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CHAPTER 1

1.0 INTRODUCTION

1.1 The Four Corner Stones of Lporooriate Technolomy

to assure citizens an adecuate
the standard of living without

wealth and means of prsduction
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arpreprinte techrolosr,

The Industrial Policy Resolution promulgated in
1948 was rotivated by the objective of raising the stan-
dard of living by exploitinz the country's resources, in-
creasing the level of production and offering opportunities
to all for emplsyment. The Directive Principles of the
Indian Constitution enjoined the states.to undertare reasures
means of livelihcod and raise
leading to concentration of
to the detriment of the common
good. The above two ars the beacons which suided industrial
develooment in India for +:re past 2 decades Cespite the
good intentions of the industrial policv, the fact rermains
that in 1978, India, wi*h a pooulation of over 600 ~illion,
of steel ner cari
i=21 to the lack of surehasing pover
by the majority of the ronulation., T“or accelerating
erovwth, the rurchasin~ ~crer »f the nooulaticn pla
rnle since there are close backward and forward
tween industries such as metal and equinmen® on t)
and consumer goods and arricultzre on the other,
chrsine power can be increased by fuller emnleyment of +he
ponulation tcwards preductive output developing
courtries, emplormant is the chief of tpe soanic-economic ob-

Jectives, Taercnnoloms infrastructure,

d te directed
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Technology choice in the industrializaticn of deve-
loping countries is no more an indenendent factor in de-
ciding the nroduction structure of a communitr, On the con-
trary technology selection should be determined after set-
ting the production targets and identifyings socizl goals.

The tynical condition of the poor in most of the developing
countries is the restricted work opportunities which in turn
prevent the poor from working their way out of misery. For

a poor man the chance to work is the greatest of all needs.
Tabriel Ardant‘ ras said that it is important that there should
be enough woriz for all because that is the only way to elimi-
nate anti-produntive reflexes ardi create 2 new state of mind.
It is more important that everybody should produce something

than that a few people should each produce z ~reat deal.

From the above premises, one concludes *hat the task, then,
is (i) to bring into existence sufficient workplaces in the
areas *there the peonle are now living., Sinae creating a
vorkplace requires 'canital' it follows that (ii) +hese work-
places on the averaze should be cheap encush so that they can
ce created in large numbers without callin~ €-r an unatainanle
level of canita’ formatinn and imports. (iii) Tt is also
essential that the producticn should ta mainlv fror indisenonus
or local materials and mainly for local consumrtion. (iv) The
rerilrerent is that the technolosy used ke cormizant of the

1

skills, mansgerial in-u

4]

y T2 raterial supply, financing, mov-

o

t
keting etc. These are the four corner ciones derinin~ the broad

terminolosy of appronriad

[e+]

technolory, In +the suhiect matter
discissed in this paper, the apnropriateness of the Indian Steel

Technology will bte tested and an analysis will e rade into the

o’
st}

tors srnieh mandate trans~resnian of the houniaries defined L

+he corner stone:.

*References are riven at the end.

fao-
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Multi-Dimensional Aspects of Approoriate Technologv of
Steel.

Besides capital equipment, technology comprises of
production processes including the length of gestation
period, production designs, an organisational system to
effectively utilize industrial inputs and managerial
skills for efficiently co-ordinating the various factors
of production, Development of appropriate technology re-
quires a careful direction of these activities. A country
has to pass through the phases of accwmlation, diffusion
and adaptation of technology before it can become gelf-
sustaining. During the early stages of development, it may
be necessary to acquire the required kind of technology from
advanced countries. It is necessary to ensure that the capi-
tal equipment can bve adapted to local conditions and the
necessary expertise developed indigenously. Adaptation of
transferred technologies, along with indigenously innovated
ones, reguire a multi-dimensional systems approach, which
takes into consideration the economic, social and political

aspects.

Zconomic Asnects of Apnronriate Technoloey

The question of appropriate technology has risen after
the stark realization by peonle like Schumacher that the
world economic system is living on irreplaceable capital
wvhich it cheerfully treats 2s income. This capital can be
categorized as natural minerals and fuels, the tolerance

margins of nature and the human substance.

During the past decades the 'rich® nations have been con-
suming fossil fuel at a rate of 4.52 ton= ner head compared
with the consumption of 0.32 tons per head by the poor nations.
In this process, this once-for-all endowment of relatively
cheap and simple fuel is rapidly being depleted. At the pre-

sent eccnormic owth rate, +ke world's creap =nd sir-le flelq
14 N .
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could easily become dear and scarce long before the noor
countries have acquired the wealth, education, industriel
sophistica*tion and th~ nower of capital accumulation rneeded

to apply the alternative fuels on any significant scale.

Keynes, the father of modern economics, advised that
economic progress is possible only if we employ those power-
ful human drives of selfishness, which religion and tradi-
tional wisdom universally call upon us to resist. The modern
econcry is driven by a greed wnich is the very cause cof 1its
expansionist success. The gquestion is whether s£1~h causes can
be effectire in the long run, or, do they carry within the—-
selves the seeds of destruction of the human substance. It is
common -experience that despite the rapid rise in Gross ‘ational
Prodvct, people find thevwselves orpressed by increasing frus-
tration, alienation, insecurity and so fortn. After a while
even the G.P does not rise due to 2 creepinc 2ttitude of non-
cooperation, as expressed by various i
caltivation ard expansion of needs 1is th
There can be growth towards a limited objective, but there can-
not be unlimited, generalized crowth. Gandni;i has said: '"Tarth
provides enough to satisfy every man's need, but not for every
ran's greed". Permnanenee and predatory attitudes are incom-

patible.

Cani*al is largely a nrodust of humsn labour, set azide for

and nged in further production., It 1

&)

a produst of wori carriei
ut in the past ~hich was not consumed. The guantity and quality
ef land ani ~ther natural resources bdeins fixed, with a groving
pomlation, outmit ner head will rise znly 1f the rate o zrovwir
cf capital or immrovements in teshn2lo=r, or beth corbined, is
far greater than the rate »f ~rowth in ponmilaticn., The w0

domestic sources of ecanitel awvailahle are wvoluntary savings

=

v
'3
a2

taxes, 1In a7 davelaning csuntry where %

- %

e .
re il of the agorresnd

B
ot
@

ey

mone:r 1ncare iz z-ent on food and relztivelr ppimitive ters 9
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clothing and household necessities, capital formation by in-

creased savings is difficult.

The next problem is of capital required to generate one
rupee's worth of extra output. Experience of the past 3 decades
has shown that the actual capital-output ratio is well over
4:1 implying that we have to increase our savings and invest-
ment by 4 for each percent increase in the population just
to maintain the present standard of living. For the present
rate of population growth of 2.5 per annum, aspiring for a
modest economic growth of 1¢ in the output requires an increase
in the savings and investment by 4 (2.5 + 1) = 14'. During the
past decades the ratio of savings to natioral income was 5 in
1950 - 51, 6.3 in 1955 - 1956, 3.5 in 1960 - 61, 4.1 in
1965 - 66, and 4.8 in 1971 - 72 which is fer below the minimum

savings of 14 .
From the above discussion it may be concluded that:

i) Develoning countries cannot consume at the same
greedy rate as the developed countries have done .
in the past.

ii) Cur objective for economic erowth should be tovwards
satisfying our needs and not vants.

iii) itk the present capital to output ratio of around
4:1, it will recuire a2 herculean task to build up
savings and pump this money into the economy to
maintain a modest growth rate.

i¥) Improvements in technology and introduction of tech-

nology with low capital to output ratio should be
given a high priority.

Social Aspects of Abonroczriate Technology

The modern rorld has been shaped by its metaphysics +hieh
has shaped its education, which in turn ras brougnt forth its
science and technolosy. Today the world finds itself invoi.c?
in three crises. The first is the dehumanizing of life as a

result of the technolosical, organisational and solitical systers.
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The second is the partial breakdown in the environ-

ment which supports human life and which has caused

a disruption of ecological balance. The third is the
rapid depletion of non-renewable resources which will
pose severe bottleneck to future generations. On the
other hand the hopes and expectations that modern tech-
nology can alleviate world poverty and unemployment have
not been fulfilled during the past three decades. It
still remains a challenge whether a technology can be
developed which helps us solve the problems mentioned

above.

From a sociological view point the primary task of
technology is to lighten the burden of work of man in
order to help him stay alive and to develop his poten-
tial. Technology has been most successful in reducing
or even eliminating skilful, productive work of human
hands. Virtually all real production has been turned
into an inhuman choice which does not emrich a man, but
deprives him of the opportunity to express his potential
in the quality of the work. iodern technology has de-
prived man of the creative aspects of 'ork involving his
hands and brains. It gives him instead plenty »f wcrk
of a fragrented kind, which he may no* enioy at all.
Karl Il'2rx had predicted that the production of too many

useful thines results in too many use'ess peonle.

Gandriji had envisioned a system of production by
the masses wnich mobilizes the priceless resources pos-
sessed oy all human beings; their #lever brains and skil-
ful hands which supsort them with first class tools. The
technology of production ty the masses maes use of the
best of modern knowledge and exverience, is norducive to
decentralization, is compatible with the lars of ecnloey,

is gertle in its use of scarce resources and is desisned

to serve the human person instezd 5f mains him th» serv=nt
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of machines. We are, today, in possession of all re-
quisite knowledge to systematically and by creative
effort, bring this technology into active existence and
make it generally visible and available. There is no
ihdustry, no matter how sophisticated the technology

it requires, that need be inhuman, ignorant of ecolo-
gical balance or depend totally on non-renewable resources.
If the present technology can destroy human individuality,
natural life and resources, then an appropriate technology

must be develrned to overcome these destructive tendencies.

Political Aspects of Aporooriate Technology

The political system of the world to-day suffers from
the Mansholt syndrome, which demands further, quicker,
richer results which burst into newspaper headlines every
day with the message "2 break-through a day keeps the
crisis at bay'. Today, the main content of politics is
economics and the main content of economics is technolory.
Hverybody believes in growth; for zrcwth is an essential
feature of life. The important point i: to determine what

constitutes progress, growth and development.

Despite the stated objectives of the Industrial Policy
Resolution, two phenomena are giving rise to nationwide cor-
cern, mass unemployment and mass migration into cities. In
addition, one of the unhealthy and destructive tendencies
emerging in India as well as in most of the developing cou»-
tries, is an ever more accentuated form of 'dual economy'.
In this system, two different patterns of living are co-
existing in which the humblest member of one group has 2
daily income which is far in excess of that of the hardes=
working member of the other groun. Recognizing the fact
that there are 2t present two somewhat distinct econormic-,
Tarlox Singh suzcested four main direstions in which a ne-
orientation is needed. First, the economy of each distin-~-

region has to te strengthened systematically to eradicate t..-
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existing extremes of poverty. Secondly, a variety of
fresh approaches to reorganise land management nmust be
developed. Thirdly, the conditinns of household and
rural industries should be developed int» progressive
industries. Finally, the two disparate sectors - the
organized and unorganized parts of the Indian economy
must be brought into a much closer relationship, so
that they may grow together. To achieve a more unified
and integrated economy, the resources of the modern in-
dustrial sector must be applied intensively to the trans-
formation of the rural sector and raising the levels of

the productivity of those subsisting on it.

Definition of Aporopriate Technolosy for Steel

Appropriate technology should attempt to ensure the

following four conditions:

i) sufficient workplaces should be provided in the
areas where people live

ii) workplaces with low capital requirement are
created

11i) use indigenous raw materials and produce mainly
for local consumption

iv) Ybe cognizant of the available skills, managerial
' inputs, raw material supply, financing and marxet
conditions.

In addition, appropriate technology rust be guided by the

following economic, social and political aspects.

i) linimize the consumption of non-renewable natural
resources, strive torards an ecological balance
and enrich rather than alienate human life.

The objiective of the economic growth should be to-
wards satisfyins our needs.

Svolve those technolozies which require a2 lo
capital to output ratio.

The apnropriate t-chnolo~y should fit into a aystem
of production oy the masses --hich mobilizes human
resources and which supnorts them with first nlass
tools.
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v) The two disparate sectors of developing nations
i.e. the organized and unorganized; must be
broucht into s closer relationshin so that they
may grow together. To achieve this the resources
of the modern industrial sector must bte aponlied
to transform the rural sector and raise its pro-
ductivity.

The purpose of this paper is to determine to what extent
the present steel technoclogy fits into the broad guide-
lines given above. In the suvsequent chapters, the history

of the growth of steel ind:riry, its use and requirement are

discussed. Next, the techr-~logical factors which have de-

cided the course of steel -:chnology to date will be analyzed.

Thereafter techno-econo-scsial aspects for future steel plent.

are elucidated. Finally, some suzgestions are made on the

adaptation and implementation of aporopriate technology.
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CHAPTER 2

HISTORICAL PRRSPSCTIVE

Historical Review of Development of Steel Technology

The art of smelting iron was known in India in ancient
times. Reference to iron has been maie in the Rig Veda
(2000 BC) and it is said that India was the first pro-
ducer of carbon steel (Wootz). The farcus iron pillar of
historic antiquity was built in India. 1In fact, India is
considered to be the centre of origin of the iron industry
in the world. It is probable that the iron age in India
had started about 3000 years before the industry started in
the Buropean countries. In those days, Hyderabad and iiadras
in South India were the centres of production of wootz, which

was highly valued in the world market.

Emergence of Industrial Revolution in the West

Before the eighteenth century charcoal-fired furnaces
were used in Britain and other "‘estern countries for smelting
iron. Areas rich in ore and timber were, therefore, the sites
of the iron industry. In the second half of the eightesnth
century, there was an expansion of the foundry trade. Pit
coal was substituted for charcoal, =2nd cast iron industry
made its appearance. The puddling furnace, a coal fired re-
verberatory furnace was perfected by Henry Cort in 1783 - 4.
In this furnace the pig was stirred to cet rid of the im=
purities. A creaper fuel could be used in this process and
the rate of production could also be accelerated. In 1730,
Homfrny devised a3 method of refining so that the surplus sili-
con could be reroved from the pig before treatment in the

puddling furnace. In Cort's process tvc tons of pigs were
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required to make a ton of wrought iron bars. The
introduction of the refining process invented by Homfray
reduced this amount to between 30 and 35 ecwt. Thus the
invention of Cort and Homfray helped the production of
malleable iron and Britain was the foremost couniry in

its production during the period 17834 - 1875.

Ecoromy in fuel consumption could be made for iron
production, thanks to the efforts of J.B. Neilson, who
found that raw coal could be used to smelt the iron stones
of Scotland if the furnace blast was heated. The use of
anthracite coal for smelting became possible due to this
invention of Neilscn. This inspired the deverovment of the
iron industry south of Lal-e Sfuperior in 1:3A due to availa-
bility of vast rescurces of ore in close n»roximity to an-

thracite coal.

In 1656, Sir “e.ry Bessener inver<e’ 4 process for
converting molten nir iron inte steel without using ai4--
sional fuel., In = <onverter, caroon an® g1linen couls e
burnt out of the met2l by a blast of air tlown through it.
The requisite carbon could then be restcored in the form of
ferro-manganese or spiegelison. This process took between
twenty and forty minutes only. The Siemens lMartin of the
Open Hearth process vhich differed from the Bessemer, and

proved more popular than. the latter, was introduced by 18693.

