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M . N . D A S T U R  »  C O M P A N Y  ( P )  L T D mm  NATIONS INDUSTIIAl MYUOWUHT OMANIZATION
STUDY ON NUMMUM ECONOMIC SIZE PU N TS

FOR STEEL PROCESSES M  ASEAN COUNTRIES

SUBORY

The salient features o f the study conremins the miniums 

economic size fo r selected steel processes« steel situation 

in  the ASEAN countries vie-ar-v±s the minimum economic size« 

suggestions fo r consideration and an action-oriented programme 

are discussed. The twelve steel processes selected by the 

ASEAN countries fo r the study are:

i ) B ille t plant
i i ) tiire rod m ill

i i i ) Structural shape m ill
iv ) Bright bar plant
w ) Seamless pipe plant
v i) 61 wire plant

v ii ) Stainless steel plant
v i i i ) Special steals plant

ix ) Hot strip  a i l l
x ) Cold strip  m ill

x i) Plate m ill
x i i ) E lectrolytic tim ing line

MIMDUla ECONOMIC SHE

Taking into account the prices o f input materials and 

the finished products as prevailing in  early 1^80 and the 

plant capacities considered« the internal rate o f return 

(IRR) has been indicated in  Table-1 fo r steel processes in  

different countries* An IRR o f 15 per cent is  desired by 

the ASEAN countries fo r the mininun economic size fo r 

different steel processes*

-  1 -



SECTION

ViBOH -  S U O P  HLtiluli* «I4B iflJR iffM b  gaoCEbag

b ille t  giant
Input price o f scrap, US «/ton 
.jelling price o f b il le t , Ub «/ton 
Minimum economic size, tons/year 
IftR, >  •

- ire  Rod »A ll
Input price o f b ille t , IB «/ton .
belling price of wire rod, US «/ton . 
¿dnimum economic size, tons/year
Iliii, /9 .

structural bhape k i l l
Input price o f biliet/bloom, lib «/ton . 
selling price o f structurals, US «/ton . 
ji.tu.mum economic size, ton^year
Ju~iR, '/o •

bright bar Plant
Input price o f wire rod, US «/ton 
oeliirfe price of bright bars, Ub «/ton . 
minimum economic size, tons/year 
IRrt, ¡9 ,

oeaulesa lube Plant
Input price o f billet/bloom, Ub «/ton .
celling price o f seamless tube, US «/ton
i-iinixaum economic size, ton^/year 
IuR, >> .
.«ire Plant

Input price of wire rod, Ub «/ton .
Seidinfe price o f wire, Ub «/ton 
tdnimuw economic size, tons/year
flit, ‘¡9 •

Sveciaj Steels 11ant
Input price o f scrap, Ub «/ton 
-le llitg  price of bars & rods, US «/ton . 
minimum economic size, tons/year
Ifct, /9 «

st' inless Steel Plant
Input price of scrap, US «/ton
oe llii^  price  o f Sb s tr ip , Ub ./ton

.ail and iialaysia Singapore Indonesia Philippines

133 105 123 130 123
300 300 300 295 275

150,000 60,000 150,000 150,000 500,000
15 15 15 15 12 .2

320 310 3C0 300 300
390 390 390 390 375

450,000 450,000 450,000 450,000 450,000
6 t>«6 y.4 14.9 3.3

320 310 300 300 300
405 405 405 405 450

600,000 600,000 60Q | 'JOG 600,000 400,000
6.5 6.5 10 14.5 10 .1

400 390 375 367.5 404
560 560 560 565 560

20,000 20,000 ¿0,000 20,000 20,000
20.3 21.6 21.4 25 16.7

320 310 300 300 300
060 060 t(60 060 060

62,000 62,000 62,000 62,000 62,000
13.7 13.7 12.4 15.6 14.4

415 405 390 410 400
575 575 575 575 575

34,500 34,500 34,500 54,500 >4,500
12 .6 14.1 13 15 14.7

133 105 12 $ 130 125
620 620 620 620 620

70,000 35,000 70,000 35,000 70,000
17.9 15.9 16.9 14.8 15.6

133 105 123 130 123
2.090 2 ,0y0 2,090 ¿,315 2 ,09O
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ri^ut bar Plant
Input price of wire rod., IE» „/ton 
oellirfe price of bright bars, lb »/ton . 
i j.ra.auia economic size, tons/year 
IHxl, yo ,

oeamiess lube Plant
Input price o f biliet/bloom, lb «/ton . 
neilirfe price o f seamless tube, lb  «/ton 
i-a.niuum economic size, toni/year
InH, Jo

.«ire Plant
Input, price of wire rod, lb «/ton  
hexling price o f wire, lb  «/ton 
i.J.niauK) economic size, tons/ye&r
liUl, JO .

Sveciaj hteels Plant
Input price o f scrap, lb  «/ton 
Jelling price o f bars & rods, lb „/ton . 
minimum economic size, tons/ye&r
IRR, >  .

ate.inless Steel Plant
Input price o f scrap, US «/ton 
uelliiig price of Sb strip , lb  v/ton 
¿•dnimuiu economic size, tons/year .
Iftit, -jo ,

hot b trii h i l l
Input price o f slab, lb «/ton 
Selling price o f nR sheet/coils, 
jainimum economic size, tons/year

lb «/ton

IrtR, jo

I  *** 
f m

Cold ¿»trip h i l l
Input price o f ntt co il, lb «/ton ,
helling price o f CR street/coil, lb «/ton 
minimum economic size, tons/year
IHli, fO ,

Plate ta.Il
input price o f slab, lb «/ton 
helling price of plate, lb «/ton 
jJLnimum economic size, tons/year 
IRK, >

Î
$
r|

i s )

finning bine
Input price o f CR co il, US «/ton 
helling price o f t in  plates, lb «/ton 
Minimum economic size, tons/year
Elii, jo

400
560

20,000
20.5

520
860

62,000
15.7

415
575

54,500
12.6

155
620

70,000
17.9

135
2.090

50,000
5

260
550

1 , 500,000
14

560
425

1.OJJ.OOO

260
570

600,000

445
700

150,000
15.5



590 375
560 560

20,000 20,000
21.6 21,4

310 3DO
86o обо

62,000 62,000
13.7 12.4

405 390
575 575

34,500 34,500
14.1 13

105 123
620 620

35,000 70,000
15.9 16.9

105 123
2,0y0 2,OyO

50,000 30,000
3.7 1 .5

255 245
350 350

1,500,000 1 ,500,00o
14.5 15 .0

350 340
423 423

1,000,000 1 ,00o,ouj
*

255 245
370 37 0

600,000 6 ...  ',000
6.8 9 . 0

430 415
700 700

150,000 150,000
14.9 16

ЗЬ7.5 404
565 56О

20,000 20,000
25 16.7

300 300
860 860

62, а.ю 62,000
15 .8 14.4

4IO 4OO
575 575

34,500 34,500
15 14 .7

130 125
620 620

35,000 70,000
14.8 15 .6

130 123
2,315 2,090

30,000 30,000
7.8 2.4

250 255
352.5 357.5

1 , 500, (XX) 1 , 500,000
ib.7 15 .9

350 355
420 475

1 ,000, )Cк j 1 ,000,000
— 10.4

250 255
365 390

b -} J, OOj 600,000
12.3 13 .9

425 500
7OO 700

150,000 150,000
16.4 2.8



M. N. D A t T U R  »  C O M P A N Y  ( P )  L T D » n o  IIMOttS W№№ KVUOMEHT ONAHI2ATIOH
STOOY ON MINIMUM ECONOMIC M E  PLANTS

FQN STEEL PROCESSES M ASEAN COUNTMS

Summary (coat'd )

Considering the above, the minimum economic size is  

about 1.5 million tons per year capacity hot strip mill,

20,000 tons per year capacity bright bar plant, 62,000 tons 

per year capacity seamless tube plant, and 34*500 tons per 

year capacity 31 wire plant for a l l  the ASEAN countries. In 

the case o f b ille t  plant, the minimum size is  60,000 tons 

per year for Malaysia, 150,000 tons per year for Thailand, 

Sirgapore and Indonesia and 500,000 tons per year for  

Philippines. The minimum size for special steels plant 

indicated is  35*000 tons per year for Malaysia and Indonesia 

and 70*000 tons per year for other ASEaN countries; and for 

the tinnirg line 150,000 tons per year for a l l  the ASEAN 

countries exceptirg Philippines.

In the case of wire rod mill, a plant of 450,000 tons 

per year is  the minimum economic size only for Indonesia.

Large capacity structural mills of 600,000 tons per year 

fo r Indonesia and 400,000 tons per year for Philippines are 

indicated as the minimum size. Even a large capacity plate 

mill of 600,000 tons per year and cold strip mill o f 1 million 

tons per year do not appear to be viable in any of the 

Ai£AN countries, because the difference between the prices 

of input materials and the finished products is  small.

- 5 -



M. N. D A S T U R  ft
UHfTtD NATIONS INDUSTRIAL M YUOMUHT ORGANIZATION

STUDY ON MINIMUM ECONOMIC SIZE PLANTS
FON STEEL PROCESSES IN ASEAN COUNTRIES

Summary (cont'd)

It  is  thus notad that fa irly  larga size- plants have to 

be considerad for most o f the steel procas sc s. The main 

reason for this is  that the capital investment on new 

projects is  quite high at present due to frequent o il price 

hikes and the consequent world wide inflation. «Iso the 

selling prices of finished products considered for the study 

aire generally on par with the international export prices 

which are normally lower than the home prices of the 

countries concerned such as Japan. Further, an IBR of 15 per 

cent desired by ASEAN countries, specially for such steel 

based processes is  on the high side.

The ASEAN countries, therefore, w ill have to carefully 

review the minimum desirable IBR as well as the selling prices 

o f finished products for domestic production.

blffiti SITUATION VIS-A-VIS MINIMUM ECONOMIC SIZE

The steel situation for each ASE Aw country as regards 

the installed capacity, present imports, projected shortfall 

by 1985, 1990 and 2000, the minimum economic size for each 

steel processes etc is  presented in TabXes-2 to 6. For 

products such as bright bars, seamless steel tubes, ¿I wires, 

special steels, and stainless steel sheets, the present 

demand and future shortfall have not been indicated for 

want of data.

“  4  -



r.nary (con i'd)

iadLë-2 -  SiF.rii SirUmIüh VIS-Ã-OIS Мтп-.ш; ¿COiimO

Gyr̂ fcvAli-u SI x UAilO^

Year
Crude s tee l 
capacity 
null tons

Imports 
m ill tons

1978 >~\ ¿Lo V* Dt, 1.18

Crude s tee l 
deraand

Anticipated 
shei t f a l l

m ill tons m ill tons

1985
1 >o0 
GO a)

2 .8
/.0

/  r-0 .5

2 .2
3 .1
5 .9

r'cR DUCTS

Anticipated sh ortfa ll nöminuin economic s ize
Product 1985 1990 200 Steel i.-roccss Capacity

tons tons tons tons/year

I arc, reds and wire rods • • 315,000 485,000 1,065,000 i )
i i )

B il le t  plant 
Wire red m ill

15o,,0^>-
45 o,000

Sec tions/s true tui als » • 200,000 290,000 445,000 i i i ) Structural m ill 600,000

plates • « 20,000 30,000 100,000 iv ) Plate m ill 600,000

HR sheets/s trips • • 1,280,000 1,960,000 3,300,000 v ) Hot s tr ip  m ill 1,50 0 ,0 0 0

CK sheets/strips • • 590,000 940,000 1,675,000 v i ) Cold s tr ip  m ill 1,0 0 0 ,0 0 0

Tinplates » • 110,000 200,000 465,000 v i i ) Tinning lin e 150,000

¿right bars • * Data not available v i i i ) Bri, nt bar plant 2 0 ,0 e l

Seamless tubes » • Data not availab le ix ) Seamless tube 
plant 62,000

G.I. wires • • Data not available x ) GI w ire plant 34 , 500'

Special steels • I Data not available x i ) Special s tee ls
plant 7 0 ,0 0 :

Stainless s tee l » • Data not available x i i ) Stainless s te e l 
plant 30,000

S E C T I O N 1



IHaIL.4.1 lAnK; ■ —„ ill.r lü h  VI6-A- -.'IL KlnlKon KCiuiiu.G Per.

i-animum economic s ize
Steel procese Capacity II u. Comments

tons/year %

i ) B ille t  plant 150,000 15.0 Keeping in  view tne s h c it fa l l  by 1990 and an L I  .1 o,.-,

i i ) Wire rod m ill 450,000 6.0 b i l l e t  plants o f 150,000 tons per year, a hot strip L i 
e f  1.5 million tens per year and a tinning line of

i i i ) Structural m ill 600,000 6.5 150,000 tons pei year can be considered. A cold s- i ip 
m ill o f 1 m illion  tons per year is  ju s t if ie d  considering

i v ) Plate m ill 600,000 8.-9 the sh ortfa ll by 1990.

v ) Hot atrip  m ill 1, 500,000 14.0 However, considering the input prices o f the nateri 
and se llin g  prices o f the fin ished products and 15;; ,

v i ) Cold strip  m ill 1,000,000 - even fa ir ly  large s ize  units o f p la te  m ill of 600,0. ~ 
tons per year, cold s trip  m ill o f 1 m illion  tons pel

v i i ) Tinning lin e 150,000 13.5 year, wire rod, m ill o f 450,000 tons per year and 
structural m ill o f 600,000 tons per year do not appeal

v i i i ) bi i, :it bar plant 20,000 20.3 to be viab le.

ix ) Sea,iless tube 
plant 62,000 13.7

For other s tee l process units, minimum economic s ize  
units have been indicated. However, market survey w il l
have to  be carried out to ascertain tne demand fo r

* ) GI wire plant 34,500 12.6 these products in  the country and the region.

x i ) Special steels
plant 70,000 17.9

x i i ) Stainless s tee l
plant 30,000 3.0

..- --wwir,J..—---------

S E C T I O N  2
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'J. wiXilp-AX.' -ÿX x UÜl -i-C*;

iear

157s

1935 
1 . ,0 
2000

si-runner ?c: spasm e ?; com

Product

Bars, rods and wire rods

Sections/structurais

Plates

IL sheets/strips 

CR sheets/strips 

Tinplates 

3right bars 

Seamless tubes

G,I .  wires 

Special stee ls

TAbLB^3 • STpuL S i -1 Lu. i. Pii Vi.^-R- VIS jo

Crude s tee l
capacity Imports
u iill tons m ill tons

0.31 Data net
available

Crude s tee l Anticipated
demand s h o r t f i l l

m ill tons m ill tons

1.8 1.5
2.3
1 .1 3.8

Anticipated sh ortfa ll
1985 1990 2000
tons tons tons

100,000 130,000 720,000

170,000 185,000 230,000

160,000 220,000 110,000

615,000 825,000 1,580,000

31-0,000 165,000 895,000

125,000 165,000 310,000

Data not available 

Data not availab le

Data not availab le 

Data not available

Data not available

______riniciuià economic si*
S teel process

i) B il le t  plant
i i ) Wire rod m ill

i i i ) Structural m ill

i v ) P late m ill

V) Hot s tr ip  m ill

Vi) Cold s tr ip  m ill

v i i ) Tinning lin e

v i i i ) Bright bar plant

ix ) Seamless tube 
plant

x) GI w ire plant

x i ) Special steels 
plant

x i i ) Stainless s tee l
plant

Stainless s tee l

ct
-IO



p

r/v^ -Li_i — )

Minimum economic s ize
S teel process Capacity ilth.

tons/year %

i )
i i )

B i l le t  plant 
Wire rod m ill

60,000
450,000

15-0
6.6

i i i ) Structural m ill 600,000 8.5

iv ) H a te  m ill 600,000 6.8

V) Hot s tr ip  m ill 1, 500,000 14.5

V i) Cold s tr ip  m ill 1, 000,000 -

v i i ) Tinning lin e 150,000 14.9

v i i i ) Bright bar plant 20,000 21.6

ix ) Seamless tube 
plant

62,000 13.7

x) GI wire plant 34,500 14.1

X i) Special s tee ls  
plant

35,000 15.9

x i i ) Stainless s tee l 
p lant 30,000 3.7

Comments

Keeping in  view the sh ortfa ll by 1990 and an 
I  *, o f 15/o, b i l l e t  plants o f 60,000 tons per 
year and a tinning l in e  o f 150,000 tons per 
year can be considered. The minimum economic 
s ize  o f hot s tr ip  m ill indicated is  1.5 
m illion  tons pei year. Considering the 
sh ortfa ll o f about 825,000 tons by 1990 fo r  
i£ products, a hot s tr ip  m ill o f 1.5 m illion  
tons per year capacity can meet part o f 
the requirements o f the kbLtu. region.

Considering the input prices o f materials, 
se llin g  prices o f fin ished products and 15$ 
IIiR, even fa ir ly  large s ize  units (compared 
to the sh ortfa ll by 1990) o f wire rod m ill
450,000 tons per year, p late m ill 600,000 
tons per year, cold s tr ip  m ill 1,000,000 
tons per year, structural m ill 600,000 tons 
pear year, do not appear to be v iab le .

For other s te e l process units, minimum 
economic s ize  units have been indicated. 
However, market survey w i l l  have to be 
carried out to ascertain the demand fo r  
these products in  the country and the 
region.

I S E C T I O N  2



TABLE-5 -  STEEL SITUATION VIS-A-VIS HINühu-. ¿CuuUaC S i 4L rV

CVLtXSii STIL.-î- SITUATICh

Year

1978

1935
1990
2000

Crude s tee l
capacity 
m ill tens

1.24-

Crude s tee l 
demand 

m ill tons

3.5
5.0
9.2

Imports 
m ill tons

1.27

Anticipated 
sh ortfa ll 
m ill tons

2.3
3.8
8.0

SITUATION Fa SPECIFIC PRODUCTS

G.I. wires 

Special steels

.anticipated shoi tiSux

Data not availab le 

Data not available

Data not available

mnxmuifl econom.
Product 1985 1990 2000 Steel process

tons tons tons

Bars, rods and wire rods • • 365,000 650,000 1,915,000 i ) B i l le t  plant
Ü ) Wire rod m ill

Sections/s trueturals • • 220,000 285,000 470,000 i i i ) Structural m ill

Plates • • 245,000 390,000 810,000 i v ) P late m ill

HR sheets/s trips • 9 615,000 870,000 2,290,000 v ) Hot s tr ip  m ill

CR sheets/strips 9  9 570,000 840,000 1,625,000 V i) Cold s tr ip  m ill

Tinplates 9  9 160,000 225,0 00 4 4 5 ,0 0 0 v i i ) Tinning lin e

Bright bars •  m Data not availab le v i i i ) Bright bar plant

Seamless tubes 9  0 Data not available ix ) Seamless tube
plant

x ) GI w ire plant

x i )  Special s tee ls  
p lant

x i i )  Stainless s tee l 
p lant

Stainless s te e l



JiirtU.'. rĵ UrjO.idG ¿ H E  I -<D<-. ,v>! A

i«n mimita economic size
Steel process Capacity IRE

tons/year %

i )
i i )

B ille t plant 
Wire rod mill

150,000 
450,000

15.0
14*9

i i i ) Structural mill 600,000 14.5

iv ) Plate mill 600,000 12.9

v ) Hot strip mill 1, 500,000 18.7

v i ) Cold strip mill 1 , 000,000 -

v i i ) Tinning line 150,000 16.4

v i i i ) Bright bar plant 20,000 25.0

ix ) Seamless tube 
plant 62,000 15.8

x) Gl wire plant 34,500 15.0

x i ) Special steels 
plant 35,000 14.8

x i i ) Stainless steel 
plant 30,000 7.8

Comments

Keeping in view the shortfaH bu 1990 and 
an IKK o f 15%, b ille t  plants of 150,000 
tons per year, wire rod mill of 450,000 
tons per year and tinning line of 150,000 
tons per year could be considered.
Keeping in view the shortfall by 1990 as 
well as the regional demand, the minimum 
economic size plants for hot strip mill, 
plate mill and structural mill could also 
be considered.

A substantial shortfall for cold strips 
is  indicated by 1990. However, a 
large capacity cold strip mill o f 1 
million tons per year is not viable  
because of the very small difference 
between the input price of HR coils and 
the selling prices of CH sheet/s trips. 
Hence, the price aspect needs to be 
reviewed.

For products lik e  bright bars, seamless 
tubes, GI wires, special steels, 
minimum economic size plants have been 
indicated. However, market survey 
needs to be carried out to ascertain 
the demand for these products in the 
country and the region.



Summary (cont'd)
l

a  ̂ ~ llA*lRüR_SCôIwi»lĈ SIjj££̂ FQif̂ £lL

QVî tnjUu SrSiLji-i sli'uATIGw

Crude steel
ïear capacity Imports

mill tons mill tons

197Ô 0.40 0.76

Crude steel Anticipated
demand shortfall

mill tons mill tons

1965 1.7 1.3
1990 2.0 1.6
?.-'90 2.6 2.2

SliüüïIOu FOR SPECIFIC PRODUCTS

Anticiuated shortfall Minimum ecu
Product 1965 1990 2000 Steel process

tons tons tons

Bars, rods and wire rods 70,000 i ) B illet plant
Ü ) Wire rod mill

Sec tions/s true turals • • 230,000 260,000 335,000 i i i ) Structural mill

Plates • • 315,000 385,000 575,000 iv ) Plate mill

HR shcets/strips • • 565,000 695,000 1,000,000 v) Hot strip mill

CR she ets/s trips • • 275,000 310,000 415,000 Vi) Cold strip mill

Tinplates • • 100,000 100,000 120,000 v ii ) Tinning line

Bright bars • • Data not available v i i i ) Bright bar plant

Seamless tubes • a Data not available ix ) Seamless tube
plant

G.I. wires • a Data not available x) GI wire plant

Special steels a a Data not available x i ) Special steels
plant

Stainless steel a a Data not available x i i ) Stainless steel
p l a n t
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Minimum economic size
Steel process Capacity H I Comments

tons/year T ~

0 i ) B illet plant 150,000 15.0 Considering about 15% IK., the minimum
i i ) Wire rod mill 450,000 9.4 economic size for b i l le t  plant is  150,000 

tons per year, fo r hot strip mill
0 i i i ) Structural mill 600,000 10.0 1 , 500,000 tons per year and for tinning 

line 150,000 tons per year. However,
J iv ) Plate mill 600,0v.0 9.8 the shortfall by 1990 for these products 

is  less than the minimum size.
.'•J v) Hot strip mill 1 , 500,000 15.8

Taking into account the prices of input
0 ▼x) Cold strip mill 1 , 000,000 0.4 materials, se lling prices of finished 

products and 15% IRR, even fa ir ly  large
.0 v i i ) Tinning line 150,000 16,0 size units o f wire rod mill of 450,000 

tons per year, structural mill of
v i i i ) Bright bar plant 20,000 21.4 600.000 tons per year, plate mill of

600.000 tons per year and cold strip
ix ) Seamless tube mill 1 million tons per year, do not

plant 62,000 12.4 appear to be viable.

x) GI wire plant 34,500 13.0 Other steel processes such as special 
steels, stainless steel and seamless

x i ) Special steels 
plant

70,000 16.9 tubes may be considered in  Singapore. 
The demand in the ASEAM region for 
these products needs to be established.

x i i ) Stainless steel
plant 30,000 1.5

I S E C T , 0 N _ 1
-  8  -
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C-VU-ALL STH- SiTUaTION

Crude steel
Year capacity luoorts

mill tons mill tons

1978 • « 0.59 0.99

Crude steel Anticipated
demand shortfall

m ill tens mill tons

1985 • • 2.5 1.9
1990 • • 3.4 2.8
2000 • 9 5.6 5.0

SITUATION POL SPECIFIC FLODUCTS

Anticipated shortfall ______________»animum econo:
Product 1965 1990 2000 Steel process

tons tons tons

Bars, rods and wire rods • e - 115,000 785,000 i )
i i )

B ille t plant 
Wire rod mill

Sec t i  ons/s true turals • • 120,000 175,000 255,000 i i i ) Structural m ill

Plates e e 95,000 180,000 385,000 iv ) Plate mill

HL sheets/strips • e 660,000 935,000 1 , 895,000 V) Hot strip mill

CL sheets/strips • • 245,000 330,000 840,000 V i) Cold strip m ill

Tinplates • • 105,000 130,000 250,000 ▼ ii) Tinning line

Bright bars • 9 Data not available v i i i ) Bright bar plant

Seamless tubes 9 9 Data not available ix ) Seamless tube 
plant

G.I. wires 9 9 Data not available X) GI wire plant

Special steels 9 9 Data not available Xi) Special steels 
plant

Stainless steel 9 9 Data not available x i i ) Stainless steel
p l a n t
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.¿nimuBi economic size
Steel process Capacity m .

tons/year %

i)
ii)

B illet plant 
Hire rod mill

500,000
450,000

12.2
3*3

iii) Structural m ill 400,000 18 .1

iv) Flate m ill 600,000 13.9

v) Hot strip mill 1 , 500,000 15.9

v i ) Cold strip  m ill 1,000,000 10.4

v i i ) Tinning line 150,000 2.8

v i i i ) Bright bar plant 20,000 18.7

ix ) Seamless tube 
plant 62,000 14*4

* ) Cl wire plant 34,500 14.7

3d) Special steels 
plant 70,000 15*6

3ri.i) Stainless steel 
plant 30,000 2*4

Comments

The minimum economic size plants with 
about 15$ IrA  indicated are structural 
mill o f 4^0,000 tons per year, plate 
mill o f 600,000 tons per year and hot 
strip  m ill o f 1.5 million tons per year. 
Considering the shortfall by 1990, these 
plants could be considered keeping in 
view the country's requirements and the 
ASEAN region in the in it ia l years.

Considering the input prices o f mate* 
ria ls , the selling prices of finished 
products and 15$ Hit, even large size 
units o f wire rod mill of 450,000 tons 
per year, cold strip mill of 1 million 
tons per year and tinning line of
150,000 tons per year do not appear 
to be viable*

For products like bright bars, seam
less tubes, G1 wires and special 
steels, minimum economic size units 
have been indicated* However, market 
survey w ill have to be carried out to 
ascertain the demand for these 
products in the country and the 
region.

S E C T I O N  2
9 -
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Summaxy (con t'd )

UN IT» HATIOHS IHDUSTMAl DEYILONtfHT OKAHIZAllOh
STUDY ON MINIMUM ECONOMIC SIZE PLANTS 

FOR STEEL PROCESSES IN ASEAN COUNTRIES

EWJ countries' present production of crude steel is  

about 1.4 million tons per year whereas the total installed 

capacity is  about 3.2 million tons per year. As against this, 

the total requirement o f crude steel of the ASEAcourlries 

is  about J .8  million tons per year. Consequently, these 

countries currently import about 6.4 million tons per year of 

steelconstituting about 1 million tons of semis and the 

balance as finished products.

The poor utilisation o f the present installed capacity 

appears to be mainly due to the availability of imported 

steel at prices more competitive vis-a-vis local production 

and the limited availability of domestic scrap. Thus, 

measures to make available scrap or sponge iron at prices 

competitive to imported scrap requires attention.

There is  substantial capacity o f about 1.4 million 

tons per year in the region for mainly rerolli^J of bars 

and rods based on imported b ille ts . The utilisation of 

the rerolling mills and consequently the avai lab ility  of 

bars and rods can be substantially improved, provided 

adequate availability o f b ille ts  at a competitive price 

is  assured.

-  1 0  -
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STUDY ON MINIMUM ECONOMIC SH E PLANTS
FOR STEEL PROCESSES M  ASSAM COUNTRIES

Sumatry (con t'd )

Bi-sod on prt-liuinary projections, the tottil shortfall o f 

finished products for the region is  about 8*9 million tons 

by 1905 and 12.7 million tons by 1990, vith a break-down as 

given below.

National Regional 
'000 tons mill tons

Shortfall by 1985

Bars, rods and
wire rods .. 100 to 365 0.765

Sections .. 120 to 250 0.940
Plates 20 to 315 0.855
HR sheet/strip .. 565 to 1260 3.735
OR sheet/strip .. 245 to 590 2.020
Tin plates ..  100 to 160 0.600

8.895

Shortfall bv 1990

Bars, rods and
wire rods .. 115 to 650 1.300

Sections .. 175 to 290 1.195
Plates 30 to 390 1.205
HH sheet/strip ..  695 to I 960 5.285
CR sheet/strip . .  310 to 940 2.885
Tin plates .. 100 to 225 0.820

12.690

SUGGaSfi'lONS FOR CONSIDER Jii'lOli

Tukirg into account the minimum economic size for 

steel processes and the steel situation reviewed above, the 

following are the suggestions for different steel processes.

-  11
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STUDY ON MINIMUM ECONOMIC SIZE HAN TS 
F M  STEEL PROCESSES IN ASEAN COUNTRIES

Summitry (corrt'd)

B ille ts

A b ille t  plant of 150,(XX) tons annual capacity can 

generally be considered in a l l  ASEAN' countries, 
keeping the shortft-lls in view. However, to maintain 

large b ille t  production, an assured supply of 

melting stock is  essential. Due to limited 

availability o f steel scrap, sponge iron production 

w ill have to be taken up in  Malaysia, Indonesia and 

Thailand where natural gas is  available.

Wire Hods

Based on the prices of b ille ts  and wire rods 

considered, the minimum economic size for wire rod 

plant indicated is  about 450,000 tons per year, 

id present, the domestic producers o f bars, rods and 

wire rods are protected by duty on imported products 

in some ASLAM countries. I f  th is protection is  

extended, wire rod mills with a smaller capacity o f
125,000 to 150,000 tons per year may be possible 

in jdki-nU countries consistent with demand.

Structural s/Sections

For light, medium and heavy structurals/sections, a 

shortfall o f 1.2 million tons is  indicated by 1990 

in  the ASEAN region. For medium sections which w ill 

be mostly required by the developing countries 

in it ia lly , two plants each of 400,000 to 600,000 tons 

per year capacity may be considered in the /»¿BAN region«

-  1 2  -
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STUDY ON MINIMUM ECONOMIC SO E WANTS 
FOR STEEL PROCESSES IN ASEAN COUNTRIES

Sunuuiry (corxt'd)

Plates

The toted shortfall for plates in the auLil* region is  

indicated at about 1.2 million tons by 1990« Hence, 

two plate mills each of about 600,00 tons per year can 

be considered in  the ASEaH region.

HR Strips/Sheets

The total shortfall for hot rolled strips/sheets 

indicated is  at about 5»25 million tons by 1990 for 

the ASEAN region. Considering the minimum economic 

size of about 1 .5 million tons per year for hot strip  

mill, 3 or 4 such plants, each of 1.3 million tons 

capacity can be considered for the ASEAN countries.

Ch Strits/Sheets

The total shortfall of cold rolled strips/sheets 

indicated is  about 2.9 million tons by 1990* For 
meeting this shortfall, three cold ro lling  mills 

each of 1 million tons per year capacity can be 

consaiwred for the ASEAN region.

T inflates

The total shortfall fo r tinplates in  the ASEAN 

region is  indicated at about 820,000 tons by 1990. 
Considering the minimum economic size of about

150,000 tons per year, 5 or 6 tinplates plants each 

o f 150,000 tons per year, can be considered in 

AbEAN countries.

-  1 3  “
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STUDY ON MINIMUM ECONOMIC SIZE PLANTS
FOR STEEL P M C IS S E S  IN ASIAN  COUNTRIES

Sunmary (cont'd)

Other Products

The minimum economic size plants for bright burs, 

seamless tubes, 01 wires and special steels can 

be justified only after establishing the demand 

fo r these products in  ASEAN countries. For 

stainless steel sheets o f 600 ion width, 30^000 tons 

capacity plant considered is  fa ir ly  large, but 

is  not found economical in ¿SEAN countries. 

Therefore, the possibilities o f ro lling stainless 

steel slabs to hot rolled coils in  a hot strip 

mill in one o f the integrated steel plants in 

the region w ill have to be examined at the 

appropriate time.

Besides the study on minimum economic size for steel 

processes as discussed above, the economics o f integrated 

steel plants for production o f semis and finished products 

by the direct reduction-electric furnace Î/R-EF) route and 

the blast furnace-basic oxygen furnace <BF-BJF) route has been 

examined. The study reveals the followirg:

Production o f Semis

I>R-EF route fr) BF-BQF route
Capacity Production cost'' Capacity Production cost '
mill tons UB */ton mill tons lb ¡¡/ton

0.425 26l - 292(b i l le ts )  
299^510 ( slab)

0.95 281- 29O (b ille ts )  
295-294 (slabs)

1.275 253-265(billets) 
267-277(slabs)

1.90 254-264 (b il le ts )  
257-267 (slabs)

1.900 247- 256(b i lle ts )  
252- 262(s labs)

2.85 235-245 (b i l le t s )  
235-244 (s labs)

ROTE
(1 ) Including 20 per cent interest and

depreciation charges
-  14 “
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Summary (cont'd)

Production of Finished Products

Plates

HR strip/8heets 

CH strip/sheets 

Wire rods 

Structurais

Integrated steel riant

Production
Production

cost
•000 t/yr. US ft/ton

600 553
2,000 310
1 ,000 426

600 334
600 361

The study indicates that the production of semis by 

integrated plants could be competitive v is-a -v is imported 

semis. Therefore, even i f  steel processing units for  

production of hot rolled and cold rolled sheets, plates, 

structurais etc sore established, these w ill have to be 

ultimately linked to integrated steel plants producing semis.

The study further indicates that the production of 

various categories of steel in integrated steelworks in the 

region would be competitive, even though major raw materials 

have to be imported.

-  1 5  -



M.  N.  D A t T U R  » C O M P A N Y  (
U N I»  HATONS M N STtUH N VtlO N tfN T OMAMZATOH
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Summary (cont’d)

ACTION ORIENTEE PRüGRà№E

Consider! rg the above, the action oriented programme 

comprising short-term and long-term measures, is  suggested 

as follows.

Short-term Measures

In order to increase the steel production and to take 

up implementation of various steel processing units expe

ditiously, the following short-term measures axe suggested.

1. Merchant sponge iron plants should be set up 

in Indonesia, Malaysia and Thailand where 

natural gas is  available. These could in it ia lly  

supply sporge iron to the existing and new

arc furnace semi-integrated steel plants, to 

be expanded later to integrated steel plants 

fo r production of semis and finished products.

2. The price of gas obtained durirg fie ld  investi

gations is  US 2,6 per Gcal in Indonesia,

US $ 5 »6 per Gcal in Thailand and US $ 8.0 

per Gcal in Malaysia. For sponge iron to be 

competitive with the international price of 

scrap, natural gas which is one o f the major 

inputs for sporge iron plant, w ill have to be 

reasonably priced.

-  1 6
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FOR m a  PROCESSES IN ASEAN COUNTRIES

Summary (cont'd)

J. With adequate availability of steel from

electric axe furnaces» production of b ille ts ,  

wire redo, wire products, cold finished bars,

GI wires etc can be taken up as national plants 

in the ASEAN countries. However, detailed 

feasib ility  studies w ill be necessary for  

determining the minimum economic size for 

these units.

4. The projects for medium structural mill and 

seamless pipe plant can also be considered 

in the short-term programme. However, 

adequate data on demand are not available to 

establish the product-mix and the capacity 

for these units. These projects can be taken 

up either as national projects or as regional 

projects after establishing the demand of each 

country based on proper market survey.

5. N6 information is  available in regard to the 

demand for special steel and stainless steel 

products. However, these projects may be 

taken up in the short-term programme after 

establishirçj the demand of each country based 

on proper market survey, As the demand fo r  

special steel and stainless steel products 

may not be large enough for each country, 

these plants could be set up as regional plants.

-  1 7  -
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STUDY ON MINIMUM ECONOMIC SIZE PLANTS
FOB STEEL PROCESSES IN ASEAN COUNTRIES

Summary Icont'd)

ujng-term Measures

The long-term measures involve settii^j up o f large 

integrated steel plants for semis and finished products 

involvitg development of infrastructure, transport and 

communication fa c ilit ie s  etc as discussed below.

1. Considering the regional demand of about 

16.7 million tons per year by 1990 and
28.0 million tons per year by 2000, a l l  the 

four ASEAN countries except Singapore w ill 

ultimately have one or two large integrated 

steel plants. Singapore w ill, however, be 

better placed for production o f stainless 

steel, special steels etc.

2. At present, the production of steel in the 

ASEAN countries is  mainly confined to bars 

and rods. Hence, bulk o f the fla t products 

in the form of hot rolled coils, cold rolled  

coils, plates and tin  plates are being 

imported. It  is , therefore, essential that 

the steel plants for manufacture of fla t  

products should be established on a priority  

basis.

3. Philippines has hot and cold rolling mills 

but their utilisation is  extremely poor 

because o f the uncertain availability of 
semis and their fluctuating price in the 

international market« Therefore, it  would be

-  1 8
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STUDY ON MINIMUM ECONOMIC SIZE PU N TS
EON STEEL PROCESSES IN ASEAN COUNTRIES

Summery (cont'd)

prudent to tie up units for hot strip mill, 

cold strip mill, plate mill ¡tnd tinning line 

with integrated steel projects as fa r as 

possible. Even i f  fa c ilit ie s  for such products 

are established as steel processing units based 

on imported semis, their backward integration 

with iron and steelmakir^ fa c ilit ie s  should be 

taken up immediately,

4. As the large integrated steel plant w ill have 

to depend upon imported raw materials fo r iron 

and steelmaking, and as the products of these 

plants w ill be distributed to the various ASEAN 

countries, i t  is  essential that these plants 

should have port based locations.

5» The product-mix o f the various integrated steel 

plants to be set up in  the ASIAN countries 

should be complementary to each other so that 

the fast growing demand for various categories 

of steel can be largely met from these plants.

6. For efficient distribution of steel products 

to the various ASEAN countries from the steel 

plant8, suitable shipping fac ilit ie s  w ill 

have to be established.

7« ASEAN countries should give preference to 

steel products from steel plants in the 

region so that fa ir ly  large capacity plants 

can be set up.

-  19 -



M. N. D Â t T U R  »  C P M M N Y  ( F )  L T D
l i m »  HADOHS M M STMAl NVUOM UHT 0KAHI2ATI0N
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Sunuary (cont'd)

i’hfc success o f the various short-term tend long-term 

measures indicated above w ill, however, depend upon the 

seriousness of the A3BAN countries to work together and 

come to a proper understanding specially in regard to 

marketing, financir^, pricir^ policy, shipping and product 

distribution, development o f infrastructure, sharing o f 

benefits and responsibilities etc.
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1 -  PRODUCTION

The growth o f the s tee l industry in the ASEAN 

countries has not kept pace with the increasing demand fo r  

s te e l in the region. In 1977, the estimated import o f s tee l 

by the ASEAN countries was placed at 5 m illion  tons crude 

s te e l equivalent. In 1978, compared to the domestic 

production o f about 1.4 m illion  tons o f crude s tee l, the 

consumption was estimated at 7.8 m illion  to rs ; end the 

d e f ic it  o f 6.4 m illion  tons had to  be met by imports. This 

large and increasing d e f ic it  in domestic s te e l supply serves 

to  emphasise the urgent need fo r  the speedy expansion o f the 

s te e l industry in  the aSEjuJ countries, in order to  reduce 

th e ir  present dependence on imports.

The economic size o f the s tee l plant depends not only 

on the technological route employed tut also on several 

other techno-econoraic factors, m ulti-m illion  steelworks 

require large cap ita l resources, the ASEAN member countries 

are contemplating s tee l process units to  re s t ir c t  the in i t ia l  

cap ita l investment, with p o s s ib ilit ie s  fo r  future backward 

in tegration .
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EON STEEL PROCESSES M ASSAN COUNTRIES

1 -  Introduction (con t'd )

T *---TT ' n ' J  r  .**Wi' 1 t .—i k iiU v ii

keeping i i  visw the above- fa ctors , th is  study on the 

minimum economic size plants fo r  s tee l processes has been 

com isoioned by If IDO with a view to  providing the AuEAN 

countries with broad techno-economic guidelines, which may 

assist them in  making judicious decisions fo r  cap ita l invest

ment in  the s tee l industry, including the p o s s ib il it ie s  o f 

establishing regional s tee l plants.

The selected s tee l processes fo r  which the minimum 

economic s ize  plants need to be determined a re :

1. B i l le t  plant
2. Wire rod m ill
3. Structural shape m ill
4 . Bright bar plant
5. Seamless pipe plant
6. GI wire plant
7- Special steels plant 
8. Stainless s tee l plant 
9- Hot s tr ip  m ill

10. Cold s tr ip  m ill
11. Plate m ill
12. E lec tro ly tic  tinning lin e

The major ob jectives .and scope o f  th is  study are:

i )  Id en tifica tion  o f the minimum economic 
s ize  plants fo r  the individual s tee l 
processes, taking into account the 
sp ec ific  lo ca l and working conditions 
obtaining in  each ASEAN country.
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1 — Introduction (cont'd)

ii) of the miuimur. economic size
iron _uid steol pi arts for noting the semis 
(billets, blocns ana slabs) requirements of 
the 'steel process ! units in each country. 
The analysis will take into account the 
specific local and working conditions; the 
present status ana likely fufuia ■ a :y elop- 
ments of the national steal i: iustiy; 
avail obi e technological alternatives; -and 
the availability of raw materi-ELs, energy 
and other resources in each country.

iii) Comparison of the economics cf installing 
the minimum economic size plants in eacn 
country with that of large regional pi:Jits 
for some selected 'steel processes', as well 
as multi-million ten,integrated steel plants 
at hypothetical locations.

iv) Development of an action-oriented follow-up 
programme for individual A3EAK countries and 
for the region as a whole, taking into 
consideration the possibilities of inte
gration of the riSE.Ah steel market, upward 
and downward integration of existing capa
cities as well as speedy implementation of 
planned projects in the various member 
countries.

FIELD INVEST IG AT IONS
Keeping in view the objectives and scope of the study, 

the Consulting Engineers deputed a team of experts to the 

ASEAN countries to collect the relevant data/information and 
also to familiarise themselves with the conditions prevailing 

in the region. The team spent about five weeks in the project 

area meeting representatives of various Government agencies,
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1 - Introduction (eont'd)

planning bodies, iron and atê -1 industry -mi .-also visited a 

number of steel producing/processing units.

On completion of the field work, the Jonsulting 
Engineers compiled the d.vta/inform .tion made available by each 
country during the field visits and identified the gaps in the 
information. The consolidated information was forwarded to 
each country, requesting them to confirm the data collected by 
the field team and also to furnish the additional information, 

so that further work on the study may proceed on that basis.

INTERIM REPORT NO. 1
The Consulting Engineers submitted an Interim Report 

(lio 1) in the first week of March 1930» outlining the work 
completed on the study till that time and identifying the 

areas in which further discussions with ASE.li representatives 
were necessary.

Subsequently, during the follow-up meeting held at 
Bangkok in March 1930 with the representatives of U1 Dp/UNIDO 

and the ASEAN countries, some clarifieations/additional 

information were furnished by a few A3EAN countries. It was 
agreed that all the necessary information requested by the
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1 - Introduction (cont'd)

Consulting Engineers in tiî ir questionnaires would be 

forwarded by the üSLAK countries so as co reach the home 
office of the Consulting Engineers latest by 15th April 
1980. It v as also dec idea tint the Consulting Engine ers 
will then take such information into co..silent ion and 
make additional assumptions wherever necessary, v/hile 

preparing the study.

BSIEtvL-1 RETORT KO. 2

The Interim Report ho 2 was submitted in July 1980 
in accordance with Amendment ho 1 to Contract. The Report 
was based on the data collected by the field team, 

additional information received from the countries
till 15th May 1980 end other published information avail
able with the Consulting Engineers. The Report covered 

the basic assumptions mad« and logic used for determining 
the minimum economic 3ize plants; .and the preliminary 

findings with respect to plant capacities and production 
processes» UKIDO conveyed their acceptance of the 
Interim Report Ko 2 on 8th September 1980 by a cable, and 

requested Consulting Engineers to submit the Draft Final 

Report»

M . N . D A t T U R  ft C O M P A N Y  ( P )  L T D
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1 -  Introduction (cont'u )

HI AFT FIN.-X REPORT

The Draft Fin,cl Report was submitaeu by Consulting 

Engineers in  October 19^0 in  accordance with .amendment Ko 1 

to Contract. Cl. 100 conveyed th e ir  acceptance o f the Draft 

Final Report by a cable dated 4th November 1980. Oil IDO 

also furnished th e ir  comments on the Draft Final Report v ide 

th e ir  le t t e r  o f 3rd November 1980. UNIDO's cotueii's are 

sucjaarised below:

i )  A coin try-w ise  outline o f the current
situation  o f  tiie iron and s tee l industry 
v is -a -v is  minimum economic s ize  plants 
fo r  s tee l processes in  ASEAN countries 
be presented as a summary.

i i )  The computing process o f IRR be furnished 
as w e ll as a discussion o f the factors 
in fluencing IRR be included.

STRUCTURE OF THE FINAL REPORT

The F inal Report is  now being submitted and takes 

into account the consents received from UNIDO. The report 

contains 2Z chapters supported by appendices, charts and 

drawings and is  presented in two volumes. Following th is  

introductory chapter, the s tee l situation is  discussed in  

Chapter 2. The raw materials and energy situation in  the 

ASSAM countries is  reviewed in  Chapter 3; and the unit
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1 -  introduction (coa t’ d)

prices o f raw m ateriols/energy/utilities/servi;eo end v  arious 

finished/sfcui-fiaished s tee l products are discussed in 

Chapters 4 and 5 respective ly . The economics o f integrated 

plants fo r  semis is  discussed in Chapter 6. The c r it e r ia  

and log ic  adopted fo r  determining the iii.nhr.um economic size 

plants are set out in  Chapter 7 and the minimum economic 

s ize  plants Tor each o f the 12 selected s te e l processes are 

determined in  Chapters 8 to 19. The economics o f  3 teel 

production in  la rge  regional plants is  discussed in  

Chapter 20 and ar. actior^-oriented programme to  meet the 

growing demand o f s te e l in  the region, covering short-term 

and long-term measures is  given in Chapter 21.
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2 -  a r m  SITUATION IN THL ¿¿SEAN UUNKIIBS

The iron and steel industry in the ASEAif countries is  

characterised by limited primary production of steel and 

sizeable secondary steel processing and finishirç- capacity, 

which is  largely underutilised. These countries depend on 

large imports of semi-finished and finished steel products.

The salient features of the present status of the iron and 

steel industry as well as the likely future situation in the 

individual ASEAN countries are reviewed, based on the available 

information. Also, in the light of future steel demand, the 

selected steel processes for different products as suggested 

by the ASEAN countries have been examined in this chapter.

PRESENT STATUS

At present there are twa small integrated steel plants 

in  the region; one in Malaysia with a crude steel capacity of

186,000 tons per year and another in Indonesia with a crude 

steel capacity of 540,000 tons per year. There are a number 

of semi-integrated plants with electric arc furnaces in the 

region with an aggregate annual capacity o f about 5 million
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2 -  Steel situation in  the Asean countries (cont'd)

tons o f finished products. There are also a very large number 

of re ro lling mills ani other secondary processi rg units such 

as for production of welded pipes* galvanised sheets* wire and 

wire products.

Bars and rods are produced in a l l  the countries. Only 

Philippines has fa c ilit ie s  for production of hot and cold 

rolled sheets from imported slabs. Thailand and Philippines 

have tinning lines. Galvanised iron sheets are produced in 

a l l  the countries except Singapore. The installed capacity 

in  the region for the various steel products is  given in 

Appendix 2-4 and summarised below:

Production
capacity
tons/year

Bars & rods and sections 4,024,000
Hot and cold rolled sheets 1,102,000
Galvanised sheets .. 1,095,000
Welded pipes 1,003,000
Tin plates 180,000
Wire products 395,000(1 )

BUTE
l ï 7  Does not include Thailand and 

Philippines for which data is  
not available.
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2 -  Steel situation in  the Asean countries (cont ’d)

Thailand

Thire «ire five semi-integrated, steel plants with a 

total steelmaking capacity of about 0.622 million tons per 

year and a rolling capacity of 0.605 million tons per year 

as given in Appendix 2-1. Although, one of these plants 

namely, the Siam Iron and Steel Co utd at Saraburi, has 

charcoal fired blast furnaces, the pig iron produced from 

these is  used for foundries and the steelmaking is  based on 

scrap melting.

There are eight rerollers in Thailand. Besides, there 

are five welded pipe plants, three galvanised sheet plants, 

one tinnir^ line and six wire and wire product making units. 

The total production capacity and the number of producers are 

given in "able 2-1.

TABLE 2-1 -  STEELMAKINU AM) PROCESSICI UNITS Ili THAILAND

Category Number

Finished
product
capacity

Semi-integrated steel plants 5

tons/year

605,000
Re-rolling mills 8 200,000

Welded pipe plants . . 5 154,000
Galvanised sheet plants 3 226,000
Tinning line 1 60,000
Wire and wire product 

manufacturers 6

I

I

e # e

Sourcei SB AI SI Directory, 1979.
[

I
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2 -  Steel situation in the Asean countries (cont'd)

Malaysia

The major steel producer is  the integrated steel plant 

of Malayawata Steel Berhad, with a crude steel capacity of

186,000 tons per year and a finished steel capacity of 157*000 

tons per year of bars and rods. The major fac ilit ies  insta

lled  in  this plant are blast furnaces (one of 14& cu m and 

another of 240 cu m) usir^f charcoal, two 15“ton LB converters, 

one 10-ton arc furnace, one 2-strand continuous b ille t casting 

machine and a bar mill.

There are three arc furnace based semi-integrated 

steel plants in Malaysia as listed below:

Plant
Steelmaking
capacity

R o ll ig
capacity

Bah Yurg Steel Mfg Co (m) ,

tons/year tons/year

Kuala iiumpur .. 

Malaysia Steel Works (Kb),

40,000 35,000

Petaling Jaya 

United Malaysian Steel

30,000 24,000

Mills Bhd, Selangor 48.000

Total 125.000 107.000

In addition, there are two re-ro lling  mills, ten 

welded pipe plants, six galvanised sheet plants and seven wire 

producers, with capacities as given in Table 2-2.
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2 -  Steel situation in  the Asean countries (coni'dt)

TABLE 2-2 -  SL'EEuMaKIvC AND PROCESSING UNITS IN KAbAfSlA

Category Number

Finished
product
capacity

Integrated steel plant 1

tons/year

157,000
Semi-integrated steel plants 5 107,000
He—ro llir^  mills 2 128,000
‘.¿elded pipe plants .. 10 105,000
Galvanised sheet plants .. 6 155.000
Wire product plants .. 7 61,000

Source: SEAIS1 birectory, 1979»

Singapore

Bulk o f the steel production in Singapore is  accounted 

fo r by the National Iron and Steel Mill Limited, which has an 

arc furnace based steelmaking capacity of about 400,000 tons 

per year and a ro lling capacity of 565,000 tons per year of 

bars and rods. Besides, Singapore has one re-ro lling mill, 

two welded pipe plants and four units for the production of 

wire and wire products with capacities as given in Table 2-5. 

There is  also one unit producii^ cold formed sections with a 

capacity of 50,000 tons per year.
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2 — Steel situation in the Asean countries (cont'd)

TABLE 2—̂  -  STEEUMAKINU Atü> HtQCES:»IMG IJfrTVS ТЫ ЗТШаРПйЕ

Finished
product

C rtegory Number capacity
tona/year

Semi-integrated steel plant 1 
Re-roliir^ mill ..  1 

Welded pipe plants .. 2

365,000

12,000

45,000

Wire product plants 4 60,000

Source: SEAISI Directory, 1979.

Indonesia

The Government owned plant of P.T. Krakatau Steel at 

Cilegon, which is  an integrated steel works, is  the major steel 

producer. This plant is  based on the direct reduction arc 

furnace route. The direct reduction plant w ill have four 

HyL modules with a total capacity of 2 million tons per year 

and one of the modules hes already gone into production. At 

present, the steelmakir^ capacity of this plant is  540,000 tons 

per year. There is  a bar mill of 150,000 tons per year capacity, 

a wire rod mill of 250,000 tons per year capacity and a section 

mill of 80,000 tons per year capacity. Additional steel- 

making and rolling fa c ilit ie s  for hot rolled fla t  products 

are under implementation.
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2 -  Steel situation in the Asean countries (cont'd)

There are eleven semi-integrated steel plants with 

arc furnaces fo r scrap meltixg, havirg a total srteelmakirg 

capacity of 696,000 tons per year as given in Appendix 2-2.

In addition, Indonesia has a number of re—ro llizg  m ills mainly 

for production o f bars and rods. There are also plants 

producing pipes, G .I. sheets, wire products etc. The number 

and capacities of the various steelmaking and p rocess if units 

are summarised in Table 2-4*

TABUS 2-4 -  STEBLMAKIMG AMD PROCESS!!*! UNITS IN INDONESIA

Category Number

Finished
product
capacity

Integrated steel plant 1

tons/year

460,000
Semi-integrated steel plants 11 528,000
Re-rolling mills 15 297,000
Welded pipe plants 21 594,000
Galvanised sheet plants .. 15 267,000
Wire product plants .. 17 274,000

Source: SB AT SI Directory, 1979.

Philippines

There are nine semi-integrated units in  Philippines, 

eight with arc furnaces and one with open-hearth steelmakirg 

fa c ilit ie s . The combined capacity of these units is  about
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2 -  Steel situation in the Asean countries (coat'dj

1.53 million tons per yc *r. Details of these units are given 

in Appendix 2-3* The most important of these units is  the 

Government owned National Steel Corporation (NSC) which is  the 

only f la t  product producer in the ASEAN region. NSC operates 

two rolling mills, one in Iligan City, Mindanao, and the other 

in Pasig, Manila. The Iligan plant has a capacity to produce 

about 962,000 tons per year of hot and cold rolled products, 

essentially based on imported slabs as the steelmaking capacity 

is  very small. The major fac ilit ie s  installed in this plant 

are a steckel m ill, a tandem cold rolling mill and a temper 

m ill. The other unit, Pasig Steel Corporation, Pasig, has 

a cold ro lli%  mill with a capacity of 140,000 tons per year.

Besides, there are twentyseven ru—rolling m ills, eight 

welded pipe plants, ten galvanised sheet plants and one tinning 

line. The number and capacity of the various steelmaking and 

processing units are given in Table 2-5.

TABLE 2-5 -  STEEhMAKING AND PROCESSING UNITS IN
THE PHILIPPINES

Category Number

Finished
product
capacity

Semi-integrated steel plants 9

tons/year

1 ,525,000

Re-rolling mills 27 722,000
Welded pipe plants .. 8 305,000

Galvanised sheet plants .. 10 467,000

Tinplate manufacturer .. 1 120,000

Source» SE AI SI Directory, 1979»
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2 -  Steel situation in the Asean countries (cont'd)

PUT 1RS PbAHKIHG

The substantial gap between the demand and production 

capacity as well as future requirement of steel have prompted 

the member countries to draw up plants for augmenting steel 

production, as discussed below.

Thailand

Various studies relating to the development o f the 

steel industry have been prepared. The latest study, commi

ssioned by UNIDO was for a "Master Plan" on the development of 

steel industry in Thailand up to the year 2000. The study 

recommends the creation of an additional crude steel capacity 

of about 1.6 million tons per annum for production of 1 .54 

million tons of hot and cold rolled f la t  products, either by 

direct reduction arc furnace or the blast furnace-ID route.

A feasib ility  study for an integrated steelworks based 

on the direct reduction-arc furnace route has also been prepared 

by a West German consortium, which visualises the production of

1.5 to 1.8 million tons per year of sections and fla ts .

A spoi^e iron company, the Siam Ferro Industry Compaiy, 

has been set up for production of sponge iron. This company 

is  considering; a merchant sponge iron plant of 400,000 tons 

per year capacity based on natural gas. The plant is  

expected to be located in Sattahip area.
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2 -  Steel situation in the Asetn countries (cont'd)

There is  also a proposal fo r setti:^  up a b ille t  plant 

by Rerollers Association to produce about 200,000 tons per year 

of b ille ts  fo r feeding the re-ro lling m ills. The plant envisages 

steelaakii« with two 50-ton furnaces, one 4-strand b ille t  caster 

to produce 100 to 150 tom square b ille ts  and a >-hi ooggii£ mill 

to ro ll  50 ms square b ille ts  for feeding the existir^ re-ro lling  

m ills. Thai Tinplate Manufacturing Co proposes to in sta ll a 

second tinning line of 60,000 tons per year capacity. An 

Indo-Thai joint venture to produce 16,600 tons per year of iFire 

and wire ropes is  also expected to come up. Thus, there are 

numerous development plane for the Thai steel industry. However, 

there are no known programmes for implementing any plan in  the 

near future.

Malaysia

Malayawata Steel Bbd is  goirg ahead with its  plans for 

expanding the capacity to about 400,000 tons per year. Steel
«

making capacity w ill be aigmented by in sta liirg  two arc furnaces 

of 50 and 60 tons capacities. A second continuous caster and 

a second bar mill of 270,000 tons per year are also proposed 

to be installed. The m ill, which is  being installed f ir s t ,  

is  scheduled fo r commissioning by late 1962 and w ill ro ll  

imported semis. Malayawata is  also considering building of

2 - 1 0



M.  N.  D A S T U N  »  C O M P A N Y  ( P )  L T D
m m  M AHONS ih d u s t m a i d m i o n k n t  O M A K IZA TIO N

STUDY ON MINIMUM ECONOMIC SIZE PLANTS 
FOR STEEL PROCESSES IN ASEAN COUNTRIES

2 -  Steel situation in the Asean countries (cont'd)

a DR plant to feed the proposed expansion o f its works and 

also supply sponge iron to an electric arc furnace plant 

envisaged by the Malaysian Government.

It  is  learnt that Malaysia's f irs t  direct reduction 

plant proposed to be located at Labuan may come up as a 

joint venture between the State of Sabah and a South Korean 

company. The project ca lls  for the construction of a 600,000 

tons per year sponge iron plant based on natural gets. A 

second DR project currently under consideration is  the one 

being promoted by the Malaysian Industrial Development Jgency.

The project concept includes a 600,000 tons per year gas-based 

DR plant at Trengganu, along with an electric steelmaking shop 

and b ille t  castir^T fa c ilit ie s .

