
flat shape steel, small shape steel,
steel light gauge steel, rim ring bar,
sash bar
Steel bar Large steel bar, medium steel bar,
small steel bar
Wire rod Ordinary wire rod, special wire
rod, coil
Plate and Heavy plate, medium plate, sheet,
sheet cold-rolled sheet
Plate Wide hoop Wide hoop, cold-rolled wide hoop
and
sheet Hoop Hoop, cold-finished hoop
Silicon steel| Silicon steel, cold-rolled silicon
steel
Plated sheet | Tin plated sheet, galvanized sheet
Seamless pipe, butt welded pipe
Steel pipe

electric welded tube, spiral tube,
gas welding pipe

Tyre (for rolling stock)




2. Types of Steel Bars
2-1 Classification by Shape and Dimensions

In terms of shape, steel bars are classified into
round bar, flat bar, square bar, hexagonal bar, octogonal
bar and semi-circular bar according to the cross section,
and into deformed bar (protuberances on the surface), coil
(bar would in the form of a coil), etec. according to the
external appearance.

Steel bars are also classified as large, medium
and small according to the size of the cross section. The
gsize is expressed by the diameter in the case of round bars
and semi-circular bars, by the distance between opposite
sides in the case of square bars and by the width in the
case of flat éteel bars. In the case of deformed bar, it
is converted into round bar having approximately the same
cross section, and is expressed in terms of its diameter
as Dyx (Djg in the case of deformed bar equivalent to
round bar with 19 mm diameter).



Table: II-2-3-1-(b) Bars Classified According to Cross-sectional
Shapes and Dimensions
Kind Roum:l Bar‘& Square , {Hexagonal Flat Bar Half-round Deformed Bar
Bar in Coil Bar Bar Bar
Cross-sectional| I /\
Shape Tl '; ;
! ! Ll i !
| i ] \ ) 3
] i 1 ; i i !
| ' {.p width, [ ! | |Expressed by
D ——— v N = ™ | | the diameter
Diameter |Opposite (Opposite |[Width x Diameter jof a round
Cross-sectional side side Thickness bar having a
Dimension Distance (Distance gubstantially
equivalent
cross-section-
al area (DXX)
Large Diameter: |side: Opposite: |[Width: Diameter:
Bars exceeding |exceeding |side dis~ |[exceedingexceeding
& 100 wmm 100 mmm tance: 130 7m  [130 mm -
2 a exceeding
8.9 100 sm
-
4 % Medium- | Diameter: |sSide: Opposite |Width: |Diameter: |}Weminal dia-
5 | size between 50 |between 50 |side dis- }exceedinglexceeding |meter: between
‘A | Bars and 100 um,| and 100 mm,|tance: 65 mm andi65 mm and } 50 and 100 mm,
g both in- |both in- [between 50 not ex- |not ex- both inclusive
a8 clusive clusive and 100 mmiceeding |ceeding
Wb both in- {130 mm [130 mm
- clusive
o
Small Diameter: {Side: Opposite |Width: |[Diameter: |Nominal dia-
Bars under under gide dis~ [not ex- |not ex- meter: under
50 mm 50 mm tance: ceeding {ceeding 50 mm
under 65 mm 65 mm
50 wm
o | Laxee 0.6% 0.09% - 1.7% - -
- Bars
R
"o
a™ | Medium-
L & | size 2.2% 0.3% 0.06% 2.6% 0.0 -
“g’ % Bars
g2
g [ Small ) 55.0e 0.6% 0.02¢ | 3.8% 0.0 67.8%
Bars




2-2 Classification by Use

Steel bars have an extremely wide variety of uses
but the principal ones are as reinforcing bars, secondary
processing, machinery, ships and rolling stock. Examples
of secondary products are bolts, nuts, pickaxes, hammers,
cold-finished steel bars, etc. The standards for these
products are determined according to their use and the cor-
responding quality requirements.

3. Steel Bars for Reinforced Conhcrete

Small bars for reinforced concrete represent the
major share of steel bar production and, as can be seem
from the nomenclature, they are used for reinforcing con-
crete,

Two types of steel bars are popularly used in
reinforced concrete, namely round bars and deformed bars.
This classification is in terms of the external appearance
of the product but small bars for reinforced concrete can
also be classified in terms of the production process used,
namely hot rolled steel bars and cold-processed deformed
bars (cold-processed deformed bars are not produced cur-
rently in Japan). In terms of packing form, steel bars can
be classified into straight and bar in coil types.

3-1 Round Bar for Reinforced Concrete

Until ahout 1970, approximately 50% of steel bar
for reinforced concrete used to be the round type. In view
of recognition of the advantages of deformed bar in rein-
forced concrete, howevér, the share of round bars has



declined, being currently of the order of 20%.

3-2 Deformed Bar for Reinforced Concrete
3-2-1 General Description of Deformed .Bar

As indicated in Figure II~3-2-1(a), deformed bars
for reinforced concrete have protuberances on the surface,
unlike traditional round steel bars. The protuberances in
the longitudinal direction are called ribs, while those in

the circumferential direction are called knots.

Figure II-3-2-1(a) Deformed Bar

Knot

=
{ J/T_J/J ()

K \

Rib i

The deformed bar was developed to solve the pro-
blem of concrete adherence, which is a weak point of round
bar.

The protuberances on the surface increase the
area of contact between the steel bar and the concrete and
penetrate the concrete, contributing as a result to consider-
able improvement in adherence with the concrete and the
strength of the concrete structure. Bar in coil ig used
as a material for construction of mesh (welded wire net)



for concrete reinforcement. Bar in coil of deformed type
has been developed recently in view of the excellent con-
crete adherence properties of deformed bar. Deformed bars
are preoduced in the form of straight bars sized from 10 mm
(D19} to 51 mm (Dgp) in steel bar plants. On the other
hand, deformed bar in coil is produced in wire rod plants
in the form of coils sized from 6 mm (Dg) to 13 mm (D33).

3-2-2 High Tension Deformed Bar

High tension deformed bars are those with a yield
point higher than 35 kg/mm2 and a tensile strength larger
than 50 kg/mm2 according to the Japanese Industrial
Standards (JIS). Concurrent with the trend toward use of
lighter steel materials, the concrete structure itself
tends to have a smaller volume and lighter weight. Accord-
ingly, the use of deformed bars of the high tension type is
becoming increasingly popular. Generally speaking, there
are three methods for production of high tension steel, as
described below:

(1) Composition Adjustment

The tensile strength of the material (billet) is
increased by adjusting the chemical composition of elements
such as silicon, manganese, etc., contained therein.