The invention of the basic process in 1873 oy Tilchrist
and Thomas marks a significant event in the history of the
iron and steel industry. They showed that if the Besserer
converter of the Open Hearth furnace were provided with a lining
of some basic material, the phosphorus from the ore could
be taken away during conversion and good quality steel ~ould
be produced from phosproric cres. Turing the nineties, the
electric furnace was introduced for steel-making. The pro-

duction of special alloy steels containinz mananese, gilicon,
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chromium and nickel steel started before the First
Wworld War (1914 - 18). Trom 1894, Cpen Hearth Steel
became very important and in 1913 it formed about four-
fifths of the total British output.

Towards the end of the nineteenth century, America
developed the steel industry. By 1890 American output
exceeded the British and by 1913 it was four times as
great. In 191} the German output of steel was more than

twice the British output.

In 1913 Great Britain, United St=tes and Germany
were together responsibvle for 87¢" of the world's pig

iron and 75 of the world's steel output.

The above historical survey shows that the iron and
steel industry is dynamic. It shows that technical changes
bring changes in supremacy of different countries in steel
production. With the introduction of coal as fuel in iron
making due to the inventions of Darby and Cort, England with
her abundant coal supplies gained supremacy >ver countries
with timber resources in wrought iron production. The intro-—
duction of the blast furnace made Scotland =n important iron
producer. South Staffordshire declined as an iron producer
with the invention of Bessemer and Siemens rrocesses and the
industry in 3Britain migrated to the coastal areas. The
Lorrain ores cculd be utilised for steelmar:inz, thanks to
the introductizn of the Thomes process, sc that Germany be-
came the chief Zuropean producer. Technizal changes bring
changes in leadership in an industry and the iron and steel

industry furnishes a good example of this.

Steelmaiins, in *he Carrent Ira

The current era of steelmakins started after the ini-
tial shock of the Second World War was cver. All the gd-

vancedi countries began producing steel on a larre scale.
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This was helped by the development of oxygen steelmaking
and continuous casting. In this steelmaking race USA
became the top producer during the 1960's. It was
later compelled to cut down its production for econo-
mic reasons. USSR is making steady progress and became
the top producer during the 1970's and is still going
ahead. Jeopan was another country which was trying to
get to the topmost position within the next few years,
but was compelled to cut down production due to increase

in rost of fuel and decline of export market.

The developing countries, which became independent
from foreign rules after the Second Uorld Yar, took steel-
making as one of their national developrmental progrars.
India, Chin2, Brazil, Iran, Higeria, etc. are giving

high priority to the steelmaking front.

Today, the trend in every country is to become self-
gufficient in iron and steel production, consequently the
exporting countries are teing forced to cut down their
production., As iron ore is fairly evenly disiributed all
over the world every countiry will become more or less self-
sufficient in steel if other raw material and technological
skills are also acquired. The larg: producers will have

to cater largely to meet their domestic recuirement.

Iron and Steelmaking in India in ‘odern Times

The first smelter for iron ore in India was started by
Joshua iarshall Hearth at Porto Novo, Tamil Nadu in 1830.
In 1733 furnaces, forges and rolling mills were also created

at Boizour llalabar. In 1853 a company called Tast India Co.

was formed in London. This comnany erected cmeliers and worss

at Tiruvanamalai in lorth Arcot and at Palampatti.
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About the vear 1874 the Bengal Iron Works Company
was formed. The worrs of the company were constructed
in 1975 at Xulti, 145 miles ‘lest of Calcutta. In 1775
the works consisted of ? blast furnaces, yielding 40
tons of pig iron per day. There was also a foundry *o
convert the pig iron into railway sleepers. The worus
were acquired by the Covernment in April 1882 and s:nre
were known as the Barakar Iron Works. One blast fur-
nace was started in January 1884. A second blast "ur-
nace was erected in 1889, The same year the Govern—ent
transferred the undertaking to ii/s kiartin and Co. The
works were then remodelled. Towards the beginnin: ~f the
present century, the new concern called the Bengal Iron
and Steel Co. had 2 blast furnaces, producing 4C,”CC tons
of pig iron per year. In the first decade of the twen-
tieth century another blast furnace was added so that the

annual capacity rose to 75,000 tons.

The Tata Iron and Steel Company was formed in 1907.
The works of the company were erected at Sakchi (now
Jamshedpur), a village in Singhbhum. Criginally there
were two 200 T blast furnaces, four 40 ton open hearths,
'a steam-driven blooming will, a rail ard structural mill

and a small bar mill.

The Indian Iron and Steel Co. was formed under the mans-
ging agency of /s Burn and Co. in llarch 1918. The works of
the company were erected at Hirapur, situated about 140 riles
from Calcutta. T“here were two blast furnaces each of 8CO
tons per capacity. In 1936 the Bengal Iron and Steel Co.

was ama'ganated with the Indian Iron =nd Steel Co.

The Government of lysore erected a s-all charcoal

furnace at Bh»dravati in 1923, A small steel plant was added
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later and it started production in llarch 1931€. Steel
rolling mil's were also started in April of the same

year.

In 1937 the Steel Corporation of Bengal was formed un-

der the managing agency of M/s Burn and Co. for preducing

steel from pig iron manufactured a* the works of the
Indian Iron and Steel Co. The works of the steel cor-
poration were sited at Burnpur adjacent to *he works of
the Indian Iron and Steel Co. The initial ingot capacity
of the works of 270,000 tons a year was subsequently doub-

led by the addition of two basic Bessemer converters.,

Pavn of Independence - i~sgive Industrialization

During the first five year plan emphasis was laid on
the development of arriculture. 1In the steelmaking sector,
the plan incluled (~) the modernization and expansion of
the works of the Tata Iron and Steel Co. for increasing the
capacity of its plant from 1 million to 1.3 million tons of
ingot steel per annmur, (b) the expansion scheme of the
Indian Iron and Steel %o. to raise its capacity from about
0.3 million tons to C.5 million tons of steel ingots a year
and (c) the expansiorn of the siysore Iron and Steel “orks to
a canacity of 100,000 tons of firished steel, to be achieved
by 1365,

In 1953 the Steel Corporation of Bengal was amalzarated
with the Indian Iron and Steel Co. and as a result, the
Indian Iron and Steel Company becare an integrated iron and

steel producing unit.

Develonment during the Second Plan

The Iron and Stes’ Indus*ry had the most snectacular and
eventful growth during the se~snd plan vhich began in

Anril 1956. Highest priority was given to the developrent
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of the iron and steel industry and provision was made
in the plan to raise the capacity in one step from

1.9 1 ingot tons to 6 million ingot tons.

It was planned to achieve the target of 6 million

tons of steel ingots a year by (a) installing three inte-
grated steel plants in the public sector, each with a
capacity of 1 million tons of ingot steel a year and
(b) increaing the capacity of the Tata Iron and Steel Co.
to 2 million tons of ingot steel per year and that of the
Indian Iron and Steel Co. to 1 million tons of ingot steel

per year.

A public sector undertaking, the Hindustan Steel Ltd.
was set up to look after the three one million ton steel
plants. The steel plants were set up with the help and tech-
nical support from foreign countries, at Rourkela in col-
laboration with a German Combine, Z:I,/s Krupp and Demag, at
Bhilai in collaboration with the Government of USSR and
at Durgapur in collaboration with the Indian Steel Works
Construction Company Ltd., a special consortium of 12

British companies.

Conzequences: A Fresh Look 3t the Prablems and Coportuniti-s

From the above historical review, one can discern a con-
sistent trend in which innovation in technolorr enabled the
use of material resources which were locally available. It
may be stated that prior to 1950, the steel industry fulfilled
most of the criteria laid down in the first chepter for
appropriate technology. It was less capital intensive, it
employed more people per canital invested due t> the many
hand operations in the various stages of production, the
plants were centered around the regions where coal or iron
ores were accessible and finally most of +ne st el was for

domestic consurption. The major dravbacks, fro~ a modern
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viewpoint, of the steelmaking of the pre-1950 era were

that it did not permit massive steel production and it
demanded severe physical exertion from the workers.

Andrew Carnegie recognised the latter and had = policy

of giving each batch of crew sufficient rest and re-

creation between each period of work while another rested

and refreshed batch took over ths work. It was the ex-
perience of the Carnegio-Illinois Zteel that the production
was more than double than if onlv sne crew had worked con-
sistently. This was one of the rcct aprropriate technoiozies
of human endeavour which was absz: :~ned after the introduction
of the concept of industrial engir-ering, automation and

trade—-unionism.

The deviation of the steel technology from our criterial
of appropriate technology started as a consequence of several
technological developments in other industries. These were the
production of tonnage oxygen, develonment of hydraulics and
electrical machineries to replace steam power, refractory
development and the concept of leisure as a necessary part
of human life. Social workers ani tresde unionists demanded
less physical exertion for workers which forced innovation
of automatic handling devices. The economics of these de-
vices demanded large through-put and the adage of '"the
bigger the better" became a catch word. 'ith birness came
speed, speed at high temperature demanded more automatiion
and only skilled human intervention. As the production capa-
bility grew, the demand on raw materials increased. Since
the local resources were either insufficient or inadequate
in their property requirements for *he higher production rate,
they were imported from the countries where they were cheaply
available. On the other hand the wassive increase in the out-~

put flooded the domestic marketis and it became necessary <o

export the steel to keen the hig: oroduction units overating
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most of the time. The net result of all this was to
employ less unskilled labour, depend on non-indigenous
material and foreign markets and make the plants so
large that the capital tlock per ton of steel produced

increased rapidly.

India's entry into the steel age during the second
five year plan was in the midst of the world-wide whirl-
wind of faster, bigger and more sophisticated technology.
Despite TIS?C and IISCO, India had lost its primordial
position ~f the earlier centuries in iron production.

Our planners were enraptured oy the promise of modern
technology to uplift human life. If India adopted. the
post-125C steel technology with a pre-1940 feudal social
system, it was because no one realised that sociological
factors are important in industrial growth. It was sin-
cerely believed that a technologically sophisticated in-
dustry can economically prosper in a sociologically back-
ward society, even if the bulk of the people had not even
seen a simple machine. The Indian Steel Technclogy did
use local iron ore, coal and most material except refrac-
tories and ferro-alloys It did produce for dcmestic con-
sumption and it did employ a larger nurber of workers per
unit capital invested than the western countries. In

this respect it fulfilled to some extent the criteria of
aporopriate technology. However, it did not maximise cut-
put per capital invested by adcpting and adapting the con-
cept of Andrew Carnegie of a rested and refreshed worker.
If such attempts failed, then it may oe attributed *to the
ethos, culture and the attitude of the Indian worxer to-
wards production work. In %this sense the stecl technolozy
in India may not oe appropriz*e as it ignored the vital re-
source within the human being wiich can only be nurtured by

educaticn, organisation and discipline.
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If the steel technology adopted during the early
years met to some =xtent the criteria of appropriate
technology, those steel plants which came in subse-
quently began tc deviate more in one major criterion
i.e. block capital invested per worker and per unit
output. The future trends will cause still further de—
viation if we continue to use the present technology
of iron making. Finally, our inability to expand our
output by our own technological innovations and our re-
liance on foreign experts to improve and innovate under—
scores a chronic problem which is due to our social ard
administrative attitude as well as lack of training,
education, organisation and discipline in technological
fields. These are the opportunity areas that India
should concentrate on to make the steel technology ap-

propriate.
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CEAPTZR 2
3,0 STAMS O STEZL AS A BASIC I'ATERIAL
3.1 Utility of Steel as an Sngineering ilnterial

Iron, in the form of steel, is one of the most widely
used engineering materials of construction. The reason for
this lies not only in the abundance of its ores in nature
and the ease with which it can be extracted, tut also in
its mechanical and physical properties which make it possible
for steel to be used in a host of applications to meet the

complex demands of modern civilization.

3.1.1 Stiffness

Among metals iron was a very high value of Young's
modulus. This value is exceeded only by Tungstun,
rolybdenum and Chromium. The vaiue of shear modulus, G,
lies in the range of 0.35 - 0.41 times the Toung's modulus.
This maxes stee. an attractive material for applications

requiring struc:ural rigidity.

1,1.2 Strength

A fundamental property of metals is the yield stren~th,
and this can be furither enhanced by alloying, reducticn in
grain size, dislocation hardening and precipitatinn streng-
thening. The phase transformation vhich occurs in steel can
also be used for strengthening. <Strength and touchness are
~onflicting requirements of steels. The production of fine
grain size in steel not only improves the strencsth, vut zlrgo

enhances its toushness,
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3.1.4

3.1.5

Fatigue Strergth

Under dynamic conditions of loading, statistics have
shown that the single largest mode of failure of a com-
ponent is by fatigue and herce this nroperty is important.
For machined members the fatigue strength of steels is a
about half the tensile strength and increases linearly up
to a certain point and thereafter remains constant. Un-
fortunately, for structures fabricated from hot-rolled
materials or those fabricated by welding, and hence, likely
to contain severe notches, the fatisue strength remains
static at a low level. Thus for dynamic structures, full
use cannct be made of very high strength steels because the
failure originates from surface or sub-surface flaws. There
is an urgent need to detect the maximum size of surface and
sub-surface flaws in machined components for fatigue failure

prevention,

High Temperature Properties

Creep becomes important at temperature of the order of
0.4 Tm where Tm is the meltins point of the metal on the
absolute scale. For high temperature use, therefore, the
melting point of the material becomes important. Steel has
a fairly hich melting point and maintains its modulus of
elasticity up to its highest termnerature of use of about
55000. For g=s turbines, transport engines and vehicles two
more properties become imnortan%. They are the specific ten-
sile strength (tensile strength density) and the specific creep
strength (creep strength/densifkﬁ. Eecause of its hieh den-
sity, steel is at a disadvantaze here in comparison to Al and
Ti on account of their lower srecific gravity and to ninkel

on account of tnhe higher creep strengsth of its alloys.

“Weldabilit~
————————

The mode of fabrication by rivetings has now been surer-

seded by weldine, but has brought manvy new nrcolems in its
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wake. As it is a high temperature fabrication method,
most often using cons:mables to fill the joint, it may
create not only the problems of defects in the weld metal,
but also of lower toughness of the low temperature trans-—
formation structures in the heat affected zone. Consider-
able work has been carried out in the establishment of
carbon equivalent as a measurd of weldability, but many
problems remain to be solved. Current research is aimed
at understanding the variocus factors which effect the

weldability of steels.

Corrosion Resistance

Corrosion protection can be given to steel by painting,
galvanizing, electroplating, etc. The introduction of
weathering steels of the Corton type gives adequate profec-
tion against corrosion for use of steels in exposed con-

ditinns.

Stainless st-els contain chromium, nickel and melybdenum
and have superb corrosion resistance. These steels are used
as turbine blade material, in the fabrication of chemical
and pressure vessels, and in nuclear industry. In India,
they are very popular for household utensil making. Stain-
less steel is also used as an architectural material. Recently
coloured stainless steel has been used extenéively for archi-

tectural purrvoses.

Eggpetic Pronerties

Iron ani steel occupy a unigne positicn bosth as a soft
and a hard magnetic material. The principal soft magnetic
materials are non-oriented, silicon and ncn-gilicon steel
and cold rolled grain oriented silicon steel. Superior mag-
netic prorerties are offered hy Alnico and a rare earth farily

of magnets.
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Materials that Compete with Steel

It has already been pointed out that for high temperature
applioations nickel and oobalt-base super alloys replace steel
above about 600°C. However, it is from plastios, concrete,
aluminium and titanium that steel faces its greatest challenge.