Further, ten steel mills have been reportedly approved 

by the Government with a total capacity of 566,400 tons per 

year. Malaysian Tinplate Corporation, a joint venture of 

Malaysia and Japan, proposes to set up Malaysia's f irs t  

electrolytic tinning line having a capacity of 90*000 tons 

per year. The plant, to be built by Kawasaki Steel 

Corporation at a cost o f US $ 22 million at Fasir Gudang, 

is  expected to start by mid 1962.
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2 -  Steel situation in the isean countries (cont'd)

Singapore

At the National Iron and. Steel M ills, oxy-fuel burners 

are being installed to improve the melting capacity of the 

arc furnaces and correct the imbalance in capacity between the 

melt shops and the ro lling  mills. The company is  also instar- 

l lin g  a new wire rod mill of about 250,000 tons per year 

capacity, which is  expected to be commissioned in 1985/84.

This mill w ill raise the total rollix^s capacity of the plant to 

about 650,000 tons per annum.

Sirgapore w ill have two new steel pipe plants with more 

than 10,000 tons per month capacity. The firs t  of the two 

units in Jurong Industrial Estate with a capacity of 4,000 to

5,000 tons per month went into production in early 1979. The 

second plant in its  f irs t  phase was expected to be ready by 

the year end. The plants w ill be producing steel pipes for 

furniture making and galvanised iron pipes for the construction 

industry in the size from 12.7 to 406.4 non outer diameter.

Indonesia

The second stage of development of the Cilegon plant 

of P.T. Krakatau Steel, now being implemented, is  based on 

steelmaking in four 150-ton furnaces, slab casters and a
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2 -  Steel situation in the Asean countries (cont 'a )

million ton per year semi-continuous hot strip mill. On 

completion of this expansion programme scheduled for 1962—83» 

the plant w ill have a total capacity o f over 1.3 million tons 

of crude steel per annum. The feasib ility  of installing cold 

ro lling mills fo r the production of sheets and strip is  also 

being examined. An electrolytic tinning line of 120»000 tons 

per year capacity» proposed as a joint venture of the State 

Tin Company, P.T. Tambarjg Tiraah and P.T. Krakatau Steel, is  

expected to be operational by 1985.

Philippines

An integrated steelworks at Rlindanao is under conside

ration. The conventional blast furnace-LD route is  suggested 

fo r adoption. Stage I o f the proposed complex w ill have a 

crude steel cap&city of 1.5 million tons per annum comprisir^

1.2 million tons of slabs and 0,3 million tons of b illets/  

blooms. Rolling fa c ilit ie s  w ill comprise a 1 million ton per 

annum hot strip mill and a b ille t  m ill. According to a 

Japanese feasib ility  study completed in February 1980» the 

1 .5 million ton steelworks is  estimated to cost US $ 1,600 

million.
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2 -  Steel «'ituation in the Asean countries ^corit *d;

Philippines Plate Mills Inc., a compary with Japanese 

and Philippines interest, is  to set up a plate mill with a 

capacity of 130,000 tons per year of plates. Besides, one 

45-ton electric arc furnace and a slab caster aire also envisaged 

as part of the project. The basic design of the plant has been 

coogileted and the plate mill of NKK's old Keihin works w ill 

be moved. The plant is  expected to start by the end o f 1983*

PRESENT C0MSU№TI0N 

Trend in Steel Consumption

Steel consumption in  the ASEAN countries has been 

steadily growir^j durii£ the last decade, as can be seen from 

Table 2-6.

TABuE 2 -6  -  PAST CONSUMPTION OF CRUDE STKKii
(thousand tons)

121Q. 1972 1974 1226. 122§_

Thailand .. 743 827 1,234 1,377 1,600
Malaysia ..  388 466 987 840 1,300
Singapore .. 000 912 1,762 1,342 1,10 0
Indonesia 432 715 1,280 1,382 2,100
Philippines .. 1.351 798 1,214 1.203 1.700

Total •• 3.714 3.718 Ш 6.144 7.800

Source: Statistical Year Book, ttiited Nations.
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situation in the Asean countries (cont'd)

Prom Table 2-6, it  w ill be seen th-.t the crude steel 

consumption in the ASEAN region has registered an average anmal 

growth rate of about 10 per cent during the period 1 97^“7&*

The growth rates in the individual countries have, however, 

varied considerably with Indonesia registering the highest 

growth rate of about 22 per cent, whereas in Sirgapore and 

Philippines the growth rates were only 4 and 3 per cent respe

ctively.

Production and Imports of Steel

Production o f crude steel, as well as the imports of 

semi8 and finished products, for the years 1977 and 1978 have 

been compiled in Appendix 2-3 and summarised in  Table 2-7.

TABLE 2-7 -  PRODUCTION AM) IMPORTS OF STEEL Iti 1977 AND 1978
(tons)

Product ion
Crude steel IiKDOrtS
equivalent Semis Finished Total

1977
Thailand • • 542,552 226,070/. )  

24,326' '
852,613 1,058,683

Maljysia • • 212,000 709,710 754,036
Singapore • • 215,000 24,700 977»683 1,002,383
Indonesia e • 250,000 167,800 984,452 1,152,232
Philippines e • — gliPOO 651,700 549,252 1 iSSP 'iÿX

Total • ft ' . 094.596 3.853.690 4.948.286
1976

Thailand • • 365,000 585,576/. X 
22,968' '

791,774 1,177,150
Malaysia • # 195,000 705,610 728,578
Singapore • • 280,000 55,520 699.550 755,070
Indonesia • • 225,000 160,147/?\

J 8 ß i5 ä r ;
1,086,497 1,266,644

Philippines • * 276.000 647,995 986.524
Total • • 1.W.OOO 982,540 3*931.426

MOJES
¿1) B ille ts  only.
(2) B ille ts  only; Philippines also imports slabs.
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FOR STEEL PROCESSES IN ASEAN COUNTRIES

2 -  Steel situation in the Asean countries (cont'd)

From the above, it  is  seen that the ASBidi countries 

import substantial quantities of sends and finished steel 

products; the finished products amount to about 75 per cent 

of the total imports. Considering an average conversion 

factor of 1.25  from finished steel to equivalent crude steel, 

the average imports in 1977» 1978 work out to over 5 million 

tons of equivalent crude steel. This amount represents almost 

65 per cent o f the crude steel consumption in 1978 and is  

about four times the total domestic production.

FUTIRE DEMAM?

Crude Steel

Preliminary projections of future crude steel demand 

in each ASEAN country have been attempted on the basis of the 

past trends and likely future growth in per capita steel 

consumption. The past consumption of crude steel per capita 

and projected trends are illustrated in Fig 2—1 • Based on 

the future levels of per capita consumption projected in 

Fig 2-1, and projected population levels, the crude steel 

demand estimates are presented in  Table 2-6,
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TABLE 2-C -  PROJECTED CRUDE STEEL DEMAND

__________ 22S5___________
Per capita Fbpula- Crude 
consumption tfonf 1 )  steel 

kg mi l l , mi l l .
tons

____________ 1220_____________
Per capita Popula- Crude 
consumption t io n (l) steel 

kg m ill, m ill,
tons

__________ 2000____________
Per capita Perula- Crude 
consumption t io n (l) steel 

kg m ill, m ill.
tons

Thailand •  • 50 55.0 2.8

Malaysia •  • 110 16.0 1.8

Singapore • • 650 2.6 1.7

Indonesia • • 20 170.0 3.5

Philippines • • J & «fO
ASEAN • • _41 298.6 12s i

NOTE
TFT Estimated, based on past

65 60.0 4.0 87 75.0 6.5

135 17.0 2.3 180 2^.0 4.1

700 2.8 2.0 000 £.6

25 190.0 5.0 ¿,0 230.0 9.2

60.0 - la i* 75.0

32?,, 2 16.7 _62 /06.2 28.0

data and lik e ly  future growth rates.
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STUDY ON MINIMUM ECONOMIC SIZE PLANTS 
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2 -  Steel situation in the Asean countries (cont’d)

bemand projections for steel in  the a££Aj:» countries 

have been attempted by various agencies, including a number o f

UN experts and st iy missions, Trie most recent projections 

axe given below from which it  w ill uc observed tout the proje

ctions made in Table 2-6 are in reasonably good agreement.

Crude steel demand, mi*l. tons
1^65 2000

Thailand .. 2.4 4.2

MctX&ysi& • • 1.8 3.6

Sir^japore 1.2 1.7
Indonesia .. 5.3 6.5
Philippines ЛгД -!s2

Total 11,5 ¿ i d

Source: "Oceania -  An emerging international
entity" by L.J. Million, ttle Broken 
H ill Proprietary Company Limited, 
Australia, 1979*

Finished Steel

The estimates of crude steel demand have been broken 

down into various categories o f f la t  and non-flat finished 

products, based on past consumption patterns in the ASEAN 

countries and trends observed in other countries with siiJ-lar 

economies. The future demand estimates are presented in  

Table 2-9.
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ĝj S.jJUL D̂ t w.D 
T'OCC tons)

Thai! and_________  _________lialqysia_________  Sinj;<ax
«rJw-̂  onnr 1or^ icon PnriO 1Q'-C ICC

Product ________ 19B5- 1990 2Q0C- 1985 199C 2000 JE55- 199

1. Ears and rods » • 6 6 0 90c 1,345 355 400 660 315 3 ;

2 .  Wire rods • • £ . 2 0 320 495 210 330 660 90 1

3. Sections * • 2 0 0 290 4/5 170 185 230 230 *1'

4. Others including ra ils  
and roilvrsy track 
material • • 2 0 ___ 20 ___ 50 - 2 5 _ 2 £ ___ 25 - 2 5

Sub-total (1 to 4) • • 1,100 1,540 2,335 750 935 1,585 650 7

5. Elates • e 2C 30 100 160 220 410 315 -3

6. H.R. Sheets/strip • • 220 305 725 70 110 260 130 1

7. C.R. Sheets/strip • • 150 290 620 125 105 380 85 1

C. Tinplate • • 150 255 520 125 165 310 100 1

9. Galvanised sheet • # 220 290 360 - 5 5 J Z £ — 125 60 -

Sub-total (5 to 9) • • 76C 1,250 2,325 535 750 1,475 690 £

'1 )10. Pipes and tubes'
e • 325 410 520 125 . - 1 4 5 _22£ 100 — 3

TOTAL e ♦ 2J85 3.200 U i ' O 1.410 u a c 3.290 U M

KGTS
T iT  Includes welded pipes and seamless tubes.

M.K. DASTUR & COMPIIIY (P ) LTD 
CALCUTTA

S E C T I O N  1 |
 ̂ .̂..
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STUDY ON MINIMUM ECONOMIC SIZE PU N TS

FOR STEEL PROCESSES IN ASEAN COUNTRIES

2 -  Steel situation in the Asean countries (cont'd)

Anticipated Availability and Shortfall

Based on the review of the steel industry in the ¿SEAN 

countries, it  w ill be seen that utilisation of the available 

steel capacity in  the ASEAl'i countries in  the post has been 

rather low. However, with the increasing awareness of these 

countries for the need to increase the domestic steel production, 

and with the various new schemes under implementation, future 

domestic steel availability is  expected to improve considerably. 

The anticipated availabilities of various categories o f finished 

steel products, in  future, are indicated in 'fable 2-10. The 

availabilities fo r the various products are based on fu lle r  

utilisation of capacity already existing as well as likely  

productions from those schemes which are either beirg imple

mented or axe in an advanced stages of plannirg.

It is  to be noted that the availabilities of hot rolled  

strip/sheet and cold rolled strip/sheet indicated in Table 

2-10 refer to the anticipated productions from hot strip  

mills and cold strip mills respectively. Since, part of the 

hot rolled strip is  used for the production of cold rolled  

strip and welded pipes, these quantities cannot be assumed 

as market ava ilab ilities. Similarly, part of the cold rolled  

strip is  used for the production of coated sheets and also 

for welded pipes.

2 - 2 0



TABLE 2J0  - r i c i n . . D xU'iLiü DOiSGTIC G1 li .X  «.V ¿«1.

(•000 tons)

Thailand Malaysia
Product 19C5 1990 2000 1905 J3S0 200C I C ' O

■ - U 1- r. ■

1. Bars and rods including 
wire rods • • 565<3) 735( 3) 775( 3) ¿ 6 5 ^ 600̂ 6 c o ^ 1 2

2. Sections • • - - - - - -

3. Plates • • - - - - - - -

K » h .h .  sheets/strip • • - - - - - - -

KJ • C.n. sheetr./strip • • - - - - - - -

6 . Tinplate • • AO 55 55 - - - -

7. Galvanised sheet • • 160 205 205 95 120 120 -

0 * Welded pipes and tubes • • 105 135 135 70 90 90 90

ITOT̂ S
T Ï T  Includes production iron new ro llin g  m ill o f Malstyawata Steel Bhd.

(2 ) Includes higher production from national Iron C: S teel i&Hs on account o f
enhanced s te e l production in  arc furnaces and new ro llin g  m ill.

( 3)  Includes additional prediction from Siam Iron & -tee l Co.
(4 ) Includes production from new 130,000 tons per year plant o f Philippines Plate t'd llo
(5) Production from new 1 m illion  tons per year hot s tr ip  m ill at Krai: at au.
(6 ) Includes production from the two new pipe plants o f Bee Huat Industries.

Ii.II. DLSTUT. & C0IÎPAITÏ (P) LTD 
CALCUTTA.

{  S E C T I O N  1



■■D H in d i  ix ii-B s n c  s t h i  A V iJL A C iL iT i
(•000 tons)

ialaysia SinraDore
1990 200C 19C5 1990 2000

6 x 0 ^ ) 600^ 4 2 0 ^ 5 4 0 ^ 540(£

- - - - -

- - - - -

- - - - -

- - - - -

120 120 - - -

90 90 90 125 150

TAELS £-10

Indonesia __  _______Philippines— -------
1915

«̂.UVilCwXU
1990 2DGC 19C5 1990 2DCÖ

91C 1,170 1,170 75C 965 965

1CC 125 125 10 15 15

. _ 13o(4) (1)1 /x aoc^

(z )
50C*; 750(5)

(5)900v?; 295 3H 3GC

— - - 345 IJO ¿00

- - - G5 1 1 c 110

1G5 ZAO 2/.G 30C
(0

390
(6)

39c
«

250 325 325 160 210 210

,a Steel Bhd.
/dlls on account of 
Hing m ill.
Co.
nt of Riilippines Plate H ills  Inc. 
u i l l  at Krakatau, 
o Huat Industries.

2 - 2 1
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STUDY ОМ MINIMUM ECONOMIC SB C  PLANTS
FON STEEL PROCESSES IN ASEAN COUNTRIES

2 -  Steel situation in the Asean countries (cont'd)

Keepir^ in view the above considerations, the likely 

shortfalls in selected categories of finished steel Etre given 

in Table 2-11,

CONCLUSIONS

In the light o f the increasing gaps between the demand 

and supply o f steel that are Einticipated during the next two 

decades, the ¿SCAN countries are now considering various 

proposals for augmenting domestic steel production, includiti 

the installation of steel processing units as listed out in  

Chapter 1 as well as litige integrated complexes with iron and 

steelmaking fa c ilit ie s . The likely future position with 

regard to demand and availability o f products for each of the 

twleve selected steel processes Eire brie fly  discussed below.

i )  B illets for re -ro lle rs : The total re-ro lling

capacity iti the region is  put at 1 ,425,000 
tons ’ er annum. The b i l le t  requirement for 

the r ¿-rollers alone would, therefore, 

amount to about 1*5 million tons per year 

based on current installed capacities.

i i )  wire rods; Information on past consumption 

pattera of wire rods, or likely future demand, 
is  not available. The total likely shortfall 

of bars and rods, including wire rods, for

2 - 2 2



fARf/K 9-11 _ LlilfiLi i 'u ïiilil SHORTFALLS FOR SELECTED STEEL
( ' 0 0 0  t o n s )

Thailand ______ Melary id.fi
1985- 122L m L m i. m . 2000 m i .

1. Bars and rods including wire rods

a) Demand • e 880 1,220 1,840 565 730 1,320 405
b) Availability e • 565 735 775 465 600 600 420
cj Shortfall e • 315 A85 1,065 100 130 720 (+)15

2. Sections

a) Demand e • 200 290 445 170 185 230 230
b) Availability • e - - - — — — •

c) Shortfall e • 200 290 445 170 185 230 230

3. Plates

a) Demand • e 20 30 100 160 220 410 315
bJ Availability • • - - - — • •
cj Shortfall • • 20 30 100 160 220 410 315

A. H.R. Sheet/strip
a) Demand^) e • 1,280 1,960 3,300 615 825 1,580 565
bj Availability • e - - - - - —
cj Shortfall e e 1,280 1,960 3,300 615 825 1,580 565

5. C.R. Sheet/strip

a] Demandi2) • e 590 940 1,675 340 465 895 275
b) Availability e e - - - - - — —

cj Shortfall. e e 590 940 1,675 340 465 895 275

6. Tinplate

a) Demand e • 150 255 520 125 165 310 100
b Availability e # AO 55 55 - - — *
c Shortfall e e 110 200 465 125 165 310 100

7, Galvanised sheet
a] Demand • e 220 290 360 55 70 115 60
bj Availability • • 160 205 205 95 120 120 -

ej Shortfall • e 60 85 155 (+)40 U)50 (♦)5 60

8• Pipes add tubes

a Demand / Q \ • • 325 410 520 125 145 230 100
b Availability ' 3 ' • • 105 135 135 70 90 90 90
c Shortfall e • ' 220 275 385 55 55 140 10

NOTES

¥  Includes hot rolled co il required fo r  cold roiled products and fo r  welded pipes ai 
Includes cold rolled strip fo r  tinplate and galvanised Aeet,

(3) Refers to welded pipes only as there i s  no domestic production of seamless tubes. 
(+ ) Denotes surplus.

M.N. DABTUR & COMPANY (P) LTD 
CALCUTTA S E C



8 SHORTFALLS FOR SELECTED STEEL PHDDUCTS
( ' 0 3 0  t o n s )

TABLE 2-11

Malav ¡¿a Singapore
1985 1990 2000 1985 1990 2000

565 730 1,320 405 460 610
46 5 600 600 420 540 540
100 130 720 (+)15 (+)80 70

170 185 230 230 260 335

170 185 230 230 260 335

160 220 410 315 385 575

160 220 410 315 385 575

615 825 1,580 565 695 1,000

615 825 1,580 565 695 1,000

340 465 895 275 310 415

340 465 895 275 310 415

125 I65 310 100 100 120

125 165 310 100 100 120

55 70 115 60 60 70
95 120 120 • .» »

(+)40 (*)50 (+)5 60 60 70

125 145 230 100 140 215
70 90 90 90 125 150
55 55 140 10 15 65

Indonesia R iilipo in es
1985 1990 2000 .1985 199C 2000

1,275 1,820 3,085 750 1,080 1,750
910 1,170 1,170 750 96 5 965
365 650 1,915 — 115 785

320 410 595 130 190 270
100 125 125 10 15 15
220 285 470 120 175 255

245 390 810 225 350 585
- - - 130 170 200

245 390 810 95 180 385

1,115 1,620 3,190 955 1,315 2,275
500 750 900 295 380 380
615 870 2,290 660 935 1,895

570 840 1,625 590 770 1,280
- - - 345 440 440

570 840 1,625 245 330 840

160 225 445 190 240 360
- - - 85 110 110

160 225 445 105 130 250

145 165 295 225 295 450
185 , 240 240 300 390 390

(+)40 (+'75 55 (+)75 (+)95 60

405 495 780 130 190 310
250 325 325 160 210 210
155 170 455 (+)30 (+)20 100

1 S E C T I O N  2 i
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2 -  Steel situation in  the Ascan countries (cont'd)

the region is  estimated at 765*000 tons in  

1985 and 4,555,000 tons by the year 2000. 

Assuming that wire rods would constitute 

about <cû to 25 per cent of the total, the 

probable shortfalls in wire rods could be 

of the order of 150,000 to 17 5 »OjO tons ir.

1905 and about 1 million tons by the year

2000 .

i i i )  Structurais; The demand for structurais in  

most ASEAft countries, who are s t i l l  in their 

in it ia l stages of industrialisation, is  

likely to be confined mainly to light and 

medium sections durir% the next decade.

Light sections such as angles up to 50 x 50 

mm can be rolled in the existing re -ro llirg  

mills producirg bars and rods. Subsequently, 

as the industrial base is  established and 

heavy fabrication work is  taken up, the demand 

fo r heavier structurais is  likely  to pick up. 

The present production capacity for structurais 

in the region is  almost entirely made up ty 

Krakatau which has a capacity of 00,000 tons 

per year of structurais* Therefore, the 

total shortfall of about 940,000 tons in 1905 

would be almost entirely for light and medium 

structurais. Of the total projected short

f a l l  of about 1 *75 million tons by the year 

2000, it  is  expected that 70 to 00 per cent 

would be for the light and medium sections.
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2 -  Steel situation in the Asean countries ^cont'd)

iv ) HR sheet/strip; At present only Philippines 

has a plant with a capacity of 962*000 tons 

per year for HR sheet/strip. ¿he regional 

shortfall by 1985 is  expected to be almost 4 

million tons, with the shortfall in Thailand 

alone being about 1.3 million tons. The 

shortfalls in each o f the other four countries 

would be of the order of 0.5 million tons per 

annum. !y  the year 2000, the regional short

f a l l  is  likely to touch the 10 million ton 

leve l.

v) CR sheet/strip: At present only Philippines

has a plant with a capacity of 140,000 tons 

per year fo r cold rolled products. The proje

cted regional shortfalls are about 2.0 million 

tons and 5.5 million tons in 1985 and 2000
respectively. The countryv-ise shortfall for

OR sheet/strip by 1985 arai 2000 is projected

as follows:

1985 1990
'000 tons 'OOO tons

Thailand • • 590 1,675
Malaysia • • 340 895
Singapore • • 275 415
Indonesia • • 570 1,625
Philippines • 0 245 840
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2 -  Steel situation in the Asean countries (cont'd)

v i ) Plates: There is  no regular plate mill in

any of the ASLAN countries at present. The 

steckel mill in Philippines can, however, 
produce light plates. The total shortfall 

in the region is  estimated at about 0.8 

million tons in 1985 and over 2 million tons 

in the year 2000.

v i i )  Tinplate: Only Thailand and Philippines have

tinning lines at present. The regional short

fa l l  for tin  plates is  projected at 600,000 

tons per year by 1985 and 1.59 million tons 

per year by 2000.

v i i i )  Others: The other products to be studied for

the ASEAN countries are:

1. Cold finished bars
2. Seamless pipes
3 . GI wires
4. Special steel bars
3. Stainless steel sheet/strip

Data on past consumption, product sizes and 

quality etc are not available fo r these items. 

Hence, Consulting Engineers have considered 

the minimum economic size plants for these 

products based on assumed product-mix.
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1 -  RAW MATERIALS AND ENERGY SITUATION 
IN THE AS5AN COUNTRIES

Iron ore ranks as the most important mineral mater. -I, 

as it  constitutes the basic source of iron for blast furnace 

iron making and for direct reduction. Sponge iron and steel 

scrap form the feedstock for arc furnace steelmakirg. Besides, 

other materials like limestone, dolomite, manganese ore and 

ferro-alloys are also employed in iron and steelmaking. The 

industry is  a large consumer of energy, which is essentially 

supplied through coal in the conventional blast furnace-basic 

oxygen steelmaking route end by natural gas and electric 

power in the direct reduction-arc furnace route.

In this chapter, a b rie f review has been made of the 

raw materials and energy situation in the ASEAN countries, 

with a view to identify the availability  of the inputs in the 

context o f setting up new iron and steelmaking units in these 

countries» In the case of the major materials which are not 

available locally , and have to be imported, b rie f reviews of 

the world situation on these materials are presented in order 

to identify the possible sources of supply and estimate 

their likely  costs.
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3 -  Raw materials and energy situation 
in the ASEAN countries (cont’d)

RAW MATERIALS 

Iron Ore/frellet

Iron ore occurs in a l l  the ASEAN countries with the 

exception of Singapore. It has been worked for quite some 

time, primarily for meeting the domestic requirement for iron 

making in Malaysia and Thailand, and for export of iron sands 

of Indonesia. The reserves o f iron ore, their grade etc are 

given in Table 3-1.

TABLE 3-1 -  IRON OPE RESERVES IT THE ASEAN COUNTRIES

Country Reserves Location Fe content
(m ill, tors) %

Thailand AS Lop Puri, 
Kgnchanburi, 
Chachoengsao, 
Loey

34 -  60

Malaysia Inali

32(1)

Kedah, Perak, 
Johor, Pahang

5 2 - 6 2

Indonesia Kalimantan, 
Sumatra, Java

4 0 - 6 0
(TiOg -  10

Philippines 71 Bulcan 10 -  49
3,800 Mindanao 

and others
2 0 - 4 5  

(TiO -  10

NOTE
“TiT According to Indonesian Steel Plant 

Study by Broken TI i l l  Pty Ltd, 1974

Source: Department of Mineral Resources, Bangkok 
Department of Mines, Kuala Lumpur 
Bureau of Industrial Mines, Jakarta 
Bureau of Mines, Manila
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3 -  Haw Buterials and energy situation 
in the ASEAN countries (cont’d)

Of the potential reserves of 48 million tons ir  

Thailand, over 35 million tons are of grades with iron content 

ranging between 34 and 54 per cent, with high sulphur and 

base metal contents and hence d ifficu lt to beneficiate. In 

Malaysia, most of the known reserves of iron ore have been 

exhausted and Malaysia has contracted with India fo r  t r ia l  

supplies of high grade ore. In Indonesia, large reserves 

of titaniferous magret it  e deposits occur. The possibility  of 

exploiting the Yogya iron sand of Java, through bénéficiât ion, 

pelletisation and direct reduction for electric steel pro

duction has been indicated in a study in 1979 by IBSID, Paris. 

Philippines has large reserves o f la te ritic  iron ore, con

taining titanium.

Thailand produced 88,121 tons of iron ore from 

Lopburi for Siam Iron and Steel Co., Sarnburi in 1978. In 

Malaysia, the production of iron ore mostly from Kedah was 

320,034 tons in 1978 and was meant for Malayawata Steel Bhd 

at Penang. The production o f iron sand concentrate in 

Indonesia from Cilacap, east Java, was 311>519 tons in 1977 

and was for export. In Philippines, iron ore production 

from Bulcan was veiy smallj only 1,741 tons in 1978.
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3 -  Raw materials and energy situation 
in the ASEAN countries (cont'd)

It would be seen that none o f the ccaintries has any 

known large reserves o f high grade ore. There is also no 

pellet plant in the ASEAN countries. Therefore, the needs of 

sized iron ore/pellets required for any large size steel 

plant in the region w ill have to be met through imports.

Pellets are currently being imported from Brazil and Sweden 

for the sponge iron plant of P.T. Krakatau Steel in Indonesia.

The only large fa c ility  for production of sinter (capacity 

5 million tons), is  the Philippines Sinter Corporation in 

Mindanao. At present about 3 million tons per year of winter 

are produced from imported ore fines and exported to Japan.

It is  understood that the sinter plant at Mindanao has been 

set up for export o f entire production of sinter to Japan.

A b rie f review of the world iron ore/pellet situation and 

the likely  sources of supply is  presented in Appendix 3-1.

Limestone

Limestone is  required for iron and steelmaking. The 

limestone for blast furnace use should have a CaC content of 

about per cent and insolubles of about 10-11 per cent and 

that for steelmaking should have a CaC content of about 50 

per cent and insolubles o f about 4 per cent. Limestone 

occurs in plenty and is  widely distributed in Thailand,

3 - 4
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3 -  Raw materials and energy situation 
in the ASEAN countries (cant *d)

Malaysia, Indonesia and Philippines. The current production 

in the countries is  sizeable and is largely for catering to 

the cement industry. The requisite quality and quantity of 

limestone to meet the needs of the iron and steel industry is  

expected to be available locally  in these countries; however, 

Singapore w ill have to depend on supply from the neighbouring 

countries.

Dolomite

Dolomite required in ironmaking should have about 

29 per cent CaO, 20 per cent WgO and 5 per cent insolubles, 

while that for steeL making should analyse about 30 per cent 

CaO, 21 per cent MgO and 1.5 per cent insolubles. Dolomite 

occurrences are known to be widespread in a l l  the A.SEAN 

countries, excepting Singapore. The current production is ,  

however, limited. It is  understood that local resources 

would be adequate to meet the requirements o f the iron and 

steel industry in these countries, with the exception of 

Singapore which w ill have to rely or supplies from adjacent 

countries.
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in the ASEAN countries (cont’d)

Manganese Ore

Manganese ore of low grade with about 30 per cert № 

can be used in the blast furnace for ironmakirg. High grade 

manganese ore with 45 to 4& per cent Nh and 6 to 7 per cent 

Fe is  required for the production of standard ferro-manganese 

which is  used in steelmaking. 3h Indonesia, reserves o f 10 

million tors of low grade manganese ore with 28 per cent Mn 

have been reported in central and west Java and Kalimantan.

The ore is  being worked and is exported in small quantities.

The reserves of low grade ore are estimated at about 1.5 mil

lion tons in Philippires and at about 0.4 million tons ir 

Thailand. The production of low grade ore in 1978 was 20,500 

tons in Philippines and 65,500 tons in Thailand and the export 

in the same year was 5,800 tons and 46,500 tors respectively.

Tfenganesc ore is  also available, in Malaysia. The requirements 

of manganese ore in a ll the countries, except Singapore, 

could be net firm local resources.

Ferro-rllovs

Ferro-manganese (high carbon) and ferro-silicon are 

the two major ferro-alloys required for steelmaking. Other 

ferro-alloys such as low carbon ferro-manganese, ferro- 

chromium and ferro-nickel etc are required in small quanti

ties  for production of special steels.
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Malaysia., according to "Bulletin of Statistics, 

Department of Mines", is  the Largest producer in the ASSAM 

countries o f ferro-manpane se; it produced about 94,100 tons 

and exported 23,740 tons in 1976. Philippines produced 2,310 

tons of ferro-manganese and 7,740 tons of ferro-silicon in 

1977, Thailand is  a very small producer with about 1,100 tons 

of ferro-manganese and 1,300 tors o f ferro-silicon ir 197 .̂ 

Ferro-nickel is  produced in Indonesia by the State Mining 

Enterprise, P.T. Aneka Tambang, which has capacity of 25,000 

tons per year. The productior in 1977 was 21,570 tons. The 

requirements o f ferro-alloys for the rew projects in ASEAN 

countries could be met from available local productior and 

augmented by imports.

St-gel. Sgra?

Steel scrap is the traditional melting stock for arc 

furnace steelmaking, and in view of the predominance of 

electric steelmaking in the ASEAN countries, it has assumed 

considerable significance. The requirements of scrap at 

present are net partly through imports and largely from 

domestic collection. The imports of scrap by the ASSAM 

countries fo r  recent years are shown in Table 3-2.
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TABLE 3-2 -  9CRAP IMPORTS BY T HE ASEAN 00UNTPI5S
( ’000 tons)

mi 1276 mi 1278

Thailand 257.2 275.6 03.6 802.0
Malaysia 6.1 2.8 2.6 0.6
Singapore 96.1 54.8 23.5 92.Q
Indonesia 16.0 29.5 47.1 80.7
Philippines 6 1.4 106.2 62.2 65.0

Source: Steel Statistics for Member 
Countries, SEA1ST -  Summary 
of Imports and Exports, March 1979.

It may be noted that the scrap imports shown above 

include re-re liab le  scrap and iron scrap; hence, it  is  

d ifficu lt  to estimate the precise quantities of steel scrap 

imported for use in electric fumn.ee steelmaking. Thailand 

is  the biggest importer of scrap among the ASSAF countries, 

while Indonesia, Philippines and Singapore imoort consider

ably smaller quantities o f scrap.

The contribution of domestic scrap to the electric 

furnace charge has been sizeable in a l l  the ASEfW countries. 

Malaysia's import of scrap is  negligible and hence, domestic 

collection accounts for the requirement o f scrap for electric

3-8



M.  N.  D A S T U R  ft C O M P A N Y
UNITED NATIONS INDUSTRIAL DCVÜOMENT OKANUATION

STUDY ON MINIMUM ECONOMIC SIZE PLANTS
FOR STEEL PROCESSES IN ASEAN COUNTRIES
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steelmaking. The share o f  domestic scran in the e le c tr ic  

furnace charge in steelmakirg ir  the other feur ASSAI7 

countries fo r  1977 is  shown in Table 3-3.

TABLE 3-3 -  SHARE OF DOMESTIC SCRAF IF ELECTRIC
FTIRNf.CS CHARGE -  1977

E lectric
furnace Total scrap

s tee l pwv 
ductior.(1 )

COr“  (2 ) sumption'
Domestic

scrap '3/ Share
'000 tons ’ 00C tons '000 tons %

Thailand 308.5 328.2 230.0^' 70.1
Singapore 215.0 228.8 213.9 93.5
Indonesia 1*7.5 199.5 152.4 76.4
Philippines 234.4 249.4 187.6 75.2

NOTE
"TÎT

(2)
(3)
U )

Source: "Steel Statistics for Member Countries" -  
Production, SEA1ST, April 1979.

Based on estimated scrap consumptior of 1,064 kg 
per tor of liquid steel.

Based on total scrap consumptior minus not imports. 
Figure indicated by Department of Mineral 

Resources, Bangkok.

It is  seen that so fa r  domestic scrap accounts for 

about 70/76 per cent of the furnace charge in Indonesia, 

Philippines and Thailand and about 93 per cent in Singapore. 

This represents the position o f domestic scrap availability  

in relation to the present level o f steel production.
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However, the demand for steel scrap by the new steel produc

ing units envisaged w ill be considerable. As domestic scrap 

generation cannot be expected to increase on a large scale, 

import of scrap w ill be necessary.

3h this context, it  is  significant to consider the 

progressive replacement o f scrap by sponge iron. F.T. 

Krakatau Steel has commenced production o f sponge in one of 

the four modules of the plant, each of 0.5 million tons 

per year capacity. The sponge has been successfully used in 

electric steelmaking by Krakatau Steel and in other countries 

of the region as well. I f  more sponge iron is available 

from Indonesia in future, it could a lter the position of the 

import of steel scrap by the ASEAN countries. Due to 

availability  of natural gas, the sponge iron plants based 

on gaseous reduction are also being planned in Thailand and 

Malaysia for increasing steel production through arc furnace 

route.
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3 -  Paw materials and energy situation 
in the ASEAN countries (cont’d)

5*nSR0Y SITUATION 

Metallurgical Coal

ThE:re are no known occurrences of coking coal in the 

ASEAN countries. Thailand has reserves of ?M5 million tons 

of lignite distributed in three provirccs. In lay sic, some 

blendable coal has been reported in Sarawak. In Indonesia, 

500 million tons of non-coking coal reserves have been re

ported to occur in Sumatra. In Philippines, about 5 million 

tons of coal are known to occur in Malangas, Cebu.

The requirements o f coking coal for the future iron 

and steel industry in the ASEAN countries w ill have to be 

met by imports. In this context, a b rie f review of the world 

coal situation is  given in Appendix 3-2. Some of the tradi

tional coal exporting countries irelude Australia, Canada, 

Poland, USSR and U.S.A. in considering the sources of coal 

for the ASEAN countries, imports from Australia w ill have an 

advantage in terms of the transportation cost.

m

Indonesia is  endowed with considerable petroleum 

resorves amounting to 11,265 million barrels. The annual 

production of crude o il which was about 312 million barrels
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in 1970, had gone up to 477 million barrels in 1975 and to 

615 million barrels in 1977. A largo part of the crude is  

exported, as for example 363 millior barrels ir. 1cr75 , equiva

lent to about 75 per cent of the country's production. Ir 

Hilaysia, crude o il production was 60.6 millior. barrels in 

1976, of which 52.6 million barrels were exported. In 

Philippines, o il has been struck recently o ff the shore of 

Palawan, where a reservoir volume of 27,700 barrels per day 

has been indicated. Offshore o il is  also reported in the 

Gulf of Thailand.

Natural Gas

Natural gas discoveries have been made recently in 

the ASEAN countries. The natural gas reserves of Indonesia 

are estimated at 283 million cu m. The sponge iron plant of 

P.T. Krakatau Steel gets its  natural gas supply from the 

offshore gas fie lds over a distance of about 200 km.

Indonesia has plans fo r boosting liquid natural gas produc

tion by 1984« In Malaysia, offshore reserves of Sarawak 

are estimated to be in the range of 283 to 566 million cu m 

as associated gas. The ca lorific  value of the gas is  around 

8,895 Kcal per cu m but no analysis is  available as yet.
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In Philippines ore g a s /condensate discovery in the P.eed Bank 

area has been made, which gives hope of gas availability .

Discoveries o f natural gas in commercial quantities 

have been made in the Gulf o f Thailand. In th is  connection, 

+he Con,suiting Engineers had discussions with the Petroleum 

Authority o f  Thailand. On the basis o f information gathered, 

i t  is  noted that the reserves in Union O il Co's 'A ' structure, 

located -410 km south o f  Sattahip, are estimated to  be in the 

range o f 28 to  65 mi l l ion cu m and those in 'B* structure o f 

Texas P a c ific  to  be 28 to  113 m illion  cu m. The Natural Gas 

Organisation o f  Thailand has plans to  boost the gas or. stream 

by mid 1981 fo r  use in power generation, and by 1983 fo r  

sponge iron production. The c a lo r if ic  value o f the gas in 'A ' 

structure is  9»428 Kcal por cu m.

SOURCES OF RAW MATERIALS AH) Ef’ETGY

Based on a review o f the ra y  materials and energy 

situation in the ASEAN countries and a. review o f  the world 

situation fo r  some m aterials, the possible sources have been 

id en tified  as shown, in Table 3-4* I t  needs to be mentioned 

that fo r  certain items which are available in a particu lar 

ASEAN country, the p o ss ib ility  o f supplying such items to  

the other ASEAN countries would merit serious consideration.
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FOR THE ASEAN COUNTRIES

Item Thailand Malaysia Singapore Indonesia Philipp ines

Iron ore •  « Imported Imported Imported Imported Imported

P e lle t •  • Imported Imported Imported Imported Imported

Manganese ore «  • Local Local Imported Local Local

Line stone/ Dolomit e •  • Local Local Imported Local Local

F erro-a lloys •  • Local/
Imported

Local/
Imported

Imported Local/
Imported

Local/
Imported

S tee l scrap •  • Local/
Imported

loca l/  
Import rid

Local/
Imported

Local/
Imported

Local/
Imported

M eta llu rg ica l coal •  • Imported Imported Imported Imported Imported

O il •  • Imported Local Imported Local Imported

Natural gas •  • Local Local - Local —
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4  -  M A T ER IA LS » E N E R G Y  AMD LA B O lit COSTS

The possible sources o f the raw materials and energy 

inputs have been indicated in  Chapter 3. In this chapter, 

the prices o f the various m aterials, the energy costs and the 

wages and salaries have been estimated to serve as a basis 

fo r  determining the production costs o f the various items.

The prices of steel products comprising input materials and 

finished products fo r  the twelve selected steel processes, 

are separately discussed in  Chapter 5* In determining the 

prices and costs, local conditions prevailing in  the ASEAN 

countries have been taken into consideration. The prices 

and costs estimated and the basis adopted for arriving at 

these are discussed below.

MATERIALS

The prices o f loca lly  available materials have been 

determined based on the data collected during the f ie ld  

study in early 1980» These have also been checked against 

the prevailing international prices. For materials which 

are not locally  available and have to be imported, prices
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4 -  Materials, energy and labour costs (cont *d)

prevailing in the international market during the f ir s t  

quarter of I960 have been considered* The prices indicated 

for imported materials do not include any import duties as 

i t  is  expected that raw materials for basic industries such 

as steel w ill be allowed duty free in a l l  the countries. 

However, prevailing port charges and busine s s/s ales tax 

have been included wherever applicable. The basis fo r  

determining the various prices i3 given in Appendix ¿ v ‘\ •

The prices estimated by Consulting Engineers were 

forwarded to the ASEAN countries for their comments and 

confirmation. Replies received from Indonesia and the 

Riilippines, have been considered. The prices of materials, 

as adopted in this report, are shown in  Table 4-1. It  may 

be observed that the prices o f materials vary marginally 

from country to country. However, the price of domestic 

steel scrap varies considerably between. $ 70 per ton in  

Malaysia and $ 120 per ton in Indonesia.
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4 -  Materials, energy and labour costs (cont'd)

TABLE ¿-1 -  HI ICES OF MATERIALS 
(UB $ per ton)

Item Thailand Malaysia Singapore Indonesia HüjJjjggine^

Sized iron ore -
BF grade (63$ Fe) 33 33 32 3? 32

Sized iron ore -  
ER grade (65$ Fe) 36 36 35 36 36

Pellet -  DR grade 
(66$ Fe) 48 48 46 48 41

Steel scrap -  domestic 115 70 85 120 95
Steel scrap -  imported 150 140 160 140 151
Coal -  metallurgical 68 66 64 73
Limestone 4 4 7 4 7
Dolomite 12 12 15 14 11
Manganese ore (35$ Mn) 36 35 34 33 34
Fluorspar 55 62 60 61 83
High C ferro

manganese 560 545 525 543 540
Ferro-silicon 1,000 970 930 875 1,200
High C ferro- 

chrome 1,020 990 950 910 1,050
Low C ferro- 

chrome 2,590 2,500 2,410 2,440 2,650
Nickel 7,700 7,400 7,100 7,300 7,800
Zinc 860 830 800 790 830
Aluminium 1,370 1,370 1,370 1,400 1,370
Tin 17,000 16,500 17,000 16,400 18,000
Graphite electrodes 2,600 2,500 2,400 3,560 2,850
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4 -  iMaterials, energy and labour costs (con t'd )

ENERGY

The fu e l o i l  price is  the lowest 1: Indonesia owing 

to  the lo ca l crude production, but is  the highest in  

Singapore where tna crude o i l  is  en tire ly  imported. Natural 

gas is  already being used at Krakatau s tee l plant i t  Indonesia. 

I t  nay also be made available fo r  the proposed s tee l plants 

in  Thailand and Malaysia. Based on the preva iling t a r i f f  fo r  

e le c tr ic a l energy, lowest unit cost is  obtained in  Indonesia

and the highest in  Philippines. Based on the data co llected

during the f i e ld  study, the fo llow ing prices are considerea

in  th is report fo r  fu e l o i l ,  natural gas and eie c tr ic a l

energy.

Fuel o i l
Natural

gas_
E lectric
power

U5 $  per 
ton

U3 $ per 
G ca l

US $ per 
kWh

Thailand 150 5.6 0.050

Malaysia 180 8.0 0.050
Singapore 275 - 0.055

Indonesia 67 2,6 0.040
Philippines . . 220 • 0.066

I t  may be noted that the price o f natural gas w i l l  

have bearing on the economics o f s tee l production by the 

d irect reduction arc furnace route. I t  is  reported that
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4 - Materials, energy aid labour costs (cont'd)

natural gas to Krakatau st-d pluat is buiiig supplied at 

IB £ 2.6 per G cal, but it could not be confirmed. For the 
proposed steel plants based on direct reduction-arc furnace 
route, the price of natural gas indicated is US £ 5*6 G cal 

in Thailand and US £ 8.0 per G cal in Kalayei':.. Hovn'ver, the 
Government of Thailand and Malaysia have not decided 021 the 
price of natural gas for supply to the future stool plants.

LABOUR

The average wages .and salaries for the different 
categories of managerial and operational staff as obtained 

during the field visit in each country ore given in 

Table 4-2»

TABLE 4-2 -  AVERAGE MONTHLY WAGES AND SALARIES 
EJ THE ASEAN COUNTRIES 

(US l )

Category Thailand Malaysia Singapore Indonesia Philippines

Superintendent/
Manager 1,000 OOO 1,500 500 750

Senior Engineex 650 800 950 400 340
Engineer 340 400 700 350. 290
Skilled worker 195 190 420 175 120
Unskilled worker 1G0 103 190 100 85
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4 - Materials, energy and labour costs (cont'd)

Based on the above, and considering the probable mix 
of different categories of personnel, the average wages and 
salaries per man year- for each country has been assumed as 

follows:

IB $ per 
man year

Thailand 2,800

Malaysia • • 2,900
Singapore 5,200

Indonesia «. 2,200'
Philippines 1,900

4-6



M.  N.  D A S T U R  fr
UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

STUDY ON MINIMUM ECONOMIC SIZE PLANTS
FOR STEEL PROCESSES IN ASEAN COUNTRIES

5 -  HUDES OF STEEL HIODUCTS

The prices of the various input materials required 

fo r  production o f s te e l in  integrated s tee l plants have 

already been discussed in  Chapter 4* This chapter deals 

with the prices o f the various input materials and the 

fin ished products fo r  the selected s te e l processes. In 

estimating the prices, the prevailing prices of tile various 

s te e l products in  each country during the f i r s t  quarter o f 

1980, have been taken into consideration.

In order to  adopt re a lis t ic  prices o f the input 

materials and the fin ished products re fle c t in g  the lo ca l 

conditions in  each country, CONSULTING ENGINEERS lie Id  

discussions with various agencies to  gather information on 

the preva iling price situation . For products whose lo ca l 

prices were not ava ilab le , p reva ilin g  international prices 

have been adopted.
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5 -  Prices o f s te e l products (con t'd )

The s te e l processes with th e ir  corresponding input 

materials and fin ished products are l is te d  in Table 5-1.

TABIE 5-1 -  INPUT MATERIALS AMD FINISHED PRODUCTS

Steel process Input material Finished product

B i l le t  plant S tee l scrap B ille t

Wire rod m ill B i l le t Wire rod

Structural shape m ill Bloom/billet Structurais

Cold fin ished bar m ill Bars/wire rod Bright bars

Seamless tube plant Bloom Seamless tubes

GI wire plant Wire rod GI wire

Special s tee ls  plant S tee l scrap Bar3, rods etc

Stainless s te e l plant S tee l scrap HP./CR coil/sheet

Hot s tr ip  m ill Slab HR coil/sheet

Cold s tr ip  m ill Ш  c o i l CR coil/sheet

Plate m ill Slab Plate

E lec tro ly tic  tinning 
line CR c o i l Tinplates

PREVAILING Hi ICE STRUCTURE

The prices obtained from the d iffe ren t agencies during 

the f i e ld  v is i t  were in certain  cases at variance. Therefore, 

a fte r  compilation and co lla tion  o f the f i e ld  data,

CONSULTING ENGINEERS attempted to  ra tiona lise  the p rices .
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Preliminary estimates o f the prices v/ere forwarded 

to the respective authorities in  each ASEAN country fo r  th e ir 

comments. Replies were received from Indonesia and Philippines 

in  th is regard and the information provided by these two 

countries have been adopted as the basis fo r the prices 

considered in  th is report. For other countries, p revailing 

international prices have been considered.

In Singapore, no duty is  lev ied  on imported s te e l 

products. The a p p lica b ility  o f duty on d ifferen t s te e l 

products in Malaysia could not be ascertained. The duties 

lev iab le  on imported s te e l products in  the other countries 

are given in  Appendix 5-1.

PRICES CF INHIT MATERIA IS

Of the various input m aterials, the price o f s te e l 

scrap has already been discussed in  Chapter 4 and prices o f 

other input materials required fo r  the selected s tee l 

processes are discussed below.

Billets/blooms and slabs, though traded, are not 

currently quoted in  the in ternational market, while hot 

ro lled  and cold ro lle d  c o ils , as a lso  bars and wire rods, are 

regu larly quoted on the world markets. An analysis o f the
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data on the prices o f these materials, co llected  during the 

f i e ld  investigations, as given in  Appendix 5-2, shows wide 

variations in  some cases. Therefore, where necessary, prev

a ilin g  in ternational price:: have been considered as the 

guide to  arrive a t ra tiona l p rices.

The deta ils  with regard to estimation o f the prices 

o f the various input materials are presented in  Appendix 5-3 

and summarised in  Table 5-2. The prices indicated are 

inclusive o f port charges, sales tax and business tax as 

applicable, but no impart C ities have been considered.

(1)TABLE 5-2 -  PRICES OF INKJT MATERIALSV 7
(US f  per ton)

Item T h a ilan d Malaysii^ Singapori^'J Indonesil"^ Philipp:

B illet//  ,1 
bloom'-'5 ̂ 320 310 300 300 300

Slab 260 255 245 250 255
HR c o i l 360 350 340 350 355
CR c o i l 445 430 415 425 500
Wire rod 415 405 390 4i 0 400
Bars 395 385 370 405 405

№

NOTES
(1 ) Including a l l  taxes/levies but excluding import duties,
(2 ) Based on preva iling international prices.
(3 ) Based on information from Department Perindustrian R .I,

Direktorat Jenderal Industri Logam Dasar, Jakarta.
(4 ) Based on information received from Metals Industry-

Research & Development Center, Manila.
(5 ) Average price o f b il le ts  and blooms.
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5 -  Prices of s tee l products (con t'd )

SELLING PRICES OF FINISHED H10LÜCTS

The ex is tin g  s tee l industry in the ASEAN countries 

is  mainly confined to the manufacture of Oui's cin.Cc rods *

Wires and wire products, mainly based on imported wire rods, 

are also manufactured in  a l l  the countries. Galvanized iron 

sheets and welded pipes are produced in  a l l  the countries 

except Singapore, mainly from imported hot ro lled  and cold 

ro lled  c o ils  and sheets. Besides, bright bars are produced 

in  Malaysia and Thailand; structurais in Indonesia; hot and 

cold ro lled  s tr ip  and sheets in  Philippines; and tinp lates 

in  Philippines and Thailand. The se llin g  prices of a few 

s te e l products, presently being produced in  ASEAN countries, 

co llected  during the f i e ld  study, are given in  Appendix 5-4*

Philippines and Indonesia have furnished the s e llin g  

prices fo r  certain  products. While the s e llin g  prices 

furnished by Indonesia are generally conforming to  the in te r 

national prices, the prices furnished by Philippines fo r  

certain  fin ished products are higher than the preva iling 

international prices. For the purpose o f the study, the 

prices furnished by Philippines and Indonesia have been 

taken as the basis fo r  these countries a fte r  making suitable
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5 -  Price3 of steel products (cont'd)

adjustment to exclude the incidence of import duty. For 

other countries namely, Thailand, Malaysia and Singapore 

who have not furnished the selling prices of steel products 

prevailing in the respective countries, these have been 

estimated based on the current international prices.

Details of the computation of selling prices are 

shown in Appendix 5-5 and summarised in Table 5-3«

TABLE 5-3 -  SELLING HOPES OF FINISHED HiOfflCTS 1̂ *
(US i  per ton)

Product Thailand Malaysia

Billets/blool^^ 300 300

Slab 245 245
Wire rod 390 390
Bright bars 56D 560

G I  wire 575 575

Structurals 405 405
HR sheet 360 360

HR coils 340 340

CR sheet 430 430
CR co il 415 415
Plates 370 370

Tinplates 700 700

Seamless tubes 860 860

Stainless steel 
sheet/strip 2,090 2,090

Special steel 
bars/rods 620 620

Singapore Indonesia Philippines

300 295 275

245 245 235
390 390 375
560 565 560

575 575 575

405 405 450
360 365 390

340 340 325
430 425 495
415 415 455
370 365 390

700 700 700

860 860 860

2,090 2,315 2,090

620 620 620

Net prices excluding taxes and levies. 
Average price of billets and blooms.
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5 -  Prices of steel products (cont»d)

It  may be noted that the selling; prices considered 

represent the net sales realisation per ton of products 

and do not include any government taxes and levies. I f  the 

incidences of tax applicable are taken into account, the 

prices w ill be equal to tlie input prices as given in  

Table 5-2.

As discussed earlier, import duty is levied on steel 

products in Philippines, Indonesia and Thailand. The duty 

structure is generally oriented to protect the indigenous 

producers against competition from imports. For example, 

the duty on bars, the production of which is  substantial, 

varies between 20 and 50 per cent. In philippines, where 

hot and cold rolled sheets are produced, there is a duty 

of 10 and 30 per cent respectively i f  these itebis are 

imported. A comparison of the selling prices with and 

without the incidence of duty is  given in Table 5-4 for 

Thailand, Indonesia and Philippines. For the purpose of 

this study, however, no ta r if f  protection is  considered 

and the prices as indicated in Table 5-3 have been 

adopted.
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5 -  Prices of steel products (cant'd)

TABIiS 5-4 -  EFFECT OF 3KPCKT DUTY ON SELLING HIICES
(US & per ton)

Indonesia Philippines Thailand
Without With Without with Without With

Product
p r o -  ’• V O -  

tection tection
pro- pro
tection tection

pro
tection

p r o 

tection

Biliet/bloom 295 295'1) 
245<1J

275 275^1 ^ 300 300^

Slab 245 235 2 3 5 ^ 2̂ .5 2 4 5 ^
Wire rod 390 465 375 470 390 395
Bright bar 565 620 560 615 560 570
G I  wire 575 600 575 630 575 590

Structurals 405 425 450 570 405 415
HR sheet 365 425 390 430 - -

HR co il 340 355 325 355 340 345
CR sheet 425 505 495 630 - -

CR co il 415 435 455 590 415 420

Plates 365 4-3°. i 390 430 370 380

Tinplate 700 7 0 0 ^ 700 1,050 - -

Stainless steel 
sheet/strip 2,315 2,635 2,090 2,300 2,090 2,105

Seamless tubes 860 945 860 945 860 880

Special steels 
bars/rods 6 2 0 650 620 680

NOTETry No import duty.
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6 - BJTEGftATbD PIANT FCft 3LM13

Semis like b ille ts , blooms and slabs are the major 

inpat materials for production of various finished rolled  

products such as wire rods, structurals, strip/sheets and 

plates. Assured availability  of adequate quantities of 

semis at reasonable prices, therefore, largely influences 

the economics of producing rolled products.

In determining the minimum economic sizes for the 

various ’process' plants, i t  has been assumed that semis 

would be procured from the international market. However, 

the availability  of semis in the international market is  

prone to wide fluctuations. During periods of steel 

shortage, when world steel supply is  unable to catch the 

heavy demand, the major exporting countries like USA and 

Japan prefer to export steel as finished products which 

fetch higher sales revenue and enable better utilisation  

of installed ro lling capacity. This results in restricted 

availability  of semis in the export market. Cn the other 

hand, during periods of steel recession, the situation is
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6 -  Integrated plant for semis (cont»d)

quite the opposite and the major expvi ŝ ers are forced to 

seek markets for export of sxeel even in the form of semis 

so as to utilise atleast a part of the iron and sbeelmaking 

capacity. These periodic variations in the availability  of 

semis are also reflected in their prices quoted on the 

international market.

Keeping in view the fluctuating international market 

fo r semis, i t  is  worthwhile to examine the feasib ility  of 

creating additional integrated iron and steelmaking 

capacities in the ASEAN countries, for assured supply of 

semis at reasonable prices. This would, in turn, reasonably 

guarantee better utilisation  of installed capacity and 

favourable operational economics of ro lling mills that are 

likely  to be installed in these countries, where imported 

steel products are threatening the very existence of the 

domestic steel industry.

The choice of technology and the investment economics 

of the selected routes for production of semis are discussed 

in this chapter.

6-2



M.  N.  D A S T U R  ft C O M P A N Y  ( P )  L T D
UNITED HATIONS INWSTWAl W YilOM iHT 0KANI2ATI0H

STUDY ON MINIMUM ECONOMIC SIZE PLANTS 
FOR STEEL PROCESSES IN ASEAN COUNTRIES

6 -  Integrated plant for semi3 (cont'd)

CHOICE CF TECHNOLOGY

The three major routes available for the production 

of steel are :

i )  Scrap based electric arc furnace route

i i )  Direct reduction-electric arc 
furnace (ER.-EF) route

i i i )  Blast furnace-basic oxygen furnace 
(BF-BOF) route.

The choice of one technology or the other is 

governed by various techno-economic factors, the more 

important amongst them being:

a ) Availability and price of major raw materials
that is , iron ore pellets, coal and flux

b) Availability  and price o f steel scrap

c) Availability and price of natural ga3
d) Availability  of infrastructure fac ilit ie s

e ) Availability of manpower

f )  Investment and operating costs

The situation in each ASEAN country with respect to 

major raw materials, steel scrap and natural gas has been 

reviewed in Chapter 3» Prom the review, it  w ill be seen 

that there are no known deposits of suitable quality
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6 -  Integrated plant fo r  semis (con t’ d)

m etallurgical coal or iron ore in -¿ny of the f iv e  countries. 

The a v a ila b il ity  o f s tee l scrap is  so:.®what lim ited  in  the 

region. Hence, adequate s te e l scrip  would not re availab le 

to  sustain large-scale s tee l production in e le c tr ic  arc 

furnaces. Natural gas is  already available in  Indonesia 

and Malaysia; and is  expected to  oe available in  Thailand 

in  a couple o f years. No known reserves o f natural gas 

ex is t in  Philippines and Singapore.

The situation with regard to a v a ila b ility  o f in fra 

structure fa c i l i t i e s  and manpower is  generally sim ilar in 

a l l  the ASEAN countries. However, a v a ila b il ity  o f land, 

sk illed  manpower, e le c tr ic  power, water and other in fra 

structure fa c i l i t i e s  required fo r  the construction and 

operation o f a large s te e l complex could pose problems in  

Singapore. Further, due to  lim ited  land anu stringent 

pollu tion control measures, Singapore may not be suitable 

fo r  a large integrated s te e l plant.
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6 -  Integrated plant for semis (cont'd)

Prom toe above discussici, the following conclusions

emerge:

i )  Steelmaking in Singapore would primarily 
have to rely ci the scrap loused electric 
furnace route employed in ir.i.ii 3teel plants. 
The economics of such plants ho s been 
discussed in Chapter 8.

i i )  large scale steel production in tlie region 
w ill have to be based on integrate d iron 
and steel production due tc tie shortage 
of domestic steel scrap availability .

i i i )  Both the DR-EF and BF-3QF routes would have 
to be based on imported iron ore ./pellets in  
a l l  the ASEAN countries. The BF-BOF route 
w ill necessitate, additionally, imports of 
coking coal/coke, while the DR-EF route could 
u tilise  the locally availsjle  natural gas.

iv ) As there are no known occurrences of natural 
gas in Philippines, only the BF-BOF route 
merits consideration in this country.

v) In the case of Indonesia, Malaysia and 
Thailand both the DR-EF and BF-BQF routes 
merit consideration. The ultimate choice of 
one rcute over the other w ill depend upon 
their relative economics.

The economics of semis production in scrap based 

mini steel plants, for Singapore, has been evaluated while 

determining the minimum economic size for b ille t plant. 

This chapter, therefore, briefly describes the DR-EF and
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6 -  Integrated plant fo r  semis (ccn t'd )

BF-BOF routes, indicates t ie  major production fa c i l i t ie s  

and th e ir  rated capacities, and presents overa ll estimates 

of. cap ita l and production cost up to  the semis stage fo r  

the four ccwntries i . e .  Thailand, Malaysia, Indonesia and 

Ph ilipp ines.