(2) Cold Processing

The product obtained by hot rolling is submitted
to twisting (plastic deformation) under normal temperature

in order to increase strength.



(3) Heat Treatment

The strength of the steel bar is increased through
the hardening effect produced by quenching the bar in the
finishing process following hot rolling.

Most high tension deformed bar on the Japanese

market is produced through the composition adjustment pro-
cess,

- 10 -



Figure II-3-2-1(b) Kinds of Deformed Bar in Japan
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III. Operations of Small Bar Makers (Mainly Electric
Furnace-Based Steel Works)

Small bars are currently produced by four differ-~
ent types of steel works.

(1) Blast furnace-based integrated steel works
(2) Open hearth/electric~arc furnace steelmakers
(3) Rolling makers

(4) Re-roll makers

An important peculiarity of the small bar industry
is the existence of a large number of makers classified in
the last 3 types listed above, unlike in the case of other
steel products.

It is estimated that the number of makers are
currently producing small bars in Japan is approximately
245 (including makers which suspended operation in 1976),
consigting of 7 blast furnace steel works, 54 open hearth
electric furnace steel works, 30 rolling makers (part of
them operating also as re-roll makers) and 154 re-roll
makers.

When the economy is in recession, bankruptcy,
suspension of operation, merger, etc., take place often.
Accordingly the number of companies operating in a certain
sector of business may vary considerably.

In terms of production, the open hearth/electric
furnace steel works produces more than 60% of the steel,
followed by rolling makers, re~roll makers and blast furnace
steel works in that order. The production weight of blast
furnace steel works is extremely low. This is another

- 12 -



important peculiarity of the small bar industry - the most
of the production (approximately 90%) is by medium and small
makers. The aforesaid peculiarity is attributable to the

facts below:

~ The lots of demand for small bars are small in com-

parison with cold rolled sheets, slabs, and other

steel products.

- The requirements for production facilities and quality

of the preoduct are not as severe as with other steel

products.

~ The production system must be quite flexible.

Figure III-1 Flow of Materials

Ingot
Domestic Semi-—finished)
steel product
scrap
. Open hearth/
——————3 alectric furnace Rolling maker
Imported steel works ,
steel -~ p
scrap \ P
Semi~ ! _ 7, Semi~
( finished) : . ( finished)
product ‘ .7 product
rs
/I
Blast furnace
steel works
(By~product)
Re-rolling Domestic

maker

- 13 -~

(

)

steel scrap



As indicated in Figure III-1, the key role in
the supply of iron and steel is played by (1) blast furnace
steel works which adopt the mass supply system by mass pro-
duction. On the other hand, (2) electric furnace steel
works, (3) rolling makers and (4) re-rolling makers supply
their products to small-lot demand sectors through a flexi-
ble small-lot production system. Accordingly, their pro-
duction is concentrated mostly on small bars and small
shape products. Even on a worldwide scale, small bars and
small shapes, the principal products of electric furnace
steel works, are market-sensitive commodities for the con-
struction industry, which is prone to be strongly affected
by the prevailing economic situation. Such being the case,
it is common knowledge that operation of electric furnace
steel works is often unstable because profitability is
subject to pronounced fluctuations according to the economic
situation.

- 14 ~



IV,
Steel Works

Sub Materials

Ferroalloy
Burnt lime

Fluorspar

Coke breeze
Others

Flow of Production of Small Bars in Electric Furnace

Principal Raw Materials

Scrap

Direct-reduction
iron

Return scrap

— — w.IEIu.r-:ctrcnilesJ

I
L7

Electric Furnace

Refractories
Refractories for Hearth Repair

{
l

Furnace wall ‘-~ — T— Slag
brick - — Dust
Ceiling brick Molten Steel Lna Waste brick
Magnesia
Gunning powder
Dolomite
Refractories — — — — — — — —— Computer mould
: :
Laddle brick | ;
Tundish brick - &
s1iding nozzle C?ntlnuous Caﬁter
I i
' |
J L-~-1— Slag

Byproduct = - —-
Return Scrap

N

[ BilleL_t'—._rJ

}—a Scale
L—> Waste brick

Roll -—— =" 1
R it T = Bypreoduct =
y } Return Scrap
Small Bar Mill L, Scale
A
‘ Small Bar_j

- 15 -



Production Process of Small Bar Mill
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V. Comparison of Merits of Small Bar Production Processes

1. Cost Comparison of Blast Furnace-Converter Process and

Electric Furnace Process

In advanced iron and steel producing countries
such as Japan, West Germany, etc., the production of crude
steel by means of the blast furnace-converter process
represents 75 to 80% of total production. This process is
popularly used in view of its economic merits. In the par-
ticular case of Japan, however, it is necessary to use pig
iron as a source of Fe because the amount of steel scrap
generated in the market is small, in spite of the evolution
iron and steel production. In other words, in the case of
the blast furnace and converter process the required raw
material is eéonomically available at stable prices, unlike
in the case of the electric furnace process, where the cost
of steel scrap used as raw material suffers a strong market
influence,

The production 6f steel by means of the blast
furnace and converter process involves many processes,
namely coking, sintering, blast furnace and converter. In
contrast, only an electric furnace is involved in the pro-
duction of steel by means of the electric furnace process.
In the blast furnace and converter process the required
plant and equipment investment is more than twice as large
as that required for the electric furnace process. On the
other hand, the former process has excellent economic merits
and is suited for mass production, because the work involv-
ed is rational and efficient.

At one time the electric furnace process experi--
enced outstanding improvements regarding increases in pro-
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ductivity and reduction of raw material consumption through
the use of ultra-~high power furnaces. Particularly in the
U.S., the electric furnace process became very popular
because these improvements added to compactness, which is

a merit inherent to the process. Soaring energy prices
after the oil shock of 1973 brought about an enourmous
burden in terms of production cost to the electric furance
process because it relies on electricity as an energy source
for operation, therefore, the converter process has become
more advantageous in terms of total process cost, including
variable costs and fixed costs.