Plastios

The chief attractive properties of plastics are their
corrosion resistance, attractive colours and formation into various
shapes by injection moulding. This is testified by their increasing
use in automobiles, containers, etc. Steel will be meeting, in
future, greater competition from plastics and composite materials
like glass-epoxy etc. The latter have superior specific strength
properties besides corrosion resistanoe.

Comorete

In high multi-story buildings steel has yielded place to
reinforced ooncrete colums since dead weight is no problem.
Further, a stesl structure would need fire protection also. It has
been shown that the specifio ltrength of steel is about five times
that of reinforced concrete in compression. Considering the strength
to cost ratio, however, a steel column would be twioce as expensive
as a ooncrete column for the same load carrying capacity. PFor this
reason reinforced ooncrete scores heavily over steel for short span
bridges. For long span bridges it is important to keep dead weight
as low as possible and, therefore, steel emerges as ihe material of
cboice for oonstruction on account of its superior strength to
weight ratio.

e -
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For exposed structures the problem of corrosion
remains in reinforced concrete on account of the pre-
sence of cracks in the concrete. It is completely elimi-
nated in pre-stressed concrete on account of the com—
pressive force of the reinforcing members. It is hoped
that with the introduction of weathering steels the cor-
rosion problem of an exposed steel structure »nd its

maintenance will be greatly eased, if not entirely solved.

Aluminium

Aluminium is partly replacing steel in the field of
transport and containers. In automobile industry too it is
replacing the cast iron engine block and brake drums and
other steel fixtures. This trend is bound to continue as
petrol prices continue to escalate. In the field of tin-
coated containers for food stuffs, aluminium is making a
strong attempt to replace steel. However, higher strength
steels are becoming available in the thinner gauges. 'With
the replacement of the'ﬁot—dip coating technigque by elec-
trotinning resulting in a thinner and more uniform tin
coating and the introduction of tin-free steels, the re-
sulting economies may be sufficiently great for steel to

maintain its position in the container industry.

liaterials that can be Replaced br Steel

Steel has been replacing wood in furniture in homes
and offices. It has also replaced window frames in large
buildings. In our country, brass household utensils have
been replaced by aluminium and stainless vessels. 4Yith the
increased standard of living it can be foreseen that stain-
less vessels will replace aluminium vessels in homes. Before
this can happen, the industry will have *o immrove the thermal
conductivity of steel cooking vessels by coating the under-
side with coprner or making use af mild steel cladded on both
sides with stainless sheets in the manufacture of cooking

vessels.
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CHAPTER

PRESENT AMND FUTURE DEMAND FOR STEEL

Per Capita Consurption

The per capita consumption of steel is an indication
of the economic prosperity of the country. While Japan
leads the world with about 800 kz. of steel per capita, e
are placed 22nd in the list with a meagre 14 kg. 3Brazil
which is often compared with India has 94 kg. per capita
consumption. Iran and Korea have 20 kg. each, China 75 kg.,
and even ITgypt 22 kg. Steel is an essential rew material
for economic and industrial growth, This demands an in-

crease of the steel consumption in the country.

Fluctuations in Demand

Short-term and long-term fluctuations in demand are a
common feature of any market. Variations in steel demand
in India were more frequent and pronounced in the period
1967 - 76 than in the earlier period 1951 - €0, reflecting

the structura! changes taking place in the Indian economy.

There are various reasons for short-term fluntuations
in steel demand and consumption.

1. The level of output in the individunl sectors
of the economy where gteel is a major input.

7. The attitude of the users and stockists to-
wards steel prices and supnlies,

3, The impact of econoris factors thich determine
the level nf steel consumption and the induetrial
climate in general.

The long term *trends 1in steel consurmption are princi-

oally determinad by the leve! of enonomin develsapment and
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by the structure of economy. 3Both steel consumption
and gross domestic product contimie to rise when the
econony has reached a stage of industrial maturitys,
or 'take-off%, even though short term variations in
the steel use and overall economic activity occur

periodically,

Current Derand and Sixth Plan Recuirement

According to recent estimates, the domestic demand
in 1977 - 78 was about 7.0 7 of finished steel which
is expected to rise to atcut 7.75 million tons in 78 - 79,
corresponding to avout 10 I of crude steel. Ais asainst
this, the productinan from interrated stpel rlants ig
expected to be 2bout 9.365 I of crude steel in 1978 - 73.
Accordingly a steel tarepet of 9.9 ;P has been fixed for
the current year. ¥or an indication of present demand
for steel in India, T=ble 4.1 lists the sec‘oryise sdles
for the financial year 1376 - 77 as somniled by TP,
It trkes intn account the sales of 2ll +he maicr steel npo-
ducers in the country. Zector-wise sales for differen
finished and semi-finished products have also been shorn in

the table,

The lJteering “roun for Cteel set-up by *he Plannirg
Commigsion has, in a raecent stuly, projected the following
demand and availability figures for the six+h »lan neriod,

Category-wise details are given in Table 4 - 2,

‘Table 4 - 2
Taar Nemand Ixpected Availability
wm 7
1978 - 73 7,51 A.74
1979 - 80 R,236 3,1
1980 - 8) 2.1 10,77
1281 « 29 17,03 11,47
1282 - A3 1.8 12,04
1387 - A8 15,01 17.73
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mn ESQINICERS SECTORWISE SALES FOR PI0 IRON AND STEEL MATERIAL DURING 1976 = 1917

Thoussnds of tonnes 4

3roups TSl 1 ls £ 40y T Strws- 1 Sem & 1 Tlcter 1 Sheets | ST T Toval
i I Uaterjels 1 turals I Sods i 1 i _Coil L Stcel
Jicel & Zez 122,85 8,7 34,4 2.5 58,2 16,2 9,3 281.8
vefezee - 01 - 0,2 7.6 23,1 17,5 13,3 0.1 61,9
HE Power . 13,5 29 . 9.1 M2 24,3 2,6 - 176,0
Other Govt. Depts, 0.1 0.7 le,0. £0.4 © 11,7 3.6 - 76.5
Rly. Wagon Buildsrs 8.8 1698 43,9 4.8 uLS 287 3.3 7.5
fa7ts & Shipments 65 . T .05 2.9 8,0 18.0 0.4 - .3
F&T ' - - 3.2 6.6 0.2 0.1 9,2 19,3
P D 0.7 0.3 14.5 84,2 14,7 4,6 - 119,90
Msjér Public Sector 0.3 0,2 25, 4.4 33.4 8.1 - 70,0
Bright Bars Mfrs. 2.6 - 0.8 3.0 “C c.8 - 43.0
Cloct, Mfgrs. 0.1 0.1 0.£ c.4 1,1 15,8 - 18,0
Jearollers €08,7 2,0 6.4 65,2 3.8 4,7 2.4 611,0
Sute .frs, £0,2 - 1.4 3.1 26,1 12,3 685,90 767.1
) iive Srewisg ' 23,0 0.3 3.7 180, 6 2,3 r 0.9 23,0
Cemcnt/5i1/Textile 0.9 0.1 16,7 20.1 24,8 33,3 - 95,9
Zasfe ol 21,3 . - 1,4 3.6 3.6 3,2 2.9 4.8
Main fabrioators 1.4 <. 0.2 R 7.1 20,0 8.7 4.6 T4
auto Ifors, 1,4 0.1 8.1 4,7 21,8 18,4 3.4 §4.9
Jer-iturs 2kars - - 0.5 - 8.4 8.7 1.4 36.0
Srum & Teorrel - - 0.8 0.8 1.3 £1,7 0,4 5,0
Tastensr Inds 11,% - 0.1 6.0 0.1 .5 1.3 21.%
cultinurnose a7 1.8 3.7 4.1 33.9 g0 1p.1 245%9,1
Foundry 7.7 0.1 3.2 1.8 4.4 2§ 0.3 20,1
Jouse Tuilders - - 1,8 8.6 0,4 1,5 - 12,0
Serparetica Iz<les 2,6 - 11,6 3,6 2.1 4,3 0.2 75.4
8SEC/Agro 0.1 - 3,2 16,6 23,9 3.4 0.% 1138
idse, 0.1 - 0,3 1,0 0,2 0,3 1,0 2,9
Trace 192,7 3.8 26,8 165.8 36.0 97,4 29,¢ 955.5
Teclossified 0.1 4.2 83.5% 160,38 ”.7 £7.8 3,7 443,6
TCTAL s 1137.0 196,0 T12,0 1049,0 604.0 723.0 7780 E198,0
‘ete r T:is excludes sales of 1, Tubes - £4,000
2, Tin Flctes 53,000

3, 2/ (Dofective) - 200,000
4. Otlor Dofective « « 164,000
§

» vther 'isc, item - 40,020

h
€11,000
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Special Characteristics of the Indian Steel Market

Certain features of the Indian economy have directly
influénc;d the pattern and level of steel consumption.
Of the tntal 7.5 T finished steel produced during 1977 - 78,
about 4.5 .IT were non-flat prodgcts vhich find their major
application in construction activities, whereas about 2.0 T

were flat products which go to the manufacturere of indus—

‘trial goods. Thus about 607 of the steel produced is in

the form of non-flat products. As the country advances in-
dustrially the share of non-flat products should come down
progressively whereas the share of flat products should be-
come larger and larger. Another special feature is that the
major buyer of steel in India is the organised sector, while
steel has penetrated the consumer-oriented industries to a

limited extent.

Yet another characteristic is that the distributive

pattern of actual off-take of steel is highly skewed, as
shovn below.

Table 4 -4

vustomers ¢ of total off-take
i
Top 100 33
Top 200 50
| Top 500 66
! Top 300 75 i
- |

In addition to the above, the geographic concentration
of steel users is another asp:ct. Nearly 80" of the total
home sales 4.45 WT from SAIL plants during 1977 - 137f ig
accounted by 10 centres. In fact the four metrorolitan cen-
tres, 3ombay, Calcutta, Delhi and !ladras account for 07 of

total consumption,



TR

4.5

- 30 -

Rural Consumption

One way to increase the per capita consumption of
steel 1s to increase the consumption in the rural a.reas
where 80¢" of our population live. To enrance the pur-
chaging power of the rural masses, mass.ive development
of the infra-structure including rural energy and aids
to rural production, storage, marketing and transport,
decentralised small and oottage industries have to be

taken up.

Steel usage in rural areas can be classified in
terms of the basic needs of the people. Tor shelter, energy,
tools and implements, water for drinking and hygiene, irri-
gation, transportation, household applications and grain
storage, etc. are other areas where careful review of
material selection would enhanrne the utilisation of steel,
The cyclone-prone areas of the east coast would be bene-
fited if a massive program of pre-fabricated steel struc-
tures could be constructed. Bioges plants which are just
catching up, and utilisation of solar and wind energies
would require steel and the consurption would go up if
these programs are taken up ¢n a priority basis. ‘later
management and irrigation is another area where massive
qiantities of steel can be pumped into the rural areas.
lerarding transportation, ~onsiderable efforts are being
directsd towards modernisatisn of bullock carts. There are
nearly 13 million carts plying on the roads of rural India.
These are linked nup with the speedy development of the agro-
based industries and small scale industries in the rmral
sector which in 4urn will stimilate the demand for various
types of machinery =nd equinmert and in turn, imnrove the

off-take of steel throush the enhanced purchasing power of

the rural peonle.
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Influence of Appropriate Technoloey on ™iture Nemand
Pattern of Steel

30 far the iron and steel industry has taken the
domestic market for granted and no special efforts have
been made to create and build up the market for steel or
to extend the uses of steel. Pictorial publications, in-
formation letters and other technical guidance material for
the general use of all steel consumers and the engineering
profession and specially written and designed material will
have to be produced in local languages for the rural popu-
lation to inform and educate ther in the uses of steel,
Exhibitions and films may be shovm relating to agricultural
and rural uses of steel, such as rural houses, farm buil-
dings and barns, storage bins and sites, agricultural tools,

implements, pumps, etc.

A group of experts of the Steel Authority of India (SAIL)
has identified about 50 items of rural use which can be made
from iron and steel. The items include 11 for farming, 4 for
blacksmithy, 10 for carpentry and woodworking, g for masonry,
4 for cobblers, 3 for village transport, ® for different

service facilities, stecel bins and silos for grain storage.

To promote the use of steel in the rural sector, the
Jteel Authority had apnointed two groups - the production
gronp and the marketing and distribution group. The produc-
tion group was asked to leok into desisgns, items t5 be manu-
factured, facilities required and the man-nower to be trained.
The marketing group was asked to identify products to be used
in the rural areas. The production group has suggested that
on a pilot basis 4 areas should be chosen where worishops are

to be developed for the promotion of rural use of steel, 1In

each area there will be village and blosk level worgshops t°
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cater to a group of villages and a groun of blocks

respectively.

The nucleus for the marketing effort will be the
local entre-reneur who will be selected mainly on the
criterion of his suitability. "The steel personnel will
provide the marketing leadership required for customer
services. After six months, when experience is gained
from these pilot workshops, they would spread to other

districts,

It has been estimated that non-recurring investment
in each area will be Rs. 4 lakhs and recurring expendi-
ture Hs. 45,000. The turnover from each area will be
Rs. 20 to 25 lakhs.

The marketing grouo'’s rrport has also susgested that
rural marketing of steel should be linked to the inte-
grated rural develonment program. It h-s been estimated
that vhile a village workshop will provide employment
opportunity for 10 persons, the block workshop will enm=

ploy 20.

The SAIL groun has also suggested a survey on th~ exis-
ting agro-industry units to assess their canacity. The new
items for the farmer suggested by the sroup include a steel
plough, a seed drill, a chaff cutter, a rice weeder, a hard
wheel hoe, a potato and ground-water digger. These could

be manufactured in th~ rural workshops.

A suggestion for an advisory body consisting of the rep-
resentatives of the main producers to formulate policies,
evolv: a plan of action and coordinate the activities of the
steel companies proroting rural use of steel, has also been

made by the group on marketing.
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The group on production has observed that what-
ever products the steel plants might manufacture should
fit into a decentralised system. The transfer of tech-
nology to the villages shounld be horizontal in place of
the present trend of vertical expansion. Under the schene
of rural use of steel local landless labour are to be
employed and no village craftsman's occunation should be
displaced. Villagers and their local organisations would

have to be involved.

If the scheme is successful, it is estimated it would
increase demand for steel by half a million to one million
tons, rarticularly of flat oroducts where production sur-
pluses in the existing steel plants is expected to in-

crease in the next few years,
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CHAPTZR 5

FACTORS FOR CO''SIDERINT APPTOPRIATE STRZIL TTCINIOLOAY

The conditions and guidelines defined at the end
of chapter 1, will again be referred to in this chap-
ter, to elucidate the role of the various factors which
have decided the course of the steel technology to date
and how they fall into the classification of appronriate

technology.

Cagital

The steel industry is one of the moct canital-
intensive sectors, The capital block ner ton of steel
produced has risen over the past two decades from a
level of Rs. 1,720/ ton for Bhilai to 5100/t for Bokaro
and Rs 6,420/- per ton in rroposed V.3,P. plants. The
table below shows the progressive increase of capital
block.

