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"PSCHNOLOGICAL COMPLsSXITY OF IRON AND STEEL INDUSTRY PRODUCTS"

Intoduction

The UNIDO Secretariat assigned to carry on the research of tech-
nological complexity of ixon and steel industry products to the group
of the USSR experts. This technologica} complexity is essential to
define the sirategy of development and progress of the iron and steel
industry of developing countries. The mentioned research is the furthe
continuaﬁion of the study "Technology iﬁ the service of developaent"
finished by the Sectoral studies branch of the UNIDO Division for in-

dustrial studies in November 1980. In this study the analysis has beer

————

conducted for technological complexity of developing machines and
equipment coming under the heading "Capital goods production? This
study has been conducted with regard to the problems put in the fore-
front by developing countries and was aimed at measuring the techno-
logical complexity of machines and methods of production in terms of
different indices (semewhat hypothetical). The Index of technological

'complexity is the integral quantity of production complexity invoived

in a given product, as skown with the use of expert evaluations by
80 factors grouped into six technological levels. The greater the tecr
rologicael complexity of a product, the higher tke Index of complexity
and vice-versa.

The determination of the Index of technological complexity was
based on evaluating the distinctive features of the following process

stages : pre-design prcduct concept - laboratory - manufacture of

" parts - assembly. All these stages were quantitavely evaluated in

terms of 80 factcrs grouped into 6 technological levels of complexity.
The sum of all the values of these factora'represented the Index of

complexity of the product. 480 theoretically possible combinations

e cm——— - . -
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have been obtained wi.n tné wWAXiIGUR amouUnvs © .
gical levels of complexity ( in rractice this was reduced to 366 pos-
sible combinatiors). This made it possible to structure the system in
such a way that it covered the majority of the technological stages
required from the time of pre-design pioduct concept to final opera-
tions of assembly. ) <

The 80 factors which form the Inaex of complexity are di#ided .
into th:ree mein groups

A = 39 production factors constituting the actual producticn

process.

B - 23 factors associated with third-party semi-finished product:

and technical services ("production infrastructure").

C - 18 factors making allowance for the use of basic completing
components and units.

‘Iz turn A and B are broken down into groupings which it is ne-
cessary to show in detail: '

A1'- g overail factors constituting the actual production pro-
ceas including weight of products, hours of know-how per US$ 1000 of
finished prcducts, laboratories, direct production hours per tom of
finished products, manufacturing diversity in respect of number of
types and models, manufacturing runs, product assembly, minimum reco-
mmended or possible product sizes.

AZ - 30 factors associated with the use of production equipment
including differsnt equipmeni for gas cutting bending, rolling, dréL

 wing etc, machine tools, special production equipment down to the egu

ipment for quality control of the final product.

B‘ - 8 factors associated with semi-finished products ( conven-

tional processes of cas.ing iron, steel and uon-ferrous metals, foun-

N |
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dling and forging of main materials, more sophisticated processes
of foundling-and forgirg).

B, - 15 factors pertaining to third-party technical services,
including different operations of stress relief, heat treatments, me-
tallic surface deposits and surface protection, manufacture and main-

- tenance of metall-cutting tools, rough and very rough machining, cold
pressing.

C - 18 factors making allowance for the use of basic completing
components and units.

80 factors are dissimilar in importance and in order to reflect
the differencer between them, and consequently define their contribu-

_ t;on to the total index of technological complexity , the authors of
the mentioned study adoﬁted four different performances exhibited
vib¥ exponential characteristic reflecting geometrical ratics.

There are the following performances adopted by the authors :

( 20 -25 ‘r = 20 5 r 20 7. (: 2. .Their solution gave respecti-
vely C = 1215 = 1.4 = 1. 68andf;=20

: Consequently the complexity levels gained the following valnes
_according to the performances :

-

~Zcmplexity level ; 1
‘ | { 1 2 31 4 5 6
Performarces ! :

T 1.00 1.19  1.41 1.66 2.00 2.38
T, 1,00 1.41  2.00 2.83 4.00 5.66
. T, 1.00 1.68  2.83  4.76 £.00 13.45
Ts 1.00 2.00 4.0 8.00 16.00 32.00

The authors adopted the following performances.:::
-
- Weight of products = 20
Hours of know-how -1:;,
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Dizec

Oxyacetylene cutting -1:6,

Conventional processes of iron casting -171,

Forging -?r; etc.

For servicing of this gystem, a system of information on techno-
logical complexity has been qonstzucted for 318 groups of products (m:
chine tool egquipment, machines, electric ﬁotors and other electric .
equipment, transport equipment, measurement and monitoring instrument:
office equipment, typewriters, calculators, computers etc). With 80
factors and 6 complexity levels the possiblity exists of bringing up
the system to a recording capacity of 152640 data. The accomplished
analysis shows that in practice when decreasing the number of product
groups there is a possibility to mobilize effectively about 35000 da-
ta. The magnitude of this figure has justified the processing of
the information by computer. |

This analysis has led to distinguish some kind of "laws". and,
among other things, the fact that capital goéds are characterized by
the considerable heterogeneity of their technological contents and,
consequently, by their complexity. The technological complexity of

_machines entering into this group grows in the following order :

simple metal products&electrical machines measurement 2nd monitorizn
instruments ¢ non-electrical machines € transport eguipment.
Considered from a functional and technical point of view, the ma

chines have the following order of mean complexity: semi-finished pro

- ducts < parts and components € autonomous finished products < integ~

rated finished products and sub-gystems.

According to the final demand in mackines from the sectors of
industry for which they are intended, the order of complexity of spe-
cific capital goads is as follows : agricultural machinery { agro-foo

industries ¢ chemicals and petrochemicals industries < building and




5.

building materials industries & engineering-construction  extraction
of minerals & agro-industries, tobacco, leather, textiles Cheavy me-
tallurgy, iron and steel, forging., foundry <rocad transport equip-
ment <€ rail transport equipment Lair transport equipment..

The specific capital goods for thnese essential demand sectors
have the following minimum, mean and maximum values of the index of
cnmplexity : |

Values of the index of complerity

Finimum i Fiean i saxiwiom
1) Agricultﬁial nachifery 56.67 64.88 73.2
2) igro-food industries < 80.95 95.80 110.€0
3) Chemicals and petrochemicals .
industries 76.46 100.16 123,98
4) Building and building materials
industries . 84.86 107.35 129.99
5) Bngineering construction 86,13 113.95 141.92
6) Extraction of minerals 92,01 130.32 1£3.79
7) Agro-industries, tobacco, alco- ,
hol, leather, textiles 106.29 132.13 158.15
8) Heavy metallurgy, iron and steel,
forging, foundry machinery 107.64 137.49 167.46
9} Road transport equipment 128.72 - 162.67 196.78
10) Rail transport equipment 167.74 197.65 227.17C
i1) Air transport equipment 289.59 460,37 532.41

The analysis of technological complexity of capital goods conduc
ted by the UNIDO specialists makes it possible , from “heir opinion,
to developing countries to master the mos% important sirategic optiorc
for developing taeir industries, evaluate the levels of complexity of
producing planned products and the peridd of time required for the ac

similation of these levels. -Luocse appropriate forms of integration ¢
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. the national industry, develop the program of carrying out plarned
problems and adapt their educational 3pd;personnel training system
with this in mind. The mentioned 5pecialists concluded that the majo-
rity of the developing countiries which at the present time have a weak
production basis for production of capital goods could aim at level 3
of cormplexity of products., At this level, they have the possibility
to produce independently only 40% of the required equipment.

For the less developed countries, it seems that the production )
of agricultural machinery and certain simple semi-finished products
constitutes a'preferable way of entry into the capital goods industry.
/1,2,3/.

Attaining one or ahother value of the index of complexity of ca-~
pital goods production in the developing countries are dependent upon
the degree of the iron and steel industry development in many respectis
All tne-factors used by the UNIDC specialists and the complexity level
are largely degermined by the availability and quality characteristics
of metal products. This deals to a largest extent with 8 factors asso~
ciated with semi-finished products (Bl), 15 factors pertaining to
third-party technical services (32) and 18 factors making allowance
for tne use-of basic completing components and units.

Gaiﬁing the economical independence by the developing countries

presupposes the development of their industrial base which would per-
mit to change fundamentally the technical level of all the branches
~of the national economy. | . )
i Industrialization is the imperative condition for developing
the economy. The iron and steel industry provides the base for deve-
loping other branches of the industry and not only produsing capital
goods. Some developing countries have attained a notable advance in

the development of tke iron and ateel industry. India, Brazil, lexic,
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Algeria and other developing countries hava own large iron and sieel
enterprises and provide a substantial propertion of domestic demands
by inherent production. In Iran, Libya, Indouesia tne iron and steel
enterprises have been constructed only in the last few years. Hany
developing countries have not yet had even small enterprices and only
begin to constuct tnem using for this purpose financial and technidal
assistance of industrially developed courntries.

The Soviet Unicon has rendered and is rendering technical assistan-
ce to developing countries witn setting-up and development of the iron
and steel industry. India, Iran, Algeria, Turkey and other developing
‘countries have created and are developing their national iron and steel
industries with the USSR'S assistance, A distinguishing cnaracteristic
of the economic and technical cooperation of the USSR with developing
countries is the fact that the Soviet Union renders assistance in cre-
ating and enhancing the public sectors of their economies.

This is important for speeding.up of the rates of economic deve-
lopment and strengthening of the economic state of these countries.

The USSP's economic cooperation with developing countries in
creating their own base for the iron and steel industry and exploita-
tion of their natural resoﬁfées is built on a long-term, stable, mu-
tually advantageous and equitable basis, on the conditions of respect
of national sovereignty and legitimate rigpts of cooperating nations.

The iron and steel works built with the USSR's aasistance are
full property of the states on the territory of which they are lora-

- ted., |

Credits for purpose of developing the metallurgical industry gi-
ven by the Soviet Union to developing countries are long-term and have
favourable conditions. The credit of the Soviet Union, as developing
countries know well, rag a low level of annual percentage of compen-
sation, a long term of its use, payment. The agreements have no spe-

cial conditions. The sum of a subaitted credit is guaranteed.
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The Soviet assistance to foreign countries in creating their
iron and steel industriss is rendered with regard to making the most
use of local resources znd technical opportunitiers for manufacturing
the equipment, steel structures and supply with building materials.
Thig foerm of cooperation encourages drawing in of the country's indi-
genous resources, provides for a stable employment of the population, !
ensures accumulation of rroduction experience in the construction oﬁ
modern plants in respective countries, forms indigenous skilled per-
sonnel of builders, erectors, operating staff.

At the precent time there is a production of iron, steel and rol-
led products in 15 developing countries. Besides, 10 developing coun-
tries are producing steel and rolled products, that is ti:y have
spall enterprises for reprocessing scrap in small electric arc furna-
ces or mini-mills built in the last few years. There is a group of
countries manufacturing rolled products from imported billets. By
the beginning of eighties about one-third of the developing countries.
and particularly the most underdeveloped countries of africa, South-
East Asia, Oceania and some countries of lLatin America,have no iron
and steel enterprises. _

There are over 500 enterprises producing ferrous metals in deve-
loping countries and among them 25 integrated iron and steel works of
annual output of more than 1 mln ton of steel, with 20 of them have
been built after the second world war.

The.share of Latin.imerica accounts for abéut 50%, Asia - about
47 %, Africa - % of the total steel output in the developing count-
ries.

The creation of domestic iron and steel industry base or deve-
lopment of a¥ailable capacities for production of ferrous metals are
associated with necessity of taking into account a number of condi-

tions, such as :
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1) Transportation %o saie @aTkets and to row materials suppliers;

2) Market condition , iﬁﬁluding demand structure, expected shor-
tage of single kinds of ferrous metals, future prices of iron and
steel industry products, expected in perspective resources of metal-
lurgical scrap and its prices;

3) Sources of raw matérials and fuel, including iron ore resour-
ces, kncwledge of reserves, their qualitative and quantitative cha-
racteristics and geographical distribution, conditions of iron ores
mining and their preparation for smelting, resources of process fuel,
the availability or possibil: ¢y of creating own mining establishments

"and evaluation of required for their creation capital investments and
material resources;

4) Energy resources, including total water resources, power and
power-generating resources, geographical distribution of resources
and their main characteristics;

5) The potentialities of financing, ircluding credits, prices,
capital investments, availability of currency;

6) Employment and training of personnel, including concentration

—of labour force, actual and future possible labour force skills, its
principal features, tendency and attitude to training, labour cost
aﬁd associated with it policy of keeping the discipline and rising
the qualification;

7 ) Social and econémical measures, including labour resources,
availability of houses and installations for social purposes, presence

- of trading establishments, markets and institutions for rest and
entertainments, avallability of transportation and communication
means, availability and costs of civil services, existing policy re-
garding social planning and methode of financing social-and ecunomi-
cal measures, responsibility and participation of governmental orga-

nizations,
Taking into account indicated conditions associated with




country type of metaliurgical enterprises,

fhe favourabia conditions'are created for development of integ-
rated iron and steel works wien required for the iron and steel indus-
try mineral resources are available, Large blast furnaces (with volume
above 2000 m3) are constructed in the developing ccuntries. But many
amall obsolete unproductive blzast furnaces still work in these coun-
tries, The basic oxygen steel accounts for about 50%4 in the to.al
steel output of developing countries.

In the developing countries nearly Jwo-thirds of steel . is made
in basic oxygen furmaces of 60-100 t capaci+ies.at the integrated
iron and steel works. About 25% of steel is made in electric arc fur-
naces (about 14 mln ton). The charge for these furnaces is sponge
iron,production of which amounts over 6 mln ton in developing coun-
tries, and scrap (about 8 mln ton). This is ascociated with construc-
tion of a considerable number of mini-mills kaving,as a rule, up to
500000 ton annual capacity. These works use scrap or Sponge iron as
raw materials, steel is made in high-output electric arc furnaces.
The distinguishing feature ¢f the mini-mills is production of a li-
mited range of rolled prodﬁcts which are mainly used in the domestic
market. These works mainly produce long products.

The continuous casting of steel is finding ever increasing use
in the developing countries. At the present time over one-third of |
steel made in these countries is contimiously cast. All the construc-
ting in greenfields steel works compose contimuous casting plants.
Some developing countries give a little way to industiially developed
countries in this respect. To illustrate, Argentine coﬁtinuously
cast about one nalf of steel, liexico - 30¢%, Brazil - 27.6%. zlectric

arc~furnace steelmaking grows with evéf increasing rates in develo-
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ping countries. In the developing contries the technical level cof
rolling-mill practice incroases, Despite the fact that the main pro-
ducts of the metallurgical works of developing countries are long
products , the developing branches of these countries industry are
faced with the demand in flats which are produced at the integrated
iron and steei works.

Starting from the above mentioned as the base, the purpose of
present work is to determine the technolégical complexity of produa=-
cing the most feprasentative types of metal products required fcr

production of capital goods in the developing courtries.

ol .




12.

4. INDICZS CHARACTERIZING TiCHNOLOGICAL COMPLEZITY

OF Llal PXODUCTS

The investigatiocn being carried out by‘UNIDO copcerning
thé evaluation of strategy of capital goods producticn in deve-
loping countries is closely connected with thé strutegy of the
iron and steel industry development in these countries. yetal
preducts made by the iron and steel industry provide manufacturing-
of capital goods with semiproducts which comprise one of the
factors for eveluaticg producticn complexity of these goods, ...
At the sume time metel products are the base for tae develorment
of cther branches of engineering, construction ard transport in
developing countries. Thus, the eveluaticn of iron and steel
developrment strategy must result from eccoomy requirements existing
in develoring countries while the character of its developrent
must be determined by technclogical complexity of metal products
necessary for economics,

Theoretically, technological complexity of metal products
can be expressed through its costs, when increased costs leud to
a higher complexity level ér metal products, becuuse the complexi-
ty accumulates large amounts of labour expenditures. This means
that the establishment of more complex metal pfoducts in developirg
countries requires also higher socielly necessitated expenditures.
To conceive the amount of these expenditures, their direction
and possibility of their realization depending on economic condi-
ticns of developing countries it 1s necessary to anulyze the

factors which determine the 2egree of metal proaucts complexity.

_ Factors comprising the complexity of metal products can be clas-

[ 4
sified in the follcuing ways :
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l. Complexity of chemicul composition of steel for metal
prdducts manufacturing. In order to obtain necessairy che-
mical composition certain ferrcualloys zand alloying elements
shculd be used,

2. Complexity of metal products configurations which are deter-
mined by their shape sizes and provided by different
rolling facilities.

3. Métal products quality level which is provided by ladle
steel refining, heat treatment acd finishing cf metal

products.

Concerning the first point, apart from complexity changes
in chemical ccmposition, the compiexity will &lsoc change for a
definite cher.zal composition of a certain steel grade depending
on the metallurgical route of steel production. The following

routes are meant here :

é. classical route: iron production in bdlast furnaces from pre-
pared iron ore and BOF steel making ;

b. production of prereduced matecials bty cokeless direct-reduc-
tion rrocesses (or the use of imported sponze iron) and
their smelting in electric arc furnaces to produce steel;

c. scrap remelting in electric arc furniaces for the production
of required steel grades.

In all these routes steel is continuously cast. The technologzical
diagrams are given in Fig. 1,2 and 3.

-‘ The possibility of the realization in a developing country
of some or another diagram of metallurgical route is dependent on
availability cf necessary natural resources {iron ore orﬂcertain
composition, coking coal, natural gas) and on the available scrap

resources.
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Fig.1. Diagram of steel production with the use of process routees ?t
blast-furnace ironmaking - BOF steelmaking with continuous custing -
rolling.

‘Y Natura. gas, electric and thermali energy are used in production of all kinds of: products,




Fig.2. Diagrém of steel production with the use of process route
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to involve investment of various level and for various schemes

of use of foreign currency for impcrt as well as availability of
labour resources, of necessary skill in the country, tgking into
account various levels of direct lzbour expenditures for every
diagrana of metallurgical routes of steel makirg.

Thersfore the complexity of steel muking for metel products
is evaluuted equally with the cozplexity cf their chemical ccrpo-
sitions as well as with ~iagram of the metallurgical route which
include various stages apnd are characterized by varicus features
of the equipment apd technology.

It shoulé be stressed thet the necessary cheaical composi-
ticn of steel in developing countries can be ensured depending
on the availability of patural resources and stéges of their
econcmical progress due to the developzent of own ferrcalloy
production and due to icported ferroalloys and alloying elements.
It is natural that more complex chemical compositioa will te
connected with certain expenditures for the dsvelopment of ferro-
=lloy indastry or currency for import of ferro-alloys.

For determining the compliexity of metallurgical routes
it should be taken into consideration that the rcute size depenlling
on its stages may be different bescause of the natural . resources
of the country end possibilities of imports. For example, in the
classical route "blast-furnace - basic oxygen-furnace" the
number of stages may be reduced through imported pellets, while
the route with steelmaking in electric arc furnaces with the
use of prereduced raw materlals - through the elimination cf the
domestic production of prereduced raw materizls and thelr impcrt

from other countries., The route with scrap smelting in electric




arc furnaces may also be connected with the import of raw

materials when a country has small metal fund ard poor scrap
forration cesnnot ensure the appropriate output of steel resources
and there is a demand in imported scrap.

Therefore every route fram the point of view of its techno-
lngical ccmplexity is characterized not orly bj the nurber of
operating stages demanding various expenditures of resources
for their rerformance, but aliitionally by expenditures of
currency for import of raw materials which are necessary for
the realization of a metallurgical route. Otherwise "short"
routes with the import of ravw materials may take undue prece=-
dence from the point of view of their technological complexity
although they actually ere connected with the necessity of '
economical development of the country ip the direction of accuau-
latipg currercy reserves for the functioning cf metallurgical
routes. But for the developirg countries where the utilization
of natural resources allows to gccumulate and spend currency
reserves the development of iron and steel industry io accordaace
with the routes of imported raw materisls will make it possible
to create domestic steelmaking in the shortest time and with
the lowest expendltures of resources in the country.

The fornation of the technolozical complexity cf metal
products according to the sacond direction is evaluatel on
the basis of the preset complexity of the range of shape sizes
which will be in demand in accordance with the country develop-
reat. Steel produced uccording to different metallurgical
routes may be usedi for the production of the same types of
metel products possessin3 varlous technological complexity.

The possibility of producing metal products possessing

various technological complexity of shupe sizes depends on




the equipment used for continucus casting ard rolling., This is

characterized by various labiur expenditures for the realization
cf the technological process. its erergy und capital expenditures
for sheop construction. The production of billets on contlouous
casting plants ia combinatiorn with electfic arc furnuaces of
various capacities and with high peower transformers zllows to
construct required plenlis for the productioa of metal products

practically without restrictions accordisz to minimum capacities

and economical values of metal production. All tais promotes the
possibilities of the organization in the developing ccuntries of
the production of metal products baving various complexity ranges
accoréing to the section size form.