The cost competitiveness of the converter process
and electric furnace process is determined by the capital
cost (installation cost) and the balance between the prices
of molten pig iron and steel scrap. Steel scrap must be
cheaper than molten pig iron in addition to the cost dif-
ference of the production process itesel, for the electric
furnace process to be advantageous compared with the con-
verter process (refer to Figure V-1).

Figure V-1
Electric furnace
process _
o advantageous (Process cost difference}
"B in this
o
-9 area
a
g
48 Converter process
= o advantageous in this area

Steel scrap price
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2. Example of the U.S.

A considerable portion of the production of steel
bar (consisting mostly of deformed bars) in the U.S. is by
small- and medium~scale companies. In particular most of
the so called mini-mills, which have become very popular
recently, are used for production of steel bars,

The principal reasons which make these mini-mills
pertinent are described as follows.

(1) Low cost steel scrap
(2} Cheap electricity
(3) Appropriate market scale

It is reported that mini-mills are able to com-
pete with the ‘cost of large scale makers through use of
ultra-high power electric furnaces and continuous casting
facilities. These mini-mills have annual production capa-
cities of the order of 50,000 to 500,000 tons, and produce
principally concrete reinforcing bars.

As can be seen from the considerations above, the
production of steel bar in the U.S. relies mostly on small
and medium scale companies, as in the case of Japan. The
"raison d'etre" of these companies is flexibility regarding
aspects of labour, acquisition of raw materials, production,
marketing, quotation, etc., and adaptability to the demands
of the local market.

Generally speaking, when mini-mills compete with
large scale companies and rival makers of the same scale,
they offer merits such as shorter terms of delivery, spe-
cialization in the products handled, sophisticated proces-
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sing, and sometimes discounts in prices. TFurther, they
attribute more importance to quality rather than quantity
and make efforts not to loose customers, therefore, there
are makers which pass large lot contracts on to large scale
makers and give priority to rather small lots of the order
of 10 tons. Makers of this kind contact customers at least
once a week. As can be seen from the considerations above,
most products are sold directly by the maker to the user.
Transactions of this kind account for approximately 80%

of all scales.

Generally speaking, mini-mills of the U.S. which
produce steel bar maintain competitiveness through the

measures described below:

Rolling of the varieties and forms of products accord-

ing to local market demand.

- Investment of the minimum amounts necessary to accom-

plish the aforesaid.

- Training of employees to the highest degree of sgkill
possible for the specific job.

- Use of installations of the plant up to the maximum

rate of operation.

The so-called *economy of scale” has advantageous
effects in the case of the mini-mill, Normally the pro-
duction cost per unit (excluding the capital cost and
including the raw material cost) is considerably higher in
t+he case of mini-mills than with large-scale steel works.
Comparison of the operation costs, assuming the same prices
for the molten pig iron and steel scrap, shows that the

electric furnace process is approximately 10% more expensive
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in the U.S.A. and this difference is reported to result
from enerqgy cost (electricity cost). 1In terms of total
production cost, taking into consideration capital cost, it
is presumed that there is no difference between mini-mills
and large scale steel works, however. Therefore, in the
case of the U.S., the key point in operation of mini-mills
is obtaining of raw materials as cheaply as possible in
order to make use of the merits of the capital cost instead
of considering measures to cover the demerits in operation
costs. Under the circumstances, steel bar makers pay
special attention to raw material supply sources and re-
strict their market within a radius of approximately 100
miles of the factory in order to compete advantageously with

large-scale makers.

It is reported that the average annual production
capacity of each mini-mill is of the order of 150,000 tons.
This is said to be the appropriate economic scale in terms
of the aforesaid points of view of minimization of capital
cost, supply of cheap steel scrap, relation between market
and plant site, etc., mentioned above. The considerations
above on the state of things in the U.S. are generally
applicable to other countries.
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VI. Raw Materials ~ Steel Scrap
1. Relation between Small Bar and Steel Scrap

As described in the section on production pro-
cesses, small bars are produced by rolling billets. The
principal raw materials of billets are iron ore and coal
in the blast furnace process and steel scrap in the elec-
tric furnace process. The majority of small bar production
is by electric furnace makers, therefore, the demand for
steel scrap is influenced by the production of small bars.
On the other hand, the production of small bars is re-
stricted by the amount of steel scrap generated in the
market. Fluctuations in the prices of small bars are re-
flected in the prices of steel scrap and the steel scrap
market situation has an influence on the price of small
bars.

Therefore, small bar and steel scrap are inti-
mately related to each other.

In addition to steel scrap, the electric furnace
process requires other sub-materials such as limestone and
fluorspar as slag-formation agents, ferroalloys as compo-
sition adjustment and reductor agents, etc. The amounts of
these materials is minor, however, and the share of the raw
material cost is small. Accordingly, discussion of raw
materials for production of small bar focuses on steel

scrap.
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2. Prospects of Demand for Steel Scrap
2-1 Generation of Steel Scrap

2-1-1 Purchased Scrap:

There are two types of steel scrap negotiated in
the market.

Process scrap: Scrap generated in mechanical
workshops, automobile plants,
shipyards, etc.

Superannuation scrap: ~Scrap generated by dismantling
of scrapped cars, superannuated
domestic godss (automobiles,
freezers, washing machines,
etc.), wrecked buildings, etc.

2-1-2 Return Scrap

This is the kind of scrap which is consumed in
the plant where it is generated and does not appear in the
circulation market. Return scrap is generated at a fixed
rate (currently approximately 15%) with regard to the pro-
duction of crude steel.
2-2 Supply of Steel Scrap

2-2-1 Return Scrap

The prospect of generation of return scrap is
determined by the prospect of production of crude steel and
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to the conditions of operation, which are related to yield
when turning out a given amount of steel,

Particularly in Japan, where the conversion from
the ingot making & blooming process to the continuous cast-
ing process is very advanced, the vield of steel materials
from crude steel is improving considerably. In 1975 that
yield was of the order of 85.3%, but by 2,000 it is expect-
ed to reach 88.6%.

The rate of generation of return scrap is dropping
as a result of the improvement in yield. The rate of gener-
ation of return scrap improved to 15% in 1980 compared with
20% in 1965, and by 2,000 it is expected to drop to appro-
ximately 13%. Technical progress is keeping the generation
of scrap at a minimum level in spite of the increase in pro-
duction of crude steel.
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Fig. VI=2-2-1
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2-2-2 Process Scrap

In Euro-American industrial countries and in Japan
the supply of process scrap is expected to suffer a relative
decline as a result of technical progress. On the other
hand, generation of superannuation scrap is expected to
increase considerably.