Table p)

Plant | Year of Commissioning Capital bloex per ton
ist unlt, lost unit of steel ingot
Qs
R.S.P. 1958/1961 2060/t
B.S.P. 1958,/1961 1720/t
D.S.P. 1959,/1962 1790/4
B.S.L. 196471968 2100 't
7.S.P. Proposed 6420 't
4

The capital block per ernloyee also increased ''ith

time., The table overleaf shows the caprital investrart

per enrlovee.
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Plant No. of employees Capital investment per
employee (=~pprox.)

B.S.P. 50, C00 Rs. 34,000
R.5.P. 35,000 Rs. 60,000
D.S.P. 11,000 %s. 60,000
B.S.L. 22,000 Rs. 3,70,000
(excl. construction)
V.S.P. 20, 250 Rs. 50,C00
(Proposed)

The turnover to capital invested also decreaszed in
time. The turnover to capital ration in TISC was 0.63
in 1971 - 72 compared to 0.58 in HSL as a whole during
the sare period. The proposed Tishkapattanam Plant will
have a ratio of 0.2 only. These figures show that there
is a steady decrease of output to investment despite the

intr-duction of mor= modern technology.

It may be concluded that from the viewpoint of capital
per man employed as well as capital to cutput ratio thet
the present steel terh.uology as a whole cannot be considered
appropriate for the devzloning nations. This may be eluci-
dated as f»ollows. The average anmal income ner worker in
the steel plant is around Rs. 1¢,000/-, ~hersas the average
capital per employee is 3,7C,00C in the case of Bokars. Ir
the developed countries these two stand in the ratio of 1.1.
This implies that in the develoned countries it takes a
one-man-year of savings %o create nne work nlace., In cane
of Roltarn it will take 37 man-years to create one work place
to empioy another man. If this capitel is to be generated
from the interna! resources generat~d from the workers!
savin~s, then it will take one emnloyae's savings for 17 yaars
if all cf his income is invested. Thus with +his hi~h

capital to employee ration, the steel industry will te faop
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ever dependent on :xternal financial resource for

further growth.

The following table shovs the various capita’ intensive

centres in the steel production flow diagram for the inte-

grated steel plant.

Table 5 - 1

Production stase

e e ——d

of total capital

Share in 1s./ton

invested ‘18, 6000,'t total block)
| 2
Iron Making 20 1200
Steel iaking 15 aco
Processing 30 1800
(Rolling llills)
Supporting Serviceg* 35 2100

*The supporting services are‘a

-1

a0 U

D

s}

0y

Township

)
)
)
)
) Foundry and Forge Shop
)
)
)

Imergency power plant
Oxygen plant

Water treatment plant

Refractory liaterial Plant

lachine shop and structural shop

Iaternal transportation in the steel plant

The major reason for the high capital block for an inte—

grated steel plant is the investment required for the captive

supnorting services,

It may be possible tn disperse the bulv

of the investment regquired for the supportine services v

alloing satellite and aneillary industries t-~ be as*ablished

around the main irterrated steel plant, T+ m-v he nossible to

ad~nt less capital-intensive technclogies for some of these
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ancillaries such as machine shops, structural shops,
foundry, forge shops and refractories plants. Ilost

of these facilities were established during the years
when sufficient expertise and canital *1as not available
in the private sector. For the future integrated steel
plants, it may be possible to exclude some of these
services from the steel plant and introduce less capital-

intensive technologies which employ more labour.

Raw liaterial and Iron iaking

The blest furnace process (BF) is currently the
predominant iron makine process accounting for over
97f of the iron produced in the world. lodern 3% tech-
nology has a low fuel consumption of about 500 kg. coke
with oil injection, using the top gas mainly for blast
preheating and generation of power for running the fur-
nace and its associated agglomeration plant and coke
works. The total energy concurmption of 37 is about
4 G. cal./tons liquid iron. The principal requirement

for an efficient blast furnace technology are:

a) Need for agelomerated ore.

b) Need for mechanically strong coke.

The cost of agglomeration as well as the cost of coke
have risen rapidly in the recent past aad have thrown open
the field for an alternate process route. I+ may be noted
that the BF route enjoyed its biggest growth and success
when cheap coking coals were abundant and energy costs were
lov, This enablad an economic operation of coke ovens and

permitted extensive burden prevnaration a2t lov cost.

It is now generally accepted that for optimal oneration

of BF the pre-requisites are:

a) L-rze unit size

b) ilearly 70 - 8C agzlomerated \3in%er/Pelliet) ore
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High muality coke, with minimum of ash

[= e ]
-

txtensive raw material preparation and sizing
to minimise physical and chemical fluctuations
in practice,

a) Auxiliary fuel injection

Most of the above factors have been difficult to ful-
fill, especially in developing countries like India, with
the locally available raw materials. Optimal BF operations
have been attained in Japan with fully imported raw materials;
in Germany, VUSSR and to a limited extent in USA. However,
even in these countries, the operations are subject to
growing strains due to:

a) Increasing freight costs; a direct result of the

energy crisis),

b) TEscalation in raw material cost, especially coking
coals.,

c) Uncertainty in market conditions.

5.2.1 Specific Factors of Relevance to Indian Conditions

The BF process under Indian conditions is subject to
extreme constraints. The major factors are:
i) Poor quality of coking =oal (coke ash is
currently averaging 25 in the plants, which

has a crippling effect on productivity and
operations,

ii) Migh A1?03 content of ores which very adversely
affects the slag recime in the furnaces.

iii) Poor quality of flux.

iv) Limited availability of coking coal

The BF practice in the country. is consequently caught
in a vicious circle of high coke rate and low productivity
besides producting poor qualicy hot metal for steelmaking.
Several reredies have been sugeested from time to time in-

cluding:

i) Raenefication of rav materials: iron ore and flux

ii) Jeshing of coal
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iii) Better raw material preparation and use of a
high percentage of agglomerates in the burden.

iv) Auxiliary fuel injection.

v) Adontion of modern technology like high top
pressure operation, high blast temp., bigger BF
etc, :

vi) S’able operation of furnace.

However, a stage has been reached where the gap in the

best performance of BF in India and the advanced countries
is widening year after year. In India the coke rate is in
the range of 700 - 1,000 kg.,'THi ~nd the best productivity
is about 1.2 tons/m3/day as compared to 450 kg/TL! 2nd

2.3 - 2.5 tons/M3/day in J~pan. Xence, there is ar in-
centive to develop and adapt an "apnropriate technology"
in view of the techno-economics of furnace operation, the
high investment for B™ complex, which is of the order of
Rs., 800 - 1,000/2nnual ton of hot metal and the deplation
of coking coal deposits in India. It mey again be erpha-
sised that the extra cost of agrlomeration (R2s. RO/TWi)
also adds to the incentive of developing better and ap-
propriate technology for iron making in India, including

the technologies of burden preparation and coke making,

Pelletircation of Ore ¥ines

Agglomeration of iron ore fines is an establishned
technology in the world today. The most sought out ag-
glomeration processes are sintering and pelletisation.
Whereas sintering is a process which has been establishe®
for long, ‘the process of pelletisation has been gainins
momentum in the last +wo decades. Us: of agrlomerated
curden in iron making is a well established -rarctire and
in *his field sinter plays a2 dominant role in advonced

countries like UUSOR, J-pan etn, Pellets on the nther hand
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have found their way mainly in USA to a large extent
pelletisation of iron ore fines ig attracting the atten-

tion of metallurgzists for further development,

Juring mechaniszed mining of iron ore about 40 o

507" of fines is generated, most of which can be sucess-
fully used in sintering. However, the super fines (-1 mm.
fraction) can be used guccessfully only in pelletisation.
Apart from this, India is endowed with large deposits of
blue dust which is high grade ore fines and which cannot
be used in the sintering process., Hence, the technology
of pelletisation is necessary from the view of utilisation

of national resources.

The conventional process used for pelletisation 1g to
manufacture heat hardened pellets. In India, there are only
two plants under private sector which together make about
1.5 million tonsg of heat hardened pellets. One of thenm,
namely the TISCO plant, uses the pellets for its own Ircn
and Steel Plant at Jamshedrur, whereas the other belonging
to !1/s Chowgule and fo. is exporting the same mainly to
Japan. The use of any agglomerated turden in blast fur=
nace will have to be techno-economically feasible for sus-
tained operation of the “urnace with this type of agglom
merated burden. 'hereas sinter ag an agglomerated burden
has established itself in this country, pelliets have vet to
find its way in iron maxing in the majority of the blast
furnaces. The main reason for not using pellets in blast
furnaces in India is the high cost of pellets. The pre-
dnction in coke rate and increase in production obtained by
the use of pellets in blast furnaces do not offset the in-
creased cnst of hot metal wi+h the present rost structure of
varions ra' materials input in the nelletisation ag well
ag blast furnace, loreover, firing of pellets for h~nt
hardening of the same, necessitates the use of = searce and

costly and imported commodity like nil.
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Istirate of the effact of the use of oxide pelleats

on the production, coke rate and hot metal cost, based on

a cost of coke »f Rs.270 per ton for 2,000 m3 furnace is

given below:

Tsble 5 - 4
7 of oxide pellet | Maily nroduction| Coke rate| Oost of hot
in the burden t/day k. ™ | ~etal Rs./THM
0 1,770 295 540 ,
20 1,800 K60 550 i
40 2,000 750 5R6
60 2,200 740 262
80 2,540 705 548
100 2,680 £85 S74
j

The table shows very clearly that despite the decrease

in the coke rate by use of pellets the coct of hot metal in-

creases and n~ economic benefit is realised by the use of

pellets in blast furnace under Indian conditions.

Efforts have been made for manufacture and use of fluxed

pellets (CaO/SiO2 1.3). The effect of *their use on the Pro-

duction coke rate ani cost of hot metal 1is she'm below and in

this case the cost increases.

Trble 5 - 5

1

7 luxed pellets [ Daily Production| Coke rate| Cost of hot metal |
in the burden t,/day P g !
:‘[

0 1,7 EXN BP0

20 1,870 “a 550,00

40 2,000 Fas SRILC

50 2,27C =10 5540

éo 2,600 62,0 IS

100 2,700 TA0.0 A86,0
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The capital cost of a pelletisation plant will de-
pend on the nrocess, raw material characteristiecs and
plant capacity. The capital investment for a two
million ton pelletising plant is 515 million rupees.

The cost is reduced by use of larger units and reduction
is primarily due to reduction in labour costs. The capi-
tal investment increases when fluxed pellets are produced.
The capital cost +ill be less if the plant is located in
a place where the required infrastructure facilities are

available. An idea of capital is shovm below.

fable 5 - 6

o — |

Type of ‘Haching size| Plant capacity |Copital enst | Specific ‘
| ) . .
| pellets | m mill | mill sapital |
i ! tons/yr. i 28, eost 3s.,'T i
. ; T '
: | :
| Oxide 1 2C0 2.0 ! 515 § 260 l
% . 50 3.0 660 Y220 _
| Basic | 300 1.7 b 515 L300 !
| 500 2.5 | 660 L 250 !

Among the other methods for pelletisation of iron ore
fines, the process of cold bonded pelletisation of ore fines
is tecoming more and more important. This nrocess hich is
being exploited commercially in countries like Sweden is
characterised by low investment cost, better flexibility in
the raw materials and lower cost of pellets. Such a nrocess
may be appropriate under Indian conditions and developmant
of this process to the stare of cormercialisation il 1'ti-

mately brichten the prosnect of nelletisation and +h - use of

=1

rellets in this country,
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As one of the key rav materialg for the production
of steel, coking coal reservres are found only in =
few places around the world. The present steel technology
is consuming the non-renewable resource at a rate that
poses a severe threat to the dev=Ioping countries like
India. .lany technologies have been developed to reduce
the consumption or totally elzminate the use of the

choking coal,

Yor the modern Blast ™ursnce, a combination of trch-
nologiss have been developed for lowering the rnoke con-
sumption. The injecticn of oil, natural gas and tar or
pitch through tuyeres is attractive since the ~quipment
needed for injection is simple and not so costly. In the
world as a +hole, P07 of the pig iron is produced with
some form of injection of fuel. 0il or natural gas injec-
tion only partially reets our requirement of apnropriate
technology in that it is still a non renewable resource.
Only in countries such as USSR where natural gas is abun-
dant does it become z2ppropriate. Injection of tar end
pitch which are gzenerated internally in the steel works fit
in well as appropriate technolcgy for India. To this could
be added the technnlogzy of pulverized coal slurry injection
throursh tuyeres which 1s successfully used in VA, China
and on an experirental basis in USSR, “ovrever, the equip-
ment for a coal slurry injection is expensive and compli-
cated and the coal should be of low ash content, the availa-~

bility of +hiech is limited in India.

An apnropriate blast furnace technolozy to reduce the
congsumption of coking coal can be selected by a comkinaticn
of the various innovations that hnave 4aren nlace over the

nagt 10 - 15 rrenrs and vhich 1is ~iven in Tatle & - 7,
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fharcoal hased blast furnace iron maving is a -r2ll
estab ished technology and is currently oroducing 4 nillion
tong of irnn in several develoning countries like Argen-
tina, 3razil, lialaysia and Thriland. “here forest resources
are abundant or ~here it can be developed, this technolory
can be appropriate to develop foundry and steel industry.
3razil has onted for this route and is -mtting up a major
steel complex based »n a charcoal blast furnace attached to
a larger forest develonment scheme. In India the Bhadra—-ati
Iron “orxs was cnecrating on charcoal blast furance even after

indeperdence.

Jse of low zrade coal or soft coke, when available lonally,
could be an =lternative to produce nig iron. Small and low
shaft furnaces r-quire low capita’ investment and are suited
to small markets. In developing courtries most of the small
furnaces are using charcoal. In China coal or low grade coke /
are used. Mot much information is available for techno-

economic analysis »f these furnaces.

Another development of appropriate technology for re-
ducing consumption of coking cnal consists ~f blending of
charges, grain size adiustment of coal fines, oiling etc.

In some cases this technology allows the blending of nor-coking
coal to some extent. Based on the blending of coals, the tech-
nology »f nre-heatine of conal fines allows nse of 1z to ?5° non-

b

coking 2021 1n the nrarge. In order to prevent envirsnmental
rollution vith this technology, sophizticated and exnensive
equiprent is required which is difficult to install in existing

coke ovens,

For congerving energy and reducing coke less as coke breene
the Ary cquenching osrocessing for red not 2nze develoned irn 1772
and Turone nroriczes to reduce zole censurntion, Thig teoh-
nolosy alco decreases =avt of the enviran-antal aroblem of ccita

ovens.
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T-ble 5 = 7

A

Carefnl preparation and charge of raw materials
(high strength coke, controlled ore size, minimal
nowder, adegua.e distribution of charges in the

furnace, etc

Skilled BF operation technigue

Jell established maintenance system

Apnronriate furnace d:sign and set up

; Coke rate
1 ner ton
|
i

e
i

of Tl

*
Technology

Application

“ffent on noke rate

!