The range of rolled products waich are spent for the pro-
duetica . of capital gocds in the developing countries, applicably
tc the pnew branches cf irndustry, is distrituted in the followirng
wey ; rer cent ( the numerator denctes sections, the dencminuter -
sheets «nd plates ) ; the sux of these two types of rolled pro-
ducts does rcot give 100 per cent because of the use of other types
of rolled products, wire cnd rolled products from alloyed steel) :
agricultural zachinery - 4c - 60 , food industry - H ,
cheaical and petrochemicufoi;dagtry - é%—f—%% » civil engineering

c
and buildirg materials lndustry - Zo - gl , Fallrocu.d tuilding -
27 - 30
-Q}
rest 13 the technological complexity of sections, sheets und

ol

, &cd so on. Thus, fcr developing countries of some inte-

plates. Heace in preseat work the following types of rolled
products huve beern cﬁosen for the evaluation of technolcgical
production complexity : heavy sections, medium and light sectlozns,
hoet rcllel sheets and plates, cold rolled sheets, section

struccural zlloyed steel, that 15 . ruther wiZe rapnge cf rolled




product types has beea usca by the Soviev exrerts.

In the USSR the follcwing rolled rroducts are included
in the ubove mentiocned types :

\ Heavy sections made from steel of ordinary grades :

round, diameter 32 - 250 mm ;
squure, dimensions 30 - 120 mm ;
strip, width 60 - 200 am ;
uneGuul angles 70 x 45 mm
equal angles 5C x 50 mm and more.
Die-rclled steel rods - for relanforced concrete comnstruc-
tions from carbon and low carbon steels No,32 and more.
all shape srecial :cections ;

Vediur sections made from steel of ordinary grades @

round, Galawmeter 20 - 30 mm,

aquare, 20 - 30 am,

strip, width 50 - 60 mu;

equal angles 35 x 36 X 4 mm
}0 i 40 x 4 mm

_ 45 x 45 x (4-5) mm;
unequal angles 45 x 25 - 63 x 40 mm ;
Die-rolled steel rods for reinforced concrete ccnatructions
from carbon end low. carbon steels, No 20-28.

Light sections made from steel of ordinary grades :

round, diameter upto 20 mm (imcluding) ;
square, dimensions from 10 to 19 mm ;
strip, width from 12 to 45 mm ;

Unequal angles upto .32 x 20 mm ;

egual engles urto 32 x 32 ma ;

shere sections.

Die -~ rolled stecel rods for reinforceld ccncrete constructions




from carbon end low carbon steels, No.l10, 12, 14, 16, 18.

Plates made from steel of ordimary graiss :stesl plates
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steel strips of zeneral puryrose, stcel for tcilers, furnacs
for shirbuillding, three-lcyer steel.

Hzt rolled siasets made frox stesl of ordinary 3raies

steel shéets, tilckness 1 - 1.8 mm.

Cold rollsi sheets made from structural carbon steel ;

coldzrolled sheets, thickness uptc > mm.

Section structural a2lloyved sSteel

All sections made from cllojed steel.

“Thrcugh"'character of the metal prcducts complexity
evaluation including the evaluaticn of metallurgical process
complexity and the complexity of metal products forming will
allcw developing countries to solve reasopably probleas coanected
with the orientation in the develormeant of ircn and steel iﬁ-
dustry in conformity with demacds of the eccnamic structure of
the country.

Diagramzs of the process routes described above which
include rblling operaticas, provide coanditicns for achieving a
definite level cf zetal products quallty sufficient for their
usage in a wide range of applications. Some ty,es of mechanical
engine:ring products and same usage of metal in transport and
_constructicn demands increased reliubility, lcog sgrvice life,
which can be provided only by higher quality of metal products.
The most urgent goul 1s ic decreasing metal content of the fro-
ducts both im designing ccaditions und in lowering consumpticn

of metal. products. The latter gcal i3 esrcciully preséing unJer
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with pricze average labour used for producing metzl jroducts incluuing
the develorment of equipment requirad for this purpose. The diffi-
culties iz deterzizing the corplete velus of mctal products also
Lresent licre.

Therefore tre questioz ariscs what indices are reauirzrcd to
USe Wldill ao a while Could replace the costs expressed in the
soclally nzcessitzted labour expenditures while evaluatizg the
coaplexity legree of aetal products.

7hile choosing these indicqs it is essential to taxe.into
account tre fact that ther zust first of all charscterize the ex-
penses of all resources for iron and steel industry on ¢i:iferent
diagrams of technolcgical rcutes ani not for its current functicﬁing.
Therefore on the basis of the index of costs three indices have been
formcd exrressicg complex labour and energy exrenditures os well as
complex caplital expenditures whieh are.the rost impertant characte-
ristics of the iron and steel iniustry to be Geveloped. The first
one reflects the labour experditures or direct labour ( men/hcurs )
required foi the functioning of the routes to be developed. The second
cae 1s energy expendlitures for ﬁechaological routes. The third one
is capital expenditures or cost expenditures for produciag metal-
lurgical eguipment end constructior of iron evd steel works upuer
various routew.

All these indices characterize from different roints of view
the technologlicsl complexity of producing the chosen types of mestal
products. “hen developing noc-integrated metallurgical routes the
import rejuirements should be taken into considcr#ticn in additicn
to the received indices; The impqrt serves for meetipz a luck of seri-

products due to absence of the correspcrding techaologicul opersations.







It is also ecsentisl to note thut there is a pdssibility

to form, if needed, on the basis of the indicated technclogical
complexity one integral cost index. Eowever, this is out of the

scope of the presert investigation.

2. A Method of Quantitative Determination of Indices [

cf Techaolcezicel Complexity for Froiucing Metal Products

In the preceding chaptexr the necessity of using the iandices
of technclegical cemplexity for producing metal products which ex-
Lress labour, epergy ancd capital intensities for intermediate and

fipished products, have besen substantiated.

For this purpose it is essential to consider mutual relations
arising witnin the boundaries of adopted tecanological routes of
production, to take account of their structure and to defe:mine ap-
propriate inside proportions etc.

The technological cowplexity of producing metal products incre-
ases as the final stages of the technological route are approached.
It can be imagined that accumulation of the value of the indices of
complexity of foregoing stages occurs in ensuing stages of this ro-
ute, As the most general version this can be explained using the exam-
ple of "througn" calculation of labour expenditures, energy expendi-
tures with the use of fuel expenditures in coal equivalent and capi-
tal expenditures for production of heavy-section steel products on
the following technological route :

blast-furnace irocmaking -~ BOF steelmaking with continuous cas-
ting of steel - production of heavy-gsection steel products.

This route starts with iron ore mining and production of irom

ore concentrate ., when achieving this stage,the lasour expenditures




account for 1.1 man.hour/t, fuel consuap ‘on in coal equivalent =

0.023 t/v, capital experditures - 45 §/t.

Should tne¢ next stage is tne pelletizing then to the expenditu-
res on this stage ( 0.5 aman.BHour/t, 0.039 t of fuel in coal equiva-
lent and 20 $/t, respectively } must be added the expenditures of
the foregoing stage multiplied by specific expenditures of the first
stage products for the second stz2ie prodﬁcts (1.082 ¢/t ). In this
case the expenditures wita regard to tkhe foregoinyg stage account for
1,68 man-hour/t, 0.064 t of fuel in coal equivalent and 68.7 &/%t.

At the next siage ( ironraking ) tc the expenditures.on this stage
( 0.769 man.hour/t, 0.6€ t of fuel in ccal equivaleat and 32 §/% )
is added the expenditures of the foregoing stage of metal buiden

prevaration multiplieé by !.7 ( 2.86 man-hour/t, 0.109 t of fuel in

coal equivalent and 116.8 $/t ) and eipenditﬁ}es of the cokemaking
( without taking into account the energy expenditures in cgal mining
and benefication to ensuré against double counting ) multiplied Dy
coke rat: for irommaking ( 0.255 man-hour/t, 0.05 t of fuel.in coal
equivalent and 44 §/t ).

Then the expenditures in ironmaking with due regard for forego-
ing stages account for 3.844 man-;our/t, 0.849 t of fuel in coal equ
ivalent 2nd 192.8 $/t. The "through" calculation of labour expendi-

tures, expenditures of fuel in coal equivalent and capital expenditu

. res up to final products (heavy-section rolled products) is realized

in the same manner, This calculation is depicted in table 1.
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A ‘The mentionéd "through" calculatidn:-even though its simﬁlicity
and obviousness, features extremely appreciable disadvantage - incom-
pleteness. According to tentative calculations it does not cover
about 20% of all the labour expenditures, expenditures of fuel in
coal equivalent and capital expenditures. In this zase performing
that calculation does not take account of above mentioned expenditu-
res fovr produciion of energy products ( oxygen, compressed air and
blast-furnace blast{ ) consued in ﬁhe production of intermediate anc
final preoducts, refractories, ferroalloys etc as well as tie expen-
ditures for production of these materials.. It is gquj.te understan-
dable that so substantial unaccount of the expenditures can't help
but affect adversely their integral values characterizing the tecnolo
gical complexity of products made by investigated process routes.
Proper allowance must be made for the whole vatiety of interpro-
duct relations withir the boundaries of technoclogical routes, to ex-
press these relations in terms of consumption coefficients of these
products to each other ( stesl for rolled products, iron for steel,
coke for iron }, to determine the expenditures of raw materials, ca-
terials, energy =tc for thése products, labour intensity, energy in-

ter.sity and capital intensity of these products.




Table 1

"Théough" caléulation of labour expenditures, expenditures of fuel in coal equivalent and capital

expenditures for production of heavy-section rolled products.

Stages of technolo-

T Labour expendtures, maneh/ts Expenditures of fuel in

Capital expenditures,

_coal equivalent, v/t §/%
gical route I ! Specific @ . In Specific { n In TSpoetfic! [
‘ thn lexpenditu~! ! bxpenditul,: bxpenditul
e sta- es of pro- the sta4the stage ... ¢ prbﬁhe staqthe stage es of prb-thO sta(
82  lucts of 18€ with | ucte or |89 Vithi ucts of | Yiph
lforegoing !}egard tq Foregoing!regard ! oregoing|¥egard tc
!stage in | oregoing lstage in {to fore- tage in { foregoing
stage Lt/ atage , L/l tagz 1
) 2 B ) 5 ST B For I
Iron ore mining and ’
production of iron ore
concentrate I.I - - 0.023 - - 45 - -
relletizing 0.5 1.082 1.68 0.039 I.082 0.064 20 1.082 68.7
Cokemaking 0.58I - - 0.114 - - I0G - -
Ironuaking 0.769 1.7 3.884 0.69 I.7 0.849 32 " I.7 192.8
(pellets) :
0,44
(cdfg5
BOF steelmaking with 1.6 0.849 4,89 0.0I3 0.849 0.734 60 0.849 223.7
continuoug casting
Yroduction of heavy- 2.7 1.06 7.88 0.895 I1.06 0.063 82 1.06  3I9.1

gection rolled products

]z
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For this purpose, it is expedient to get the indices which
should characterize the whole combination of natural expenditures
of raw materials, materials, energy, semifinished products, interme-
diate producté for the intermediate and final products, to obtain
among these indices the components of energy intensity { expenditu-
res 0. fuel and electric energy ) and on the basis 9f natural w.lues
cf the indices ana specific values of labour and capital expenditu-
res - labour intensity and capital intensity of products within
the boundaries of a technoiogical route.

As indicated by calculations of the experts, it is necessary
to solve 75 simultaneous equations for determination only natural
expenditures of raw materials, materials, energy, semiproducts and
intermediate products for the intermediate and final products within
the boundaries of the investigated technological routes. About 6000
specific values of expenditures ( direct expenditures ) are used for
solving these equations, Working such a problem is impossible witnout
use of computers. As a consequence, the experts have developed tne
method of obtaining the natural expenditures for the investigated
metallurgical routes w#ith the use of théoretical principles and
software of interproduct balances { input - output balances ).

Basic initial data for realizing this method are the data on
outputes of intermediate and final products made in the invesigated
metallurgical routes, the expenditures of raw materials, materials,

energy, semiproducts and intermediate products for each kind of pro-

‘ducts. Based on these data, the direct expenditures are determined

through dividing the initial data by the corresponding outputs of
each kind of products. The direct expenditures characterize the exper
ditures of raw materials, materials, energy, semiproducts gsc per 1 t
of intermediate and final products ( sinter, pellets, coxze, iron,
steel, rolled products of different kinds etc ). At the same tinme,
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the direct exipenditures by themselves do not give an indication of
the expenditures in the technological route as a whole. To do this
requires to transform a portion of these expenditures into indirect
ones, that is to say,.recounted with due regard for coefficients of
consumption for conjugated kinds of the intermediate products.

Thus, BOF steelmaking requires considerable consumption of iron
( direct expenditures ) and this in turn involves considerable con-
sumption of fucl and energx going for production of iron, coke, bla%t-
~ furnace blast, oxygen etc ( indirect expenditures ). sAF steelmaking
requires tie.nost substantial consumption of electric emergy ( direct
expenditures ) inveolving increased consumption of fuel for generation
of electric energy at iron and steel enterprises ( indirect expendi-
tures ) and increased consumption of electric energy obtained from
outside,

In such a manner, along with direct expenditures determined by
the level of technological progress and elementary proportions bet-
ween technologically interrelated stages of production { for instance
cokemaking and ironmaking ) it is essential to have much more sophi-
sticated interroute and interindustry proportions making it possible
to express correctly total expenditures of raw materials, materials,
energy, semiproducts and intermediate products for intermediate and
final products within the boundaries of the whole national economy.
They take into account not only direct expenditures of specific re-
sources per unit of products in a given stage of production but also
-* indirect expenditures of these resources in other stages of & techng-
gical route and industries conjugated with a given stage of industry
via +he whole combination of inerroute propertions and inverindustry
relations. The total expenditures take account of expenditures of
& given kind performed not only at the last routine stage of produc-
tion but at the foregoing stages and routes of production in ali

the allied branches of industry. These expenditures make allowance




fhereby for the whole production vertical in making a givern product
considered as an intermediate or final product.

In addition to the total eipendituies there is a possibility
to use complex expenditures whichk are analogous by their nature to
the total expehditures but form in the scope of more limited inter-
relationships ( only in the boundaries of a predetermined complex
of making products). This completely conforms to the problem worked
by the experts.

The economic sense of tbe complex expenditures, as applied»to
the problem worked by the experté, consists in consecutive superpo-
sition of direct and indirect expenditures of raw materials, mate-
fials, energy, semiproducts for production of particular kinds of
products in the boundaries of planned technological routes ¢f produc-
tion. In the most generl view this is illustrated by the example of
the "through" calculation of expenditures of fuel in coal equivalent
in table 1. A

Computatior of the indirect expenditures is subdivided into
a number of consecutive iterations. The indirect expenditures of eve:
iterations are generally designated by a proper number ( order ).

Should the expenditures of raw materials, materials, energy, se-
miproducts for production of steel going into making rolled products
be compuved;then this gives in result the indirect expenditures of
the first order. The expenditures of the same resources for iromma-
king in turn form the idirect expenditures of the second order and
the analogous~expenditures for production of ainter - the indirect
expenditures of the third oxrder etc.

The starting position for computing the direct and complex ex-
penditures is the formation of a square statistical table represen-
ting the combination of distribution of materials, fuel, energy, se-
miproducts, intermediate products for production both intermediate

and final products of the ircn and steel industry. The mathematical
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of the mentioned table is given in table 2.

| | Table 2

The mataematical model of the initial~statistical table for com-
puting direct and complex expenditures for technological routes of
iron and steei production.

Type of | pRSREoy 1. T
s Hi s - H -
or PeruCt% I % 2 % 3 ; coe E o % Total
- - 0
I A ilg A3 e “Ia > Iy
3=l
_ bag
2 X1 o X3 Xon X,
=l ~
I
) 3 e Xﬁ* X32 . Xﬁe LR XSII :jz- ‘ﬁ‘
o
j=1
[ ] E ] [ ] L J [ ] n [ ]
I X1 W Xm3 ... Ym ) X,
g =1

Vgg:or- . XI R 0% X3 cee Xn

The initial stage of forming this table consists in separating
single elements defining designations of its rows and columns, svery
row of thig table forms a separate balance of distribution of one or
another types of materials, fuel, energy, interzeuiate producis etc.

Even siuple coubination cf many material balances in one model ( zat

le ) fa ilitatesy the analysis of gquantitative interral material
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relations in the process of production of various metallurgical

products.

The combination of horizontal rows of distribution forms verti-
cal columns expressingAthe expenditures of the same materials, fuel,
energy, semiproducts etc for production of distributed products. In
this way as if two combined tables form: in rows - the table of dis-
tribution of raw materials, materials, fuel, energy, semiproducts,
inveramediate products for production of intermediatve and final pro-
ducts, and in columns - the table of expenditures of the same types
of resources for production of each specific type of products.

The quantity of columns is equal to the quantity of rows, that Is

to say, the :initiei statistical table being essentially a amatrix
has n-x n dimeﬁsion { 2 square matrix ). The above mentioned édistinc=
ive features are important benefits of the indicated initial table
by comparison with a system of separated individual balances.

The algebraic symbol of consumption of specific resources X has
in the table two aumbers at the bottom - the first one is determined
by the numerical designa*ion of the row, and the second - the coluamn.
¥hen those two numbers are the same the consumpfion of one or another
typecof.resources for its own production ( for example, the consump-
tion of electric energy for production of electric energy) takes plac

The initial statistical table used by the experts for determi-
ning complex expenditures of raw materials, energy, semiproducts,
intermediate products for production of intermediate and final pro-
ducts by appropriase technological routes from ore up to rolled pro-
ducts features rather considerable dimensions (75 x 75). It made it
possible to obtain & comprehengive pattern of the expenditures of
the mentioned resources in investigated tecnnological routes of iron
and steel production. The table comprised fuel in coal equivalent £

and 13 its constituents X2 - X14. Among them power-plant coal 12,




' fuel oil X, natural gas X8’ coice Xﬁo etc. Electric energy is subdi-
vided into own electric energy 216 and outside electric energy 117. “

Thermal energy X ., included thermal enerygy produced by a heat and

19
power plant qu and an industrial boiler piant X21, its total amount

was taken excluding thermal energy produced by waste-heat plants as
it can be conditionally adopted that fuel and electric energy don'st
consure fors this need, Scrap XiS and iron ore X27 were adopted as
raw materizls. Semiproducts and interuediate products were presented
by sinter X.,, pellets 130, prerecuced pellets or sponge iron Z31,
pig iron 133, BOF steel X4O and EAF steel 241. Rolled procducts were
depicted by their wide range with allocation of heavy section pro-
ducts KSS’ medium section products ng and light section proaucts
160, section structural rolled aiieyedf§teel X65 as well as plates
X66’ sheets 167 ané cold~-rolled eheets 168.

In general terms the initial statistical table can be expressed
by the combinztion of equations which can be watnenatically writtien
as : . n, )
xi=‘?_;1 ‘(ij + Y, (i=1,2, ..., n), (1)
where : Xi - tctal consumption of i~resource in iren and steel

industry;
xij

Yi - commercial output or outsiae distribution of i-resource.

~ consumption of j-resource for production of j-product;

One of the equatioas described in general terms by tne formula
(1), viz. the equation of fuel in investigated technological routes,

_ for example has the following form:

e ot {aur et K o0t han v st et
*h v Xt X gt X ot Ky m Y R 33t & g0t
ot 3t st a5t fige t X7t Kigs
*Xra9* X156 * X158 ¥ X159 * X1 60 * L1565 + X166 *

+

+ X 67 * X 685




In this equation the second number at X denotes consumpiion of
fuel in coal equivalent for producing : coke (10), coke breeze (iij,
electric energy by a heat and power plant of iron and steel works (16)
thermal energy by a heat and power plant (20}, thermal energy by an
industrial boiler plant_(21), blast-furnace blast (25}, compressed
air-(26), iron ore (27), manganese ore (28), sinter (29), pellets (30)
prereduced pellets or sponge iron (31), pig irom (33), BOF steel (40),
E4F steel (41), fireclay brick (43), silica brick (44), magnesia re-
fractories (45), magnesite powder (46), fired dolomite (47), lime (48)
electric ferroalloys (49), continuously cast billet (56), heavy sec=-
tions (58); medium sections (59), light sections '60), section struc-
tural rolled ;alioyed steel (65), plates (66), sheets (67), cold~-rol-
led sheets (68).