THE IB-EF ROUTE

The ER-EF process u t il is e s  sponge iron  together 

with s te e l scrap as the m etallic charge in  e le c tr ic  arc 

furnace. A schematic flow-sheet o f the DR-EF process is  

presented in  Fig 6-1 .

Although d irec t reduction technology has been around 

fo r  many years, i t  has become conm^rc .Lully acceptance and 

a ttrac tive  only recen tly . Rapid developments in  e le c tr ic  

arc furnace steelmaRing, concern over the a v a ila b il ity  of 

quality  m etallurgical coal a t reasonable prices fo r  the 

conventional BF-BOF route,unpredictable and fluctuating 

scrap supply, and a v a ila b ility  o f a lternative energy 

sources a t r e la t iv e ly  cheaper prices have resulted in  a 

resurgence o f in terest in  the use o f sponge iron fo r  s te e l-  

making.
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6 -  Integrated plant fo r  semis (con t'd )

Sponge iron can be produced by d irect reduction of 

iron ore by a suitable reductant, gaseous or so lid .

Industrial experience with commercial d irect processes 

indicates that processes based on gasecxis reductant appear 

to  oe techno-economicaliy fa r  more a ttractive  than processes 

using so lid  reductant. This contention is  borne out by the 

fa c t that o f the estimated world production o f about 

6.75 m illion  tons o f steelmaking grade sponge iron in  1979, 

almost 95 per cent was accounted fo r  by the gas based 

processes.

Plant Capacities and Ph.jor F a c ilit ie s

The plant capacity in  the DR-EF route is  dependent 

to  a large extent on the capacity o f the d irect reduction 

fa c i l i t y  and the proportion o f sponge iron  in ohe e le c tr ic  

arc furnace charge. Two standard modules with annual 

production ratings o f a jout ¿+00,000 tons arid 600,000 tons 

are presently being o ffered  by the d irec t reduction process 

suppliers. Although, th eo re tica lly , modules with annual 

capacities less  than 400,000 tons can be design'd and fa b r i

cated, the sp ec ific  investment fo r  such non-standard modules

I

M.  N.  D A S T U R  »  C O M P A N Y  ( P )  L T D
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6 -  Integrated plant Гог semis (con t'd )

would be considerably higher than fo r  standard modules on 

account o f the additional costs involve"! in  designing.

I t  is  reported that modules vdth annual capacity ratings 

o f 1 m illion  tons sponge iron are in  advanced stages of 

development and would be offered  fo r  commercial sale by a 

number o f process suppliers in  the near fu ture.

The proportion o f sponge iron  in  the e le c tr ic  

furnace charge is  governed by the a v a ila b ility  o f s te e l 

scrap and th e ir  r e la t iv e  prices. Normally, most e le c tr ic  

furnaces with fa c i l i t i e s  fo r continuous charging of sponge 

iron u t i l is e  between 50 and 80 per cent d irect reduced 

m aterial. With favourable prices o f sponge iron, maximum 

usage should be aimed a t with a view to  obviating the need 

for purcte-sing scrap from outside.

For the purpose of evaluating the economics of the 

DR-EF route in the ASEA.il countries, three alternative plant 

capacities have been considered, as given in Table 6-1 on 

the next page *
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6 -  Integrated plant fo r  semis (con t’ d)

f A B I n  6 - i  -  А Ы ш . А Т Г у'Ё P U i l X  О А Г а С . I S O

FCE E R -1F ROTI:-

A l t . 1 r - . t .  2 A l t .  3

Sponge i r o n , »000 tons/yr 400 1,2 0 0 1 , 7 0  0

Liquid s te e l:
Production, *000 tons/yr 
Spongo iron  proportion, 
Y ie ld  from charge, %

450
b . • 80 

90

1 ,350 
80 
90

2,0 0 0

90
Continuous cast semis, 

*000 tons/yr • • ¿+25 1,275

ооO
'

The major fa c i l i t i e s  required fo r  meeting the produ

ction  requirements are given in  Table 6-2. The fa c i l i t ie s  

have been separately indicated fo r  a plant producing only 

continuous cast b i l le t s  and another plant producing only

continuous cast slabs.

TABLE 6-2 -  MAJOI f f i0ШСТ ЮН FACILITIES 
?CR DR-EF PIAMI S

Direct reduction:
No. o f modules 
Module capacity, 

*000 tons/yr

E lec tr ic  arc furnace : 
No. o f  furnaces 
Heat s ize , tons

Continuous casting 
machine:
No. o f machines 
Strands fo r  machine

Alb. 1 A l t . 2 A lt . 3
B ille ts  Slabs B ille ts Slabs B il le t  e Slabs

1 1 2 2 3 3

400 400 6G0 600 6 00 600

2 2 6 6 -J 6
85 85 85 85 13 0 130

2 2 6 6 6 6
- 4 1 4 1 6 1
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6 -  Integrated plant for semis (cont’d)

Capital and Operat ing Costs

Preliminary ostauiates of capital cost for the a lter

native plant capacities are presented in Table 6-3• it  is  

to be emphasised that the cost estimates are tentative and 

indicate the orders of magnitude involved. The estimates 

are based on current international prices of similar 

equipment and fa c ilit ie s , and are assumed to be same- for 

a l l  the three countries under consideration.

TABLE 6-3 - ESTIMATES OF CAPITAL COST FCR
ER-EF PLANTS 

( million US $ )

A lt. 1 A lt. 2 A lt. 3
B illets Slabs B illets Slabs B illets Slabs

Direct reduction 
fa c ilit ie s 75 75 175 175 250 250

Steelmelt shop incl. 
electric arc 
furnace, continuous 
casting machine 
etc . ^6 75 104 170 155 200

Auxiliary and 
yard fac ilit ie s Æ J Ü Æ 85 120 120

Sub-total .. 161 190 364 430 525 570

Design, engg. and 
administrative 
expenses @10 per 
cent of items 
1 to 3 16 19 36 43 52 57

Contingencies 
@10 per cent of 
items 1 to 4 J S 21 JQ. M L -5 8

total .. 125 m 220 (ML 690
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6 -  Integrated plant for semis (cont'd)

The ^eduction costs of sponge iron, liquid steel 

and continuous cast billets/slaos are estimated in 

Appendix 6-1 and summarised in Table 6-4 on page 6-12

THE BF-3QF RQJTE

The BF-BQF route of iron and steelmaking u tilises  

iron ore and coke in the blast furnace for the production 

of hot metal which is subsequently converted to liquid  

steel in the basic oxygen furnace. A schematic flow-sheet 

of the BF-BOF process is  shown in Fig 6-2.

The BF-BQF process can be considered to be the 

work-horse of the steel industry and is ideally suited for 

the production of commercial grades of steel in multi- 

million ton plants. The share of this process in total 

world steel production has risen from about 20 per cent 

in mid-60s to about 40 per cent in 1970 and is  presently 

around 60 per cent. This phenomenal rise in world BF-BQF 

capacity has been mainly due to two factors, namely ( i )  the 

continued growth in the sizes of the iron and steelmaking 

units which have resulted in better economies of scale,

( i i )  the improvements in equipment design and operating 

parameters, resulting in more efficient operation with conse

quent reductions in operating cost.
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TABLE 6-Z. -  PRODUCTION COST ESTIMATES FOR DR-SF ROUTE
7uS $ per tonX

<r>!_lk

Thailand_______ ______Malaysia_______ ______Indonesia
A lt .  1 A lt .  2 A lt . 2

Production cost excluding 
f ix e d  charges

Sponge iron • • 97 93 92 104. 100 99 37 83 83
Liqu id  s te e l • • 180 176 172 178 174 169 171 167 163
B il le t s • • 200 194 190 197 192 187 189 184 1oO

Slabs

Production cost including 

fix e d  charges at

• • 201 195 189 199 193 187 191 185 180

B il le t s « • 292 263 256 289 261 254 231 253 247
Slabs • • 310 277 262 307 27 4 259 299 267 252

MOTE
T Ï T  To cover in te re s t  charges and depreciation

(grated
 p
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n
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6 -  Integrated plant fo r semis (coa t 'd )

plant Capacities ana 1-a.jor fa c i l i t ie s

The BF-BCF process is  versa tile  in that appropriate 

siae o f equipment tc me^t a wide range o f production require

ments is  eas ily  ava ilab le  in  the international Market. 

However, on account o f the high rate o f in flation, ir. equip

ment prices and the increasing cost o f energy, the trend 

world-wide is  towards the in s ta lla tion  o f larger plants so 

as to  take maximum advantage o f the economies o f 3caie.

For the purpose o f evaluating the economics of the 

BF-3GF route in the ASEAN countries three alternative plant 

capacities have been considered, as given in  Table 6-5.

TABLE 6-5 -  ALTERNATIVI PLANT CAPACITIES 
FOR BF-BOF ROUTE
('OOO to is/year )

A lt  .1 A it .  2 A lt  .3

3? coke . .  61 5 1,230 1,845

Hot metal ..  1,000 2,000 3,000

Liquid s te e l ..  1,000 2,000 3,000

Continuous cast
semis 950 1,900 2,350
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¿he ¿'.ijoi px oc-ic ti.. fa c i l i t i e s  required fo r meeting 

the above production requirements are i.s^ed m  fa ole 6-6.

TABI*. 6-6 - MAJCF. HICBJCIIOri F¿0 I.lI -UjO

A lt .

F Ì  Bj

1

? -BOP’ PLANTS 

Alt. 2 Alt. 3
B ille ts Slabs B ille ts Slabs B ille ts  Slabs

Coke ovens 65 65 130 130 195 195
Blast furnace: 

lumber 1 1 2 2 2 2
Useful volume, 

cu m 2,000 2,000 2,000

ooo*CM 3,000 3,000
Basic cocygen 

converter: 
Number 2 2 3 3 3 3
Heat s ize , tons 130 130 130 130 180 180

Continuous
casting machine 
Number 3 2 6 5 6 3
Strands per 

machine 6 1 6 1 8 2

Capital and Operating Costs

Preliminary estimates o f cap ita l cos;: for the three 

alternative plant capacities considered, fo r  the purpose o f 

indicating the order-of-eiagnituoe investments involved, are 

presented in  Table 6-7.
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6 -  Integrated plant for semis (cont'd)

TABLl, Ò-7 -  1211IìA£lS of capital cost 
FCR 3T-BQF PIÂ ITo 

(million US t )

A lt. 1 A lt. 2 A lt. ?
B illets Slabs B illets Slabs B illets Slabs

Coke ovens 80 30 140 140 190 190
Blast furnace 95 95 160 163 195 195
Steelmelt shop incl. 

converters, 
continuous cast
ing machines etc . 115 125 180 200 220 225

Auxiliary & yard 
fa c ilit ie s 145 J O 205 215 250 35 2 .

Sub-total .. 435 450 685 725 855 865

Design, engg. & 
admin, expenses 
at 10 per cent 
of 1 to 4 40 45 70 70 85 85

Contingencies at 
10 per cent of 
1 to 5 J O J O J 1 80 __ 25. _ a s

TOTAL .. $25 830 865 1.035 1.045

The production costs of coke, hot metal, liquid steel 

and continu eus cast billets/slabs are estimated in  

Appendix 6-2 and summarised in Table 6»8.

6 - 1 $
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TABLE 6-8 -  PRODUCTION COST ESTIMATES FOR BF-BOF ROUTE
'per ton)"' """"

, ............  ................

№ i&  . # t g  m . 2  m . , 1

Production cost excluding 
fixed charges

3F coke • • 95 92 91 92 90 89 100 98 97 106 104 103
Hot metal • • 119 117 115 116 113 111 123 121 119 112 109 107

Liquid steel • • 159 156 152 153 150 147 162 159 156 153 150 14?
B ille ts • • 177 173 169 171 107 163 180 176 172 171 167 163
Slabs • » 177 172 168 170 166 162 179 175 171 170 166 16;:

Production coot including ----------------------------------
fixed charges at 20^v '

Cost of b i l le t s  , . 288 260 241 281 254 235 290 264 245 231 254 235
Cost of slabs . . 291 263 241 285 257 235 294 267 P/A^rr 285 257 235

NOTE
T ÍT  To cover interest churlos and depreciation
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6 -  Integrated plant for semis (cant'd)

CCfcfl&KAlIva ЕУАШАТаСК Of ilL-tlf Alii* Br’-3 V  RCdTКЗ 

Ecanomic Capacities

The production costs of b ille ts  and slabs for 

varying plant capacities are indicated in Tables 6-4 and 

6-S for the two production routes. It  w ill be observed 

from these two tables that the difference in costa of 

b ille ts  and slaos is marginal in each case. It is  also 

observed ttet lowering in production cost with, increasing 

plant capacity is  more pronounced for the 3F-30F route as 

compared to the DR-EF route, where limitations in unit 

sizes of process equipment necessitate installation of a 

mmber of identical units for plant capacities beyond a 

certain lim it. Therefore, it  is  to be expected v a t  

depending on the local prevailing unit prices of raw 

materials, energy- am ovner itevs of opera ting cost and 

the investment requirements per ten of annual capacity, one 

process route \rauid c& more attractive- than vie other in a 

certain capacity range.

The average costs of production of semie by the two 

routes are plotted for Indonesia, Malaysia, Riilippines and

6 - 1 7
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6 -  Integrated plant fo r  semis (corrt ■ d)

Thailand in Fig 6-3, and the trends in  cost variation  with 

plant capacity illu s tra ted . Free: the figu re , i t  td.nl be 

seen that DR-EF route is  cheaper tbun t ie  BF-30F route fo r  

annual plant capacities up to about 3 Bullion tone in 

Indonesia, 2 m illion  tons in  Malaysia and about 2.23 m illion  

tons in  Thailand. For Philippines, however, the BF--L .F 

route is  the only choice fo r  large scale s te e l production.

Based on the above analysis and findings, the average 

cost o f semis for varying plant capacities ire indicated in 

Table 6-9 fo r  fa i r  countries.

TABLE 6-9 -  AVERAGE ffioaJCTIOH Ci'igT OF BEIilS
W l  per ton)

Thailand Malaysia Indonesia Ph ilippines 
Plant capacity Cost Route Cost Route Cost Route Cost Route 
m ill.tons/yr

1 .0 . .  260 DR-EF 275 ER-EF 265 DR-EF 280 BF--BOF

1.5 ..  265 ER-EF 260 ER-EF 255 ER-EF 265 BF--BOF

2.0 . .  255 ER-EF 255 BF-BOf 250 ER-EF 255 BF--BOF

2.5 . • 245 BF-BCF

$cm BF-BQF 245 DR-EF 240 BF--BOF

3.0 . .  235 BF-BCF 235 BF-BCF 24O DR-EF 230 BF--BOF

6-18
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6 -  Integrated plant for semis (cont'd)

Competitiveness with Imported 3emis

The prices of imported b ille ts  and slabs, including 

a l l  taxesAevies but excluding import duty, have ’oean e sti

mated for each ASEAN country in Chapter 5 and are as fe llow s:

Prices. US ¿/ton
Billets Slabs

Thailand • • 320 260
Malaysia • • 310 253
Singapore • • 300 245
Indonesia • • 300 250

Philippine 3 • • 300 255

Frein a comparison of the above prices with the 

average production costs indicated in Table 6-9, the 

following may be concluded:

a) The production cost of b ille ts  would be 
considerably lower than the imported price 
in a l l  the countries, even for production 
levels of around 1 million tons per annum.

b) For locally produced slabs to be competitive 
with imported slabs, the minimum level of 
operation for a l l  the countries would be 
around 2 million tons.

6 - 1 9
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7 -  rflNii-iJi-t uJUiOMlC SIZE PLANT CONCKFT

The major ob jective o f the sxudy is to id en tify  the 

minimum economic s ize  fo r  the various s tee l processing units 

in  the ASEAN countries* The two major factors governing the 

selection o f the s ize  o f a plant are that the capacity 

selected should be techn ica lly  feas ib le  and economically 

v iab le . The minimum economic s ize  can also be defined as the 

lowest capacity plant that would be economical to operate 

taking into account the sp ec ific  lo ca l and working conditions 

as w e ll as the selected process technology. The approach 

adopted in  assessing the economic v ia b i l i t y  o f the twelve 

selected s te e l processes is  discussed in  th is  chapter. 

Further, the methodology used in  computing the in ternal rate 

of return (3RR) which is  adopted as the basis fo r  determining 

the economic l i a b i l i t y  as w e ll as factors in fluencing the 

BR are discussed.

ECONOMIC VIABILITY

For the minimum economic s ize , the return on invest

ment should a t lea s t be equivalent to  the cost o f cap ita l, 

which is  defined as the weighted average o f the desirable 

return on equity cap ita l and the rate o f in terest charged 

on long-term loan.

7-1
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7 -  Minimum economic size plant concept (con t'd )

The preva ilin g  annu l  in terest rates in ASmAN 

countries are 9 per cent in  Malaysia and In ilipp in es, 9*5 

per cent in  Singapore, 12 per cent in Thailand and 13«5 

per cent in  Indonesia. Considering a maximum in terest rate 

o f 13*5 per cent per annum, and assuming the expected return 

on equity cap ita l as 15 per cent per annum, the weighted 

average cost o f  cap ita l works out to  about 14 per cent with 

a debt to  equity ra tio  o f 60:40.

The conventional return on investment, namely the 

p ro fit  before tax on the equity capita l (rafter providing fo r  

in terest charges on loans) in  a normal year o f operation is  

a practicable indicator o f  p ro fit-ab ility* Another method o f 

determining the economic v ia b i l i t y  o f the project would be 

on tile basis o f  the in ternal rate o f return (IR i )  which t  akes 

into account the time valu- o f money. This would be a more 

appropriate approach fo r  deta iled  project report when a l l  

other pro ject parameters including costs have been fin a lis ed . 

However, as suggested by the ASIAN representatives at the 

Bangkok meeting, the EiR has been worked out fo r  each stee l 

process unit and fo r  a l l  the f i v e  countries* I t  may be 

noted that while the p ro fit  fo r  each stee l process unit
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would vary depending upon in terest ra te , the IRE however would
I

not be influenced by varying in terest races p reva iling in  the 

ASEAN countries.

During discussions, ASEAN representatives desired on 

IRE o f 15 per cent fo r  each process unit fo r  ; l i  the countries.

BASIS FOR COST BSTI-lATSS

The mj rrirn 1 up annual capacity .and volume o f production 

fo r  each selected process unit has been considered taking i

into account the technological route. Based on the equipment '

and fa c i l i t i e s  required, the cap ita l and production costs 

have been estimated fo r  each selected process. I t  w i l l  be 

appreciated that the cost estimates .are necessarily o f an 

overa ll nature at th is prelim inary stags and are prim arily 

intended fo r  the purpose o f determining the minimum economic 

s ize  o f the selected s tee l processing units. Detailed cost 

estimates w i l l  have to  bu prepared fo r  the individual projects 

at the time o f Detailed Project Report (DHl) fo r  the spec ific  

locations/countries.
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Capital ‘-'0--t

The capdtnl cost estimate weald normally include the 

cost o i land m i s ite  development, mechanical and e le c tr ic a l 

equipment ccr.prisiiig production, material handling as w e ll as 

u t i l i t y  equipment, buildings and foundations, in terest on 

loans during construction and other promotional expenses. 

However, since no spec ific  locations are considered at th is 

stage fo r  s itin g  the units, the cost o f land and s ite  deve

lopment have not been included in  the cap ita l cost estimate.

Most o f the plant and equipment w i l l  have to  be imported 

and therefore, the prevailing international prices have been 

used fo r  estimating the cost o f the plant and equipment. A 

provision at 15 per cent o f the f .o .b .  value o f the equipment 

has been made towards the ocean fre igh t, port charges and 

inland fre igh t o f the imported equipment. However, some o f 

the equipment w i l l  be available from domestic sources. For 

the purpose o f th is  study, i t  i3  assumed that the cost o f the 

equipment o f domestic manufacture w i l l  be o f the 3ame order 

as the landed cost o f the imported equipment.

The cost cf equipment erection  may vary from country

to  country. However, in the absence o f sp ec ific  data
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7 -  Minimum economic size  plant concept (con t'd )

pertcdning to individual countries, th is  coot element has been 

assumed to  be same in a l l  the countries. The cost o f buildings 

and foundations may also somewhat vary from country to  country, 

depending on the terra in , the cost o f  construction materials 

and labour. In th is  connection, questionnaires ./ere issued to 

the member countries s o lic it in g  deta iled  information as regards 

the cost o f construction materials and labour. Their rep lies  

vie re not received. Hence, fo r  the purpose o f th is  report, the 

cost o f  buildings and foundations have been assumed to  be the 

same in  a l l  the member countries.

I f  the project i3 financed with loans partly  or fu lly , 

the i i t e r e c t  on the loans daring the construction period w i l l  

also be cap ita lised  and w i l l  have to  be included in  the fixed  

investment. However, fo r  the purpose o f computing IRH, m e 

in terest on loan during construction need not be considered» 

Hence, the fixed  investment has been estimated excluding the 

capita lised in terest charges.

The cost o f infrastructure f a c i l i t i e s  including water 

and power supply to  the plant boundary, railway siding fo r  

the plant, township etc , have been excluded from the cap ita l 

cost, estimate, a3 these could be estimated fo r  sp ec ific  

locations at the time o f DHL
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Production Cost

The production cost covers the expenses o f semis/ 

scrap, other materials, consumables, power, fu e l, labour, 

supervision, administration and sal-s expenses.

For estimating the production cost fo r  each s tee l 

process unit, the unit prices o f various input materials as 

discussed in  Chapter 4 have been considered. Local va r ia -
i

tions in  the price o f input materials as w ell as in  the wages 

and salaries have been taken into account based on the 

information co llected  during the f i e ld  v is i t .

The production cost fo r  each product has been 

estimated excluding depreciation and in terest charges since 

these are not required fo r  computation o f HR.

COriPUTAl’IOK OF JRR

The IRR has been computed considering an operational 

period o f twenty years. The present value o f the cash outflows 

and inflows have been determined considering the beginning o f 

the f i r s t  year o f operation as the zero point* Cash outflows 

on account o f the fixed  investment during the construction 

period have been compounded. The cash inflows (that is  the

7-6
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sales receipts mi. xus the proauctiou cost; and cash outflows 

on account o f the working cap ita l in  the operational period 

have been discounted. The outflows and inflows are assumed 

to occur at the beginning o f the c onstruo a ion/ope rat ion 

years» While estimating the sales receipts, the s e llin g  

prices indicated in  Chapter 5 and production build-up given 

in  the respective chapters cn pro ject p ro file s  have been 

considered. The IRR is  that rate at which the present value 

o f cash outflows and inflows balance each other.

The method adopted fo r  computing the IRR is  

explained in  d e ta il in  Table 7-1 fo r  a b i l le t  plant in  

Malaysia. With the basic data presented .-aid the parameters 

indicated i t  is  3 e e n  that the present values o f the outflows 

and inflows are equal at a rate o f 14.16 per cent, which is , 

therefore, the IRR fo r  the plant considered.
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TABLE 7-1 -  METHOD ADOPTEE FOR CJiVpJi'IiMd IRR 
(B illet Plant -  Malaysia)

Basic Lata

Plant capacity, tons per year 
Capital cost, US * mill 
annual production cost

at rated capacity, US *• mill 
Annual sales receipt at rated 

production, US mill 
Dorkii^ capital requirement, US it mill 

First year of operation

56,000
16.5

1 3 .0

16.8

2.5
Second year of operation .. 0.6 3.

Phasing of Capital Expenditure Production Build-up

construction Capital Operational Per cent
year expenditure year rated cap;

US $ mill

1 6.0 1 st year 80
2 7.5 2nd year and
3 - L 2 onwards .. 100

18.5

Cash Inflow

Operational bales Production
year receipt cost Cash inflow

US $ mill US $ mill US $ mill
(1 ) (2) 0 H 2 )

1 St year 13.45 10.70 2.75
2nd year and

onwards 16.80 13.00 3.80

Cash Outflow US £ mill

Capital cost 0 • 18.5
»orkirg capital • • - L L

21 .6
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i'able 7-1 tcont’d)

Computation of IRK

The beginni% of the firs t operatic year is  considered as the 
zero point. The present value of a ll the outflows and inflows accru- 
ir%  durirg different years are determined as referred to the zero point. 
The outflows accruing prior to the zero point are compounded and the 
inflows and outflows accruing after the zero point are discounted. The 
rate at which the present value of the outflows and inflows are equal 
is  the IRR. For the b ille t  plant discussed above, the present value 
of the inflows and outflows, when computed with different rates, are 
equal at a t r ia l rate of 14.16 per cent as given below:

Present value of 
casn outflows 14.16 per cent

Construction
period Outflow

Present 
value 

e! 14.1&Ö
IB Z mill US $ mill

Capital cost 
1st year 6.00 8.95
2nd year 7.50 9.77
3rd year 5.00 JLJL

(kero point) 18.50 24.41

Operating
period

./orkir ĵ
capital

1st year 2.50 2.50
2nd year 0.60 0 ^ 2

5.10 3.05

Total present value 
of outflows .. 27.44

Present value of
cash inflows fe 14.16 per cent

Operating
period Inflow

Present 
value 

€ 14.16P*

(kero point)
US $ mill US£ mill

1 st year 2.75 2.75
2nd year 5.80 3.33
3rd year 5.80 2.91
4th year 3.80 2.55
5th year 3.80 2.24
6th year 3.80 1.96
7th year 3.80 1.72
8tn year 3.80 1.50
9th year 3.80 1.32

10th yea’ 3.80 1 .16
1 1 th year 3.80 1.01
1 2 t h  ye h i 3.80 0.89
15th ye fir 3.80 0.78
14th year 3.80 0.68
15th year 3.80 0.60
16th year 3.80 0.52
17th year 3.80 0.46
18th year 3.80 0.40
19th year 3.80 0.35
20th year 3.80 0.31

74.95 27.44
Total present value

of inflows .. 27.44

Since the present value of cash outflows and inflows are equal 
at I 4. I6 per cent as referred to the zero point (beginning of the 
f ir s t  operatic year), the IHR is  14»16 per cent.
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FACTORS l i t

The EA is  sensitive to those factors which influence 

the cash outflows and inflows. For a given set of parameters, 

with increase in outflows or decrease in inflows, the 3RR w ill  

reduce and with decrease in outflows or increase in inflows the 

3RR w ill increase.

Capital Cost

A higher capital cost would mean a higher cosh outflow. 

Further, i f  the construction period is  longer, the in it ia l 

capital expenditure w ill get compounded over a longer period 

resulting in a greater present value of the outflow. As a 

result, the HR would be lower. For the b i l le t  plant 

considered as an example, the ltd with the assumptions given 

in Table 7-1 works out to 1^.16 per cent. With a l l  the other 

parameters remaining the same, i f  a 10 per cent higher capital 

cost i3 considered for this plant, the IRR w il l  decrease to 

12,9 per cent as illustrated in Table 7.2 (Case I I ) .

Production Cost

I f  the production cost increases, the cash inflows 

would decrease and vice-versa* The decrease in cash inflows 

as a result of the increase in production cost w ill mean a
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lower 111. ?or the b i l l  t  plant c-'-r.sidered, with a 10 per 

cent increase in production cost and. other parameters 

remaining the same, the IRR decreases from 11.1* per cent 

to 8.50 per cent as worked out in Table 7-2 (Case I I I } .

Selling Price

The cash inflow depends on the sales receipts, being 

the difference of sales receipts and production cost. With 

the production cost remaining the same, i f  a higher sales 

realisation is attained, the cash inflows w ill  increase. This 

would result in a higher 3RR. It  is  seen that with an 

increase of 5 per cent in the sales receipts and with other 

parameters remaining the same, the IRR improves from 11.16 

per cent to 17.35 per cent as given in Table 7-2 (Case I ) .

3RR Vs iftODUCTIVITY AMD PRODUCTION COST

The IRR is  also influenced by the actual production 

attained by the plant v is-a -v is its  rated capacity. The 3hR 

for the b i l le t  plant discussed as an example in Table 7-1 has 

been worked out considering the plant attaining a production 

level of 80 per cent of the rated capacity in the f ir s t  year
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o f  operation and 100 per cent o f the rated capacity during 

the subsequent years o f operation. An IRR o f 14.16 per cent 

is  obtained on th is  basis. I f  th is  plant is  evaluated 

considering a production le v e l  o f 80 per cent o f the rated 

capacity in  the f i r s t  year o f operation and 90 per cent o f 

the rated capacity curing the subsequent years o f 

operation, the 3RR decreases to  12.2 per cent as given in  

Table 7-2 (Case 17). On the other hand, i f  a higher le v e l 

o f  production than the rated capacity is  achieved, the IRR 

would improve.
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7 -  Minimum economic size plant concept (con t'd )

table 7-г -  factors i i ìFlusncdg irr

The influence o f s e llin g  p rice, cap ita l cost, production 
cost and le v e l o f production on 1ER are analysed below. Four 
cases are considered with varia tion  on the basic data given fo r  
the b i l le t  plant in  Table 7-1 as indicated below.

Case I .. 
Case I I  .. 
Case I I I  . .  
Case IV . .

S e llin g  price higher by 5 per cent 
Capital cost higher by 10 per cent 
Production cost higher by 10 per cent 
Production lower by 10 per cent

Parameters

The parameters fo r  production, cap ita l cost etc w i l l  
remain the same as given in  Table 7-1 except fo r  the fo llow ing 
changes:

i )  Annual sales receip ts fo r  Case I  at 
rated production, m ill US $

i i )  Capital cost fo r  Case I I ,  m ill US $

i i i )  Annual production cost fo r  Case I I I  
at rated capacity, m ill IB $

i v )  Production build-up fo r  Case IV as 
per cent o f rated capacity: 

f i r s t  year
second year and onwards

17.64

20.35

14.30

80
90

Considering the above, the cash flows w i l l  a lte r  as 
fo llow s fo r  the d iffe ren t cases:

Cash Inflow fo r  Case I

Operational
year

Sales
receipts

Production
cost

Cash
inflow

US $  m ill 
(1 )

US £ m ill 
(2 )

US $ m ill 
(1 ) -  (2 )

1st year 14.12 10.70 3.42

2nd year and 
onwards 17.62 13.00 4.62
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7 -  Minimum economic size plant concept (cont'd) 

Table 7-2 (cont'd)

Phasing o f Capital Expenditure fo r  Case I I

Construction
year 1

1

Capital 
expenditure 
US $ mill

6.60

2 . .  8.25

3 .. ¿ ¿ o
20.35

Cash Inflow fo r  Case I I I

Operational
year

Sales
receipts

Production
cost

Cash
inflow

US $ mill 
(1)

US $ m ill
(2)

US $ mill 
(1) -  (2 )

1st year 13.45 11.70 1.75
2nd year and 

onwards 16.80 14.30 2.50

Cash Inflow for Case IV

Operational
year

Sales
receipts

production
cost

Cash
inflow

US $ m ill 
(1)

US $ mill 
(2)

US $ mill 
(1 ) -  (2)

1st year 13.45 10.70 2.75
2nd year and 

onwards 15.10 11.83 3.27

Computation of IRR

For the b il le t  plant, the IRR is  computed for the four 
cases using the same method discussed in Table 7-1, but taking 
into account the variation in parameters for each case discussed 
above and presented on the next page. The results are 
summarised below:

2 & J .

With assumptions given in Table 7-1 *»
Case I  with 5 per cent higher

sailing price ..
Case I I  with 10 per cent higher

capital cost •.
Case I I I  with 10 per cent higher

production cost ..
Case IV with 10 per cent lever

production ..

14.16

17.35

12,90

8.50

12,20
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Co.aputation o f Ini-

Case-I Case--II
Present Present

Outflow/ value Outflow/ value
inflow § 17.35* inflow @ 12.95b

Cash Outflow
Construction vear (Capital cost)

1st • •  •  • 6.00 9.70 6.60 9.50
2nd • • •  • 7.50 10.33 8. ¿5 10.52
3rd • • * ♦ 5.00 5.8? 6 . 2 1

18.50 25.90 20.35 26.23

Operating year ( Working ca p ita l)

1st • • » » 2.50 2.50 2.50 2.50

2nd • • • • 0.60 Q aH 0.60 0.53

3.10 3.01 3.10 3.03

Present value o f outflows • • 28.?1 29.26

Cash Inflow ( Operatin/r year)

1st • • •  • 3.42 3.42 2.75 2.75
2nd • •  •  • 4.66 3.95 3.80 3.37
3rd • •  •  • 4.É4 3.37 3.80 2.98
4-th • 9 • • 4.64 2.87 3.80 2.6C
5th • • •  • 4.64 2.45 3.80 2 .X
6th • •  •  • 4.É4 2.08 3.80 2.07
7th • •  •  • 4.É4 1.78 3.80 1.83
8th • * • • 4.64 1.51 3.80 1.63
9th • • *  * 4-64 1.29 3.80 1.44

10th • • • • 4.64 1 .10 3.80 1.28
11th • • * • 4.64 0.94 3.80 1.13
12 th e • •  • 4.64 0.80 3.80 1.00
13th • t  • • 4.64 0.68 3.80 0.89
1/th • • • • 4.64 0.58 3.80 0.79
15 th 1  • • ♦ 4.64 0.49 3.80 0.70
16th • • • • 4.64 O.42 3.80 0.62
17 th • •  • • 4.64 0.36 3.80 0.55
18 th • • e • 4.64 0.31 3.80 O.48
19 th » » » • 4.64 0.26 3.80 0.43
20th • « • * 4.64 0.22 3.80 0.38

Present value o f inflows • • 28.88 29.30

NOTES
(1) Outflows and inflows considered to occur at the beginning o f the period.
(2 ) Residual value of plant and salvage value o f working capital not considered.
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îüjjLE 7-1 (cont'd )

> Case-II Case-Ill Case-IV
resent Present Present Present
value Outflow/ value Outflow/ value Cutilov// value

17.351 inflow @ 12.956 inflow w 8.5/3 inflow @ 12.2Í

9.70 6.60 9.50 6.00 7.66 6.00 8. 4?

10.33 8.25 10.52 '7.50 8.83 7.50 9.̂ Ur
5.87 6.21 5.00 5.OO 5.61

.:5.90 20.35 26.23 18.50 21.91 18.5^ 23*52

2. 5O 2.50 2.50 2.50 2.50 2.50 2.50

0.51 0.60 S a il 0.60 Qa55 0,60 0.53

3.01 3.10 3.03 3.10 3.05 3.10 3.03

2 8 ^ 29.26 24.96 26.

3.42 2.75 2.75 1.70 1.70 2.75 2.75
3.95 3.80 3.37 2.50 2.31 3.27 2.91
3.37 3.80 2.98 2.50 2.12 3.27 2.60

2.87 3.80 2.64 2.50 1.96 3.27 2.32
2.45 3.80 2.34 2.50 1.81 3.27 2.06
2.08 3.80 2.07 2.50 1.66 3.27 1.84
1.78 3.80 1.83 2.50 1.53 3.27 1.q4
1.51 3.80 1.63 2.50 1.41 3.27 1.46
1.29 3.80 1.44 2.50 1.30 3.27 1.30
1.10 3.80 1.28 2.50 1.20 3.27 1.16
0.94 3.80 1.13 2.50 1.11 3.27 1.03
0.80 3.80 1.00 2.50 1.02 3.27 0.92
0.68 3.80 0.89 2.50 0.94 3.27 0.82
0.58 3.80 0.79 2.50 0.87 3.27 0.73
0.49 3.80 0.70 2.50 0.80 3.27 O.65
0.42 3.80 0.62 2.50 0.74 3.27 0.58
0.36 3.80 0.55 2.50 0.68 3.27 0.52
O.31 3.80 O.48 2.50 0.63 3.27 O.46
0.26 3.80 0.43 2.50 0.58 3.27 O.41
0.22 3.80 0.38 2.50 0.53 3.27

28,88 29.30

i to occur at the beginning of the period, 
vage value o f working capital not considered.
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8 -  PROJECT PROFILE BIILBT PLANT

This chapter deals with the production o f 100 mm 

square mild steel b ille ts  required by the rerolling mills 

in  the ASEAN countries.

SEXJBCT1DN OF ffiODUCTION HtOCESS

Production o f 100 mm square mild steel b ille ts  can 

be achieved by directly casting liquid steel into b ille ts  

in a continuous casting machine, or by ro lling blooms in a 

b ille t  m ill. While the f ir s t  concept is well established 

and popularly adopted, the second concept w ill not be techoo- 

economically justified in view of the additional investment 

and operating cost involved in heating and ro lling  the blooms 

into b ille ts . In view of the ¿ibove, i t  was decided at the 

meeting in Bangkok to adopt the arc furnace -  continuous b ille t  

casting route for the production of 100 mm square b ille ts .

DESIGN BASIS AND MAJOR FACILITIES 

Rant Capacity

The plant capacity is  based on 330 operating days a 

year on 3-shifts a day basis. The electric arc furnace is

8 -1
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8 -  Project profile  -  b i lle t  plant (cont'd)

designed to operate with either 10G per cent steel scrap or 

scrap and sponge iron in suitable proportion, depending on 

their availab ilities and prices. However, this economic 

analysis is  based on use of 100 per cent steel scrap. The 

continuous casting machines w ill be designed to cast 100 mi 

square b ille ts .

Pour alternative capacities have been considered in  

order to study the effect of the scale o f production on the 

operating economics for each country. Hie smallest capacity 

is  considered as 50,000 -  60,000 tons per annum, while the 

largest capacity for a b ille t  plant is  thought to be about

0.5 million tons per annum. The four alternative plant 

capacities considered for analysis are as follows:

Liquid
sto-1
tons/yr

B illets
tons/yr

Alt. 1 60,000 56,000

A t . 2 100,000 94,000

A t . 3 320,000 300,000

A t . 4 • • 540,000 510,000

Major Plant Facilities

A typical l i s t  of major plant fa c ilit ie s  fo r an 

electric arc furnace-continuous casting plant producing

8 - 2
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FOR STEEL PROCESSES IN ASEAN COUNTRIES

oiliets is  given in Appendix 8-1. The majoi' production 

fa c ilit ie s  and. their design capacities for the four alternative 

plant capacities are given in Table 3-1.

TABLE 8-1 -  MAJOR RQDUCTIOK FACILITIES FOR BILLET PLAST

Alt. 1 Alt. 2 Alt. 2  Alt. 4

Arc furnace

Number • • 2 2 2 3
Capacity, tons • • 15 25 80 90
Production, ’000 tons/yr • • 60 100 320 540

Continuous casting machine

Number •  • 2 2 2 2
Strands per machine • • 2 3 5 6
Size of b ille ts , mm •  • 100 100 100 100
Production, '000 tons/yr • » 56 94 300 510

Production ratings of electric arc furnace are based on

normal power operation and with cold charge. Use of high power 

transformers and adoption of oxy-fuel burners have not been 

considered, although these would lead to higher productivity. 

For the continuous casters, batch operation ha3 been considered.

8-3
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8 -  Project profile -  b ille t  plant (cont'd)

ELant Flowsheet and Layout

A typical plant flowsheet is  given in Drawing 5480-0-1 • 

Keeping in view the steelnaking and casting technologies to be 

adopted ana the major plant fa c ilit ie s  selected above, a typical 

plant general layout for the b ille t  plant is shown in  Drawing 

5480-8-2. The layout is illustrative only, giving the relative  

disposition of the major fa c ilit ie s  and w ill have to be suit

ably modified after the location is selected, the plant capacity 

finalised and the sizes/mmbers of the various fa c ilit ie s  

determined.

CAPITAL COST

The estimated capital cost includes the cost of all 

equipment and fa c ilit ie s  as erected within the plant boundary, 

including buildings and foundations, expenses towards 

engineering and administration, cost of spares and other p re li

minary expenses# Preliminary estimates of the capital cost 

fo r the four alternative plant capacities are presented in  

Table 8-2 on the next page. The estimates are tentative and 

presented to compare the order-of-magnitude of the investments 

involved*
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8 -  Project profile -  b ille t  plant (cont’d)

TABLS S-2 -  CAFIIaL ca-î? rTX RT Li.F.S FLAZ-T
(million IE $ )

Alt. 1 Alt. 2 Alt. 3 Alt. 4

I. Civil and structural 
work 3 . o 4.5 10.5 14.5

I I .  Mechanic a l and electrical 
equipment:

a) Arc furnace &
auxiliaries .. 2.5 4.0 10.0 16.0

b ) Continuous casters 
& auxiliaries 2.5 3.5 o.O 10.0

c) Building u tilit ie s , 
cranes etc. . . 1.5 2.5 5.5 7.5

d) Auxiliary fa c ilit ie s 2.0 3.0 7.0 10.0

Sub-totaL • • 8.5 13.0 30.5 43.5

I I I .  Ocean freight, port 
charges, internal 
transport and equip
ment erection ® 25
per cent of ( I I ) . .  2.5 3.5 7.5 11*0

IV. Spares .. 0.5 1.0 2.0 2.5

V. Design, engineering, 
administration and
pre-operation expenses.. 2.5 3.5 .8.0 n .o

VI. Contingencies . . J j£ J s l J ls l J h l
total t e s i 28.0 &..0 90.0
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8 -  Froject profile -  b i l le t  plant (cont’d)

KteDUCTIQM GOST

The production cost per ton of product includes the 

cost of raaterials, a l l  conversion costs, administration/sales 

expenses, and fixed charges including depreciation and interest 

on loans* The estimates are based on the specific consunption 

rates of major inputs indicated in  Table 8-3 and their unit 

prices given in Chapter 4 .

TABLE 8-3 -  SPECIFIC CONSUMPTION RATES FOR BILLET PLANT

tf-tf X Alt. 2 * t .  3 Alt. 4

Imported scrap, kg .. 553 553 553 553
Domestic scrap, kg .. 553 553 553 553
Flant return scrap, kg 54 54 54 54
Liae stone, kg ..  5C 50 50 50
Fe-Mn, kg .. 10 10 10 10
Fe-Si, kg • • 4«5 4.5 4.5 4.5
Fluorspar, kg .. 2 2 2 2
ALumirm'jn, kg ..  0.5 0.5 0.5 0.5
ELoctric poisf or, kWh .. 750 725 700 700
Graphite electrode, kg . .  7 6.75 fc>.5 6.5
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8 -  Project p ro fi le  -  b i l l e t  p lrjrt (cont *d)

The cost o f labour and supervision n is been calculated 

on the basis o f  the fo llow ing estimated plant manpower 

requirements :

Manpower

A lt . 1 N • 250
A lt . 2 • • 275
A lt. 3 • • 300
A lt. 4 • • 350

The estimates o f production cost, excluding fix e d  

charges, are presented in  Appendix 8—2 and summarised in  

Table 8-4 on the next page.

The production cost o f b i l le t s ,  inclusive o f fix ed  

charges covering depreciation and in terest on lo.uis at 20 per 

cent o f the cap ita l cost, works out r.3 given in Table 3-5.

TA0I£ 8-5 -  PRODUCTION COST OF BIuF/ra 
~IKCLJDIjD'F3XdD CHARGES 

(lE $ per ton)

A lt . 1 A lt .  2 M i J . t J t

Thailand . . 331 313 282 272

Malaysia 29 8 279 248 238
Singapore 343 319 277 265
Indonesia *. 320 305 276 266
Philippines . . 329 302 285 275

8-7



М. И. D A S T U R  »  C O M P A N Y  ( Р )  L T D
мю шов wma ктошит омывши

STUOV ON NM M UM  IC ONOm C s o t  H AN TS
ro* s r m  mounts m a s ía n  co u n t* «

8 -  Project p ro file  -  b i l lo t  plant (con t'd )

a t » 1

TA3LE 8~L -  PRODJCTIOK 00; ft1 цр вил.?тгз ¡ttor.eüING FIXED CHARGEE
(US $ per ton)

Thailand Malaysia Singapore Iraionosia philippino«

Cost o f materials 159 128 147 155 149
Labour & supervision 12 13 23 10 9
E lectric  power 38 38 41 зо 50
Other manufacturing

costs 48 46 58 52 47
iiLrij n istra tion  &

sales expenses ___ 8 — z 8 —2 8

Production cost: m m Ж 263

¿ i t .  2

Cost o f materials 159 128 147 155 149
Labour Sc supervision 8 8 15 6 6
E lectric  power 36 36 40 29 46
Other ainufacturing

costs 43 41 49 48 34
¿diainietration &

sales оэсрзпзоз _ Z 6 8 Л —Z
Production cost: 253 211 259 Ж 2Л2

№ •  l

Cost o f materials 159 Ш 147 155 149
Labour & supervision 3 3 5 2 2
E lectric  power 35 35 39 28 46
Other manufacturing

costs 35 33 36 41 38
/administration &

3'iles expenses _ Z 6 7 — Z __7
production cost: 239 205 212

/ilt » U

Cost o f materials 159 128 147 155 149
Labour Sc supervision 2 2 4 2 1
E lectric  power 35 35 39 28 46
Other manufacturing

costs 34 32 33 39 37
/¿L.iinistration &

sales ехропзез _Z _ 6 _Z —Z - 2
production cost: m Ж 220 221 2Л.С
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viiiB iLm

The Internal Rates o f Return (IRR) have beon computed 

fo r  a l l  the four a lternative capacities« In computing the 

IRR, the production build-up is  taken as 8C per c-nt in  the 

f i r s t  year -aid 1C0 per cent from tho second yj.nr orm rds.

The IRR values are given in  Table 8-6 and p lotted  in  Fig 8-1.

TABLE 8-6 - INTERNAL RATE OF RETURN FOR BILLET FLidlT

A lt. 1 
%

A lt. 2
i 7=

n it .  4
c fpï

Thailand » • 5*4 10.1 13.7 22.3

Malaysia . .  14.2 18.7 28.3 32.9

Singapore . .  1.2 8.3 20.2

Indonesia . .  7.1 11.0 19.1 22.7

Philippines • m 1 .6 9.3 12.2

Based on the above analysis, the minimum economic plant 

capacity fo r  which the desired IRR o f 15 per cent is  l ik e ly  to  

be achieved is  found to  bo in  the range o f 150,000 tons per 

year in  case o f Thailand, Singapore and Indonesia, and about

60.000 tons per year in  case o f Malaysia. However, in  the 

case o f Philippines, oven fo r  a plant o f capacity o f about

500.000 tons per year, the IRR is  only 12 per cent. This low
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8 -  Project profile -  b illo t  plant (cont «à)

rate of return for Philippines is  partly due to the relatively  

lower soiling price of b ille ts , which is  IB $ 275 per ton 

compared to US $ 300 per ton adopted for the other countries. 

I f  a 10 per cent increase in the selling price of b illo ts  is  

considered for Philippines, then a plant of about 200,000 to
250,000 tons per year capacity is lik e ly  to yield the desired 

HR of 15 per cent.
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2 -  PROJECT i r J t ' l i n  -  VIBE POT) t-TLL

Phis chapter presents a broad project profile for the 

production o f mild steel wire rods of diameter 5.5 rm to 12 mm, 

in coils of about 1 ton weight.

SSLT3CTICF OP WTPK ROD MTT.T.

Mild steel wire rods are required for building con

struction and wire drawing applications. Wire rods are manu

factured in the form of coils, generally in the size range 

of 5.5 to 12 ran dia. The co il weight generally varies 

between 1 tor and 3.5 tons, depending upon the weight of the 

b ille t  and the mill capacity.

The selection of appropriate rolling mill equipment 

depends on the desired production and quality requirements.

The major types of wire rod mills available are: ( i )  conver- 

tional looping m ill, ( i i )  combination or semi-continuous m ill 

and ( i i i )  continuous m ill.

The conventional looping m ill with sirgle 3trand 

has a capacity of about 75,OX tons per year, based on a 

finishing speed of about 21 m nor sec. A modern version of

9-1
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9 -  Project profile  -  wire rod mill (cont'd)

the looping mill is  the conti-loop mill which has individual 

drives in the finishing line. The finishing speed is  about 

35 m per soc and the annual capacity about 100,000 tons.

The semi-continuous mill combines the features of 

the looping mill and the continuous m ill. The arrangement 

o f the various mill stands is governed by the desired produc

tion capacity. The maximum finishing speed is about 35 n per 

sec and the corresponding capacity about 100,090 tons per year.

The continuous wire rod mill was developed with a 

view to obtaining greater coil weights and higher production 

capacities. In this m ill, the finishing stands are in the 

form of a single block. The finishing speeds are high, of 

the order of 50 to 75 m per sec. With a single strand and 

based on a finishing speed of 55 m per sec, which is  gene

ra lly  adopted, a continuous mill can give an annual output of 

about 150,000 tons.

Of the above m ills, the investment on the conven

tional looping mill is  the lowest. The investment on semi- 

continuous mill is  higher than the looping m ill.

9-2
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? -  Project p ro f i le  -  win; rod m ill (coa t'd )

Tn the continuous m ill, the use o f hieh speed fin ish 

ing block with snail diameter ro lls  enables greater reduction 

per pass. Consequently, the number o f stands are less thar 

in the other types o f  m ills  fo r  the same to ta l reduction ir 

ares. Further, due to  the smaller diameter r o l ls ,  the r o ll 

separating force and the ro llin g  torque are lo ver . The other 

advantage is  that while going in fo r  a large capacity, multi- 

strard continuous m ill with upto U strands can be in s ta lled . 

A lso , progressive increase in capacity is  possible through 

addition o f  strands and fin ish ing  blocks. As against th is , 

looping and semi-continuous m ills  are generally lim ited to  

two strands. Keeping in view a l l  those factors, the modern 

continuous wire rod m ill is  considered fo r  the purpose o f 

evaluation.

DESIGN PASTS ATD MAJOR FACILITIES 
Plant Capacity

As discussed above, a single strand continuous wire 

rod m ill i 3 capable o f an annual production o f about

150,000 tons, based on a fin ish ing speed o f  55 m per sec. 

This capacity therefore car be considered as the minimum 

capacity o f a modern wire rod mi3JL. Higher capacity can be
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9 -  Project profile -  wire rod mill (cort'd )

achieved through addition o f  strands. Koepirg th is  in view, 

the plant capacities considered fo r  eve lustier. *,re:

A lt . 1 -  150,000 tors/yonr
A lt . 2  -  300,000 tors/ya^r
A lt .  3 -  450,000 to r s /y c ^ r

The fa c i l i t ie s  are designed fo r  the rroduc^io^ o f mild s tee l

wiro rods o f  5.5 ran to 1? mir din. The plants arc: designed

fo r  300 days operation or 3 -shift, basis.

Major Plant F a c ilit ie s

A typ ica l l i s t  o f major fa c i l i t ie s  required fo r  a 

wire rod m ill is  giver ir Appendix- e-1. The major production 

fa c i l i t ie s  fo r  the three capacities considered are summarised 

below in Table 9-1.

TABLE 9-1 - M-JOP PFQTKTCTIfy FACILITIES FOR
VIBE ROD MILL

A lt .  1 A lt .  2 A lt .  3

Beheating furnace

Number 1 1 1
Capacity, tons/hr 40 80 120

Wire rod mill

Number 1 1 1
Number of strands ,. 1 2 3
Finishing speed, m/sec.. 55 55 55
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Plant Flowsheet and Layout

A typ ica l plant flowsheet fo r  the wire rod m ill is  

given in Drawing 5/+S0-D-1 and a typ ica l layout illu s tra tin g  

the re la t iv e  disposition o f the major plant fa c i l i t i e s  is  

presented in  Drawing 54-30-9-2.

CAPITAL COST

Preliminary estimates o f  the cap ita l cost, which in

clude the cost o f a l l  fa c i l i t ie s  within the plant boundary 

as well as the cost o f  spares and various preliminary expenses 

work out to  US # 38 m illion , 67.5 m illion and 85.5 m illion  

respective ly  fo r  the three alternative s as riven in Table 9-?. 

The cost estimates are tentative and indicate the order-of- 

magnitude o f  the investments involved.

PP0D'TCTTQ1J

The production cost includes the cost o f materials, 

other manufacturing oxoonsos, administratio. /sales expenses 

and fixed charges covering depreciation and in terest on loans. 

Iri estimating the costs, the fo llow ing consumption o f major 

inputs per ton o f  product have been considered:

Alt,, ? Ш.1. l

B illets, kg 1 ,P60 1,060 1,060
Electric power, kWh 150 150 150
Water, cu m 5 4.5 4.5
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9 -  Project p ro file  -  wire rod m ill (c o rt 'd )

ТАД5 о
о . FCI TF-I ROD MILL 

ior 'TJS *)

. 'I t .  1 I t .  2 A lt . 3

T. C iv il and structural worf<: 6.5 ? ç • - 1C.0

IT. Mechanical and. e lec tr ica l 
equipment :

a) Reheating furnace,
complete with charg
ing and discharging 
mechanisms 1.0 1.5 3.0

b ) Wire rod m ill com
p lete with e lec tr ic s  
and controls 14.0 26.5 32.5

c) Building u t i l i t i e s  
and aux ilia ry  
fa c i l i t i e s J L T . Л Л 10.0

Sub-total 12.5 35.5 45.5

I I I .  Ocean fre igh t, port
charges, internal trans
port and equipment erec
tion  ® 25 per cent o f ( l T) . . 5.0 9.0 11.5

PI .  Spares 1.0 2.0 2.5

V. Design, engineering,
administration and pre- 
operation expenses .. 3.5 6.5 8.5

VI. Contingencies J L 1 6.0 Л Л
TOTAL .. 38.0 67.5 2 5 Л

The plant manpower requirements have been estimated 

at '80 fo r  A lt .  1, 200 fo r  A lt .  2 and 220 fo r  A lt . 3.
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Based on the irput reçu-'r  rerts indicated above and 

the prices given in Chapters 4 and 5, the production cost, ex

cluding fixed charges, are estimated in Appendix 9-2 and 

summarised in Table 9-3.

TABLE 9-3 -  PRODUCTION COST OF WIFE BOP 
EXCLUDING FIXED CHARGES 

(US $ per to r)

Thailand Efalavsia Singapore Indonesia Philipp ir os

Cost of materials 333 325 314 312 313
Labour 5c supervision 3 3 6 3 2
Other manufacturing

costs 24 25 34 20 33
Administration &

sales expenses _!0 10 -JO 10 10

Production cost: 370 262 364 241 252

Alt. 2

Cost of materials 333 325 314 31? 313
Labour & supervision 2 2 8 1 1
Other manufacturing

costs 23 24 29 20 33
Administration &

sales expenses B __ g 8 8 ___8

Production cost: 266 m 252 241 251

Alt. 3
Cost of materials 333 325 314 312 313
Labour & supervision 1 1 3 1 1
Other manufacturing

costs 22 24 31 19 31
Administration &

sales expenses 8 8 8 8 __ 8

Production cost; 364 m 356 340 252
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9 -  Project profile -  wire rod mill (cent’d)

I f  fixed charges covering depreciati'»- and interest 

or loans are taken into account at 20 per cent of the capital 

cost, the production cost works out as presented ir Table 9-/.

TAPIS 9-4 -  PPOPaCTirr COST OF WIPE ROD 
IFCLUDIFG PI7TD CHARGES 

(US £ per ton)

A lt. 1 A lt. 2 Alt. 3

Thailand ¿21 ¿11 ¿02
Malaysia .. ¿14 ¿04 396
Singapore .. ¿15 ¿04 3°4
Indonesia. . .  396 386 378
Philippines .. ¿09 Z.00 39-f

VIABILITY

The Internal Pates of Betum (IFP, have been com

puted for the alternative- plant capacities. In computing 

the IBB, the production build-ur is taker, as 75 oe.r cent 

in the firs t  year, 90 per cert ir the second year and 100 

per cert from the third year or wards. The computed IBP 

vnjues are given in Table 9-5 and plotted in Fig o_-j.
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9 -  Project p ro file  -  wire rod m ill(co rt *d)

taels 9 -5  -  im 'm v .L  pat*: of return fob
VTF1? ROD MILL

A lt .  1 A lt .  2 A lt .
% % r

Thailand 1.1 3.8 6.0

Malaysia u . 1 6.7 *.6

Singapore 3.7 6.7 9.4

Indonesia 9.7 12.5 14.9
Philippines .. - 1.5 3.3

qased on the above analysis, i t  is  seen that even 

with a wire rod m ill capacity o f 450,000 tons per year, an 

IRR o f  about 15 per cent is  obtained o rlv  in ca.se o f Indonesia,

The IRP has been worked out based or a sales rea lisa 

tion  o f  TJ3 # 375 per ton in ca.se o f  Philippines and US ? 390 

per to r  in case o f  ether countries. A sen s itiv ity  analysis 

with respect to  the sales rea lisa tion  ir.dicatos that i f  5 per 

cort high r  prices are considered, namely, Tig $ 394 per ton 

in case o f Philippines ard US $ 410 per tor in case o f  other 

countries, the IRR fo r  a plant capacity o f 450,000 tons per 

year would be as fo llow s:

%

Thailand ..  13.5
Malaysia . .  15.5
Singapore . .  16.O
Indonesia . .  20.8
Philippines ..  11.2

9-9



M. N. D A t T I I  R »  C O M P A N Y  ( P )  L T D
mm mm \mm k v u o m u h t  o m a h iz a t io h

STUDY ON MINIMUM ICONOM IC SO E PLANTS
FOR STEEL PROCESSES Rt ASEAN COUNTRIES

10 -  rivjJ.au 1 luci'ite -  ¿IhJ JTUvb,..- SHAPE *-1 ILL

This chapter deals wi>.: the production o f medium 

structurais, such «is angles up to  110 cc 110 mm, beams and 

channels up to  150 x 75 mm, in  p la in  carbon s te e l era des.

SEIBCTIOM CF STRUCTURAL HILL

Production o f structurais involves heating o f 

blooms/billets followed by ro llin g  and cooling. Light and 

medium sections can be ro lled  in  any one o f the follow ing 

types o f m ills :

i )  Open-train/cross country m ill

i i )  Semi-continuous m ill

i i i )  Continuous m ill

The open-train/cross country types have the stands 

arranged side by side in  a single line and are low 

production units, up to  50,000 tons per year.

Semi-continuous m ills  fo r  ordinary steels have a

continuous roughing tra in  and. open type fin ish ing tra in . 

Cnly one pass is  taken in each stand. The otter version

10-1
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o f the semi-continuous nil-1 is  cne with open tra in  roughing 

and continuous fin ish in g  tra in . However, th is is  rn in iy  

used fo r  r o llin g  a l lo y  and specia l s tee ls , 3eai-continuous 

m ills  are employed where the required production is  too high 

fo r  an open-train/cross country m ill,  but low fo r  a continuous 

m ill.  The annual capacity ranye o f semi-continuous :nixls is  

generally between 100,000 and 250,000 tons.