Vg
700

600

U
Ny
o

4%0

420

40C

20 - 3C0

Sinter and/or
pellet charge

Blrst control

(a) high temp.
blast

(b) humidity
adjust

(¢) oxygen enrich

Muel injection
through tuyere

High pressure
operation

Pre-reduced
ore addition

Stack gas
injection

up to 1007

up to

up to 47

up to 120 kg
up to 2 kg/cm2
up to 20

. /
(il.Fe,/T.1e)

Pilot
(Coke rate may

5 to 12 vg/10d
gsubstitutiaon

N [e]
10 to 70 kg /100 C
increase

Yake oil injectinn
pessible
10 to 15 x2/10 k3
iniecticn

N welom’
1C to 17 kg'l kg/em
increase

30 kg/10¢" [l.Fa addition :

plant stage
drop to 250 kg orso)

Chart 2.

mechnologies whinn

blast furnaces

“end to the reduc*tion »f coxke rate in

*Noeg not necessarily indicate the order of tecnnologiaeg to we
apnlied; in most cases a armbination of several *echnolosies
iz used
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The briquette blending coking process, where a mix-
ture of coal fines and coal bricuette is coked in con-
ventional coke ovens, allows a reduction in qoking nral
of up to 2, The additional capital investment required
consists of only a briquetting equipment. This is another
appropriate technology which will find wide anplications

in existing coke producing plants.

A formed coke process might solve the problems of
scarce and unevenly distributed coking coals and environ-
mental pollution. Despite m=any successful large srale
trials, the wide =scale adontion of +this process requires
technological development of carbonisation furnn-es and
large scale hot forming machines with a long life, availa-
bility or development of binding additions, development of
BY operation technology best suited for formed coke and
improvement of formed coke characteristics, best suited
for BF operation. Another major impediment to the rapid
adoption of this technology is the carita’ investrment in
the existing coke ovens which have a long life (20 - 30
vears) and the energy balance of the steel plant which Ae-

pends larcely on the coke oven gas.

Conversion and Processine of Steel

The technology of conversion of pir iron to steel has
been dynamically chonging over the past one and a quarter
century. The present technology of pneumatic oxvgen steel-
making; the LD and the more recent Zottom Blown Oxyvren
Process (370P), h-s disnlaced CY which required an external

fuel eunnly and which vosed more severe anvirorments olla-

Lo
il

tion problerms., The pneumatic ~rocess, on the other hand, is

more antomated and therefore amploys fewer neonle rer capis-

investat,

b
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Since these processes are denendent on Plaat "™urnace
hot metal, the selection and operating technology of these
steel making plants do affect to some extent the choice of
raw material and fuel consumption. The BBCP permits more
flexible blast furnare operatioh in terms of the quality
of metal (sulfur, silicon, phosphcrus and temperature)
thn the LD. This can permit a BF prrctice which can pro-
duce more hot metal in the existing installation with re-

duction in coke rate.

The recovery of the rich ~ff zas from the 7BOP is
easier. It can be used to reduce the ccnsumption of
fuel oil. A future innovation of the bottom blovn “ro-
cess is not hard to contemplate, wherein hcet metal may
be continuonsly refined to steel by injecting coal and iron
powdeér into liquid metal to (1) increase o:toput of steel
in the existing plants, (2) use the more abundant iron ore
fines and coal dust, (3) generate sufficient high calorifiec
vaiue off cas to replace to a large extent fuel oil in the

steel plant.

or the iﬁtegrated steel plants, the advent of the bot-
tom blown oxygen technology takes us a few :teps closer %o
our definition of appropriate technolosy than the LD nrocess.
The B30P reguires 107 less capital, has the ability to in-
crease the output ver capital inves*ed, is an easier tech-
nology, requires less raw material such as burnt lime, is
eagy for environmental control and reduces the strain on
fuel and other resources at the blast furrnace. Murther deve-
lopment in this process may well reduce thes canital tn ottt

ratio.

"echnolocy develornment for rrocessing o' liguid steel
into semi-finished preducts has led to two =a'ternate routes.

“rom capital invertment to the output ra*io a2spect, the
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continuous casting route is cheaper than the con-
ventional ingot ecasting-blonming mill route, for the
production of small tonnages of flat and non-flat nro-
duets. As the size of the plant increases and apprcaches
2.5 million tons per vear, this advantage is narrowed es-
pecially for non flat products. TFor heavy structural and
forging quality steel, continuous casting is not favrur-

abl~=,

The energy savings and increase in the nutput ‘innut
is in favour of continuous casting, which also is less
harsh on environmental pollution. The continuous casting
technologr has enabled installation of small scale steel
plants nroducing from 40,000 *ons -er rear and in this
sense fits into the definition of appronriate techrology
better than the conventional ingot casting, blooming and
billet mill.

The rore recent development of horizontal continuous
castirg in UZSR, USA and UK takes one additional step to-
wards making this an appropriate technologsy. The flexibility
of the horizontal continuous casting process to cast a
lareer size range of billet and bloom from (70 mm to 200 mm)
on the same machine reduces the capita: investment by elimi-
nating the need for a separate billet and a bloorm caster.

In addition this technology eliminates auxiliary handling
facilities such as a crane, a ladle tower »r a dummy bar

pit, thus further reducing the capita’ cost.

The technology of producing finished steel products
varies dependinr »n the size, shane andi tne product pro-
perties requir~d., “or alloy steels requirei for tools
and implements, forsinz is mere anerapriate in that it coan
be disnersed over 2 wide reoeraphical ar-a +nd nan e nloy a

sibstantially larse number of neonla., Si-nle steam o= hrdw--

lically operated fopgin~ ~achine

&}
jO )

re 2170 suitshle for ~ro-
ducing items such as farm implerents and gimple tonle and

tackle,
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Preduction of wire rods rr reinforced concrate
application can easily be done by sirmple re-rolling
mills with coal fired furnaces, whereas for the pro-
duction of cheets regqiired for sirple anplications,
such as spades "gamelas" etc., the hand rolling aneration
is still appropriate in terrms of low eanitnl investment

and more labour employed.

The modern hot strip mill doeg have alternatives for
preducing the sheets and plates. These are *he sami-
continnous mill and the stenkel mill. The rapital invested
per actual outeut is less for the stecizal mil! ncomnared to
the continunus hot strin mill, although the energy require-
ment is higher 4ue to nonstant reneating of the coils., The
planetary hot rolling mill has not been developed fully for

consideration here,.

The production of non-flat products iz feazible 1n
mills of verious sizes and sophisticatinn denendinc ~»n the
end use, In these mills there ig alvars a trade off be-
tween low capital invested and high labour intensity on the

one hand and high enerpy consumption on th: other.

For engineere? nroducts such as rails, ronnds, beans
etc., the technological choice rmst alrays consider the
end use wrich can be catastrophic if prorer nrocess tech-
nology is not emplcyed. Here appropriata technolosy must

taxe a back seat.

At present most of the steel nged for makina 8imple
tonls and fixtures in the rural areas comes from selective '
use of scrap The forming and fabrication is ione mainly by
the rural blaczariths who DA aver 5 tir g the price af geran
1n the urban nentres, This rebe the ™ral enireprenenr of
the marein reriired +o make rhead stesl arcdu~te vhirrk san te

consumed b the rural masces,  In opder %0 mele tha steaj



"vailable to the rural entreprenenr at a cheaper rate,

so that he can plough back some of the surplus into

the rural econoriy, a detailed study is required on the
feasitility of dispersal of the re-rolling and me+al
forming industry to rural areas. This will generate

scrap closer to the rural consuming centre and reduce the
number of middle-men in the present system of steel
trading. The dispersal of the metal forming industry in
the rural areas can be done by upgradine the blacksnithy
to small scale forzing operations and the rural carpenters
to steel fabricators. This concept has been accepted in
prineiple by the inistry of Steel and iines and the Steel
Authority of India L‘d. arnd a program to set un rural work-

shops has been irawm up.
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CHAPTER 6

STRATTGY ROR STERL PRODUOTION

Alternate technologies for Increasing Steel Production
in India

The first UNIDO consulsative world meeting on steel
in 1977, predicted an increase in the world steel production
to 1,750 million tons by the year 2000 AD. It has further
been forecast that 207 of this should be met by the deve-
loping countries. UNIDO have projected a grovth rate of
7.8" for the develoning countries for the period 13974 - £5
and 5.8 for 1985 -~ 2000 AD. Considerine the above fac~
tors, the dermand of steel in India ernerges as 17 million
tons by 1285 and 43 million tons oy the year 2000 AD, com-
pared to the present capacity for production of crude steel

in India of 13.6 million tons.

The 1ncreased dem~nd for steel can be met by either
recycling scrap or by the production of fresh metallics
like pie iron/sponge iron and conversion of the same to

steel,

The various alternatives for the production of stael
starting from ore is giver in fisure 5 - I. CQne of the
important factors for the nroduction of metallics fren
iron ore is the choice of reductant. "he alt~rnative
choices of reductants for various iron mexing routes is

shom in figure 6 - II.

Strateries for Increasing Steel Produstion in Integraved
“teel Plonts

The stratesy for the praduction of eruda ateel derends
on *he rate of sro th of th- domes+tin ie~and, the avni's-
bility =f raow naterials, reductants, energv, 1afrastructure

and capital., Cut of the capital invested in a new interrasaj

I

steel plant 3 ig for surporting servizes and infras+py

cstura,
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The break-up of' the cost of production of finished

steel in a new plant shows that A0 is in the raw mate-
rials, 107 is in the comversion cost and the rest, 507,

1s the depreciation and interest on capital block., From
the above it may be concluded that for meeting the increase
in the demand of steel, introduction of technology to in-
crease the output of the existing plants will be more ap-

propriate from the capital +o output ratio view noint.

In selecting the appropriate combination of techno-
logies for augmenting the production of iron from *he
#xisting tlast furnaces, we should ensure that there is
a reduction in the specific consumption of coking co=l.
Othervise we will be depleting this rescurce at a faster
rate and violate our guiding principle on conservation of
non-renewable resource. One more guiding principle may
be established - that the restrisction on maintaining hot
metal guantity within certain specification may be removed
in those steel plants which adopt extarnal desulf‘u;'isation
and/or the bottom blown oxygen process. rhe strategy for
the production of hot metal should be to maximise ontput
per capital block invested whiie decreasing the consumn-
tion of coking coal. The exact vackace of the aprropriate
technolosies ray be worked out from the data siven in
table 6 - 1, Tor exemple, it is estiratad that a combi-
nation of technologies consisting ~f use of sized ore, use
of higher sinter in B ch-ree and righer hot blast tempe-
rature can increase the blast furnace productivity by 787,
The additional capital inves*ment recuired for this in-
creased hot metal production is arnund Ds. 400 "ton compared
to ®s. 1,000 'ton for a new blagt furrare, These techno-
logtres can reduce the roke rate by 387 which will in 4urn
lower th: cost of ho* metal production by aronnd 3¢ =reer

providing for interest anA derreciation on the new narita’
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The combination of these improved blast furnace
technologies and the sequence of their introduction will
depend on mony factors and can only be established by a
more rigorous analysis, trials and innovation at each

blast furnace.

For introducing high sinter BF technology, advantage
may be taken of the proximities of some steel plants to
each other and to the mines for installing large or common
sintering machines. This will reduce the capital block for

all the concerned steel plants.

Since 70 of +he steel produced in India is by the
Open Hearth Process, it provides a good opportunity to in-
crease the steel produntion capability of these plants by
the Bottom Blown COxygen Technology, commensurate with the
increase in the hot metal prnduction. Approprinte conti-
nuoug casting facilities can be installed in the Cpen
Hearth shop itself to rrncess the liquid steel into slabs,
blooms and billets. These two technologies will release
a large quantity of fuel oil or coxe oven gas. The capital
block for producing an additional ton of slab, bloom or
billet is estimated to be less that Rs. 1,000 ton in an

existing plant compared to 1Is. 5,000/ton for a new facility.

This strategy of expanding the capacity »f the existing
cteel plant by improverment in the blast furnace *echnology,
introduction of the Bottom Blown Oxygen techrology to re-
place the Open ‘learth and adding continuous slab, bloom and
billet casting can increase the natioral production by
1,725 million tons, provided the hnt metal production in-

sreases by 2,60 1! as sho'm overleaf.
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Table 6 - 2

§

Plant | Present Steel ‘laking { Increased Increase in ‘ot

Capacity () Steel maiing| i‘etal Reguirement
capacity

with BBOP

T up
Bhilai 2.5 1,5 0.8
DSP 1.2 2.0 0.64
11520 1.0 2.0 0.80
RSP 1.5 1.5 0.6

Yhether the intreduction of eppropriate technnlogy in the 3last
Murnace does increase the production, needs to be established
by trial and experimentation in a selected blast furnace which

at present does not have a good performance record.

“lhen the steel demand increases beyond 3 milling tons by
a quantum amount of one million tons, then it will be necessary
to consider instelling an additional 2,000 m3 Blast “urnace
in an existing plant, producing around 2,300 tons/day of hLot
metal for each of the cteel plants mentioned above. The addi-
tional steel making capability can easily be attained by in-
stalling additional converters until there are a maxirum of
5 converters. Since the comretitiveness of continuous
casting of non flat products is only marginal at 2,5 T pro-
duction, this may, therefore, be considered as the upper
limit for the expansion of the existing steel “orks. There-
after, it may turn out to be rrofitable to go to a green-
field steel plant,

Centralizatinn vg, Necentralication

The discussions in the precedine paragrarhs advecateAs
the case of exnansion of existing steel plants by a maximum

of 2.5 millioen tons, for the predustion of blooms, billets
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and slabs. Tor rnlling of these semig to finished preo-

ducts, a different strategy may be adonted.

Shaping of the bulk tonnage of steel products ics
generally carried out in th~ rolling mills set mp in in-
tegrated steel plants. The modern trend is towards in-
stallation of large capacity rolling mills for production
of both flat and non-flat products. Large capacity in-
stallation brings down the production cost and adds to the
economy of operation. However, recently with the concept
of mini-steel plants, smaller capacity mills have been in-
stalled in other countries, primarily with a view to
catering for the lo~al demands of rolled products for limi-
ted tonnage. These mills have distinct advantages in
terms _of meeting the needs of small orders and saving
in transportation, cost of feed materials and +the fini-

shed products.

Concent of Necentralisation of Steel makine in India

In India, installation of smaller capacitv mills out-
side the integrated steel nlants had been based »n different
concepts altogether. Initially re-rolling mills were
started primariiy for the conversion of railway scraps into
nseful steel bars and rods. '{ith the gradual developrent of
various industries in the country, scraps were also available
from other sources i.e. steel plants, ship yards, engineering
industries etc. The major expansion in the re-rolling in-
dustry took place only during the sixties with the instal-
lation of mini-steel plants, when continuons cast hillets
and pencil ingnts became available. ™iring the last phase

the concept of “ecentralisation of rollin~ and setting upn




6.2

of mini-steel plants was brsed on the followinz mainp
factors:
- Disposal of industrial development in ceneral
and development »f hackward areas in rartionlap,
- Utilisation of locnl s crap.
- ileeting the regional Ademand of stee!l.

- Lower capital 1nv=qtment shorter constructinn
and gestation period.