In the formula (1) the component :%;1xij being the total produc-

tion consumption can be transformed as

where: X o P . . ! e
aij' direct expenditures of i-material for making j-procuct
In this case the formula (1) takes the following form :
n _

Based on the formula (2) direct experditures can be obtained
by dividing conswaption of i-resouicé arising from production. j=pro-
duct by the output ofj-rroduct

855= X9 ¥ 4y (4)

- This rather simple formula was the basis of deterﬁining direct
expenditures from the initial statistical table, For this purpose,
the statistical table (square matrix) was divided by a vector-row
reprecenting the outputs of iron and steel products ( j-products).

A3 a result, the matrix A of direct expeaditures was obtained,
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0 a’lnt a'".:2 a‘:} 31.4 ceece a1'n
32.1 32.2 a2.3 32.4 tsase az.n
a3.1 a3.2 a3.3 a3.4 ceav o a3'n
A= a4.1 a4.2 34.3 34.4 ) s eee e a4.n (5)
anl1 an.2 an.3 ' an.4 "e 000 an.n

On the basis of determired direct expenditures,the complex expen-
ditures were computed as they were mathematically related to direct
expen@itures :

Cij= aij + aég) + aég) + a§§) + aig) + eee + a&?) + . (9

Thus, the complex exzpenditures of i-products per unit of j-products
( in our case this can be rolled prdducts, steel, iron etc) is,accord-~
ing to the boundaried of the complex, the sum of appropriate direct
expenditures and indircect expenditures of i-products in all the fore-
going production stages stemming from production of the same unit of
j-products.

The indirect expenditurés in turn are expressed in terms of direct

expenditures through the following formulae :

(m)_ (= Ma-1) V
aij —%zlaik a’kj for the columns |
. . A7)
(m)_ (m=1)
aij "E%;1aik akj for the rows

By this means the formala (6) as a vhole can be writien as
c=a+aVs e al®y
where the matrix of indirect expenditures of the first order is the se~-

cond power of the matrix of direct expenditures :
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To determine the complex labour, energy and capital expenditures
defining the technological complexity of producing the investigated
types of metal products with the usé of determined technological
routes, the obtained complex expenditures of raw materials, mate-
rials, energy an@ semiproducts are maultiplied by direct labour or
capital expenditures which are essential for their prbduction {when
d etermiring complex labour and capital expenditures). These expendi-
tures are directly used for determining the total complex-expenditures .

for intermediate and final products,




39.

3., Evaluation of Complex La=bour Expenditures for

Obtalning the lst Proness Complexity Index for

Investigated Types of lietal Products

. The use of complex labour uxpenditurcs enables to evaluate

the requirements in labour resources needed far constructicg metal- .
lurgical plants in developing countries. The following values for
direct labour expenditures, man.hour/t (thou, m}, Geal or thou. kyh)
bave been taken by experts for calculating complex labour expenditures
for producing the investigated tyres of metal producte on the basis

of Soviet research and design institutes : tlast-furrace gas - 0.02C$,
coke-oven gas - 0.009, natural gas - 0.055, coke - 0,581, coks 4
breeze - 0.48, own electric energy - C.2, oubtside electric energy -
1.555, scrap - .70, tkermal energy - 0.136, oxysem - 0.322, blést-
furnece blast - 0.198, irom ore - 1.1, sinter - 0.565, pellets =

0.5, pre-reducel pellets - 2.0, fig iron ~ C.769, fireciay trick -
2.05, silica brick - 2.45, magnesia refractories - 4.8, burnt dole-
mite - 2.8, lime - 1.5, electric-furnace ferroalloys - 3.5. These
expenditures can be corrected depending on the actuel conditions

of the developing couztries. imezg above stated direct labour ex-
penditures higher ezpenditures for blast-furnace gzs in compurison
with coke-cven gas draw attention. This iz related to the labour
intensive operation thut 13 being carried out in cleaning the blast-
furnace gas from dust. In compariscn with cutsice electric energy
supplicd from external sources own electric power teing generated

in thermal-and-power plant 1s considerably lecss labour intensive.

This cen be explained by the fact thet due to the considerable com-

binaticn degree of energy products gemerution (blast-furnace blast,

ceopressed zir, thermal energy and electric energy) direct labour
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expenditures for electric energy sgeneration is lowered.

Complax labour expenditures for infermecicte acd final
products ir the ranges of icvestigated process routes have been
obtairned during calculations or EC - 1037 computer. This enables
to perform mcre deéailed evaluation of process coxplexity or any
product taking into account carrying over certaln process stages.

Prior to the eveluation of complex latour expenditures for

- ipdividual tyzes of metel products it is zdvisable to corsider the
value of these indices for earlier process stagés - pig iron and
sponge irca production zné steel-zaking ty various method which
represent the basic metallurgical stages of investigated prccess
routes for making metzl products. In addition to the labour exren-
ditures needed ror pure metallurgical producticn stuges it is ne-
cessary to take into account the labtour ezpenditures for assocliated
noazetallurgical stages for the producticn and transportation ou
natural ges and coking coel and electric power gereration in
allicd industries.

It i3 zdvisable at the beginning to consider the calculation
of complex labcur exrenditures values for the proiuction of con~
version pig iron and sponse;iron (produced by Midrexz process).

These values are shown in Table 3. 4

The date of this teble {5.006 and 5.145) show that coxplex
iabour experiitures for both products are identical (the expendi-
tures for sponge ircn are only bty 2% lower then that for pis iron)
”even when takircg into cccount the labour expenditure in the gas
irndustry and ‘“ectric powsr generation. If the latter cases are

not taken intc account then the corplex labour expenditures for

1 t of sponge iron will be lcwer by 24 thap that for 1 t of pig iren.
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Table 3
Determination of complex labour expenditures (man.hour/t) for produc-

tion of iron and sponge iron

1;t!ni‘.: Direct la-Complex expenditures l!complex labour

. 17of lbour ex- lof raw materiais,enerd expenditures,
gxpenditures zmgasu—i pegiihxzre 4'?,,, o : Jiour/t !
1 rement!' uil—e-‘-——-—rtlggui %'_ Pig iron jSponge | Pig i Sponge
! | corement ) 1 iron { iren , ircn
Puel ¥oghisett 0.9677 0.5654 0.305 0.028
Incl. natural gas Thou w” 0,055 = 0,2I28 0.458 0.0II ©.025
coke * 0.58I 0.44 - 0.0I8 -
Own electric emergy Th kvh 0.2 0.07II  0.0278  0.0I4 0.005
Outside electric emergy " I.555 0.394 0.535  0.6I3 0.832
Thermal energy Geal 0.I36 0.277 0.I94 0.038 0.026
Oxygen Thou.n’ 0.322  0.I36 - ©0.044 -
Blast-furnace blast T.3r0.198 1.87 - ©0.370 -
m .
Compressed air Th.at.m’ - | 0.022 - - -
Scrap o8 0.7 - 0.008 - 0.005 -
Iiniore ¥ LI 1.758 1.46 . 1.834 I.606
Sinter t+ 0.565 I.06 - - 0.593 -
Sponge iron t 2.0 - 1.0 - 2.0
Pellets t 0.5 0.659 1.3 0.330 0.65
Pig iron t 0.769 1.0 - 0.769 -

Total 5.006 5.145
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Complex labour expenditures for the productisa of BOF
steel and electric-furnace steel on the basis of usinz scrap anid
sponze ifon (that is to say steel made by all of the three in-
vestigzated metallurgical routes) and slectric furnace steel made

rom a charge containirg 25% sponge iron and 75% serap (Table 4),

The summarized data show that less labour intensive and
hence less camplicatel regarding direct labour expenditures is
ZAF steel made from scrap (5.5 man.hour/t). Complex labour ex-
penditures for BOF steel (6.6 man.hour/t) is by 20% more -than
above stated value while that for electric furnace steel made
from a charge containing 25% sponge iron ani 75% scrap it is more
by 25%. The congiderable complex labour expeniitures for eleztric-
furnace steel mede from sponze iron (9.38 man.hour/t) can be
decreased by 1.3 man.hour/t as compafed with tke similzar expsenii-
tures for scrap based enm electric~furmace steel if only the labour
expenditure strictly in ths metallurgical route are taxen into
account without the expenditure for allied industries (gas in-
dustry and electric power generation). '

41) above stated complexz labour sxpeanditures for steel-
makinz have been calculated on the basis that the steel is to
be cast by ‘noncontinuous method. Ia casting steel into inzots
and usinz blooxning and slabbinz mills additional complex labour
expenditures will be bound as compared to similar expealitures
whan using billets - 1.5 man.hour/t.

Consideration of the obtalnsd values for complex labour
expenditures of steels bein3z male by the various methods that
oan be carried out at newly built metallurgicél plants of deve-
loping couatriss simplifies the understanding of values for -

comples labour- expenditures of the rollsd products being made

from these stecls.
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Table 4
Determination of domplex labour expenditures (man.hour/t) for production of BOF steel and BaF steel on
the base of scrap, sponge iron, 25% of sponge iron and 75% of scrap
! Complex expenditures of raw ma- Complex labour dit
‘ ! Ug%t gi;gggiiiggs terials, energy and semiproduct{ P ur expenditures

Expenditures jneasu- _man,hour EXF 5T661
jrementy Unit of mea- | Per L ! ?,oiw,_J Per 1 t _,__wonTtha_haSﬁ.._*vw
1 aurement BUb stee uponne 255 of 1 of fuponge ! 254 of
! % Scrap iron 'BpOﬂbeldUF ateelt Scrap 1 iron isponge

! ! ! ! liron arid ! ! ! iron
! ! 1755 of | ; ! nd 75,
' | scrap | op scre

1 _ & < -4 19} o 1 AR 3 LI 11U 1l
Fuel t of coal 0.&697 0.26II 0.6467 0.319¢% 0.26875 0.0406 0.0272 0.037F

ival.

Incl. natural gas Thou.n © 0.055  0.205 0.07I 0.479 0,I83 0.0II3 0.0039 0.0263 0.0ICI
coke t 0.581 0.379 0.0381 -~ 0.020 0.220 0.022I - 0.0I7

Oun electric enorgy Th.kWh 0,2 © 0.073  0.1445 0.I428 0.0I39 0.0I4 0.0209 0.0286 0.003
Outside electric energy " I1.555 0.532 0.887 1I1.566 1I.08025 0.827 I.379 2.4I8 I.6%4
Scrap ' ' t '0.7 . 0.3 0.9735 - 0.795 Q.21 0.6815 - 0.557
Thersnal energy - L Geal 0.I36 0.25 0.033 0.I96 0.075 0.034 0.0045 0.0267 0.0I0
Oxygen : Thou.n> 0.332 0.I8  0.03I3 0.026 0.03% 0.05¢ 0.0I0I 0.0084 0.010
Blast-furnace blast Th.tr.n® 0,198 I.504 0.I39 -  0.095 0.314 0.0275 - - 0.0I9

Compressed air Th.st.m® 0.0437  0.049  0.043 0.05¢ - - - - -

lron oreo ' t I.I I1.493 0,104 TI.46 0.46 I.64 0.II44 1I.606 0.506
Linter ' + N 8RR N noo nowa3 - N.054  0O.804 0.naos . ‘nonaT

" |




Total

i & 3 1 [ T 5
Fellets & 0.5 0.561 0.0271
Sponze iron t 2.0 - -
Iron t 0.769  0.8495 0.0588
Refractories % 0.0I65 0.062?
Incl.fireclay brick L; 2.05 0.0I02 0.0301
silica brick % 2.45 - . 0.0006
magnesia refractories t 4.8 0.0023 0.0I05
fired dolomite refractories t <+8 0.006 0.02I
Line ¢ I1.05 0.1  0.II
rlectric ferroalloys t 3.5 0.0I5 0.036
 DOF steel t 1.6 I -
BAF steel t 2,7 - I



o ! N4 T !’9 1 ly Y
I.3 0.359  0.2%I  0.0I356 0.65 0.I75
1.0 0.25 - - 2.0 0,75
- 0.05II 0.653  0.0453 - 0.03¢
0.0622 0.058 0.049 0.I863 0.1853 0.I8T
0.030I 0.028 0.02I  0.075 ~ 0.06I7 0.057

. 0.0006 -~ - 0.00I5 0.00I5 -
0.0I05 0.02 0.0II  0.0504 0.0504 0.0%6
0.02I - 0.0I 0.0I7 0.0508 0.0588 0.028
0.II 0.II5 0.I05 0.II6 0.II6 0.I2I
0.036 2.036  0.053 0.I26 . 0.5i26 0.I26
- ~ 1.6 - - -

I I - 2.7 2.7 2.7
6.609 5.5I5 9.879 6.964

4%



Complex labour expenditures in the production of heavy,
medium and light sections, platss, sheats, cold-roll=d sheets and
structural ssction 3tesl are deteraminai in Tables 5 - 11.

Table 12 5ho.s the summarised valuss of complax labour ex-
penditures for all investizated process routes.

Comparisoz of thess data shous that tha most lzbour intensive
and the more coaplzx re3zardinz living labour expeniitures types of

roducts are cold-rolled sheets and alloyed structural section stezl,
The very high value for complex labour expenditures in the pro-
duction of ZAF steel with the use of sponze iron can be lowered by
making calculations only within the limits of the metallurgical
route without taking into account the labour expecditures in the
production of gas and generation of electrlc pouwsr in power systems
(2-3 man.hour/h), 2and also by importing the spoage iron (saving of
5-6 man.hour/t} or by replacing *t by sScrap. The last action can -
be made only in the case of hard currency availability in one or

anothar developing country.




Table 5

Determination of complex labour expenditures (man.,hour/t) for production of heavy-section rolled producto

) TDhirect  |Complox ait £ teriels
sxpenditures ! Ug%t ;labour legoggy agzngmipgggscgs ;2¥ Tater aHs'wﬁgKP&ginéabour expenciitures,
!meaegrerggg?nd#tu[*Eggan“uﬂiﬁﬁF steéeél on the bace oY | TBAF pteel on the bagsg of .
z men !_Eéﬁabggr’ steel i o , }25% of § Scrap 25y of
: 1Onit of | Sponge ceponge i sponge
: measuremenf iron ! iron ; } } iron and
3 H iand 754 | : 7?‘/4_', Q{‘JL
3. - 0#59’?3"‘ 65 NAR TN
1 < I 4 b r 1 k) 1L
fuel t of coal I.027 0.7227 0.4081 0.0468 0.0372
ival. . . ] |
Incl. natural gas Thow.md ~ 0.055 0.2363 0.527 0.2I30 0.005 0.0117
coke t 0.581 0.4017 - 0.03I 0.023 0.0I8
Own electric energy Th.klh 0.2 0.0014 0.I654 0.0287 0.033 0.0057
Cutside electric energy " 'I1.6556 0.6324 . I,7168. I.2234 1.5690 I.0024
Scrap t 0.7 0.3I8 - 0.843 0.7224 0.5901
Thermal energy Geal 0.136 0.305 0.2478 0.IISS 0.0I02 0.0I63
Oxygen Thou.m” 0.322 0.I1958 . 0.0326 0.0389 0.0123 0.0I25
Blast-furnace blast  Th.tr.n’ (198 I.679 - 0.I007 0.0292 0.0199
Iron ore t I.I I.5€26 7.5476 0.4876 0.I24 0.5364
Cinter t 0.565 0.9455 - 0.0572 0.0452 0.0323
o+
o

— |
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Pellots t 0.5 0.5¢46 0.0287
Sponge iron t 2.0 - -

Iron t 0.769 0.9005 0.0623
Refractories t 0.01I96 0.0659
. Incl. fireclay brick t 2.05 0.0108 0.03I9
silica brick t 2.45 - 0.0006
nagnesia refractories t 4.8 0.0024 0,0III
firel dolomite refractor. t 2.8 0.0064 0.0223

~ Line ot 1.0 0.106 0.II7
 glectric ferroalloys +t 3.5 0.0I523 0.038
BOF steel . t 1.6 1.06 - -

| SAF steel . t 2.7 - I1.06

lleavy-section rolled products t 2.6 I N

Total



-

SR - SN AN AR VANt A SR S \ S S NSO ¥
1.3 - 0.8  0.2973 0.0I44  0.69  0.71905
1.06  0.265 - - 2.12  0.530
- 0.0542  0.692  0.047% - 0.0416
0.0659 0.06I3  0.05I5 0.I958  0.I826 0.I9I3
0.0319 0.0297 0.022 0.0654  0.0654 0.060f
0.0006 - - 0.00I5  0.00I5 -
0.0II 0.02T . 0.0II5 0.0533  0.0533 0.I008
0.0223 '0.0I06 . 0.0I79 0.0624  0.0624 0.0297
0.II66 0.I219  O0.III3 0.I229  0.I224 0.1260
0.0382 0.038  0.0556 0.I33  0.I337 0.I33
- - 1,606 - - -
1.06  1.06 - 2.062  2.862 2.962
I I 2.6 2.6 2.6 2.6
9.73 8.5  I3.19  9.833
i
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Table b6

' B

Determination of complex labour expenditures (man.hour/t) for prodﬁction of medium~section rclled producty

M| "
}Unit }Direct i Complex expenditures of raw mate;] Complex labour expenditures,

i of jlabour wials, energy and semiproducts,

Scrap
Thermal) energy

Oxygen

Blast-furnace blast
Iron ore

sinter

. . i i
kxpenditures peasu- expendituj when using ; wngn ueine
j Temeng res, i T ) i
1 Umgg,ggur Eopl ‘EAF pteel on_the bage of ! BSF N 1Al steeld fn the baa% og
ni ptee ‘ 25% of
! Imeacuremerlt | Scrap | Sponge | 25% of Bres Serap ! Sponge !sgonge
! ! ! p dron. ggﬁnggg! iron !iron and
T Z 3 7 5 TR AN AR T DO 10 SO Mo s (R
Fuel t of coal I.0I4I (0.298I 0.72I 0.4462 0.2t35 0.0474 0.0333 0.0382
. . equiv
Incl. natural gas Thgu.m3 0.055 0.252 0.II2I 0.538I 0Q.229I 0.0I52 0.0062 0.0296. 0.0I26
coke t  0.58I 0.3957 0.0398 - . 0.0303 0.2299 0.0231 - 0.0I76
Own electric energy Th.kWwh 0.2 0.0022 0.1355 0.0I67 0.0305 0.0I84 0.027I 0.0033 0.006I

Outside électric energy " I.555 0.6262 0.9975 I.6949 1I.2039 0.9748 I.55II 2.6356 I.879¢

t 0.7  0.31I32 I.0I6 - - 0,8300 0.2I92 0.7II2 - 0.5510
Gecal 0.I36 0.292 0.0654 0.2356 0.I023 0.0327 0.008¢ 0.0320 0.0I49

Thou.m> 0.322  0.I939 0.0387 0.033I 0.03%4 0.0624 0.0I25 0.0I07  0.0I27

Th.tr.m> 0.I98 I.6537 0.I45 - 0.0892 0.3274 0.0287 - 0.0I%
t I.1I I.5667 0.IIIT I.5242 0.4802 I.7I46 0,I222 1.6766 0.5262
ye ‘ 0.565 0.9312 0.07¢6 - 0.0504 0.5261 0.0444 -\ 0.031I9

. . J -+

o

" —
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T3 T 1 B TTTE g1

Pellets t 0.5 0.5657 0.0283 I.357 0.375 0.2929 0.0I42 0.679 0.188
Sponge iron % 2.0 - - 1.044" 0.261 - -~ 2.08¢  0.522
Iron t  0.769 0.6669  0.06I4 ~ 0.0533 0.6820  0.0472 - 0.040:
Rtefractories _ t 0.0I93  0.0648 0.0649 0.065 0.0508  0.I795 0.I80 0.I2¢
Incl. fireclay brick  +  2.05 0.0I06 0.03I4 0.03I4 0.0202 0.0217  0.0644  0.0644 0.05¢

silica brick t 2,45 - 0.0006 0.0006 - - 0.00I15 0.00I5 -
nagnesia refractories t+ 4.8 . 0.0024 0.0I09 0.0II0 0.0209 0.0II5 0.0523 0.0528 0.I0C.
fired dolomite refractor.t 2,6 © 0.0063 - 0.0219 0.02I9 0.0I04 10,0176 0.06I3  0.06I3 0.02%
Lime t T.056 0.I044 0.1148 0.1148’ 0.II196 0.1096 0.I205 0.I205 Q.I25
rlectric ferroalloys t 3.5 0.0I5 0.0376 - 0.0376 0.0376 0.0525 0.I316  0.I3I6 O0.I3I:

BOF steel t 1.6 I1.044 - - - I.6704 - - -
EAX steel t 2.7 - I.044 I.044 1I.044 - 2,81E8 2.8168 2.8I8

hediuu-section rolled prod. t 2.0 1,0 1,0 1.0 10 2.0 2.0 2.0 2.0
Total 7.865  12.40  9.I2¢