Continuous section m ills  have capacities ranging 

from about 300,000 to 730,000 tons per year, depending upon 

the product s ize and product-mix. In these m ills , the 

m aterial is  ro iled  in  a number o f stands a t the same time.

This enables the use o f long b i l le t s  and the temperature 

drop during the r o ll in g  process is  considerably reduced.

Automation o f these m ills  erables ro ll in g  a t  high speeds, up 

to  20 m per second, depending on the size o f the fin ished 

product.

Keeping in view the above discussion, i t  is suggested 

that either a semi-continuous or a continuous m ill could be 

considered, depending on the production requirements.

M.  N.  D A S T U R  »  C O M P A N Y  < P )  L T D
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10 -  Rroject profile -  structural shape s i l l  (cant'd)

DESIGN D&3IS AND MAJOR FACT, STIES 

Plant Capacit/ and Product-nix

Three alternative plant capacities have oeen consi

dered as indicated below:

A lt. 1 -  100,000 tons/year

A lt. 2 -  400,000 tons/year

A lt. 3 -  600,000 tons/year

The typical production pattern envisaged for the 

three capacities is  given below:

Product Size range A it. 1 A lt. 2 A lt. 3
mm tons/year tons/year tons/year

Angles 65x65 to 110x110 40, aio 160,000 240,000

Channels 75x40 to 150x75 30,000 120,000 180,000

Beams 100x60 to 1 50x75 30.000 120.000 180.000

TOTAL .. 100.000 400.000 600.000

Major Plant Facilities

Keeping in view the tentative product-mix envisaged 

for the structural m ill, a typical l i s t  of plant fac ilit ie s  

is  given in Appendix 10-1. The major production fac ilit ie s  

for the three alternatives are b rie fly  described on the 

next page.
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10 -  Project profile -  structural shape m ill (cont'd)

A lt. 1 A lt. 2

Reheating furnace

Number 1 1

Capacity, tons/hr Lfì 110

A lt. 3

1
160

Structural mill 

Type of m ill

No. of stands

Semi- Single strand Single strand
continuous continuous continuous

5 19 19

Plant Flowsheet and layout

The process flowsheet indicating the flow of materials

is given in Drawing 54#0-10-1 and a typical general layout

showing the relative disposition of the variais production 

and auxiliary fac ilit ie s  for a continuous m ill is  shown in

Drawing 5/+80-10-2.

CAPITAL COST

The capital cost inoJttues the cost of aJi the 

fa c ilit ie s  within the plant boundary, tit cost of spares 

and other expenses such as design, engineering and pre- 

operative expenses. The preliminary estimates of capital 

cost are presented in Table 10-1 •
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TABLE 1 0 -1 -  CAPITA- COST FCP SiRUoTJUAL SHAPE MILL
[m illion  U S H

A lt .  1 A lt .  2 A lt .  3

I .  C iv i l  and structural 
work 8.5 15.0 19.0

LL. Mechanical and
e le c t r ic a l equipment:

a ) Reheating furnace 
with charging 
and discharging 
mechanism 1.0 3.0 4.0

b) R o llin g  m ill with 
e le c tr ic a ls  and 
controls 16.5 56.0 71.0

c ) Building u t i l i t i e s  
and au x ilia ry  
fa c i l i t ie s  .. 6 . 0 7.5

Sub-total . . 21 .0 6 5 ., 82.5

I I I .  Ocean fre ig h t, port 
charges, internal 
transport ana equip
ment erection  
© 25 per cent 
of ( I I ) 5.0 16.5 20.5

IV. Spares 1.3 4.0 5.0
V. Design, engineering, 

administration and 
pro. -operation 
expenses 4*1 12.0 14.5

V I. C ont ingencies J k L ° 10.5 J 2 a1
TOTAL 4 ^ 0 123.0 155.0
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PRODUCTION COST

The production cost includes the cost o f m aterials, 

other mamfacturing expenses, administration and sales 

expenses and fix e d  charges covering depreciation and 

in terest on loans. The estimates are based on the sp ec ific  

consumption o f major items indicated below, and the unit 

prices of -variais input items given in  Chapters 4 and 5*

Consumption 
per ton 
product

Bloom/billet • • 1,110 kg

E lec tr ic  power • • 100 kWh

Fuel • • 0.5 x 10° Kcai

The labour and supervision costs have been estimated 

on the basis o f manpower requirement of 130, 220 and 24O fo r  

A lt .  1, A lt .  2 and A lt .  3 respective ly .

The production cost excludin'.' fixed  charges is 

estimated in Appendix 10-2 and summarised in  Table 10-2.

The production cost o f structurals including fix ed  

charges covering depreciation and in terest on loans a t  20 per 

cent o f the cap ita l cost works out as given in Table 10-3.

1 0 - 6
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10 -  Project p ro file  -  structural shape m ill (coa t ’ d)

TABLE 10--2 -  EtiCIXICTIOil COST OF STRJCTJRAli
E a C LJLL'IC F ì  . Jd i

(us per ton)

Thailand Malaysià Singapore Indone sia Philippine

A lt .  1

Cost of materials •  • 345 338 322 319 321

Labour L  supervision •  • 5 5 9 4 3

Other manufacturing 
costs •  • 20 22 31 18 30

Administration & sales 
expenses 10 10 10 11 J A
Production cost •  • m 225 372 25g 368

A lt .  2

Cost o f materials •  • 345 338 322 319 321

Labour & supervision •  • 2 2 3 1 1

Other manufacturing 
costs p  • 18 19 29 17 28

Administration & sales 
expenses •  • 8 8 8 9 12

Production cost •  • 373 367 362 262

A lt .  3

Cost o f materials 0 0 345 333 322 319 321
Labour & supervision 0 0 1 1 2 1 1

Other manufacturing 
costs •  0 17 18 28 15 26

Administration & sales 
expenses 8 8 g __9 12

Production cost 0 0 H i l i l 26c Ì1 H 260
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TA BiE 10-3  - FRO! . oj. 1 y.J 'u - „ . . ■~*Z' ■' 'TP . Jjl- OiR, m tv r 0 * f
TNCLdDRl' iTR 'Mär-

„■L.

(US i  per ton )

A l t • 1 A i t .  2 A lt .  3

Tin Hand .. 468 435 y

Malaysia 463 423 l i  7
Singapore . . 460 v34 4 12

Indonesia 4+0 408 396

Philippines 456 424 AIS

VIABILITY

The Internal Rates o f Return (5tR) have been computed 

fo r  the a lternative plant capacities and are presented in 

Table 10-4. In computing the ]RR, tit? production, build-up 

has been assumed as 75 per cent in  the f i r s t  year, 90 per 

cent in  the second year and 100 per cent from the th ird  

year o f operation.

TABLE 10-4 - INTERNAL RATE OF RETURN FŒ. STRUCTURAL KILL

4I&-L
%

A lt .  2
%

A lt .  ;
%

Thailand ft ft - 4.3 6.5

Malaysia ft ft 0.8 6.2 8.5

Singapore •  ft 1.7 7.7 10.0

Indonesia ft ft 6.7 11.9 14.5
Philippines • ft 12.2 18.1 21.1
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Ibfc L i: values axa pxotoed La ?i<r 10-1 to  illu s tra te  

the trend in  IRK with capacity variations.

Based on the sales rea lisa tion  considered, namely,

TJS v 450 per ton fo r  Philippines and US £ 4^5 per ton fo r  

o tte r  countries, i t  is  seen that with a plant capacity of

400.000 tons per year, an 1ER o f 1 5 per cent minimum is  

attained only in  Philippines. With a higher plant capacity 

namely, 600,000 tons per year , an 1ER o f 14*5 per cent is  

indicated in  Indonesia.

A s en s itiv ity  analysis indicates that i f  a higher 

sales rea lisa tion  by 5 per cent is  considered, that is  

US & 425 per ton fo r  Thailand, Malaysia and Singapore, an 

IRE as given below, is  indicated with a plant capacity o f

600.000 tons per year.

1ER
%

Thailand •  ft 12.5

№.laysia •  ft 14.2
Singapore •  ft 15.5
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n  -  HtQJEGI mUf‘H£ -  BRIGHT BAR PLANT

Bright bars are cold finished bars which have good 

surface finish, are free of scale and have close dimensional 

tolerances. Their mechanical properties and machinability 

are also better compared to ordinary black bars. Bright bars 

are used in various grades of steels such as carbon, free 

cutting end alloy steels. Depending on the grade and quality 

of steel, the applications of bright bars cover the manufacture 

of nuts, bolts, jigs  and fixtures, gears, shafts, axles and 

other machine components. The major consumer of bright bars 

is  the automobile industry. While bulk of the requirement of 

bright bars is  in the form of rounds, it  is also used as 

squares, hexagons and in small quantities ps f la ts . The 

demand fo r bright bars in the ASEAN countries is expected to 

be mainly for mild steel rounds in the 3ize range of 

6-100 mm dia.

SELECTION OF ffiODUCTIC”

The manufacturing processes available for production 

of bright bars include cold rolling, cold drawing, centreless 

turning and centreless grinding* Of these, cold drawing is

1 1 - 1
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11 -  Project profile -  bright bar plant (cont'd)

the most popular and widely used process. Cold ro lling is  

essentially for the production of f la ts . Since the require

ment of bright bar fla ts  in limited, cold r o lling practice 

in  bright bar plants is  seldom employed. Centreless turning 

and grinding are generally employed for making alloy steel 

bars and where dimensional tolerances are relatively more 

stringent. For production of mild steel bright bar rounds, 

cold drawing process has been considered.

Cold Drawing

In cold drawing a reduction of about 1$ to 25 per 

cent in cross sectional area is  generally given. The raw 

material for cold drawing is  hot rolled black bar in 

straight lengths or wire rod co ils. The major production 

steps involved in the manufacture of bright bars by cold 

drawing are:

i )  Cutting/shearing of black bars

i i )  Pickling in a bath of sulphuric acid
i i i )  Cold drawing

iv ) Cutting of drawn bars into desired lengths
▼) Straightening and polishing

v i )  Inspection and testing

v i i )  Coating for rust prevention, marking and 
painting.

1 1 - 2
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For cold drawing of bars in straight lengths, draw 

benches are used. In the case of coils, automatic drawing 

lines are generally preferred. In the conventional draw 

bench, the black bar is  fed to a pointing machine to fac ilitate  

its  entry into the die of the draw bench. Whereas the 

various production steps before and after drawing are independent 

of each other in  the conventional draw bench process, in an 

automatic drawing line  the straightening of bars prior to and 

after cold drawing, polishing and cutting are combined with 

main drawing operation in an integrated unit.

DESIGN BASIS AND MAJOR FACILITIES 

Plant Capacity and Facilities

It  is  proposed to manufacture bright bars in the size 

range of 6-100 ran. For this purpose, one cold draw bench and 

one automatic line are considered. The .ninimum annual 

production achievable with these fa c ilit ie s  is about 20,000 

tons per year of mild steel bright bars on two shift working, 

as given below:

Drawing Production
Diameter soeed caoacity

mm m/min tons/yr

Automatic drawing line . .  6-20 60-15 5,000

Cold draw bench . .  20-100 15-2 15.000

20.000

11-3
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11 -  Project profile -  bright bar plant (cont'd)

A typical l i s t  of major production equipment, including 

auxiliary fa c ilit ie s  for preparation of black bars as well as 

finishing fa c ilit ie s  for bright bars, is  given in Appendix 11-1.

Plant Flowsheet and Layout

A typical flowsheet for a bright bar plant is  presented 

in  Drawing 54ÔO-11-1 and a typical plant layout is  illustrated  

in Drawing 5480-11-2. The layout is preliminary rand has been 

developed to illustrate the relative disposition of the major 

plant fa c ilit ie s .

Capital cost

The capital cost of a bright bar plant with a capacity 

of 20,000 tons per year is  estimated at IB $ 5 million as given 

in  Table 11-1.

PRODUCTION COST

The production cost includes the cost of materials, 

labour and supervision, other manufacturing costs, administra

tion and sales expenses and fixed charges covering 

depreciation and interest on loans. The consumption of the 

major inputs are as follows:

Consumption 
per ton 
product

Black bar/wire rod 

Electric power

1 1 - 4

1,050 kg 

80 kWh



M.  N. D A S T U R  ft C O M P A N Y  ( P )  L T D
UNITED NATIONS INDUSTIIAI DEVELOPMENT OMANIZATION

STUDY ON MINIMUM ECONOMIC SIZE PLANTS
FOR STEEL PROCESSES IN ASEAN COUNTRIES

11 -  Project profile -  bright bar plant (corxt :d)

TABLE 11-1 -  CÀPIIiiL COST j?UIi 3R3DKT b .A  PL, JET
(million US $)

I . C ivil and structural work • ft 0.9

I I . M3chanic;\L and aloe tric  l  
equipment:

a ) Cold draw bench and
accessories • • 0.6

b ) Automatic drawing line • • 0.5
c ) Building, u t ilit ie s , cranes etc 0.4

d) Other auxiliary fa c ilit ie s • ft 0.8
Sub-total • ft 2.3

I I I . Ocean freight, port charges, 
internal transport* and 
equipment erection 9  
25 per cent of ( I I ) ft • 0.6

IV. Spares • • 0.2

V. Design, engineering, administration 
and pre-operation expenses ft ft 0.6

.H>
Contingencies ft ft 0.4

total • ft

The labour and supervision costs have been computed 

on the estimated manpower requirement of 100. Based on the 

consumption norms indicated above and the prices discussed 

in Chapters 4 and 5, the production cost of bright bars 

excluding fixed charges is  computed in  Appendix 11-2 and 

summarised in Table 11-2.

1 1 - 5
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taRI.R 11-Ä -  mODIIGTIOK COST OP BRÜHT BilR EXCLUDING FIXED CHARGES
(as $ per ton)

Thailand Malaysia Sin^anore Indonesia Philippines

Cost of materials 415 407 390 402 420

Labour & supervision 14 14 26 11 10

Other costs 24 26 30 20 29

Administration & 
sales expenses 17 17 18 J 1

Prediction cost: m i ä t é £ l 478

The estimated production cost including fixed charges 

at 20 per cent of the capital cost covering depreciation and 

interest on loans works out as given in Table 11-3*

TABLE 11-3 -  H10DUCTI0N COST OF BRIGHT BAR 
INCLUDING FIXED CHARGE? 

(US $ per ton)

Thailand • • 520

Malaysia • • 514

Singapore • • 513

Bidonosia #• 501

Philippines • • 528

1 1 - 6



f

M. N. DASTUI t  »  C O M P A N Y
U f f lT »  H AD O H S Itm U S T lIA l M V U O W H T  O t W A T IO N

STUOr ON MINIMUM ECONOMIC SIZE PLANTS 
EON STEEL PROCESSES IN ASEAN COUNTRIES

11 -  Project profile -  bright bar plant (cont'd)

VIABILITY

The Internal Rates o f Return (IRR) hnv~ been computed 

fo r each country and are presented in Table 11-3. In computing 

the HR, production in the f ir s t  year of operation is  assumed 

as 80 per cent and 100 per cent from the second year onwards.

TABLE 11-1 -  HTSiNAL RATE OF RETIRN FOR 
HRHHT BAR PLANT

IRR
%

Thailand •  • 20.3

Malaysia •  • 21.6

Singapore •  • 21 >4

Indonesia • • 25.C

Philippines • • 18.7

It is  seen that with a 20,000 tons per year capacity 

bright bar plant, the IRR is  over 15 per cent for a l l  the 

countries*

1 1 - 7
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1 2 — x'H'joijCx 1.'Rvx'xàjìj — T liBE ÜjAaT

This chapter deals with the production o f seamless 

s te e l tubes up to  200 mm outside diameter as discussed and 

agreed upon durirg the follow-up meeting with the ¿BEAN repre

sentatives at Bargkok. The tubes w il l  be made o f carbon s tee l 

and find  application in  the fo llow irg  f ie ld s :

i )  Petroleum industry as casing, tubing, 
lin e  pipe and refinery tubes,

i i )  Engineering and mineral industry as 
machine parts, core d r i l l ,  automobile 
components etc.

i i i )  Boiler industry as b o ile r  and super
heater tubes fo r  medium and high 
pressure.

iv )  Industrial piping fo r  pressure v*ater, 
gas and steam services in  general.

v ) F e r t i l is e r  anc. chemical industry as 
process tubes.

v i )  Tube-wells as casing tubes.

Seamless tubes fo r  these applications have to be 

produced in  tv/o categories, namely hot fin ished and cold 

drawn. For the cold drawn category, such as fo r  b o ile r  

applications, the hot ro lled  and reduced tubes, mainly in  

the smaller diameters, w i l l  be further processed on a cold 

draw bench.

1 2 -1
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üêiiECÏIud OF PRULUCTIui* TRUCEbb

The various processes which could be considered fo r  

making seamless tubes ere :

i )  Continuous mandrel m ill process

i i )  Plug m ill process

i i i )  P ilg e r  m ill process

iv )  Assel m ill process

v ) Push bench process

v i )  Uiescher process

v i i )  Extrusion process

A b r ie f  review o f the main characteristics o f the above 

processes, such as th e ir  sp ec ific  applications, production 

capacities etc is  made in  Appendix 12-1 . From the review, 

the follow ing v/ill be noted:

i )  The continuous mandrel m ill tnd plug m ill 
ere high cap-city m ills , "/ell suited fo r  
large production in  l im it s  tube sice 
ranges am ir. long comp; ignu. These m ills  
also require large inventories o f costly 
r o l ls  and ; l io y  s tee l mandrels in  various 
s izes . The mandrel m ill generally r o l ls  
tubes upto 150 »urn outside diameter. The 
tubes ro lled  ir. a plug m ill, on further 
reduction in  ; stretch reducing m ill 
resu lt in  higher re jections on account o f 
elongation o f inside surface defects.

i i )  The hot p ilg e r  m ill is  a very fle x ib le  
m ill that i s  id ea lly  suited fo r  manufa
cturing a wide range o f  tube diameters, 
wall thicknesses and lengths in  small 
batches.

1 2 - 2
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i i i )  The ¿tssel m ill is  generally used fo r  the 
production o f th ick r a i l  tunes suitable 
fo r  b a ll bearirg races, hollow bars fo r  
machinir ,̂- etc .

i v ) The push bench process generally produces 
Lube up to about 16ü mm dia and is  gene
ra lly  employed fo r  the production o f 
"mother" tubes, to be further heated and 
stretch reduced or cold worked. The 
process y ie ld  is  lower than in  other 
processes.

v ) The Diescher process car* only use ro lled  
round blooms. The process can r o l l  only 
short tube lengths and the surface 
fin ish  is  poor.

v i )  The extrusion process is  suited fo r
production o f costly high a lloy  stee ls  
and stain less stee l tubes on account o f  
additional cost o f glass lubrication 
and high too l wear.

Keeping in  view the above, the p ilg e r  m ill process is  

suggested fo r  the quality and size range o f seamless tubes to 

be produced.

I)E&Iuh MSIS aifl; TiAJjit PaClhiTIEb

Plant Capacity and Product-Mix

The fo llow ing three annual plant capacities have been

considered fo r  evaluations:

ALt. 1 . .  25»000 tons
ALt. 2 ..  50,000 tons
A lt. 3 ..  62,000 tons

The product-mix envisaged fo r  each o f the three 

a lternative plant capacities is  given in  Table 12-1 .

12-3
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TABnB 12-1 -  litui'UCY-iLX 1‘VR SEA.4uEbb
TiffipjjÀKf

Tube outside
aiaoLxer
varoxox)

riguut
A lt. 1

* VXvJlift vOl
A lt. 2

IO/ .Y 1
A lt. 5

ran

165 to 220 • • 5,700 11,400 11,400
120 to  150 • • 15,500 50,600 50,600

75 to 100 • • 4,000 8,000 10,000

40 to  75 • • — — 10.000
Total • • 25.000 50.000 62.000

Of the to ta l productions indicated above, cold drawn 

tubes would account fo r  about 25 per cent, and would be in  

the s ize  range 75 to 160 ram Ob fo r  A lt. 1 and A lt. 2, and 

40 to 160 mm Ob fo r  A lt . 5»

The tube diameters and wall thicknesses included fo r  

manufacture in  each alternative are given below:

A lt. 1 A lt. 2 ¿ It .  5

Hot fin ished product:

i )  Approximate
tube Ob, mn ., 90-220 90-220 50-220

i i )  Approximate wall
thickness, mm .. 5- 25 5- 25 4- 25

Cold drawn product:

i ) Approximate
tube OD, mra 75-160 75-160 40-160

i i )  Approximate wall
thickness, mm .. 4-9.5 4-9*5 3-  10

In A lt. 5, p ilg e r  m ill w il l r o l l  tubes up to 140 mra (Ob)

minimum, and the lower sizes w il l  be produced in  stretch reducing 

m ill.

12-4
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12 -  Project p ro file  - seamless tube plant (cont 'd;

Ra.ior Plant F a c il it ie s  «

A typ ica l l i s t  o f major plant fa c i l i t i e s  required fo r  

a seamless tube plant is  given in  Appendix 12-2. The major 

production fa c i l i t i e s  fo r  the three a lternatives are summarised 

in  Table 12-2.

TABtE 12-2 -  MAJOR PRODUCTION FACILITIES FUR
SEAMaBSS TUBE PuAMT

Rotary hearth furnace 

Number

Capacity, tons/hr

Piercing press

Number 

Force, tons

P ilg e r  m ill

Number o f stands

Stretch reducing m ill

Number o f stands

Draw bench

A lt. 1 A lt, 2 A lt. 3

1 1 1

12.5 25 25

1 1 1

650 650 65O

1 2 2

- - 1 Ì

1 2 2

Plant Flowsheet and Layout

A schematic plant flowsheet is  given in  Drawing 5400-12-1 

and a typ ica l plant general lsyout fo r  a seamless tube plant is  

given in  Drawir^ 5480-12-2. The layout indicated is  ten tative 

and intended to il lu s tra te  the general plant configuration.

12-5
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c a p it a  cost

Preliminary estimates of capital cost for the three 

alternative capacities are presented, in Table 12-5» The capital 

cost includes the cost of buildings and structures» mechanical 

and electrical equipment as erected» design and er^ineerii^ 

expenses, in itia l spares and various preliminary expenses. The 

cost estimates presented in  Table 12-3 ere preliminary in nature 

and are primarily intended for providing an idea of the order- 

of-magnitude of investments involved.

TABLE 12-5 -  ESTIMATES OF CAPITAL COST FOR SEAMLESS TUBE PLANT
(m illion Ш

Alt. 1 Alt. 2 .2

I» C ivil and structural work 7*5 9.0 10.5

II* Mechanical and electrical 
equipment

a) B illet preparation equipment» 
tube mill» cold dr&wihg 
and finishing equipment .. 24.0 35.5 43»5

b) Material handlirg and main
tenance shop equipment .. 3.0 4.5 4*5

c ) U tilities and services -1*0 .4*0 -1*2
Sub-total . . 30.0 44»0 53.0

III* Ocean freight» port charges» 
internal transport and. equip
ment erection -«$ 25 per cent 
of ( I I ) 7.5 11.0 13.0

IV. Spares 3.0 5*0 5.5

V. Lesign, engineering» admini
stration and pre-operation 
expenses ., 6.0 B.5 10.0

.1. Contingencies .1*0 _L*o _ 1 1
Total .. 1 21 M l 1001
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PRODUCTION ouar

Production cost corrprises the cost of materials, other 

m anufacturlcosts, administration and sales expenses aid fixed 

charges covering depreciation and interest on loans. The pro

duction cost per ton of seamless tubes excludirg fixed charges 

are computed in Appendix 12-5 for the three alternative capacities. 

These estimates are based on the prices of the inputs discussed 

in Chapters 4 and 5 and average consumption of major inputs as 

given below.

Consuiirotion/ton tube 
Alt. 1 Alt. 2 Alt. 3

Bloom, kg • • 1,430 1,430 1,330
Electric power, kWh • • 400 400 500
Fuel o il ,  kg • • '25 125 125

The estimated production costs of seamless tubes excluding 

fixed charges are summarised in Table 12 -4 .

I f  fixed charges covering depreciation and interest are 

taken into account at 20 per cent of the capital cost, the 

production cost w ill work out as given in  Table 12-5.

1 2 - 7
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TABLE 12-4 -  PRODUCTION COST OF SEAMdSLo TUBES 
EXCLUDING FIXED CHARGES 

(WS ^ per ton)

Thailand Malaysia Singapore Indonesia-Phi liypi nos

Alt. 1

Cost of materials • • 430 427 409 400 406
Labour & supervision • • 47 50 89 37 33
Other manufacturir®

costs • • 94 97 121 77 105
Administration &

sales expenses • • 16 16 1 1 1 1 JA
Production cost • • m m 636 529 ¿¿2

Alt. 2

Cost of materials • • 430 427 409 400 406
Labour St supervision • • 33 34 61 26 23
Other manufacturing

costs • • 80 84 104 64 93
Administration &

sales expenses • • 1 1 1 1 16 JA JA
Production cost • • m 560 m A&

Alt. J

Cost of materials • ■ 403 399 382 375 380
Labour & supervision ft • 29 30 53 22 20
Other manufacturing

costs • • 83 87 108 67 98
Administration &

sales expensee • ft JA JA 1 1 JA JA
Production cost • ft H i 530 477 512

12-0
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TABLE 12-5 -  PRoDXTIOfr COST IMCUI/IM; FIXED CHiflGES
(US $ per ton)

Alt. 1 Alt. 2 Alt. 3

Thailand ♦ • 1.059 896 853
Malaysia p • 1,062 896 854
Sirgapore •  • 1,108 928 862
Indonesia •  • 1,001 842 801
Philippines •  • 1,031 874 836

VIABILITY

Based on the production cost estimates presented in  

Table 12-4 and the net sales revenue per ton of seamless tubes 

indicated in Chapter 5* the Internal Rate of Return \IRR) has 

been computed for the three alternatives. In computing the XRR, 

the production build-up is  taken as 80 per cent in  the firs t  

year, 90 per cent in the second year and 100 per cent from the 

third year onwards. The IRR are given in  Table 12-6 and 

plotted in Figure 12-1.

TABLE 12-6 -  IKflgtMAu RATE uF RET IRR FOR SEAMUEbS
TUBE PLAifi

Alt. 1 Alt. 2 Alt. 3
> * i

Thailand •  # 7.0 12.0 13.7
Mai sysla p  • 6.9 11.9 13.7
Sir^japore •  # 4.9 10.5 12.4
Indonesia p  # 9.6 14.2 15.8
Philippines p  p 8.1 12.9 14.4

1 2 - 9
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12 -  Project p ro fi le  -  seamless tube plant (cont*d)

I t  is  seen that with a plant capacity o f 50,000 tons 

per year and IBS o f  about 14 per cent i s  obtained fo r  Indonesia 

and with a plant capacity o f  62,000 tons per year, the IctR is  

between 13.7 and 14*4 per cent fo r  the other countries.

1 2 - 1 0
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22 -  PROJECT PROFILE -  GI WIRE PIAKC

This chapter deals with the production o f  galvanized 

mild s te e l wires used fo r  applications such as fencing, 

barbed wire, wire meshes and miscellaneous applications. 

Wires fo r  these uses are required in  the size range of

0.55 mm (24 gauge) to  4 .88 am (6  gauge).

PRODUCTION PROCESS

The. major steps involved in  the production o f galva

nized s te e l (G I) wires are :

i )  Descaling o f  wire rod

i i )  Wire drawing

i i i )  Annealing

i v )  Galvanising

Descaling

The wire rod is  f i r s t  mechanically descaled in  a de

scaling machine. I t  is  then subjected to  chemical descaling, 

commonly known as p ick ling, by dipping in  an acid 

(HC1 or H„S0 ) tank fo r  a su ffic ien t length o f time fo l lo v «d
2 4

by rinsing in  water to  remove the excess acid . The wire rod

1 3 -1
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13 -  Project profile -  GI wire plant (cont'd)

is  then dipped in litre suspension to acquire a lime coating. 

The lime coating prevents any rusting of the wire and also  

functions as a lubricant carrier during subsequent drawing 

operation.

Wire drawing

Mild steel can be given a tota l reduction of upto 

95 per cent in one stage. I f  further reduction of the wire 

is  required, annealing is  required to bring the wire to its  

original soft condition for further drawing. Every annealing 

operation is  followed by pickling before further drawing.

The important types of wire drawing machines available are 

bu ll blocks, motor blocks, single and dcxible deck machines 

and continuous machines. Of these, bu ll blocks and motor 

blocks are used for single pass reduction for thicker sizes. 

Single and double deck machines are employed when the fin a l 

size is to be obtained in one or two passes from the wire rod. 

Contiruous machines have a number of blocks, upto about 9. 

Substantial reduction can be obtained in these machines.

The reduction in each pass can also be adjusted to obtain 

various sizes of wire. Wet drawing machines are usually used 

for drawing wire of sizes below about 1.5 nm. A large number 

of passes, up to 21. may be obtained in these machines.
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Annealing

Intermediate annealing of mild steel wire is  carried 

cut at around 700°C . The total cycle time including heating, 

soaking and cooling is about 15 hrs. Either batch or conti

nuous furnaces may be used. Continuais furnaces are 

generally preferred for large production capacities. In most 

of the wire drawing plants, the be ll type batch furnace is  

used.

Galvanising

The available processes for galvanising are hot dip 

galvanising and electro-galvanising. The investment on the 

latter is  high and is  usually justified only for large pro

duction capacities. The hot dip galvanising process is 

usually used for wires. This is a continuous process 

involving passing of ;dre through a series of conditioning 

baths and fina lly  through a bath of molten zinc. Galvanising 

lines are up to 50 to 60 m in length and my process 30 to 

50 strands of wire at a time.

1 3 - 3
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li£ICN BA.SI3 AITD KAJC3 FACILITIES 

Plant Capacity and Product-mix

Keeping in view the major applications, production of 

mild steel GI wire in the size range 6 gauge to 24 gauge is  

considered. Three plant capacities have been considered for 

evaluation, and their annual production programme are indi

cated in Table 13-1 •

TABLE 13-1 -  TENTATIVE PRODUCT-MIX FCR GI WIRE PIANT

Size of wire______ Production, tonc/year
SWG on A lt. 1 A lt. 2 A lt. 3

6 - 7 4.88 -  4.47 500 1,000 1,500

8 - 1 1 4 .O6 -  2.95 4,150 8,300 12,450

12 -  13 2.64 -  2.34 2,300 4,600 6,900

14 -  18 2.03 -  1.22 4,150 8,300 12,450

1 9 - 2 4 1.02 -  0.55 , .402 800 1.200

TOTAL l l i i 00 3?Apoo 3A.500

Major Plant Theillties

The major production equipment required are wire 

drawing machines, annealing furnaces and galvanising and 

pickling lines. Besides, auxiliary fac ilit ie s  like pointing 

machines, welding machines etc are required. The equipment 

has been selected based on an input wire rod size of 6 mm.

1 3 - 4
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A typical l i s t  of the major equipment and fac ilit ie s  is  

given in Appendix 13-1 and the major production fac ilit ie s  

for the three alternatives are summarised in Table 13-2.

1ABIE 13-2 -  MAJOi PRODUCTION FACILITIES F(R
GI WIRE PIANT

Wire drawing equipment:

Single block machine
5-block continuous 

machine

7-block continuous 
machine

Galvanising line :
Number

Capacity, tons/day 

Annealing furnace :

Number

Capacity, tons 

Pickling line :

Capacity, ton3/day

Plant Flowsheet and layout

The plant flowsheet is given in Drawing 5480-13-1 .

A typical plant general layout, showing the disposition of 

various production and auxiliary fa c ilit ie s , is  illustrated in 

Drawing 5480-13-2.

A lt. 1 A lt. 2 i t t '  ?

2 4 6

1 2 3

1 2 3

2 2 2

20 40 60

1 1 1

15 30 45

60 120 180
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13 -  Project profile -  GI wire plant (cant'd)

CAPITAL COST

The capital cost includes the cost of a l l  fa c ilit ie s  

within the plant boundary, as well as the cost of spaces and 

other preliminary expenses. Preliminary estimates of capital 

cost for the three capacities are presented in Table 13-3

TABLE 13-3 -  CAPITAL COST OP GI WIRE PLANT
(million US ÿ)

A lt. 1 A lt. 2 & 1 -J
I .  C iv il and structural 

work 0.80 1.20 1.3 0

I I .  Mechanical and e lectri
cal equipment:
Galvanising fac ilit ie s 0.70 1 .26 2 .14
Wire drawing fac ilit ies 0.30 0.60 0.90
U tilit ie s  and auxiliary 

fac ilit ie s M l 1 .10 1.25

1.85 2.96 4.29

I I I .  Ocean freight, port 
charges, internal 
transport and equip
ment erection @ 25 per 
cent of ( i l ) O.46 0.73 1.07

IV. Spares 0.19 0.29 0.43

V. Design, engineering, 
administration and 
pre-operative 
expenses O.46 0.73 1.00

'/I. Contingencies 0428 M Z 2 Æ
TOTAL .. 4.14 'iÆ
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13 -  Project profile -  GI wire plant (cont'd)

HtOPUCTIOM COST

The production cost includes the cost of materials, 

other manufacturing costs, administration and sales expenses 

and fixed charges covering depreciation and interest on loans. 

These estimates are based on the unit prices of various inputs 

indicated in Chapters 4 and 5 and consumption of major items 

as given below:

Consumption 
per ton wire

Wire rod .. 1,050 kg

Zinc . .  40 kg

Electric power . .  80 kWh

The labour and supervision costs are estimated on the 

basis of the following manpower requirements.

Manpower

A lt. 1 . .  110

A lt. 2 .. 150

A lt. 3 .. 190

Details of the computation of production costs, ex

cluding fixed charges are presented in Appendix 13-2 and 

summarised in Table 13-4,
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TABI£ 13-4. -  EuODÜÜTIüI COST Or Gl WIRE EXCLUDING FIXED CHARGES
(US t  per ton)

Thailand Malaysia Singapore Indonesia Phil i ppines

A lt. 1
Cost of materials 461 451 434 453 445
labour & supervision 26 28 49 21 18
Other conversion costs 23 23 34 20 32
Administration & sales

expenses 2 2 2 2 2 2 2 2 2 2

Production cost . . ¿22 515 530 222 ¿08

A lt. 2
Cost of materials 461 451 434 453 445
labour & supervision 18 19 34 14 13
Other conversion costs 21 22 31 18 30
Administration &

sales expenses J 2 2 2 2 2 2 2 2 2

Production cost .. 232 505 212 221

A lt. J

Cost of materials 461 451 434 453 445
labour St supervision 15 16 28 12 11
Other conversion costs 20 21 31 18 29
Administration &

sales expenses 2 2 2 2 2 2 2 2 2 .2

Production cost .. 502 221 506 496 428

I f  fixed charges covering depreciation and Laterest on loans 

are included at 20 per cent of the capital cost, the proa... tion cost 

w ill work oat as given in Table 13-5.
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13 -  Project profile -  GI wire plant (cant'd)

table 13 -5  -  moar.TioN cost tf g i w ee
BKIIJDM} FIXED CHARGES

(US $ per ton)

A lt. 1 A lt. 2 4 ^ 2
Thailand .. 595 970 561

Malaysia 587 562 553

Singapore 602 569 553

Indonesia 579 555 548

fhilippines ..  580 558 550

VIABILITY

The Internal Bate of Return (IRR) has been computed 

for the alternative plant capacities. In computing the IRR, 

the production build-up is taken as 80 per cent in  the f i r s t  

year and 100 per cent from the second year and onwards. The 

computed IRR values are given in Table 13-6 and plotted in 

Pig 13-1.

TABIE 13-6 - IRE. FCh GI WIRE PIANT

m u .
%

A lt. 2 
%

A lt^ .2
%

Thailand .• 6.7 10.9 12.6

Malaysia . » 8.3 12.4 14.1

Singapore 5 .2 10.9 13.0

Indonesia .  • 9.9 13.7 15.«*

P h ilip p in e s . . 9.8 13.2 14.7
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I t  is  seen that with a plant capacity o f 34,500 tons 

per year, the IFCi obtained in  the d iffe ren t countries varies 

between 12.6 per cent and 15 per cent.
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1£ -  HIOJECT PROFILE -  SBCIAL oELJsS PLANT

Special steels cover a wide range of steels including 

carbon steel3 for special purposes, such as carbon constructional, 

spring and free cutting steels as well as alloy steels. Alloy 

steels include those containing alloying elements like  chromium, 

nickel, manganese (above 1 per cent), molybdenum, etc. For an 

industrially developing country, bulk of the demand for special 

steels is  in four categories, namely carbon constructional 

steels, alloy constructional steels, spring steels and free  

cutting 3teels. The types of products required by these 

countries are mostly non-flat categories such as bars and rods. 

The major applications and typical international specifications 

of the more important and popular grades in the above four 

categories of steels are given in Appendix 14-1 •

SELECTION OF RiQDUCTICN PROCESS

The major steps involved in the production of special 

steels are steelmaking, ingot casting and rolling* Besides 

conditioning involving chipping, grinding etc is  done prior to 

rolling. Depending on the end-use and customer requirements, 

heat treatment such as normalising and annealing is  also 

sometimes given*
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14 -  project profile -  special steals plant (cont'd)

Steelmakins

Stedmaking involves melting of t ie  steel scrap charge 

in electric arc furnace followed by refining. The double slag 

practice is  generally adopted for most of the grades of 

special steels, except free cutting steels which require a 

sulphur content of about 0.1 to 0.3 per cent. This practice 

results in  longer heat time on account of extended refining 

periods.

Casting

The two major routes for casting liquid  steel into 

semis are the conventional ingot casting route and the 

continuous casting route. The ingot casting route involves 

ro lling of ingots to blooms or b ille ts , whereas the continuous 

casting route directly produces blooms/billets. In view « f  

this, the yield of bars and rods from liquid steel is  higher 

by about 10 to 12 per cent for continuous casting than that 

obtained with ingot casting. The production cost is  also 

lower in the continuous casting route, in view of the higher 

yield and the fact that costly consumables like hot tops, 

ingot moulds, bottom plates and pit side refractories are not 

required.
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14 -  Project profile -  special steels plant (cont'd)

However, continuous casting technology is  mainly 

restricted to ordinary grades of 3teels. Problems due to 

segregation, cracking, alumina build-up in nozzle etc are 

normally encountered. Although considerable progress has 

been made in recent years in continuous casting of special 

steels, there are very few plants in the world producing 

special steels, entirely by continuous casting. Alsc, 

continuous casting of free cutting steels using a curved 

mould is  yet to be established. On the other hand, by ingot 

casting, a l l  types and grades of steels including k illed , 

semi-killed and rimming steel as well as carbon, low alloy, 

hi gh alloy and stainless steel can be produced. In view of 

this, conventional ingot casting route is  considered fo r  

this study.

Rolling

The main criterion for selecting the ro lling  mill is  

the starting 3ize of ingot/bloom and the size range of rolled  

products. For production of quality steels with a metallur- 

gically  sound structure, a minimum reduction ratio of 10:1 is  

required for most grades. For some grades like spring steels,
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14 -  Project profile -  special steels plant (cont'd)

a higher reduction ratio of the order of £0:1 aid above is  

required. For the proposed special steals plant, the 

suggested ro lling  mill w ill comprise one 3-hi roughing stand, 

two 3-hi intermediate stands and one 2-h i finishing stand.

DESIGN BASIS AND MAJOR FACILITIES 

Plant Capacity and Broduct-mix

Two annual capacities, namely 35,000 tons (A lt. 1) and

70,000 tons (A lt. 2) are considered for evaluating the 

v iab ility  of producing special steels. Keeping in view the 

applications for special steels in  the ASEAN countries the 

following product-mix has been considered:

Alt. 1 Alt. 2
tons/year ton s /yea r

Carbon constructional 16,000 32,000

Alloy constructional 9,000 18,000

Spring steel 5,000 10,000
Free cutting steel .. 10.000

Total * • ZQ i№

The sizes of baT3 and rods envisaged for production 

are in the range of 50 -  75 mm.
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14 -  Project profile -  special steels plant (cont'd)

Major Plant Facilities

A typical l i s t  of fa c ilit ie s  required for a special 

steels plant, producing the grades of steel indicated above, 

is  given in Appendix 14-2. The major production fa c ilit ie s  

proposed, fo r nesting the production requirement of .-It. 1 

and Alt. 2 are given in Table 14-1.

TABLE 1A-1 -  MAJOR HiODUCTION FACILITIES FOR 
SOCIAL STEALS PLANT

Alt. 1 Alt. 2

Arc furnace

Number .. 2

Capacity, tons . .  15
Liquid steel, tons/yr 45,000

Ingots, tons/yr . .  41,850

Reheating furnace

Number •. 1

Capacity, tons/yr •• 10

Rolling mill

No. of stands . .  One 3-hi
roughing 

TWo 3-hi 
intermediate 

One 2-hi 
finishing

production, tons/yr . .  35,000

2

30
90,000

83,700

1

20

One 3-hi 
roughing 

Two 3-hi 
intermediate 

One 2-hi 
finishing

70,000
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14 -  Project profile -  special steels plant (cont'd)

The production rating of the arc furnace is  ' ased on 

an average of 5 heats per day. The yield from liquid  steel 

to ingot is  considered at 93 per c^nt and from ingot to rolled  

product at 84- per cent. Annuel availability  is  taken as 

30L days.

Plant Flowsheet and Layout

A schematic flowsheet for the special steels plant is  

given in Drawing 5480-14-1 and a plant general layout is  

presented in Drawing 5480-14-2. The layout is  typical and 

illustrates the relative disposition of the major plant 

fac ilit ie s*

CAPITAL COST

Preliminary estimates of the capital co3t, comprising 

the cost o f a l l  fac ilit ie s  within the plant boundary# design 

and engineering expenses, cost of spares and other preliminary 

• estimates work out to IB $ 23*3 million are! US $ 34*5 million  

for Alt. 1 and Alt. 2 respectively, as presented in  Table 14-2. 

The cost estimates are of preliminary nature only and intended 

for the purpose of illustrating the order-of-magnitude of the 

investments involved.
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TABLE 14-2 -  CAPITAL COST FOR SPECIAL STEELS PLANT
(Million US t )

Alt. 1 Alt. 2

I. C ivil and structural work 5.20 7.60

II . Mechanical and electrical 
equipment :

a) Steel melt shop, complete 
with arc furnace and 
casting fa c ilit ie s  .. 1.70 3.10

b ) Rolling m ill, complete 
with reheating furnace, 
mills and accessories 5.20 5.60

c ) Auxiliary fa c ilit ie s  . . 3.40 6.40

Sub-total .. 10.30 15.10

n i . Ocean freight, port charges, 
internal transport and 
equipment erection @25 
per cent of ( I I ) 2.50 3.80

17. Spares 0.70 1.00

V. Design, engineering, admini
stration and pre-operation 
expenses •. 2.60 4.00

VI. Contingencies 2.00 3.00

TOTAL 2?-?P ìé u lfi
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14 -  Fro j  ect profilo -  special stools plant (cont *d)

HtODUCXIQH COST

The production cost includes the cost o f materials, 

other Manuf acturing costs, administration/sales expenses m d 

fixed  charges covering depreciation and interest on loans*

The average consumption of major inputs is  given in  Tahle 14*3 

and the prices of various inputs indicated in Chapters 4 and 5. 

The labour and supervision costs are estimated on the basis of 

a total manpower requirement of 300 for Alt. 1 and 320 fo r  

Alt. 2.

TABLE 14-3 -  CONSUMPTION OF MAJOR
¿Special s t e e is p :

FOR

Steel scrap •  •

Specific
consumution

1,16 8  kg
Ferro -silicon •  • 7.5 kg
Ferro-manganese •  • 14.7 kg
Ferro-chrome •  • 10.5 kg
Ferro-molybdenun •  0 1.5 kg
F erro-vanodium 0 0 0.3 kg
Nickel 0 0 3.5 kg
Limestone 0 0 135 kg
Graphite electrodes 0 0 7.5 kg
Ingot moulds •  0 20 kg
Refractories 0 0 160 kg
Electric power 9 0 1,080 kWh
Fuel •  0 0.6 x 10°  Real

The production cost estimates excluding fixed charges 

are detailed in  Appendix 14-3 and summarised in  Tabic 14-4*
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TABLE 14-4 -  mODUCTION COST OF SiECLiL STEEIS 
EXCLUDING FIXED QLflGBS 

(US $ per tonV

Thailand Malaysia Singapore Indonesia Philippines

A * »  1

Cost of materials 265 229 246 255 257
Labour & supervision 
Other manufacturing

24 25 44 19 16

costs
Administration &

172 170 190 165 207

sales expenses 16 16 16 16 - l i
Production cost: 477 440 455 42è

A lt. 2

Cost of materials 265 229 246 255 257
Labour & supervision 
Other manufacturing

13 13 24 10 9

costs
Administration &

168 167 185 162 203

sales expenses 16 16 16 J 6 16
Production cost: ¿62 471 M 2 485

I f  the incidence of fixed charges covering depreciation 

and interest on loans is  taken into account at 20 per cent of 

the capital cost, the production cost w ill work out as presented 

in Table 14-5.
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TsftTJ! -  PRODUCTION COST 3MCLUDIIP FIXED CHARGES
(US $ per ton)

Alt. 1 Alt. 2

Thailand • • 610 561

Malaysia • • 573 524
Singapore • • 629 570

Indonesia • • 588 542

Philippines • 0 629 584

VIABILITY

IS® hare been computed for the alternative plant 

capacities considering a production of 60 per cent in the 

f irs t  year, 80 per cent in the second year, 90 per cent in 

the third year and 100 per cent from the fourth year onwards 

and a net sales realisation of UB $ 620 per ton. The computed 

3RR values are given in Table 14-6.

TABLE 14-6 -  mTEBKAL RATE OF RETTBH FOB 
SPECIAL STEELS PLANT

Alt. 1

CMI

% %

Thailand . . 12.7 17 .9
Malaysia 15.9 21.5

Singapore . . 10.6 16.9
Indonesia . . 14.8 19.9
Philippines .  • 10.9 15.6
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14 -  project profile -  special steels plant (cont'd)

It is  seen that with a plant of capacity 35»000 tons 

per year, an IRR of about 15 per cent can be obtained in  

Indonesia and Malaysia, whereas a plant capacity of about

70,000 tons per year is  indicated in case of the other 

countries to realise  an IRR of minimum 15 per cent.
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This chapter deals with the production of cold rolled  

stainless steel strip of maximum width 600 mm and 0.5 to 1 mm 

thickness, based on integrated operation commencirg with steel

making. The cold rolled strip w ill be mainly of austenitic 

grade and is  expected to be primarily consumed for the manufacture 

of domestic utensils and kitchenware. The available production 

technologies are reviewed and the appropriate process route 

selected in order to evolve the major prqject parameters.

SELECTION OF PRODUCTION PROCESS

Keeping in  view the quality and size of the finished 

cold rolled product envisaged for production, the major process 

alternatives available for steelmaking and casting, hot strip  

ro lling and cold strip rolling are briefly  reviewed in  Appendix 

15"1. Prom the review, the followirg may be concluded:

i )  The arc furnace is  the most suitable 
meltirg unit.

i i j  Three secondary refining processes are 
available namely, Creusot uoire-U&deholm 
(CLU), argon-oxygen decarburisation (aOD) 
and vacuum oxygen decarburisation 
Of these, the CLU process is  relatively

15-1
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15 ~ Project profile  -  Stainless steel plant ^cont’d)

new. The Adi-’ process is  йоге suitable 
for high production applications and also 
requires large supply of cheap argon. VOD 
process would be an appropriate choice for  
the levels of production envisaged.

i i i )  The continuous casting of stainless steel 
slabs is  well proven in industrial 
operation.

iv ) For hot strip rolling, the planetary mill 
is  the appropriate choice for the scale 
of production envisaged.

v) For cold strip rolling the Sendsindr mill 
is  a suitable choice.

DESIGN BASIS AND MAJOR FACILITIES 

Plant Capacity

For the production of 600 mm wide strip, with thickness 

varyirg from 0,3 to 1.0 mm, the optimum capacity of a Sendzimir 

mill is  around 10,000 to 15»000 tons per year. Higher produ

ction from a Sendzimir mill can be achieved by increasing the 

width of the cold rolled strip . On the other hand, i f  the 

strip width is  restricted to 600 mm, increased production is  

possible only through repetition of similar rolling and 

processing fa c ilit ie s . Although there are a number of stain

less steel plants with two Sendzimir mills, instances of more 

than two mills operating in one plant are rare. Keepirg this in  

view, two plant capacities of 20,000 tons per year and 30,000 

tons per year of CR strips have been considered for evaluation.
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15 “ Project profile -  stainless steel plant (cont'd)

Major Facilities

A typical l is t  of fac ilit ie s  for a stainless steel plant 

with integrated arc furnace steelmakirg, hot rolling and cold 

ro lling fac ilit ie s  is  given in Appendix 15*-2. For the two 

alternative capacities considered* the major production faci

l i t ie s  and their annual capacities are briefly  described in 

Table 15 - 1 .

TABLE 15-1 -  MAJOR PRODUCTION FACILITIES FJR STAIHuESia STEEL PLANT

Alt. 1 Alt. 2

Electric arc furnace

¿'«umber •  • 1 1
Capacity* tons •  • 20 ЗО
Humber of heats per day •  • 6 6
Liquid steel production* tons/yr •  • 31,200 46,800

Vacuum re fin inc unit

Number p  • 1 1
Capacity, tons •  • 20 30

Continuous slab caster

Number •  • 1x1-strand 1x2-strand
Slab production, tons/yr •  » 29»400 44,100

Hot roliireî fa c ilit ie s

Reheating furnace 9 9 1 1
Planetary mill 9 9 1 1
Annual production of HR

coils* tons/yr 9 9 26,000 40,200

Cold rolling and finishing fac ilit ies

Annealing and pickling line 2 3
Sendzimir mill 2 2
Skin pass mill 1 1
Annual production of OR sheet/ 

strip* tons/yr 20,000 30,000
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In determining the capacities ana numbers c f the various 

major fac ilit ie s , JOO days plant operation and normal productivity 

levels achievable have been assumed. It  may be noted that the 

planetary hot strip mill has a capacity of about 100,000 tons 

per annum. The surplus capacity of this mill could be utilised  

for supplying hot rolled coils to other cold rolling mills that 

may be installed elsewhere in the ASBAd region.

Plant Flowsheet and layout

A schematic flowsheet of the proposed stainless steel 

plant is  given in Drawing 549CKI5—1 and a typical plant layout 

is  illustrated in Drawing 5480-15—2. The layout is  illustrative» 

only giving the relative disposition of the major fa c ilit ie s  

and w ill have to be modified to suit the location selected.

CifflTAb LOST

Estimates of capital cost of a l l  fa c ilit ie s  within the 

plant boundary, as well as cost of spares and preliminary 

expenses works out to US v 165 million arid US *, 203.5 million 

for the f irs t  and second alternatives respectively, as given 

in  Table 15-2 on the next page.
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15 “  Project profile -  stainless steel plant (cont'd)

ïA3i£ 1 5 -2  - CüPi.’Ah coar Po r st a e n les s  grey... pi.awp
(m illion US «  )

Alt. 1 Alt. 2

I . C iv il and structural work 25.0 50.O

I I . Mechanical and electrical equipment

a) Arc furnace and auxiliaries, 
vacuum refining unit anl 
continuous casting machine 10.5 15 .0

hot ro llirg  fac ilit ie s 10.0 10.0
c) Cold ro lling and finishing

fac ilit ie s  .. 36.0 46.0
d) Building u tilit ie s , yard 

fac ilit ie s  and auxiliary 
fa c ilit ie s  .. 24.0 - 22.-.0

Sub-total 8O.5 100.0

I I I . Ocean freight, port charges, internal 
freight and equipment erection 
^ 25 per cent o f ( I I ) 20.0 25.0

IV. Spares 9.0 11.5
V. Design, engineering, administration 

and pre-operation expenses I 6.5 20.0

VI. Contingencies ., 14.0 17.0
Total 165.0

PRODUCTION COST

Production cost includes the cost of materiels, other 

manufacturing expenses, administrâtioresales expenses and 

fixed charges covering depreciation and interest on loans.
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15 "  Project profile -  stainless steel plant (cont'd)

Ine consumption of major materials and u tilit ie s  cire given in 

Table 15-5.

TABLE 1^-5 -  CCaSlMTlOF OF MaJüR ¿«JA'iitlaLo Aftfc 
UÌIlTTIl S FOR STAINuEas STELL PLANT

Consumption pier ton 
CH sheet/strip

Unit Alt. 1 Alt* 2

Scrap • • kg 1,100 1,10 0
High C Pe-Cr • • kg 195 195
Low C Pe-Cr • • kg 78 78
Silicon chrome • • kg 8.5 8.5
Low C Fe-Mn • • kg 8.5 3.5
Perro-silicon • • kg' 11 11
Nickel • » kg 80 80
Plux • * kg 125 125
Electric power • • kWh 1,900 1 ,840
Graphite electrode kg 11.5 11 0
Fuel • • G cal 1 .58 1 .56
Oxygen • • eu m 14.5 14.5

The requirement of manpower is  estimated at 950 for  

Alternative 1 and at 1,000 for Alternative 2 .

Based on the consumption norms indicated in Table 15-3  

and the unit prices estimated in Chapters 4 and 5, the produ

ction costs of CR stainless steel sheet/strip excluding 

fixed charges are computed in Appendix 15 -3  and summarised 

in  Table 15-4 on next page#
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15 -  Project profile  -  stainless steel plant (cont'd)

T.3uE 15-4. -  HloDUCTIOh tuST oF 3X‘AIDuKL0 STaSi, CR SHEET/STRIP
&Oh,ii>IMU PIXEL CHAtiilLb 

(US «  per ton)

Thailand Malaysia Singapore Indonesia Philippines
Alt. 1

Cost o f materials 1,057 1,007 979 992 1,072
Labour cs supervision 131 137 245 103 91
Other manufacturing

costs 446 448 345 417 488
Jdministration &

sales expenses ___ 22 ___ 22 ___ 22 30 ___ 22
Production cost: 1 «664 1.622 1,802 h M i 1 .661

ALt. 2

Cost of materials 1,057 1,007 979 992 1,072
labour & supervision 92 96 172 72 64
Other manufacturing

costs . » 379 582 456 356 426
Mrainistration A

sales expenses .. ___ 25. ___ 25. 25 25 ___ 22
Production cost: Ii5 5 i 1.510 1.652 1.tdttt2 lt22I

Estimated production cost includirjg fixed charges 

coverir^ depreciation ard interest charges at 20 per cent of 

the capital cost are given in Table 15"5»

TABLE 15-5 -  PRODUCTION COSi' OF STAENbESh 3PESb Gii SHEET/
am IP IMPIPINO FIaED CHARGES

(US *, per ton) 

Alt. 1 Alt. 2

Thailand 3,3H 2,910
Malaysia ..  3,272 2,867
Singapore 3,452 2,989
Indonesia 3,192 2,802

Philippines 3,331 2,944
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STUDY ON MINIMUM ECONOMIC SIZE PLANTS 

FOR STEEL PROCESSES IN ASEAN COUNTRIES

15  -  Project profile -  stainless steel plant (cont'd)

VIABILITY

In order to ascertain the project viability and determine 

the minimum economic size, the internal rates of return ^IRR) 

nave been computed for the three alternative capacities, in the 

five ASEAN countries. The IHR calculation is  based on the net 

sales revenue per ton of finished product, given in Chapter 5» 

the estimated production cost and a production of 60 per cent in  

the f ir s t  year, 80 per cent in the second year, 90 per cent in 

the third year and 100 per cent in  the fourth year and onwards, 

of the rated capacity.

The IRR values are presented in Table 15-6 and graphically 

represented in Pig 15“1•

TABLE 15-6 -  INTERNAL RATE OF RETIRh FOR 
Si'AIRLESS STEEL PLANT

Alt. 1 Alt. 2
> *

Thailand • 9 - 5.0
Malaysia 9 9 0,2 3.7
Singapore 9  9 - 1.5
Indonesia 9 9 4.7 7.Ö
Philippines 9 9 - 2 .4
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15 ~ P ro je c t  p r o f i l e  -  s ta in le s s  s t e e l  p lant (c o n t ’ d )

I t  i s  noted th a t ,  w ith  a s a le s  r e a l is a t io n  o f  US * 2,515 

p er to n  considered  f o r  Indonesia  and US v 2,090 per ton  f o r  the 

o th e r  cou n tr ies , an IRIi o f  15  p er ceut i s  not obta ined even 

w ith  a p lan t cap ac ity  o f  50,000 tons p er y ea r .

A s e n s i t iv i t y  an a lys is  in d ica te s  th a t, i f  15 per cent 

h igh e r  s a le s  r e a l is a t io n  i s  considered , i . e .  U3 2,660 per to n  

f o r  Indonesia  and US $ 2,400 per to n  f o r  the o th er cou n tr ies , 

th e  IER f o r  the p lan t cap ac ity  o f  50*060 tons per y ea r  would 

improve as fo l lo w s :

Thailand • •

_4L_

7.5
Malaysia • • 8.0
Singapore • • 6.4

Indonesia • • 11,6

P h ilip p in e s • • 7 .0

The IRR f o r  the proposed p lan t would fu r th e r  improve i f  

th e cap ac ity  o f  th e hot p lan eta ry  m i l l  i s  fu l l y  u t i l is e d  and 

the hot r o l le d  c o ils / sh ee ts  so ld  in  the reg io n .
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16 -  FRQ'lCT HRQFIIE -  HOT STRIP MILL

This chapter reviews the production of ordinary 

grade, plain carbon hot rolled strip to be used for 

(a ) further cold rolling for applications such as electrolytic 

tin  plates and galvanised sheets, (b ) for production of 

welded tubes, and (c ) for fabrication purposes such as those 

for automobile industry and miscellaneous consumer industries. 

A maximum strip width of 1500 mm has been considered, keeping 

in view the applications.

SELECTION CF HOT STRIP MILL

Hot ro lling of slab into strip  can be done on any one 

of the following types of m ills :

i )  Continuous mill

i i )  Semi-continuous m ill

i i i )  Planetary m ill

iv ) Steckel mill

A brief review of the above mills with respect to 

various factors such as the nominal capacity of each type of 

m ill, investment requirement, product quality and operative
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16 -  Project profile -  hot strip  m ill (cont’d)

sk ills  required, which govern the selection of any one type 

of m ill in preference to the others, is made in Appendix 16-1 

and summarised below.