- Shortage of steel in the market leading to higher
open markat prices of stzel bars and rnds raking
the operation economically viasble,

zconomics of Tlectric Arc “urnace “teel iaring based on
serap and Direct Reduced Ore in India

Besides iron ore, scrap is a major sourne of
metallics for steel mazing. In developed countrias serap
remelting contributes nearly 2™ 4o the steel rroduction,
see Table 6 - 3, In Indis a small part of the scrop =-u-
nerated is used in alloy stesl maling, while the bylk nf
vhe scrap is used in small size plants which 2re wrongly
called mini stael rlants. They are in fact miere steel
plants, having electri~ arc furnaces of 5 to 20 tong capa-
city. Some of these plants have continuous casting and
still fewer have captive re-rclling facilities. ost

of the micre steel plant: pradune rencil ingctn,

The scrap senerated in India can be catemsrised as
home scrap w-ich is Zenerated in the steel plants ang
purchased scrap, The latter consistes of indnstrial scran
~hich arises during +he rroduection of encineered nroducts
such as antomnbiles, machines, ete ¢j and the country ser an

wrich 1s generated from A12 machinery aguirmant ard fpaw

~nnturabdle steel soods vhiet have 1ost +heir ntili+r, In

= developing eovmtry the serap irising from aountpe gnrap
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tends to he low because ~f a) the utility life ~f a
machinerr amuinmert ig npalanmed o mepnine nnAd athap
maintenance, b) the -vorn out ‘achines, acuirment and
cengumer steel gonds firnd g secondary anpliecation,

the production of ronsurable steel goods ig low,

le)
N e

some nf the scrap ends un with pural blacksmiths,

It is estimated that +he process and country
gcrap arising in India is 1.7 million tons per year asg

shown in Table 6 - 4

13
Source Annusl Scrap arising
tons ‘vear
‘L
; Raliways 120.6C0
! Ordinnnce #ctories 20.00
Capital Scrap 30C.0C
(014 machinery)
| Processz Scrap 1,000.00
i (from enrineering uni+s}
| Recirculated Scrap 300,00
I :
Total 1,740.00
‘ ——————
Of +he two technolocies avail=ble for producing steel
from zcrap the Onen Tearth gteal making is rapidly beinc re-

placed by the Ilectrie Arc “irnsce bacause of external fuel me-
t o}

cuirement and srea lution problems with the formep.
woreover, the ontput per canacity irstalled (block enpital)
i much higher for th- rlastric are furnace comrared 0 the

3pen heapth,

&

n2logy 2nd sacondary gtrel refinin=, the elertric nrn <ns
-t . - = A
2R0e S2ennolory bennme sttpactive in connaArison wivtn in* -

steel plonts, The cani‘al invegtment reciipad

arotteins one ton of billet in 2 miecra eglentrin furnane
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It may be of interest to nots that a steel nlant
based on DR - I7 - CC with a captive eiectric power ~lant
has the highest capi*al block rer ton of zteel produred
and in this respect oecomes highly inapproorinate tenh-

nology for s*eel production in India.

The cost of production of steel by the e’ ectrin arc
furnaces is compared with that produced by conventional

B® - BO™ - CC, as chovm in the table below:

Table 6 - 6

lectric Arc Turnace

Micro Steel DR based Scrap Integrated Plantes
Plants ) based

with captive power plant

Rs./ton Rs. Rs.,/ton

1,490 1,430 1,330

Tre conventional steel making viz RV ig the
producer followed by the scrap based electric arc furn
steel making. The direct reduced iron vased electric fup-
nace plant is the highest cost rroducer;
electric arc furnace iz *hus highly competi
conventicnal 3% - 307, especially if the savings 1in coking
coal is considered. The availability of sufficient scrap is
the major constraint in th~ groth of larre electric arc fur-
nace based plants. Tre possibility of immortin

nighly 1ndustrialised countries such ag ora,

o -

plants near the rorts needs 40 be s+udied i




6.4

Present Status of %he Re—rolline Industry in India

The total number of re-rolling mills »f all trpes
in India is estimated to be around 1,20C. The capa-
city of these mills is indicated in Table 6 = 7. The
re-rollers were initially ~lassfied into two categories,
i.e. billet re-roller and scrap re-roller, mainly for
the distribution »f billet and scrar. This difference
was however, abolished in 1975 to enablzs all the capable
re-rolling ~ills to roll billet/pencil ingots. Against
the total annual capacity of 6,3 I-T’I‘,/yz‘., the ac*ual
predurtion has been a little below 1.C IT/yr. as shown

o

in table § ~ R, i

Though there are a number of narrow gtrin cold re-
rolling mills in India at present, the preducts fron
small capsctiy rolling mil's ar. mainly bars and rods
for construction purnoses. A few small capacity mills

are also cepable of nroducing trire-rods, tor-stcel hars,

. / . .
light 'medium structurals, hoops and strirs, special shepes _
likke Z-sections, ¢ate channels, windo secticns, T. bars
_ ) R ' ' ’

two way keys, loose javws, rail anchors, et*c, The gize
‘J ] 1

range of the produc: frorm the re-rolling industry is sho'm
in Table 6 - 0,



annual Capacity of Ne-Rolling Irdustry in TIndia
or. ?-shift Bacis as per Steel Je~Rolling {iills
Association (374)

sl. Ze=rolling [!ills no. of Total canaciiy on
Jdo. unite 2-snift 3agis t,rr.
1. Billet re-rollers 128 3,431,082
2. SRl membar scrap re-rollers 102 590,660
3. Scrap re-rollers on Directorate 211 A2¢.0C0

nf Industries (DI) licts who are
noct members of SRA, hnt whose
capacity has been assessed

Sub total: 441 4,341,712

4. Lu8tirnted cepasity of other 1,100,000
drmall scrap re-rollers on |

i 52 list ‘

e Y

LA Total 6,221,712

A

Table 6 - 7
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Table 6 - 8
Yaar Productien
Billet Rerap Total
le~-rollers Re-rollers

19AF = 67 - - >80, 500
1767 - 62 804, 244 126,252 ; 233,026
1968 - 69 722,016 127,008 | 849,024
1960 - 70 | 693,336 117,600 - 810,236
1970 = 71 465,141 144,250 | 609, 331
1971 - 72 616,000 130,000 © 766,000
1972 = 73 675,000 152,200 I 827,800
1972 - 74 614,000 .56, 300 770, 300
1374 - 75 564,130 1€2,617 726,747
1975 - 76 621,400 158,358 779,728

Note: The above figures exclude the rroduction of
small scale scrap re-rollers registered with
the State Directorates of Industries

Actual Productinn by the Ra—rolling Industgx
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Table € - o f
Size Range of lolled Products in Re-rolling mills

Sl. Product Size range conventional Remarks

No. mm . size (mm)

1, Yire Rods b -12 6 - 10 ?50 kg, max
coil wt,

2. | Bars, rods, rounds| 3 - 50 8 - 25

and squares

3. Flats 12 - 100 widthn Up to 75 width
2 - 20 +hink
4. ' Structurals 20 x 20 x 3 to] 20 x 20 x 3 4o
1 anglas, tees 75 x75 x 2 50 x 50 x 9
5. ! Beams and channels o to 175 Up to 150

16 - 20 onize 16 - 20 gauge

6. i Yoops 20 - 25 wide %0 - 25 wide

The size range covered by the main steel plants in India

against that from small capacity rolling mills is showm in

T-ble £ - 10
Size Range of [lerchan+ Products

5 R
(100 150 = 200 4
|

: .

| | !

.S1. | Product BSP WP, TISC IISCO  |Re-rolling |
' Yo, | | Tills

— 1 |’ .

1. Rownds and | 20 - 42| 12 =0, 12 - 1% 110~ &' 8 2 ox

Squares, mn. €0 - 1001160 - 200 ‘ ; §

2. Flats, m | 50 - 100] 45- =0 23 - 100 45 - 50! Up 4o 77|

3, 5 -1 5. selwa x|

! - ;

|

|
Angles, mn | 40 - 80 35 - 7=
l
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It can Ye scen from th- above Table 4 - 10 that
in certain areas like angles 35 mm and below, flats be-
low 45 mm, 8 - 10 mm rods in straignt length, the smal’ er
mills do not have to corpete vwith integrated steel plants,

In these areas, therefore, decentralisation of rol’ ing

could be more meaningful.

As the emphasis is on the lower capital inrestment
for small capacity mills, most of the mills installed in
Indie have skeleton facilities. The millz with indivi- |
iual e~pecity of 10,000 £.'yr. or more have senparnte
roughing group with =mill sizes ranging from 250 mm to
450 mm ~nd finiehing froup with 2 number »f st3nds
(150 . 250 =m) ~rranged in a single line driven vv either

one or two motors. 3maller mills have five tq seven

150 mm to 250 mm etands driven by one notar Horking as
roughing as weil as “iniched mills. Jost of the mills

are 7ot nrovided with any tilting table 2+ tigh stands,
inter-standi *ransfers or repeaters. They also 40 not have a

mechanised eosolins bad,

In order to assess the impact of decentralisation of |
rolling on economics, it will he prident +o compare the
small capacity re-rolling mills against the large capacity
mil's in integrated steel plants. TYor *his Jurpese re-

;Y

rolling mills of o Aiffarent ceprcities 1.e, 16,000 4 ‘yr,
and 36,000 t'yr. heve baen selacted. There ~ills have then
been compared to the lirht merchant mill of nominal cepacity
of 500,0c0 t/yr. The sperific rapita’ investrent is come

pared in Table 6 - 11 ‘on the next page.
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Table 6 - 11

Comparison of Canital Cost Wstimate

l

' s1. Rolling M4ill Capacity Cepital cost Specific capital
{ No. t/yr. | million Rs. investment
‘ Rs/t
| |
' l !
1. Re-rolling mill 18,000 - 18 1,000
2. Resrolling mill 36,000 ' 30 ; _f33
3., Light merchant mill  5C0,CC0 580 ' 1,160

1
i

It may be seen from the above that small capacity mills
have some advantage (15 - 30" savine) in capi*al investrment
required per ton of installed capacity over larga capacity
mills. Higher cepital cost for lerze capacity »ills is
mainly due to investrment far irproved mechanisation auto—

mation, guality con*rol and improved ~ring conditinns.

The production cost »f finished nrrodists denends to a
larze extent on the prine »f “he feed material. ‘lorrally
the feed material for tho large capacity mills is the bil-
let produced in the sare rlant, vhereas the feedl materials
for re-rolling mills may be either pencil incotz ‘eon-
tinuously cest billets produced by mini-steel nlants or the
billets ~roduced from integrated steel nlants or re-rollstie
scraps.  The net profit merecin for re-rollers, therefore,
will depend upon the t:pe of feed materials ani their “rices,
Under the circumstances, to analyse the econonics of de-
centralisation of rolling, the conversion cost (excludiug

material cest) comparison will b. lore reaningful than thae

production cost. The conversion cost for the =%ove rollines

mills are analrced in Tahle 4§ - 192,
It m~ry e sbserved “rom this table tnat the gmallen
mills have hirher conver~ion nost comparnd to large wills

“hich will result in rirmer production cost -7 tie Minignedd

produsts and lower profit marsin,
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The economic disadvantage of higher conversion
cost fir small re-rolling nills will be covered up
to some extent by the advantage in transportation
cost of feed materials/finished products. This will
, depend upon the precise location of the re-rolling mill
with respect to the sources of feed materials and the

markct for finished products.

Comparison of “onverszinn Cost

!
S, Rolling Tapacity Cner~%ins| Depreciztion f Total
Yo, 1Hill t /yr. Cost and + Conversion ;
including interest ‘ Jost
| | overhead ; [
v ‘ | f
: | , ) , ;
' i , RSn‘t : RS./"J 3\ ol.t
‘ : | | ]
1. le-rolling mill 18,000 27e 105 : 375
. 2. Re-rolling nill 36,000 ¢ 240 85 i 3125
' 1. Light merchant mill | 500,000 = 140 ; 735

Jdotes: 1. The above costs 4o not include interest on
working carital.

?. ™he firanring has besn 2crurmad in the debt
equity ratin of 1.1. Interest on loan has
been taken a+% 10.5 par annum,

3. The light merchrnt ~ill is assumed %o rork
on 3-shifts btasis and re-rolling mills on a
2-shift basis.

4. The depreciatior and interest charges pertain
to the unit »roper.

As f=r as the 7:~lity of *ha predunts is noncerned, the

smalier efapacity ~illrc 2annet nommeta with laree initz be-

rarige of the rrnhiztirated machinew: nged and tha elnhansts

guality eortrol focilities in 41~ irtagrated steol plants

Tecentralisation A€ ralling mills may he Aesirahle

from the view noint AF dinpersion Af industrisl devrelonment,
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utilisation of leccal raw materials, meeting the regional
demand and saving the transportation cost of feed materials
and finished products. The specific capital investment for
small capacity mills is somewhat lower by about 15 - 209,
However, the conversion rost is appreciably more and the
quality of the product is inferior compared to large capa-
city rolling mills. Research and development effort are
needed to overcome this drarback and make these small
capacity rolling mills more appropriate to the Indian con-
text, without increasing the capital block ner ton of steel.
These nills can be made as fulerum for thre rural metal
forming industries +hich car cater for the need »f farm
implements, household items, tools ~nd tackle as ~all ag

suponly the connmumable steel items to the orranised ine

dustrial sector.
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SJAPTER 7

7.0 ADOPTION AND INPLI.EITATICH OF APPROPRIAT™ TICHIOLONY
R STOEL

Adoption and implementation of 2 technology is
preceded by the choice of the technology, rthich is not
merely a cuestion of mechanica® skill or engineering
knowledgze. In this context it is worth noting that the
choice of techniqies available in advanced countries
need not nececsarily bte valid in developings countries
as developingz cointries have to consider thneir svm limi-
ted ressurces --hich can be gpent on various lines of pro-
du~tion. A new stratecy or a different technelogy is |
called for producing the same product as the resource dis-
tribution may be radically Aifferent. Thus the choice »of tech- ;
nology in deve'nrinz countries may rose more serious pro- |

bleme.

The system of production we adopt, ~ritically depends
on the society e 'rant to achieve. Technolegical change
whi~h results in higner productivity, “ivercification, al-
teration of consumption pattern and new class alirnrent,
brings about new aspects in social change. Cften the pro-
blem is oversimplified by statine that identification of the

need for product would considerably help in specifyine a rerti-

ctlar technoleozy., Tre general term "Technolosy'" comnrisas of
many facets of producing a product, i.e. choize of eguipment,
different alternatives, degree of tolerance, the level of ef-
ficiency expected evc. {ence, it turns out to be vague and 1

poses difficulties in identification. The 4iffienltr in idan-

take into acncont 4the war 14 i5 achiaved fap agr ronl in vies,
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In this context, arpronriateness of any techrolory
choice cannot be decided cer se. It is always consid-red
in relation to th: need it has to fulfil, Appropriate
technology choice is a nromplicated ontcome of considering
the various aspects: broduction of a reguired article,
improvement in quality, achieving economins of scale,
efficient utilisation of natural resources, capability for
full employment, fabricating goods for the_intgrnational
market, survival of 4if€eprent ccales of production and

snprort to non-econonmi~ Zoals such as emvironmenial quality,

Deviation of the Prazent Jechnology from Apmrenrizse
Steel Technology,

From the above vrierw point of appropriate technologsy znd
th~ discussions in the previous chapters, certain aan-

clusions can be drawm which are summarised telow:

1. The integrated stesl industry s a vhole is highly
capital intensive -rith o maior nortion of inveg+-
ment zoing to biilid “p the necessary suprorting ser-
vices,

2.  The integrated steel nlants are precario 1y living
on a non-renewable resnurce i,e. coking coal, Nor-
tunately technological nptions are aveilable to re-

duce the de-~endenre on or consumption of coking coal.

3. The bulk of the iron praduced (97') in India is pro-
duced tv the blast furnace technélogy, which re~uires
a large quantity of input rew materials sueh as roal,
iron core, limestone, air blast, refractoriss, mhe
technclogy =2nd the efficiencr of the present blast
- rnace technology demand a minimunm scale of ~peraticn
which makes it highly capital intensive.