]




Determination

Teble 7

of complex labour expenditures (man.hour/t)'for production of light-seofion rolled products
t

T T T ; B
N . nit ofy Direct | Complex expencitures of raw materiefls,Complex lab 4 B ¥ 2,
nxpendlturga ' meaSu—glahour ! enoray and segiproducts, wheamuei§Zg 8 3ﬁgne§81igour expenditure
{ rement) expendi~) : ] |
! !xgzeﬁaur! RO 1*‘F . up ! BOF }ﬁAF steel on tha bngnggﬁﬂ“
! Unit of l!ateel - . , - Ry s ateel “ s 255 of
1 - sera sponge {sponge | 13 ) e 1 o2
' ieasurenent ! P ; igong {igqn and | 1 orep | iggﬁ ° pronge
! ‘ ! ! 750 of 1 1 H‘pn ?nd
scrap “:gr?;,,w
1 < 3 4 o & vl U 2 10 T77713
Fuel t of coal I.OO4I: 0.30I7 O0.7II7 - 0.423 0.2062 0.0462 0.0327 07.082¢
: equivgl, . ‘
lncl. natural gas ‘l‘hOu-mg 0.055 0.259 0.I073 0.540 0.226 0.0I5 0.0062 - 0.0297 0.0I24
coke t 0.581 0.4017 0.40 - . 0.03I 0,233 0.0%3 - 0.018
Own electric energy Th, kih 0.2 0.0927 0.I6u5 0.I667 0.030 0.0I85 0.0%87 0.0333 0.0C€
Outside electric energy " I1.555 0.6299 1.0062 1I.7I43 I.2209 0.97¢5 1.5646 2.6657 I.8v¢cH
scrap t 0.7 0.318 1.032 - 0.843 0.2226 0.7224 ~ 0.5901
Thermal éner&?' Geal (.I36 0.2t9 0.9590 0.2318 0.I035 0.0393 (.008 0.031I5 0.01I4I
Oxyger &hOU-NB 0.322 0.1958 0.0382 0.0326 0.0365 0.063 0.0I23 -0.0I05 0.NI%5
Blast-furnace blast Th.tr.m3 0.198 1I.679 0.1473 - 0.I007 0.322 0.0292 - 0.0I%
Iron ore t I.I 1.5826 0.I128 1.5476 0.4676 I.7400 0.I24 I1.7024 0.5Z64
sinter t 0.9565 049455 0.080 - 0.0572 0.5342 0.0452 - 0.0323
Yellets t 0.5 0.5%46 0.0287 I.38 | 0.38I 0.2¢%3 0.0I44 0.69 0.1I90%
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Lponge iron s 2.0 - - I.06 0.2656 - - 2,12 0.530
Iron | ¢  0.769 0.9005 0.0623 - 0.0542 0.692 0.0479 - 0.0416
Refractories 0.0I36 0.07I3 ©.0649 0.06I3 0.05I4 0.I958 - 0:;I626  0.I913
Incl. fireclay brick . ¢ . 2,05 0.0I0B 0,03I9 0.0319 ' 0.0287 0.022I 0.0654  0.0654 0.060%
silica brick’ t 245. - 0.006 0.0006 - . -  0.0147  0.00I5 -
negoesia refractories ¢ 4.2 0,0024 0.0IIT  0.0IIT 0.02I  0.0II5 0.0533  0.0533 0.I008
- fired dolomite refractor.t ' 2.8  (0.0064 0.0223 (0.0223 0.0I06 0.0I79 0.0624  0.0624 0.0297
lime t 1,06  0.I06  0,II7 0.II66 0.I2I9 0.III3 0.I229  0.I224 0.I260
slectric ferroalloys t 3.5  0,0I59 0.038 0.0362 0.038 0,056 0.I33  0.I337 0.I33
 Bor steel | % I 106 . - - - 166 - . - -
. siP oteel v 2.7 - I.06  I1.06 1.06 - 2.862  2.862  2.862
: Light-gection rolled products t  I.95 I I I I I1.95 I.95 .85 I.95
TotalA‘ 9.070 7,912  I2.547 - 9.I90
2
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Table 8

Determination of complex labour expenditures (man.hour/t) for production of hot-~rolled plates

52.

T 1. ' ]
sxpenditures ; g?it ;ﬁgﬁﬁ_ ; bg?g}gf giggggizgge:egﬁpiggugig?—; Conplex labour expenditures,l
inea sy FXpendi- | when using { when using
!rement! Dt’lgf‘;eﬁ(’)ur' —g AT g AR 1
! __<____-:_____. BOF S MW’—' BOF . ! P_Dnntbe_lfl!:e_.ﬂf‘——'
; 'Agggtrgie%téteel Scrap % fpgnge !;génzg ; steel { Scrap Sponge.izgnZé
B i ] 1 “T°"  jiron and| 1 TN fion anc
750 of sdrap 15, 0185
DYy 3 3 4 2 (] ARAIE M 9 10 1L
Fuel t of coal I.I254 0.32I56 0.75I6° 0.4477 0.3026 0.0507 0.1702 0.I51
equiv. v
Incl. natural gas Thei'a3 0.055 0.2654 0.IIT6 0.5706 0,I21 0.0146 0.0064 0.03I4 0.I3I
coke t 0.56I 0.4222 0.0424 - 0.0323 0.2453 0.0246 - 0.0188
Cwn electric enefgy ' Ph.kwvh 0.2 0.0980 0.I777 0.I758 0.0322 0.0I96 0.0355 0.0352 0.0064
Outside electric energy " I.556 0.6501 0.691 1.6032 I.2847 I.0II  I.662 2.8040 I.¢977
scrap t 0.7 C.3342 1I.0845 - .0.8056 0.2339 0.7502 - 0.6IS9
Thermal energy Geal 0.I36 0N.3305.  0.0888 0.2703 0.I35 0.0449 0.0I2I 0.0368 0.0I%4
Oxygen Thou.m? 0.322 0.2055 0.0399 0.0340 0.0406 0.0662 0.0I<8 0.0709 0.0I3I
Blast-furnace blast Th.tr.n0.198 1.7646 0.I548 - 0.I058 0.3494 0.0307 -~ 0.0209
Iron ore t I.1 1.6632 0.II85 I.6264 0.5I24 1.8205 0.I304 I.7890 0.5636
sinter t 0.565 0.9937 0.0839 - 0.060I 0.56I4 0.0474 - 0.0340
rellets t C.5 0.6250 0.,0302 1.448 0.8u99 0.31256 0.0I51 .0.'724 0.I9%¢
Fremen dren t 2.0 - - I.144  G.8705 - ~  R2.228 0,857

—1
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Iron t 0.77°0 09463
Refractories t 0.0207

‘Incl, fireclay brick t 2.05 0.0I14
silica brick t 2.45 -
magnesia refractories t 4.8 " 0.0026

fired dolomite refractor. t 2.8 ~ 0.0067

Lime t I1.05 0.I1I4

:Jlect:,ric ferroalloys ot 3.5 0,0167

- BOF stesal ¢ I.6  I,II4

EAP sté¢el £ 2.7 -

ot-rolled plates % 3.9 I

Total




e
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0.0655 - . 0.0869 0.7277 00504 - 0.0438
0.0693 0.0693 0,0646 0.0546 0.,192I 0.I92I- 0,202
0.0335 0.0335 0.03I2 0.0234 0.0687 0,0637 0.0640"
0.0007 0.0007 ~ - 0.00I7 0.00I7 -~
0.0II7 0.0II7 '0.0223 0.0I24 0,052 0.0552 0.I070
0.0234 0.0234 0.0III 0.0I88 0.0665 0 0655 0.03I0
0.1226 ~0.1225 0.I281 0.II70 0.I266 0.I236 O 1345
0.040I 0.040I 0.040I 0.0565 0 T404 0 1404 0 1404
- _ . ILmeas - _ i}
1114 I.II4 I.II4 -  '3.0078 3,0078 3.0078
I I 1 3.9 3.9 39 -39
1I.672 I0.I76 15.167 II.655

*€S




Table 9

Determination of complex labour expenditures (man.hour/t) for production ¢f hot-rolled sheets

rxpenditures

Unit !Direct ] Complex expenditures of raw materialé}

. o Complex labour expenditures,
!mg:su gi;gﬁgi. energy and semiproducts, when using : Jhen using ures
rement tures, ]
nan. h A" steel the b h e £
1 | Bt por (Meteolon Bebee of | o |sib-oteqton-thaiqsspi—
L et somy | sponge Faponan |05 ey | sponee 155
! = . : '"f5.0f ean
qaiaf soran o L
& J 4 o] b 1 - O 9 U i
Fuel % of coal 1,0667 0.3087  0.7323  0.4326 0.2979 0,0495 0.0347 0.05I4
Incl. matural gas  Thew.ad 0.056 0.2581 0.II09  0.5589  0.2339 0.0I42 0.006I 0.0307 0.0I29
coke ¢ 0,581 0.4I6 0.04I8 - 0.03I8 0.24I7 0.0248 - 0.0185
Own electric energy Th.kwh 0.2  0.0956 0.I741  0.I722  0.0307 0.0I9I 0.0348 0.0344 0.006
Outsidé electric energy I.555 0,6496 I.03% T.7729 I.26I8 I,0I0I I,6I63 2,7569 I1.9621L
Sorap s 6.7 0.3294 I1.0689 @ - 0.8729 10,2306 0.748 - . 0.6II0
Therual energy Geal 0.I36 0.3165 0.0782 0.2572 0.I243 00430 0.0I06 0,035 0.0I7
Oxygen Thow.n30.322 0.2026 0.0344  0.0335 - 0.040I 00652 0.0II0 0.0I08 0,0I29
Blast-furnace blast tn.tr.Ql98 I.7392 0.I526 - 0,I043 0,.3444 0.0302 - 10.0207
Iron ore ¢ I.I  1.6393 O0.II68  I.6G3I 05051 I 8032 0,I285 1.7634 I1.555
Sinter 0.565 0 9794 0,0827 -  0.0593 05534 0.0467 - 0.0335
Pellets . 0.5 0.6160 00208  I.427 0.394 12.320 0.596 28 f4 7.88
Sponge iron 5 2.0 ~ - 1,098  0.2745 - - 2.196  0.549

un
r.




Total

T - 3 T
Iron % 0.769 0,328
kefractories t 0.0203
Incl. fireclay brick t 2,05 0.0I12
cilica brick 4 2.45 -
magnesia refractories t 48 0.0025
fired dolomite refract. t 2.8 0.0066
Line % I.05 0.I098
Blectric ferroalloys t 3.5 ~0.0I65.
BOF steel t I.6 I.098
54 steel t  R.7 -
lot-rolled sheats ' f 2.1 I
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0.0646. - 0.056I 0.7I73. .0.0497 _ 0.043I
00681 006tI 0.0637 0.0534 0.I068 0.18”& 0 1983
00330 - 0.0330 0.0307 00229 0 0667 C.0667 0.0629
0.0006 00006 . - 0.00I5 € 00I5
0.0IT5 00II5 0.0220 00I2  0.0552 0.0552 0.I056
0.0230  0.0230 ' 0.0II0 0.0I85 0.0644 0.0644 0 0308
0.I1207 0.I207 0.I263 0.II53 N,I267 0.I267 0.I1326
0.0395 . 0.0395 0.0395 0.0577 0.I383 0.I383 0.13e3
- - - 1787 - - -
1.098  I1.098  I.098 - 2.9646 2.9646 2.9646
I I I 21 2,1 2.1 ' 2.I
.9.476 8,259 I13.064 © 594
R



Determination of complex labour expénditures (man:hour/t) for production of cecld~rolled sheets

1 T ‘ . T
. ¢ Complex expenditures of raw materials, .
sxpenditures Ug%t }Diéggﬁr ggneggy andpsemiproducts, when using ? bomple:hiﬁbﬁgingxpenditures,
measud expendil- _ ! ®
remen ;zi?ﬁo_r BOF ]gAF steelion the bas?zgi — } BOF } 1LAF gteel on ‘the gig% g§
! ] g:g:rgéln:tael ] werap ufonge .spbnge ! steel Scrap | gYponge leponge iro.
! @ P l ] *TO"  liyon en ! iron land 755 cf
' 1 75% of dcrap ! scrap
T Z 3 - 5 5 T 3 g I0 1T
el t of coal I.I453 0.3548 0.7203 0.4°20I 0.3II78 0.2316 - 0.0335 0.0447
‘ equiy.
Incl, natural gas Tho&?ﬁg 0,085 0.2530 0.0974 0.57I1 0.2275 0.,0I32 0.0054 0.0314 0.0IR5
coke t+ 0.58I 0.4400 0.0277 - 0.0337 0.2556 0.0I61 - 0,019
Own electric energy Tﬁ.kWhO,Z 0.I03I 0.I860 0.I841 0.9344 0,0206 0.0372 0.0368 0.0069
Outside electric energy " I 555 0.6969 I.I087 1.8843 I.3438 1.0837 - I.724O 2.930 2.08%6
Lcrap $ 0.7 0.3483 I.I302 - 0.9230 0.2438 00,7911 - 0,6461
Tnerwal energy ‘Geal 0.I36 0.3963 0,I1443 0,I308 0,I93I 0.0539 0.0I% 0.0I78 .0.0263
Oxygen Thou.m” 0 322 0.2160 0.0433 0.0372 0.0442 00696 0.0I39 0.0I20. 0.0I42
Blagt-furnace blast Th-trdwﬁ.lse I.8390 0.I6I4 - 0.II03 0 3641 0.0320 - 00218
Iron ore t II 1,733 0.I235 I 6951 0 534I 1.9067 031358 I1.8646 0.5875
vinter t 0.565 I035% . 0.0874 ‘- 0.0627 0.585 0 0494 - 0.0354
" ellets - 0.5 0.65I13 0.03I5 11,5093 0 4165 0.3256 0.0I57 0.7646 0.2C83
un

— |



2. ' 5 N

1 1 & S _1 4
sGponge iron t - 2.0 - 0.0683
Iron t 0.769 0.9863 -
Refractories t - 0.0216 0.0722
. Incl. fireclay brick t 2,06 0,0I1I8 0.0349
silica brick t 2.46 - 0.0007
wagnesia refractories t 4.8 . 0.0027 0.0122
fired dolomite refract. t <.8  0.0070 0.0244
Lime t I.05 O0.II6I 0.I277
slectric ferroalloys t 3.5 0.0I74 0.0418
BOF steel + I.6. I.I6I - |
sAP steel 4 RJ7 - I.I6I
Hot-rolled sheets s 2.1 1.05 1.05
Cold-rolled sheets t 6.0 I I

Total



I

1 AR YR MR AN MNMNGE S NAL N flgy T 1I
I.I6I  0.2°03 - 0.I866 2,322 0 5606
- 0.0593 0.7564 - . 0.0456
0.0722 0.0673  0.0568 0.I998  0.I998 (.2I03
0.0349 0.0325  0.0242 0.07I5 0.07I5 0.0666
0.0007 - - 0.00I4  0.00I4 -
0.0I22 0.0232 - 0.0I30 0.0586 0.0586 0.III3
0.0244 -0.0II6 0.0I9 0.0683  0.0683 0.0324
0.I277 0.I335 0.I2I9 0.I278  0.I278 0.1402

0.04I8 0.04I8  0.0609 0.I146 0.I146 0.I146

- - 1.8576 - - -
CI.I6I  I.I6I - 3.1347  3.1347 3.1347
. 1.05  I.05 2,206 2,205 2,205 2.205

I 6.0 6.0 , 6.0 6.0

16,025 15.00 19,785 I6 I24

*LS



Table 11

Determination of complex labour expenditures (man.hour/t) for production of section structural al]oyéd steel

-

T T T '
| 1 Direct ] Complex expenditures of raw materials} Complex labour expenditures, when
Lxpenditures Unit labour | energy and semiproducts, when using | using
of expendif- _ :
R EN-
] neazn-]tures, | 1 UAF gteel on the base of

_iEAF gteel on the base of

lﬂeﬂ&nﬁdeman,hpQg BOF 1 T 250 of 25,501
1 lggiguggd steel Scrap | Sponge {Isponge EOF Lerap Sponge 12;2336

! | m;nt ! iron ) iron and gheel iron iron. and
! ! 7% of 75 of

scrap g8Ccrap.

2 13 1 5 5 7 T J 10 )
Fuel % of coal I.II?3  -0.358 0.7099 0.488  0.3004 . 0.0482 0,0333 0.0556
Incl. naturel gas Thgg‘j;s- 0.055 0.2486  0.0985 = 0.5555 0.224 . 0.0I37 0.0054. 0.0306 0.0I23
coke & 0.581 0.4244  0.0427 - 0.0324 0.2466 0.0248 =~ 0.0168
Own electric energy . Th..k“h 0.2 0009576 001758 0.1739 0.0296 000192 0.0352 0.0348 0.005"3
Outside electric energy " 1.555 0.6638  I1.06I4 - I1.8096 1I.26882 I1.0322 1I.6505 R2.8139 2.0032
scrap t 0.7 0.336 1.0903 - 0.690 0.2352 o 7672 - 0.623
Thernal encwgy Geal 0.I36 0,07I3 0.0940 . 0,2765 0.084  0.0097 0.0I28 0.0376 0.0II4
Oxygen Thou.m”  0.322 0.25I6  0.040 0.034I 0.0858 0.08I0 0.0I29 0.0I09 0.0276
Blast-furnace blast  Th.tr.w’ 0.I98 I.7740  0.IE67 .- 0.I064 0.35I3 ' 0.0308 - 0.02I1
Iron ore ' t I.I  1.672 0.II9I I 6352 0.5I5 - I.t392 0.I3I10 I.7987 0.5665
Sinter % 0.565 0.999 0.0843 - 0.0604 0.5644 0.0476 - 10,0341
rellets % 0.5 0.6283.- 0.0304 I.456  0.402 - 0.3I142 0.0I52 0.728  0.20I

U
(8 ¢]
.




- T 7 T T 5
sponge iron t 2.0 - -

Iron ¢ 0.769 0.95I4 0.0659

Refractories t 0.0207 0_0696

Incl. firecliay brick : + 2.05 0.0II4 0.0337

silica brick t 2.45 - 0,0007

nagnesia refractories 4 4.8 0.0026 0,0II8

fired dolomite refractor, t 2.8 0,0067 0 0234

Lime % 1.05 0.II2 0 I232

xlectric ferroalloys t 3,5 0.0168' 0,0403
BOF steel % I.e  I.I2 -

EAF steel , £ 27 - I1.12
| I

Section structural alloyed steel t 8

Total



T 6 1 .

1N 71 T v T I0 TTIT
112 0.8 - - 224 0.5
- 0.0572 0.7816 -0.0507 - 0.044¢
00696 0065 00547 0.I929 0.I929 0.203
0.0337 0.03I4 0.0234 0.0691 0.069I 0.064d
10,0007 - - 0.00I7 0.00I7 -
0,0II8 0,0224 0.,0I25 0.0%66 0.0566 0.I07%
0.0234 - 0,0II2 0,0I88 0.0655 0.0655 0.03I
0.I232 0.I208 0.II76 0.I204 0.I204 0.I35
0.0403 0.0403 0.0588 G.I4II 0.I4II  0.I4I)
- - CIL792 - - - -
1.12 I.I2 - 3.024  3.024  3.024
I I 8 8 3 8
15.502 14.286 I9.I85 I5.76

*65
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‘Table 12
Total complex labour expenditures (man.hour/t)
Type of metal Complex laﬁou: expcnditures in the uss of @
products - e
BOF steel ZAF steel on the base of :
scrap sponge 254 sponzs iroa B
iron and 754 scrap
Heavy sections 9.73 8.56 13.19 9.833
Kedium sections 9.024 7.865 12.40 9.128
Light sections 9.070 7.912 12.537 { 9.190
Plates 11.672 10.175 15.167 11.655
Sheets I 9.476 8.259 | 13.06¢ | 9.594
Cold-rolled shesats 16.025 15.00 { 19.1785 16.124
Section structural '
alloysd stesl 15.502 14.286 19.185 15.66

-

Total complex labour expenditures can be also decreased by
impofting pellets wiaich enables to do witkout the ore mining and
preperation staze and also pellets production and reduce complex
expenditures by 2-2.5 man.hour/t. It is also possible to import
rafractory materials and ferroalloys (savianz of 0.25 man.hour/t).