Continuous M ill

A continuous m ill can give a very large output of 

acceptable quality strip; for example, a 1420 mm (56”) conti

nuous m ill w ill have an output of 2 to 3 million tons per 

year of tonnage steels. This type of m ill today is the 

accepted choice for installation in multi-mil l i on ton steel

works.

Semi-c ontimous M ill

A semi-continucus m ill can r o l l  acceptable quality 

strip of width equal to a continuous m ill, but w ill have a 

comparatively lower output. A 1420 mm (56") semi-continucus 

mi 11 w ill have an output of about 1 to 1.5 million tons per 

year.

Planetary M ill

The planetary m ill, though fa ir ly  well established for 

the production of narrow strip, has not gained acceptance for  

the production of wide strip. Of the existing installations
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16 -  Project profile -  hot strip mill (cont’d)

numbering a’ -out 1 5 , only throe are designed for rolling of 

strip wider than 1200 urn. The main problems with this 

type of mill are the excessive maintenance and high degree 

of operational sk ill required, which become d if f ic u lt  to 

cope with as the m ill width increases.

Steckel M ill

The steckel m ill has a capacity lower than that of a 

semi-continuous m ill of comparable width. The product 

quality is  inferior to tint of a semi-continucus m ill product 

in respect of surface finish and gauge uniformity restricting  

the use of the hot rolled strip produced. For example, hot 

rolled strip from steckel m ill is generally not of acceptable 

quality after further cold rolling for applications such as 

electrolytic tinning. Further, the yield is lower by about 

2 per cent compared to other types of milxs, the rate of ro ll  

wear is high and frequent ro ll  adjustment is required.

Choice of M ill

For the ASEAN countries, the objective is  to produce 

strip of maximum width 1500 mm for applications including 

tinning lines. Keeping in view the quality requirements and 

width, only a semi-continuous or continuous m ill is  considered
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16 - Project profile - hot strip mill (cant'd)

suitable. 'If the two. a semi-continuous m ill is  selected 

for analysis, since the capacity is lower than th_.t o f a 

continuous m ill. The economic viability  of a I6b0 nsa/1730 mm 

hot strip mill capable of producing hot rolled strip  up to 

1500 mm width is examined.

DESIGN BASE AMD MAJCfi FACILITIES 

Plant Capacity

The hot strip  m ill selected w ill have capacity of

1.5 million tons per year on three-shift basis, while producing 

1500 mm wide strips of minimum 1 .6 mm thickness.

The specifications of the input material and finished

product are given below:

Input

Material

Dimensions, mm
length
width
thickness

Finished product 

Material

Dimensions
width, mm 
thickness, mm 
coil weight, ton

.. Slabs of plain carbon steel

.. 1 0 , 0 0 0  m a x .

.. 1,500 max.

.. 200 max.

.. HR strip/sheet in equal 
proportions

.. 1,500 max.
,. 1.6 min.
.. 25 max.
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16 -  Project profile -  hot strip  m ill (cant'd)

Maj or Pl .nt Faci titles

A typical l i s t  of i®.jar plant fac ilit ie s  for hot 

strip  sa il complex is  given in Appendix 16-2 and the major 

prodiction fa c ilit ie s  are summarise! in i'aole 16-*.

TABI£ 16-1 -  KAJCR PHQiiJCTION FAG ILII1 US F'P.
HOT STRIP MILL

Pusher type slab reheating 
furnace

Number ..  3
Capacity of furnace, tons/hr , ,  150

Hot strip m ill, including scale 
breaker, single stand four-high 
reversing rougher, six stand 
finishing m ills, collars and 
auxiliary equipment

Number 1

Finishing speed, m/sec. .. 18

Capacity, tons/hr .. 325

Shearing line .. 2

Plant Flowsheet and Laycut

A schematic flowsheet of the proposed hot strip  mill 

is  given in Drawing 5480—1 6-1 and a typical plant layout is  

given in Drawing 5480-16-2 to illustrate the relative dis

position of the major plant fa c ilit ie s .
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16 -  Project profile -  hot strip  m ill (cont'd)

CAPITAL COST

Tl® capital cost of a 1 .5 million tons per year 

HR strip plant is estimated at US £ 307 million including 

the cost of a l l  equipment, buildings and foundations, design 

and engineering expenses etc as given in Table 16-2.

TABLE 16-2 -  CAPITAL COST FCK HOT STRIP MILL
(million US £)

I .  C iv il and structural steel work .. 37.0

I I .  Mechanical and electrical 
equipment:

a ) Slab reheating furnace,
semi-continuous hot 
strip mill complete 
with electrical 
equipment etc . 132.0

b) Ancillary equipment inclu-
ding ro ll shop, cranes, 
handling equipment etc. .. I4 .O

.. 14.5c) U tilities  and services

160.5
I I I .  Ocean freight, port charges,

internal transport and 
equipment erection at 
25 per cent of ( I I ) . . 41>0

.. 15.0IV. Spares

V. Design, engineering, adaini-
stratian and pre -operation 
expenses

VI. Contingencies

TOTAL
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16 -  Project profile -  hot strip  m ill (cont'd)

PRODUCTION COST

Production cost comprises the cost of materials, 

other manufacturing costs, administration and sales 

expenses and fixed charges covering depreciation and 

interest on loan. The consumption of major materials and 

u tilit ie s  are given below:

Unit

Consumption 
per ton 

HR strip

Slab "  kg 1,050

Electric power .. kWh 125

Fuel o il .. kg 40

Rolls .. kg 1

The requirement of manpower for the plant is estimated 

at 700. Based on the consumption norms indicated above and 

the unit prices estimted in Chapters 4 and 5, the production 

cost of HR coil/sheet excluding fixed charges are computed 

in Appendix 16-3 and summarised in Table 16-3.
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16 -  Project profile -  hot strip m ill (cont'd)

TABLE 16-3 -  lyODUCTIOr: COST CF HR COIL/SHEET EXCLUDING FEED CHARGES
(US it per ton)

Thailand Malaysia Singapore Indonesia Philippines

Cost of materials 267 264 253 257 263

Other items 22 23 29 17 26

Administration &
sales expenses •. 9 __9 9 £> 8

Production cost 298 296 291 2£2 297

I f  fixed charges covering depreciation and interest on 

loan are taken into account at 20 per cent of try capital cost,the 

production cost w ill work out as given in Table 16-/,..

TABLE 16-4 -  HIODUCTICN COST IUCLJDEiG FIXED CHARGES
(u s T  per ton)

Thailand • • 339

Malaysia • • 337

Singapore • • 332

Indonesia • • 323

Philippines • p 33S

VIABILITY

• In order to ascertain the project viability , the 

internal rate of return ( IRR) has been computed for the five  

countries. The IRR is based on the net sales realisation per
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16 -  Project profile -  hot strip mill (cont*d)

ton of finished product given in Chapter 5, the estimated 

production cost and a production of 60 per cent in the 

f i r s t  year, 80 per cent in the second year, 90 per cent in 

the third year and 100 per cent in the fcurth year and 

onwards of the rated capacity. The 1LR values are presented 

in Table 16-5.

TAB IE 16-5 -  INTERNAL RATE OF RETURN F3t
HOT STRIP MILL

IRR
T

Thailand •  • 14.0

Malaysia •  • 14-5

Singapore •  p 15.8

Indonesia •  • 18.7

Riilippines *  • 15.9

It is  seen that with the plant capacity considered, 

the IRR varies between 14 and 18.7 per cent for the five  

countries.
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This chapter deals with the production of ordinary grade 

plain carbon cold rolled strip and sheets.

The cold rolled strip/sheets w ill be used for production 

of electrolytic tin  plates and galvanised sheets, welded tubes 

and cold formed sections, and for fabrication purpose in mis

cellaneous consumer industries. Keeping in view these appli

cations, a maximum strip width of 1,000 ran has been considered. 

The selection of production technology, major plant fac ilit ie s , 

layout, estimates of capital and production costs and the 

project viability are discussed herein.

5El<KCTl0i* UF FttODUETlOft PROCESS

Cold ro lling end finishing of hot rolled strip  

generally comprises the following main operations:

i )  Pickling

i i )  Cold ro llirg

i i i j  Surface cleaning of the cold 
rolled strip

iv ) Annealing

v) Skin passing
v i) Finishing operations including 

shearirg or slitting

v i i )  Inspection, packirg and despatch
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17 “ Project profile -  cold strip mill (cont’d)

The various alternative processes/equipment which can 

be employed for each of the above operations are briefly  

reviewed in Appendix 17~1.

Prom the detailed review, it  w ill be noted that fo r the 

picklir^ process, generally a continuous picklir^ line with 

hydrochloric acid as the pickling medium is  employed. For cold 

reduction, either a four-high reversing mill or a four to six 

stand tandem mill can be used. Reversing four—high mills are 

suitable when relatively lower throughput of material is  involved 

and tandem mills are suitable for higher production levels. From 

considerations of the quality of finished cold rolled strip, 

the material rolled in a four—high reversing mill with automatic 

gauge control system is  comparable with that rolled from a 

tandem mill. For annealing of cold rolled strip, a combination 

of box annealing furnaces and continuous annealing line is  

generally employed for large outputs. For skin passing 

operation, either a single stand or a two-stand four-high 

mill is  employed, the latter type being generally preferred 

when the capacity of the cold rolling mill plant is  about 

1-m illion ton.
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17 “ Project profile -  cold strip mill (cont'd)

Keeping in view the above considerations, it  is  

recommended that either a four-high reversing mill or a five  

stand tandem mill complete with associates processing' fa c ilit ie s  

includir^ a continuous pickling line \/ith hydrochloric acid as 

the picklirg medium, annealing fa c ilit ie s , single stand or a 

twin stand four—high skin pass m ill, shearing s lit  cing lines 

can be considered fo r the present study.

DESI1M BASIS AND MAJOR FACIuITIBa 

Plant Capacity

Two plant capacities have been considered as indicated

below:

tons/yr

Alt. 1 .. 300,000

Alt. 2 .. 1,000,000

The 300*000 tons per year plant is  based on a single

stand four-high reversing mill with associated processing and 

finishir® fa c ilit ie s . For A lt.2, a five-stand tandem mill 

with associated processing and finishir^ fac ilit ie s  has been 

considered. The input material and finished product specifi

cations are given in  Table 17”1 for the two plant capacities.
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17 ~ Project profile -  cold strip mill (cont'd)

TABLE 17 -1  -  INPUT MATERIAL AND FINISHED PRODUCI'
specifications fur cold strip mill

Alt. 1 idt. 2

Input material .. H.R. coils of plain H.R. coils of plain
carbon steel carbon steel

HR coil dimensions, ran

Width
Thickness

650 -  1050 
1.6 -  5.0

650 -  1050 
1.6 -  5.0

H.R. coil weight, tons.. 15 15

Pickled coil weight, tons 30 30

Finished product C.R. coil/sheet in 
equal proportions

C.R. coil/sheet in  
equal proportions

Dimensions of CR coil,mm
Width
Thickness

600 -  1000 
0.2 -  2.5

6 0 0 -10 0 0  
0.15 -  2.5

C.R. coil weight, tons.. 1 -  50 1 -  50

Dimensions of UR sheet,mm
width
Length ..

600 -  1000 
1000 -  4000

600 -  1000 
1000 -  4000

Major Plant Facilities

A typical l is t  of the major plant fac ilit ie s  for a cold 

strip mill complex is  given in Appendix 17—2 and the major 

fa c ilit ie s  for the two capacities are summarised in Table 1 1 -2 .
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17 “  Project profile -  cola strip mill (con fà )

Table 17 -2  -  major p w a  facilities  fur coup strip mill

A lt .  1 Alt. 2

Continuous tickling line 

Number
Processirg speed, 

n/min max

entry section 
pickling section 
exit section

Cold ro lling mill

Type

Rollirg speed, 
in/min max

Skin pass mill

Type

Rolling speed, 
va/min max

Continuous annealing line 

Number

Line speed, n/min 

Bell annealing furnace

Shearing line 

Slitting line

500
200
300

600
250
550

Single stand 5“Stand tandem
4-high reversi rg mill
mill

700

Siigle stand 
4-high

1500

1800
(at No. 5 stand)

Two-stand 4-high

1800

12 furnaces with 
12 hoods, %  
bases, 36 inner 
covers

1

1

30-300
16 furnaces with 
16 hoods, 43 
bases, 48 inner 
covers
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I? ” Project profile -  cold strip mill (cont'd)

Plant Flowsheet and 1» ay out

A schematic flowsheet of the proposed cold strip mill is  

given in Drawing 5480-17-1 and a typical plant layout is given 

in  Drawing 3480-1 7“2 to illustrate the relative disposition of 

the major plant fa c ilit ie s .

CAPITAL COST

With the fa c ilit ie s  envisaged, it  is  estimated that the 

capital cost of a 300,000 and 1,000,000 tons per year cold 

ro lling plant w ill be about US «  177•5 million and US $ 326.5 

million respectively, as given in Table 17 - 3 . The capital cost 

includes a l l  the equipment, buildings and foundations, u t ilit ie s , 

design and engineering and other pre-operation expenses.

PRODUCTION COST

Production cost comprises the cost of materials, a ll 

other manufacturing costs, administration and sales expenses 

and fixed charges covering depreciation and interest on loans.

The consumption of major materials and u tilit ie s  are given 

below for the two alternatives.

Consumption/
ton OR strio

HR strip »  • kg 1,066
Power •  • kWh 200
Fuel o il •  • Kg 5
Rolls 0 0 kg 1
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1 7 -  Project profile  -  cold strip mill (cont’d)

TABuE 17-5 -  CAPITAL COST FOR COuu RQLLIMj PLaifl'
(m illion US fc)

I .  C iv il and structural steelwork

Ait. 1 Ait. 2

20.0 39.0

I I .  Mechanical and electrical equipment

a) Pickling line, cold ro lling
mill, skin pass mill, 
annealing furnaces, 
shearing and slitting  
lines

b ) Material handling equipment
including cranes, ro ll shop 
equipment etc

c) Utilities and services
Sub-total

70.0 I35.O

15 .0  20.0

8.0 15.0
9 3.0 17 0 .0

I I I .  Ocean freight, port charges,
internal transport and equipment 
erection at 25 per cent of ( l l )

IV. Spares

V. design, ergineering, administration 
and. other pre-operation expenses

VI. Contingencies

2 3.0
10.0

16.5

15.0

42.5

18.0

30.0

27.0
Total

The requirement of manpower is  estimated at 525 for

Alt. 1 and at 700 for A lt. 2
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17 -  Project profile -  cold strip nail ^cont'd)

Based on the consumption norms indicated above and the 

prices of materials discussed in Chapters 4 and 5* the production 

costs of CH coil/sheet excluiirg- fixed charges are computed in 

Appendix 17 -5  and summarised in Table 17_4-

TABLE 17-4 -  PRODUCTION COST FOR COIL/SHEET EXCi.IDluG FI.,Eb CHARLES
(Ub to per ton)

Thailand Malaysia Si incapo re Indonesia Philippines

Alt. 1 

Cost of
materials 379 37O 359 368 374

Labour and 
supervision 5 5 9 4 3

Other conver
sion costs 31 31 34 27 34

Administration 
and sales 
expenses 12 12 12 12 12

Production cost: m 421 424 H i 42I

ALt. 2

Cost o f  
m a teria ls 379 370 359 56o 374

Labour and 
su perv is ion 2 2 4 2 1

other conver
sion costs 23 23 24 19 27

Administration 
and sales 
expenses 12 12 12 12 12

Production cost: 416 m m 401 424
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17 “ Project profile -  cold strip mill (cont'd.)

I f  the incidence of the fixed charges covering depre

ciation and interest on loans is  taken into account at 20 per 

cent of the capital cost, the production cost w ill work out 

as given in Table 1 7—5 -

TABLE 17-5 -  PRODиСТЦа CJaT ЦСьШХЛ- rlXSU CHARGES
(US it per ton)

Alt, 1 Alt. 2

Thailand • • 545 481

Malaysia • • 556 472
Sirgapore • • 552 464
Indonesia • • 529 466

Philippines • • 541 479

VIABILITY

In order to ascertain the project viability and deter

mine the minimum economic size, the internal rate o f return has 

been computed for the two alternative capacities. The IRR 

calculation is based on the net sales realisation per ton of 

finished product as given in Chapter 5* the estimated production 

cost and a production of 60 per cent in the firs t  year, 80 

per cent in the second year, 90 per cent in the third year 

and 100 per cent from the fourth year and onwards of the 

rated capacity. The IRR values are presented in Table 17"6.

1 7 - 9
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17 ~ Project profile -  cold strip mill (coat'd)

TAflnL 17-6 -  INTERNAu RATE JP RET lit a FOR COAL STRIP Midi,

¿It. 1
/°

Thailand . .  -

Malaysia . .  -

Singapore . .  -

Indonesia . .  -

Philippines . .  3.0

The internal rate o f  return has been computed in  the 

above analysis considering an average sales rea lisa tion  o f  

US 423 per ton fo r  Thailand, Malaysia and Sirgapore; US « 420 

per ton fo r  Indonesia; and US fe 475 per ton fo r  Ph ilippines.

A sen s itiv ity  analysis indicates that witn a plant capacity o f 

1 m illion  ton per year, BiR as given below is  projected i f  

sales rea lisa tion  higher by 10 per cent (case i )  and 15 per 

cent (case i i )  axe considered.

Sales realisation. US ÿ per ton IRR, 50
Base Case (iJ Case ( i i ) Case(i) Case(ii

Thailand .. 423 465 466 7.8 12.1
Malaysia .. 423 465 486 9.6 15 .7
Singapore .. 423 465 486 11 .2 I 5 .O
Indonesia .. 420 464 483 IO .3 I 4.2
Philippines .. 475 525 546 18.4 2 1.7

Alt. 2
/3

0.4

10.4
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18 - KbdJBCI EIGFIAS - PZAIE MILL

This chapter reviews the production o f plain carbon 

plates fo r  diverse heavy engineering and consumer applications 

including those fo r  ship building, bo ilers , chemical and 

f e r t i l i s e r  industry and miscellaneous faorica tion . A maximum 

plate width of 2500 mm has been considered as deeidol with 

the representatives o f the ASEAN countries in  the review 

meeting a t Bangkok.

SELECTION OF PRODUCTION PROCESS

Hot ro ll in g  o f plates from slabs may be done on any 

one o f the fo llow ing types o f m il ls :

i )  Single stand two-high pu ll over type m ill

i i )  Single stand two-high reversing m ill

i i i )  Single stand three-high m ill

i v )  Single stand four-high, reversing c a l l

v ) Two stand tandem m ill

Single stand two-high pull over m ills  are o f ion- 

reversib le type, hence a fte r  each pass material is  to  be 

l i f t e d  on t i l t in g  type table on the e x it  side and brought to

18-1
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18 -  Project p ro file  -  p late m il l  (con t'd )

the entry side. These nails are obsolete nowadays, as th e ir  

production capacity is  lim ited to abort 20,000 to  25,000 tons 

per year and product quality is  not generally up to in te r

nationally acceptable standards. Two-high reversing plate 

m ills  have a r e la t iv e ly  higher capacity compared to pu ll 

over m ills but these m ills have the lim ita tion  o f excessive 

r o l l  wear and high r o l l  deflection  due to  which product 

quality is  r e la t iv e ly  in fe r io r .

Three-high m ills overcome the above problems to  a 

considerable extent, as the middle r o l l  having less diameter 

than the top and bottom ro lls  is  always backed up by e ither 

the top or the bottom r o l l .  However, one o f the lim itations 

o f the three-high m ill is the reduction in  the to ta i r o l l  

separating force fo r  a given reduction compared to two-high 

reversing m ills , as the middle r o l l  which is  always in  contact 

with the r o ilin g  stock is  o f smaller diameter. Three-high 

m ills can be considered fo r  production requirements up to

200,000 tons per year.

our-high reversing m ills overcome the above l im it 

ations o f two-high and three-high m ills . R o ll de flec tion  and

18-2
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IS -  Project p ro file  -  p late m ill (con t'd )

consequent!”  gauge variation  is  minimised cue to  the back 

up ro lls  provided on top and bottom. Modern in sta lla tions 

generally go in  fo r  fa ir-h igh  reversing m ills . Four-high 

m ills  have capacities o f 400,000 to  6X),000 tons per year 

fo r  ro ll in g  plates in  the width range o f 1500 to  2500 mm.

Tandem plate m ills have two stanas which reduce the 

ro llin g  time, as the reduction to  be provided to  the ro llin g  

stock is  divided in  two stands and thus increase the 

production ra tes . Moreover, sa tis factory  r o l l  shape is  

maintained fo r  re la t iv e ly  longer periods between r o l l  changes. 

Tandem m ills  can have various possible combinations by using 

two/three/four-high rcwghing stand followed by three/four- 

high fin ish ing stand. Tandem plate m ills  axe generally 

in s ta lled  fo r  productive capacity range o f about 1 to  2 m illion  

tons per year.

DESlCnJ BASIS AMP HAJCR FACILITIES 

Plant Capacity

Two plant capacities as indicated below have been 

evaluated.

A lt .  1 . ,  200,000 tons/yr

A lt .  2 . .  600,000 tons/yr

18-3
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18 -  Pro ject p ro file  -  plate m ill (con t'd )

Based o.i ti*i revinv: c f the various types of plate- 

m ills given above, t ie  production re-juirement o f A lt ,  1 and 

A lt .  2 can be net by a tru-ee-high type m ill and a four-high 

reversing type plate m ill respective ly . The input m aterial 

and fin ished product specifications are given in Ta ole 18-1 

fo r  the two plant capacities.

TABLE 18-1 - MATERIAL SPEC IFICATION Aitò Й.0ШСТ-ИД
F CP. PLATE Mini

A lt .  1 A lt .  2

Input material Slabs o f  pih.in 
carbon s te e l

Slabs -)i‘ plain 
carbon s te e l

Slab length, mm 4,000 max 6,000 max

Slab thickness, mm 200 max 200 max

Slab weight, tons 10 max 15 max

Finished product Plates Pontes

Length, mn 1 ,000-5,000 1 ,000-5,000

Width, mm 1 ,000- 2,500 1 , 000- 2,500
Thickness, urn 6-25 6-25

Production, tons/vear

6-10 mm thick 50,000 125,000
11-16 mm thick 80,000 250,000
17-25 mm thick 7O.OOO 225.000

Total . . 200.000 600.000

1 8 - 4
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18 -  Pro ject p ro file  -  plate m ill (con t'd )

Major Plant F a c ilit ie s

A typ ica l l i s t  o f major plant fa c i l i t ie s  required fo r  

a plate m ill is  given in  Appendix 18-1 and the major fa c i l i t i e s  

fo r  the two capacities are summarised in Table 18-2.

TABLE 18-2 -  MAJCR PLANT FACILITIES FOR. PLATE MILL

A lt .  1 A lt .  2

Pusher type reheating 
furrace

Number 1 1

Capacity, tons A ir 100 150

Plate m ill

Type o f m ill Three-high Four-high 
reversing

Capacity, tons/hr 60-90 ЮО-14О

Major in -lin e  fa c i l i t ie s  
with the m ill

Hydraulic descaler 1 1

Eager stand 1 1

le v e lle r 1 1

Shears 2 2

Side trimmer/slitter 1 1

Cooling bed 1 1

Inspection bed 1 1

Transfer conveyors 2 2
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18 -  P ro ject p ro file  -  plate m il l  (con t'd )

Plant Flowsheet and Layout

A schematic flowsheet fo r  plate ro llin g  is  given in  

Drawing 5480-18-1 and a typ ica l plant layout in  Drawing 

5480-18-2. The layout is  preliminary and has been developed 

to  illu s tra te  the re la t iv e  disposition of the major plant 

f a c i l i t i e s .

CAPITAL COST

Preliminary estimate o f cap ita l cost o f a l l  the fa c i 

l i t i e s  within the plant boundary, as w ell as the cost o f 

spares, design and engineering etc works out to US  ̂ 76 m illion  

and US $■ 117 m illion  fo r  A lt .  1 and 2 respectively  as presented 

in  Table 18-3.

HtODPCTION COST

Production cost comprises the cost of materials, other 

manufacturing costs, administration and sales expenses and 

fix ed  charges covering depreciation and in terest on loans.

The spec ific  consumption rates o f major materials and u t i l i 

t ie s  are given below.

Consumption per ton p late
Unit A l t .  1 A l t .  2

Slab ..  kg 1,250 1,250

E lectric  power • * kWh 100 115
Fuel o i l . .  kg 45 45
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18 -  Project p ro file  -  piate m ill  (eon t'd )

The requirement of manpower is  estimated a t 275 and 

425 fo r  A lt .  1 and A lt .  2 respective ly .

TABLE 16-3 -  CAPITAL. GOBI ?CR PLATE MILL
(m illion  US t"5

A lt .  1 A lt .  2

I .  C iv i l  and structural work .. 9.1 15.0

I I .  Mechanical and e le c tr ic a l 
equipment :

a ) Slab reheating furnace, 
p late m ill with 
in -lin e  fin ish ing 
equipment 2 7 .0 4 3 .0

b) M aterial handling
equipment, r o l l  shop 
equipment and mise. 
equipment .. 8.5 11 .0

c ) U t i l i t ie s  and services 5.5

Sub-total .. 39 .0 59.5

I I I .  Ocean fre ig h t , port charges, 
internal transport and 
equipment erection  
@ 25 per cent o f ( I I )  . . 10.0 15.0

IV . Spares .. 4 .0 6.0

V. Design, engineering, admini
stration and pre-operation 
expenses •• 8.0 11.5

V I. Contingencies .. 6.0

TOTAL 2 M 117.0

Based on the consumption norms indicated and the prices 

o f materials discussed in Chapters 4 and 5, the production costs
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o f plates exclading fixed  charges are computed in  

Appendix 18-2 and summarised in  Table 11-4..

TABLE 18-4. -  PRODUCTION CÜGT OF PUTES EXCIHriNG
FIXED CHARGES 
(tJS $ per ton)

Thailand Malaysia Singapore Indonesia Philippines

A lt .  1

Cost o f materials •  • 304 306 291 291 302
labour & supervision •  • 4 4 7 3 3

Other conversion 
costs •  • 25 26 32 19 28

Admin. & sales 
expenses •  • 10 10 10 10 10

Production cost «  • 343 346 m 222 343

A lt .  2

Cost o f materials •  • 304 306 291 291 302

Labour & supervision # • 2 2 4 2 1

Other conversion 
costs •  p 22 23 28 16 26

Admin. 8-  sales 
expenses 10 10 10 9 10

Production cost •  • 338 2&L 333 218 222

The estimated production cost including fixed  charges 

covering depreciation and in terest on loans at 20 per cent o f the 

cap ita l cost is  given in Table 18-5.
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18 -  Project p ro file  -  plate m il l  (con t'd )

TABLE 18-5 -  ffiOUCIlGN COST r-JCÜJD’JG FIXED CHARLES
(Jo v per ton)

A lt . 1 A lt . 2

Thailand • • 419 377

Malaysia • • À22 380

Singapore • • 41 6 372

Indonesia • • 399 357

Philippines • • 419 378

VIABILITY

In order to ascertain the p ro ject v ia b il it y  the 1ER has 

been computed fo r  the two a lternative capacities. The 1ER 

calcu lation is  based on the net sales rea lisa tion  per ton o f 

fin ished product discussed in  Chapter 5, the estimated 

production cost and a production o f 60 per cent in  the f i r s t  

year, 80 per cent in the second year, 90 per cent in the th ird  

year and 100 per cent from the fourth year and onwards.

The 1ER values are presented in  Table 18-6 and 

graphically represented in  F ig . 18-1.
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18 -  Project p ro file  -  plate m ill (con t'd )

U N IT »  NATIONS IN D U ST tiA l D C V ttO N ttN T  0 H A N I2 A T I0 H
STUDY ON MINIMUM ECONOMIC S IK  PLANTS 

FON STEEL PNOCESSES IN ASEAN COUNTRIES

TABLE! 18-6 - L ЛИШАВ IUTE RETURN FCR PLATE M ill

A lt .  1 A lt .  2
% %

Thailand • • 0.9 8.0

Malaysia • • - 6.8

Singapore • • 1.8 9.8

Indonesia • • 4.2 12.9

Philippines • • 6.3 13.9

The IRR presented in  Table 18-6 are based on a net 

sales rea lisa tion  o f US  ̂ 370 per ton fo r  Malaysia, Singapore 

and Thailand, US & 365 per ton fo r  Indonesia and US c 390 per 

ton fo r  Philippines. A s en s it iv ity  analysis with respect to 

net sales rea lisa tion  price indicates that i f  a 5 per cent 

higher sales rea lisa tion  is  considered, namely US -, 339 per 

ton fo r  Malaysia, Singapore and Thailand, US i  384 per ton fo r  

Indonesia and US 4 410 per ton fo r  Philippines, the IRR with a 

plant capacity of 600,000 tons per year w i l l  be as fo llow s .

IHR

Thailand • ft 13.8
Malaysia • • 12.9
Singa pore ft ft . 15.2

Indonesia ft ft 17.7

Philippines ft • 18.8
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I

-  PROJECT PROFILE -  ELECTROLYTIC TDGCItP LINE

This chapter presents the project p ro file  fo r  

production o f tinp lates by e le c tro ly t ic  coating o f cold ro lled  

s tr ip . Protective coating o f t in  on s tee l s trip  imparts to  

i t s  surface corrosion resistance from atmosphere, water and 

organic acids, thereby making the coated s trip  suitable fo r  

use in  industries such as canning, o i l  paints, medicines and 

others. A maximum width o f 1000 mm o f coated sheets has been 

considered, as decided with the representatives o f the ASEAN 

counti < j  in  the review meeting at Bangkok.

SELECTION OF HlODUCTlOil PROCESS

Tin coating can be applied on cold ro lled  s tr ip , 

either by hot dipping in tinning bath or by e le c tro ly t ic  

coating. E lectro ly tic  tinning i3  preferred because by th is  

process better quality o f product, lower operational cost, 

high proauction rates and better control in  obtaining 

d if fe r e n t ia lly  coated products is  achieved.
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19 -  Project p ro fi le  -  e le c tro ly t ic  tinning lin e  (con t ’d)

A b r ie f review o f availab le technologies fo r  e lectro 

ly t ic  tinning is  made in  Appendix 19-1* Keeping in  view the 

re la t iv e  advantages and disadvantages o f the various processes 

as described the above appendix, i t  is  recommended that an 

e le c tro ly t ic  tinning lin e  w ith acid e le c tro ly t ic  medium be 

considered.

DES3DK BASIS AND MAJOR FACILITIES 

Plant Capacity and Product-mix

A tinning lin e  o f capacity 150,000 tons per year has 

been selected fo r  examining the v ia b i l i t y .  The input material 

and fin ished product specifications, together with the proposed 

product-mix are given in  Table 19-1*

TABLE 19-1 -  MATERIAL SPECIFICATION FOR
ELECTROLYTIC TINN BE LINE

Innut Material

Cold ro lled , annealed, skin passed
low carbon s tee l s tr ip

Finished Product

Strip width, mm ..  500-1000

Coil weight, tons . .  15

Strip  thickness, mm ..  0.20-0.35

Production, tons/year

0.2 -  0.25 ma . .  60,000
0.25 -  0.3 ma . .  40,000
0.3 -  0.35 mn . .  50.000

Total . .  150,000
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19 -  Project p ro file  -  e le c tro ly t ic  tinning lin e  (con t'd )

Налог Flant F a c il it ie s

A typ ica l l i s t  o f major plant fa c i l i t i e s  required fo r  

an e le c tro ly t ic  tinning plant is  given in Appendix 19-2 and the 

major f a c i l i t i e s  are summarised in  Table 19-2-

TABLE 19-2 -  Major PLANI EACTLiriES FOR 
SIECmOLgIC ТДШЮ LINE

Coil preparation lin e

Number . .  1

Line speed, m/min . .  30 -  750

Capacity, tons/hr . .  2 0 - 4 0

E lec tro ly tic  tinning lin e

Number

Line speea, m/min ..

Capacity, tons/hr ..

Shearing lin e

Number

Capacity, tons/hr ..

Reassorting lin e

Plant Flowsheet and Layout

A schematic flowsheet o f the proposed e le c tro ly t ic  

tinning plant is  given in  Drawing 5430-19-1 and a typ ica l 

plant layout is  illu s tra ted  in  Drawing 5480-19-2. The layout

1

450/35C/450 

20 -  40

2

15 - 25 

1
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19 -  Project p ro file  -  e le c tro ly t ic  tinning l in e  (ccn t’d)

is  preliminary ana has been developed to illu s tra te  the 

re la t iv e  d isposition  o f the major plant fa c i l i t i e s .

CAPITAL GOST

I t  is  estimated that the cap ita l cost o f an elect,ro-

ly t ic  tinning lin e  with a capacity o f 150,000 tons per year 

will, be about Ho $ 88.5 m illion  as given in Table 19-3.

TABLE 19-3 -  CAPITAL COOT FOR ELECTROLYTIC TIDING LINE
(m ill ion IS $)

I .  C iv il and structural work 9.0

I I .  Mechanical and e le c tr ic a l 
equipment :

a> Coil preparation lin e , e lec tro 
ly t i c  tinning lin e , shearing 
lin es , reassorting lin e  and 
packing equipment

b ) Miscellaneous equipment includ
ing 'mode cast house, 
laboratory f a c i l i t i e s ,  cranes 
•ana other material handling 
equipment .

c ) U t i l i t ie s  and services

Sub-total

1 11 . Geeaii fre ig h t, port charges, 
in ternal transport and 
equipment erection  @ 25 
per cent o f ( I I )

IV. Spares .

V. Design, engineering, administration 
and pre-operation expenses

V I. Contingencies

38.0

5.0

4 .0  
47.0

11.5

5.0

9.0

'.0
TOTAL
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19 -  Project p ro file  -  e le c tro ly t ic  tinning l in e  (con t'd )

PRODUCTION COST

Production cost comprises the cost o f m aterials, other 

manufacturing costs, administration coil sales expenses and fixed  

charges covering depreciation and in terest on loans. The

average consumption rates o f major material 3 and u t i l i t i e s  are

given below:

Consumption per ton
Unit tinn ia te

Ctl c o i l  . . kg 1,11C

Tin kg 3.5

E lectric  power kWh 125
Fuel o i l kg 1

The requirement o f manpower has been estimated at 32$. 

Based on the consumption norms indicated above and the unit 

prices estimated in  Chapters 4 and 5, the production costs o f 

e le c tro ly t ic  tin p la te  excluding fix ed  charges are computed in  

Appendix 19-3 and summarised m  Table 19-4«

TABLE 19-4 -  PRODUCTION COST OP TINPLATES BtCLUDINB
FIXED CHARGES 

(IB 4/ton)

Thailand Malaysia Sine añore Indonesia Fhilinnines

Cost o f materials 484 472 454 462 547

Labour St 
supervision 6 6 11 5 4

Other conversion 
costs 93 93 96 91 95

Administration & 
sales expenses J 1 JZ -LZ J 1 J 2
Production cost: 600 588 578 № & £
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19 -  Project p ro file  -  e le c tro ly t ic  tinning lin e  (con t'd )

I f  f ix ed  charges covering depreci ation and in terest 

on loans are considered at 20 per cent o f the cap ita l cost, 

the production cost w i l l  be as given in  Table 19-5»

TABLE 19-5 -  mODUGIION COST INCLUDES
FIXED CHARGES 
(US $ per ton)

Thailand • • 718

Malaysia • • 706

Singapore • • 696
Indonesia 0 • 693

Philippines • • 783

VIABILITY

In order to ascertain the project v ia b i l i t y  and to 

determine the minimum economic s ize , the in ternal rate o f 

return (IRR) has been computed fo r  the f iv e  ASEAN countries. 

The IRR calculation is  based on net sales revenue per ton 

o f fin ished product, as given in  Chapter 5* the estimated 

production cost and a production o f 60 per cent in  the f i r s t  

year, SO per cent in  the second year, 90 per cent in  the 

th ird  year and 100 per cent in  the fourth year and onwards.
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M.  N.  D A t T U R  »  C O M P A N Y  ( P )  L T D
STUOV ON MINIMUM ECONOMIC SIZE PLANTS 

FON STEEL PNOCESSES m  ASEAN COUN1MES

U N IT » NATIONS INOUSTMAl K ÏÏLQ M E NT  OKANIZAÏIQN

19 -  Project p ro file  -  e le c tro ly t ic  tinning lin e  (cont»d)

The IRR values are presented in  Table 19-6*

TABLE 19-6 -  EXTERNAL RATE OF RETURN FOR 
ELECTROLYTIC T INNEE LIME

Thailand 13.5

Malaysia 14.9

Singapore 16.0

Indonesia 16.4

Philippines 2.8

The IRR is  low in  Philippines due to  the r e la t iv e ly  

high price o f US $ 500 per ton fo r  CR co ils  compared to  

US $ 415-445 considered fo r  other countries.
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This chapter presents a preliminary assessment o f the 

economics o f establishing large processing units, where prime 

fa c ie  such p o s s ib ilit ie s  ex ist and compares with the corres

ponding minimum economic s ize  'units suggested ea r lie r  in  the 

report, preliminary estimates o f cap ita l and production costs 

fo r  hypothetical large integrated s tee l plants which could 

serve the ¿SEAN market as a whole, are also indicated.

REGIONAL STEEL RiOCESS PLANTS

Regional s tee l processing plants could be conceived 

w ithin the overa ll framework o f cooperation amongst the 

member ASEAN countries. Such la rge  p i suits could be in sta lled  

at appropriate locations. For each o f the 12 s tee l processes 

considered, the minimum economic capacities with certain  basic 

assumptions have been determined in  Chapters 8 to 19. I t  

w i l l  be observed that, fo r  most o f the processes, the minimum 

economic capacities are fa i r l y  la rge . However, in the case 

o f b i l l e t  plant, hot s tr ip  m ill and p late m ill, plants o f

20-1
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20 -  Regional s tee l plants (con t'd )

la rger capacity with resultant savings in cap ita l and 

operating coats are possible on account ox the economies o f 

scale. The economics o f these plants has been examined 

keeping in  view the fo llow ing assumptions:

i) The product-mix for the large prcc esc m g  
plant would be similar to that considered 
for the minimum economic size units.

i i )  The semis required by the large processing 
plants would also be imported.

i i i )  The estimates o f production cost are based 
on average prices/rates obtaining in  the 
region.

i v )  No specific  locations have been considered.

B i l le t  Plant

The economics o f b i l l e t  production by e le c tr ic  arc 

furnace-continuous casting o f plants up to  capacities as high 

as 0.5 m illion  tons per annum, has been discussed in  Chapter 8. 

Further, Chapter 6 examines the v ia b i l i t y  o f semis production 

m  large plants with integrated iron  and steolmaking f a c i l i t i e s ,  

fo r  annual capacities ranging from about 0.5 m illion  tons to 

about 3 m illion  tons. The resu lts o f these analyses indicate 

that the cost o f b i l le t s  produced in  large plants is  compe

t i t i v e  with the price o f imported b i l le t s ,  as shown on the 

next page.
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20 -  Regional s tee l plants (eont rd)

US ¿/ton

S e llin g  price o f imported b i l le t s  .. 275-30C

Production cost fo r  b i l l e t  p lant:

i )  0.5 m illion  tons/year semi- 
integrated lia n t 238-275

i i )  1 m illion  tons/year in te 
grated ER-EF plant 265-280

i i x )  3 m illion  tons/year in te 
grated BF-B0F plant 230-235

Hot Strip K ill

A fu l ly  continuous 1,420 mm (56") wide hot s tr ip  m ill 

with a capacity o f 3 m illion  tons per year could be considered 

fo r  evaluation. The economics o f the large size processing 

plant compares with the minimum economic size processing plant 

discussed in  Chapter 16, as given below:

3 m illion  1.5 m illion  
ton plant ton plant

Investment, US ¡¡; m illion  400 307

Production co s t^  \  US ¿/ton 320 3 3 4 ^

S e llin g  price, US ¿/ton .. 350-360 350-360

NOTES
HT Inclusive o f fix ed  charges (depreciation 

and in terest on loans) at 20 per cent 
o f fixed  investment.

(2 ) Average fo r  the region.
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20 -  Regional s tee l plants (c en t* !)

Thus, a Savi-ig ir. production cost is  possible with a 

large capacity processing plant.

Hate Itili

A 2-stand, 4 -h i tanaem plate mils, o f 1 m illion  tons 

per year capacity could be considered fo r  .¿valuation. The 

economics o f the large size processing plant compares with 

the minimum economic size plant discussed in  Chapter 18, as 

given below:

1 m illion  
ten plant

Investment, US £ m illion  . .  175

production cos t ' UB c/ton 365

Selling p rice, US $/ton . .  365-390

NOTES
(1 ) Inclusive o f fixed  cmarges (depreciation

and in terest on loans) at 20 per cent 
o f fixed  irr.' ostment

(2 ) Average fo r  the region.

0.6 million

117

365-390

As compared to an average production cost o f US iy 373 

per ton fo r  the region with 0.6 m illion  tons per year capacity 

plant, the production cost with 1 m illion  tons per year 

capacity plant is  found to  be lower by US $ 8 per ton.
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20 -  Regioncil s tee l plants (c oa t 'd )

IHIBGflJffED STEEL FLAKTS

The economics o f integrated steal plants fo r  fin ished 

s tee l products is  compared with the minimum economic size 

units as w ell as with prices o f imported s te e l. In th is 

connection, two a lternative plant capacities with d iffe ren t 

process routes, product-mix, etc are discussed below.

Plant Capacity and .faior F a c ilit ie s

The economics o f semis production in integratoci plants 

has been studied in  Chapter 6. I t  is  found that the cost o f 

semis from such integrated plants based on e ither DLi-EF or 

BF-BOF routes would be lower than the price o f imported semis. 

Hence, i t  is  expected that the cost o f ro lled  prouucts from 

an integrated s tee l plant would also be lower than the price 

o f imported products. This section, therefore, attempts to 

analyse the economics o f fin ished s tee l prouuction in  

integrated s te e l p lants. Two alternative plant concepts 

indicating product-mix, major fa c i l i t i e s  etc have been 

considered fo r  analysis as given in  Table 20-1.
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20 -  Regional, s tee l plant (con t'd )

lAli&i ¿0-1 jlLI ni il ; ai IV I ìhiborated steel plant

A lt. 1 A lt . 2

Finished Products . .  P lates, HR strip/ Wire rods, medium
sheets, OR strip/ structurais 
sheets

Process Route

Annual Capacities, 
*000 tons

Liquid s tee l

Continuous cast 
semis

Rolled products 
fo r  sale

Semis fo r  sale

BF-B0F

3,000

. .  2,850

. .  Plates
HR strip/sheet 
CR strip/sheet

DR-EF

1,500

1,410

600 Wire rods 600 
930 Structurais 60C 

1000

100

Major Production 
F a c ilit ie s

Ironmaking

Steelmaking

Rolling

Two 3,o00 cu m 
blast furnaces

Three 180-ton 
convertors 

Three 2-strand 
continuous 
slab casters

One single stand 
4-h i reversing 
p iatc m ill 
(0.6 m tpy)

One 1,470 mm conti
nuous hot s tr ip  
m ill (2 m tpy)

One f iv e  strand 
tandem cold strip  
m ill (1 m tpy)

Two 600,000 tons/ 
yr d irect reduc
tion  modules

Six 95-ton arc 
furnaces 

Six 6»atrand 
continuous 
b i l l o t  casters

One 4-strand wire 
rod m ill with 
fin ish in g  blocks 
(0 .6  m tpy)

One single strand 
continuous strur- 
ctural m ill 
(0 .6  m tpy)
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20 -  Regional s tee l plants (cont*d)

^jophtol Cost EstliiCi.ues

The approximate cap ita l costs fo r  the two plants, 

consiiering hypothetical locations in  the JiSEAN region, are 

estimated, in  Table 20-2.

TABLE 20-2 -  PRELIMINARY ESTIMATES OP CAPITAL COST FOR
3KTBGRAIBD STEBfc PLANTS

(m illion  US' '

A lt. 1 A lt. 2

Coke ovens •  • 190 -

Ironmaking •  * 195 175

Steelmaking •  ♦ 225 120

R olling m ills •  • 600 175

Auxiliary and yard fa c i l i t i e s 350 115

Sub-total •  • 1,560 585

Design, engineering and 
administration expenses •  • 155 60

Contingencies •  • 170

TOTAL •  • 1.885 210

The corresponding cap ita l costs fo r  integrated semis 

plants, as estimated in  Chapter 6 are US $  450 m illion  

approximately fo r  ER-EP plant produciiig 1*4 m illion  tons per 

year o f b i l le t s ,  and about US $ 1,045 m ill ion fo r  a BF-BOF 

plant producing 2,£5 m illion  tons o f slabs annually.

20-7



M. N. D A S T U R  »  C O M P A N Y  ( P )  L T D
STUDY ON MINIMUM ECONOMIC SIZE PLANTS 

FOR STEEL PROCESSES IN ASEAN COUNTRIES

UNITED NATIONS INDUSTMAl DEVELOPMENT OMANIZATION

20 -  Regional s tee l plants (con t'd )

I t  is  to bo noted that the capita l cost estimates 

presented in  Table 20-2 are ten tative and ind icative in  nature. 

The costs would vary depending upon the actual plant location , 

s ite  conditions, plant capacity and product-mix, plant fa c i

l i t i e s  selected and various other factors that are governed by 

prevailing lo c a l conditions.

Production Cost Estimates

The estimated production costs fo r  f l a t  products and 

non-flat products are given in  Tables 20-3 and 20-4 respective ly . 

These production costs are summarised below and compared with 

the se llin g  prices o f corresponding imported products:

Production 
cost 

US $>/ton

Sellin g  
price range 

US S/ton

F lat Produe+s

plates 353 365-370
HR sheets/strips . . 310 350-355
CR sheets/strips . . A28 425-475

Non-flat products

Wire rods .. 334 375-390
Structurais . . 361 405-450

These estimates are ind icative in  nature and are based 

on average unit prices/rates p reva iling in  the A3E.AN region. 

The actual production costs could vary somewhat depending upon 

the actual plant location .
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20 -  Regional s tee l plants (con t'd )

TÆL2 20-3 -  SS ilifJE f BCDJCII2N POST OF FLAT iRODXTd

Cost

Cost of Slab (including fix ed  charges)

Cost o f ELates

Cost o f 1.25 tuns slab 

Credit fo r  scrap

(2)Other operating expenses
(3)Fixed charges

Total

Cost o f HR Strip/Sheets

Cost o f 1.05 tons slab 

Credit fo r  3crap

(2)
Other operating expenses

(3)Fixed charges

Total

Cost o f CR Strip/Sheets

Coot o f 1.068 ton3 HR c o i l  

Credit fo r  scrap

(2)Other operating expenses
(3)

Fixed charges

Total

lB $/ton

, 0 )239

299
(-H 8

281

33

J 1

353

251

(-1A
247

29

J k
310

331

(-11
326

37

428

HOTES
(1 ) Average o f estimates presented in Table 6-8

fo r  A lt .  3.
(2 ) Average estimates fo r  a l l  the f iv e  countries.
(3 ) At 20 per cent o f cap ita l cost.
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20 -  Regional s tee l plants (con t'd )

Ti3I£ 20-^ -  IRODUOTFr; GOST OF
nos-fl t̂ mopuoTs

Cost
OS ÿ/ton

Cost of B i l le t  (including fix ed
charges) • • 260 1 '

Cost o f Wire Rous

Cost o f 1.06 tons b i l le t s • • 276
Credit fo r  scrap • • ( z ) l

271
Other operating expenses^ ' • • 3 o
Fixed charges ̂ '' • • -22.

Total • • m

Cost o f Structurais

Cost o f 1.11 tons b i l le t s • m 289
Credit fo r  scrap • • ( i i 2

280
Other operating expenses^) • • 29
Fixed ch a rg e s^ • • ^ 2

Total • • 361

NOTTS
0 )  Average o f estimates presented in  Table 6-9 

fo r  1.5 m illion  tons/year capacity»
(2 ) Average estimates fo r  a l l  the f iv e  countries.
(3 ) At 20 per cent o f cap ita l cost.

20-10



M.  N.  D A S T U R  »  C O M P A N Y
UNITED NATIONS IHDUSKIA1 DEYTLOMEHT OKAHIZATIOH

STUDY ON MINIMUM ECONOMIC SIZE PLANTS
FOR STEEL PROCESSES IN ASEAN COUNTRIES

20 -  Regional stee l plants (con t'd )

From the estimates o f production cost, i t  w i l l  be 

observed that integrated operation in  large regional plants 

would enable production o f fin ished s tee l at competitive 

prices as compared to imported products.

A comparison o f the production costs fo r  integrated 

s tee l plants .and minimum economic s ize  units is  presented 

below and illu s tra tes  the advantages o f large scale production 

in  integrated s tee l plants over minimum economic s ize  plants:

Integrated Minimum economic
s tee l plant_______ _____ size  plant

Annual
nroduction

Production
cost

Annual
uroduction

Production
cos t '

'000 tons US $/ton 'OCX) tons US $/ton

Plates 600 353 600 373

HR strip/sheets 2,000 310 1,50c 334

CR strip/sheets 1,000 428 1,000 472

Wire rods 600 334 450 392

Structurais . . 600 361 400 424

NOTE
( l ) Average production cost fo r  the f iv e  countries.
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Prelim inary projections indicate that the demand fo r  

s tee l in  the ASEAN region in  terms o f crune s tee l w i l l  be 

about 12.3 m illion  tons by 1985, 16.7 m illion  tons by 1990 

and 28 m illion  tons by 2000. As against th is , the present 

steelmaking capacity in  integrated and semi-integrated plants 

is  only about 3 «2 m illion  tens per year at present in  terms 

o f crude s tee l or 2.6 m illion  tons per year o f fin ished 

products. Therefore, there is  an urgent need fo r  increasing 

the steelmaking capacity in  the region. An action oriented 

programme covering short-term and long-tern measures is , 

therefore presented in  thus chapter to enable the ASIAN 

countries to  in it ia te  appropriate actions.

F0INT3 i f ) !  CONSIDERATION

For an action oriented follow-up programme, the 

follow ing points need consideration:

1. While there is  an in sta lled  capacity o f 

about 2.6 m illion  tons per year o f 

fin ished s tee l with integrated and semi- 

integrated plants, the production has been
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-  Action oriented programme (con t'd )

only about 1.4 m illion  tons per year. The 

poor u tilisa tio n  o f in s ta lled  capacity 

appears to be mainly due to  the a v a ila b il ity  

e f  imported s tee l at prices more competitive 

v is -a -v is  lo ca l product-m and the lim ited  

a v a ila b ility  o f domestic scrap. Thus, 

measures to make available scrap or sponge 

iron  at prices competitive to  the imported 

scrap require attention.

2. There is  a substantial capacity in  the region 

fo r  re ro llin g  o f oars, rods and lig h t  sections 

based on imported b i l le t s .  The u t il is a t io n  o f 

the re ro llin g  m ills  and consequently the 

a v a ila b ility  o f bars and rods can be substan

t i a l l y  improved, provided adequate a v a ila b il ity  

o f  b i l le t s  at a competitive price is  assured.

3. Experience with f la t  r o ll in g  m ills  established 

in  Philippines based on imported semis in d i

cates that due to the vagaries in  the supply 

and price o f imported semis, tue u t ilis a t io n  

o f these m ills  has been low. I t  is  not 

considered prodent to establish large s tee l 

processing units based on imported semis.

4 . A study on production o f semis by integrated 

plants .indicates that production o f semis 

would be competitive v is -a -v i3  imported semis. 

Therefore, even i f  s te e l processing units fo r

2 1 - 2
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production o f hot ro iled  and cold ro lled  sheets, 

p lates, heavy structurals etc are established 

in  d iffe ren t ASEAK countries, these should 

u ltim ately be linked to integrated s te e l plants 

producing semi3.

5- Aii analysis indicates that production o f

various categories o f s tee l in  integrated s te e l

works in  the region would be competitive, even 

though major raw materials have to  be imported.

6. The study on minimum economic size plants indi
cates that for most of the steel process units, 
large minimum economic size plants are necessary 
due to the following reasons:

a) Selling prices for finished products 
have been considered at par with 
imported prices.

b) Investment on new projects, reflected 
in the cost of production, is very 
high du to frequent oil price hikes 
and the consequent steep inflation.

As a result, sane A3EAE countries are already 
protecting the local production by levying duty on 

imports varying between 2 and 50 per cent. Hence, 
the ASEAN countries may have to consider protection 

of new industries for an initial period.
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21 - Action oriented programme (cont'd)

SHORT-iaftM MSAlUdES
3n order to increase the stedl pi'oducticn and. to 

take up implementation of various steel processing units 
expeditiously, the following short-term measures are 

suggested.

1. Merchant sponge iron plants should be set 
up in Indonesia, Malaysia arid Thailand 
where natural gas is available. These plants 
will supply sponge iron to the existing and 
new arc furnace semi-integrated steel plants. 
Later on, these merchant sponge iron plants 
can be expanded to integrated steel plants 
for production of semis and finished 
products.

2. In order that the sponge iron price is 
comjietitive with the international price of 
scrap, natural gas which as one of the major 
inputs for sponge iron plant, should be 
reasonably priced. It was gathered during 
field investigations that the price of gas is: 
US $ 2,6 per Goal in Indonesia, US f 5*6 per 
Gcal in Thailand and IE $ 8.0 per Gcal in 
Malaysia. It is expect« ;u that the price of 
gas will be fixed reasonably by the respective 
countries to ensure that the steel produced 
using sponge iron, is competitive with 
imported steel.
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21 - Action oriented programme (cont'd)

3. With adequate availaoilicy of steel from 
electric arc furnaces, production of 
billots, wire rods, wire products, cold 
finished bars, Cl wires etc can bo taken 
up as national plants in the iiSHAK 
countries. However, detailed feasibility 
studies will bo necessary for determining 
the minimum economic size for these units.

4. The product for medium structural mill and 
seamless pipe plant car also be considered 
in the short-term programme. However, 
adequate data on demand are not available 
to establish the product-mix; and the capa
city for these units. These projects can 
be taken up either as national projects or 
as regional projects after establishing 
the demand of each country based on proper 
market survey.

3. No information is available in regard to 
the demand for special steel and stainless 
steel products. However, these projects, 
may be taken up in the short-term programme 
after establishing the demand of each 
country based on proper market survey. As 
the demand for special steel and stainless 
steel products may not be large enough for 
each country, these plants could be set up 
as regional plants.
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21 - Action oriented programme (cont'd)

LOIP-IERri MSaSUAES

The long-term measures involve setting up of large 
integrated steel plants for semis ana finished products 
involving development of infrastructure, transport and 

communication facilities etc as discussed below.

1. Considering the demand of about 16.7 
million tons per year by 1990 and 28.0 
million tons per year by 2000, all the 
four ASEAN countries except Singapore 
will ultimately have one or two large 
integrated steel projects. Singapore 
will, however, be bexxer placed for 
production of stainless steel, special 
steel etc.

2. At present, the production of steel in 
the ASEAN countries is mainly confined 
to bare -aid rods. Hence, bulk of the 
flat products in the form of hot rolled 
coils, cold rolled coils, plates, tin 
plates are being imported. It is, 
therefore, essential that the steel 
plants for manufacture of flat products 
should be established on a priority basis.
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21 -  Action oriented programme (cont'd)

3. A3 discussed earlier, Philippines has hot and 
cold rolling mills but their utilisation is 
extremely poor because of the uncertain avail
ability of semis .-¡rid their fluctuating price 
in the internationcl market. Therefore, it 
would be prudent to tie up milts for hot 
strip mill, cold strip mill, plate mill and 
tinning line with integrated steel projects 
as far as possible. Even if facilities for 
3uch products are established as steel 
processing units based on imported semi3, 
their backward integration with iron and 
steelmaking facilities should be tiiken up 
immediately.

4* As the large integrated stool plant will have 
to depend upon imported raw materials for 
iron mil stoolmaking, and as the products of 
these plants will have to be distributed to 
the various ASIAN countries, it is essential 
that -these plants should have port based 
locations.

5« The product-mix of the various integrated 
steel plants to be set up in the ASEAN 
countries should be complementary to each 
other so that the fa3t growing demand for 
various categories of steel can be largely 
met from these plants.
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21 - Action oriented programe (cont'd)

6. For efficient distribution of steel products 
to the various A3EAK countries from the steel 
plants, suitable shipping facilities will have 
to be established.

7. ASEAN countries should give preference to 
3toel products from steel plants in the region 
so that fairly large capacity plants can be 
set up.

The success of the various short-term -and long-tern 
measures indicated above will, however, depend upon the 

seriousness of the ASEAN countries to work together '¿nd 
come to a proper understanding specially in regard to 
marketing, financing, pricing policy, shipping and 
product distribution, development of infrastructure, 
sharing of benefits and responsibilities etc.
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22 -  F.ELZMIHAF-Y FINDINGS

This chapter highlights the main findings of the 

study including the steel situation in the ASEAN countries, 

capacity and product-mix for each steel process unit, prices 

of inpats and finished products, financial aspects, expected 
level of profitability etc. The salient aspects of minimum 

economic size units for 12 selected steel processes, 
comparison with large integrated steel plant for semis and 

finished products, and the appropriate strategy for steel 
development and action-oriented programme for the region, 
have also been discussed.

STEEL SITUATION

ASEAN countries' present production of crude steel, 

mainly from scrap based arc furnaces and the two integrated 
steel plants, Malaywata in Malaysia and Krakatau in 

Indonesia, is about 1*4 million tons per year; whereas the 

total installed capacity is about 2.6 million tons per year 

of finished products or 3.2 million tons per year of crude 

steel. As against the above, the total requirement of crude

2 2 - 1
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22 -  Preliminary findings (cont'd)

steel of the countries is about 7-8 million tons per

year. Consequently, these countries currently import about 

6.4 million tons per year of steel, comprising about 1 million 

ton of semis and the balance as finished products.