2-3 Steel Scrap Demand

The key point in forecasting future steel scrap
demand is the proportion of. the production of steel per
type of furnace (i.e., converter, electric furnace, etc.)
and the mixing ratio of steel scrap in each type of furnace.

2-3~1 Share of Production per Type of Furnace

As a consequence of successive construction of
converters, with the technical progress and the increase
in demand as a background, the production share of the
Siemens-Martins furnace (open hearth furnace) is declining.
The production share of electric furnaces around the world
is currently of the order of 20% but opinions on whether
the status quo will continue or concurrently with the in-
crease in crude steel production are not unified among

experts.
2-3~2 Steel Scrap Mixing Ratio

The demand for steel scrap is determined not only
by the production share per type of furnace but also by the
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mixing ratio of scrap in either type of furnace. Raw
material charged in electric furnaces contains minor amounts
of ferroalloys and slag generating agents but in essence it
consists of steel scrap. As far as the steel scrap is used
as the principal raw materials, the mixing ratio in electric
furnaces is not expected to suffer significant changes in

future.

On the other hand, the mixing ratio of steel scrap
in converters is decided by synthesizing the factors below:

- Steel scrap price trends

-~ State of supply and price of fuel
— Operation efficiency

- Supply and demand product

- Capacity of the installation, etec.

2-3-3 Future Prospects

There is no unified opinion about future prospects
of electric furnaces, steel scrap and direct reduction iron
but the most convincing points of view of experts are as
follows:

Iron and steel are expected to become more impor-
tant for developing countries in the coming decade and most
of the additional steelmaking capacity to be constructed
in this period is expected to be based on electric furnaces.
The average annual growth rate of steelmaking capacity in
Europe and the U.S. is expected to be less than 1% in the
coming decade. On the other hand, in the developing coun-
tries it is expected to be far larger, of the order of 25
to 40%. 1In 1980 the share of electric furnaces in world’
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steelmaking capacity was of the order of 20%. By 1990 the
electric furnace production capacity in terms of crude

steel is expected to double, reaching 30%. Electric furnace
steelmaking has many merits and these are the cause of the
aforementioned increase in production share. The construc-
tion cost of an electric furnace plant based on steel scrap
is approximately 1/2 that one of an integrated steel works.
When uging direct-reduction iron and the raw material, the
construction cost is approximately 60%.

The size of electric furnaces is becoming in-
creasingly large, with some exceeding by far the scale of
ordinary converters. The use of direct~reduction iron is
making possible the production of types of steel which used
to be exclusive to integrated steelworks and is further
reducing the degree of reliance on steel scrap. Direct-
reduction iron should be considered a subsidiary raw
material in the electric furnace steelmaking process rather
than a substitute for steel scrap because the demand for
steel scrap is expected to surpass supply in future. It
is expected that many electric furnace steelmakers will be
forced to import steel scrap, with a negative influence on
their international competitiveness resulting due to increas-

ed transportation cost.

The U.S. has considerable sources of steel scrap
but there are doubts about whether there will be the capa-
city to cope with sudden increases in demand. The Soviet
Union used to export steel scrap but is now increasing its
electric furnace steelmaking capacity and therefore the
amount of scrap available from that country in future is

expected to decline.
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2~-4 Current Status of Import and Export of Steel Scrap

As shown in Table VI-2-4-1 and Table VI-2-4-2,
the principal scrap steel exporter in the world is the
U.S. The quantity of steel scrap exported by the U.S. is
practically equivalent to the total consumption of Latin
American countries (11,489 million tons) in 1980. In 1980
it exported 10.173 million tons.
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VII. Price of Small Bar and Steel Scrap

The prices of small bar and steel scrap are basi-
cally determined by the relation between supply and demand
as in the case of other commodities. Steel scrap is a
special commodity because it is a "generated" product and
therefore its price is determined principally by the price
of small bars and by the relation between demand and supply
in addition to other subsidiary factors like the prices of
pig iron and direct-reduction iron, steel scrap cost, etc.

1. Steel Scrap Price in the U.S.

As can be seen in Table VII-1, the price of steel
scrap in the U.S. in the 3 year period from 1979 to 1981
declined from "$136.5/t (February, 1979} to $79/t (September,
1981). The price of this commodity then continued to de-
cline, reflecting recession in the U.S. steelmaking indus-
try, reaching a price of the order of $60/t (composite) as
of September, 1982. The price on an FOB basis is presumed
to be of the o;der of $60 to $70.

2. . Price of Small Bar
As can be seen in Table VII-2-1, the price of
small bar exported from Europe declined from $24 to $200

(actual export price of Belgium, FOB basis) during the
January to August period in 1982.
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Table VII~-2-1 Price of Small Bar for Concrete

Steel bar for concrete reinforcement (Fob basis)

Table VII - 2 -~ 1 Trends in Reinforcing Bar Prices
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The prices of small bar in Latin American coun-
tries are indicated in Table VII-2-2, The price levels
are quite uneven due to circumstances such as price con-
trols by the state, etec., but generally speaking small bars
are negotiated at relatively high price levels compared

with Europe and the U.S.

3. Relation between Prices of Small Bar and Steel Scrap

Examples of prices of small bar and steel scrap
in Japan are indicated in Table VII-3-1 and Table VII-3~2,
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VIII. Pre-feasibility Study of Mini-mill Plant in Paraguay
1. Market for Small Bar
i~1 Domestic Market of Paraguay

The domestic consumption of small bars and small
sections in Paraguay has been increasing in the recent
years due to the construction of large scale hydroelectric
power stations and other projects. It was 38,000 ton in
1979, as indicated in Table VIII-1-1 (it is presumed that
the consumption of small bars in the gigantic hydroelectric
power stations of Itaipu and Yacireta are not included in
the aforementioned figure because these are joint-venture
projects with Brazil and Argentina). Small bars and small
sections (the majority being small bars) represent 94% of
the total apparent consumption of steel materials (40,641
tons in 1979).