To de%ernine the reaniremect in industrial aad production
personaal for nsew'_, ovuilt iroa and steel works the total complex
~labour expenditures for the production of the requirsi ranzs of
rolled producis are multiplicd by the given production capacitiaes
and the result i3 diviled by the anmnu.l tiaz fund of a worksr.
hccording to the data of the experts total number of industrial and
production personnel of a plant producirg 1 aillion toa of rolled

products ranzes between 5,000 - 10,000 men depending on the adopted

astallurgical route. In the Whole metalluc-3ical syzls, asczoriing to
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expert3 data, it 1s necessary to have 6% specizlists with higher
education and 124 techricians with secondary special education fram
the total number of indusirial producilon persomasi. For loalividual
industries these figures amount to 8 and 14% in the production of
section structural alloyed steel, 6.5 and 15.5%4 in ore mininz and
benefication, 4 and 15% in refractories productioa. 7 and 144 in
ferroalloys production, 15 and 15% in thermal and power facilities,
5 and 105 in muintensnce services and 11 and 18+ in the cok= and
by-preciucts inlustry. |

Accoriinz to the experiencze of Latin Amsrica's metallurgical
companies the share of production workers should améunt to 601 from
the wholas rumber of workers, whils workers involved in the repair
and maintenznce of eguipment amount to about 404, The share of skilled
workers amonz production workers shouald amouat to 504, while for
workers involved in equipmesnt repair and mainenance amount to about
sot [ 5].

The efficient utilization of equipment and machines in the
iron and steel industry depends on the qQualification and training of
attending personnel; Torkers attending metallurgical units 3hould
know in dstails the machines and equipmant which are served by theﬁ,
and also the specifics of the actual production processes and their
relation to other processes involved in ths matallurgicéi routse.

The form of traininz workers, sangineers and technicians re-
quirad for ensuring the developmant of iron and steel industiry in a
developing country i3 determined by the conditions of eduzation sys-
teﬁ dominztinz in the country. 'Tithout sufficiently developed train-
ing of pupils with incomplete szcondary or secondary education it is
possible to start tralning of skillzd orkxers on the basis of primary

elucation ( 6 forms). For this purc.ose it i3 axpsiient to e3tablizx

vocational and techricul schools with 3-4 years of educational periold
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iuring which the pupils vwill fircish incomplsete seconéary school.
with increasin; nuzber of pupils with incamplete secondary education
the reriod of education for the . vbcational and technical schools
could be reduced for this category to l-2 years. It is important to
envisage training of teachers for vocational and technical schocls
in higher educational esteblishments of & country by organizing
sfecial ipdustrial and pedagogicel departments for this purpose.
At the first stage of ecancnic Cevelopment ¢f the ccuntry
workers cf required skills cazn be trained in the training centres
for workers of the developed ccuntries with the help of which the
ron and steel industry is teing developed. The abcve centres are
also established by the United Natlons Development Crgenisetiocn. )
The Soviet Union renders coc;eraﬁion to the developirng countries
in the field of training indigencus personnel of builders and mgtal-
lurglists for the iron and steel industry, plants installed in those
- couprtries with the U3SR's technical assistance. Beginning from 1965
six month instruction courses (seminar) have been held under the
auspices of UNIDO in the city of Caporozhie organized by the Govern-
ment of the Ukrainian Soviet Socizlisv Republioc. |
The training of specialists of mean qualification - techniclans
including teachers of vocatiopel and technical schools should be carrled
out in the medium technical educatiocnal establishments with education
period of 3-4 years where pupils graduated from incomp.ete secondary
schools, The educatioral plan of technicians! training for the iron
apnd steel industry:éhould sover gcneral educational, general technl-
cal =nd professionally metallurgical cycles. With the development
ir the country of secondary education the sraduaies from secondary
achcols can bte admitted to the technicel schools withk the reduced

educational reriod covering 1-2 years.

:
i
'3
.
i
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The training of engineers for the i;on and steel industry
of developing countries can bte conducted iz a auxber of forms. Ini-
tiélly, it is centralized direction of the graduates of secondary

schools for studring in higher educational establishments of deve-

_lopirg countries for receiving concrecte speciality. Simultaneously,

it is essential to orgenise in the country the training of englineers )
for the iron and steel industry. in the natiornal higher éducaticnal
establishments. If university education is available in the courtry
then in thic case for trainicg engineers - metallurgiszts the gradu-
etes of upiversities can be used for training them during 2 years
in the established specialised techrical higher educational 1néti-
tutes cn sreclal mstallurgical disciplires at the level of Maglster
of Tecknolcgy. | ’

In case the university education is developed in the country
it could bte possible to orzanize in the universities metallurgical
departments with S-year educational period. Depending on industrial
development scale of the country and with great requirements in
engineers it is possiblé o 6rganize rany-prcfiled techbnical insti-
tutes with 5-yéar educational reriod ihcluded retallurgical depart-
mentse.

These are general approaches to the organisation of training
of wo.kers, technicians and engineers fof developing iron and steel

industry the content of which could be the subject of independent

study.

4, Determination of complex emergy exrenditures for

receivinq second index of technologsicel complexity of inves-

tigated types of wetal products

The usage of complex energy expenditures illows to determine

tte requirenents in fuels &and electric energy per 1 tonne of inter-

-
o
—
2 =3
L o
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rediete and finished metal products and define the energy intensity
of the prcducts.

The ccmplex erergy expenditures intermediate snd finished
products for the investizated technological oycles were obtained
during the celculations. This allows to define vith core details
the distinzuishing fectures of producing the metal products under
inv.stigation.

The conplex energy ezpenditures for iptermediate and finished
rroducts of the technoicgical cycles urnder investigwtion is received
by using comrlex values of single kinds of fuel and energy exrendi-
tures per 1 tonne.of product calculated as a result of direct in-
versicn of matrix of difect s:renditures mentioned in Chaper 2. The
corplex fuel expenditures viere calculated as a whole including 14
kinds of fuel as well as experditures of Losn and outside electric
energy, thermzl energy including thermal energy produced by thermal
electric rlants, indust:'ial boiler-houses ané waste-heat plants,
expenditures of oxygen, furnace bla3t and compressed air.

For determirning the téchnologiéal complexity of iron ard steel
industry products it 1s necessery to use integrel characteristic :
sumzerising coﬁplex exrenditures of primzry fuel ard electric energy’
obtained outside for producing cdifferent types cf 5etal products. Tor 3
this purrose the blast-furrace gas expenditures ere deduced from
the complex exrenditure of fuel in coal equivalert in order to avoid
double account ard to the obtained result 1s edded the complex
exrenditures of outside electric emergy and multiplied by the spe-
cific ccnsucption of fusl required for its production (3250 kg of
fuel in cocal equivalernt /1,000 kiih). This characteristic is the
complex energy expenditures. The conaumpticrn (ezergy imtensity) of

other energies - for vhich prirzry fuel znd electric enef&y are

used - oxyseh, blast-furnuace tlzst, corrmireszed air, thermal enersy,
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iz taken into ccnsideration by usinz the expenlditures of priaary

frel and electric energy for these products in enalegy te the ex-

renditures for the remairirg types of intermediate and firished

rroducts.

Before ceteraining the complex erergy expenditures for va-

rious types of rolled products it is expedient

ccnsider these

characteristics for the previous technologicel stages - iron or 3ponge

iron production and st=el proccuction by various methods :hich

ccreprise the basis of the investigated technclopical routes for

producing metal

rroducts.

The characteristics calculated per 1 tcnne of ifon end sponge

iron are given in Table 13.

The datz indicated in this table show that energy inteasity

of sponge iren is almost 25% below this characteristic for iron

despite the fuct that higher consumption of natural gas and electric

energy in production of sponge Lron.

Table 13

Determination of complex energy expeniitures fer the production

of rig iroa and sponge iron

- , : Unlt of Pig e
Zxpencditures rmeasurenent irgn Sponge iron
Fuel ¢ of coazl eauiv. 0.957 0.565
including cokd thou. ¢ 0.44 -
patural gas | thou. o’ 0.2128 0.458
blast furn.cq t of cocal eguiv. 0.125 -
gas
Tlectric energy| thou. kKo _.h 0.465 0.562
including out - ]
side el. energy - - 0.394 0.535
X
Ciysen thou.m” c.126 -
1.5t furpece theu. tr.m} 1.87 -
blast
t of ccul eculiv. 0.27 0.75

Lnexgysi%gpen~—




“In Table 14 the complex energy expenditures are deternined for

~the productica of POF-steel and ZaF-stecel made on the base of scrap

ané sponge iron and also on the base of the charge containing 25% spouge

iron end 75% secrag.

The data im the Table illustrate high complex fuel expeaditures

reqQuired for the rroduction of ECF-steel because of high pig iron con-

sumption for its production (850 kg/t). From the point of view of energy-

inteosity they are comsiderably lower in the case of ZiF-steel melted

on the bzse of scrap und they are the highest when ZAF-steel is melted

on the base of spoage irco.

If we do not take into account the fuel expenditures for the ge-

nerasicn of electric energy iz electric-energy comrlexes not iacluded

in the complex c¢f the steel works then energy-intensity of the EAR-steel

made on the base of sporge iron within the works will be reduced nearly

by 35%.

t - A

Table 14

Determinaticn of complex energy expenditures for the producticn

of BOF-steel and ZaF-stesl

.....

ZAF 3teel on the base of

Lxpenditures Uait of BOP-
iziiure- o steel | scrap gﬁgige igégigiégzzngf

Fuel t of coal equivl (0,87 [0.261 |0.647 0.32
including coks thou. t 0.379 {0.038 - 0.029
patural gas thou. o’ 0.205 |0.07T | 0.479 |  0.163
Blast-furnace gas t of c;al eauivy Q.12 | 0,03 - 0.027
Electric energy thou. k¥ .h 0.605 |I1.033 {I1.698 I.I04
pprasrpaiissamdll BN 0.532 |0.887 |I.555 1.09
Oxygen thou, 2’ 0.I8 {0.03I {0.026 0.032
Blast-furnace blast |thcu, tr, m 1.564 {0.139 - 0.095
Cnergy-latensity t of coal eqiv. 0,936 |0.541 |I.I9I 0.68

-l
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Complex energy expenditures required for the productiom of
investigated steel types are determined on the assuxption that all
with the use of bloorning and slabbing mills the camplex energy ex-

"peuditures will incfease by 15-17%.

_In Table 15 complex energy expenditures for the production of
heavy sections are given. -

These results show that the energy-intensity of heavy sections
can vary froz its mininum velues {0.626 t of coal equiv.) in case of
EAF steel on the base of scrap to maximum valuesA(l.357 to coal
equiv.) when making thiz steel on the bese of sponge iron. At the
same time from the point of view of fuel consumption for the produc-
tiocc of heavy sections the use of DBAF-steel made from sponge irom is

by 30% lower than that of BOF-steel. These trends also can be observed
in the case of tke production of medium and light sections. (Tables
16 and 17).

' Table 15
Determination of complex epergy expenditures for the production

of heavy sections and its energy~-intensity

—— -, W A C—— V- . S

Expenditures ggégugg- - wgg%;giig% Or_the base oI
ment 1 BOEs1T scrap| sponge "25% sponge
iron iron and 75°
U RS S scrap
Fuel 1t of coal equiv.1.027| 0.324| 0.723 0.408
including coke N 0.402| G.04"| = 0.031
natural gas thou. m’ 0.236] 0.c94| 0.527 | o0.213
Blast-furnace gas t of coal equiv.C.143| 0.051| 0.025 0.041
Electric energy thou. k¥ .h 0.724; 1.168| 1.882 1.51
incl.outs’de el.ecergy -"- ‘ 0.632| 1,009} 1.717, 1.223
Oxygen thot . = | 0.196] 0.038] 0.033 0.039
Blast-furnace blast |thou.tr: m° | 1.678| 0.147| - 0.1
Energy-intensity t‘orﬁooal equivl.1.105| 0.626| 1.357 0.795
A I I B
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Table 16
Determinstion of complex expenditures for the production of

medium sections

Unit of . %hen using
Expenditures peasure- BOF. |i.=ot-ol on ths base of
cent steel i{scrap spongel 25% sponge
e iron | iron and 75%
scrap
Fuel t of coal equiv.1.0140,298 | 0.721 0.446
including coke t 0.39610.04 - 0.03
pnatural gas thou, o’ 0.25210.112 | 0.538 0.229
Rlast-furnace gas t of coal equi%.0.139 0.048 | 0.023 0.046
Electric energy thou,kKW-.h 0.72 }0.013 | 1.71 1.23
including outside
energy - n = 0.62710.998 1.695 1.209
Oxysen thou. m’ 0.19390.0387{ 0.0331] 0.03%4
Blast-furnace blast thou.tr. @° 1.654 |0.145 - 0.0992
Energy-intensity t of coal equiv. |1.09410.599 | 1.291 0.823

" Lower cnergy intensity of medium sectices in comparison with
heavy sections is expl ined by a iower coosumption of comtinuousliy cgst
‘billets for a given type of rolled producis ! 1.044 versus 1.06 for
heavy sections). . '

In Table 18 camplex energy expehditures for the production of
steel plates are given, and in Table 19 similar indices for steel
sheets are shown.

A considerable power-intensive of steel plates is explained

by aa increased steel consumption for this kind of rolled products

{ 1.116 t/t instead of 1.06 for light steel sections).

i
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i‘éble 17

Detarmination of comrlex energy expenditures far the production of

. » light sections
Expenditures Unit of ‘rfhen]. ‘.’rs—igg s on the Base—of
. : measure- BOF -
xent steel secrap sponge 254sponge
iron iron end
754 _scrat
Fuel t of coal equivil.C04 | 0.302 | 0.711 0.423
including coke t lo.402 | 0.04 - 0.03
natural gas thou. m  |0.259 | 0.107 | 0.540 | 0.226
Blast-furnace gas t of coal equiv}0.137 | 0.045 0.019 0.041
Electric energy thou. k¥ .h 0.72 1.175 | 1.88 1.31
" ipncl. outside energy —_— - 0.63 1.006 | 1.71 1.22
Oxygen thou. m’ 0.196 | 0.038 | 0.033 0.039
Znerev-intensity t of coal equiv{l,088 } 0.609 1.291 0.809

[ S S




70.

SR Table 18
Determination of complex emergy expenditures for the production

of steel plates

Expenditures Unit of When using —_———
22::ure- ng;l EAF steel on szgziée-éil
scrap | spongel{2k SPOR&
iron 754 scrap
Fuel t of coal equiv. 1.1254 [0.3215 |0.7516 |C.4477
including ccke & 0.422 [0.042 - 0.032
natural gas thou. @  |0.265 |0.112 [0.571 |o.210
Blast-furnace gas t of coal equiv.| 0.151- 0.054 0.027 |0.051
Electric energy thou.k¥ b 0.75 1.24 1.98 1.32
inc.outside energy | — " = 0.65 |1.07 [1.803 [1.041
Blast-furnace blast | thou. m’ 1.765 |0.155 | - 0.106
Zoergy~-intensity . t of coal equiv.|1.201 [0.623 |1.356 |0.848




‘Table 19

Determination of coﬁplex energy expenditures for the prcduction

of steel sheets

When using ~
Expenditures Unit of BOF- | faF steel an The base o
zent scrap | spongel25% sp.
iron iron and
_ 75%scrap
Fuel t of coel equiv] 1.C667| C.2¢871 0.7223| 0.4326
inc. coke t 0.416 | 0.,0418 - C.0318
natural gas thou. m’ 0.258 | 0.111 | 0.559 | 0.23¢
.Blast-furnace gas t of coel equivd 0.176¢ | 0.052 | 0.025 | C.049
Electric energy thou. kU .b 0.74€ | 1.21 | 1.94 1.29
incl.outcide energy _— — 0.650 | 1.04 1.717 1.26
Oxygen thou. m’ 0.202 | 0.024 | 0.032 | 0.04
Blast-furpace blast thcu.tr.m3 1.72021 0.153 - 0.104
Energy-intensity t of coal equiv. 1.119 | 0.621 | 1.327 | 0.825
1

The cnergy intensity of steel sneets 1s lower thun that of
steel plates which is connected with & lower steel consumption
( 1.098 instead of 1.116 t/%).

The highest values of energy inteunsity chearacterize ccld-rolled A
sheet erd structurel steel sections (Tebles 2C znd 21).

For ccld-rolled sheets it cen be explained with energy exrer-

ditvres for en additional interéediate stage - sheet rolling.
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) Table 20
Determination of ccmplex energy exprenditures for the production of

cold-rolled skeets

-~

ittt V—-—-t — ——r B LN Sk ke :E‘ C eimet b s:.’-..—_._: f i s T G ® i & P '
Expenditures Units of when using . -
- ceasure- BOF- |-DAF steel on the base of
pents steel] scrap | sponge }25% sponze
iron iron epd
AU TS NS B _ }15% scrap
Fuel t of ooal equivil.l453| 0.3548] 0.7163 0.4901
inoc. coke t 0.44 0.028 - 0.034
natural gas thou. m’ 0.252 | 0.097 | c.571 | 0.277
Blast-furnace gus t of coal eguivi{0.143 | 0.042 | 0.018 0.039
Electric energy thou. K . h 0.80 1.29 2.201 1.38
incl. outside enerzy - = 0.70 1.109 1.884 1.24
Oxygen thou. m’ 0.216 | 0.043 | 0.037 | 0.c44
Blast-furaace blast thou.tr.m3 c.839 0.161 - 0.110
Energy-intensity t of cozl equivdl.247 0.701 | 1.407 0.920




- Table 21
penditures for ithe producition

of sectlon structural &lloyed steel

Expenditures g:é:irgf thgiigigiégi_gg_pne_base cI
SR A
! - 415% scras
Fuel t of coal equiv{ 1.117 |o0.358 | 0.71 0.488
incl. coke t 0.424 |0.042 - 0.032
atural gas thou. m’ 0.249 |0.0985| 0.556 | 0.224
- blast-furnace gas t of ocoel equivd 0.141 |0.04 0.017 0.04
electric energy thou.k¥ .h 0.76 {l.23 1.98 1.31
incl.outside energy - - c.66 |1.06 1.81 1.29
oxygen thou. m’ 0.252 |0.04 0.034 0.086
blast-furnace blast | thou.tr.m’ 1.774 |0.156 - 0.106
energy-intensity t of coal equiv. 1.207 (0.683 | 1.327 0.900

kediuz~-alloyed steel grsdes were taken as section structural

alloyed steel. The total values of epergy intensity in all technolo-

gical routes which have been investigated are given in Table 22,
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' " Table 22
Total value3 of energy intensity of metal
products, t of coal quivalent/t

- . e ST CEEE—— G . - Cps— ———— —

Metal product Energy intensity of metal products when using
tyre BOF- EAF steel on the buse of _
steel serap sponge - 25% sponge iron
iron and 75% scrap
Eeavy sections 1.10% G.626 1.3%7 0.735
Medius sectiorns 1.094 0.59%9 1.291 0.823
Light sectioas 1.088 0.6039 1.291 0.809
Steel plates 1.201 0.623 1.356 0.848
Steel sheets 1,119 0.621 1.327 0.825
Hot-rolled sheets 1.247 0.701 1.407 0.920
Structurel alloyed

steel sectioms 1.207 0.683 1.327 0.900

el — -

-

The comparison of these values shows that the most energy- inten-

sive and camplex from the point of view of ecergy expendlitures are
steel pletes, cold-rolled sheets ard section structural alloyed steel.
The energy intensity of metal products used for the production of steel
with the use of sponge iron can be reduced due to imported sponge iron
(the energy intensity can be reduced by more than 40%4). It should be
stressed that hign values of electric complex energy expenditures for
the indicated types of metal products when using EAF steel on the base
of sponge iron which are 700 kW-.h higher tban that or_scrap. This can
be explained by the necessity of.additional eilectric energy consumption
required for the beneiiciation of ore with medium Fe content and for

remelting sponge ircn containing gangue.

5. Determination of complex capital expenditures for obtaining third

process complexity index of investigcted types of metal products

For calculating complex capital expenditures in produc'ng the

investigated tyres of smetal products the following direct capital

expenditures ¢/t (thou. m3, G cal or thou. k¥..h) has been assumed :

-l
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power-plant ccal - 12, fuel oil - 80, blast-rurﬁéce gas - 3, ooke-
oven gas - 15, catural gas - 90, coke - 100, coke nuts - 80, coks

- breezc - $0, own slectric energy - 30, outside energy - 25, scrap -
28, thermal energy - 4.0, oxygen --80.0, blast-furpace blast - 2,0,
compressed air --1.5, iron ore - 45.0, sinter -~ 25.0, pellets - 20.0,
pre-reduced pellets (sponge iron) - 120.0, pig iron -~ 32,0, BOF steel
(including cantinucue casting) - 80, fireclay brick - 120, silica
brick -~ 150, magnesia brick - 360, dolamite refractories - 200,

burnt lime - 35, electric-Turnace ferrocalloys -~ 260, heavy secticns =-
82, medium sections - 100 ( 220 with thermal treatment ), light
sections - 85 (140 with heat treatment), plates - 110 {230 with heat
treatment), sheets - 50, cold-rolled sheets - 200 and section struc-
tural steel - 190.