The production capacity existing in the region for the 

major steel products is  summarised below:

Bars, rods and sections 

Hot and cold rolled sheets 

Galvanised sheets 

Welded pipes 

Tin plates

Production
capacity
tons/yr

4,024,000

1,102,00-0

1.095.000
1.003.000 

180,000

Based on preliminary projections, the likely short

fa l l  for major categories of st -el is estimated at about 

8.9 million tons per year and 12.7 million tons per year 

respectively by 1985 and 1990 for the entire region as 

given in Table 22-1 and summarised on the next page.
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22 -  Preliminary findings (cont'd)

National Regional 
•OCX) tons min tons

Shortfall by 1985

Bars, rods and 
wire rods 

Sections 
Plates
HR sheet/strip 
CR sheet/strip 
Tin plates

Shortfall by 1990

BaT3, rods and 
wire rods 

Sections 
Plates
HR sheet/strip 
CR sheet/strip 
Tin plates

100 to 365 0.765
120 to 230 0.940
20 to 315 0.835

565 to 1280 3.735
245 to 590 2.020
100 to 160 0.60C

8.895

115 to 650 1.300
175 to 290 1.195
30 to 390 1.205

695 to I960 5.285
310 to 940 2.885
100 to 225 0.820

12.690

Keeping in view the substantial demand, ASEA.M countries 

have been planning for the last several years to set up integr 

ated steel plants. Indonesia has already commissioned same

of the fac ilit ie s  of the Krakatau integrated steel plant.

These include one module of 400,000 tons capacity DR plant,

two 85-ton arc furnaces, two 4-strand b ille t  casters and a 

wire rod m ill. Malaysia, Thailand and Philippines have also

done considerable preparatory work and are seriously contem

plating implementation of steel projects.
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TABLE 22-1 -  UKET Y FUTURE SHORTFALLS FOR SELECTED STEEL PRODUCTS
( ' OOO tons)

Thailand Malaysia Singapore Indonesia Philippines
1985 1220- 1985 1220 1282- 1990 1282 1990 m i 122ÉL

Bars and rods
inclusive wire rods 315 485 100 130 (+)15 (+)80 365 650 - 115

Sections • • 200 290 170 185 230 260 220 285 120 175

Plates * « 20 30 160 220 315 385 245 390 95 180

HR sheets/strip • • 1,280 1,960 615 825 565 •95 615 870 66O 935

CP. sheets/strip • ♦ . 590 940 340 465 275 310 570 840 245 330

Tin plates • • 110 200 125 165 100 100 160 225 105 130
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22 -  Preliminary findings (cont'd)

Because of the large resources involved in nu lti- 

million ton steelworks,member ccwntries are interested in 

exploring the possibilities of having in it ia lly  economic 

size units for each of the following steel processes under 

consideration with possibilities of backward integration in 

future.

i ) B ille t plant
i i ) Wire rod mill

i i i ) Structural shape m ill
iv ) Bright bar plant
v) Seamless pipe plant

V i) GI wire plant
v i i ) Special steel plant

v i i i ) Stainless steel plant
ix ) Hot strip mill
x) Cold strip m ill

Xi) Plate m ill
x i i ) Electrolytic tinning line

MINIMUM ECONOMIC SIZE

For rrrirviimm economic size, the return on investirent 

should at least be equal to the cost of capital, which is  

defined as the weighted average of the desirable return on 

equity capital and the rate of interest charged on long 

term loan. The prevailing annual interest rates in ASEAN 

countries are : 9 per cent in Malaysia and Philippines,

9.5 per cent in Singapore, 12 per cent in Thailand and

22-5
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22 -  Preliminary findings (cont'd)

13.5 per cent in Indonesia. Considering tie maximum interest 

rate of 13.5  per cent per annum and assuming an expected 

return on equity capital of 15 per cent per annum, the 

weighted average cost of capital works cut to about 14  per 

cent, with a debt equity ratio of 60 : 40.

For assessing the economic v iability , the conventional 

approach is  generally the expected net return on the equity 

capital after providing for depreciation, interest charges 

and taxes. Another approach is the internal rate of return 

( 3BR) which takes into account the time value of money. The 

second approach has been adopted as suggested by the ASEAN 

representatives. For minimum economic size the IRR expected 

by the ASEAN countries is  15 per cent.

While considering the prices of input materials and 

finished products for assessing the viability , the incidence 

of duty on imported steel, though applicable in some countries, 

has not been considered. Similarly tax on profit, which may 

be exempted for new industries for the in it ia l period, has 

not been considered.
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M. N. D A t T U R  ft C O M P A N Y  ( P )  LTD mm  msmu kvronkiit mmum
STUOV ON I 
N»«IKL

22 -  Preliiunary findings (cant'd)

ec o n o m ic  sat H a n t s
t  M  AStAN  C O U N TS«

The capital cost has been considered to be sane 

for a l l  the countries. In estimating the production cost 

for each steel product, local variations in the prices of 

input materials as well as in the wages and salaries have 

been taken into acccunt.

The 1RR has been calculated for an operational 

period of twenty years and considering the beginning of the 

f i r s t  year of operation as the zero point. Qitflows on 

account of the fixed investment during construction have 

been compounded. The cash inflows and outflows accruing 

during the operational period have been discounted. The 

IRE has been computed as the rate at which the outflows 

and inflows balance each other.

The IRE is sensitive to those factors which influence 

the cash inflows and outflows. With increase in cash out

flows or decrease in inflows the IRE w ill reduce and with 

decrease in cash outflows or increase in inflows the IRE 

w ill increase.

A higher capital cost would mean a higher cash out

flow and thus a reduced IER. A higher sales receipt or a
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22 -  Preliminary findings (cont'd)

reduced production cost would mean a higher cash inflow and 

thus an increased 3RR. A higher production cost would 

correspond to a lower cash inflow and the IRR w ill conse

quently decrease. Further, a lower level of production 

would result in a lower cash inflow and a reduced IRR.

A sensitivity analysis with reference to the selling prices 

considered is  given in Table 22-2 at the end of the chapter.

B ille t  Plant

The b ille t  plant has been visualised with electric  

arc furnaces and continuous casting machines for production 

of 100 ran sq mild steel b ille ts . Four plant capacities have 

been analysed. The plant capacities considered and the 

estimted capital cost for the different alternatives are as 

follows:

Plant Capital
capacity cost
tons/yr mill US $

A lt. 1 9 9 56,000 18.5

A lt . 2 0 * 94,000 23.0

A lt . 3 • * 300,000 64.0

A lt 4 9 9 510,000 90.0

2 2 - 8
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22 -  Preliminary findings (cont'd)

A 50 : 50 mix of domestic and imported scrap has been 

considered as the charge. The prices of domestic and 

imported scrap considered for the different countries are as 

fo llow s:

Scrap price. 
Domestic

US £/ton 
Imported

Thailand ft • 115 150
Malaysia • • 70 I40
Singapore • • 85 160
Indonesia • • 120 I40
Philippines • • 95 151

Ch the above basis, and the selling prices of b ille ts  

varying from US & 275 to 300 per ton, the 3RR has been worked 

cut fo r  the different plant capacities, as given below:

Selling
price m , %

US i / t o n Alt 1 Alt 2 Alt 3 Alt 4

Thailand ft • 3OO 5.4 10.1 18.7 22.3
Malaysia • • 300 14 .2 18.7 28.3 32.9
Singapore •1 • 300 1.2 8.3 20.2 24.6
Indonesia ft • 295 7.1 11.0 19.1 22.7
Philippines • ft 275 — 1.6 9.3 12.2
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22 -  Preliminary findings (cont*d)

For realising an JRT- of 15 per cent, a plant capacity 

of 150,000 to 200,000 tons per year is indicated for Thailand, 

Singapore, and Indonesia and a capacity of 60,000 tons per 

year for Malaysia. For Philippines, the IRR v/or.3 out to 

about 12 per cent only even with a large capacity of 500,000 

tons per year. This is  mainly because of the lower selling  

prices of US $ 275 per ton of b ille ts  considered for Philippine*.

For production of b ille ts , steel scrap can be 

replaced by sponge iron depending upon its availab ility  and 

price. At present, sponge iron is  being sold by Indonesia at 

US $> 105 per ton. Sponge iron is also likely to be produced 

in the near future by Thailand and Malaysia. Hence, the 

viab ility  of b il le t  project would a lter depending upon the 

ultimate price of sponge iron v is-a -v is the availability  and 

price of scrap.

Wire Rod M ill

Wire rod m ill of three different capacities namely

150,000 tons per year, 300,000 tons per year and 450,000 tons 

per year have been evaluated for production of 5.5 to 12 no 

wire rods. The capital cost for these three plant capacities

2 2 -1 0
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22 -  Preliminary findings (cont'd)

is  estimated at US $ 38 million, US $ 67.5 million and 

US $ 85.5 million respectively. Considering a b ille t  

price of US t  300 to 320 per ton and a selling price of 

US $ 375 to 390 for wire rod, the 1RR for the three a lte r -

tives works cut as follows :

Purchase 
price of 
b ille t

Selling 
price of 
váre rod

IRR. %
Alt 1 Alt 2 Alt 3

US $/ton US $/ton

Thailand • • 320 390 1.1 3.8 6.0

Malaysia • • 310 390 4.1 6.7 8.6

Singapore • p 300 390 3.7 6.7 9.4

Indonesia » • 300 390 9.7 12.5 14.9

Philippines ♦ » 300 375 - 1.5 3.3

With the input and selling prices considered, an IRR

of about 15 per cent is  obtained for Indonesia only at the 

largest of the capacities considered for evaluation namely

450,000 tons per year. A sensitivity analysis indicates that 

i f  10 per cent higher selling prices are considered, the IRR 

varying between 12 and 20 per cent are obtained for the five
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22 -  Preliminary findings (cont'd)

countries with a plant capacity of 150,000 tons per year as 

given below:

Selling 
price of 
wire rod 
US $/ton

1ER
%

Thailand 429 13.9
Malaysia 429 15.8

Singapore 429 15.5
Indonesia ..  429 19.7
Philippines 413 12.3

Structural Shape M ill

The product-mix comprises medium structurals such as 

angles of up to 110 x 110 mn and beams and channels of up to 

150 x 75 mn in plain carbon steel grades. The plant 

capacities considered for evaluation and the corresponding 

estimated capital costs are as fclltv/s:

Alt -  1 

Alt -  2 

Alt -  3

Plant
capacity
tons/yr

100,000
400.000

600.000

Capital
cost

m ill US i$

44

155
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22 -  Preliminary findings (cont'd)

Based on a blocm/billet price o f US $ 300 to 320 per 

ton and a selling price of US $ 405 to 450 per ton for 

structurais, the IRR obtained with different plant capacities 

are as follows:

Purchase 
price of 
Bloom/ 
b ille t

Selling  
price of 

structurais Alt-1
1ER. t  

Alt-2 Alt-?
US $/ton US |/tcn

Thailand . . 320 405 - 4.3 6.5

Malaysia . . 310 405 0.8 6.2 8.5
Singapore . . 300 405 1.7 7.7 10.0

Indonesia 300 405 6.7 11.9 14.5
Philippines .* 300 450 12.2 18.1 21.1

A sensitivity analysis indicates the IRR varie3 between

12.7 and 22 per cent with a plant capacity of 100,000 tons per 

year considering 15 per cent higher selling prices, and between

14 .8  and 26 per cent with a plant capacity of 400,000 tons 

per year considering 10 per cent higher selling prices as 

given on the next page.
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22 -  Preliminary findings (cont'd)

Fiant capacity Plant capacity 
100,000 tons/yr 4.00,000 tons/vr
Selling 
orice 

US % /ton
IRR
%

Selling 
orice 

US #/ton
IRR

T

Thailand . .  466 12.7 446 14 .8
Malaysia .. 466 13.6 446 16.1

Singapore ..  466 14.0 446 17.2

Indonesia .. 466 17.3 446 20 .4

Philippines .. 518 22.1 495 26.2

Bright &tr Plant

A capacity of 20,000 tons per year has been visualised  

for production of bright bars (cold finished bars) in the 

size range of 6 to 100 mm dia. The estimated capital cost for 

a plant of this capacity is US $ 5 million. Considering the 

average price of bars and wire rods of US $ 375 to 404 per ton 

and the selling prices of US $ 560 to 565 per ton for bright 

bars, the IRR obtained is as follows:

Average price 
of bars and 

wire rod
Price of 

bright bars IRR
ÜS f/ion US #/ton i

Thailand . .  4OO 560 20.3
Malaysia 390 560 21.6

Singapore 375 560 2 1.4

Indonesia . .  387.5 565 25.0

Philippines • « 404 560 18.7
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22 -  Preliminary findings (cont'd)

Seamless Tube Plant

Three different capacities have been considered for 

production of ca . bon steel seamless tubes up to 220 mm QD as 

fo llows:

Capacity
tons/yr

A lt .  1 • • 25,000

Alt .• 2 0 • 50,000

A lt .  3 • • 62,000

The capital cost for the plant capacities considered 

is  US $ 59 millions, US $ 84»5 millions and US $ 100.5 mi l lions 

respectively. Based on an input bloom price of US $ 300 to 320 

per ton and a selling price of US $ 860 per ton for tubes, the 

1RR obtained with the different plant capacities are given 

below:

Price of 
bloom

Price of 
tubes A lt 1

HR. % 
Alt 2 Alt-3

Thailand

US $/ton 

.. 320

US $/ton 

8éO 7.0 12.0 13.7
tfelaysia .. 310 860 6.9 11.9 13 .7
Singapore .. 300 860 4.9 10.5 12 .4
Indonesia ..  300 860 9.6 14 .2 15.8

Philippines .. 300 860 8.1 12.9 14 .4
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22 -  Preliminary findings (cont'd)

It  is  seen that the EH varies between 12./* and

15 .8  per cent with a plant capacity of 62,000 tons per year. 

With a plant capacity of 50,000 tons per year, i f  selling  

prices higher by 5 per cent and 10 per cent are considered, 

the 1RR would improve to 12.3 to 15.8 and 14.0 to 17.4 I * r  

cent respectively as given below:

Selling 
price 

US $/tcm
BR
%

Selling 
price 

US $/ton
BE
%

Thai.fand . .  903 13.7 946 15.4

Malaysia ..  903 13 .6 946 15.3

Singapore ..  903 12.3 946 14.0

Indonesia .. 903 15.8 946 17.4

Philippines .. 903 14.6 946 16.2

GI Wire Plant

Three different plant capacities have been evaluated 

for production of galvanised mild steel wire (6 to 24 gauge ) 

as follows:

Capacity
tons/yr

A lt. 1 ft ft 11,500

A lt. 2 ft ft 23,o x

A lt . 3 ft ft 34,500
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22 -  Preliminary findings (cont *d)

The capital cost for the three plant capacities 

considered are US $ 4 »14 million, US $ 6.5 million and 3.89 

million respectively. Based on a wire rod price of US $ 390 

to IB $ 415 per ton and a selling price of IB $ 575 per ton, 

the IRR obtained are as follows:

Price of 
wire rod
IB $/ton

Thailand 415

Malaysia 405
Singapore . .  390

Indonesia . .  410
Philippines .. 400

Price of JRR %
GI wire 
US $/ton

¿Lt 1 Alt 2
M 2

575 6.7 10.9 12.6

575 8.3 12.4 14-1
575 5.2 10-9 13.0

575 9.9 13.7 15.0

575 9.8 13.2 14.7

Special Steels Plant

Two plant capacities of 35,000 tons per year and

75,000 tons per year have been evaluated. Production of bars 

and rods in the size range of 50 to 75 ram of carbon, low alloy 

and spring steal grades has been considered. The capital costs 

for the two plant capacities are estimated at IB $ 23*3 mill ion 

and IB $ 34»5 million respectively. Ba3ed on the prices of 

domestic and imported scrap indicated earlier fo r the different 

countries and an average selling price of IB & 620 per ton for
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22 -  Preliminary findings (cont'J)

a l l  the countries, the ER for the two plant capacities 

discussed works out as follows:

IRR.A ____
Alt 1

Thailand ..  12.7 17 .9
tfelaysia 15.9 21.5
Singapore .. 10.6 16.2

Indonesia .. 14-8 19.9
Philippines .. 10.9 15.6

It  is seen that an IRR of about 15 per cent is  obtained 

for a plant capacity of 35,000 tons per year for Malaysia 

and Indonesia. With a plant capacity of 70,00(1 tons per 

year, an IRR of minimum 15 per cent is  obtained for a l l  the 

countries.

.cfr.n-in'iftqs steel Plant

Capacities of 20,000 tons and 30,000 tons per year 

have been evaluated for production of 600 mm wide cold rolled  

stainless steel strips. While the steelmaking and cold 

rolling fa c ilit ie s  have been provided to match the required 

production, the capacity of 600 mm wide hot planetary m ill 

has necessarily to be about 100,000 tons per year. The 

capital cost for the two alternatives considered is

2 2 - 1 8
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22 -  Preliminary findings (cant'd)

US $ 165 million and US $ 203.5 million respectively. Based 

on a selling price of US $ 2,315 per ton for Indonesia and 

US | 2,090 per ton for other countries, the maximum IRR 

obtained at a plant capacity of 30,000 tor® per year is

7.8 per cent which is fo r Indonesia. A sensitivity analysis 

indicates that i f  the selling price is  increased ty 15 per 

cent, the IRR with a plant capacity of 30,000 tons per year is

7.5 per cent for Thailand, 8.0 per cent for hfeiaysia,

6.4 per cent for Singapore, 11.6 per cent for Indonesia and 

7 per cent for Philippines.

The IRR w ill further improve i f  the capacity of hot 

planetary m ill is  fu lly  utilised  and the hot rolled coils/  

sheets are sold to future cold ro lling  mills in the region.

Hot Strip M ill

A semi-continuous hot strip  m ill with a capacity of 

about 1.5 million tons per year has been visualised fo r  

production of 1,500 mm wide hot rolled coils and sheets. The 

estimated capital cost of the m ill is  US $ 307 million.

Based on a slab price of US $ 245 to 260 per ton and an 

average selling price of US $ 350 to 357 per ton for hot

2 2 - 1 9
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22 -  Preliminary findings (cont4L)

ro lled  products, the IRR v between 14 per cent and 18.7 

per cent as given below:

Price o f Price o f
slabs HR product IRR

US ¡¡¿/to n lbs/ton T "

Thailand . .  26О 350 14.0

Malaysia 255 350 14.5
Singapore ..  245 350 15.8
Indonesia . .  25c 352 18.7

Philippines 255 357 15.9

Cold Strip  M ill

Two plant capacities, one o f 300,000 tone per year with 

a singLe stand 4-h i and another o f one m illion  tons per year 

with a 5-stand tandem m ill have been considered fo r  production 

o f  1,000 mm wide cold ro lled  c o ils .  The cap ita l cost estimated 

fo r  the two plant capacities is  US $ 177.5 m illion  and 

US & 326.5 m illion  respective ly . Based on hot ro lled  c o i l  

p rice o f US $  340 to  36О per ton and a se llin g  price o f  

US & 420 to  l)S у 475 per ton fo r  the cold ro lled  products, 

the maximum IRR obtained is  only 10 per cent oven with the 

la rg e r  o f the two plant capacities considered as given on 

the next page.
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22 -  Preliminary findings (cont'd)

Price of Price of
HR coil CR product JRR
US $/ton US $/ton %

Thailand .. 360 423 -

Malaysia 350 423 -

Singapore ..  340 423 0.4

Indonesia 350 420 -

Philippines 355 475 10.4

I f  selling price higher by 15 per cent is considered

the IRR obtained with a plant capacity of 1 million tons per 

year varies between 12 to 21 .7 per cent as follows:

IRR

Thailand • •
%

12 .1

Malaysia • • 13.7
Singapore • • 15.0

Indonesia • 0 14-2

Philippines 0 0 21.7

Plate M ill

Two plant capacities, one of 200,000 tons per year 

with a 3-hi m ill and another of 600,000 tons with a 4-high 

reversing mill, have been considered for production of 

2 ,500  mm wide plates. The capital cost for the two

2 2 - 2 1
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22 -  Preliminary findings (con t'd )

alternatives evaluated are US i  76 m illions and US v 117 

m illions respective ly . Based on a slab price o f US i 245 to  

US £■ 260 per ton and the se llin g  price o f plates at US $ 365 

to  US & 390 per ton, the maximum IRR obtained is  6.3 per cent 

with a capacity o f 200,000 tons per year and 13.9 per cent with 

a capacity o f 600,000 tons per year as given below:

Price o f Price o f IRR, %
slabs plates AlP. 1 A lt .  2

US i/ton US i/ton

Thailand 260 370 0.9 8.0

Malaysia 255 370 - 6.8

Singapore 245 370 1.8 9.8
Indonesia 250 365 4.2 12.9

Philippines 255 390 6,3 13.9

A sen s it iv ity  analysis indicates that i f  s e llin g  prices 

higher by 5 and 15 per cent are considered, the IRR w i l l  be as 

fo llo w s :

Case ( i ) Case (:

Plant capacity, t o n s / y r . .  200,000 600,0(

Increase in  se llin g
price, % 15 5

IRR. %

Thailand ..  12.9 13.8
Malaysia 12.3 12.9

Singapore 13.3 15.2

Indonesia . .  14.0 17.7

Philippines 16.3 18.8

2 2 - 2 2
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e le c tro ly t ic  Tinning Line

A capacity o f 150,000 tons per year fo r  production o f

1,000 mm wide tinp la tes has been considered, based on the 

price o f  cold ro lle d  c o ils  at US $ 445 per ton fo r  Thailand,

U3 £ 430 per ton fo r  Malaysia, US 4 415 per ton fo r Singapore, 

US $ 425 per ton fo r  Indonesia and US ï  500 per ton for 

Philippines, and a s e llin g  price o f tinp lates o f US 4 700 per 

ton fo r  a l l  the countries, the HR works out to 13*5 per cent 

fo r  Thailand, 14*9 per cent fo r  Malaysia, 16 per cent fo r  

Singapore, 16.4 per cent fo r  Indonesia and 2.8 per cent fo r 

Philippines. The low HR fo r  Philippines is  on account o f 

the higher cold ro lle d  c o i l  price o f US 4 500 per ton. A 

sen s itiv ity  analysis indicates that with a 10 per cent higher 

se llin g  p rice, the IRR w il l  be about 14*3 per cent fo r 

Philippines.

INTEGRATED STEEL PLANT FCR SEMIS

The v ia b i l i t y  o f production o f p lates, hot ro lle d  

c o ils ,  cold ro lle d  c o ils ,  structurais, wire rods etc has been 

examined based on imported semis. However, experience shows 

that assured supply o f semis on a regular basis poses problems. 

This in turn resu lts in  poor u t ilis a t io n  o f plant capacity 

thus a ffec tin g  i t s  economics.
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22 -  Preliminary findings (con t’ d)

The runway in fla t ion  reared by the frequent o i l  price 

hikes hs.s pushed up the equipment prices and other costs 

during the la s t few -ears resu lting in  substantial increase 

in cap ita l costs o f the new pro jects. As a resu lt, the 

minimum economic size fo r  the d iffe ren t s te e l processing 

units are comparatively la rge .

I t  is  l ik e ly  that the lo ca l production o f semis may 

improve the v ia b i l i t y  o f the various s te e l process units 

under consideration. Therefore, with a view to assessing 

the cost o f semis v is -a -v is  th e ir imported prices and to 

serve as a basis fo r examination o f s te e l production in  the 

region, the production o f semis, namely b illers/slabs in 

integrated steelworks has been evaluated.

Due to  a v a ila b ility  o f natural gas, LR-£F route has 

been considered fo r  Indonesia, Malaysia and Thailand and BF- 

BOF route fo r a l l  the countries excepting Singapore. Based 

on the prevailing prices o f equipment and m aterials, the 

cap ita l cost fo r  steelworks fo r d iffe ren t capacities has

estimated as fo llow s: 

DR-hF route BF-•BQF route
Capacity Capital Cost Capacity Capital cost
m ill tons US $ m ill m ill tons US $> m ill

0.425 195 (b i l le t s )  
230 (slabs)

0.95 525 (b i l l e t s )  
545 (s labs )

1.275 44O (b i l le t s )  
520 (slabs)

1.90 830 (b i l le t s )  
865 (s labs )

1.900 635 (b i l le t s )  
690 (slabs)

2.35 1,035 (b i l l e t s )  
1,045 (s labs )
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22 - Preliminary findings (con t'd )

Biased on the prevailing prices of input materials, 

energy etc, the production cost of semis for different capa

cities has been estimated as follows:

Capacity
---------- (1

Production cost
Df -

Capacity
»1? Vf luUt/ü / ̂

Production cost''
m ill tons US v/ton m ill tons US v/ton

0.425 281-292 (b i l le t s )  
299-310 (slabs)

0.95 281 -290 ( b i l l e t s ) 
285-294 (s labs)

1.275 253-263 (b i l le t s )  
267-277 (slabs)

1.90 254-264 (b i l le t s )  
257-267 (s labs)

1.900 247-256 (b i l le t s )  
252-262 (slabs)

2.85 235-245 (b i l le t s )  
235-244 (slabs)

NOTE
i n  Including 20 per cent in terest and 

depreciation charges.

I t  is  noted that the production cost of b i l le t s  by 

integrated steelworks w i l l  be lower in  the region than hie 

present imported price fo r  a l l  the capacities considered. For 

slabs to  be competitive with imports, the minimum le v e l  o f 

production is  around 2 m illion  tons per year.

REGIONAL STEEL HANTS

The economics o f estaolish ing large processing units 

and integrated steelworks for serving the ASEAN market as 

a whole is  as fo llow s.
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22 -  Preliminary findings (con t'd )

Regioral Process Plants

For most o f the s tee l processes, the minimum economic 

size plant capacity as emerging from the analysis presented 

in  Chapters 8 to 19 are fa ir ly  la rge . However, in  case of 

b i l l e t  plant, hot s tr ip  m ill and plate m ill plants o f larger 

capacities may be considered.

In case o f b i l l e t  plant, the production cost o f b iU ets  

with d iffe ren t plant capacities is  as fo llow s:

Production
cost

US ¡¿/ton

0.5 m illion  tons per year
semi-integrated plant . .  238-275

1 m illion  tons per year
integrated IR-iSF plant . .  265-280

3 m illion  tons per year
integrated 3F-BCF plant . .  230-235

As compared to  the above, the imported b il le ts  cost 

US $ 275-300 per ton.

A hot s tr ip  m ill o f 3 m illion  tons per year capacity 

w i l l  involve an investment o f US 4 J+QO m illion  and the 

production cost o f HR sheets/strip from such a m ill is

22-26
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22 -  Preliminary findings (con t'd )

estimated, as an average fo r  t l*o region, a t JS 320 per ton. 

As against th is , the production cost fo r  minimum economic 

size unit o f 1 .5 m illion  tons per ye\r capacity, as an 

average fo r  the region, is  US i  337 per ton.

For a plate m ill o f 1 m illion  tons per year capacity, 

the investment w i l l  be about US i  175 m illion  and the produ

ction  cost o f p lates, as an average fo r  the region, is  

estimated a t US i 365 per ton. As compared to  th is , the 

production cost fo r  the minimum economic size unit o f 0.6 

m illion  tons per year, as an average fo r  the region, is  

US £> 373 per ton.

Integrated S teel Plants

For comparing the economics of integrated s te e l plants 

fo r  fin ished s tee l products with minimum economic size units 

discussed e a r lie r , the fo llow ing two alternatives have been 

studied.

A lt .  1 A lt .  2

Liquid s te e l capacity,
m ill tons/yr 3.0 1 .5

Process route BF-BOF DR-LF

Finished products, tons/yr

Plates 600,000 _

HR strip/sheet .. 930,000
CR strip/sheet 1 , 000,000 •

Wire rods 600,000
Structurais - 600,000
Semis fo r  sale - 100,000
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22 - Preliminary findings (cont'd)

The approximate cap ita l cost fo r  the two a lternative 

plant capacities considered a t hypothetical locations in  the 

ASEAN region is  as fo llo w s :

US »- m ill

A lt .  1 ..  1,885

A lt .  2 ..  710

A comparison o f the production cost o f various s te e l 

products from the integrated s te e l plants, as discussed above, 

with that from the minimum economic size processing units, as 

well as the se llin g  prices considered fo r  s tee l products is 

given below:

Minimum economic
Integrated s te e l plant size unit Selling

Production
Production

cost Production
Production

cost
price
range

'000 t/yr US $/ton •000 t/yr US |/ton US &/ton

Plates 600 353 600 373 365-370
HR strip/

sheets 2,000 310 1,500 334 350-355
CR strip/ 

sheets >* О О о 428 1,000 472 425-475
Wire rods .. 600 334 450 450 375-390
Structurals.. 600 361 400 424 405-450
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To meet the growing demand fo r  s te e l in the region, 

an action oriented follow-up programme involving short-term 

and long-term measures is  suggested below. The success o f  the 

various measures indicated w il l  depend upon the seriousness 

o f the ASEAN countries to work together and come to an under

standing v is -a -v is  marketing, financing, development o f 

infrastructure fa c i l i t i e s  e tc . Considering the magnitude o f 

the task, such regional cooperation is  considered essen tia l.

Short-term Measures

Setting up o f merchant sponge iron plants in  Indonesia, 

Malaysia and Thailand w il l  provide the impetus fo r  the deve

lopment o f the s te e l industry by making available adequate 

supply o f sponge iron fo r ex istin g  and new arc furnace s te e l 

plants. With adequate supply o f s te e l from arc furnace plants, 

production o f b i l le t s ,  wire rods, wire products, cold fin ished 

bars etc can be taken up as national plants. Depending upon 

the demand, production o f medium structurals, seamless tubes, 

special steels and stain less s te e l strips can also be consi

dered as national or regiom.1 plants in the short-term 

programme.
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uong-term Neas'rres

Considering the substantial demand fo r  s tee l, one or 

two large s te e l projects could be established in a l l  the 

countries, except Singapore where fa c i l i t i e s  fo r  production 

of stain less s te e l sheet, special stee ls  and sim ilar products 

could be considered. The s te e l plants could be planned with 

th e ir  product-mix complementary to each other so that economic 

size units can be selected fo r each plant. Plants fo r  produ

ction  o f  f la t  products in  the region should be taken up on a 

p r io r ity  basis.

As the s te e l plants in the region w il l  have to depend 

upon imported raw m aterials, port based locations are suggested 

fo r  the s tee l p lants.
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TAbLE 22-2 -  SEUSITIVm ARAeYSIS .Il'r i RKbPLCV Tu apaalU, PRICE
(bP: Sellir^j price""* US per ton;

IRR : Internal Kate of Return » per cent)

Thailand Malaysia Singapore Indonesia Philippines

hoi» kluu

P la n t C a p a c ity . 150.000 to n s/yea r
SP (b a se )/IR R  
bP 1+ 5W /IKR  
bP (+1 Qjto)/IRK

P la n t C a p a c ity . 5 0 0 .OOP to n s/yea r 
bp vh a se )/ItiR
sp 5w/IRR
¿4* (▼! 0/o)/IRR

P la n t C a p a c ity , 4 5 0 .000 to n s/ye a r

UP ib a se )/lU R  
bi? (*» 5 ja)/IR R

b-utU /niiA ii bhIPB frjluu 

P la n t C a p a c ity . 100 ,000 to n s/ye a r 

bp ^ base)/IRR
iff 5>a)/IRR
bP W 0fr)/1R&

Plant Capacity, 400.000 tons/year 

UP ^base)/IRit
bj? v*» 5s«)/IRR 
&  (*lO /» )/iR R

Plant Capacity. 1Q.0Q0 tons/year 
UP \hase)/lRR
bP v* 5je)/IR R  
bP ^+1Q>a;/IRR

Plant Capacity. 62.000 tons/year
bp v b u se )/Iriii
bP v*» 5$e)/IRri

390/1.1 
410/6.4 
429/13.9

390/4.1
410/10.6
429/15.8

390/3.7
410/10.3
429/15.5

390/9.7
410/15.0
429/19.7

375/-
394/6.6
413/12.3

390/3.8
410/10.9
429/16.6

390/6.7
410/13 .2
429/18.5

390/6.7
410/13.1
429/18.5

390/12.5
410/10 .0
429/22.8

375/1.5 
394/9.1 
413/14.9

390/6.0
410/1J.5

390/8.6
410/15.5

390/9.4 
410/16 .1

390/14.9
410/20.8

375/3.3 
394/11.2

405/-
425/4.8
446/9.1

405/0.8
425/6.0
446/10.1

405/1 .7  
425/6 .7  
446/10.6

405/6.7
425/10.7
446/14.2

450/12 .2
473/15.8
495/19.1

405/4.3
425/10.1
446/14.8

405/6.2 
425/11.6 
446/16.1

405/7.7
425/12 .0
446/17 .2

405/11 .9 
425/16.4
446/20.4

450/18.1 
473/22.3
495/26.2

660/12.0 
903/15.7 
946/16.4

860/1 1 .9  
903/13.6 
946/15.3

060/10.5
903/12.3
946/14.0

060/14.2 
903/15.0 
946/17.4

860/12 .9
903/14.6 
946/16.2

860/15 .7
903/15.4

860/13.7 
905/15.4

860/1 2 ,i\ 
905/14.2

UbO/1 5 .8
905/1 7 . 4

860/14.4 
903/16.1
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г о P la n t C a p a c ity . 600 .000 to n s/yea r
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405/0.8
425/6.0
446/10.1

405/1 .7
425/6.7
446/10.6

405/6.,
425/10.7
446/14.2

450/12.2
473/15.8
495/19.1

405/6.2 
425/11 .6 
446/16.1

405/7.7
425/12 .0
446/17 .2

405/11.9
425/16.4
446/20.4

450/1 Ь.1 
473/22.5
495/26.2

860/11, i
903/13 .6
946/1 5 .З

ьбо/10 .5
903/12 .3
946/14.0

860/14.2 
903/15.8 
946/17.4

860/12.9
903/14.6 
946/16.2

860/13.7
903/15 .4

Ьб0/12 .А
9ОЗ/14.2

860/15,ь
9О5/17 .4

660/14.4
903/16.1

370/ -
426/12.3

370/1,ь 
426/13.3

365/4.2
420/14 .О

390/6.3
449/16.3

370/6.8
389/12.9

370/9.8
389/15.2

365/12.9 
383/1 Ы

390/1 3.9 
410/18.8

t
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APPENDIX 2-1

SEMI-INTEGRATED STEEL PLANTS IK THAILAND

Plant Products
Steelmaking
capacity

Rolling
capacity

tons/yr tons/yr

1 . The Bangkok Iron & Steel Wortes 
Co Ltd, Fhrapradaeng Dt.

Bars and small 
sections

173,000^ 150,000

2. Bangkok Steel Industry Co Ltd 
Samutprakaran . . Round bars 92, 000* ^ 80,000

3. G.S, Steel Co Ltd,
Samutprakaran Bars 158,000 150,000

4. The Siam Iron & Steel Co Ltd, 
Teluang Bars & wire rods 154,000 165,000

5. Thai India Steel Co Ltd, 
Samutprakaran ..

Reinforcing bars, 
f la ts -AltQOQ 60,000 s

a
Total 622.000 605,000 m

?

NOTE
T ï ï  Estimated,

Source: SEAISl Directory 1979.

о
►

e
a
•
о
о
к
я
>
X
<

«•
о

S

ï
i с  Z

i l  §
H  1g

Ц



APPENDIX 2-2

SEMI-INTEGRATED STEEL PLANTS IN INDONESIA

P la n t P roducts
Steelm aking

ca p a c ity
R o llin g
ca p a c ity

1 . P . T . Baja In d o n esia  U tama, 
Jakarta B ille t s

to n s/y r

200,000

to n s/y r

2 . P.T. Budidhanna Jakarta, 
Jakarta Bars 90,000 120,000

з. P. T. Djatim Utama Steel Mfg 
Co Ltd, Djawa Timur Bars, wire ra ils 20,000 20,000

4 . P. T. Gunung Bahara, î-iedan Bars

.—

OO

14,000

5 . P. T. In ti General Yaja Steel, 
Semarang Bars 17 ,000v1* 15,000

6. P. T. Iros te e l Works, Jakarta Bars 70 ,000 60,ООО'

i 7 . P. T. Ispat Indo, Surabaya Wire rods 150,000 130,000
N
•

8. P. T. Djakarta Iron Products, 
Jakarta 5,000 4 ,3 0 0

9 . P.T. Maxiferro (Steel)
Industry Co Ltd, Tangerang, 
W. Java Bars, wire rods 30,000 60,  000

10 . P.T. Pulogadung Steel Mfg 
Co Ltd, Jakarta Bars 30,000 45 ,000

1 1 . P.T. Toyogiri Iron & Steel, 
Jawa Barat Rolled products 70-000(1 ) 60-000

Tetal . . 698 .000

NOTE:
(1 ) Estim ated
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APPENDIX 2-3

SEM I-INTEGKAIED STEEL PUN TS IN  TUB PH ILIPPIN ES

I

1

P la n t Producta
Steelm aking

ca o a c ity
R o llin g
c a o a c ity

to n s/y r to n a /y r

1 . P h ilip p in e s  Blooming M ills ,
R iz a l

2 . A lle n co  S te e l C o rp o ratio n ,
R iz a l

3» A p o llo  S te e l M ills , 
Mamdaloyong

4« Armco M arsteel A llo y  Cor
p o ra tio n , M etro Mani la

5 . Arm strong In d u s trie s  In c ,
Bu lacan

6.  M arcelo S te e l C o rp o ratio n
Ifa n ila

7 . M arste e l C o rp o ratio n ,
N ovaliches

8.  N atio n a l S te e l C o rp o ratio n ,
Ilig a n  C ity

P a s ig , M an ila

9* Globe S te e l C o rp o ratio n , 
R iz a l

MOIE:
(T )  B e tie a te d

i
B a ra , se c tio n s 235,000 135, 0C0

B a rs , w ire  rods 5 0 ,0 0 0 ^ 43,000

Bara 60,000 52,000

M erchant p ro ducts 70, 000^ 60,000

S te e l p ro ducts 3 5 ,0 0 0 ^ 30,000

B a ra , w ire  rods 54 ,000 21,000

B a ra , s t ru c tu ra is , 
hoop 30,000 32,000

P la te s , sh e e ts , 
b ars 6 0 ,0 0 0 ^ 962,000

CR c o il/sh e e ta - 140,000

B a n ____ Ш 0 Я

T o ta l • • t.i2S.O O O
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е
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ж
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м
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S o u rce : S EA IS ! D ire c to ry  -  1979
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TNSTAT.y.Kn HÂ inTTY TM TOR J^RA^ mnWTBTBS 
FOR VARIOUS S im

Ipdfl
to n s/yea r to n s/year to n s/year tons

1
B a rs & rods and se ctio n s

In te g ra te d  p la n ts • • - 157,000 -

Seed -in te g ra te d  p la n ts • • 605,000 107,000 365,000 528,

R e~ ro ll4ng w illy • • 200.000 128.000 _ _ 22L

Hot and co ld  ro lle d  sheets »•

805,000 392,000 377,000 1 ,305 ,

*

G alvan ised  sheets • • 226,000 135,000 - 26? ,

Welded p ip es • * 154,000 105,000 45,000 3 9 i,

T in  p la te s • • 60,000 -

W ire and w ire  products • e • • • 61,000 60,000 27-'|

NOTE
(*}) Exclu d es Thailand  and P h ilip p in e s fo r  w hich d ata i s  n o t a v a il ab le

M.N, DASTDR & COMPXNY (P )  LTD 
CALCUTTA

g S E C T I O N  1



¿PPEiD IX  2- ¿

т т ы

TOSTM.T.m co p ie u r IN  THF Щ Ц » пгам тятю  
TOR VARIOUS STEEL ИЮ Ш СК

to n s/year to n s/year
RiiiMjwánw
to n s/year

M ftk
ia/;to n s/year

157,000 - 480,000 - 637,000

107,000 365,000 528,000 423,000 2,028,000

126.М Й 12.000 722,90a 1-159.000

392,000 377,000 1,305,000 1 ,145 ,000 4, 024,000

- 1 , 102,000 1 , 102,000

135,000 - 267,000 467,000 1 ,095 ,000

105,000 45,000 394,000 305,000 1 ,003 ,000

— - - 120,000 180,000

61,000 60,000 274,000 • • • 395,000 ( 1)

lilippines for vdxich data is  not «reliable



i m r c w f r g

W ProCTIOK JHD IMPORT OF S g &  IK  1977 A-

____________ ________H aliiTiria^ 1 S iru rm ».»
V f f f .. 1978 1977 1 ___ m t .

(e q u iva le n t exude
s te e l) JSSuSm 3 1 3 ,  W Q 125*009 315.QW 2£_

Im ports

Seeds f t * 226,070 385,376 24,  326 '2' a * ,9 i« (2 ) 24,700 ✓ .

Sectio n s •  ft 167,482 193,868 63,999 70,682 192,500 1c;

KLates • ft 477 ,96 5 '4 ' 18,337 63,737 88,199 206,605 2£.

Sheets ft ft 447,629 380,989 270,623 153,642 231

T in  p la te s • ft 50,434 43,766 66,266 68,287 71,728 r ; 
>*•

W ire rods • ft 45,645 47,466 65,437 115,219 64 ,504 3 ;

H ire s • ft 50,867 20,967 - - 11,184

Tdbes 6 f it t in g s • ft 14,668 - 61 ,314 77 ,854 248,748
Hoops & s tr ip e • ft 24,890 14,228 7 ,968 14,746 28,772 4 a !

W heels & ty re s ft ft 662 ... 5 .513 » <

TOTAL • ft 1 ,058 ,683 h U h m 734,036 728,578 v ° » g 75.

Based cm in fo n n atio n  on im ports made a v a ila b le  by M ala; 
B ille t s  o n ly
In c lu d e s 40 ,005 to ns o f nerchan t b a rs .
In c lu d e s sheet 8 .

Source: S te e l S ta t is t ic s  fo r  Member C o u n trie s, SEATS!,

sTcTl o n 1 I

M.N. DASTUR & COMPANY (P ) LTD 
CALCUTTA



СПОИ АИР М О И  OF Я Д  IN 197? АИР 1978

ЛИДИИ. Й-Д

.  ÍD

с 2)

%чмюст Indonesia RixüptcUies,
1978 1977 1978 1977 1978 1977 1978

ш т т ш а 281.000 250.000 ш 357.000

* ,9 Ü * 2 ) 24,700 55,520 167,800 180,147 651,700 338,529*

70 ,682 192,500 107,358 154,297 78,779 58,753 21,138

88,199 206,605 222,972 98,958 131,932 153,973w 90,750

27*:,623 153,642 231,193 409,445 437,509 344,678

68,287 71,728 56,409 72,999 89,698 Я ,074 92,817

115,219 64 ,504 37,318 119,137 128,908 13,456 73 ,937 '

- 11,184 9 ,506 5,970 5,745 12,713 -

77 ,854 248,748 - 77,703 158,648 26,587 24,675

14,746 28,772 28,028 43 ,954 37,668 29,696 -

» 6 ,766 1.9É9 1 7 .6 « _

728,578 1 ,002 ,383 755,070 1 ,152 ,232 1 ,266 ,644 1 ,000 ,952 986,524

(2)

(3)

ion on importa nada available ly  MaLaysim Industri ай Development Agency« 

◦ns o f merchant bara«

for Member Countries, SEAIS! «
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APPENDIX fr-1

I

'.tuäht) m UN ORE/PSu£T alT NATION

A brief review of the world situation on iron ore/pellet 

is  given below with a view to identify the possible sources of 

supply to the ASEAN countries.

IRON ORE 

Reserves

A survey of the iron ore resources of the world by the 

United Nations has shown that the world resources of iron ore 

are estimated at 702,500 million tons, as indicated below:

UORdb IRoN CRE RESJIRCES 
(million tons)

Total
Reserves Potential resources

developing region 50,900 157,200 196,100

developed region 192.400 594.000 506.400

Total . . 251.300 331.200 782.500

Source: Survey of world Iron Ore Resources,
United Nations, New York, 1970.

It may be added that Asia and the Far-East have 

reserves o f 16,900 million tons and potential of 52,500 
million tons, making a total of 69,400 million tons, equi

valent to 9 Per cent of the total world iron ore sources.

"  5  -
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Appendix > 1  (cant'd.)

m o  m m  m u m  d m i o m i h t  o k a h iz a t io h
STUDY ON MINIMUM ECONOMIC SOX H AN TS 

FOR STEEL PROCESSES IN ASIAN  COUNTRIES

Production

W orld iro n  are production  has "been growing to  keep 

pace w ith  the s te e l p ro d u ctio n . The w orld  iro n  are production  

has in creased  from  624 m illio n  tons in  1965» to  774 ” *.13 jo n  to ns 

in  197^» 2nd 880 m illio n  tons in  1973. The m ajor producing 

co u n trie s are  U .S .S .R , A u s tra lia , U.S.A., B r a z il, Canada,India, 
P ran ce , South A fr ic a , Sweden, L ib e ria  and o th e rs .

In  the in te rn a tio n a l m arket, iro n  ore is  the second 

la rg e s t s in g le  tonnage item  trad ed , next o n ly to  o i l . The 

ra p id  expansion in  w orld  iro n  ore trad e  has re su lte d  from  

fa c to rs  such as the growth o f the s te e l in d u stry , use o f r ic h e r 

o re s , the emergence o f Japan as the lead ing  im porter and the 

in tro d u ctio n  o f la rg e  b u lk  c a r r ie r s , lead in g  to  su b s ta n tia l 

red u ctio n  in  ocean fre ig h ts . The sea-borne trad e in  iro n  ore 

has w itnessed  ra p id  grow th, as can be seen from  the fo llo w in g  
fig u re s :

M illio n
tons

1965 150

1970 247
1974 520
1973 542

I t  is  expected th a t th is  trend  would continue and i t  

has been fo re c a st th a t approxim ately 42O m illio n  tons o f ore 

would be traded  in  1980 and 555 m illio n  tone in  1985* The 

country-w ise production and exp o rt o f iro n  ore fo r 1978 a re  

as fo llo w s :

-  é -
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WORLD m o* (B E  ERQDUCTIQN AW) BXPdtTS -  1978 
(m illio n  tana)

Production BxD Crt

U .S .S .R . % • 244.2 4 1 .0
•A u stra lia • • 83 .2 75.0
U .S .A . • • 82.1 4.3
B ra z il • • 80 .0 66*4
Canada • • 42 .9 31 .6
In d ia • • 3 7 .0 2 0 .4

Prance • • 33 .5 1 1 .4
S .A fr ic a • • 23 .6 1 4 .0
Sweden • • 21 .5 2 0 .5

L ib e ria • • 18 .5 2 0 .0

O thers • • -2 Z A
W orld T o ta l • • 0Z5.1.Q

Source» Panel D iscu ssio n  Speeches» IE » I 13 ,  
Sydney» October 1979»

PBLUBT

P e lle t»  as a  source o f iro n » has gained com m ercial 

acceptance d u ring  the la s t  two decades. The w orld  annual 

p e lle t is in g  ca p a c ity  has grown from  20 m illio n  tons in  I9 6 0 , 

to  70 m illio n  tons in  1963» 120 m illio n  tons in  1970 and to  

188 m illio n  tons in  1975» ^he w orld  ca p a c ity  is  c u rre n tly  

estim ated  a t 230 m illio n  tons per year and i t  is  expected th a t 

toy 1981 another 40 m illio n  tons per yea r would be produced. 

L a tin  Am erican co u n trie s have a t p resent about 19*3 m illio n  

tan s per year o f p e lle t  ca p a c ity  in  operation  in  B ra z il and
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Peru and have another 29 million tons per year of capacity 

under construction and planning in  Argentina, Brazil, Chile 

and Venezuela. Consequently, these countries have emerged 

e ls  significant sources o f pellet supply. Sseden has a 

pelletising capacity of about 9 million tons per year of 

which a considerable portion is  for DR pellet and by 1981 

Sweden w ill have an additional pellet capacity of about 
2 million tons per year. Australia has a pelletising *apa- 

city of over 12 million tons per year.

The analysis o f iron ore/pellet available from 

different sources such e ls  Australia, Sweden, India and Brazil 

is  given on the next page.

PUSSIBuE SJUtCBS OF SIPPiiY

Taking into account the above review, on the availa

b ility  and quality o f ore/pellet, the potential sources of 

supply fo r iron ore lumps/pellets for the ASEAN countries 

could be Australia, Sweden, Brazil and India. However, 

Considerir^ the nearness to the ASEAN countries, Australia 

and India would have an edge over Sweden and Brazil in  terms 

of ocean freight.
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A u s tra lia

H asser s la y  Iro n  P ty  L td  -  Tom P ric e
M t. Neuman Jo in t  Ventures -  

M i. H ia le b a ck '1 '
M t. Goldsw orthy M ining L td  - 

Mena Mamba'1'

Taxas G u lf -  H an vrig h t Marandoo
Ham wersley

Broken H il l  P ty  C o .L td , Why a lia

(1 )

Savana R iv e r N in e s, Savage R iv e r 

U f fa  Robe R iv e r , Pannam am ioa

NMDC -  B a ila d ila

-  D onim alai
-  B a ila d ila ^  ̂
-  Goa

SaMj RCO -  Utah In te rn a tio n a l
CVRD
MBR

Swdan
H U B

M otel
(1 ) Under development

amalvsis am mas crb/ p e l l b t  ir o n  m uch  so u rces

Lump

Lump

Lump
Lump

P e lle t

P e lle t

P e lle t

P e lle t

Lump

Lump
P e lle t
Lun»
i t e U e t

P e lle t
P e lle t
Lump

s

1

8-30 6 3 .6 2.3^ 1.4 4 0.053 0.015

6-30 6 7 .7 1.2 4 0.71 0.021 0.007

6-30 62 .3 2 .5 0 1.3 0 O.O64 0.025
6-30 6 3 .4 2 .6 0 1.5 0 0.043 NA

63 .3 5 .1 6 3 .10 0 .067 0 .004

66.7 2 .2 0 1.5 0 0 .0 2 0 0 .003

66 .9 1 .72 1 .82 0 .006 0 .002

63.3 6.30 3 .15 0.004 0.007

e
>

o
o
K
V
►

o

9 .5 -150 66.0 1 O.O(SiQ2+AL205; 0 .10 0 .0 5

10-30 65 .5 4 .2 4 .2 0 .10 0 .0 5
- + 66.0 - - m» -

59 .0 _ 4 .5 0 .10 0 .10
66.0 2 .10 1 .75 0 .06 0.09

mm 66.0 3 .1 0 0 .60 0.040 0.002
mm 68.1 0 .9 0 .84 0.026 0 .005

12 -5 0 64.66 1 .0 1 .7 5 0.070 OjMO

68.6 0 .59 0 .35 0.013 0.010P e lle t
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APPEjDLC 3-2 

uUaLD COAL SITUATION

In view of the need to import coki.:g coal for the 

ASEAiT countries, a brief review of the world coal situation 

is  given below.

dt»üRtt\TSS

The total coal reserves of the world have been placed 

at about 10,702 b illio n  tons, including measured reserves of 

a l l  ranks at about 1,298 b illion  tons and economically 

recoverable hard coal at about 476 b illio n  tons« U.s.b.H., 
U.S.A. and China F«ii« account for about 9*0 per cent of the 

world's total coal resources; these countries also possess 

about 82 per cent of the world's economically recoverable 

hard coal. West Germany, Australia, India and ocuth Africa 

account for another 14 per cent of recoverable hard coal, 

while other African countries and ¿outh America have very 

l i t t le  coal resources. It has been estimated that the 

world's cold.1% coal reserves amount to some 120 b illion  tons 

or about 23 per cent of economically recoverable hard coal.

EXP CRT IMG COth/lKlES

The world production of hard coal in 1977 was about 

2,463 million tons and some of the leading producers were 

U.S.A., U.b.d.d», China P«ft», Poland, Australia and Canada. 

The international coal trade is  limited to the higher quality 

hard coals, in view of the relatively high shipping rates

-  1 0  -
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Appendix 3-2 (cont'd)

involved. In 1977, about 199 million tons o f coal entered 

the world trade and the leading exporting countries included 

U.S.A., Poland, Australia, U.S S.R. and Canada.

Australia is  the world's third large exporter of hard 

coal and the second largest exporter o f coking coal. 3h 1978, 
Australia exported 38 million tons of hard coal of which 

33 million tons were coking coal. The country possesses 

20 b illion  tons o f economically mineable hard coal, of which 

about 50 per cent is  believed to be coking coal. Australia 's  

large bituminous coal deposits occur mainly in  Queensland, 
from where coals with good coking properties can be obtained.

In U.S.A., the Appalachian coal belt is  one of the 

world's largest and best known hard coal reserves. According 

to the U.S. Bureau of Mines, the reserve base of premium 

grade coking coals may amount to 40-5# b illion  tons, o f 

which about 50 per cent are identified. U.S.A, is  the 

world's largest hard coal producer and also exporter.

Canada possesses adequate coal reserves and is  a leading 

producer and exporter of hard coal.

QUALITY

Ceking coals most meet certain physictd. and chemical 

requirements to be used in the manufacture of metallurgical 
coke. The proximate analysis of typical coking coals of 

Australia, Canada and U.S.A. is  shown on the next page.
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PROXIMATE ANALYSIS OF COKING COALS

Sources Location
Inherent
moisture V.ii. F.C. Ash s

Free
sw elling
index

% % IT % T —

Austra lia

Queensland -  Low v o la t i le B lu ff 1.4 15.6 74.1 8.9 1.0 6
-  Med. v o la t i le Black water 2.0 23.0 67.0 e.o 6.4 6-7
-  High v o la t i le Black water 2.1 27.0 63.0 8.5 0.5 5.5
-  High v o la t i le Kianga 2.8 32.5 57.9 6.8 0.68 4

Canada
Kaiser Resources Ltd Balmer 1.5

i 1 )
19-22v 1 - 9.5 1 

max
0.40
max

6—8

U.S.JL

Pennsylvania -  High Pittsburgh 1.1-3.7 32.3-36.4 4.8-10.8 0.7-3.2
v o la t i le

West V irg in ia  -  Blendable Iaeger 6.0 26.0-27.5 - 7 .0 - 7.5 0.85
Low vo la -

t i l e Sewell - 22.0 - 4.0 0.9
V irg in ia  -  C lassica l

met, coal Pocahontas 1 .Í-5 .3 15.5-21.G - 2.3-6.0 0.3-0.8
Kentucky -  High v o la t i le F irec lay 3.6-7.3 33.8-40.0 - \J1 • 0 1 • о 0 .6-2.4

KOTE
(1) A ir dried.

&

H-
X
Vo
IV)

ооa
c+
Cb

s

о
>
• I
H
c

V
о
о
s
»

о
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POSSIBLE SOIRGES

Based or. a review of the world coal situation, in  

respect of meeting the coking coal requirements o f the 

ASEAN countries, Australia could be considered as a potential 
source, in view of the country's nearness and its  export 

performance. However, traditional exporting countries 

lik e  U.S.A. and Canada could also be considered as possible 
sources.
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AgflSMDIX d-1

BJS3S K R  XBTffiMINING UNIT HOCBS OF M«JCR M fflBRIA lS 
4HD ENERGY INPUTS

fa r  lo c a lly  av a ila b le  m aterials« tbe p rices are based 
an data co llected  during the f ie ld  study raid infarm a- 
tien  made ava ilab le  by some countries.

fa r  imparted m aterials« p rices are ex -po rt and no 
impart duties have been considered.

Port charges have been assumed as ii> d 5 per ton fo r  
a l l  countries and business/sales tax have been taken 
as shown below:

5 .

8 .

Business/sales tax 
{CJ> on C & P value)

Thailand 

Malaysia 

Singapore 

Indonesia 

Philippines

Iron ore price ( f .o .b . )  calculated as follows:

BF grade (65> fb j at US d 0.30 pur Ife unit

IR grade (695*> at IB d 0.50 per lte unit

Pellet price assumed at US d 0.50 per It unit fo r f.o .b . 
supply. Fe content of pellet assumed as 66 per cent.

Price of zinc assumed at US £ 780 per ton f .o .b .
Metallurgical coal price assumed at US e 48 per ton 
f.o .b .

Ocean freight for a l l  countries assumed as follows:
Iron ore/pollet . .  US 0 10 per ton
Coal 
Others

US y 13 per ton 
US y 30 per ton

-  1 4  -
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¿Hiu'iUIX. 5—1

PifeVAlLIiC DlJTf HATES Qjf BPQftPED 
gp»Li. P^aaucTs

_________ Item ___________

Rebars 

W ire rod 

HR sheet 

Gft sheet 

P la te s  

G I sheet

Tir^jlate 

Pipes» black

Beams

S ta in le s s  s te e l 
sheet

Bright bar
(above 25  ran d ia )

Thailand
*

P h ilip p in e s
->

10 50

2 50

2 10

2 30

2 10

75
(US ft/ t)

50

- 50

- 50

2 30

15
(U5> * / t )

10

2 10

Indonesia______
*

30

20/25

5

5

5

20/40

Nil

lO (abcwe 100 on d ia ) 
40(beldN 100 nan d ia )

5

5

10

1 5
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APPENDIX 5-2

PRICED OF SEMI-FIIflSHEb PROBUCTS 
COLLECTED ЕШ1Ю FIELD INVESTIO/ffloNS 

( US $ per ton CAF)

Product Thailand Malaysia Si псах» re Indonesia Philim ines

B ille t 27O 3ОО 295 3ОО 295
HR coil 32О 322 З1 О-35О - Ml
CR coil 462 ьв3 410 - -

Source:

1. For b ille t prices:

Thailand
Malaysia
Sir^japore

Indonesia
Philippines

Thai India Steel Co Ltd., Bangkok 
Amalgamated Steel Mills, Kuala uumpur 
National Iron and Steel Mill btd, 

Sirgapore
P.T. Ispat Indo, Surabaya 
Philippine Blooming Mill, Rizal

2, For HR coil prices:

Thailand
Malaysia

Singapore

Philippines

Thai Asia Steel Pipe Co, Bangkok 
Maruichi Malaysia Steel Tube,

Kuala iiUmpur
Leorg Huat Industries btd and 

The Malaysian Steel Pipes Co Ltd 
Pasig Steel Corporation, Manila

3- For CR coil prices:

Thailand
Malaysia
Singapore

Sangkasi Thai Co btd, Bangkok 
Federal Iron Works Bhd, Kuala Lumpur 
beong Huat Industries Ltd

-  1 6  -



P.IG&5 OF ¿J-.-iC. 1&-X II;HIT jvlATEu 
(US por ton)

Tha-tland_________  __________ Malaysia,________  _________ Singapore

Product
CIF
price

Port charges 
& sales tax Total

GIF
price

Pbrt charges 
& sales tax Total

CIF
price

Port charge 
& sales tax

Billet/bloom . .  295 25 320 295 15 310 295 5

Slab . .  240 20 260 240 15 255 240 5

HR coil . .  335 25 360 335 15 350 335 5

CR coil . .  4-10 35 445 410 20 430 410 5

Wire rod . .  385 30 415 385 20 405 385 5

Bars . .  365 30 395 365 20 385 365 5

NOTE
(1 ) Based on selling price of US $ 520 per ton as indicated by Metals Industry 

Research & Development Center. Manila which includes 30$ customs duty. 
Input price calculated as US $ ¿00 ( i .e .  US $ 520/1.3).

i  S E C T I O N  1 |

M.N. DASTUR & COMPANY (P ) LID 
CALCUTTA



Jàr^DiIX 5-3

«  - JÎL Sï-Z -éZL  ICI 
i ÿ  po'r tö n )

IIîRJT MATERIALS

la v s ia  
•t charges
:1e; M a l

C IP
p ric e

P o rt charges 
& sa le s  ta x  T b ta l

In d o n esia
C IF  P e rt charges 
p ric e  & sa le s  ta x  Ib ta l

Philippines 
CIF Port charges 
£>licc & sales tax Xc bal

15 310 295 5 300 290 10 300 270 30 300

15 255 240 5 245 240 10 250 230 25 255

15 350 335 5 340 336 14 350 320 35 355

20 430 410 5 415 413 12 425 450 50 500

20 405 385 5 3C0 3tf5 25 410 40G ^

20 385 365 5 370 365 40 405 365 40 405

ton as in d ica te d  by M etals In d u stry  
which in c lu d e s JO% customs d u ty , 

.e. US % 520/1.3).