4. Technological developments in the processes for con-
version to steel {Bottor Blown Cxyoen Pracess’ ig in
the direzticn »r appropriste technolory in *evma of
lower capital required, use of lower quality rarr g
rials at blast firnone and steelworxs, hirner
per ca~it-1 invested, [y
better recoverv of was+e products, esrecisl
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Turthermore the ste conversion tenhnology is effi-
cient over a wider v°1° of operation unlike the hlast
furnace technnloy,

5. The continuous casting and horizontal continuous casting
technology arz again developrents in the rich* direction
from the appropriate technology wiew noint. Thev are
less capital intensive, less severe on anvironnant,
produce less vaste material (scrap) "nd are efficiant
from low scales of nperation (40,000 tons, ‘year) to
very high ccales of operation (”.5 million tons vear),
The horizontal continnous -asting promises to reduce
capital requirement further and may rrovide for —ore
labour intensification. It also appears to be suitable
even for sraller scale »f aperation thnn nonventional
continuous casting.

A. Te +echnology of sharinz of steel has wide flexi-
bilit+y, depending on the nrodunt requirermant, It iz less
capital intensive 25 ths gonle of oneration bhecgones
sraller because »f the poss5ibility of intradwsirg

manual methods of handling  The enst of rroduction ig
hcwcver higher, but can be r-duced by further te~nno-
logical devslopmert. The lover transportetion cost,
ir these small re-rolline mills are loceted in rarinng
where rurel industrial ~roth ie desired, is a further
advantare, The snall re-rollers can easily su-ply =tnal
to 2 sm1l rural indnst‘y which dces not nove an easy
access %10 tne stock yoris oF the integrated gteel rln

7.2 Cnoortunitv Areas for An-aroprpiate Steel Technologv

The areas of onportuni*y *o make the rresent cteel
technology more appropriate are:
i) Develonment, of rew nrocessaes and +onhnin

reduce the capi‘al blaek remiired in the inte=
srated steel plants

ii) Intensify innovations and implementation Pro-
grams which reduce coking coal nonsurntion and
increase the nreductivityr af the existin £ blast
furnaces.

i11] Intensify researcn =n? develorment into those
areas of iron marings *ashinale=r viinh pesul+ in
lower capital rewa;emﬂht, mare efficiany =~~1lan
srale operatisn 2
availasle rar materinln “Pom these ravaddana .

tions, th~ traoknolo~r 5

L . . .
had . -~ Ty o~ . - AR AR
AN 1o vse the irndpconsnod

iron are jgincc nen

\
i3 more ~rni+al intenes
Lol

nzee nn indinatad
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Table 8 - 1
I Technology,Route Specific | Production
* Invrestment ; rost
i Rs. /ton ; 1s./ton
DR - TF - ¢C 4,900 ! 1,250
BF - BOF - C¢C 4,180 ' 1,300
|

The cost ~f the produntion of Gillets is aloo higher by the

DR - TF - CC route than by the 29 = 307 - 00 route. Thuz with
abundent availability ~f himn grade iron ore, India snonld ook
for a nore appropri~te alternate technolosy to rroduce iron.

In this respect it may be worthivhile reviewing tre Chinese
experience and lockin~ at the em rgine technology vased

on powder injection.

Tne Chinege Wxperience

The chief characteristic of the Chineze technological
aporoach was indicated by Chon-*n-lsi in Necerber 1764,
de urged his fellow countrymen to "absorb everythin- tnat

was good in other countries' experience and techniques +rile

subiecting the innovra*tions to specific ronditions of their
ovn country, its toposrarhy and raw mnterinl avail-abhilitjiag",
'ie em~harised that the lessons learmt mist be blended with
creative efforts of their own. It wag iden*ified that the
linkage between rvral industries and agricultural 4evelon-

ment is very intimate,

It mny be noted 4hat in +he eirly stoges of omowth,
riral irdustrialisatisn is a one 'y relatisnshir, Jome-
t1mes the rural uni%s ape carital-inteasiva, Tt laber,
whan she technelo=- hag heen adanted to tho 1ndimenang on-

vironment, ‘he rurs! comrunitys imbiteg knarladme dhmea

the establishnent <€ z-al1 inductpiesg, In tne =nsanne
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rmral industria! units cause technical skill formation
in the agricultural sector and also supnly increasing
amonnte of agricultural inpnts. Only later on is the
two-rays relationship established wnere the asricultursl
sector begins supplying rav material and eapital to rursal

small units. This relationship is gradually intensified

and small units begin providing work oprortunities +o man
power rendered surplus as a consequence of mechanisrtion

of asricultural opnerations.

The process of industrialisation which is a trans-
mission of technological know-ho', thourh a one way move-

ment in the bezinning, resul4s in ~hanges in th- =aori-

-eneration

b

cultural operation, larnd nryanisation, incore
and consurption pattern. This establishes new production
units, encouraces technological adaptations and cives feed

back to modern units.

The rural industrial syste~ in Chin- hasinelly eomnrises
of the 'five small industries' - -ensration of ener~s, nro-
duction of cement, cherical fertiliser, iron and sterel;
agricultural tools and equirment. 211 these require raw
materials such as coal, iron ore and these extractive in-
dustries form the second important component of the Chinese
rural system. The *hird dimension of the syste~ ralates %o
the semientirl changes in tne asricul4nral gestor., Tependin-

upon industrial inputs and skills available ot the carmnne

#]

and the origade level, new iters are taken up for fabricaticn
increasing production units as well as items fabricated. This

leads to mechanisation of life =nd warrants settiny up of

ergineerinz rep~ir rror«shons which Term the feursh dirension

of the industrisl sygten inder rafarsnce

nins 2eintries also have aired z4

Y )

. The outstandin~ nencrnlichmart of tha Chinesa minn?

-

ntustrial systen 1s no* rrirmarily *he ine4alliation of -
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large number of production units fabriceting diversified
items, but its organic linkage between 2griculturnl deve-
lopment, small fabricating units and modern industries.
Chinese rural industries 'ere planned 4o be compatible
with local requirements based on local resourres. The ill-
petus for an agricultural development lead to 2 large num-
ber of installations, diversification in the items of pro-
duction, and the adoption of modern industrial technolongy..
Another fcature of the Chinese program is co-existence of
large-scale sophisticated technology with small-scale inter-
mediate technology. However, there has been special empha-
sis on small production units, depending on the special

characteristics of the production process.

It is worthwhile noting that in Chinn 20¢" out of 20
million tons of pig iron produced comes from 1,00C zmall
iron and steel plants spread all over the country. These
plants vary in size and the smallest furnace is eisht
cubic meters. The backyaré furnaces hsve been abandoned.

“arm machinery is mostly rroduced in local plaats which

doubled their prcduction during the quin-guenninm folloving

1965. The success steumed from the fact that fabr

technology in miral inductrial units is closelv lin%ed with
indigenous availatility of raw rmaterinls and technical skills.
Produrcticr processes are rodified 0 sul. wviece eonditions.
The main sources of technolosies are recearch institutes,
modern industrial units and the local indizenons technology
pool. Technology importation in China is highlr restricted
even for modern industries in the national sector. Tven re-
search organisations are not ercoura~ad to undertare funda-

mental investization. Their efforts are main
wards solvins nr=rticsl problems nonfrantin~ i
tors of agrisulrtural industri achiriti het cores

o1t of these afforts - % higzhlz nhi 1 romplex
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technologies; rather they are commonsence techniques

solving immediate nroblens of a pr~ctical nature,

7.4 Zmerging Mechnolories Based on Powder Iniection

The Swedish steel irdustry, ~ith raior Sovern-
mental financirl support, has enbarsed on a maior X
and ) program to evolve an alternate process route to
the traditional blast furnace. The majors factors con-

tributing to this decicion in “weden have been
1} Laer of coxing noale, The currently onerating
blast furnaces in Zweden are based largelr on
imported coiting coal, orirarily from Poland
and ']S2R,

LA ]
~—

] . +
Absence of large internal external markets to
Justify installation of large blast furnnces.

2} The convent.onal blast furnace reute is re-
garded as unacceptable in view of the sirict
anti-pollution lars recently evacted in Sweden.

A serious reviey was accordingly made on the existing
alternstives to the blast furnace route, but none seemed
tc fit the requirerents. Acecordingly, a major rrocess dave-
lopment program »ith ffovernmental §npport, uas initiated

in 1974 with tho following obiectives

1} The process must produne a produst in liguid fopm
snuitable for subsequent 2rren cornvarsion to
steel,

/ iust operate on non-premium naw materials,
i.e. iron ore soncentrates available in Sweden
and relatively low crade non-coking coal,

3) Capability of economin opera*tion at relatively
small capacities, so that srderly exnansion of
the nlant to meet ineareased dermand is fesgible,

J o Tmvirormental pallution chou'A he minimum,

AfYer a eri+tinal evalua*ion of a1l available tenknirm:ag

in axtrapg+tive metallurer, it wos denided to concentrato

efforts in +wo elternative 2pnroaches, these being:
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A. Tlash smelting of concentrates counled wi*h

with smeltine rednction in an induectisan fip-
nace (IRTD PRONISS).

B. Bottom (side) injection of powders in a con-
verter trype reactor with a channel induction
heater for supnlying endothermal heet require-
ments (UDDACON PROCISS).

IJRED Process

The flas!: smelting technique wos developed indepen-
dently by Outukumpu Cy in PFinland as well as I:CO Just
after the Second ‘lorld Yar for matten smeltings from copner
concentrates.. The technolosy is well established on 2
onmmercial scale in copper extractive ~etallurgy =1 is
characterised by very high throuchputs, i.e. ni~h cpecifie
capacity due to intense mixine of the reacting phases i.e.
povder and gas. This development is now generally rescarded

as a major breaik-through in pyro-metallursy in recent tines,

As '2dapted' in the IIIR™H process for iron making, the
process essentially -orsists of the 'hurnins! of an intirmate
powdered mixture of irnn ore fines /concentrates + ccal + flux
with oxygen resnltings in a hirh FeC hearing sla~ =ndi metal
wthich trickles into an indurtion furnace rontainine hich
carbon iron. The endothermic heat requirement fnr the reaction

~

e + T = Fe + 70 being surrlied by induction heating,

The IIRTD process concept 1nitially tested irn a2 1 ‘a,"hr
scale, has now been scaled up to a 5 t/hr (~prrox. W, 00N t,/:/r')
pilot plant cirrently operating in Sweden. This plant operates
on iron ore concentrates and non-coking coal centaining 207

ash (steam conl quality). he process dces not require gin-
tering and coke producticn., The astinated ennsumntieon fi-uires

are showvm in Tabkle 7 - 7,
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Table 7 - 2

(211 energy rrom non-rorin~ coal)

i) Total energy = 4.100 5. cal
consumption,/ton Fe
ii) Iron analysis " = earbon 2.5
si 1

About 50 senenters metal.
Come dephonsphorisation is
achieved, Ex‘ernal desul-
phurisation would be re-
Tiired normally.

iii) The total electrical energy mequirarment iz 680 K.E'ton

Te with the following break-ups.

a) Process - 2RO KVH
(Induction heating)

b) Oxygen (510 .‘vInB) - 295

¢) 3Blowers - 105

The entire powver requirement is met by stean reneration
from off-gas. The INRED nlnant rese-bles the XT ccal rari-
fier of the slagging tyre. The additional feature of the
INED uni% is that the slag for~ed falls into an induction

furnace wherein metal and slag can be continually tapmed.

The process ie currently undiergoing extensive testins
in Sweden. Ii~ior funding for the nilot plant has come from
1.,’5 3CLIDY, - a non-ferrous comgany w.ose nmajor interest in
the process stems from the need to utilise larze amounts
of high grede iron oxide fines nbtained in the burning of

pyrites for sulfuric acid menufacture.

According to the scientists,/engineere engaged in this
procrar there exists sc~pe for further Adevelonrents in the
preocess etnnept, especially in the suostitutinn of th. ine
dueticon hes<inge gysten by the m~re ver=matile subrergaed ope

neating aveter,
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Table 7 - 3 gives 2 corparisen of the I'RED process
with cther alternative n»rocess rontes to iron in resnect
of rew materizls, Also (iven ara *he approxi~cte row -zterial
cost,"t Te based on typiecal prevailing prices for the various

raw materials inputs under Indian conditisns.

The development of the IIA"D nroress is of considerable
gsignificance to India in view of:

1) Process can dirertly utilise high srade nre fines

ineluding blue duct whizch are abundantly =vailable
in the counsryr.

5%
R

Non-coking conls with ash eontent in the regicn
of 20, suitable for this process ar abvuindantly
aveilable and widely distributed.

3) In~-situ nover g
of the proses<. "'ith the prevailing situation
in respect of power in the country, this feature
of the process is of psrti~mlar significance %o
us,

ceneration ig a tuilt-in feature

4) The ncn-coking coals in the country are ~enerally
Tow in P (0.017). The lignite available at
Neyveli is 0.CCA” P. TIf the IVRED procecs is based
on concentrates (as envisaged for Salem) it would
be feasible to produce hot metal with P <0.05")
which has a premium in value.

UDDACON Process

The UDDACOY converter developed by UDUTECLI Steel Co.
in e¢ollaboration with ANTA in Sfweden, is 2 converter spe-
cially designed feor in‘action of powdered materisl telow
the bath surface so as to =zchieve fast and anrnlete re-
actions and to supply heat in-situ so as to supnly the re-
quisite chemical heat or super-heat. ’“he heating is ac-
compliched by fittine a mains frequency chsnnel inductor
which supplies the necessary heat to the relt,

A pilot nlant of 1T *ton crracity wag cormissinned in
Cetover 137 at the Inzfore 2teeluorks of Tidencls.,  The
nilot n~lant uses 2 no'vder disnenser of tha tire -davsionci
at I0TD with a volume .0 “00 litres, The inan+i-n »ata

- : LR . -~ - - L « . :
ran pe raried patwenm 3 end 00 Sgimin, Lir 2r Aroon is

- g -
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used as corrier gas. The inductor has a nominzl power
rating of 1,200 ¥{. Both !0 and A1203 based linings have

been tested.

The wide range of experimentation has establ ished,
that hy 2nd larze it is only Thermodynamies which im-
poses the limits because the desirn of the UDNANG srystem
has removed the kinetic barrierz. The ~enverter h~s been
found guitable for a wide range of apnlications including
desulthurisatinn, dephosnhorisation, decarburising and %he
reduction of easily reducible metal ovides. CSorme resulis

obtained are discussed in tre f21llowineg:

Tnile 7 . 4
S —————ve———

Apnlication
Desulphnrisation
Nepnosphorisatinn
Necarburising
-lo~oxide reduntion

Inciusion level

2egults
C.26 C.006 in 10 minutes
C.16 C.01¢
C.00%5
Ta o &N

W37 level

In the following, two applications of the UDDACC converter

are discussed :ich appear tc have i mediate cormercial pog-

sibilities:

i) Processine of zinn-

3

from

rich dus
ti2

Stenel Making Trcilitioe

Te dust arisins fror el

steel s2rap contains varving

~

n

o]

tris arc furnaces precessine

G:entities of zine and Cesd,

depending on the degree of contamination of the scrap.