Kentioned unit capital expeanditures have been taken on the
basis of foreign practice and the practice of design institutes in
the Scviet Union to some degree are approximate. These costs require
correction when calculations are made for specific conditions of this
or other develoring country.

Capital expenditures for the production of pig iron and sponge
iron are shown in Table 23. lesulting calculation data show that
cepital expenditures for producipg sponge iron are lower than that
for producing pig iron by g %. ‘

Camplex capitel costs for the production of BOF-steel and
E4F-steel on the base of scrap, sponge iron and 254 sponge irom and
754 scrap are calculated in Table 24,

Total data of this Table show that the lowest value of complex
capital ccsts are those for producing EAF steel frqmlsorap and the
highest values are those for EAF-steel made from sponge iron. The

last value is by 20% higher than that for BOP-steel. All complex

capital costs values shown in Table 24 have been calculated on the




basis that steel is cast in comtinuous cesting plants. ’~76'
In casting steel into ingots =nd using blooming and slabbing
mills for billets reduction additionzl capital ccsts, amounting to
259 of ahown in Taule 24 values are required.
On the base of the estimated values of camplex capital ex-
benditures for the production of various steel types which can be

made in new works in developing countries the following complex

. capital expenditures were obtained for different types of rolled it

roducts (Tables 23 - 31}, ' ’
F _ 37 Table 23 _

Determination of complex capital exnenditures (i/t) for production

of pig iron and sponge iron ( prereduced pellets )

Ipirect jcomplex expendi-!Complex capital
Unit | hital jrures of raw ma- expenditures
Bxpenditures of ‘expendi— terials, energy
measu+ tsres and semiproducts
remen? '5/'311:2.1:[ - 1 1
! Yer 1 ¢ [Per 1 tiker 1 tjPer 1 { ;
: of mea- ! f : 2 f H rs 1
suremen} 9% P18 [O% o1 1 0= ?
l { iron I sponge Pig !sponge |
i | I iron |iron iron
! ! . . ! .
Fuel t of coal 0.9674 0.5654 72.0 42,2
equival.
Incl. natural gas Thou.m’ 90 0.2128 0.458 19.2  41.2
doke t 100 0.44 - 44 .0 -
Own electric energy Th.kwWa 30 0.0711 0.0278 2.1 0.8
Outside electric i
energy " 25 0.394 0.535 9.9 13.4 N
Thermal enersy Geal 4.0 0.27T1 0.154 1.1 0.8
Oxygen Thou.m’  80.0 0.136 - 10.9 -
Blast-furnace blast Th.tr.m> 2.0 1.87 - 3.7 -
Compressed air .  Th.st.m’ 1.5 0.022 - 0.0 -
Scrap % 28,0 0.008 - 0.2 -
Iron ore t 45.0 1,758 1.46 79 .1 65.7
Sinter t 25.0 1.05 - 26.3 - :
_ [
Pellets t 20.0 0,659 1.5 15.2 26.0
Sponge iron t 0.0 - 1.0 - 0.0
Fig iron t 32.0 1.0 - 32.0 -

Total 250.5 | 228.9




Table 24

Determination of complex capital expenditures ($/t) for production of BOF steel and BAF steel on the base of

scrap, sponge iron, 2% of sponge iron and T75% of scrap

1 X ]
3 Complex expenditures of ra te~ , ¢ 1 ital ait
cxpenditures 1 Unit } 2:322:1 rials, eneggy angrsgmiprod:0$2 | Complex capital expenditures
meggu bxpendi tul ;
remend ggségéggﬁt ber }P%He bisBo fﬂk stg?:son . I per 'Ier ! ﬂ;oﬁaﬁér fﬁezl on
2> 0 1 t of ! 25 of
rement BOF eteeT Scrap !ugggge sp6nge BOF stebl Scrap ‘ Sponge ;ponge
! iron aidd iron {iron and
! 754 of , 755 of
B ! soran ! ! torap
1 < I 4 O [3) AN b vy 1 Iu 111 ™~
Fuel t of coal . 0.8697 0.26II 0.6467 0.3199 64,5 1I3.277 44.33 22.0
Incl. natural gas  Thoww = 90  0.205 0.071 0,479 0.I83 18.45 6,39  43.II  16.5
coke % 100 0.379 0.038I - 0.020 37.9 3.81 - 2.9
Own electric energy " Th.kVh 30 0.073 0.I445 0.I428 0.0I39 2,19 4,335 4,284 0.42
Outside electric energy n 25 0.532 0.887 I1.555 1.08905 I3.3 22.I75 38.875 27.23
serap t 28 0.3 0.9735 - 0.796 8.4 27.258 - 22.3
‘fherval energy Geal 4,0 0.25 0.033 0.I% 0.075 1.0 0.I32 0.784 0.3
Oxygen Thou.m® 60 - 0.18 0.03I18 0.026 0.032 I4.4 2,504 <.08 2,56
Blast-furnace blast Th.tr.m®> 2,0 I.584 0.I39 - 0.095 3.I7 0.278 - 0.I9
Compressed air Th.st.m> 1.5 0.0437 0.049 0.048 0.054  0.07 0,0735 0.072  0.08
Iron ore t 45 1.493 0.I04 I1.46 0.46 67.18 4.68 £.7 20.7
Sinter % 25 0.892 0.0753 - 0.064 223 - I1.8826  _ I.35
-
\J

—1
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Yellets % 20 - 0.56I.
Sponge iron t 80 -
Iron t 32 0.8495
. Fireclay brick t I20 0.0I02
bilica brick’s - (0% 150 -
iagnesiu refractories t 360  0.0023
Fired dolomite refractoriés © - 200 0.006
ttefractories,total % | 0.0185
Line % 35 0.1
slectric ferroalloys + . 260 0.0I5
BOI steel t 60 I
LAF steel 80 -

Total



o 1 b 1 Z_1 & 1 o JU 1 11

0.0271  .1.3  0.359 11.22 0.542 26 7.18
- 1.0 0.25 - - 80 30.0
0.0588 -  0.05II 27.I8 1I1.88I6 - I.64
0.030I  0.030I 0.028 I.22 3.612 3.6I2  3.36

0.0006 0.0006 - - -  0.09  0.09 -
0.0I05 0.0I050.02  0.83 3.78 3,78 7.2
0.02I  0.02T 0.0I  I.2 4.20  4.20 2.0
0.0622  0.0622 0.068  3.25 II.60 II.68  I2.56
0.1I 0.II 0,II5 5.5 3.85  3.85 4.025
0.036  0.036 0.036 3.9 9.66  9.36 -  9.36
-~ ~ - 60 ‘e o _
I I I - & 8 80

305.56 1I63.90 367.02 24T1.90

*8L




Table 25 .
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Determination of com?lex capital expenditures {uW/t) for production of heavy-section rolled prbductm

.
i Unit iDirect

T
t Complex expenditures of raw mate-

- Complex capital expenditures,

of gl : i . —
Pneasure!-ezgiggj"! BOF-WI O TIZ" bake oF ' { 54f steel on the bace of __
1 et 1g/unit of steel | 1 Toen of | BOF 1™ 257 of
! measure- Scrap ) Sponge!eponge'! steel | Scrap % Sponge | Bponge
. ! ment ! ! ivon liron an(* | ! iron iron i
% ! ] ! B 75 of | % % 175 of
Sern. . —~— acran
I 12 3 7 o 5 WA (N NS NN N AR L I S
Fuel t of coal I.027  0.3244 0.7227 0,408 70.736 1I19.144 52,I29 26.266
Incl. natural gas Thowm> ~ 90  0.2863 0.0943 0.527 0.2I30 21.267 8.407 47.43 I9.T7
coke t 100 0.40I7  0.040 ~ 0.03I 40.I7 4.0 - 3.1
Cwn electric energy Th.kWh 30 0.09T4 C.I67I 0.I654 0.0287 2.742 5.0I3  4.962 0.861C
Outside electric energy " 25 0.6324 1.009 1.7I68 1I.2234 'I5.81'0 25.225 42,92 30.565
Lerap ~ 28 0.318  I.032 ~ 0.843  6.904 28.196 ~ . 23.60
Thermal energy Goal 4,0 0.305 ~0.075 0.2478 0,II95 1.220 0.300 0.99IR 0.47
Oxygen fhow.n 80,0  0,I958 00382 0.0326 0.03ts 15.664 3,056  2.608 3.IIZ
Blast-furnace blast th.tp.m3 2.0 1679 0.1473 0.I007 3.356 0 2946 - 0,201
r " 4
Compressed air Th.st.m> I.5 0.0623 0.0679 0,0669 0,0732 0.0935 0,1019 U.Imf‘l U.IO.,
r 2C C
Iron ore & 45.0 ~ 1.5626 0.II28 I 5476 0,4076 71.2I7 5076 6< 64 21.Jg}
Sinter & 25.0 0.9465 - 0.080 . 0 0572 23.638 2.0 - 1.430
vellets t 20,0  0.5946 00287 136 0.38I II.892 - 0.574 27.6  7:620
Toinonie iron t N0 — - I1.06 0.265 - - 81.8 ,21.2

—
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7!

Iron
Ziresteyibeick
sefractories, total
Silica brick B
tagmesia refractories b

Fired dolomite rafractories
Lime -

ﬁ;ectrid ferroalloys

141 steel

BOF steel

Heavy-gection rolled products

Total

o+ o & & o N

o o o o o

260

82

0,9005
0.0108

0.019%
0.0024
0.0064 -
0.I06
0.0159

1.06
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0.0623 - 0.0542 20 616 I 9536 - 1.7544
0.03I9 0.03I9 0.0207 1.2960 3.828  3.628  3.564
0.0659 0.0662 0.06I3 3.44 I3.I84  .389 I3.24
0.0006 0.0006 -~ _  0.09  0.09 -
0.0IIT 0.0IIT 0.02I 0.864 3.996  0.0III 7.56
0.0223 0.0223 0.0I06 I.28 4.460  4.460  2.I2
0.II7 0.II66 0.I2I9 3.7I0 4.095  4.081  4.2665
0.038 0.0382 0.038 4.I34 9.880  9.932  9.850
1.06 I.06  I1.06 - . e4.8  84.8  E4.8

- - - 63.6 - - -

I I I 82 82 82 82

470.98 284.82

474.95 333.33

08
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Table 26

Determination of comp18§3§§3%nditures (8/t) for production of medium-section rolled products

E } Direct !Complex expenditures of raw mate- Complex capital expenditures,
cxpenditures } Unit lcapital !rlals, energy and semlproducts, when using
: i of ep o di—' when uging
!measurq tﬁgeg T
ment BOF ﬁ 7 ; LAF steel on the base of .
| | ¢/Unit i steel ] izya of BOF 1 1 Vos, of
| ot 262 £ Scrap Sponge sponge steel Serap SPO“EG !spogge
i | suremenyy iron !1ron and iroa  lyvon and
! 5‘/0 of 75‘/201’
gcrap acrap
— B < 3 4 - s) o i I o Y JU 11 -
Fuel % of gOal I.0I4I 0.2981 0,721 -. 0.4462 72,997 I6.I1648 562.0369 °CE.U3Z
equiv, -
Incl. natural gas Thou.m” 90 0.252 0.IIZI 0.5381 0.229I 22 68 I0.089 48.429 20.6I9
coke | ¢ 100  0.3957 0.03%8 - 0.0303 3¢.57 3.9 - 303
Own eleéctric energy - | .Th;kwn 30 0.0922 0.1I355 0.0167 0.0305 2.'766 4.065 0.50I 0.9I50
Outside electric energy " 25 0.6269 0.9975  1.6949 1I1.2089 I5.6725 24.9375 42.3725 30.2225
Scrap % 28 0.3132 I.0I6 - 0.8300  8.7696 28.448 - 23.24
oxygen Thou,m> 80.0 0.1939 0.0387 0.033I 0.0394 I5,5I2  3.096  2.648  3.I52
B]ast..furn;ce blast Th,tr.nR.0 I.6557 0,145 - 0.0992 3.3074 0,2¢0 - 0.1924
Compressed air . st .0 1.5 0.0886 0.0942  0.093I 0.0994 0,I329 0,I4I3 0.I396 0.I491
'I’ron ore . s  45.0 1.5587 O0.IIII  I.5242 0.4802 70.I4I5 4.9995 68,58%  2I.600
binter ¢ 5.0 0,931 0.0786 - 0,0564 23.28  I1.965 - I.410
Pellets 20 0.5857.0,02¢€3 I.3657 0.375 I11.714 0.566 27 14 7.5

+

|



3y 1 ! _L
Sponge iron t - 30 - o
Iron t 32 - 0.8869 0,064
Refractories ' t 0.0I93 0.0648
" Inel. firec.ay brick ¢ 120  0.0I06 0.03I4
gilica brick t 150 - 0.0006
magnesgia refractcries t 360 0.0C4 0.0I09
fired dclomite refractories % 209 0.0063 0.0219
Linp £ 35 0.I044 0.1I48
Electric ferroalloys | t =60 | 0.015 030376
BOF steel % 60 LV
~ £AF stecl | t 80 o= I.O44
Medium-gection vrolled products t 100 I I

N

Total



T 1 ! ")
1.044  0.261 - ~ 83.52 20,68
- 0.0533 28,36 1.9648 - I 7056
0.0649 0.065  3.3¢6 12,144  12.086 I3.108
0.0314 0.0292  I.272 37680  3.768 3 504
0.0008 - - 0.072  0.0006 -
0.0TI0 0.0209 0 8640 3.924 3,960 7.524
0,02I9 0.0I04  1.260 4,30 4,360 2.060
0 II48 0.I196  3,6540 4 0I80 4 0I80 4,I860
0.087%6 0,037  3,90C 3.77%6 9 7760 ©.77€0
- i} 62.64 - . -
1.044  I.044 .- 8352 8352 03.52
I I 100 100  I00 100
487.31 373.54

427,43 208,36

.28



canpital '
Determination of complex¥expenditures (§/t) for production of light~section rolled products

Tahle 27

-

~ .
- -Lxpenditures %Unit of%giggzgl %'ggzgézzzgggggi;zgra:egipiggﬁgig?f !complﬁﬁe;aﬁizié expenditures,
| measure} expendifu- e 1
; ment | t?gﬁit | BOF 4P ateel on_the. 9 } 6T ! ha.
| ;of measu% steel | ? . .higggzﬁgn_ BOF 255 of
! f rement | Scrap | Sponge! iron anl steel | Scrap | Sponge | sponge
} 5 } i ; iron  ygs of iron %Eﬁnoind
) : scrap serap
~ T 2 | ! 5 5 T S D M I ) il
Fuel t of coal I.004I 0.30I7 O VIII7 0 423 70.2I3 18.597I ©6I.48 27 879
Incl. natural gas pduvy oo 0:269 0,1073 0.540 0,226  23.6 9.657 48,60 20 34
coke s 100 0.40I7 0.40 - 0.031 40 I7 4.0 - oA
Own electric energy Th.kV¥h 30 0.0927 0,1685 0.1667 0.030 2,761 5.055 5,60I 0.9
Outside electric energy " 25 0.6299 I.0062 I.7I43 I.2209 I5,475 25 IS00 42.857% 3).5225
Scrap ' 28 0.318 1I,032 -  0.843 8 904 28,89 -~ 23.80
Thermal energy Gcal '4_0 0.289 00590 0.23I8 0.1035 I.I56 0 236 0,0927 0.414
Oxygen Thou.m> 80 0.I958 00,0382 0.0326 0.0389 15.664 3.056 2.608 3.I1I2
Blast~furnace blast Th,tr.m® 2.0 1.672 0.1473 - . 0.1007 3.358 0.2946 - 0.2C14
Compressed air Th.st.m> 1.5 0.0893 0.0949 0.0939 0.I002, 0.I340 0.1425  0.1409 0.I503
Iron ore t 45 1.5826 0.II28 I.5476 0.4876  7I.2I7 5.076 69.64 2I1.94
Sinter % 25 0.¢455 0.080 =~ - 0.0572 23.638 2.0 I.430
rellets t 20 0.5246 0.02067 I.38 0.361 I7.8v2 0.574 27.60 7.620

—



Total

by T e 1 3 4 5]
sponge iron t €0 - -
Iron % 32 0.9005 0.0623
TFireclay bdbrick .t 120 0.0I08 0.0319
$ilica brick t 160 - 0.006
fuagnesia refractories t 360 0.0024 0.0III
Fired dolomite refractories t 200 0.0064 0.0223
Refractories, total t 0.0I96 0.0713
Line % 35 . 0.I06 - 0.II7
slectric ferroalloys t 260 0.0I59 7.038
BOF steel t 60 1.06 -

BAY oéeel | t 80 - I.06
Lighf—section rolled products t | 85 1 I



o Y 1 ! Y oo lU ] 1l
1.06 0.265 - - 84.8  2I.2
- 0.0542 28.816 I1.9936 - 3.564
0.03I9  0.0297 I.2960 3.828  3.828 3,504
0.0006 - - 0.9 0.00S .
'0.0III  0.02I  0.064 3.996 0.0II] 7.56
1 0.0223  0.0I06 1.28 4.460 4.460 2,12
0.0859  0.06I8 S5.44 I3.184 8.339 1I3.24
0.I1I66  0.I219 3.7I0 4.095 4.081  4.266F
0.0382  0.038  4.I34 9.860 9,032 9.6t0
- - 63.6 - - -
I1.06 I.06 = - 84.8 84.8 . £4.8
I I s 65 85 85
416,6 30I.2 4064.3 353
£
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Table 28
Detexmination of complex capital expenditures ($/t) for production of hot-rolled plates
. \
T T T T , \
: ] { Pirect ;Complex expenditures of raw mate-, Couplex capital expenditures,
sxpenditures 1 Unit § capital] rials, energy and semiproducts, i vhen using
' ! of ! expendi- when using !
{ measu~y tures, . y T
| Tementy ﬁ»él‘;. ‘t | pop  |.HAF stesl on tll?zbqsefoai BOF | BAF steel on the ibase of
of mea- o s al29% 0 py i 255 of
% : surement! steel : ucral’T; “E?‘gf_’eispi)nge { sleel ¥ Scrap ¢y Spongd sponge
i i i | qdron | 1 iron j iron
! ! 1 ! jand 75 ] ] j2nd 750
[ of scra;} ] ot sgecrng
. iy 14 I 4 ! 19) b ! ! 8 1 )y LU I
juel t of coal I.I2564 0.3215 0.7516¢ 0.44%7 77.4320 I9.I026 63.v¢{ 29.057¢
equiv, . —_ , , .
Incl. natural gas 'i‘hou.m3 S0 - 0.2654 0.II6I 0.5706 0.2I .23.&86 10.449 51.354 15.9
coke . 100 0.4222 0.0424 - 0.0323 42.22  4.24 - 3.23
Cvwn electric energy Thikih 30 0.0980 0.I777 0.I758 0.03&2 2.94 5.33I0 5.274 0.¢66
Ouvgide electric energy .“ 25 0.650I I.069I 1I1.8032 1I.,2847 16.3 25.73 © 45,08 32.IIV0
Scrap t 28 0.3342 I.0445 - 0.£856 ¢.3576 30.366 - 24,7060
Theraal erergy Gecal 4.0 . 0.3305 0,088 0.2703 0.I35 I.3220 0.3552 I.0812 0.5224
Oxygen Thou.m? 80 0.2055 0.03%9 0.0340 0.0406 16.440 3.1920 2.720 3.24CC
Blast-furnace blast Th.tr.m3 2.0 S I.7646 0.I0408 - ‘ 0.I05C 3.5292  0.3026 - Q.2IIS
Compressed air _ ' Th.st.’I.5 0.0437 0.0976 0.0965 0.I032. 0.073I 0.I464 0,I448 0.I54t
ifo'n ore | t 45 1.6632 0.II&5 1I1.6264 0.5I24 '74'.844 £.3325 73.186 23.050
Sinter t 26 0.9937 0.0839 - 0.0601 24.2426 2.0075 -  I1.502%
Yellets t 20 0.6250 0.0302 I.448 0.39¢9 12.50 0.6040 28,26 7.¢98
sponge iron t €0 S - - I.IT14 0.2785 -~ -, 89.1I2 22.2




m .

q

!