Î  S E C T I O N  2

1 7
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АРРВ1ГО1Х 5-4

SELLING H*ICBS CF FINISHED HtCDUCTS 
COLLECTED DIRING PIBLJ IUVESTIGATIOS 

(tè» S per tonj

Product Thailand
Indo-

Malavsia Singapore ne sia
Ih ilfr-
ppines

Rebars 401 317 525 402 45O-5OO

Wire rod 475 425 -  4ЗО-45О —

âright bar¿ - 665 -

Structurais - 426 -

№ coil/sheet - - 420-505

CR coil - -  -  - 572

Tinplate

Sources:

700

1. Por rebars:

Thailand -  G.S. Steel C0 Ltd, Bangkok
Malaysia -  Malay awata Steel Bhd. Penang
Singapore -  National Iron and Steel Co
Indonesia -  P.T. Krakatau Steel, Cilegon
Philippines- da.tic.nal Steel Corporation,Iligan city

2. Por wire rod:
Thailand -  Siam Iron and Steel Co Ltd» Saraburi 
fialaysia -  Malay awata Steel 7 Ы , ifenang 
Indonesia -  P.T. Ispat Indo» Surabaya and P.T. 

Krakatau Steel» Cilegon

3. Por bright bars:
Malaysia -  Bright Steel Pvt Ltd» Kuala Lumpur

4. Par structurais:
Indonesia -  P.T. Krakatau Steel» Cilegon 

3» Por Hi coil/sheet:
Philippines- National Steel Corporation,Iligan city 

6. Por CR coil/ehect:
Philippines- National Steel Corporation,Iligan city  

7» Por tinplate:
Thailand -  Thai Tinplate Mfg Co, Bangkok

1 8



APPENDIX 5-5

ESTIMATED SKT.T.TWr, PRICES OF FINISHED PRODUCTS 
(US $ per ton)

Thailand Malaysia________ Singapore

Product
CIF

pzice
Pbrt

charras Total
CIF

mice
Port

Qka£E£S Total
CIF

price
Port

charges To,

Billet/blocm • • 295 5 300 295 5 300 295 5 3‘

Slab # • 240 5 245 240 5 245 24O 5 r

Wire rod • • 385 5 390 385 5 390 385 5

Bright bar • • • 555 5 560 555 5 560 555 5 5<

GI wire • • 570 5 575 570 5 575 570 5 5-

Structurals • • 400 5 405 400 5 405 4OO 5 4

HR sheet • • 355 5 360 355 5 360 355 5 3'

HR to il • e 335 5 340 335 5 340 335 5 3.

CR sheet • • 425 5 430 425 5 430 425 5 U-

CR coil • • 410 5 415 410 5 415 410 5 41

Plates • • 365 5 370 365 5 370 365 5 35

Tinplate • • 700^) 7 0 0 ^ 7C

Stainless steal sheet/ 
strip • • 2,085 5 2,090 2,085 5 2,090 2,085 5 2, 0(

Seamless tubes • • 855 5 860 855 5 860 855 5 8t

Special steel bars/rods • • 620^ 6 2 0 ^ 61

NOTES
Assumed price.
Selling price indicated by Depart emeu Perindustrian BX, Jakarta, less sales tax and impor 
Sailing pzice indicated by Metals Industzy Research & Development Centre, Manila, 

less  sales tax and import duty.

S E C T I O N  1M.N. DASTUR & COMPANY (P) LTD 
CALCUTTA



APPENDIX 5-5

„TTO SH.IJHG PRICES OF FINISHED PRODUCTS 
(US $ per ton)

Port
charges .M flJk

ahngapore----------
CIF Port

price charges Total

Indonesia 
CIF Pert

price charges Total

_______Philippines
CIF Port

price charges Total

5 300 295 5 300 290 5

5 245 240 5 245 240 5

5 390 385 5 390 385 5

5 560 555 5 560

5 575 570 5 275 570 5

5 405 400 5 405

5 360 355 5 360

5 340 335 5 340 335 5

5 430 425 5 430

5 415 410 5 415 410 5

5 370

700*1)

365 5 370 

700*1)

5 2,090 2,085 5 2,090

5 S60 855 5 860 855 5

620*1) 620*1)

295 270 5 275

245

390

230 5 235

375(3)

565(2^ 555 5 560

575

405(2)

365(2)

570 5 575

450*3)

390*3^

340

425(2)

320 5 325 

495(3)

415

36 5 ^

700*1)

450 5 455
390( 3)

700*1)

2 ,315^ 2,085 5 2,090

860

6 2 0 ^

855 5 8É0

620*1)

ian RX, Jakarta, le s s  sa le s  ta x  and im port duty, 
•arch & Development Centre, Manila,

S E C T I O N  2
19



PRODUCTION COST ESIIrlAïià ii.-hr KCUl.
Thailand

Soecific consumption Unit Cost per ton, us
Unit Alt 1 A lt 2 Alt 3 price

w r
Alt. 1 Alt. 2 4L

SPONGE IRON
Iron ore pellets a • ton 0.75 0.75 0.75 48.00 36.00 36.00 >
Sized iron ore •  • ton 0.75 0.75 0.75 36.00 27.00 27.00
Natural gas • • Gcal 2.80 2.80 2.80 5.60 15.70 15.70

O w  0™ tC "t LtL-l.
• • 
• • 78.70 78.70 r~/-

Labour and supervision •  a 1.05 O.40 V

Electric power •  • kWh H.0 120 115 0.05 7.00 6.00
Other conversion costs •  • 10.15 8.00

Sub-total •  • 18.20 14.40

TOTAL • • 96.90 9?. 10 C,

LIQUID S im

Sponge iron • • ton 0.888 0.888 0.888 86.05 82.65 a.
Purchased scrap •  • ton 0.17 0.17 0.17 115.00 19.55 19.55
Plant return scrap • • kg 45 45 45 - - -
Flux, ferro-alloys and additives a • 13.10 13.10 _

Sub-total • • 118.70 115.30 ii.

labour and supervision • • 1.10 0.70 v
Electric power • • kWh 650 650 625 0.05 32.50 32.50
Graphite electrode •  • kg 6.75 6.75 6.50 2.60 17.55 17.55 -1
Other conversion costs • • 10.60 JQjgo V

Sub-total • • 61.75 60.95 5
TOTAL •  • 180^5 Ifé .25 XL

CONTINUOUS CAST SEMIS

Billets

Liquid steel • • ton 1.055 1.055 1.055 190.40 185.95 18
Labour and supervision • • 0.60 0.50
Electric power •  • kWh 25 25 25 1.25 1.25
Other conversion costs •  • J L t l 0 6.65 t

TOTAL • 9 199.75 194.35 16

Fixed charges at 20% of
capital cost 9  9 69.00 6.

PRODUCTION COST • • 291.50 263.35 25.

Say *  9 m 2,

Slabs

liquid steel 9  9 ton 1.055 1.055 1.055 190.40 185.95 18
Labour and supervision 9 9 0.45 0.35
Electric power 9 9 kWh 20 20 20 1.00 1.00
Other conversion costs 9  9 ■ 2x12 8.05 K

TOTAL 9  9 201.35 195.35 18

Fixed charges at 20% of
capital cost 9 9

CMi

8 l . g XL

S E C T I O N  1 PRODUCTION COST 9  9 309.60 276.90 26,

Say 9 9 310 m . 2



OST ESUnA.:La iv-. LR-KF hCUTS

Thailand________ _______ _____________Malaysia____________  ___________ Indonesia
Unit Cost per ton. US ft Unit Cost per ton, J?S if. Unit Cost per ton. US ft
price
uS$

Alt. 1 Alt. 2 Alt. 3 price
us J

Alt. 1 Alt. 2 Alt. 3 price
W T

Alt. 1 Alt. 2 Alt. 3

4.8.00 36.00 36.00 36.00 48.00 36.00 36.00 36.00 48. 00 36.00 36.00 36.00
36.00 27.00 27.00 27.00 36.00 27.00 27.00 27.00 36.00 27.00 27.00 27.00

5.60 15.70 15.70 15.70 8.00 22.40 22.40 22.40 2.60 7.30 7.30
78.70 78.70 78.70 85.40 85.40 85.40 70.30 70.30 70.30

1.05 0.40 0.30 1.10 0.45 0.35 0.80 0.30 0.25
0.05 7.00 6.00 5.75 0.05 7.00 6.00 5.75 0.04 5.60 4.80 4.60

& £ 8.00 7.70 10.20 8.05 9.90 7.90 7.65

18.20 H.40 13.75 18.50 14.50 13.85 16.30 13-00 12.50

2^20 93.10 92*45. 103.70 99.90 99.25 86.60 8^20 82.80

86.05 82.65 82.10 92.10 33.70 15 76.90 73.95 73.50
115.00 19.55 19.55 19.55 70.00 11.90 11.90 11.9 0 120.00 20.40 20.40 20.40

13.10 12? 32 13.10 12.85 12.85 12.85 12.40 12.40 12.40

118.70 115.30 114.75 116.85 113.45 112.90 109.70 106.75 106.30

1.10 0.70 0.50 1.10 0.75 0.50 O.85 0.55 0.40
0.05 32.50 32.50 31.25 0.05 32.50 32.50 31.25 0.04 26.00 26.00 25.00
2.60 17.55 17.55 16.90 2.50 16.90 16.90 16.25 3.56 24.05 24.05 23.15

10.60 ]0fgQ 8.50 10.60 10*25 8>?0 I M S 9.75 A 2 0

61.75 60.95 57.15 61.10 6O.4O 56.50 60.95 60.35 56.70

180.45 176.25 171.90 173.85 169.40 170.65 167.10 363,00

190.40 
0.60 
1.25  

—ZiSO

185.95 
0.50 
1.25 

.. 6 .&

181.35
0.40
1.25

187.75
0.70
1.25
7t5Q

183.40
0.55
1.25
6.65

178.70
0.40
1.25
6.50

180.05
0.50
1.00
7i3P

176.30
0.45
1.00
6.65

171.95
0.30
1.00

- 61^
199.75 194-35 189.50 197.20 191.85 186.85 189.05 184.40 179.75

91iZS 69.00 66.85 -?.TaZSL 69.00 66.85

• • 291.50 263.35 256.35 288.95 260.85 253.70 280.80 253.40 246.60

• • 263 289 261 254 281

190.40
0.45
1.00

185.95
0.35
1.00
8.05

181.35
0.25
1.00

187.75
0.50
1.00
9.50

183.40
0.40
1.00

_&tPS

178.70
0.25
1.00

J U 3 1

180.05
0.40
0.80
9.50

176.30 
0.30 
0.80 
8.1,QS

171.95  
0.20 
0.80 

.M l

201.35 195.35 189.35 198.75 192.85 186.70 190.75 185.45 179.70

108.25 81.55 72.65 108.25 81.55 72.65 108.25 81.55 72.65

• • 309.60 276.90 262.00 307.00 274.40 259.35 299.00 267.00 252.35

• » 310 SZZ 262 307 U L £ 2 £ S £ £

S E C T I O N  2



Unit

BF COKE 
Coal
Labour and supervision 
Other conversion costs 

Cost of carbonisation

Gross cost o f coke 
Credit for small size coke

Cost of coke

ton

Specific
consumption

1.70

PRODUC ПОИ COSI ESTIMATES FOR Ь-

Thailand Hal ал-sia
Unit Cost per ton, US £ Unit Cost per ton,
Drice Alt. 1 Alt. 2 Alt. 3 price Alt. 1 Alt. 2
us $ US $

68.00 115.60 115.60 115.60 66.00 112.20 112.20
2.70 1.65 1.35 2.80 1.75

12.80 10.70 9r7Q 13.05 10.95
131.10 127.95 126.65 128.05 124.90

104.90 102.35 101.30 102.45 99.90
10.20 10.00 9.85 10.00 9.75

9 Ш .. 92.35 9Ь45 -2 90.15

НОТ METAL
Sized iron ore • a ton 1.60
BF coke • • ton 0.615
Mn ore • • ton 0.035
Credit for gas and

small size coke 
Sub-tota l

Labour and supervision 
Otht.r conversion costs 

Sub-tota l
TOTAL

52.80 52.80 52.80 33.00 52.80 52.80
58.25 56.80 56.25 56.85 55-45
1.25 1.25 1.25 35.00 1.25 1.25

9.65 9.65 9.65 U Ú 9 . 13.50
102.65 101.20 100.65 97.40 96.05

O.85 0.55 O.4O 0.85 0.60
15.80 13.60 17.60 16.70
16.65 15.40 14.00 18.45 17.ЗО

119.30 116.60 114.65 ns.,as 113.35

1. LIQUID STEEL
Hot metal • • ton 1.00 119.30 116.60 114.65 115.85 1 1З.З5
Purchased scrap • • ton O.O5 115.00  5.75 5.75 5.75 70.00 3. 5О 3.50
Plant return scrap • e ton 0. Q45 -  - - - - -
flux, ferro-alloys

and additives * • 13.75 13*95 13*75 13.55 13т55
Sub-total • * 138.80 136.10 134.15 132.90 130.40

Labour and supervision e • 0.85 O.5O 0.35 O.85 0.55
Other conversion costs e • 19.35 19.00 17.85 1?t3¿ 19.05

Sub-total e e 20.20 19.50 18.20 20.20 19.60

TOTAL • e m * 2 ° 155.60 I&.2S I53d,0 150.00

CONTINUOUS CAST SEMIS
Billets 

Idquid steel e • ton 1.055 167.75 164.15 160.70 161.50 158.25
Labour and supervision • • 0.45 O.4O О.3О O.45 O.4O
Other conversion costs • • ?t99 8.45 7.80 9.00 8.45

TOTAL e • 177.20 173.00 168.80 170.95 167.10
fixed charges at 20$

of capital cost • • 87-3* 72.65 87*35
PRODUCTION COST 

Say
..  287.70 
.. 288

260.35
260

24I .45
241

281.45
m

254*45
£ 4

Slabs
Liquid steel • • ton 1.055 167.75 164.15 160.70 161.50 158.25
Labour and supervision • t 0.20 0.20 0.10 0.20 0.20
Other conversion costs Ф • 8.75

176.70
6.85 8,75 . 7.185

TOTAL »  ф 172.20 167.65 170.45 166.30
Fixed chargee at 20$

of capital cost ф  ф _2It05 73.35 114.75 91.05

S E C T I O N  1 1
PRODUCTION COST 

Say
291.45
291

263.25
263

241.00 285.20 

Ш  -

257.35
25Z



attendu ö-2 APPENDIX 6-2

il ION COST 1SIIMATES F(E BF-BOF ROUTE

Malaysia mdoï; • P hilippines
Unit Cost per ton. US $ Unit COo 0 per to.>, •wS Uni l Cost per ton. US $
price Alt. 1 Alt. 2 Alt. 3 price Alt. 1 .lit# i l ;-U . 3 price Alt* 1 Alt. 2 Alt. 3
us $ US $ us 5

66.00 112.20 112.20 112.20 72.60 123.40 123.40 123.40 78.00 132.60 132.60 132.60
2.80 1.75 1.40 2.10 1.30 1.05 1.85 1.15 0.95

13.05 10.95 9.95 12.30 10.70 9.45 12.05 10.20 . 9.45
128.05 124.90 123.55 137.80 135.40 133.90 146.50 143.95 143.00

102.45 99.90 98.85 110.25 108.30 107.10 117.20 115.15 114.40
10.00 . 9.7S 9.65 10.72 10*?? 1°»45 11.40 11.20 11.15

-2£._42 90.15 89.20 .9 2 * » 9?.72 96.65 105.80 102*92 103.25

33.00 52.80 52.80 52.80 33.00 52.80 52.80 52.80 32.00 51.20 51.20 51.20
56.85 55.45 54.85 61.20 60.10 59.45 65.05 63.90 63.50

35.00 1.25 1.25 1.25 33.00 1.15 1.15 1.15 34.00 1.20 1.20 1.20

12*30 32*20 32*20 . 4»?0 . .A * » 36.00 36.00 36.00
97.40 96.05 95.45 110.25 109.15 108.50 81.45 80.30 79.90

0.85 0.60 0.40 0.65 0.45 0.30 0.60 0.40 O.30
17.60 16.70 12*4° 12.35 11.50 10.35 22*42 28.60 27.25
18.45 17.30 15.80 13.00 11.95 10.65 30.05 29.00 27.55

1U.85 113.35 11V?? 1.22*22 121.10 119Ü2 311*29 109.30 -107.45

115.85 113.35 111.25 123.25 121.10 119.15 111.5 0 109.30 107.45
70.00 3.50 3.50 3.50 120.00 6.00 6.00 6.00 95.00 4.75 4.75 4.75

13.55 I ?».??■ J2*22 13.10 13.10 13.10 14» 92 14.95 14.95
132.90 130.40 128.30 142.35 140.20 138.25 131.20 129.00 127.15

0.85 0.55 0.35 0.65 0.40 0.30 0.60 0.35 0.25
19.35 32*22 17.85 18*22 18.30 I7i2? 20.50 19.20
20.20 19.60 18.20 19.20 18.70 17.55 21.35 20.85 19.45

153*10 150*00 1,6,50 181-55 158.90 155.80 i??r,22 149.85 146.60

161.50 158.25 154.55 170.45 167.65 164.35 160.95 158.10 154.65
0.45 0.40 0.35 0.35 0.30 0.20 0.30 0.25 0.20
9.00 8.45 7.80 8.75 8.20 7.55 9.40 8.45 7.80

170.95 167.10 162.70 179.55 176.15 172.10 170.65 166.80 162.65

11Pt?Q 87-95 72.65 122*20 87.35 72.65 222*22 87.35 72.65

281.45 254.45 235.35 290.05 263.50 244.75 281.15 254.15 235.30
§8£ £ 4 235

m M 281 £ £ £22

161.50 158.25 154.55 170.45 167.65 164.35 160.95 158.10 154.65
0.20 0.20 0.10 0.15 0.15 0.10 0.15 0.15 0.10
8.75 - 7*81 8 . » 7,85 .6*61 9.05 ,8.15 _2 *12

170.45 166.30 161.50 179.15 175.45 171.10 170.15 166.40 161.90

134*72 ■2kP2 JZ2*22 134*22 91.05 72*22 334*22 -Z2«2 1

285.20 257.35 234.85 293.90 266.50 244.45 284.90 257.45 235.25
221 £2Z £22 294 267 244 281 257 £22

i i 1 S E C T I O N 2



M. N. D A S T U I t  ft C O M P A N Y
U H ITID  HATKJHS IH D IM IIA l  W V U Q M U H T  OtCAHIZATICN

STUDY ON MINIMUM ECONOMIC SIZE H AN TS
FOR STEEL PROCESSES IN ASEAN COUNTRIES

APPENDIX 8-1

TYPICAL l is t  of major production f a c il it ie s  
FOR BILLET PLANT

Equipment/Facilities

Mobile crane with magnet for handling scrap

Scrap preparation fa c ilit ie s  for cut ting/shearing, 
weighing etc.

Transport/handling equipment including fo rk lift  trucks, 
tractor-trailers etc.

Arc furnace complete with transformer, electricals, fume 
extraction system, spare roof ring etc.

Continuous b ille t  casting machine complete with b il le t  cut
o ff equipment, cooling bed, tundish, tundish preheaters 
etc.

Sc; ap charging buckets
Steel ladles

Slag pots
Storage and handling fa c ilit ie s  for flux, ferro-alloys and 

additives

Transfer cars for scrap bucket, tundish etc
Arc furnace roof relining fa c ilit ie s

Arc furnace shell relining and fettling equipment

Tundish relining fa c ilit ie s

Ladle preparation fa c ilit ie s

-  2 2  -
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APP3TDIX 6-2

-XüiAi'-D PIDDUCTiq. COST FOR • I L: RTS JXaUDL
(US s per ton)

Thaila*jd_____________  _____________fk to s ia ____________ ______________Sinf-anc
l i t .  1 Ait. 2 Alt. 3 Alt. L Alt. 1 ia  u  2 Alt. 3 Alt. 4 Aiti_L

CF.50

Alt. 2

terials

Imported scrap .. C2.95 62.95 62.95 B2.95 77.40 77.40 77. AC 77.40 66.50

Domestic scrap 63.60 63.60 63.60 63.60 36.70 36.70 36.70 3: .70 47.0C 47. GO
Flrj.it return scrap - - - - - - - - - -

limestone .. C .20 0.20 0.20 0.2C 0.2C C.20 C.20 , .20 0.35 0.35
'1erro-alloj’,s and 

additives 11.15 - U jSZ _LU6i 1,1.55 _11*55. 11.55 11.20 -_LU2£
Sub-total 15S.6C 156.60 156.60 156.60 127.65 127.65 127.65 12 .65 1/7.05 147.05

■her Items

Labour £ supervision .. 12.30 6.10 2.75 1.90 12.65 6.40 2.90 2.00 23.05 15.10
Dlectric power .. 37.50 36.25 35.00 35.00 37.50 36.25 35.00 35.00 41.25 39.90
Graphite electrode 1C. 20 17.55 16.90 16.90 15.75 15.20 14.60 14.60 16.60 16.20

Water & other u t ilit ie s , 
refractories, general 
plant e:qienses etc .. 22.00 17.50 12.50 11.50 22.50 16.00 12.50 11.50 32.50 24.50

Moulds, lubricants etc 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Repair & maintenance .. 3t.15 , 5,9.0 -5*25 ■J.75 5.90

Sub-total .. 96.40 67.15 73.40 70.95 97.00 C5.60 71.25 66.75 122.00 103.45

ministration qnd
Sales Ibroenses • • 6.00 7.00 7.00 7.0C 7.00 6.00 6.00 6.00 6.00 6.00

PRODUCTION COST 
(excluding fixed 
charges) .. Z L juQQ. 2 Z U 1 m j à ZELSÔ.

Say .. M L 232 m i»3 M l 253

DASTUR & COMPANY (P ) LTD
: 'TA



APP31DIV 6 -2 A P i.

cosy PC-11 F IL ; ОГ6. JXCIU Di; С ЛХД? Cî - 
(US ч per ton)

_____________________Sftiifiappre-----------------  ----------
A lt. L  A lt. 1 Alt. 2 Alt. 3 Alt, 4 Alt. 1

./,c 77.до ее. 50 ее. 50 ее. 50 ее.50 77 . до

.70  3' .70 47.00 47.00 Д-7.ОС 47.00 66.35

, .о , .20  0 .3 5  0 .3 5  0 .3 5  0 .3 5  С . 20

.05 1 2  .С 5  1 / 7 .0 5  14 7 .0 5  14 7 .0 5  14 7 .0 5  15 5 .0 5

.90 2.00 23.05 15.10 5.15 3.55 9.65

.00 35.00 41.25 39.90 36.50 36.50 зо.ос

. 60 14.60 16.60 16.20 15.60 15.60 24.95

.50 г;. 50 32.50 24.50 14.50 13.00 1C.70

.50 ::.50 2.50 2.50 2.50 2.50 2.50
3JL5 5.9 0  J«75 JLJ5

.2 5  6 0 .7 5  12 2 .0 0  10 3 .4 5  ßO.OO 7 6 .3 0  9 1 .7 0

.00 6 .0 0  S.OO 6.00 7 . OC 7 .0 0  7 .0 0

Jû 202.60 ZZ2*£>i 234^5 M  25205.

Ш  Ш  Ш  Ш . Ш  Ш .

Philippines
fi С • .7' U ; .  / Alt. 1 Alt. 2 Alt. 3 Alt. 4

7 7 .4 0

6 7 .3 5

7 7 .4 0

6 6 .35

7 7 .4 0

66.35

6 3 .5 0

5 2 .5 5

6 3 .5 0

5 2 .5 5

6 3 .5 0

5 2 .5 5

6 3.50

0 .20 o . :o 0 .20 0 .3 5 0 .3 5 0 .3 5

11* 10 1JL,10 1 1 . 1 0 1 2 .5 5 -1 2 .5 5  _1 2 .5 5 i i- L-

15 5 .0 5 15 5 .0 5 15 5 .0 5 14 6 .9 5 14 6 .9 5 146 .9 5 1 / L .95

6.30 2 .1 5 1 .5 0 6.6C 5 .6 0 1.9 0 1.3C

2Ç.00 26.0 0 26.00 49 .50 4 7 .6 5 / 7 .2 0 46 • 20

2Д..05 2 3 .1 5 2 3 .1 5 19 .9 5 1 9 .2 5 16 .5 0 16 .50

15 .7 0 1 1 .2 0 1 1 .0 0 19 .5 0 16 .5 c 13 .0 0 12 .5 C

2.5 0 2 .5 0 2 .5 0 2 .5 0 2 .5 0 2 .5 0 2.5 0

5 .2 5 3*75 3 .1 5 5.90 _ 5 .2 5 3 .7 5 / . 1 5

62.60 7 0 .7 5 69.30 10 5 .9 5 9 6 .9 5 6 5.6 5 6 4 .15

7 .0 0 7 .0 0 7 .0 0 6.00 7 .0 0 7 .0 0 7 .  OC

244.65 262.90 2/-1.G 0 24 0 .1C

2 ê 3 Ш Ж

I  S E C T I O N  2
-  23 -



M. N.
wmicr nmiwM#

D A t T U R  »  C O M P A N Y  ( P )  L T D
STUDY ON MINIMUM ECONOMIC SIZE PU N TS

FOR STEEL PROCESSES IN ASEAN COUNTRIES

APiSNDIX 9-1

TYPICAL LIST OF MAJOR PRODUCTION FACILITIES 
FOR WIRE ROD MILL

Eauiument/Pacilities

Reheating furnace complete with b ille t  pusher, blowers, 
recuperators etc and furnace charging and discharging 
equipment

M ill equipment

2-high horizontal stands of continuous 1st roughing
2-high horizontal stands of continuous 2nd roughing

2—high horizontal stands o f f i r s t  intermediate train

2-high alternate horizontal and vertical stands of 
second intermediate train

10-stand no-twist finishing block
Cooling equipment, pinch ro l l ,  co il laying head etc

Coil handling system

2 4
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APEI'SIX Q-2

ESTIMATED PRODUCTION COST ’Gil .IIS  iXD EXCLUDING.
(u s  ' jer ton")

Thailand i'irlaysir Si: ■
Alt. 1 Alt. 2 Alt. 1 Alt. 1 Jilt. 2 & t ,  3 Alt. 1 A.

: Ntterials

B illets •» 339.20 339.20 339.20 320.60 32c.60 32£.6o 316.00

Credit fo r scrap . • (zJM S (-J5.75 b lirZ S (=13*5P (=)3.i£. (=)3,5Q (zl4*25 ( -

Sub-tot.NL .. 333.45 333.45 333.45 325.10 325.10 325.10 313.75 3

Other Items

Labour h supervision .. 3.30 1.85 1.35 ■ 3.45 1.90 1.40 6.20

Electric pot:er .. 7.50 7.50 7.50 • 7.50 7.50 7.50 £.25

Rolls, glides, ueter, 
consumables and general 
plant ercpenses .• 9.05 9.75 £.50 9.85 9.75 9.40 9.£5

Fuel ' .. 2.55 2.55 2.55 3.60 3.6C' 3.60 12.40

Repair and maintenance .. .3«&> JU.1.Q -3JLQ

Sub-totel . . 20.30 24.65 22.45 27.50 25.75 24.45 39.SO

Administration and Sales Sbroenses.. 10.00 £.00 £.00 10.00 C.OO c.oc 10.00 ;

FtCDUCTIO" COST (excluding 
fixed charges} ' .. 369.75 363.90 362.60 2ZL55. 363.55 J

Saj>- .. M 3M 3& M 3|A

S E C T I O N  1 1
M.N. DASTUR & COMPANY (P ) LTD 
CALCUTTA.



APE3IX 9-2 APF17DIX Ç-2

COST ’OR ilRS ROD ДССШРИХ ?II1D CCAxt-S 
(U5. 'jer ton)

lay si a Sine EDO re Indonesia ________ Philippines
lo .  2 Alt. 1 Alt. 2 Alt. 3 Alt. 1 Alt. 2 Alt. 3 1 Alt. 2 43-t. 3

326.60 323.60 310.00 316.00 316.OC' 31. .00 3ic.ee 31C.OC З16.ОС 316.00 316 .oc

=)2*5£
3?5.1C

(-)3.50

325.10

(-)4.25
313.75

(-)4.25

313.75

(г)4»35

313.75

(=16Ж
312.00

(~)6.0C

312.00

(-)6,QG

312.00
(nlÁ*25

31З.25
(=16,25
313.25

(rlA.75
313.25

1.90 1.40 6,20 3.45 2.50 2.60 1.45 1.05 2.30 1.3C C.95

7.50 7.50 6.25 6.25 6.25 6.00 6.00 6.00 9.90 9.90 9.90

9.75 9.40 9.65 9.75 6.50 9.65 9.75 C.50 9.65 9.75 6.5C

3.60 3.60 12.40 12.40 12.40 1.15 1.15 1.15 9.90 9.00 9.90

3.Q0

25.75 24.45
-2LLQ
39 »öO

. 2 Æ  

36.65
. -2.55 

34.20
-J,JO
22.70

3.00
21.35

2.55

20.25
J U f l
35.05

3.00

33.65

-2,55
31.60

G.00 С.00 10.00 6,00 C.OO 10.00 6.OC 6.00 10.00 6.0C 6.00

258,6.5 357.55 262,55 25£¿o 355,25 3¿Á,.7Q 24Ll25 Ж *2 5 25£,2í> 255,1,Q 252t£5

ж 25§ 364 252 25£. Ш . 241 Ш . Ш 255 252

Í  s E C JION 2

2 5  -



M.  N.  D A S T U R  ft C O M P A N Y  ( P )  L T D U N IT »  NATIONS IH M T tiA l KVUOW UH T 0HANI2A1I0H
STUOY ON MUNMUM ECONOMIC SIZE PLANTS

FON STEEL PROCESSES IN ASEAN COUNTRHS

APPENDIX 10-1

TYFTP.AL L IS T  OF MAJOR PRODUCTION FA C ILIT IES  
FOR SIRUCTIRAL SHAPE MTU.

E a u iu a e n t/F a c ilitie s

Reheating fu rnace  com plete w ith  p usher, h lo w ers,
recu p erato rs e tc  and fu rnace charg ing  and dî >
charging equipment

№11 equipment

2-h ig h  h o rizo n ta l and v e r t ic a l stand s o f continuous 
roughing group o f stands

2-hig£i h o rizo n ta l and v e r t ic a l stands o f continuous 
in term ed iate  group o f stand s

2-h ig h  h o riso n ta l and v e r t ic a l stands o f continuous 
fin is h in g  group o f stand s

In te rsta n d  lo o p e rs fo r  th e  in term ed iate  and fin is h in g  
group o f stands

Pendulum shear befo re  the f i r s t  stand o f roughing 
groqp

Crop and cobble sh ears a fte r roughing and in term ed iate  
stands

D iv id in g  shear a fte r the fin is h in g  group o f stands

F in ish in g  f a c ilit ie s  com prising co o lin g  beds, 
stra ig h te n in g  m achines, co ld  saws e tc

Scrap rem oval f a c ilit ie s
SOT cranes

26

ftp://FTP.AL


xiPPEilîrl.

Bàir-Ai'ED ?r CDl ïlL', -'Cor FOL ■->ùitOM.aLS EKCLUDI. 
Û3 & per ton)

________Thailand__________
Alt. 1 Alt. 2 Alt. 3

________Malaysia__________
Alt. 1 Alt. 2 Alt. 3

_______ Sim;
Alt. 1 AI

Materials

Billet/bloom • e 355.20 355.20 355.20 344.10 344.10 344.10 330.00

Credit for scrap •  e (-)io>35 (-H SÜ S  (-11Q-J5 (->6*30 (=16*^0 (=16*20 (rlZ iiil
Sub-total • e 344.85 344.85 344.85 337.80 337.80 337.80 322.35

Other Itesns

Labour and supervision • • 4.95 1.50 1.10 5.20 1.60 1.15 9.30

Electric power •  » 5.00 5.00 5.00 5.00 5.00 5.00 5.50

Fuel and other utilities e  e 2.50 2.50 2.50 3.60 3.60 3.60 12.35

Rolls, guides, refractories, 
general plant expenses, etc •  e 7.70 6.85 6.25 7.70 6.85 6.25 7.70

Repair and maintenance •  • 4.10 -2t25 JbâL 4.10 3.35 5.25
Sub-total • e 25.40 19.95 18.20 26.75 21.15 19.35 40.10

Administration and Sales Expenses 10.00 8.00 8.00 10.00 8.00 8.00 10.00

PRODUCTION COST (excluding 
fixed charges) •  • 380.25 372,80 323,05 374,55 366,95 365,35 322^45

Say • • 2S2 373 3ZI 36/7 365 372

S E C T I O N  1
M.N. DASTUR & COMPANY (P) LTD 
CALCUTTA



хцФЕйЫ/. то- 2

ill FOI'- SiItL'G:muLS ЕХС1ЛЛЯЫБ FIXED CHAI,GES
(US v per ton)

f-alaysia 
1 Alt. 2

.10

Q
'.80

.20 1.60

.00  5.00

.60 3.60

.70 6.85

6.75 21.15

C.00 8.00

366.95

Ж

Ж . 10

(-)б.зо
337.80

Al t ,  J

Ж .  Ю

(=16*20
337.80

1.15

5.00

3.60

6.25

3.35

19.35

8.00

Singapore
Alt. 1 Alt. 2 Alt. 3

330.00

(z lZ îÜ
322.35

9.30

5.50

12.35

7.70

5.25 

4-0.10

10.00

372.4,5

372

330.00

322.35

2.85 

5.50

12.35

6.85

31.65

8.00

362.00

Ш

330.00

( z ïL È l
322.35

2.05

5.50

12.35

6.25

-2=21
29.50

8.00

m i l

360

■л V 10-

Indonesia__________  ________Philippines
Alt. 1 Alt. 2 Alt, 3- Alt. 1 Alt. 2 Alt. 3

330.00 330.0; 330.00 ззо.оо 330.00 ззо.оо

( - Ì 10.80 ( - ) 10.&Ü í-)10.80 M 8.55 (-t ë t l i (-18.55
319.20 319.20 319.20 321.45 321.45 321.45

3.90 1.20 0.85 3.45 1.05 0.75

4 . fJO 4.00 4.00 6.60 6.60 6.60

1.15 1.15 1.15 9.90 9.90 9.90

7.70 6.85 6.25 7.70 6.85 6.25

J 2 iü 4.10 -Is il. _k J 0 J b J i
22.00 17.30 15.60 32.90 28.50 26.85

11.00 9.00 9.00 14.00 12.00 12.00

352.00 x s t ia 343.80 368.35 3611,21 260,.39

352 м Ж 368 362 & 0

I  S E C T I O N  2
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APPENDIX 11-1

TYPICAL LIST OF MAJOR PRODUCTION PaCTI.TTTES 
FOR BRIGHT BAR PLANT

Bguitment/Facilitiea

Bar preparation

HLack bar shearing machine 

lid d in g  tank 

Binsing tank 

lime tank 

Pickling cradle 

Rinsing cradle 

lime cradle 

Steam boiler

Drawing and finishing  

End pointing machine 

Cold draw bench
Straightening-.- ra-polishing machine 

Bright bar shearing machine 

Cold saw

Automatic drawing line

-  2 8  -
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ESTIMATES 0? PRODUCTION COST FOR BRIGHT BARS 
(US ÿ per ten)

Thailand Malaysia Singapore Indonesia Philippines

¿19.9 
( - )  ;.6 

415.3

Materials

Hot ro lled  black bars/ 
wire rod c o i l '^

Iesss Credit for scrap
Sub-total

Other Items

labour & supervision
Electric power
Water & other u t i l it ie s ,  

consumables and general 
plant expenses

Repair and maintenance
Sub-total

Arim-fnistraticn & Sales Expenses 17.0

PRODUCTION COST (Excluding
fix e d  charg es)

Say

470.0

470.0

409.4 393.7 406,8 424.0

i 2.8 1 CM • ( - )  4.8 ( - )  3.8

406.6 390.3 40?. 0 4 2 0 . ?

14,4 25.8 10.8 0.6

4.0 4.4 3.2 5.3

19.1 23.0 13.8 20.8

2.9 2.9 2.S 2.9

TOT 56.1

17.0 17.0 18.0 13.0

464.0 463.4 450.7 477.8

464.0 463.0 451.0 476.0

NOTE
(T T  Weighted average cost of input material on the basis of 

the product-mix considered.
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APPENDIX 12-1

REVIEW OF AVAILABLE TECHNOLOGIES FOR 
SEAMLESS TUBE PRODUCTION

Seamless tube is  generally made by piercing hot billets/  

bloom into a hollow shell, elongating it  into a thick wall 
cylinder, forging the cylinder to a rough tube on a mandrel 

and fin a lly  making the finished tube by hot sizing or reducing. 

The tubes thus made are used as 'mother' tubes for further 

reduction in hot or cold reducing m ills. The finishing faci

l i t ie s  of heat treatment, tube end finishing etc are more or 

less similar for the various tube making processes.

The processes which could be considered for production 

of seamless tubes are:

i )  Continuous mandrel mill process
i i )  Hug mill process

i i i )  K lger m ill process

iv ) Assel m ill process

v ) Push bench process

v i )  Diescher process

v i i )  Extrusion process

These processes are brie fly  reviewed below.

00MB. UP US MANDREL Min. PftOflKSS

The continuous mandrel mill has generally 8 or 9 stands 

arranged in tandem. Rolled round bars are used as the feed

stock after piercing these to hollow shells. The hollow shells
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Appendix 12-1 (cont'd)

are rolled on a long floating lubricated manorel« The rolled  

tubes leave the mi l l  with the mandrel inside them and the 

mandrel is extracted by a stripper at another station.

Mandrel mills are high production units of the order 

of 150,000 to 250,000 tons per year in the diameter range 

from 25 mm to 150 nun, with wall thickness from 2.5 mm to 

15 mm and a wall-to-outside diameter ratio of 0.10 to 0.12. 

Rough rolled tube lengths vary between 18 m and 22 m with a 

coefficient of elongation of 5 to 7.5*

Hie process is  suitable for thin and medium wall tubes 

due to the unstable and unsymmetric deforming operation#
With this process, a large number of expensive ro lls  in 

different sizes and costly alloy steel long manurels have 

to be maintained#

PLUG MILL PROCESS

Rolled round bloom is  used as the feed material in this 

process. The blooms are fed to the plug m ill after reheating 

and piercing to a hollow shell. The plug mill consists of 
a non-reversing 2-high stand through which the shell is rolled  

in a round pass Nver a stationary plug located in the centre 

of the pass and held by a long mandrel bar. Tubes are gene

ra lly  rolled in two passes. After each pass, the tube is  

returned to the entry side of the plug mill by the stripper 

ro lls . The resultant tubes have frequently score marks in 

the bores which need to be finished on a reeling machine over 
a mandrel for inside and outside smoothness of the surface.

Due to slow reeling operation, generally 2 reelers are employed 

per plug m ill. The relatively short length of tubes with

31
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inside score marks, which are more apparent with higher dia

meter reductions, prevent these tubes from further reductions 

to smaller sizes in a stretch reducing mill without consi

derable losses on account o f the inside defects. The 

elongation ratio achievable in the plug mill varies from 1.5 

to 2.1.

It  i s  generally used for producing tubes from 60 to  

400 mm outside diameter and wall thickness range « f  3 ran to 

40 am. Tube lengths vary from 12 m to 16 m. Dependiz ;̂ upon 

the size range » f  tube required, the production could be

250,000 to 300,000 tons per year.

HIPER MILL PROCESS

This process is  most flex ib le  and could almost be 

called a universal process, ideally suited fe r manufacturing 

in  small batches a wide range of wall thicknesses, diameters, 

lengths and qualities o f materials. Rounds or square b ille ts  

can be employed as the feed stock.

The p ilg  J  mill is  a heavy 2 -ro ll m ill. The ro lls  con

stantly rotate counter to the dir ection of the feed stock and 

form a pass of varying arose section. The hot pierced and 

elongated hollow or shell is  held on a short lubricated 

mandrel bar supported by a hydraulic feeding carriage which 

feeds i t  to the pdlger m ill. When the cross section of the 

ro lls  form a pass of maximum size, a part length of the shell 

is  fed forward by the carriage and this part is  rolled as a 

tube during the remaining part of the revolution of the ro lls .  

This operation is  repeated t i l l  the shell has been "rotary 

forged" fo r its  fu ll  length leaving a small 'b e l l  endf at the 

t a i l  end o f shell through which the mandrel is  extracted and 

the end out by hot saw.

3 2
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Pilger mills are generally used for the manufacture o f 

seamless tubes having outside diameter o f 50 to 700 am and 

wall thickness o f  3 to 100 ma with a ratio o f 0.18 t-> 0.25 

(with special ro ll  groove ) of wall thickness to outside dia

meter for heavy wall tubes. Opte 30 m long tub=s can be 

rolled with normal wall thickness* Coefficient of elongation 

as high as 8 to 15 has bean obtained on the pilger stand. To 

cover the above size range, various sizes of pilger mills are 

used. Depending upon the size range of tube required, the 

production with two pilger stands can vary from 40,000 to

180,000 tons per year. Cast ingots or sanis can be employed 

for the production * f  seamless tubes by this process.

ASSEL KELL PROCESS

Rolled rounds are used as feed stock for the produc

tion of tubes on Ass el m ill. Blooms after reheating and
piercing to a hollow shell are inserted in  the Àsssl m ill with 

a free floating mandrel inside. This m ill has 3 ro lls  located 

at 120° to their axes and are taperee having - hump which 

affects the major deformation of the shell wall. The rolled  

tube together with the mandrel i3 delivered to the stripper 

for withdrawirg the mandrel bar. The coefficient o f elonga

tion in the Assel mill is  achievable from 1.7 to 3.3.

This process is  used for the production o f heavy wall 

tubes with close tolerance in  diameter and wall thickness 

particularly suitable for the production of b a ll  and ro lle r  

bearing8. These mills are generally used for the manufacture 

of seamless tubes from 50 to 240 am outside diameter and wall 

thickness ratios generally limited from 12; 1 to 4:1* To cover

- 3 3 -
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th e  above s iz e  range va rio u s s iz e s  o f AssaL m ills  a re  employed. 

The p ro duction  ra te s  v a ry  between 30,000 and 120,000 to n s per 

yeer* The main drawback o f th e  m ill is  th a t th e  lig h te r  u a ll 

tubes tend to  flo w  in to  th e  r o l l  shoulders 1 to  tria p g u -

1 action and g re a te r d if f ic u lt y  o f m andrel e x tra c tio n .

PUSH BENCH PROCESS

R o ll ec^ co ntinuo usly c a st square blooms a re  used as feed  

sto ck fo r th e  production  o f seam less tubes by th is  p ro cess. 

Blooms a re  reheated , s ize d  and p ie rced  to  a  round b o ttle  w hich 

is  fu rth e r elongated to  a s h e ll w ith  a closed  end. A m andrel 

is  in se rte d  in to  th e  s h e ll and i t  i s  fo rced  through a  s e rie s  

o f grooved # r c irc u la r  d ie s o f d im in ish ing  s iz e »  w hich swage 

th e  b o ttle  along w ith  m andrel u n t il i t  emerges as a  tu b e . In  

each se t o f r o lle r  d ie s , th e  p ass is  formed by th re e  r o lls  

arranged a t 120°. The tube from  th e  push bench along w ith  th e  

mandrel is  fu rth e r c re ss - ro lle d  in  a  re e ltx  where th e  m andrel i s  

loosened and extracted  by a p u ll out d e v ice .

Push bench fo llo w ed  by a  a&r&tch r  educing m ill is  

norm ally used fo r th e  m anufacture o f tubes in  th e  s iz e  range 

c f  16 sm to  168 mm w ith  w a ll th ickn e ss vary in g  from  2 .5  mm te

12.5 o s . An elongation  ra t io  o f 3 to  %  i s  ach ievab le  and th e  

tube len g th s g e n e ra lly  va ry  from  12 m to  14 m. The m ain 

lim ita tio n  o f th e  p ro cess is  th a t i t  cannot be used fo r th ic k  

w a ll tubes and fo r lo nger lengths# T h is p rocess is  m estly 

used to  produce "m other” tubes to  be fu rth e r heated and s tre tc h  

reduced o r co ld  worked on ce ld  draw benches o r co ld  p ilg e r m ills . 

Due to  th e se  lim ita tio n s  th e  y ie ld  is  le s s  as compared t *  

o ther p ro ce sse s.

- 3 4 -
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DIBSCHBt PROCESS

Round blooms are used after rcha-ting and piercing to & 

hollow shell. This shell is  cross rolled over a mandrel in  

a Biescher mill with supporting and driven top and bottom ro l l  

guides* The wall thickness reduction and elongation is  

achieved by two main ro lls  skewed at about 6° angle*

The Biescher m ill followed by  a stretch reducing 

is  used for production o f tubes in  diameters ranging from 16 on 

to 140 mm with wall thickness ratios from 4*1 to 30:1*

The major drawback o f the Biescher w in i s  the short 

length o f ro lled  tubes and the metal pick up on the revolving 

r o l l  guides, resulting in  poor surface o f the rolled tubes* 

Another disadvantage lie s  in  use of only rolled rounds because of 
lower elongation.

EXTRUSION PROCESS

Originally used for the manufacture o f  non-ferrous 

tubing, th is process is  beim  used for the manufacture of 

seamless stee l tubes by hydraulic or mechanical extrusion 

presses* Certain existing extrusion presses produce plain  

carbon steel tubes but due tc heavy cost o f glass lubrication 

and high cost o f tool wear and consumption, the extrusion 

process i s  better suited to the production o f high alloy and 

extra heavy carbon steel tubes which can better support the 

higher conversion costs*

-  y $ -
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Both square and round blooms are used : 3 feed material. 

In same cases the blooms are machined round and drilled with 

a central hole;. Blooms a fte r  reheating and sizing (in  case of 

square blooms) are lubricated with glass. Generally these 

are pierced/expanded in a vertical piercin^/expanding press 

into a shell with larger bore. The sh e ll is  again reheated 

and glas3 lubricated both inside and exitsich- and inserted 

into the container of an extrusion press where the tube is  

extruded over a mandrel through a properly supported die of 

appropriate cross section. The last thick portion of the 

tube is cut o ff as a discard by a hot saw located adjacent 

to the extrusion press. The tube is then deglassed with 

hydrofloric acid.

Some plants producing plain carbon steel standard 

tubes using graphite lubrication, combine pre-piercing and 

extrusion in one station, the b ille t having been descaled in 

a 2-high m ill before bringing it  to the extrusion press.

With hydraulic extrusion press followed by stretch 

reducing m ills, tubes from 16 mm to 250 mm outside diameter 

can be produced having a wall thickness varying between

2.5 mm and 40 mm. By mechanical extrusion process followed 

by stretch reducing m ills, tubes are generally produced from 

16 mm to 102 mm outside diameter and wall thickness range 

from 2.5 mm to 12.5 mm.

-  3j6 -
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TUBE MAKING PRuCESbES UMbER Î VaLOPrtCMI1

Besides the established seamless tube making processes 

as described above, new processes like multi-stand pipe mill 

and multi—stand plug mill are also being developed.

In the multi-stand pipe uu.ll, square/round blooms 

after reheating and sizing- (in  case of square blooms) are 

pierced into a hollow shell which is  fed to a multi-stand 

continuous pipe mill. In this case also the mandrel is  

allowed to float but it  is  fed at a slower rate so that with 

a short length mandrel, a long tube can be produced. Such 

plants when commercially established w ill have high production 

capacities in the size range of about 100 mm to 550 mm outside 

diameter of tube.

In the multi-stand plug mill, round blooms after 

piercing are fed to a 3- st^nd plug mill which ro lls  the shell 

over a mandrel long enoigh to cover the distance between the 

stands. Here also the floating mandrel is  fed at a slower 

rate while the tube is  rolled at a faster rate such that 

longer length tube is  produced over a mandrel of comparative 

shorter length. Such plants when commercially established, 

w ill also have high production capacities.

-  57 -
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APPENDIX 12-2

TYPICAL L IS T  OP MAJ(R HtÜPPCTIüSI FA C ILIT IES  
FCR SBAMUBSS TU IE PLO T

B a u lp ia B n t / F a c ilit ie s

Uzy acetylene gas cutting tench  

Rotary hearth furnace 

Squeezer

H orizontal p ie rc in g  press 

B ottle hold ing furnace 

Blongator 

P ilg e r  m ills  

Hot sews

Reheating furnace 

S iz in g  m ill

S tretch  reducing m ill and hot saws 

Cooling table s 

Rotary straightenere  

Cutting and le v e llin g  machines 

Magnetic p a rtic le  inspection unit 

Hydrostatic pressure testers  

Threading and socketing machines 

Cold saws fo r  cutting tubes 

O ilin g  units

Packing and bundling units 

Socket making equipment 

N ozzling machines

P ic k lin g , rin s in g  and phosphating fa c i l i t ie s  

Cold draw benches 

Norm alising furnaces

-  3 8 -
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APPENDIX 12-3

ESTIMATED PRODUCTION COST FOR SEAMLESS TUhF. 
(US $ per ton )

Thailand tfclasrsia SiniiaDo:
A lt . 1 A lt . 2 A lt . 3 A lt. 1 A lt . 2 A lt . 3 A lt . 1 A lt. i

M aterials

Bloom • • 457.60 457.6C 4 2 5 .6 0 -443. 3O 4 4 3 .3 0 412.30 429.00 429.-

C red it fo r  screqp • • (-)2 7 .6 0  (-)2 7 .6 0  (-)2 3 .0 0 (-)1 6 .8 0  ( - )  16.80 (-)1 4 .0 0 M L j .40 (-120./.
S ub -to ta l • • 430.00 4 30 .0 0 4 0 2.6 0 426.50 4 26 .5 0 398.30 408.60 408.6

Other Items

Labour and supervision • • 47.45 3 2 .5 5 28.50 49.55 34. Oo 29.75 88.75 60.

ELectric power • • 20.00 20 .0 0 25.00 20.00 20.00 25.00 22.00 22..

R ie l • • 18.75 18 .7 5 18.75 22.50 22.50 22.50 34.35 34.,

Water and other u t i l i t ie s ,  
consumables, general 
p lan t expenses, etc • • 18.85 1 5 . 1 5 1 4 .1 0 19.40 15.50 14.45 29.20 22.2

Repair and maintenance • • 26.10 -g  5 .»# # -6 5 26.40 25-55 26.4

S u b -to ta l • • 140.70 112.85 111.90 147.10 118.40 1 1 7 .2 5 209.95 165.8

Adminis tration  and
Sales BtDenseo • • 16.00 15.00 14.00 16 .0 0 15.00 14 .0 0 17.00 16. G

PRODUCTION COST (excluding
fix ed  charges) • • 586.70 557.85 528.50 589.60 222t20 529.55 635.55 590.4

Say • a S L m 560 530 fife 590

I S E C T I O N  1
.....

.N . DASTOR & COMPANY (P ) LTD



APPENDIX 12-3 ArPlx.Pl a 12-3

. DUCTION COST FOR SEAMLESS TUBE 
(US $ per ton)

IPOJI  Malaysia Singapore Indonesia Philippines
■»> ■  Alt. 2 Alt. 3 Alt. 1 Alt. 2 Alt. 3 Alt. 1 Alt. 2 41t. 3 Alt. 1 Alt. 2 Alt. 3

) . . M I  443-30 412.30 429.00 429.00 399.00 429.00 429.00 399.00 429.00 429.00 399.00

1  -)16.80 (-1U.00 (-120.40 (-120.40 (-Jtf.OO (-128.80 (-128.80 (-124.00 (-122.80 (■-122.80 (■-119.00
Ü 1 I  426.50 398.30 408.60 408.60 382.00 400.20 400.20 375.00 4-0 o* 20 406.20 380.00

1 34* Ou 29.75 88.75 60.90 53.25 37.15 2 5.50 22.30 33.00 22.65 19.80

I  20.00 25.00 22.00 22.00 27.50 16.00 16.00 20.00 26.40 26.40 33.00

r* .. I  22.50 22.50 34.35 34.35 34.35 8.40 8.40 8.40 27.50 27.50 27.50

Imi I  15.50 14.45 29.20 22.20 20.30 16.30 13.40 12.60 15.25 12.65 11.95

I 26.40 SS*55. 25*65 26.40 ?5*15 25*65 26.40 25,55 ? ? .# 26.40 .25*51
>.t

I 118.40 117.25 209.95 165.85 160.95 113.50 89.70 88.85 137.80 115.60 117.80

c S I 15.00 14.00 17.00 16.00 15.00 15.00 14.00 13.00 15.00 14.00 14.00

I  559.90 532«J5 635.55 590.45 557,25 «8 .7 0 5Q3-2S £76*85. 559*QQ 525-80 512*80

£  ■
I 530 2 2 2 1 m 47788S ¿¿2 542

S E C T I 0 N 2
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APPENDIX 13-1

TYPICAL LIST OF MAJOR PRODUCTION FACILITIES 
PCR GI WIRE PLANT

Eouiment/Facilities

Heat treatment and pickling

Batch type annealing furnace

Batch type pickling unit

Wire dra/ing
600 mm single block machine complete with 

electrics, piping and controls
400 mm single block machine complete with 

electrics, piping and controls
600 mm 5-block continuous machine complete with 

electrics, piping and controls
400 mm 7-block continuous machine complete with 

electrics, piping and controls

Galvanising
32 strand continuous hot dip galvanising line

40



iJPENDIX 13-2

ESTIMATED PRODUCTION C T FOR G.I. WIRE EXCLUDING FIXE
US $ per ton)

Thailand______ _____Malaysia_______ _____Singan
Alt. 1 Alt. 2 Alt. 3 Alt. 1 A lt. 2 A lt. 3 i l t .  1 A lt.

Materials

Wire rods • • 435.80 435.80 43*5.80 425.ЗО 425.ЗО 425.ЗО 409.50 409.

Zinc • • 30.10 30.10 30.10 29.00 29.00 29.00 28.00 28.

Credit fo r  scrap • • • (-К *? t- )g .8 Ы М (- )3 .4 b i - .
Sub-total • • 461.10 46I.IO 461.10 451.50 451.50 451.50 434.10 432.

Other Items

Labour and supervision • • 26.30 18.00 15.10 27.60 18.70 15.90 49.30 33.

Electric power • * 4.00 4.OO 4.00 4 .OO 4.OO 4.OO 4.4O 4.

Fuel 9 9 2.80 2.80 2.80 3 .8O 3. 8O 3.80 13.50 1З.

Repair and maintenance 9 9 4.70 3.90 З.40 4.70 3.90 З.40 4 .7O 3.

Consumables and general
plant expenses •  Ф 10.70 9.80 9.60 10.70 9.80 10.70 J2b

Sub-total 9 9 48.50 38.50 З4. 9О 50.80 40.20 36.70 82.60 65.

Administration and
Sales Expenses 9 9 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.

PRODUCTION COST (excluding
fixed charges) 9  9 522.60 512.60 509.00 515.30 2Ki70 501.20 529.70 512.

Say 9 9 Ж m 509 m 505 Ж 530 Ш .

S E C T I O N 1
---

M.N. DASTUR & COM>ANY (P) LTD 
CALCUTTA
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Oil ON COST FOR G.I. Wp £  EXCLUDING FIXED CHARGES 
(US $ p er ton)

a t . 1
H W SX*
a t .  2 a t . 3

_____ ¿2
a t .  1

an^anore
a t . 2 a t .  3

425.30 425.30 425.30 409.50 409.50 409.50

29.00 29.00 29.00 28.00 28.00 28.00

f-1£,8
451.50

1 -iM
451.50

(-12*8
451.50

(-)3t4
434.10

(- )3 .4
434.10

Iz lO A  

434.10

27.60 18.70 15.90 49.30 33.60 28.10

4.00 4.00 4.00 4.40 4.40 4.4O

3.80 3.80 3.80 13.50 13.50 13.50

4.70 3.90 3.40 4.70 3.90 3.40

10.70
50.80

9.60
40.20 36.70

10.70
82.60

9.80
65.20

9.60
59.00

13.00 13.00 13.00 13.00 13.00 13.00

515r20 504.70 501.20 52?rLO 512.3Q 506.10

m 530 506

Indonesia______  ____ Philippines
.at* 1 a t . 2 a t . 3 a t . 1 a t .  2 a t . 3

430.50 430.50 430.50 420.00 420.00 420.00

27.60 27.60 27.60 29.00 29.00 29.00

(-)4.8
453.30 453.30 453.30

(-)3»8
445.20

(.-)3.8
445.20

i z L k3 
445.20

20.90 14.00 12.00 18.30 12.50 10.70

3.20 3.20 3.20 5.30 5.30 5.30

1.10 1.10 1.10 11.00 11.00 11.00

4.70 3.90 3.40 4.70 3.90 3.40

10.70
40.60

9.80
32.00 29.30

10.70
50.00

_2*so
42.50

9.60
40.00

13.00 13.00 13.00 13.00 13.00 13.00

506.90 498.3Q 495.60 508.20 500.70 498.20

m 4g8 4% 508 501 421
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APPENDIX 1A-1

APPLICATIONS AND TYPICAL SPECIFICATIONS 
OF IMPORTANT SPECIAL STEELS

Typical
Steal Grade specification Applications

AISI/SAE BS

Carbon constructional 1040 EN-8 Axles, shafts, piston 
rods, gear racks, 
spindles, other auto» 
mobile parts etc.