Generally speaking, the minimum production scale
considered economically feasible for a mini-mill is of the
order of 150,000 tons/year. Construction of a plant of
this capacity in a country which has the aforementioned
domestic consumption of steel bar is an extremely risky
investment. Even with an annual growth rate of 10%, domes-
tic consumption of this material in Paraguay would be
barely 67,000 tons in 1985 and 108,000 tons in 1990, It
is therefore necessary to ensure an export market of the
order of 50,000 to 100,000 tons/year.
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Table: viZ-1-1

Paraguay: Apparent consumption of rolled steel products
By products
{in metric tons)

Productos 1976 1977 1978 1979 (%)
Laminados 19,131 26,889 23.566 40.641(100)
No planos . 16.879 24.350 22.540 39.557
Barrasyf perfiles 16,664 23.166 22.006 38.036 (94)
Alambrén 215 1.184 534 1.521 (4)
Planos o 2.252 2.539 1.026 1.084
Planchasy laminas 2.252 2.539 1.026 1.084 (2

Source: ILAFA

1-2 Origin of Small Bars and Small Sections Imported by
Paraguay

The -total demand for steel materials is current-
ly covered by imports in Paraguay. As can be seen from
Table VIII-1l-2-1 and Table VIII-1-2-2, the principal
suppliers are Brazil and Argentina, which provide 85% of
the total. 1In other words, self-sustenance in small bar
in these two countries exceeds 100% (refer to Table VIII-
1-3-2(a)) and, therefore, it is quite difficult for Paraguay
to export to these countries.
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Table: VII-1-2-1

By countries of origin
{in metric tons)

Paraguay: Imports of iron and steel products in 1978

mas Alambres
Paises perfiBI; liviinos (%) sus manufact{ms Tubos Total (%)
Alemania Occidental 373 7 46 426
Argentina 7.977 (36} 361 354 8.692 (37)
Bélgica 2.789 (13) 9 2.798 (12)
Brasil 6.505 (30) 23 406 6.934 (30)
Chile 827 827
EE.UU. 59 7 59 125
Espana 222 25 2 249
Francia 176 175
Holanda 19 5 24
Japén 1.967 (9) 4 1.971 (8)
Reino Unido 2 5 6 13
Suecia 32 32
Suiza 6 6
Uruguay 845 (4) 45 B94 (4)
Otros 204 53 1 258
Total 22.006(100) 485 $33 23.424(100)
(ILAFA)
Table: VvII-1-2-2
Paraguay: Imports of iron and steel products in 1979*
By countries of origin
{in metric tons)
Barras y Alambre y
Paises perfiles Sus manu- Tubos Total
wianos (%) facturas (%)
Alermania Occidental 1.629 (4) 14 21 1.664 (4)
Argentina 12.161 (32) 642 305 13,108 (32)
Bélgica 1.033 1 1.034
Brasil 20.306 (53) 649 532 21,487 (53}
Chile 207 1 208
EE.UU. 48 4 25 77
Espaiia 11 11
Francia 591 4 595
Holanda 5 2 7
talia 11 44 55
Japén 1.039  (3) 6 45 1.090 (3}
Reino Unido 2 2
Suecia 24 5 29
Suiza 13 13
Uruguay 440 (1) 440 (1)
Otros 529 56 585
Total 38.036 (100) 1.383 986 40.405 (100}
{ILAFR)
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1-3 Export Markets for Paraguay

1-3-1 Current Status of Production of Steel Bar in Latin
American Countries

The development history of the iron and steel
industry in the world reveals that in most countries it
started from the production of non-flat steel. The reason
for this is two-~fold.

=~ In the early stage of economic development, demand
consists mostly of construction materials such as
small bars and small sections.

-~ Pacilities for production of these materials have an
appropriate scale from the point of view of ease of
construction,

As can be seen in Table VIII-1-3-l(a), the afore~
said has taken place also in the case of developing coun-
tries in Latin America.

« Countries with no production of iron and steel:

Paraguay, Bolivia, Guyana, Surinam, French Guyana.

+ Countries where the share of small bars and small
sections exceeds 50% of production: Columbia, Ecuador,
Peru, Uruguay and Central American countries (Costa
Rica, El1 Salvador, Guatenala, Honduras, Nicaragua,

Panama, Dominican Republic).

The total production of steel materials in Latin
America (24,451,256 tons in 1980) consists of 5,012,366
tons (20.5%) of small bar for reinforced concrete, 1,703,253 -
tons {7.0%) of other steel bar and 858,881 tons {3.5%) of
small sections, showing that steel bar is the product with’
largest demand. Most production of steel bar consists of
small bars sized less than 50 mm diameter.
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Table VIII-1-3-1(a)

Latin America:
steel, bar and small sections

Production of rolled

-

- 44 -
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Table VIII-1-3-1(b)"

Latin America:

by Products

Rolled Steel Production

) (Unit: +ton)
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Table VIII~1l-3-1{c) Principal Countries: Production of
Small Bar and Light Section Steel
(1979, Unit: 1,000 tons)}

a. Hot-rolled ‘- b. Small bar - b/a
steel pro- and small (%)
ducts section steel
Total

Japan 101,614 22,342 22
U.S. (Note 1) 90,959 15,968 18
West Germany 38,487 4,834 13
France 20,804 3,026 15
Italy 18,548 7,652 4]
Belgium . 11,549 1,133 10
Luxemburg 3,938 864 22
Netherlands 4,990 3le 6
Great mritain 17,121 2,868 17

EC (7) 115,437 20,693 18
Spain 9,750 2,731 28
Soviet Union 105,117 38,716 (Noﬁe 2) 37
Poland 13,915 2,504 18
Czechoslovakia 10,245 1,813 18

Note (1) U.S. and Great Britain: shipment basis

(2) Heavy sections plus small sections
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1-3-2 Ppossible Markets for Export from Paraguay

(1} Small bars and small sections are produced practically
all over the world, unlike other products with high
added value, therefore the export market is becoming
relatively small,

In Latin America as a whole self-sufficiency exceeds
100% and Brazil, Argentina, Mexico and Peru are ex-
porters of small bars and sections. Furthermore,
other countries in the area are also acquiring self-
sufficient capacity and they are expected to become
self-sufficient in the near future (refer to Table
ViII-1-3-2{a) and Table VIII-1-3-2(b)).
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Table VIII-1-3-2(b) Self-sufficiency in Small Bars and
Small Sections in Latin American
Countries (Production/Apparent Con-
sumption) (1979, Unit: %)

Argentina 111.0 111.9
Bolivia 0 0
Brazil 112.4 111
Centroamerica (No-data) 77.2
Colombia 85.2 84.9
Chile 99.2 99.2
Ecuador 87.1 79.8
Mexico (1978) 111.5 110.2
Paraguay 0 0
Peru 101.4 102.4
Uruguay 60.7 63.7
Venezuela 79.7 84.3
America {No-data) 96.8
Latin American (¢ o } 101.9
Total
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(2) When seeking export markets in the neighbouring
countries, Bolivia and Uruguay can be taken into con-~
sideration but the total export market to these two
countries barely reaches 50,000 tons/year. Further-
more, setting apart the feasibility of the export
business itself, these countries cannot be considered
stable export market because they are setting forth
their own plans for self-sufficiency (refer to Table
VIII-1-3-2(a)).