In those steel'srks, vwhere the zine content in such dust

iz of the order of 16 to 25

y 1+ repnrecents a eornarativel .,

Pich value. Zinee it is relativelry costly to obtain ™ra

zinc uting nresent day methrds, <ris dust actually non-

stitutes an environment probv

source of income for those stenl woria **her

lery instead of becomine

[\ ]

such duat or~ivg

FAR ety

Trpinel analrysis of such dust is riven overleaf,
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Prim»srr Tust
" e RS a " nag
: 9203 T n Pb .
gt 47,1 "7, 4.7 5.2
Tist P 27,1 22.4 4.2 2.1

Iniection of the avove dust in =2 'MTACON ~nnverter re-
~nlts in the folloc'ing:
1) Iron is f:1ly reduned leading to increase in
metal weight.

2) 7ine and lesd are vapourised and burnt in -
acnverter mouth formine 2 geenndary Auest -rich
is enllected in a brg filter,

Typical analyziz of the sgecondar; dust is as follows:

7m0 PRO 7 7e,0 < Ton-redicible Alirali
‘ A 271 :
- Oxide
63.0 10.8 3.0 2.0 1 12.6

After minor treatment to remove 2li:21i, the materisl

cnn he used for zine praduction,

In view of the encouraging results, theras ~re plans to

eormereialise such a terhnology in Cweden.

ii) Production of Low G-rbon Ferrom~neznese

Low carbon ferromanganese is a2 prerium raw ~ateriecl
f~p gteel making which is rconventinrally zrodunced in elec-
trie furnaces frem Im-ore and ®i In., Tt 1= iffieult 4o
cortrnl this pro~ess. Apart from = high ener-r consumntion,

the yield of man~~neze is low.

Low carbon ferromanganese has been produced from “iin
melt in a "IDACCT converter. lsnranese oxide mixed with lime
is injected into th= hath, using fcr examnle, Argon as
carrier mas. The initial Siln melt contains about 20,

“he Si combines rith the oxvren ir Im=ore ta Torm °i0,,
v -

The elertrical ener~v naruivament is abaut 1170 71 '4on nroduct,

nos beer s onenasully tasted in the ~ilet 10

Tha procensg
ton ~onverter. The nrocesa amears to have maicr commercial

possibilitier.
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The prncess apnears notenti=lly cnprable of pro-
ducing lov € ferrcrmanyanese (21so low P) starting from
mrnganese ore fines including possibly the hirh D
variety abundantly svailable in India. iajor 2 and D
efforts in this area apnear well Justified in view of
potential cost savings in ferro-manganese production.
Of particular interest to India is the relatively low
porer requirenent (of the order »f 100 - 200 i hon)

for the process.

In summary, the UTDANCT converter is one of the
most versatile nrocesc reantors develored in recent tireg.

+
s

“wven thoush economics An nnt anpe~r to ugti€r i
f2r the production of ordinary iron, its potential fon
hizh value~added proressing apnlications, like ferro-

manganese, etc. cannnt be underestirnated.

Arnlication of Iniac*ion Technicur in C-al Mesi®icatin

i

frsificotion of noal iz an area of interse 2 and 7
“ctivity.  In the Roval Institute of Technoloryr, Sweden
Professor Zketorp srnd his fgroup have carried out in-
teresting experirments in which ennl and sxrsen are ingected
into an iron bath (eontaining about 2.37 5 and about 2° o),

Despite the very hirsh 7 content in the bath, no oridation

of T was observei. The ~xit JAS Anglirmed troisally Yo o0,
15" Hor 15, 70, °n4 4maces of 20, ( 2ppm), “ha yisld A®
, s . pr,

carbon was in range (5 - 767, iith hi:her in‘ection depths
of the order of 1 my which is feagible in a cormercial siole

higher yields of carbon, close to 100" m-y bo expected,

The p=-ecticnlly comnlete abgsorption of ™ in a '~ih ig
a major stiractive Fea*ture of this teennique ~1 rrgl
fication. Sicilep linae 40 purenit are alsn hein: inevad

oA

into in """A,

-

Profe;sor T:etor- iz algp earrrying ont laborat:preenalo
injection of coal + ore « nXrgen in a beth of iran with the

inthermic heat reguirerent teins met by induetiva hea*in:-,
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There are plans to pursue this concept in pilot plant
scaie. Develapments in thic area are of rreat lang-

term interest to the steel industry.

The Pivotal Role of the Steel Tector

The guestion may arise, what national oriority chould
be given to the steel industry, if despite 211 the offorts
it does not become apnropriate techneclosy for the developing
nations? This question mav be lonked at fra= the surnlus
Zenerating 2bility »7T the gteel plante and the catalytic
effect it has on the overall econoric growth. The cost
analysis of finished steel production chows that the value
of the finished product is twice the valie of all the

rav raterials and fuels put togrether,

T=ble 7 - 5
Productive linterisl Tosts
Rate - Tost,'ton
Re.,

Iron Ore 4.3 51.7% 27.73
" " Lo T.7 13.79
" " Sinter 97.18 59,59
llanranege Ore 7.91 14.07
Iron Scrap 460,00 117.44
Coke BF and ut 288,42 228.66
Limestone 43.92 11.23
Dolonite 56.15 7.2
morizite 22.22 .44
Yandlin~ loss 17,25
Total Productive interial 282,15
Tor L.D.

Steel Scrap 510,00 110.67

Pig Iron 784.19 19.92

Iron Ore HG 52.3R 0.10
Finishing and Alloys 42,73
Fluxes =.8C
Handling loss 74

Total Productive ::terial Cogt = lixer metal + other in L,M.
= 532,51, 'ton
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Jnergy Cost/’;"on of Ingot Steel

Consurn*ion Rate Rs..t oot

1. Coking %onl 1.448 ¢ 130.C /'t 1€8.00
2. Boiler ‘ozl C.325 ¢ 77050, 25,20
3. Tlectriecity 268 KwH 0.20 'K Tir 53.€0
4. Murance 0il 0.0314 ¢t 1,050.00"¢ 13,00
5. LSHS,/LSTO 0.0235 ¢ 1,000,007t 23,50
. iaphtha 0.0167 ¥L A9C, 7L 15,200

328,30

é,gfrz“;gst 'ton of saleable steel taking . 7s. 42.?.5,-'ton

Total Production Jos* for

Plates Rs. 1,484 ton includes interest, depreciation
R Coils, 7s. 1,224 'toun inclndes 1r't6=r'ns+ depreciation
HR Coils for sale, 2s. 1,349 'ton includes interest, depr
depreciation )
Cold Rolled Zoils, CRIT 1,700 «ill 1,552,35,ton includes
interest and deprematmn ,
Tondem 1111, 1,657.27 'ton includes
interest and depreciation
or a million ton steel plant +he gross value added
amounts to s, 10C nrores for a total investrent of SN0 crores.
Part of this value added is disbursed ag wages and nurchase
0" services, ets. which purps money into the econorny. Part
of the value added is reroverei as excise, taxes anrd protits
which are azain available for further economic gwowth,  ™inally,
the end product or the steel plants is a higher value re-
source for other capital formins indvstries., In the l-ttar
sense, if we lon- at rcteel nroductien from an angsineared nro-
duct view point, e.~. a truck, = pover plani, eic., the inte-
grated technology may very well turn ot to de approprinte

even from capital to outpnt and capital tworker emploved rotio,

In the crse of less ergineered produnts such 25 farm im-

1

nlements, mncn an sparnsch may breer dovn ans it i3 in th. se
cases that effort for developin: mare =nnronrin~ta sirateriac

for steel productinn =nd its “+iliso*tior recn~eg ir nortant,
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Technology being a dynamic process, its aphrop-
riateness changes with time. This is esp cially true
for the steel industry which has » very long ~estation
period. 1In many cases the selection of tecunolorsy at
th: beginning of the plarning stare may be apnropriate, )
in many senses, out at the time of commissioning, the
technology may no lonzer bhe avpfopriate. It is not eacy

to shange a tecrnnolegy onece it is zdopted. Therc

W+

ore,
these technologies must be constantly improved and develop-
nental efforts shoild begin right from the planning stare

to make the technology mcre relevani.

Indi~ ~ith i45 vast iron orc reserves rcannot afford
to ignore the gteel industry. The limited na*ional eco=
nomir resources may not permit giving this sector a hirh

L=

v
v

priority in the economic growth plan »or India. ‘e should,

however, recorsnise tlLnt steel industrr forms +he backbone of :
the 1inductrial greowth and the preseﬁt steel industry has
already saved crores of foreisn exchar~e »rich has been avai-
Table for other pricrity sectors. Besides, ~ur militors
s*rongth depeads “irectly on cur stronz industrial o-ce
founded on a healthy steel industry. Thic w23 aptly stated
recently by Or. P.L. Agrawal, “h-irman, Tteel Authority of
India Ltd. to SAIL enmrloyvees, re-emphasisine the niveotal role

of the steel industry. This is extrzcted “elow

"Cur stzel zlanteg operate 'nder ey trrine~ conditiors,
Ftrainsg on onr finaneial resources heove 2lszo nandicapned s
in not beings chle tn keep nace with the fast changin~ steel
technology. By providing for a development fund in the re-
cently announced steel pricing pnlicy, the Government has
taken reasures *o overco:e this handie-p. There will be 1
shortage of funds for R and D and your a‘iempt must be tn
cover the ~ap, esnecially be*een the develoned conn*ries and
18 to innovate technology suitines %0 TnAi~n rry moterial eon-
dition. It shoild be rour pri-e respoasibili*r to see that

every help and assistance is provided %n those who srerate
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the nlanta. They have to grapnle ~ith raryine and 4iffi-
eult problems, which when referred to yon should be as-

signed top oriority and solutions shonld be found speedilw",

%cle of Research and Develonment

S2rine hag cenernll - bBeen neld hy Adam Srmith *o be one
of the maior determinants »f econcmic development. Ilew net
3aving is necessary to take advantace of the stendy ~dvance
of technology. Heinvestment of denreciation reserves is not
enough, According to ¥arl arx "the aidditional sapitel [~rred

in the sourse of accurmlztion cerves meinly as veniecles for

th> exploitati~n of new inventions and disc veries cor of
industrial improveierts in seneral’, larx further otated
that "the magnitude nf thre capital zccumlated rlezrly de-

rends on th- absolute ~agnitudés ~f the surplus valne!,

b
The rresent steel inductrr is highly ranitsl intensive.
This mandates effort alone several fronts to rae it mare

annropriate, Cne altermztive is t0 incrasse avp a7eont

"y
o
fe N

spending on research ~nd developrent into thore tirhnologies

whiech will decreace the ~npit-l burden. The canial nereccary
for investrent in these R and N efforte can rome £rer the gr-
nlas value generated oy *he research and development offort in
reducing the cost of produ~tion and for immrovin-« the v-lue af

the finisred nrodiect, This in a nlozed 1an - rmeraelt cra ape

RY

of research ~nd develornent mupnorts the othor in » ar-hiotie
manner. The aim of this two pronged R ~nd 7 of'art r~ar e
directed towards the developrent of aporonriate steel tech-
nolozy consistinzg of low canitsl output r»atin, hicher amnlov-
ment, rediniion in the consmption nf nmon-ranaaile resourees,

proper acologiecnl and envirAnmental brlance, wnpieiinaah A7

H * -
nmepn 11 F in tho mmaiiiats N + 7.
amTmen T LN DTt Iog Pranesg, nrottin? tog ' oo
I ! I ”
. . Ar - - 5 M .
needs and sone for axpart, A5 in sny prohles with ~o o
- w

Tacets, the solutinneg ara slwcrg armive? nor A mnegaca o
N i oo T :
T~ 5 ‘A e " o . . \ \ '
optitisntion in +hian =9me frotors A onnT L ot The deg ped

tevel, Thigz erll~ thr 2 lorinm darm of *he wrniomidian o8 s

innve agpents o ~pnrorriate technolaor,
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SUIZIARY A CONCLUSIO!NS :

An analysis of the socio-econo-technical factors for
the industriel growth of developing nations suggests that
there is a need for directing effort towards developing
industrial technologies which provide more work npnortu=
nities, are less capital intensive, reduce the consumption
of non-renewvable resource and are compatible with the avoi-
leble skills, managerial inputs, indigenous raw meierial
supply and domestic demand for the products. There is an
urgent need to bring the organised and the unorganised
sectors of Indian economy into a closer relationshin, so
that they nmay grow together. To achieve this, the resources
of the modern industrial sector must be applied to transform

the rural sector and raise its productivity.

A historical raview- of the steel technology shows that,
innovations in technology has enabled the use of materinl
resources “hich were locally available, The steel technoloay
prior to the Sesond 'orld War fulfilled most of the criteria
for appropriate technolozy. The deviation from appronriate-
ness came about as a consequence of technological development
in other industries.

Despite the threats from other materials and metals,
steel is still the most widely used engineerin: material of
construotion because of its unique combination of mechanical,
and physical properties, th: ease of its fabrication and its
cost. The per capita consurmntion of steel is ver: low in
India comperad to nost of the developing conntries. The demand
for steel in Indiz ir highly birsed by the atate of +he
netional ectnom: and is mostly in capital intensive industries,

A progran for increasin; the congumption of stesl in rursl
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India has been embarked by the Steel Authority of
India Ltd,

One of the major factors which make the nresent steel
technology less apnropriate is the high canital block in-
vested to produce one ton of steel and a still larger
capital block to employ a worker. This may be partially
rectified by dispersing supporting services to the rerions
around the steel plants. A package of aparopriate techno-
logies can be introduced for iron making by the blast fur-
nace route to irerease its productivity ~nd derrease the
consurption of the rapidly depletins coking coal reserves in
India. The develonment of tha bottom blown oxygen procese
and horizontal casting mazes the steel technology more op-
propriate than the open hear-h - ingot casting blooming/slah—
bing route.

Rolling “nd forming of steels offers an opportunity for
decentralising the steel industry and enable a pronar lin-
kage with the rurel industries.

The strategy for the future that eserges from the above
analysis i3 tha* for th: production of semi finish d products
such as billets, ©loous, slabs, more developmental and inno-
vative effort is required in the arees of blast furnaces,
bottom blovm oxyzen processes, LD etesl making and continvons

casting.

For the forming of steel 28 ner the customar's read,
technological effort is required to meke the small re-rolling
mills more economi-al and bring about a proper develonment of
rural retal forming industry. In additisn the Chinese in-
dustrial apnroach iz worth atudring and the nossibility »f
introducing smeller scale iron and steel worzs based on th-

Swadieh injectinn technology needs to be 11y explared,
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The steel industry ham a pivotal role to prlay in the
tctel irdustrialisation of India. In 4he »regent Indian
context, capital reduction per output is important,

However, depletion of non-renewable resource mery be more
important than cepital invested per output. Tor example,

an additional investment of Rs., 645/ton in the blast fur-
nane for introducing severa) aporopriste technologies can
reduce the coke rate by 42 whi'e in~reasing the blast
furnace productivity by 7C¢°. This will correspondingly
lower the capitnl block per outmut of steel. Another 2l- ™
ternative may be tn import bulk martity of sersn for re-
melting in ul4ra high pover elactric frnece, the power fopr
which ie generated fram non corzing coals. ¥or each new or
improved technology it is necessary to evaluate these aspects
and then adopt the proper course of action., In this Ry,
even if e do not get the mos+ appropris~te technology, we

will at least arrive at the optimally apnorpriante technology
for steel,
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