1055 EN-9 -  do -

Alloy constructional 5140 EN-18 Automotive steering parts

4140 EN-19 Aircraft and truck parts, 
ordnance materials, 
cylinder lining, airu 
screw shafts.

4340 EN-24 Heavy aircraft and 
truck parts, ordnance 
materials, high duty 
bolts, spindles etc.

3310 EÜ-36A Aero engine connecting 
rods, high duty bolts, 
spindles etc.

EN-40C Valves, spindles, 
cylinder lin ings, 
crank shafts

Spring steel 9260 EN-45 Helical springs, small 
components fo r auto
mobile and railways etc.

6150 EN-47 Leaf, helical and 
f la t  springs

Free cubtii]g steal 1113 EN-1A Machine parts, bolts, 
nuts, studs etc.

1116 EH-7 -  do -
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APPENDIX 14.-2

TYPICAL LIST OF MAJOR HiODUCTlON FACILITIES 
FOR SIECIAL STEELS PLANT

Ecnmmeiit/Facilities 

SteaUnelt shop

Electric arc furnace complete with transformer 

Scrap charging buckets 

Oxygen lancing equipment 

Slag pots

Ingot moulds & bottom pouring arrangement

Rolling m ill

Reheating furnace

One 3-High stand

Three 3-High/2-High stands

Cooling bed complete with run-in and run-out 
table

Storage and handling
Storage bunkers for burnt lime and ferro-alloys  

CLam shell bucket transfer car 

Steel teeming ladles

Ladle preparation 

Ladle driers 

Ladle stand

Slide gate nozzle assembly

43
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Miscellaneous
Trade scale for scrap bucket weighing
Shearing machine and cutting torches 

for scrap preparation

Roll turning fac ilit ie s
Swing frame grinders, hot saw, cold 

shear, chipping hammers, etc.



APPENDIX 1Z.-3

■RRTTMaTFIf) PRODUCTION COST POR SPECIAL STEEL PRODUCTS EXCLUDI 
------------------------------------------------- (U S T  per ton)

Malaysia, Singapore
Alt. 1 Alt. 2 Alt._ J Alt. 2 Alt. 2

Materials

Steel scrap • • 155.35 155.35 122.65 122.65 143.65 143.65

Ferro-silicon • • 7 .AO ! »/(.0 7.20 7.20 6.90 6.9C

Ferro-manganese • • e .25 • ? .00 8.00 7.70 7.70

Ferro-chrome • • 27.20 ( • (v*. 26.25 26.25 25.30 25.30

F erro -molybdenum • • 32. .20 3...20 31.50 31.50 30.00 30.00

F erro-vanadium • • 3.10 3.10 3.00 3.00 2.90 2.90

Nickel • • 27.70 27.70 26.65 26.65 25.55 25.55

Limestone • • 0.55 0.55 0.55 0.55 0.95 C.95

Others • • .2,25 — 2^5 ...¿»25 ■ ..2«25 ..aas 2.95

Sub-total • • 264.7C 264.70 228.75 228.75 245.90 245.90

Other Items

Labour & supervision 0 0 23.6 5 12.60 24.70 13.15 44.25 23.60

Electric power 0 0 54.00 54.00 54.00 54.00 59.40 59.40

Graphite electrodes • • 19.75 19.75 17.10 17.10 18.25 18.25

Ingot moulds • • 12.50 12.50 12.50 12.50 12.50 12.50

Refractories • • 30.40 30.40 30.40 3C.40 30.40 3O.4O

Pud, oxygen and other 
u tilit ie s • 0 10.50 10.50 11.90 11.90 23.70 23.70

Rolls, lubricants, consumables 
and general plant expenses . • 37.60 -36.10 37.60 36.IO 37.60 36.10

Repair and maintenance 0 • . 7*2Q 7.50 Z»3fl ■-S..A5

Sub-total • • 195.90 181.30 195.70 18v.60 233.60 209.40

Administration and Sales Expenses 16.00 16.00 16.00 16.00 16.00 16.00

PRODUCTION COST (excluding 
fixed charges) • 0 A76.60 ¿&S.QQ ¿¿Q jJ£ 425.35 A71.30

Say 0 0 477 462
M

¿¡25 496 471

M.N. DASTUR & COMPANY (P ) LTD
CALCUTTA

S E C T I O N  1



APPENDIX 14-3

Y *♦ / -n

IIQN COST FOR SPECIAL STEEL PRODUCTS EXCLUDING FIXED CHARGES 
(US $ per ton)

Malav 
ia t ,  t

s ir  ,, .
A lt .  2

bm es 
& t .  1

more 
A lt .  2

maon 
4 L t. 1

.esia  
A lt .  2

n a a p

& t «J L

DlliUÖ
A lt .  2

122.65 122.65 143.65 143.65 151.85 151.85 143.65 143.65

7.20 7.20 6.90 6.90 6.50 6.50 8.90 8.90

• O o 8 .00 7.70 7.70 7.95 7.95 7.95 7.95

26.25 .26.25 25.30 25.30 . 25.60 25.60 27.85 27.35

31.50 31.50 30.00 30.00 30.70 30.70 32.90 32.90

3.00 3.00 2.90 2.90 2.95 2.95 3.15 3.15

26.65 26.65 25.55 25.55 26.30 26.30 28.10 28.10

0.55 0.55 0.95 0.95 0.50 0.50 0.95 0.95

. 2,9.5 2.95 2,25 . .A 2 5 . 2t ?5 ...3*22 —J j£ 5 __ 14L5

228.75 228.75 245.90 245.90 255.30 255.30 256.50 256.50

2/V.70 13.15 44.25 23.60 18.50 9.85 16.45 8.80

54.00 54.00 59.40 59.40 43.20 43.20 71.30 71.30

17.10 17.10 18.25 18.25 27.10 27.10 21.65 21.65

12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50

30.40 3C.40 30.40 30.40 38.80 28.80 36.00 36.00

11.90 11.90 23.70 23.70 8.75 8.75 20.40 20.40

37.60 36.10 37.60 36.10 37.60 36.10 37.60 36.10

5.¿5 7..5S ... 5.-45 , ,.2*5g 5.45 ..7 ,5 a . . . j i f f .

195.70 18c,. 60 233.60 209.40 183.95 171.75 223.40 212,20

16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00

A& tAS 425.35 495.50 AZJU52 455.25 442,05 495.9Q

440 425 496 471 455 443 496 485
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AFrENUX 15-1

REVIEW OF ALTS NATIVE TECKKOIflGIES FOR THE 
R1QDUGÏ ION OF STAINLESS STEEL

GRAPES AMD ATPLICATIDN

Stainless s tee l is  essen tia lly  an a lloy  o f iron, carbon 

and chromium generally containing- carbon leas than 0.1 per cent 

and chromium above 4 per cent. Nickel is  the next maj* r  a lloy ing  

element a fte r  chromium. The other a lloy ing elements used are 

molybdenum, copper, aluminium, s ilic o n  etc. Stainless s tee ls  

can be divided into three main categories, namely, austenitic, 

f e r r i t ic  and martensitic stee ls  as fo llows :

1. Austenitic : Nickel and chromium contents 
to ta llin g  not less  than 23 per cent; the 
minimum content o f chromium being 16 per 
cent and o f nickel 7 per cent.

2. F e r r it ic  : Straight chromium steels with 
over 11.5 per cent chromium mid such low 
carbon contents that they cannot be hardened 
by heat treatment.

3. Martenslt1c : Straight chromium steels  with 
chromium from 12-13 per cent and carbon 
content varying from 0.15 per cent to  1.20 
per cent, and which can be hardened by heat 
treatment.

Stainless s tee l is  mainly requireu as f la t  products.

Its  m ultifarious use can be c la ss ified  under f iv e  heads, 

namely:

1. Domestic appliances and requ isites such as 
utensils, sinks, re fr igera to rs , pressure 
cookers, razor blades, watch straps, 
cu tlery etc.
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2. Dot: us tic and commercial equipment such as 
furniture, ste rilise rs , measuring tapes, 
locks and keys etc.

J. Transport equipment such as passenger coaches.

4 . Industrial equipment, for example, dairy and 
fe rt ilize r  equipment and chemical equipment.

5. -elded tubes for fe rt iliz e r  equipment, metal 
furniture etc.

STBSLMiKING

Ever since commercial scale production of stainless 

steels was established in the early 1920 's , these stools have 

been made mostly in basic electric arc furnacos, and to a 

very limited extent in careless induction furnaces.

Stainless steel scrap could bo melted without carbon 

pick-up or large chromium losses in channel type a n d  careless 

type induction furnaces. Substantial tonnages of stainless 

steels were being made in those furnaces in the 1930 's  and 

40*s. However, with increasing sizes of arc furnaces becoming 

available, indocti... _ . ruac-os .¿e not being adopted for  

stainless st-oelmaking on a c c o u n t  of their small capacity and 

operating problems, i-bdern plants almost exclusively -adopt 
the electric arc furnace as the primary steelmaking unit.

Electric 4rc -Furnace Process

The conventional electric arc furnace process consists 

of four basic steps*

V!



M. N. DA S T UR  I  C O M P A N Y  ( ? )  LTD
m m  m m  w m m  kmomurt m w m

m m  on mnnnum konomic « s t  l u mFON S im  PMCtStO IN ASIAN COUNTMCI

ipp end ix 15—1 (c a n t'd )

1. a im in g  down the charge with about
0.5 per cent carbon content in the bath 
and a chromium content not exceeding
10.0 per cent;

2. Blowing in oxygen in  the bath at the rate 
of 15  to 25 cu m per tan within & short 
period o f 15  to 20 minutes* allowing bath 
temperature to rise  to 19oQ°-1350cte ana 
reducing bath carbon to about 0.05 per cent;

5* Cooling deem and reduction of chromium oxide 
from the s is « back into the bath ley 
additions of ferro -cilicon  and chrome-silicon;

4* Finishing the heat by checking analysis, 
making necessary alloying ddition- t a ilo r  
reducing slag to get the specified chemistry* 
and adjusting the temperature before tapping*

In this process of steeloaking* the arc furnace is  

effic ien tly  u tilised  fo r  step one only. For the other three 

steps* which together take almost as much time as the f ir s t  

step* the power requirement is only fraction of the total 

input possible to the furnace. The high temperature attained 

dc:ing oxygen blowing axe also very harmful to the furnace 

refractories.

The disadvantages of the conventional process have 

been overcome, to a large extent* by the more recent 

practice employing a duplex process. In this process, m elt' 

down with the fu l l  development of chromium and nickel required 

to give the fin a l analysis, followed by soma temperature 

adjustment and slagging o ff 1b carried out in the arc furnace. 

Decar bur is  ing and fin ishing operations axe carried out by a

secondary refin ing process; in a vessel specially designed

- 4 8 -
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fo r  th is  purpose* T h is  re s u lts  la  b u tte r u t ilis a t io n  o f 

a rc  fu rnace ca p a c ity  anti in cre ase s the p ro d u c tiv ity  by 

reducing  the heat tin e  o f the fu rn a ce .

Secondary Refining

Ifcere  are th ree m ajor secondary re fin in g  processes 
new in  uses

1* the vacuum oxygen decarbur is  a tio n  (VQL>)
process developed by Witten Bdelstahlwerloe 
of Wat Germany between 1962 and 1965;

2 . She argon-oxygen ¿ ¿ « c a rb u risa tio n . (A d i) p ro cess 
developed by Uhicn Carbide o f USA in  1967/68;

3* H ie CUJ (C reu so t - oire-Uddeholm ) steam -oxygen 
bottom blcwn p ro cess, the f i r s t  f u l l  sc a le

goduction u n it o f w hich was conm issioned a t 
g exfo rs W orks, Sweden in  1973*

VCP p ro ce ss; In  the VCD p ro ce ss , the m olten m etal 

co n ta in in g  no t mote than 0.50  per cen t carbon and 0*2 p er cent 

s ilic o n  ie  tapped a t about 1650°C in to  a b a s ic  lin e d  la d le  

having  a  la rg e  fre e  board . The la d le  is  f it t e d  w ith  a s lid e  

gate n o zz le , w hich perm its thorough p reheating  o f the la d le , 

and prolonged treatm ent o f the m etal in  the la d le  w itho u t 

r is k  o f damage. The la d le  is  p laced in  a vacuum chamber 

w hich is  vacuum -sealed w ith in  a o v e r . The chamber is  

evacuated by steam  e je c to r system . Throughout the treatm ent 

p erio d  the s te e l is  s t ir re d  co ntinuo usly ty  in je c tin g  sm a ll 

q u a n titie s  o f argon through a re fra c to ry  parous p lug  f it te d  

in  the la d le  bottom . Fo r te cu m  d e ca rb u risa tio n , oxygen is  

in je c te d  below the m etal su rfa ce  by an oxygen lanoe introduced
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through a vacuum sealed port on the cover of the vacuum chamber. 

The temperature of the metal is  either maintained or allowed to 

rise slightly, the heat generated by the carboiwoxygen reaction 

being adequate to compensate the heat losses through radiation, 

conduction and the evacuated gases. After the treatment, 

reductants are added under vacuum to revert chromium from the 

slag back into the metal, and corrective additions made to 

adjust the temperature and composition of the steel. The entire 

process, from tapping of the metal into the ladle to completion 

of the refining treatment and removal of the lad le from idle 

vacuum chamber, may take 2 to 2.5 hours.

\
ADD process: In the ADD process, the charge is  melted

in the arc furnace together with a ll the chromium and nickel
necessary. The carbon and silicon contents of the molten

metal need not be as closely controlled as in-the case Df the

VOD process and can range from 0.8 to 1.5 per cent. The

molten metal is  deslagged and transferred to the ADD vessel
which is  similar in shape to a converter. Argon and oxygen

are injected through tuyeres permanently mounted on one side

near the bottom of the vessel. The proportions of oxygen

and argon are varied from 3 i1 at the beginning of the
treatment period to 1:3 towards the end of the treatment

period. The duration of the oxygen blowing decarburisation

period may vary from 1.5 to 2 hours, depending on the starting
carbon content. The metal temperature is  allowed to rise to 
_  o 0

1730 -1740 C towards the end of the decarburisation blow for 

effective carbon removal down to 0.02 per cent and below, i f  

required. After the carbon has been reduced to the desired

50 -
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low le v e l, a fresh reducing lin e -s ilic o n  slag is  made up and 

the bath is  s tirred  with argon. The excess heat in  the blown 

metal is  adequate to melt the slag. The analysis o f the steel 

is  then checked and adjusted with necessary fin ish in g  additions.

CLU process: In the CLU process, the charge melted with 

the fu l l  complement o f n ickel and chromium in  the arc furnace 

is  transferred to a vessel where oxygen and steam are blown into 

the bath through annular tuyeres in  the bottom o f the vessel.

The steam shield surrounding the oxygen stream dissociates into 

hydrogen and oxygen on coming into contact with the molten 

metal, the endothermic reaction helping to keep down the 

temperature at the tuyere mouth. The oxygen reacts w ith the 

carbon, and the hydrogen reduces the pa rtia l pressure o f 

carbon monoxide inside the reaction vesse l. However, the s tee l 

tends to pick up hydrogen, and th is has to be reduced to  less 

than 10 ppm by using argon at the end o f the process. The 

main advantage o f th is process over the AOD process is  that the 

consumption o f expensive argon is  g rea tly  reduced. The 

re fin in g  time fo r  reducing carbon from 1.6 per cent to  less  

than 0.015 per cent is  70 minutes. Total time in  the converter 

is  two and a h a lf hours. Metal temperature r ises  to  about 

1650°C at the beginning and then remains fa i r ly  constant.

A ll the three secondary re fin ing  processes described 

above have the fo llow ing advantages in  common:

-  51 -
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1. Refining of charges with fu l l  chromium and 
nickel contents down to very low carbon 
levels, less than 0.02 par cent i f  required, 
with high chromium recovery efficiencies of 
the order of 96 to 98 per cent;

2. No need so use high cost lew carbon ferro - 
chrome, except possibly small amounts as 
finishing additions fo r f in a l composition 
adjustment;

3. Production of extra lew carbon grades with 
less than 0 ,0 } p er  cent carbon, which do not 
need tc bo stabilised with titanium or 
niobium additions for freedom from weld 
sensitiveness to intergranular corrosion,
at not much greater cost than the standard 
grades.

Continuous casting of stainless steel into slab is now 

an established practice. Earlier vertical machines were used 

fo r stainless steel slab casting. But during the past decade 

or so curve mould machines have also become popular.

Die continuous casting process offers mary advantages 

over the conventional ingot casting practice. It  obviates a 

number of intermediate fa c ilit ie s  involved in the ingot 

casting route, such as ingot moulds, mould cars, mould yard, 

stripper yard, soaking pits and primary ro llin g  m ills. The 

plant layout con be compact and the manpower requirement w ill  

be lower. But the major savings result from the higher yields 

of the order oi 8 per cent to 10 per cent from liquid steel 
to semis.

-  52 -
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The quality of continuous cast semis is comparable to» 

and In some cases even better than» those produced from ingots. 
Developments such as the use of submerged nozzle and pearler 

flux for casting* and the use of argon stirring of the liquid 

steel in the ladle for ensuring temperature uniformity have 

helped in improving further the quality of the continuous 

cast products.

Stainless steel slabs are being regularly cast in 

many steel plants to give products of satisfactory quality.

For example» Atlas Steel in Canada are casting stainless 

steel slabs in a vertical machine since 1934* and have 

installed, later» a curved mould machine at Tracy, Quebec. The 

Nippon Steel Corporation in Japan are also operating a 

continuous casting machine since I960 at their HjLkari Works.

In recent years* most of the plants manufacturing stainless 

steel have adopted continuous casting.

HOT SIR IP ROLLING

Hot ro llin g  of slabs into strip  can be carried out in 

any one of the following types of m ills:

i )  Semi-continuous strip mill

i i )  Steckel mill

i i i )  Hot planetary mill

For hot ro lling strip , of about 600 mm width, an 800 mm 

semi-continuous strip mill with one reversing rou ting  stand 

and five continuous finishing stands would be necessary. Such 

an installation w ill  have a capacity of over 250,000 tons per

-  $ 3 . «
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annum and cannot be justified for outputs less than

100,000 tons.

A steckel m ill consists of a single 4-high reversing 

stand with hot coilers inside furnaces on both sides of the 

mill. Hie heated slab is f ir s t  reduced to about 15  mn 

thickness m a 2-high or 4-high reversing roughing stand 

with ec!gqr, and passed on to the steckel m ill. In the 

steckel mil], the plate is reduced to 3 to 5 nm thick strip  

in 10 to 12 passes, the strip being maintained hot by the 

take-up coilers on either side located inside a furnace 

heated to about 1150°C. A 76O ran steckel mill installation  

of this type would have a capacity of about 100,000 tons 

per year. Hot rolled strip quality is not as good as that 

obtained on a semi-continuous strip mill.

The hot planetary m ill basically consists of a pair 

of heavy back-up ro lls , each surrounded by a number of small 

diameter work (planetary) ro lls , the ends of which are held 

in cases. The back-up ro lls  are driven and the work ro lls  

rotate in the opposite direction driven by friction  between 

the slab and the back-up ro lls . The slab is fed int < the 

mill against the direction of rotation of the work ro lls  by 

mean3 of feed ro lls  which also give a reduction of 15  to 20 

P=r cent. On the exit side, a planishing m ill smoothens the 

waviness of the strip by giving a small reduction on the strip. 
The strip is coiled after being cooled down to some extent 

by water spraying. The reheating furnace, which is usually 

a continuous type high-heat head furnace, is placed very near 
the mill thereby reducing scale loss.



M.  N.  D A S T U R  ь  C O M P A N Y  ( Р )  L T D
STUDY ON MINIMUM ECONOMIC SIZE PLANTS 

FOR STEEL PROCESSES IN ASEAN COUNTRIES

UNITED NATIONS INDUSTHAI DEVELOPMENT OKANIZATION

#pendix 15 -1  (cont'd)

Advantages of Planetary Mill

¿axis  the many advantages claimed Гог strip  ro lling  

in the planetar,/ m ill, the following may be mentioned:

i )  Lower capital investment which is only 
about one-quarter to one-fifth of the 
investment required fa r  a senu-continuous 
or continuous strip:.mill for the same width 
of strip.

i i )  Floor space requirement of a planetary mill 
is about 50 per cent of that necessary for a 
semi-continuous and about 30 to 35 per cent 
of that needed for a continuous m ill.

i i i )  In planetary m ill, the in itia l slab ro llin g  
temperature can be lower than in the case of 
other m ills. The high rate of work in 
reducing from slab to strip in a matter of 
seconds causes a considerable temperature 
rise and the strip  leaves the mill hotter 
than the slab entering the mill.

In the conventional strip mill, the reheating 
furnace temperature is usually much higher 
(up to 300°C) than the required finishing 
temperature, to allow for the considerable
cooling of the slab by radiation as i t  passes 
down the ro lle r tables between the mills and 
ty the ro l l  cooling sprays find the high 
pressure scale-removing jets. The saving in 
heating cost is substantial, as fuel costs 
rise rapidly with relatively small increase 
in temperature in the upper range of heating.

iv ) Lower conversion cost resulting from less 
manpower requirement, less power consumption 
per ton of output and lower ro ll  costs.
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v ) Crreater gauge accuracy and h itter standard 
cf surface fin ish  due to lower ro lling  
temperature controllable within precise 
limits, less scaling, contact with almost 
cold work ro lls , practically no slippage 
between rolled (materials) and ro lling  
(work ro lls )  surface and virtual absence 
w f  crown.

v i; Reduced scale loss, »lua to lcwer heating 
temperature and fast heating cycle.

v i i )  F lexibility in ro lling . The planetary mill
permits great f le x ib ility  in ro lling  schedules.
The thickness and width of the strip  can be 
changed /'ithout even stopping the m ill thus 
permitting ro lling of smaj.1 lots of materials 
economically. The conventional ro lling  
schedules of ro lling progressively narrower 
strip in continuous mills are not required 
to be followed.

Eighteen hot planetary mills have so fa r been installed 

throughout the world, f  vniich about a dozen are engaged in 

comqprcial ro llin g  of plain carbon, alloy and stainless steels.

From the above, it  is obvious that for hot ro lling  of 
stainless strip in relatively small tonnages, the m.st 

suitable choice is  the planetary mill. Plants operating 

planetary mills fo r  stainless aid otter higher alloy steel 
strip ro lling claim that they are economic,even i f  they are 

operated only a few shifts a week.

COLD SIR IP ROLLING

For cold ro lling  stainless steel stripy dendzimir cluster 

mill (1 -2-5-4 typo) with small diameter work ro lls  is
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practically an automatic choice, as no other type of mill 

can accomplish the work as well and at such low overall 

cost. Austenitic stainless steel work hardens very rapidly. 
I f  the standard type of 4“hi cold mill with large diameter 

work ro lls , normally used for cold ro lling  low carbon steel 

strip, is used for austenitic stainless steel, only 25 to 

30 per cent cold work can be given before the strip  work 

hardens to such an extent that it  w ill have to be annealed 

before any further cold ro lling is done. With the small 

diameter fu lly  hardened work ro lls  in Sendzimir cluster 

mill, as much as 85 per cent cold reduction can be given 

on austenitic stainless steel strip before another animaling 

is  required. Normal practice is to give 65 to 70  per cent 
cold reduction and anneal before further cold reduction.
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APfENDK 15-2

TYPICAL LIST CF MAJOR HtODUCTION FACILITIES 
FCR SIAINIJSSS STEEL PIANT

Eauippent/Pacilities 

Steelmelt shop

Electric arc furnace complete with transformer

Vacuum refining unit complete with steam ejector system

Continuous casting machine for slabs with tundish 
preheating fac ilit ie s  etc

Slao discharging and cooling fac ilities
Material storage and handling fa c ilit ie s , e .g . addition 

bin3, scrap buckets, transfer cars, weigh feeders, steel 
ladles, slag pots etc.

EOT cranes

Ladle lelin ing and heating fac ilit ie s
Arc furnace relining and fettling fac ilit ie s

Hot strip m ill

Slab conditioning fa c ilit ie s , including automatic slab 
grinders

Slab reheating furnace

Hot planetary m ill including edger, planishing m ill 
and coiler

Flying shear, descalers etc 

E T cranes

Coil build-up line including uncoiling reels, leveller, shear, 
welding and grinding fa c ilit ie s , side trimming unit, bridle 
ro lls , recoiling ree l etc.
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Annealing and pickling fa c ilit ie s  including annealing 
furnaces, quenching station, shot blasting equipment, 
spray rinse, pickling tank, strip dryer, strip  
recoiler etc.

Cold ro lling and finishing

Strip grinding line 

Sendzimir cold rolling mill 

Skin pass mill
Shearing, squaring and s littin g  fac ilit ie s  

Inspection and packing fa c ilit ie s  

EOT cranes



APPENDIX 15-3

i^rihAlEP PRODUCTION COST FOR STATMI.KSR HR SHEEI/SIRIP cASL'JDil.S
(US $ per ton)

Thai 1 anri___________  ___________ Malaysia___________  _________Slngapci
Alt. 1 Alt. 2 Alt. 3 Alt. 1 Alt. 2 Alt. 3 Alt. 1 Alt.

t erials

urchased steel scrap • » 70.90 70.90 70.90 56.15 56.15 56.15 65.55 65.

igh C Pe-Cr • * 198.90 198.90 198.90 193.05 193.05 193.05 185.25 185.

ow C Fe-Cr • • 137.25 137.25 137.25 132.50 132.50 132.50 127.75 127.

jilico-chrome • • 10.05 10.05 10.05 9.75 9.75 9.75 9.35 9.

ow C Fe-Mn • • 10.80 10.80 10.80 10.45 10.45 10.45 10.05 10a

erro-eilicon • • 11.00 11.00 11.00 10.65 10.65 10.65 10.25 10.

ickel • • 616.00 616.00 616.00 592.00 592.00 592.00 568.00 568.

lux -vhiitives 

Sue- tot ai.

2. CO 2.00 2.00 2.00 2.00 2.00 3.00 3 .

• • 1,056.90 1,056.90 1,056.90 1,006.55 1,006.55 1,006.55 979.20 979.

,.ier Items
iibour and supervision • • 234.60 13 1.10 92.00 244.80 136.80 96.00 438.60 245.

Electric power • • 98.00 95.00 92.00 98.00 95.00 92.00 107.80 104.

iraphite electrode • • 30.70 29.90 28.60 29.50 28.75 27.50 28.30 27.

Refractories • • 14.75 14.75 14.75 14.75 14-75 14.75 14.75 14.

Fuel • • 8.85 8.85 8.85 12.65 12.65 12.65 43.45 43.

Oxygen • • 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.

Other u t ilit ie s , ro lls , 
consumables, general
plant expenses etc • • 195.00 140.00 111.50 200.00 140.00 111.50 280.00 195.

Repair and maintenance • • 225.00 15Q..QQ 116.50 225.00 ^OfOQ 116,59 SS5,90 m
Sub-total • • 814.15 576.85 471.45 831.95 585.20 478.15 1,145.15 787.

[ministration and
Sales Expenses • • 35.00 30.00 25.00 35.00 30.00 25.00 40.00 35.

PRODUCTION COST (excluding
fixed charges) ft • 1,906.05 1,663.75 1,553.35 1,873.50 1,621.75 1,509.70 2,164.35 1,801.

Say • • 1.906 1.664 1 A Z 1.874 1.622 JO 2.164 i.8o;

S E C T I O N  1

. N. DASTUR & COMPANY (P)
ALCUTTA

LTD



PKNDIX 15-3 1 Ы

-tysia___________  _________ Singapore
U . 2 Alt, 3 Alt. 1 Alt. 2 Alt. 3

56.15 56.15 65.55 65.55 65.55

1З.О5 193.05 185.25 185.25 185.25

>2. 50 132.50 127.75 127.75 127.75

9.75 9.75 9.35 9.35 9.35

10.45 10.45 10.05 10.05 10.05

10.65 10.65 10.25 10.25 10.25

92.00 592.00 568.00 568.00 560.OO

2.00 2.OÛ 3.00 3.00 ,2«oo

'■16.55 1,006.55 979.20 979.20 979.20

36.80 96.00 438.60 245.IO 172.00

95.00 92.00 107.80 104.50 101.20

28.75 27.50 28.30 27.60 26.4О

14.75 14.75 14.75 14.75 14.75

12.65 12.65 43.45 4З.45 43.45

7.25 7.25 7.25 7.25 7.25

'40.00 111.50 280.00 195.00 146.50

: 50.00 H to fl 225. OQ 1 Я Ш 116.5Q

35.20 478.15 1,145.15 787.65 628.05

30.00 25.00 40.00 35.00 25.00

621.75 1,509.70 2,164.35 1,801.85 1,632.25

Ш 1.510 2.164 1.802

г-io f̂--' is.___________ ___________ Philippines
Alt. 1 Oil u# .«»It. .«It. 1 Alt. 2

69.55 69.55 69.55 65*55 65.55

177.45 177.15 177.45 204.75 204.75

129.30 129.30 129.30 140.45 140.45
9.60 9.60 9.60 10.30 10.30

10.30 10.30 10.30 11.05 11.05

9.60 9.60 9.60 13.20 13.20
584.OO 584.OO 584.OO 624.OO 624.00

2.00 2.00 2.00 3.00 3.00

991.80 991.80 991.80 1, 072.30 1, 072.30

183.60 102.60 72.00 163.20 91.20

78.40 76.00 73.60 129.35 125.4O

42.00 40.95 39.15 33.65 32.75

14.15 К* 15 14.15 17.70 17.70

4.10 4.10 4 .10 34.75 34.75

7.25 7.25 7.25 7.25 7.25

170.00 125.00 101.50 160.00 120.00

225.00 m o o U.6^2, 225.00 150.00

724.50 520.05 428.25 770.90 579.05

35.00 30.00 25.00 35.00 30.00

1,751.30 1,541-85 1,445.05 1,878.20 1,681.35

Ш 1.542 ш г Ш 1

f S E C T I O N  2
''ft.

¿tit« 3

65.55

20^.75

140.45 

10.30

11.05  
13.20

624.00

____ 2*00

V./72.30

64.00

121.45 

31.35 

17.70 

34.75

7.25

96.50 

П6.50 

489.50

25.00

1,586.80

1 Ж
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BRIEF REVIEW OF AVAILABLE TECHNOLOG1ES 
FOR HOT SIR IF ROLLING

The hot ro llin g  of ¿Lab into s tr ip  can be done on any 

one o f the follow ing types o f m ills :

i )  Continuous mill

i i )  Semi-continuous mi 11

i i i )  ELanetary m ill

i v ) Steckel m ill

CONTINUOUS MILL

A continuous m ill breaks down the slab in  a combination 

o f a number o f roughing stands placed in lin e  before a sim ilar 

series o f fin ish in g  stands. The production capacity o f such 

m ill depends upon the width o f  slab i t  can r o l l ,  and the to ta l 

number o f stands. Besides, i t  is  influenced by the grade o f 

s tee l being ro lled  which governs the ro llin g  speed. For 

example, a 1420 mm ( 56" )  continuous m ill can give an output o f 

2 m illion  to  3 m illion  tons on tonnage steels and about 50 to  

60 per cent output on a llo y  and special s tee ls .

SEMI-CONTINUOUS MILL

A semi-continuous m ill is  d iffe ren t from a continuous 

mil l>  in  that the roughing is  done w ith the aid o f a reversing 

stand, backed up by a second roughing stand in  some cases. 

Finishing is  done w ith a number o f stands in lin e , in  the same
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manner as in  the contiruous m ill. Far a tonnage s te e l p lan t, 

a  14 2 0  nan ( 56" )  sem i-contim ous m ill « i l l  have a  capacity o f 

about 1 m illio n  tons o f hot s t r ip  per y ear.

PLANETARY if f » .

The planetary m ill, though f a i r ly  w e ll estab lish ed  fo r  

the production o f narrow s t r ip , has not gained acceptance fo r  

the production o f wide s t r ip . Of the ex istin g  in s ta lla t io n s  

numbering about 15» only three are  designed fo r  the r o llin g  o f 

s t r ip  w ider than 1200 mm, and 10 f a r  width ra rg in g  from 525  to  

600 ion. Hone o f the wide planetary m ills , in c lu d iig  the 52" 

wide m ill at Norbottens, Sweden, 51" wide m ill a t  NÏK, Kawasaki, 

Japan and 57" wide m ill a t Tracey, Quebec, Canada has given  

tro u b le -fre e  operation . The main problems with p lanetary m ills  

are excessive maintenance and high degree o f operational s k i l l  

requ ired , which becomes in creasin gly  d i f f ic u lt  to  cope w ith  as 

the m ill width in creases. Therefore, in  sp ite  o f the low  

investment claimed f o r  th is type o f  m ill, p lanetary m ill i s  not 

recommended fa r  the production o f re la t iv e ly  wide s t r ip .

gPECKEL MILL

In  the steckel m ill, a reversir-g rs -o liitg  stand, e ith er  

two-high o r fou r-h igh  i s  used in  conjunction with a  reversin g  

fin ish in g  stand, gen era lly  fo u r-h igh . The heated s lab  i s  

ro lle d  in  the roughing stand in to  a stra igh t length  breakdown 

1 2  mm to  20  mm th ick , in  f iv e  to  nine passes, depending upon 

grade o f s te e l, the width and thickness o f the s lab  and the 

drive  ra tin g  o f the m ill. The breakdown then passes to  the 

f in is h irg  stand which is  provided w ith two hot c o ilin g  drums, 

one on the entry and one on the d e live ry  side , located  in side
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heating furnaces fa i r ly  d o se  to  the m ill stand. The s t r ip  is  

reduced to  fin ish ed  thickness» gen era lly  1 . 8  to  5  mm, in  f iv e  to  

nine passes* again depending upon the m aterials* the sta rtin g  

and fin ish ed  thickness and width, and the drive ra tin g  o f the 

m ill.  A fte r each pass the s tr ip  i s  taken by the c o ile r  drum 

in sid e  the furnace and maintained a t the ro llin g  temperature 

appropriate to  the grade o f stee l b e irg  ro lle d *  so th at the stock  

i s  ro lle d  at a f a i r ly  uniform temperature throughout» and the 

number o f passes taken and ro llin g  tim e do not become c r it ic a l  

fa c to rs  from the point of v ie *  o f s tr ip  q u a lity . Since a sin g le  

reversin g stand perform s the work o f f iv e  to  seven fin ish in g  

stands o f a  semi-continuous m ill* the steckel m ill capacity i s  

lo ^ e r  than that o f a semi-continuous m ill o f comparable w idth.

The qua lity  o f the product from a steckel m ill is  gen era lly  

in fe r io r  to  that o f a semi-continuous m ill product* both in  

respect of surface fin is h  and gauge un iform ity. Steckel m ill 

s tr ip  has "ro lle d  in  sca le " as the c o il i s  m ai.'tained at a  high 

temperature fo r  a prolonged period . Another reason fo r  th is  

defect i s  the d if f ic u lty  in  e ffe c t iv e ly  d e sca lirg  the s t r ip  in  

the lim ited  distance between m ill stand and the c o ilin g  drum.

The above lim itation s seriously  r e s t r ic t  the use o f ] Tt ro lle d  

s t r ip  fa r  c r it ic a l grades and ap p lica tion . For example* hot 

ro lle d  s trip  which have to  be fu rth e r cold ro lle d  fo r  being fed  

to  e le c tro ly tic  t in n irg  lin e s  are gen era lly  not o f acceptable  

in tern ation al standards i f  ro lle d  in  steckel m ills *  Serious 

problems have been reported from ex istin g  steckel m ill in  

operation at Chimbate P lan t, Peru and at the ^SC P la n t, U lig a n , 

where the hot band produced from steckel m ill was not considered  

sa tis fac to ry  fo r  fu rth e r cold r o l l i r g  of s tr ip  fo r  e le c tro ly t ic  

tin n in g app lication .
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T i l l  a few years back, the steckel m ill had the advantage 

o f sm aller gauge v a ria tio n  across the w idth» compared to  the  

sem i-contiruous m ills « However» w ith the modern developments 

in  automatic gauge con tro l system with fa s t  response time and 

r o l l  shape con tro l» in  the la s t  few years» the products from  

the sem i-contim ous and continuous s t r ip  m ills  have become 

comparable in  th is  respect to  those from the steckel m ill.

The ends o f the c o il produced in  steckel m ill are  th ick  

and e n ta il add ition a l cropping which reduces the y ie ld  o f the 

c o ils  by about 2 per cent. The ra te  o f r o l l  wear i s  high and 

more frequent a tten tion  has to  be given  to  r o l l  adjustment 

d u rirg  r o llin g . Further» the r o l ls  have to  be changed frequen

t ly  to  m aintain surface q u a lity . As the c o ilin g  drum works 

in sid e  a hc.t furnace» i t s  maintenance a lso  poses some problem s. 

Therefore» the operational and maintenance »QHil requ ired  to  

keep a  steckel m ill runnirg continuously» to  produce acceptable  

q u a lity  o f s tr ip » i s  considerably h igher.
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TYPICAL LIST OF MAJOR PRODUCTION FACILITIES 
FOR HOT STRIP MILL

Eauicment/Facilities

Slab reheating furnace w ith  s lab  load in g  and d ep ile r  
ta b le , furnace charging ta b le , pushers, pusher-type 
furnace o f 15 0 -2 0 0  tons/hr capacity, e le c tr ic s , 
instruments and contro ls

Hot B trip lm ll

Furnace d e liv e ry  tab le  

M ill entry tab le  

Scale breaker

Reversing 4 -h igh  roughing stand 

4 -h igh  fin ish in g  m ill stands 

Interconnecting ta b le s , d e lay  and coo ling tab le s  

Down c o ile rs

C o il coo ling and tra n s fe r system 

Hydraulic, pneumatic, and lu b ric a tio n  systems

Shearing lin e  fo r  hot ro lle d  s tr ip

Handling equipment includ ing s lab  handling device, 
electrom agnets, grab buckets, sca le  and crop 
wagons, tran s fe r cars 'C ' hooks and porter bars

Cranes and other m aterial handling equipment
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BRIEF REVIEW OF AVAILABLE TECHNOLOGIES FOR 
COLD STRIP ROLL D C  AND FINISHES

Cold ro ll in g  and fin ish ing  o f hot ro lled  s tr ip  generally 

comprises the fo llow ing main operations:

i )  P ick ling
i i )  Cold ro ll in g

i i i )  Surface cleaning o f cold ro lled  s trip  
iv  ) Annealing 
v )  Skin passing

v i )  Finishing operations including shearing 
or s l i t t in g

v i i )  M etallic coating o f  the surface such as 
tinning, galvanising etc.

v i i i )  Inspection, packing and despatch

PICKLUE

The f i r s t  step fo r  processing hot ro lled  s trip  to 

fin ished cold ro lled  s tr ip  is  to  pickle the surface.

Pickling is  used fo r  removing the scales or oxide layer 

formed on the s tr ip  during the hot ro llin g  process, to 

build up the c o ils  fo r  subsequent operations and to  o i l  

the s tr ip  surface to prevent further rusting .and to act 

as a lubricant while cold ro llin g . P ickling is  done with 

acidic solutions and can be performed either by batch 

operation or in  a continuous p ick ling lin e . Batch p ick ling 

is  generally adopted when a r e la t iv e ly  lower tonnage o f 

s tr ip  is  to  be pickled. The quality o f s tr ip  obtained by 

batch p ick ling is  not comparable to  that obtained by the 

continuous p ick ling process. Continuous p ick ling is  done 

either with sulphuric acid or with hydrochloric acid as the
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pickling medium, hydrochloric acid is  preferred as the p ick ling 

medium in  modern cold ro llin g  in sta lla tions , as sulphuric acid 

has higher consumption rates and problems are faced with the 

disposal o f e fflu en ts , particu larly  o f  ferrous sulphate produced 

in huge quantities.

Continuous pickling can be performed either by passing 

the s tr ip  through ordinary acid tanks or by using e le c tro ly t ic  

pickling tardes where pickling rate increases substantially 

compared to  the former.

The main lin e  equipment fo r  p ick ling unit consists o f 

pay-off, shear, welder, pinch ro lls/b rid le  r o l ls ,  s tr ip  storage 

accumulators, scale breaker, p ick ling tank, rinse tank, d riers, 

le v e lle r s , shear and side trimmer, scrap baller/chopper, o ilin g  

fa c i l i t y ,  rewind unit, fume exhaust unit and neutralisation unit.

COLD ROLLIMG MILL

For cold reduction o f s tr ip  to  lower gauge, e ither 

4-nigh reversing m ills  or four to  s ix  stand t.indem m ills  are 

used. For r o llin g  o f s trip  to tin p la te  gauge o f about 0.2 mra, 

generally f iv e  stand tandem m ills  are used. Reversing m ills  

are preferred only in  such caaes where re la t iv e ly  lower 

tonnages o f  material are to be processed. Depending upon the 

c ftil weight, the speed o f ro llin g  .and the width o f  the s trip  

being processed, a reversing 4-high m ill o f  about 1,500 mm 

width can give an output in the r ango o f 150,000 to  300,000 

tons per year, compared to  an output o f about 600,000 to 

1, 000,000 tons per year from a five-stand tandem m ill o f 

about 1,500 mm width. Product ro lled  from a four-high cold 

reversing m ill with modern automatic gauge control system is  

comparable to  that ro lled  from a five-stand tandem cold m i l l .
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SURFACE CLEANING

R o llin g  lu brican t residues l e f t  on the s t r ip  are removed 

from the s t r ip  surface p r io r  to  o r during fu rth er processing o f  

co ld  ro lle d  s t r ip . For sheet gauge m ateria l, r o llin g  o i l  i s  

u su a lly  removed by 'burnt o ff*  process in  box annealing furnaces. 

But in  case o f  production o f the s t r ip  fo r  other use l ik e  t in  

coating, add ition al processing o f s t r ip  c a lle d  'd egreasin g 1 is  

required fo r  cleaning the su rface .

CR s t r ip  fo r  t in p la te  production is  degreased by using  

alkalin e  detergent so lutions such as caustic soda, sodium 

o rth o s ilic a te  and tri-sod ium  phosphate. Degreasing i s  gen era lly  

done in  e le c tro ly t ic  degreasing tanks through which the s t r ip  

is  passed continuously. The un it comprises m ainly o f  p a y -o ff, 

shears, w elder, cleaning tank, rin se  tanks, d r ie r , pinch r o l ls ,  

b r id le  r o l ls ,  loop  p it  and tension  re e ls .

annealing

To tender the f l a t  ro lle d  products su itab le  fo r  th e ir  

intended end uses, sheets and s t r ip  are u su a lly  given  heat 

treatment to  e ffe c t  changes in  th e ir  mechanical p rop erties .

Heat treatment may be c la s s if ie d  a e .

a ) Batch type process, which can be d*ne by  
bo:: annealing or open c o il annealing, o r

b )  Continuous type process, such as continuous 
annealing, strand annealing and norm alising.

Box annealing equipment con sists o f bases, inner 

covers, furnace and coo lin g hoods. Open c o i l annealing is  

le s s  time consuming compared to box annealing but th is  time 

advantage i s  o ffs e t  by add ition a l operations such as
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't ig h t -to -lo o s e 1 arri 'lo o s e -to -t ig h t 1 operations. Open c o il 

nnnp.ftling i s  used when some d e lib e ra te  changes are requ ired  in  

ohem-ioai composition o f the sheet o r i t s  su rface .

In  continuous annealing, s t r ip  i s  given annealing  

treatment fo r  a short time and treatm ent cycle  i s  determined 

la r g e ly  by temperature d is trib u tio n  in  the furnace, dimension 

• f  the furnace and the s t r ip  speed.

Batch annealing i s  p re ferred  where r e la t iv e ly  th icker 

m ateria l are to  be processed or where coarser gra in s are  

requ ired , but fo r  h igher capacity , i t  requ ires more space and 

handling o f  m aterial i s  r e la t iv e ly  increased. Continuous 

annealing i s  used gen era lly  fo r  low er gauges o f  CR s t r ip . 

Now-a-days continuous annealing lin e s  processing up to  1 . 2  mm 

th ick  s t r ip  have been in s ta lle d  and are working s a t is fa c to r ily . 

The new continuous annealing lin e  at Nippon S te e ls , Kim itsu 

Works can process CR s t r ip  o f  0 .4  to  1 . 2  mm thickness and 

750 to  1 ,2 4 0  mm width and has capacity  o f about 3 4 ,0 0 0  tons 

per month. Continuous annealing lin e s  gen era lly  con sist o f  

p a y -# ffs , shears, welder, e le c tro ly t ic  clean ing u n it, entry  

loop in g tower, furnace, e x it  loop ing tower/car, tensions 

r e e ls . Temper m ill and o ilin g  fa c i l i t ie s  can a lso  be provided  

in  l in e .  Thus, continuous annealing lin e s  can do the 

operations such as clean ing, annealing and temper r o llin g  

in  lin e  and thus minimise operational cost to  a  very  high  

extent. Combination o f box annealing furnaces and a  

continuous annealing lin e  i s  suggested fo r  a  co ld  r o llin g  

m ill complex o f about a  m illio n  ton capacity  processing t in 

p la te s  and sheet gauge m ateria l.
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SKIN PASS IMS

Annealed c o ils  are akin passed to  improve the hardness 

and strength o f the outer surface o f the s t r ip  and leave  the  

inner base m ateria l d u ctile  and a lso  to  elim inate stretch er 

stra in  problems. S ingle stand o r twin stand 4 -h igh  m ills  are  

used fo r  akin passing t in p la te  and sheet gauge annealed s t r ip . 

Twin stand 4 -h igh  m ills  are p re ferred  when tin p la te  tonnage to  

be processed i s  h igh .

Skin pass m ill con sists o f p a y -o ff, tension  r o l ls ,  shear, 

m ill stand/stands, tension  re e l and conveyors.

FINISHING FACILITIES

F in ish ing fa c i l i t ie s  in  a co ld  r o llin g  m ill complex 

include shearing lin e s  and s lit t in g  lin e s . Coating lin e s  

such as ga lvan isin g  and tin n in g lin e s  are a lso  provided. 

However, fo r  the purpose o f th is  rep o rt, coating lin e s  are  

separately  discussed and are not considered as a p a rt o f  cold  

r o llin g  m ill complex.

SHEARING/SLITTING LINES

The lin e  equipment m ainly consists o f p a y -o ff, pinch 

r o l ls ,  loop  p it s , side trim m er/slitter, shear, p ile rs /  

re c o ile r  and o i le r .  G enerally  two types o f shears are vised:

a ) Those fo r  cu tting the s t r ip  along the w idth  
• f  the s t r ip  as in  case o f  shearing lin e s .

b )  Those fo r  cu ttin g  the s t r ip  continuously  
along the length  o f  the moving s t r ip  as 
in  case o f s l i t t e r s .
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F lying shear o f e ither gu illo tin e  type or rotary type 

is  used in  continuous shearing lin es . G u illo tine type shears 

have got lim ita tions as they are capable o f cutting e f fe c t iv e ly  

15) to  a speed o f about 125 m per min max. Rotary type f ly in g  

shears can be used fo r  s tr ip  speeds up to 300 m per min.
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TYPICAL LIST Cg MAJOR atODUCTICM FACILITIES 
PCR COLD SBOP HILL

dquipm ent/Facilities

P ick lin g  lin e  conplete w ith c o i l feed ing  
preparation  and storage equipment, p ick lin g  
and rin se  tanks, w ith  s t r ip  drying fa c i l i t y ,  
side  trimmer, o ilin g  and coo lin g  equipment 
and acid  treatment p lan t

4-H igh s in g le  stand  or f iv e  stand tandem mi l l  
com plete w ith  e n try  equipm ent, m ill stand / 
stands w ith  autom atic gauge co n tro l system , 
ten sio n  re e l e t c .

Continuous annealing lin e  complete w ith  entry  
c o il preparation  and charging equipment, 
degreasing and annealing un it w ith  s tr ip  
accumulators, e x it  equipment e tc .

Box annealing furnace complete w ith  bases, 
covers, coo lin g  hoods, furnaces e tc .

S ingle stand/two stand 4_ High skin  pass m ill 
complete w ith unwinding and rew inding fa c i
l i t i e s ,  m ill stand/stands e tc .

S h e a rin g /s littin g  lin e s  complete w ith  
unw inding, 3 h e a rin g /s littin g , p ilin g /  
co o lin g  u n its  e t c .

Handling equipment
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APP END L  i. IV- 3

ESTIMATES OF PRODUCTION COST FOR CR CCI
(US $ per ton)

Thailand_______ ______ Malaysia
Alt. 1 Alt. 2 Alt. 1 Alt. 2 Al

Materials

Hot rolled coil • • 334.50 384.50 373.80 373.30 3

Credit for scrap • • (-> 5.75 i z h J l (-)3.50 (-)3.50 (z

Sub-total • • 378.75 378.75 370.30 370.30 3

Other Items

Labour and supervision • • 4.85 1.95 5.05 2.00

Electric power • • 10,00 10.00 10.00 10.00

Fuel • • 0.75 0.75 0.90 0.90

Water and other u tilit ie s , 
consumables, general 
plant expenses etc • • 10.40 7.00 10.50 7.00

Repair and maintenance • • 5.15 5.10

Sub-total • • 35.35 24.85 35.80 25.00

Administration and Sales Expenses • • 12.40 12.10 12.20 12.00

PRODUCTION COST (excluding 
fixed charges) • • 426.50 415.70 418.30 407.30 4

Say • • № 418 421

, S E C T I O N  1
M. N. DASTUR & COMPANY (P) LTD 
CALCUTTA



APPENDI! 17-3 APPIXDIX 17-3

J CP PKODUCUOM COST FOR OR r.OTI/SKKET
(US $ per ton)

Malaysia Singapore Indonesia Philinninfts
Alt. 1 Alt. 2 Alt. 1 Alt. 2 Alt. 1 Alt. 2 Alt. 1 Alt. 2

373.80 373.80 363.IO 363.10 373.80 373.80 379.15 379.15

iz )M 2  
370.30

'-)3 .50

370.30
(rk=25.
358.85

(rr 24 .25  

358 .8 5

( - ) 6.00
367.80

( - ) 6t00
367.80

(=]Ai21
374.40

(=)4r75
374.40

5.05 2.00 9.05 3.60 3.80 1.50 3.35 1.35

10.00 10.00 11.00 11.00 8.00 8.00 13.20 13.20

0.90 0.90 1.40 1.40 0.35 0.35 1.10 1.10

10.50 7.00 12.50 7.80 9.90 6.75 9.70 6.70

_2Ü1
35.80

5.10

25.00 43.30
-5J0
28.90 31.40

5.10
21.70

-2i31
36.70

f . 10

27.45

12.20 12.00 12.20 11.60 12.00 11.70 12.30 12.10

4-18.30 4.O7 . 3O 414.25 399.35 411.20 401.20 423.40 413.95

№ 4QZ 414 m 4gl ¿¡2

5 S E C T I O N  2
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APPENDIX 18-1

TYPICAL LIST OF MAJOR PRODUCTION FACILITIES 
TOR PLATE MTU.

Sauiaaent/Facilities 

Slab cutting machine 

Reheating furnace 

Scale breaker unit 

Vertical edger unit 

4-high reversing plate mill 

Hot dividing shear 

Levelling unit 

Cooling and inspection bends 

Side trimming/slitting unit 

Cut-to-length shear 

Transfer conveyors 

Handling equipment
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APPENDIX 18-2

ESTIMATED PRODUCTION COST FOR PLATE EXCLl
(US $ per ton)

Thailand_______ ______ Malaysia
Alt. 1 Alt. 2 Alt. 1 A lt .  2

Materials

Slab • • 3 2 5 .0 0 3 2 5 .0 0 3 18 .7 .. 318.75

Credit for scrap • • ( -) 2 0 .7 0 ( -) 2 0 .7 0 ( -) 1 2 .6 0 ( -) 1 2 .6 0

Sub-total • • 30 4.30 304.30 3 0 6 .15 30 6.15

Other Items

Labour & supervision • • 3.80 1.95 3 .9 5 2.0 5

Electric power • • 5.00 5.75 5.00 5 .7 5

Fuel • • 6.75 6.75 8.10 8 .10

Water and other u t ilit ie s , 
consumables, general plant 
expenses etc • • 6.90 6.00 7.00 6.00

Repair and maintenance • • 5.85 _ M i - M i J M i
Sub-total • • 28 .3 0 2 3 .4 0 29.90 27.8 5

Administration and Sales Expenses 10.00 9.80 10.10 7.90

PRODUCTION COST (excluding
fixed charges) • • 342»60 337.50 24. -90

Say • • 242 338 346 24L

S E C T I O N  1
L’iUM.N. DASTUR & COMPANY (P) 

CALCUTTA



APPENDIX 18-2 APPENDIX 18-2

•. riOII GOST FOR PLATE EXCLUDING FIXED CHARGES 
(US $ per ton)

Singapore Indonesia Philippines

a t. 1 A lt. 2 A lt. 1 A lt. 2 A lt. 1 A lt. 2 A lt. 1 A lt. 2

31c . 7 ; 318.75 306.25 306.25 312.50 312.50 318.75 318.75

- )  12.60 (-)12.60 (->15-30 (~)15»30 (-)21.60 ( - 121.60 (—) 17.10 (-117.10

15 306.15 290.95 290.95 290.90 290.90 301.65 301.65

3-95 2.05 7.10 3*65 3.00 1.55 2.65 1.35

5.00 5.75 5.50 6.35 4.00 4. 6O 6.60 7.60

8.10 8.10 12.40 12.40 3.00 3.00 9.90 9.90

7.00 6.00 8.50 6.85 6.50 5.75 6.30 5.70

5.85 J L 2 i -SiS* 2.95 _2J£

29.90 2^.85 39.35 32.20 22.35 17.85 31.30 27.50

10.10 9.90 10.00 9.70 9.50 9.20 10.00 9.80

34-6.15 241 -20. 249-JQ 322.75 317.95 342.95 228-J5

261 340 222 323 318 339

*

\ S E C T I O N  2
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BRIEF REVIEW OF AVAIL ABI£ TECHNOLOGIES 
FOR ELECTROLYTIC TINKING

Before cold rolled, electrolytically cleaned, annealed, 
skin passed coil is  fed to the electrolytic tinning line , o ff  

gauge portion of the strip is removed and the strip is trimmed 

to the desired width in co il prepar .tion Line.

In electrolytic tinning, the steel strip is  f i r s t  denned 

with alkaline solution, pickled and then coated with tin . For 
tin coating either acid bath using stannous tin  (S n ^ ) or basic 

electrolytic b ith using stannic tin  (Snf 11 1) can be used. Acid 

electrolytes are generally preferred because of the advantage 

of obtaining double coating weight for the same current density 

than that for basic electrolyte.

With acid electrolyte, either ferrostan or Halogen type 

electrolytic tinning lines are used. Ferrostan lines using 

stannous sulphate and phenol sulphonic acid .are used with 

current densities up to 45 amps per dm or more with a cathode 

efficiency of 95 per cent or better. Such operating conditions 

permit the use of a small er plating tank. ALkaLine stannate 

lines are similar in design, but require larger sized plating 

units because they operate with a relatively lower current
o

density of 6 to 7 amps per dm . Halogen lines use acid 

halogen electrolyte with the plating units arranged in  two 

levels. In thi3 process, strip i s  coated on one surface 

f i r s t ,  then the strip travel direction is  reversed and the 

other side is  coated. Halogen lines have a higher coating
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rate compared to ferrostan lines and hence are used where 

relatively higher tonnages are required. Electrolytic 

tinning lines with acid electrolytic bath can be installed  

with capacities ranging from about 75,000 tons per year to 

about 350,000 tons per year. At Usinor, Prance, an acid 

electrolytic tinning line was set up in 1973 with an 

installed capacity of about 350,000 tons per year. After 

electrolytic tinning, the coating is  smelted and quenched 

in water which imparts a bright and reflecting surface to 

the strip and makes it  more corrosion-resistant and suitable 

for soldering. The strip surface is subsequently passivated 

in chromic acid and then oiled.

The electrolytically coated co il coming out from the 

tinning line can be sold as such in co il form or sheared 

to desired cut length in shearing lines, where the defective 

sheets are removed from the prime sheet. A few tin  plate 

sheet piles having sane defective sheets are again sorted 

out in reassorting lines where such defective sheets are 

inspected and removed.
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TYPICAL LIST OF MAJOR PRODUCTION FACILITIES 
FOR ELECTROLYTIC TINNITO TTNE

Eouicment/Facilitios

Coil preparation unit including uncoiler, pinch ro ll,  
shear, welding unit, side trim er, co iler etc.

Electrolytic tinning line including uncoiler, pinch 
ro lls , shears, welder, looping towers, electrolytic 
cleaning unit, rinsing unit, electrolytic pickling 
unit, electrolytic tinning unit, driers, resistance 
melted coatirç unit, thickness gauge, passivation 
unit, o iling  unit, brid le, coiler etc.

Shearing lines including uncoiler, pinch ro ll ,  
thickness gauge, pin hole detector unit, shear, 
c lass ifie r, auxiliary units etc.

Be-as sorting line  including ro lle r table, p ile  l i f t e r ,  
inspection conveyor, thickness gauge and p ilers  
etc.

Weighing machines 

Anode cast house 

Handling equipment

- 7 9 -
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APPENDIX 19-3

ESTIMATED PRODUCTION COST PGR TINPLATE EXCLUDING FIXED CHARGES
(US $ per ton)

i

8
i

£
z

o
>
CO

Materials

Thailand Malaysia Singapore Indonesia Philinuines 0
0
z

C«K* coxl • • 493.95 477.30 460.65 471.75 555.00 >

Credit fo r scrap (-)10.35 (-)5 .60 (-)6.80 ( -  )9.60 (-)7 .60 <

Sub-total ..

Other Items

483.60 471.70 453.85 462.15 547.40 **

H
Labour & supervision . . 6.00 6.25 11.20 4.70 4.15 O

ELectric power .. 6.25 6.25 6.90 5.00 8.25

Consumables including
70.00tin and acids . • 70.00 70.00 70.00 70.00

Fuel o il, water and other 
u t ilit ie s , general

6.50 6.30plant expenses, etc 7.10 7.25 9.75
2

Repair and maintenance *9.50 9.50 _2iio -Susa S = 
*S

Sub-total .. 

Administration and

98.85 99.25 10$.35 95.70 98.20 Som *
Z i
0 1
« i
s<0 m
S 8

Sales Exnenses .. 

PRODUCTION COST (excluding

17.40 17.10 16.80 16.70 19.40

fixed charges ) .. 599.85 588.05 578.00 665.00 *1

Say 600 588 g g £ 2 M l O g O R c
2 v
j f
5 3

mmm

i
i

«FI
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