(3} With regard to areas other than Latin America, it is
possible to take into consideration export to countries
of the Middle East, Asia and Africa which do not have

self-sufficiency.

It is ultimately presumed that the key points for the
export of the commodities in guestion are the domestic
product preference policy of the various countries and
price competitiveness,

(4) On a long-range basis of the order of several decades,
however, apparent per capita consumption in the Latin
America as a whole is small. Particularly in Paraguay,
a country in the process of social development, the
consumption of steel will increase without doubt be-
cause steel is said to be the "barometer of the
civilization." The consumption per capita of steel
in Latin America as a whole is small but latent demand
is enormous in view of the future development poten-—
tial (refer to Table VIII-1-3-2(c) and Table VIII-1-
3-2(d)).
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Table: VII-1-3-2-(c)

Latin America: Consumption per capits of rolled steel products
By countnes
tn terms of ingots
{kg, per capita)

Palses 1976 1977 1978 1979
Arggqtma 117,5 1397 108,7 142,8
Bollv_ua 15,8 18,8 23,1 20,4
Brasil N 92,0 107.0 104,3 110,3
Centroa_menca 27.2 36,3 40,7 31,5
Col_ombla 24,7 25.8 32,3 34,2
Chile 41.4 49.3 56,6 65,9
Ecm_ador 37,6 49,2 44.3 51,8
México 95,4 98.2 123,1 136,2
Para_guay 9.3 12.7 10,7 18,1
Perd 35,7 33,5 29,7 29,2
Uruguay 32,8 37.9 63,9 49,8
Venezuela 238,6 266.5 231,8 178,3
Total 83,9 91,4 93,6 98,7
(ILAFA)

Table VII-1-3-2-(d) Apparent Consumption of Steel
in Selected Regions and Countries
(Thousands of tons of crude steel

equivalent and kilogrammes per capita)

19717 1978 1379

U,5.5.R, 365 587 576
United States [31:) 672 640
tEC9) 404 393 427
{ECE) 24 407 443
Japan 512 815 637
China M 113 47
Germany West 518 526 602
Ttaly k17 ] m 100
France 383 kLY E-H
United Ringdem 357 359 k1]
Poland 540 561 545
canada 550 578 635
Rumania 506 528 563
India 1§ 16 17
czechoslovakia 748 156 120
Germany East 591 605 591
Spain 249 186 214
South Africa 161 185 07
Australia 365 358 401
Yugoslavia 238 246 250
Eastern-Puropa-U.5.5.R. 551 526 567
Western Europe 339 20 45
Horth Amarice 611 662 619
South-East Asia 55 59 67
Latin America 9 95 98
Africa 36 3 a2
Oceanja 279 FIE] e
Middle and Near Zast 106 106 17
World Total 163 167 172
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2. Sources of Supply of Raw Materials for Small Bar
2-1 Principal Raw Materials
2~1-1 Scrap

Part of the scrap consumed by the steelmaking
industries of Latin American is supplied by domestic sources
but most demand is covered by imports from the U.S. It is
presumed that normally there is no circulation of scrap
between the various countries in the Latin American region,

Brazil is in principle self-sufficient in terﬁs
of scrap and imports are authorized by the government on a
spot transaction basis only in special cases. The export
of scrap from Brazil is prohibited because it is considered
an energy saving resource.

As for Argentina, it is a scrap importing country,
and there are no reserves for export. For other Latin
American countries it is presumed that they have no export
capacity in view of their domestic reserves of iron and
steel,

In the case of Paraguay therefore it is unavoida-

ble to meet the majority of its needs by imports from the
U'5I
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Table: VIE-2-1-1

Latin America: Scrap consumption
By countries

(in thousands of metric tons)

Paises 1976 1977 1978 1979 1980*

Argentina 1.503 1.716 1.382 1.471 1.198
Brasil 4,213 4.576 5.262 5.894 6.468
Colombia 208 227 166 237 191
Centroamérica 61 52 55 116 149
Chile 169 206 161 185 190
Ecuador 18
México 3.090 2.440 2.810 2.454 2.127
Perd 168 167 136 209 157
Uruguay 18 23 B 20 22
Venezuela 453 529 546 954 969
Total 9.883 9.936 lo.526 11.540 11,489

Source: ILAFA

2-1-2 D,R.I.

{Sponge Iron)

Latin America as a whole currently has an annual

production of the order of 5 million tons of sponge iron,

with Venezuela and Mexico the principal producers.

If

necessary, there is a possibility for Paraguay to import

sponge iron from Latin American countries (refer to Table

VIII-2-1-2(a) and Table VIII-2-1-2(b)).
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Table: VII~-2-1-2-{a)

Latin America: Spange iron and consumption
By countries
{in thousands metric tons)

Palses 1976 1977 1978 1979 1980°
Argentina 27 252 354 757 710
Brasi 227 230 270 332 243
Colombia 1 11
Mexico 1.077 1.195 1.353 1.194 1.013
Peru 0 1 1 2 23
Venezuela - 209 284 660 1.214
Total 1,331 1,887 2,263 2.946 3.214

Table: VIE-2-1-2~(b)

Latin America: Sponge iron production
(thousand of tons)

ENERO -
PATSES JuNIo | MAYO | JULIO | JUNIO-MAYQ NER JUNIO

1982 1982 1982 82 % 1982 1981 82/81%
Argentina 67,2 59,4 74,9 13,1 402,5 123,2 24,5
Brasil 20,8 27,5 17,7 -24,4 118,1 110,6 6,8
México 111,2 | 144,8 { ... -23,2 790,6 |- 871,3 -9,3
Perd 2,8 2,1 ... 33,3 23,5 26,8 12,3
Venezuela | 154,7 | 177,0 187,2' -12,6 1.037,3 793,8 | 30,7
Total 356,7 { 410,8 | ... -13,2 2.372,0 } 2,125,7 11,6