-

I T 27 T 5
Iron ' tf‘ 32 0f9463‘ 0.0655
Fireclay brick t I20 0.0II4 . 0.0335
Silica brick t  I50 - 0.0007
Nagnesia refractories + 360  0.0026  0.0II7
Fired dolomite refr. t.‘ 200 0.0067 0.0234
Refractories, total ¢ 0.0207  0.0693
Line t 35 0.III4 . 0.I225
Electric ferroalloys t 260  0,0I67  0.040I
" DOF steel t 60 I.IT4 ' -
SAF steel 4 80 - - 1114
Hot-rolled plateb t II10 I

Total

I



o

2 AT N B Y T 10 TTII
. = . 0.0569 30,2816 2.096 - 1.3208
0.0335  0.03I2 1.3680 4.020  4.020 3.744
0.0007 - - 0.0840° 0.0840 -

0.0II7 - 0.0223 0.9360 4.2I2  4.2I12  B.028
0.0234 - 0.0III 1I1.340 4.680 4,680  2.220
1 0.0693  0.0646 3.644 12,996 12,996 I3.9%2
0.I225  0.I281 3.899  4.2675  4.2075  4,4035 ° |
0.040I  0.040I 4.3420 I0.426  10.426 10.426

- - 66.04 - - - |
I.114 1.114 - 89,12  89.I2  89.I2 |
I I II0 II0 . IIO 110 '

462,2 - 334,5 526,38 375,78
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Table 29

Determination of complex capital expenditures (%/t) for production of hot-rolled shects -

- 1
spwmttiures  lunge [Direct | ooplex expentituses of ruu natorialal Cosgles copite) expenditures,
! neasu- expendi~ | )
gremerq :%gi%; i}OF lmzn' steel. oo the ha;;{)a;ﬁf 1! SO 'I}WPQJ . ibe b '25;':,:",5';“
% sgf-elrg:?xg ateel scrap bgggge sﬁ(oln’r]gg%iggﬁ steel 1 goyap | Sp:!;gg {sgggge
! scrap I and 75
— - T 2 3 I~ T 5 53 7 3 g 9 (0 A A
Fuel b of coal 1.0667 0:3087  0.7323 0.4326  76.6217 I9.66I8 52.7605 573694
Incl. natural gas  Thou.m’ 90  0.2561 0.II09  0.5589 0.2339  23.229  9.98I0 50.30I 2I.05I
coke t  I00 0.416 0.0418 - 0.0318  4I.6I  4.I8 - 3.18
Ovn electric energy  Th.kwh ' 30  0.0956 O0.I74I  0.I722 0.0307 2.6650 6.2230 5.1660 0.92I0
Qutside electric energy " 25 0.6496 I1.0394 I.7729 I1.26I8 16,240 25,9850 44.3225 3I.55
gerap t 28  0.3204 TI1.0689. - 0.6729 9.2232 29.929 - 24,4412
Thermal energy Geal 4.0 © 0.3I65 0.0782  0.2572 0.I243 - 1.2660 0.3128 1.0288  0.4972
Oxygen Thou.n’80.0  0.2026 0.0344  0.0335 0.040I . 16.208  2.7520 2.680  3.208
Dlast-furnace blast  Th.tr.m>2.0  I1.7392 0.I626 - 0.1043 '3.4704 ° 0.3052 - 0.2086
_ Compressed air Th.st.m>I.5  0.,0910 0.0538  0.0957 0.I023 0.1365 0.0807 0.I435% 0.I535
Iron ore ¢« 45 T1.6393 0.II68  I.6031 0.5051  73.7685 5.266 72.139% .22.7295
Sinter t 26  0.9794 0.0827 -~  0.0593 24,405  2.0675 - I.4825
rellets ¢ 20 0.6160 0.0298  I1.427 0.39% I2.320 0.596 28.54  7.88
~ sponge iron % 80 - - 1.098 0.2746 - - 2.196 0-5i?
@



!

—

— T T 2 T3 T 1 5
Iron ' t 32 0.9328 0.0646
jefractories t 0.0203 Q.OGBI
Incl. fireclay brick t I20 0.0I1I2 0.0330

silica brick t 150 - 10.0006
magnesia refraciories t 360 0.0025 0.0II5
fired dolomite refractories t+ 200 ~ (,.0066 0.0230
Lime | t 35 0.1098  0.I207
slectric ferroalloys  t 260  0.0I65 - 0.0395
BO¥ steel Tt 60 1.098 -
sAF steel t ~U0 - 1.098
LHot-rolled sheets | t 0 I I

Total



LS NN ARYE NS - SRt SN IR N U8 S B ¥
- 0.056I  29.850 2.067 - 1.7952
0.088I 0.0637 3.564 I2.79 I2.79 I3.804
0.0330 0.0307 1.3440 3.960 3.960 3.6040
 0.0006 - -~ . 0.09 0.09 -
0.0II5 0.0220 0.9 4.14 4.74 7.92
0.0230 0.0IIO0 1.32 4.60  4.60 2.2
0.1207 0.I263 3.843  4:2245 4.2245 4.4205
0.0395 0.0395 4.290 10.27 10.27 10.27
- - 65.88 ~ - -
- 1.098 " I1.098 - 87.84 ©7.84 87.84
1,1 50 50 50 50
© 394,039 239.287 459.75 320,531

‘88



Table 30

Determination of complex capital expenditures ($/t) for production of cold-rolled sheets

s 1' 7' Qomplex expenditures of raw mate~ ) Complex capital expenditures,
iUnit iDir§Et :xrials, energy and semiproducts, wheni when using
szpenditures i of . aPl &g}m_g using i ,
i'meas?- i‘es, ™ 1’ _ }BAF steel on the base of
emen : »
$/Unit of BOP . | 254 of i 1 1 255 of
!r !mggureg | steel Serap ; Sponge !spgr/lgg ! sgggl | werap | Dponge | spongs
i { ment 1 iron  {iron and | ! { iron | iron and
! 1 175 of 1} ! { 15~ of
scrap | acrap
T 2 3 7 5 B 7 8 9 10 TIT
Fuel t of coal 1.1453 0.3548 0.7203 0.490I '76.6192 38.6557 53.093 33,3707
equival. .
Incl. natural gas ngu.m% 30 0.2530 © 0.0974 O0.57II 0.2275 22.770 8.766 5I.399 20.475
coke t 100 0.4400 0.0277 =~ 10.0337 - 44.0 2.77 - 3.37
Own electric energy - Th.kWh 30 0.I031 0.I60 0.I841 0.0344 3.093 5.58 5.623 I.032
Outside electric energy n <5 ' 0.6969 I.I087 I.8843 1.3438 I7.4225 27.7175 47.1075 33.5950
Scrap St 28 0.3483 I.I302 - 0.9230 9,7524 3I1.6456 - 25.844
Thermal energy Gcai 4.0 0.3963 0.I443 0.I308 . 0.I93I = 1I1.5852 | 0.9772 0.5232 0.7724
Oxygen Thou.m3 80.0 0.2I160 0.0433 0.0372 0.0442 17.28 3.4640 2.97¢ 3.536
Blast-furnace blést Th.tr.m3 2.0 I.8390 0.I614 - 0.I103 3.678 0.3228. - 0.2206
Compressed air Th.st.w 1.5 . 0.1007 0.I069 0,I057 0.II=7 0.I5II 0.1604_ 0.I586 0.I691
‘Iron ore t 45 - 1.7334 0.I235 I.695I 0.534I 78.0030 5.5576 76.2795 24.0345
Sinter t 25 I.0356 0.0874 - 0.0627 25.89 2.185 - I1.5675
Yellets t 20 0.6513 0;0315 I.5093 0.4I65 1I3.026 0.630 30.185 8.33



1

T T2 z
Sponge iron & 80 -
Iron : ' t 32 0.9663
lefractories t 0.021I5
Incl, fireclay brick t  I20 0.0II8
silica brick aE I50 -
magnesia refrector. t 360 0.0027
fired dolomite refr. t . 200 - 0.0070
Lime t 35 0.II6I
fectric ferroalloys % 260 - 0.0I74
BOF steel t 60 1.161
BAF steel ot X -
Hot~rolled sheets t o0 I1.05
Cold-rolled sheets t 190 I

Total



1 C I 9

T N T 4 T T I
0.0683 I.I6I  0.2903 - 6.464  92.88 23.224

- - 0.0593 31.56I6 - - 1.8976
0.0722° 0,0722  0.0673  3.768 1I3.544  13.544 I4.572
0.0349 0.0349 ~ 0.0325  I1.4I60 4.I880 - 4.I88 3.¢
0.0007 0.0007 = - - 0.084  0.084 -
0.0I22 0.0I22  0.0232 . 0.972 4,392  4.392 8,352
0.0244 0.0244 0.0T16  1.400 4.88  4.88  2.32
0.I277 0.I277 0.I335  4.0635 4.4695 = 4.4695 4.6735
0.0418 0,04I8° 0.04I8 4,524 10.868  I0.868 I0.868

- - - 69.660 - - -
I.I6I I1.I61  I.I6I - 92.88  92.88 92.88
1.05 1.05 = I1.05 . 52.50 52,50  52.50 52.50
1 I I 10 190 190 190

602.598. 486.22I 672.988 523.086

*06
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Taulae 31

Determination of complex capital expenditures ($/t) for production of section structural alloyed steel

- TComplex expenditures of raw materials, Complex capital expendltures,

T
! Unit j Direct j energy and semiproducts, when usin; when using

sxpenditures | { of capital

|measu~| expendi-!

-

0.0843

trement;tures, — 1 L ‘ o
; !oi/gggf l nggl !nAR_a&ggﬁ~gg~§Qg_P%%ﬁﬂg%_“l BOF l'gAF stee? on the}giieogf
oo peeent | Sorap | Sponge SRONED ; SPeOl | SRR 4 AN RO
! ! ! / iron 16t of | ! ! 1795 of
2 3 1 5 T A ¥ T ) R
Fuel t of coal I.II?3 0.358 0.70¢9 0.488 72,759 1I7.I87 5I.976 26.6426
Incl. natural gas Thoead 93 0.2486 0.095 0.5555 0.2240 22.374 B8.865 49,995 20,160
coke % 100 0.4244 0.0427 - 0.0324 42.44  4.27 - 3.24
Own electric energy Th.kwh 30 0.09576 0.I758 0.I739 0.0296 2.8728 5,274 . 5,217 0.£88
Outside electric enmergy " 25 0.6638 I.06I4 I.8096 1.2882 16.595 26.535 45.24 82.20
Scrap ¢ 28 0.336  I.0903 - 0.8%0  9.408 30.528 -  24.u2
Thermal onergy Geal 4.0 0.07I5 0.0940 0.2765 0.084  0.2852 0.37%6 1I1.I06 0.336
Oxygen Thou.m> 80.0 0.25616 0.040 0.034I 0.0858 20.I28 3.20 2,728 6,864
Blast-furnace blast Th. tr.n3 2.0 I.7740 0.I557 - 0.I064 3.548 0.3I14 - 0.2128
Compressed air Mh.st.n’ I.5 0.0649 0.0709 0.0698 0.0765 0.0974 0.I064 0.I047 ©.II46
Iron ore t - 45  I.672 0.II9T 1.6352 0.5I5  75.420 5.3595 73.584 23.I75
Sinter - 25 0,999 - 0.0604 24.975 2.I076 - ' I1.5I0

*16
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1 2 1 3 4
rellets ' t 20 0.6283  0.0304
Sponge iron t © 80 - -
Iron v 32 0.95I4 - 0.652
Refractories B 0.0207. 0.0696
Incl. fireclay brick .. t I20  ©0.0I14  0.0337
gilica brick t  I50 - 0.0007
maghesia refractories t 360 '0.0026 0.0II8
firsd dolomite refractof. t‘ <00 0.0067 0.0234
Lime ot 35 ° 0.I12 0.I232
Blectric ferrdalloys t 260 0.0168 . 0.0403
BOF steel t 60 I.12 -
cAT steel % 80 - I.12
Section structural alloyed t 190 I I

steel :
Total



T T 7 T T CE T g 0T II
1.456  0.402 ‘I2.566 0.608  29.12  €.04
I.I2  0.26 - - 89.6 22.4

- 0.0572 30.4448 2.I088 -  I1.8304
0.0696 0.065  3.644 I3.077  I3.077 14.072
0,0337 0.0314 1.3680 4.044  4.084 3,768
0.0007 - -~ 0.I05  0.I05 -
0.0II8 0.0224 0.936 4.248 '  4.248 6.064
0.0234 0.0II2 1.340 ° 4.68 4.68 2.24
0.1232 0.I208 3.92  4.312  4.3I2 4.508
'0.0403 0.0403 4.368 10,478 .I0.478 I0.478

- - 8.2 - - -

112 I.I2 - 8,6 99.6  €9.6
B I 10 190 190 190

-

533.05 40I.168 606.048 457.79

4
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On the basis of the total data of Tables 25-31 a following

overall Table of complex capital expenditures for the production

of investigated metal products can be made.

Table 32

Total complex expenditures for the production of investigated

metal products { §/¢ )

Type of metul products

omrlex capital expenditures when using

~Complex ¢

———

BCF EAF~steel on the base of
ool |Tooray | pons® | 2% el Tron
=L p SCI

Heavy steel sections 411.0 284.8 475.0 333.3

Medium steel sections | 427.4 298.4 | 487.3 | 373.5

Light steel sections 416.6 301.2 484.1 353.0

Steel plates '582.2 454.5 646.4 495.8

Steel sheets 394 258.3 459.8 320.5

Cold-rolled sheets 602.6 486.2 673.0 | 523.1
Structural alloyed

.section steel 533 401.2 606.0 457.8

The values of complex expenditures indiceted in the Table

allow to ccnclude that the plates, cold-rolled sheets and seotion

structural alloyed steel ere of highest capital-intensity. This can
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be explained by a high steel cousumption for the production of these
types of metal products {(1.114, 1.161 end 1.12 correspondingly) which
leads to additionel considerable complex capital expenditures. A con-
siderable ferro-alloy comnsumption has a great influence on complex
capital expenditures for the production of section structural alloyed
steel. Depending on the metallurgical route the complex capital ex-
penditures are 40 §/t higher in case of EAF-steel on the base of sponge
iron. _

| There is a possibility to reduce the total capital intensity

by half if to import sponge iron, but in this case it is neceSsary

to search for currency reserves.

6. Influence of metal quality on technological complexity of

products in iron and steel and consuming industries.

The metal products quality improvement as a rule ha8 an in-
rluedce on increasing three discussed values of techncloglical com-
plexity indices of these products, but at the same time allows to
..reduce ccpnsiderable indices of technological ccmplexity in the pro-
duction of capital goods and in other 1ndusfries consuniing metal
products. | | _ | .

The problem of metal quality improvement is of the greatest
importance for any country, including developing countries because
the use factor of metal products in different industries consurcing
the metal varies within great iimits and equals on average to 0.8.
From the rest quantity of metals nearly.lsi is intended for the
insurance of safety factor whioh is necessary because of heiérbgené-
ity cf steel. Taking account of steel consumption factor for the
production of rolled products only some more thaun a half of the

total volume of produced steel is used in the form of fiaished

products.

-t
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measures in any definite case it is necessary to determine the re-

lationship betweer. the metal performance changes and its service fzatu-~

res (for example, betveen increase of pure and uniformity of the
metal and increase of its strengfh and safety, between inérease of
metal strength cheracteristics and reduction of its products iaass
and increase their service life, between change of geometrical form
of rolled products and reduction of metal working volume and so on).
The met.al products of improved quality are equivalent from
the point of view of their consuming characteristic2 to a greater
volume of products featuring ordinary quality. Besides, the econony
value depends on the process or utilization stage wrere the effeoct

of improvgd quelity is realired. This is connected with the fact

_that the valne of the embodied labour in the metal) mass unit is

increesed in the course of its development from the initial stage
of production to the final stage of coasumption.

Ir the effect from the improved quality is realized in the
prceess of metale-worhing and utilization of the metal prodact then
the’economy of the direct labour,-energy and c¢apital investments in
iron and steel industry as a whole is insured due faﬁ;;iativ;fgé-
crease of metal production, and in metal-working and machinery -
due to reduced volume of worked metal and due to reduced number of
produced machiues and equipment.

In this connection along with redistribution of these re-
gsources within the industry one should take into consideration pos-~
3ibilities of searching sdditional resources due to the economy
which would be received by industries consuming metal and mctal‘
products of improved quality. .

Metal products quality is characterized by a nucber of pro-

perties and therefore has no unique measuring instrument. In

e

-
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~ practice the most important metal property which is considered Cd
be most significant for a given purpose is distinguished as the
main one. The comparative assessment of metal quality can be per-
formed therefore on the basis of this main property (for example,
according to the strength) provided that all other properties =zre
within the permissible (for the given purpose) limits.

For éteels of ordinary grades, carbon apd low-cardon, as
well as structural end alloyed steels used for the production of
the investigated metal products, the main quality characteristics
are yield point and ultimate strength at static test (or fatigue
1limit) and auxiliary ductility (elomgation or impacf strength).

In the Soviet Union today wkben assassing the cuality of
ferrous metals as a rule orientaticn is made on the sharacteristics
stipulated by the standards. The standards for ferrous metals
stiictly ncrmalize the chemical composition of the metal, its me-
chanical properties (yield point, ultimate strength, elongation
or oompression, sometimes impac:_strength, bending test and others),
as for quality mstgl nqras for hardness, macfostructure, thermal
treatment etc. are-also eséablished. At the same time there are
more than 100 various increased requirements for the.metal quality
which can be united in 10 groups (Table}f). All these requirements
characterize the technological complexity pr metal products and
products of industries-cohsumars as well as in iron and steel
industry'and lead to the growth of complexity indices values.

- It is very important to determine the stage of production
where an impfoved guality effect is realized. This is coanected
with the fact that complex labour, energy and capital expenditures
-are belng increased from the initial stage of its production to
the final stage. For example, if imprcved steel quality results in

decreased volume of wastes in metallurgical processes, then the




' Classification of additional technical requirements for the quality

of ferrous metals and the nature of affect manifistaiion in their use

Additional requirements

Additional e:{enditures in the production of a highex

quality met

The effect of

( in comparision with metal cuality
Maetallic char- Production pro- Teohnology Losses
standard tequirements) ge coat in- cess coat 1ncreaae1 change . improvement
: crease
L 2 3 \ 4 5 6

Lowerihg in the 1li-
mits for Aulphur and
phosphorus impurities

- content

Lowering the content
of residual chrome,nic-
kel ,copper and others

Lowering or narro-~
ving the carbon content
limits .

Additional iequirements for chemical composition

Selection of

pure metallic
charge (with
utmost limita-
tion of the use
of pigs in the
charge)

Selection of me-
tallic charge
that ocontains
less ammount of

these elements

* Inorease of

heat time (For-
mation of Spe-
cial slag or
s8la; removal)

. Precimge carry-

ing out and
control of the
production pro-
ceas

Smelting in

eleotric furnace

inatead of open-
~hearth furnace

Complication of
the production
process,mors
frequent samp-
ling

Pogaible due
to separation
ot the metal
that does not
meet the -
strict speci-
ficationa

Ensuring high re-~
liability of pro-
ducts due to good
metal homogeneity,
Improvement cf wel-
dability and cold
resistance.

Inproving steel wox
kability during pa-
tenting and cold
stamping

Lowering tho limit:
of mechanical pro-
perties variations
after heat treat-
ment

L6

s am e e Y aemron o ——
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=

1 3 . 5 [
Increasing the con- " Additional Improvement of strength
tent of alloying ele~ oconsumption -— — ductility,duratility an
ments of forro- metal saving during uac
’ alloys and

Additional check ana~
lysis of chemical ocom-
position of final rol-
led products

Additional strength
and ductility tests

Booating the standards
on strougtlh and ducti-
le properties

Increasing the size
of control work

alloying ele-

ments

Direct expendi-
tures for the
check analyols

. Pogsible due

to separation
of the metal

-that does not

meet the .
atrict specl-
fication

mechanical properties .