{ILAFA)
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Table: VIT-2-1-2-(c)

Latin America; Ferro-alloys consumption

By types
{in metric tons)
Tipos 1976 1977 1978 1979 1980+
FeMn 161.699 171,839 166.442 206,633 210,218
FeSi 48.986 56,102 58.186 58.421 74.701
FeSiMn 50.039 57.969 66.738 94.567 103.413
FeCr 18.171 20.162 18.116 25.061 42.437
FeNi 6.613 7.779 7.380 B.069 8.171
FeMo 1.136 1.370 1.129 1,380 968
FeNb 109 233 85 359 189
Otras 27.599 24.212 26,369 28.775 -29.119
Total 314.352 339.566 344,445 423.265 469,216
(ILAFA)
Table: VII-2-1-2-{d)
Latin America: Ferro-alloys production

By types (in metric tons)

Tipos 1976 1977 1978 1979 1980
FeMn: 185.200 261.759 256.931 298.271 292,586
AC 178.466 165,731 222.706

MC 6.724 95,904 34.225

BC 10 124 -
FeSi: 91,140 107.417 104.126 132.017 213.657

15% Si 626 626 -

45% Si 26.111 34,933 24,255

75% Si 64.353 71.858 79.871

90% Si 50 - - - -
SiMn; 84.452 105.782 150.549 160,943 176.951

12/16% Si 28.213 34,698 - .

16/20% Si 55.944 71.084 100,785

20/25% Si 720 - 49,764
FeCrSi 3.575 4,121 4,698 - -
FeCr: 68.500 68.758 66.165 89.308 93.443

AC 63.017 62.489 60.321

ac 5.883 6.269 5.844
FeNi: $.970 10.860 10.976 11,355 11,280

AC 3.143 3.845% 8.674

BC 6.827 6.915 2,302
FeMo 1.700 2.015 1.822 2.636 1.403
OMo 4.864 6,715 10,528 11.355 6.971
FaW 286 141 336 488 235
FeV 255 410 515 1.069 1.000
FeNb 10.088 6.888 8.533 24 -
FeTi 419 40 - - -
Otras 3.758 16.103 21.839 50.579 62.094

(ILAFA)
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2-2 Other Materials
2-2-1 Ferroalloys (Fe-Man, Pe-8i)

As can be seen from the table, both Fe-Mn and
Fe-5i are in an oversupply state in Latin America, There
is no problem of importing these Products by Paraguay if
necessary.
2-2-2 Limestone

There is a possibility of supply of limestone
from domestic Sources.
2-2-3 (Coal

There is a possibility of imports from neighbour-
ing coal producing countries.
2~2-4 Coke

There is a possibility of imports from the Steel~
making industries of Brazil and Argentina.
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Table: VID-2-2-4

Latin America: Coke consumption

By countries

{in thousands of metric tons)

Paises 1876 1977 1978 1979 1980°
Argentina 670 558 824 553 489
Brasi! 2.487 3.549 4.026 4,223 4.338
Colombia 256 203 207 219 205
Chile 262 262 314 341 380
Mexico 1.886 2.323 2.597 2.529 2.443
Perli 117 133 128 137 151
Uruguay 2 2 3 2 1
Venezuela 164 106 142 177 130
Total 5.844 7.136 8.241 8,181 8.137

Source: ILAFA

2-3 Refractories (Firebrick, etc.)

To be imported from Eurcope, the U.S., Japan, etc.
A portion of the required refractories can be imported from
Brazil and Argentina.
3. Mini-mill Plant Project in Paraguay

3-1 Technical Premises

3-1-1 Type of products:

Deformed bars for reinforced concrete. Sizes
g9 mm to #32 mm.

3-1~2 Production capacity:

12,500 t/M = 150,000 t/Y (Billet basis)
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3-1-3 Operation conditions:

3 shifts/day by 4 crews

3-1-4 Products:

Total s0ld outside company (domestic and export
markets) .

3-2 Basic Plan of the Plant

3-2~1 Principal Installations:
To be imported from overseas.
(1) Electric furnace plant: 25 tons/heat x 2 units

{2) Continuous casting plant: Continuwous billet cast-
ing machine x 1 unit (billet size 100x100mm, 3-
strand type).

(3) Steel bar rolling plant:, Bar mill x 1 line

3-2-2 Production Process and Output

Electric Molten Continuous .
furnace | (steel ) > caster (billet)

155,700 tons/year 150,000 tons/year

~—— Bar mill |-——— Bar )

145,500 tons/year
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3-2-3

Material Balance
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3-5 Estimate of Construction Costs
3-5-1 Premises for Estimate

(1) Estimate date: September, 1982

(2) Prices of imported commodities: CIF basis, exempt of
import duties.

(3} Scope of estimate

1) One complete set of plant and equipment to be
purchased (electric furnace plant, continuous
casting plant, steel bar rolling plant)

2} Machinery installation and erection costs

3) Buildings

4) Civil works

5) Engineering cost

6) Spare.parts
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3-5-2 Price (¥250/US$)

Yen Basis Share US$ Basis
¥ Billicn (%) US$ Million
EF-CC Plant
Imported machinery 6
Erection cost
Building 6
Civil works
12 52 48
Bar Mill Plant
Imported machinery 5.5
Erection cost
Building. 4.5
. Civil works
10 43 40
Direct Construction Cost 22 B8
Engineering cost, 1 1 4
spare parts, etc.
Total 23 100 92
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3-6 Price List of Raw Materials, Supplies & Utilities
(September, 1582 basis)
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3-7 Estimated Total Cost of Billet and Small Bar
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*1

*2

*3

*4

*5

The percentage represented by the material (billet)
cost in the production cost is normally of the order
of 90% in the case of steel bar plants., Accordingly,
it is assumed that the Billet Cost x 1.1 = Bar Cost.

Sales of the product require further marketing costs.
Direct marketing costs, etc., are assumed as 10% of
the prime cost. Accordingly, the total cost of the
small bar is assumed as Bar Cost x 1.1.

The fixed cost (personnel expenditure - direct oper-
ation personnel, management personnel, maintenance
costs, installation depreciation cost, interest, etc.)
is assumed to represent 20% of the prime cost.

Calculations are set forth assuming a fluvial trans-
portation cost (from Buenos Aires to the plant site

in Paraguay) of $30/t, therefore the unit price of the
materials becomes:

130%
110%

- Steel scrap unit price 100 + 30
- DRI unit price 80 + 30

i

The ratio between the small bar production prices in
the two cases becomes 306.11/258.50 = 1.18, i.e., the
fluvial transportation cost increases the production
cost by 18%.

Small bars have recently been negotiated at prices of
the order of 200 to 220 US$/t (Europe FOB base}. The
estimated total cost in Paraguay becomes 284 to 337
Us$/t. Accordingly a considerable cut in the cost is
required in order to ensure competitiveness.

- 71 -



3-8

Plant Layout
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3-9 Feasibility of Mini-mill Plant in Paraguay

3-9-1 Product Market Survey

Generally speaking, the use of locally generated
steel scrap as raw material and the supply of products to
the local market are conditions required to make commercial
operation of a mini-mill plant for production of small bars
feasible, as described earlier in this report, because
mini-mill plants of this kind can be constructed anywhere
with relative ease since they require no sophisticated
technical skills and labour. In other words, the key
factor which determines a plants® feasibility is a location
in proximity with the consumption market and raw material
supply source.

Generally speaking, a mini-mill plant constructed
on the premise of exporting most of its products has poor
competitiveness compared with domestic makers. Furthermore,
it is forced to operate under extremely unstable conditions
because the small bar price in the export market is subject
to considerable fluctuation.

Accordingly, it is very important to study care-
fully the prospects for small bar demand in the domestic
market.

3-9-2 Supply of Raw Materials

No domestic supply of steel scrap can be expected
in developing countries, which do not have a sufficient
accumulation of social capital goods (factories, buildings,
home appliances, etc.). Accordingly imports must be relied
upon for the supply of this material.
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Also with regard to other raw materials, it is
not possible to expect supply from domestic sources under
stable quantity, quality and price conditions. 1In view of
the considerations above, we have to say that Paraguay pre-
sents extremely unfavourable conditions for construction
of a mini-mill plant. Furthermore, the river transportation
which intervenes in the supply of raw materials is a factor
which contributes to worsening feasibility demerits.

3-9-3 Influence of Electricity Charge

The electricity cost in the mini-mill plant re-
presents 7.2% of the billet cost, as described in Section
3-7. The cost of small bar fluctuates depending on the
electricity charge, as shown in the table below:

Electricity Charge 3 ;ggts/ 3 Eggts/ 1 ggﬁt/
$§ % $ % $§ %
Ele"tricj('ggsj;;g) 17 (7.2) 28 (11.4) 6 (2.7)
Billet cost 235 (100) 245 (100) 224 (100)
Bar cost 259 271 246

The share of the electricity cost in the smaller
bar cost is small compared with the raw material cost,
therefore, it is not a decisive factor in cost competitive-

ness.
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3-9-4 Availability of Infrastructure and Related Industries

Refractories an- electrodes represent a consider-
able share of small bar cost, It is indispensable to en-
sure sources able to supply these materials under suffi-
ciently stability quality, quantity and price conditions.

Industries of the mechanical, electrical, chemical
and other sectors must reach a certain level in order to
make possible the supply of operation materials and spare
parts (e.g. rolls for rolling mill, CC molds, bearings,
rolling oil, etc.), in addition to the aforementioned re-
fractories and electrodes. The feasibility of the mini-
mill plant alone is almost nil without implementation of
these related industries.

3-9-4 Scale Merit of Production Process

This project assumes an annual production capa-
city of 150,000 tons/year but it is possible to cope with
the increase in installation cost accompanied by expansion
of capacity by increasing the power supply capacity (trans-
former capacity). Production capacity is therefore related
to installation cost by exponential factor.

Capital cost
of electric
furnace

Production capacity

Therefore, the electric-arc furnace itself has

considerable scale merit.
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However, with regard to the continuous caster
and the rolling mill, the speed of the strand or line is
determined by the material which is being produced. Accord-
ingly, expansion of production capacity is related to the
increase in number of strands or lines and therefore the
capital cost can be considered proportional to the produc-
tion capacity. In other words, no scale merit can be ex-
pected in the case of a continuous caster and rolling mill.

Generally speaking, not much scale merit can be
expected with the electric-arc furnace - rolling mill pro-

cess.

Direct Con-—
struction Cost 150,000 tons/year 300,000 tons/year

¥ Bil. (us$ Mil.) ¥ Billion (US$ Mil.)

Electric-arc ’

furnace 5 (20) 60 (24)
Continuous 7 (28) 120 - 130 ( 48 - 52)
casting

Srmall bar mill 10 (40) 1706 - 180 ( 68 - 72)
Total 22 (88) 350 -~ 370 (140 - 148)

3-9-6 Conclusion

It is not pertinent to draw definitive conclusions
from this study because it is carried out on data available
in Japan and some premises. According to our experience and
the results of the discussions carried out so far, however,
it must be said that construction of a mini-mill plant in
Paraguay is not feasible. Further studies, if any, should.
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be undertaken by focusing on the considerations given in
Sections 3-9-~1 and 3-9-2,

3-10 Supplement: Procedure for Preparation of a Rudimen-
tary Plan for a Mini-mill Plant

It is necessary to carry out a survey of the
items listed in Appendix 5 in order to concretely and ac-
crately prepare a rudimentary plan for a mini-mill plant
(consisting principally of a study of the location). It
will be possible to draw up a rudimentary plan for the con-
struction site and the layout of the mini-mill plant,
general planning of facilities, investment required and
other relevent technical aspects by carrying out a study
based on the survey data.

It will also be necessary to carry out a feasi-
bility study for commercialization by means of a survey
on aspects such as price trends for raw materials, pro-
ducts, energy, labour, etc., and prospects for production
and marketing in addition to the aforementioned technical
data in order to calculate the economic effects of the pro-
ject such as cost of the product, commercial profitability,
etc.

According to our experience, it is necessary to
carry ocut a field survey, data collection and study with a
team of 5 to 6 experts (e.g., electric furnace, CC, rolling,
market survey, accounting, civil engineering, etc.) in order

to draw up a rudimentary plan of this level.
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