Additionel reqguirenents for

Expenditure for
preparation and
tecting of spe-
cimens

Narrowing the

content limits
of carbon and

others

Expenditures
for the prepa-
ration snd test
of additional
spaecimens

Pogsible du-~
ring ordinary
operations

due to opor-
ting out heats
not meeting
the strict
standaxrds

Due to metal
gorting out
in increeasing
the size of
teat work

Ensuring high metal ho-
?ogenoity end reliabili
y \

Ensuring metal homoge~
?eity and high reliabil
M g

Improvement of the
strength and duoctility,
metal saving during use

Ensuring high reliabili
ty of the metal




1 . 2 3 . 4 5° . 6
Additional requirements for purity and homogeneity
‘racture test for de- IEnsuring high Improvement of Due to metal "Ensuring high reliabili-

.ermining fibrousness
£ structurae

standardization of mac-
‘ostructure acoording
;0 numerical refexrence
:talons

jon metallic inclusi~
ng standardigation

lair orack standardi-
:ation during tests on
;pecimens (by gradual
urning,magnetic me.-.
:hoda or others)

standardization of de-
‘ects detected by the
1ser on ready parts
.hair cracks

quality raw
materiels

Selaction of
ingot of :
stxioctly defi-

" nite mass and

sghape

Ensuring high
quality raw
materials

the production
process,high
qualified per-~
sonnel

Precipe condi-
tions of mel-

ting and caating

(specifiocation
of temperature
and speed)

Right proceas

tachnology,striot-

ly defined ingot

mass,obligatory
obseirvation of
temperature and
slag conditions

Specimens oon-
trol

In case of verxry
strict require-

ments it 18 ne-

ceassary to
change the pro-
cesa technolo-

. &y right up to

the use of slag

'and vacuum re-

melting

sorting out

Due to metal

sorting out

Due to sor-
ting out of
the metal that
does not meet
specified stan
dardo for spe-
cimens

At the expen-
se of payments
for sorting
out parts abo--
ve agreed norm

ty due to the decreasse
in brittleness

Ensuring metal high
reliability

Improvement off surface
?uality of woirked parts
polishahili+¢;’) and lo-
wering costs of proceas-
sing at the unsers premi-
8e8

Ensuring high reliabilit
of superduty nteel and
improving the surteace
quality of wosked parts

= (polishability)

ditto

- -66




Ultrasonic inspection

Determination of the .
gases conient

Increasinz the sige
of work in macrostruc-
ture examination

Microstructure atan-

dardigzat.'on;pearlice
shape

Carbide network

Steel grain

Ingpeciion at

"the metallurgi-~

cal plant and
at users preme-
8is

Expenditure foxr
additional tests

Bxpenditure for
specimens num-
bexr inorease,
for their prepa-
ration and test

At the expen- Improvement oi the ra-
se of paymenta 1l1liability of highduty
for porting ateal before neking
out the metal parts from it

et the metal~
lurgical worka

Improving the reliabil
— ty of gteel tireated in
. vaouum,etc.

Poesible due .. Fnsuring hi reliabil
to macrogtruc- ty of the sgteal

sure rejocti-

on

Additional requirements for miorostructure and decarburization depth ,

Deoxidation
control,usu-~

Technology 1m;

provement,ade~
quate hea% freat-
ment

Obsexrvation of
cooling-tempera-,
ture gchedule;mo-
re correct fini-
shining tempere-
ture .

Precise carrying
out of the pro-

ally with alu~ duction process

minium

Due to sorting Improvement of proper-
out of the me- ties uniformity and wo
tal that doeas ablility of tho ateel
not meet:the

strict stan-

dexrds

" Due to sortiing Improving steel toughne

out of the me- and ensuring higher re
tal ©. not liability

‘meeting i

specirication
(for more ro-
und sections)

Due to sorting Improvement of proper
out of the me- ties uniformity of th
tal,not meeting #&teel and decreasing
strict stan- diagto:rtion o parts d
dards ring juenching
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ol - phase Higher nickel Due to sorting Increasing steel ducti
content and — —_— out of the me- ty in hot working and
lower chrome tal,not meeting suring non-megnetic pr
content sho- strict stan- perties of it
uld be used dards
Boosting microstruc- Improving tech- Bnsuring higher reliabdb
ture standards —_ nology with adeq- -— ditto 1ity '
uate heat treat- .
ment
Depth of decarburiga- Precise observa- Expenditures Due to sorting The possibliliity of ap

tion layer

Hardness penetration
guaranty

Hardenability
ranty

gua-

Standardization of the
tendency to intercry-
stalline corroasion

Standardization of - the
tendency to graphiti-
zation

tion of the pro-
duction proceass,
additional cont~
rol

for technologi~
cal process com-
plexity in
heightening the
requirenents

out of the me-
tal,not meet-
ing otrict
t tandards

Additional requiremehts for physical properties

Narrowing the
limits of re-
sidual chrome
content

Carefull develop-

ment of the pro- .

cess,narrowing
the limits of
carbon content

Strictly defined
chemical compo-
ait;on

Observation of
soaking time du-
ring annealing

by decreasi
tﬂe charge ne

Due to sor-
ting out of
the metel,not
mecting strict
standarda

Due to sgor-~
ting out of
the metal in

certain cases

Due to metal
gorting out
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pPlying cheaper treat-
ment and reduction ir
wastes at users premi
ses owlng to less all
wances

Increase in the durat
1lity of producis of ¢
sumer enterprises

Increase in the durat
1lity of projucts of «
sumer enterprises

Ensuring stee? resisi
ce to intexrcrystallix
corroaion

Ensuring high reliabl
lity of the steecl
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tlagnetic properties-
-lowering the upper
limit of coercive for-
ce in low-alloy elect-
rical steel

Increasing the lowerx
limit ef coexrcive roxr-
ce and residual in-
quction in magnet
ateel

lielting of steel with
ladle treatment with
liquid synthetic slags

Steel melting with sub-.
sequent remelting

Steel melting with sub-
sequent remelting in va-
cuum are furnaces

Due to metal sor- Boosting the require

ting out

Due to metal
sorting out

Additional requirements for manufacturing methods

Lowering in the
costs of the
production pro-
cess by reduc-
tion the time
of electric
melting

Direct expendi-
ture for the uze
of synthetic
siag,taking iato
account electric
smelting speed-
ing up

Additional

Direct expendi-
losaes firom

tures for elact-
roslag remelting melting los-
and additional ges and wag-
costa for hot wor-~ tes

king of the steel

Diract expendi- ditto
tures for the va-

cuum-are remel-

ting and additi-

onal ccats for

the hot working

of steel
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electrical »propertie

Boosting thae require
electrical propertie

Improving metal reli
bility due to loweri
in sulphur content,d
creage in halr crack
and non-matallic in-
clusions

Boogting the reliabi
ty of superduty stece
owing to decrease of
non-metallic inclusi
ong,improvement of m
rostructure and boos
ting the mechanical
proporties

Boouting the reliabi
ty of superduty stee
owing to the decreas
in non~-metallic incl
glons,improvenent of
macrostructure and
mechanical propertie
and lowering the con
tent of gasesn

“on
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Steel melting in va-
. cuum induction furna-
ces

Steel melting with
subsequent double re-
melting

Improvement of surxrfa-
ce finishing (grin-
ding,polishing,etc,)

Roughing ,planing,
brightening

Pickling

Ensuring a
high quality
charge

Direct expendi~ Additional los-
tures for vacuum gesa from melt-
induction remel-~ ing losses and
ting end additi- wastes

onal cogts forxr

small ingots pro-

cegaing

Direot expendi=
tures foxr the
double remelt-
ing and additi-
onal costs for
the hot working
of the steel

ditto

_Additional requirements for surface and appearance

Direct expendi-
tures for fini-
shing ‘

Losses due to
wagtes during
roughing or

planing

Direct expendi-
- - tures for rough-
ing or planing

Losses from
processing
loaa

Direct expendi--
tures,differen-
tiated according
to the type of
rolled productsd
and steel group

Bcosting the reliabili
of' superduty steel by
decreasing ron-metalli
inclusions and lowerin
0.2 the content of gasc

Utmost booating of the
reliadbility of superdu
ty oteel due to the de
creage in non-metallic
inclusions,improvement
of macroptructure and

mechanical properties

and lowexring the conte
of goses

Cogts reduction of met
working at usera and i
provement of appearanc

Decreasgse of vwasgtes at
ugers preminoes

Costs reduction of me-
tal treatment at users
premesis and improve-
ment of suxrface qualit
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Heat treatment
Normalization or Direct expendi- Loases due to Equalization and boos-
anncaling - tures,differen~ treatment ting of mecheanical pro-
tiated accor- loss pertics,improving stecel

llcat herdening

Determiration of stan-
dard or multiple
length

Accuracy improvement,
minimum curvature,huc-
kles,camber

Complication of

the technology

because of the
quenching end
subsequent tem-
pering

ding to rolled-
products kind

and type of treat-

ment

Direct expendi-
tures,differen-
tiated accor~
ding to kinds
of rolled pro-
ducts and type
of treatment

( with special
or rolling pro-
cess heating)

ditto

Additioral requireménts for dimenaions and accu.ucy

Costs increase
due to.more

strict require-

ments for sur-
face qualivy,
reduction in
rolls service
life

Increapge of
wagtes during
cutting (above
normal proces-
sing wastos)

Sorting up is
possible in ea-
se of sgtrict
standexrds

treatment

Improving st.rength pro-
perties of the steel ar
its seaving

Decrerase in wastes du-
ring steel Jrocessing
at users premfses

Costs reduction in me-
tal qorkina‘at usgers
premises

2
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iAdditional-requirements for marking and packing
Wdditional stamping — Direct expen-

—_— _— Loss prevention at user.

wnd marking ditures premisca

“1aprovement of contain- —_— Ditto — — Ifmprovement of steel pn

.:rg,packing,coating servation in handling =
storage

Cna
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effect is summerized mulaly IToa eccpomy of eipenditures in steel-
making and rolling processes.

The utilization ' in machine-building end construction of
metals characterized by higher strengith properties and more ratiomal
rolled metals ranges insures their reduced consumption, increased
labour productivity and thus reduced manufacturing and constructionl_
costs. The vtilizetion of machines manufactured from the metal of .
improved gquality will reduce operating costs and will allow to
minimize the machine stock, energy capacities and so on. Thus if
the effect from the improved quality is realized in the process of
metal working and operating of the metal products, then the sum-~
merized economy in labour, energy and capital expenditures is in-
sured as a whole in irom and steel industry as a result of relative-
ly reduced metal production, end in metal working and machine
building due to reduced volume of metal being worked and reduced
number of machines «nd eguipment being'prcduced.

The efficliercy of the utilizétion of the improved quality
metal is generally resulted in J-crecased yield in iror and steel
industry and in efficiency of the use of ferrous metals due to
their decreased losses with wastes as well es In reduced volume
of metal-intensive rrcducts, in increased safety and exteanded pericd
of their life, in other improved operating characteristics of the
machines and products.

The character and stages of the efficiency evidence have
" their sp2cific features.

1. If the effect 1s realized in the p-ocess of metal-worxing'
arnd the operating properties of the products made from the metal
" 0? improved quality do not change, then the result will be in re-

duced metal consumption and volume of it3 working in aetal working
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industries. For axample, the application of rolled sections of
additional intermediate sizes, steel sheets in colils instead of
sheets and so cn allows to reducé metal losses due to wastes. In
this conn=sction the demand in metal and its working operations are
reduced and hence required capival investaments and current costs
in metal working industries per unit of this produoct are also re-~
duced.

2. The use of improved quality metals (low-zlloy steels, theramal-
1y strengthened rolled products, enlightened bsams and channels,
formed sections and others) makes it possible to decrease the mass
of 1 metre of reinforced steel rods, coastruction steel structures,
pipelines, machines and others per unit productivity. In this case
if decrease in weight of metal products does not affect their opera-
tional characteristics (e.g. whilz producing fixed steel structures)
the effect will be expressed in decrease in the meﬁal demand and
lower volume of its processing [6].

Relative characteristics of metal proddcts quality are ths
coefficlents of metal saving. These coefficients show the quantity
of conventional metal products intended for replacemeat to be saved
with the use of .. tonne of improved quality instead of metal products.
With the help of these coefficiesnts the effect of the contemplated
upgrading of quality on the latended outputs and consumption of
ferrous metals. '

The totel gaving of metal as a result of the extension in
the range of rollé& producte and enhancing quality of metal products
is determined as the product of particular saving coefficient on the
outstripped increment of the proper types of improved yuality metal.

In the USSR the mean value of coefflicients for every item of

improved quality products is determined on the basis_or the saving
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dewand ia Linese products of

coefflislants
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spéciric industry.
For every item the saving coefficient i3 determined as a

welghted meaﬁ,valus according to formuls :

- &
hf9=§f591.;,1 f mgz-?z*... ‘I'ﬂaisw. . (9 )
where C31;£92;[;g-coefficients of saving in various fields of the usc

of definite typs of improved quality metal.
9 5 95 4 - shares of incorements of every field in the total
volume or'demand in the given type of metal.
The methods of coefficients calculation are differentiated
depending on the trends of actual saving of metal :
1. Decreasing the welight of products ;
2. reduction in metal intensity of a product using high-guality
metal.
3. raduction in quantity of netal wastes when machining the articles
4, increase in durability of articles as & result of |
- short-term use with service life less than one year ;
- long-term use with service life more than one yeaer.
Defipition of metal savipg in reducing the weight of an article
on account of increase in strength properties cf metal or use'or
more ration2l sectioas is based on the principle of equal strength
replacement. For every concrete case the principles of equal strength
are used in different ways : in some cases it it achieved by camparing
metal consumption for an article, in others - per unit lerngth of
rolled product. In this case the coefficient of metal saving is de-

termined according to formula :

Qs
= _ ( 10 )
,‘:9 @2 j
where Ql - welght of erticle made of wetal of previous quality,t.

C

o = weight of article of improved gualivy, ¢.
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The coefficients of saving as & result cf using the metal of
improved strength properties have substantial fluctuations due to
different extent of use of properties depending on purpose'and condi-
tions of operation. |

Hence, the actual saving of metal, as a rule, is less than
the value obtained by the use of relationships between indices due
to failure to coincide the calculated shape-sizes, e.g. section steel
with the actuzlly produced shape-sSizes.

Besides, the actual value of metal saving is influenced by
the character of load of structure elements (tension, pressure,
bending, mixed deformation as well as'relationship of strained, com-
rressed, bended-and other elements in various structures).

The calzulated section area of tension elements (F) is de-
termined, without rega®*d to their length, as rer locad value (P)
according to roimula :

=F (11 )
where R ~ calculated resistanpce, kg /cm2 .

When working for compression @

F ==x (12)
where U is coefficient of decrease in permissible stress for compres-
sed rods.
This coefficient is taken acéordigg to predetermined standards
depending on the bendability of elements.
In case the eiements work for bending, the metal saving is

determined as per calculated resistance ( R ) :

- M
R =7 (13 )

where M is bending moment, kg/sm .

W is moment of resistence to bendiﬁg, sm3.




In the tensiled elements of structures the metal seving, in

comperison with the increase in yield limit, is less by 15-204. In "
compressed and bended elements cf structures the effect is decreased
more. In compressed elements the effect 1s approximately by 504 less
‘than ipn tensile elements and in bended elements by 254.

On the average, the increase in metal saving is less than .
the increase in yield strength by 40-5GC%. |
The eveluation of metal saving when using higher-strength
reinforcing rod steel is based oa equal streﬁgth of 1 m. of reinforced

rods.
The quantity of reinforced rods of various grades ( T ) can
b: expressed by the given quantity of steel of any grade of con-
ventionally eyuivalent strength which is determined by formula :
T; =Knp xT (14 )
where K}P — is coefficlent of transformation.

This coefficient is equal to

K"P" Ra, XKnx Kn

i Rat + Knz* Kme

where Ka -is calculated resistance, kg/sm

( 15)
2
Kn — Ls coefficient of strength utilization.
K )y —18 coefficient of metal usilization.
The saving of metal is determinedvas follows :
in tonnes Im= Kn,o'.{
Knp
in per cent 9,.,=(f— K'nf"‘ ( 16 )
If the use of metal with higher level of properties allows

. to incredse equipment efficiency, then coefficient of saving should

be calculated according to forwla :
K - PN!.'!‘-; "pMz. - pﬁi"‘é ‘{
3= -

1
Pms - (17)
where ;%ni ~ 13 consumptior cf meatal or former quality per an article

'ng - i3 consupption of metal of improved gquality per an
article. '
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o, — 1s coefficlent of equivalence showing the cuantity
cf finished articles of former quality that is equiva-
lent to the quantity of "finished articles" of new

quality.
The coefficiert of equivalence is calcuiated as follows :
Qu
dg = —Q—c (18 )

where . - is annual output of a "finished article™ produced
with the use of improved quality metal. | -
@ - is annual output of a "finished article" produced
from the metal of ordinary qual;ty. .

As a result of icprovement of a range, shapes and sizes of
products the quantity of wastes and savings in metal processing is
decreased without changing the weight of products. The metal saving
in this case is determined according to the difference between rates
of consdmption of imported metal of conventiorcel guelity in accor-
dance with formula . | |

Ko = sz"Pnz:_. Pmq -4
3 Pra Pma (19 )
where F%wl-is consumptior of metal of conventional quality

per article, t
Pz ~ 18 consunptiop of improved quality metal per
article, %
The evaluation of metal saving as a result of the increase
in durability of an article has its own specific features. As a
rule, the increase in durability does not lead to the changs of
specific rates of metal consumption per article or any other measure
unit. The increase in durability generally results in the decrease
of consumption of metal intended for repair and maintenance purposes.
B With the durability of a part or an article beiné less than

one year tLe -economy eocefficient of saving is determined by the

following fcrrula :
- T

Ka—',Tl

-4 | ( 20 )




where Ka — 1is a coefficient of saving, t/t ;

(4

2 - is a durability of ar article when using improved
quality metal, t/t ;

77-— is a durability of an article when using metal of

former quality, months, é

The peculiarity of evaluating metal saving with the increased.
durability of an article of long-term use with the durability of
more than one year is that the achievement of this saving does not
go in time with the use of improved Guulity metal.

The metal saving for every year can be determired as dif-
ference between ﬁ

a, metal production output needed in a particuler year for
changing articles if their durability does not change and

b. metal production output needed for the chagge of articles
with higher durability that should be chenged in a particular year.

The metal saving for e%ery year is determined by equation :

3=Ar ;- 74'T-t£ - (a)
where A - is the output of improved quality metal ;
T - is the year for which metal saving is determined,
'i - 1s durability of articlec made of traditionzl metal ;
tl-is durabllity of articles mada of higher quality cetal ;
7:{;'7111 are indices of years for which output is taken.

For evaluating the influence of improvement of metal product
quelity on the indices of its technolcgical complexity it is nece-
ssary o have the values of coefficients of metal saving.

It 13 expedient to dweil on somre example3 of quality lmprove-
ment. '

The use of rolled products of low-alloy steel inéures con-

siderable metal saving. Low-alloy steels are characterized by higher




strength properties as a rule good weldability, ability for

bending and forzing, bigher corrosion-resistance strength. It is
expedient to use it fcr more loaded elements of structures.

In the USSR the most widely used grades of low-alloy steel
with the yield point of 33 and 40 kg/ma® are ¢9f 2C, 142,

10" 2C1, 15iCHN, 10XCHR and others. These steel grades are generally
used for main base structures and eleceats of constructions and
buildinge instezd cf nof:al grade steel CT3 insure the metal saving
of about 17% (0.21 t/t). The saving of steels with yield point of

45 to 75 kg/mm2 can make up in comparison with steel CT , 35-40%
for the main bearing structures of buildings and constructions.

The use of low-alloy steel rods for prefabricated and mono-
lithic concrete structures gives saving of metal in ccmparison with
steels of conventional guelity by 0.275 t/t.

The use of low-alloy steels for hot-rolled sections for
wagons makes up 0.126 t/t and for creets - 0,18 - 0.22 t/t. The
coefficient of saving on account of the use of these steels in the
USSR accounts for 0.l4 t/t in wagon building, O.lé.t/t in diesel
locomotive building, 0,224 t/y in metallurgical engineering,
0.231 t/t ia hoist-transport machine-building, 0.110 t/t in
mining machine-cuilding, 0.16 t/t in coal machine-building, 0.15 t/t
0.14 t/t in chemical and petrochemical machine-building, C.16 t/t
_in construction and road machine-building, 0.20 t/t in automotive,
tractor and agricultural industries, 0.16 t/t in ship-building,
0.18 ¢/t in epergy machine-building, 0.1 t/t in other industries.
The complex labour, energy end capital expenditures are increasing
while changing steels of conventionel quality for low-alloy stesls
less than 5%4.

One more method of metal saving by conaumers is-¥hermal

strengthening of rolled products that lies in intensive cooling
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of metal heated up to a hardening temperature. There are several
methods of thermal strepgthening: tempering for flat and long pro-

ducts, strengthening of reiuforcing rods with the use of rolling

heating etc. : ;

Thermally strengthened rolled products are used for manufac-
ture_of bulléing metal striactures, rods for reinforced ccacrete
and machine-building. The utilizetion of low-alloy end carbon
thermally strengthened steel with yield roint of 29-40 kg/mm2 sdves
0.126 t/t or metal. , '

When using low-alloy thermally strengthéned long and flat
rolled products in the welded span structuvres of bridges the econo-
ry for the substituting parts will comprise 0.28 t/t.

Hovever, according to the figurss calculated by experts,

60-120 dollars/t ere required additionally in the complex capital
expenditures of rolled products faor carrying out thermal strengthen-
ing and other kinds of thermal treatment. But taxing into account
the obtained saving in the consuming industries and decrease in the
total output of metal it fully proves its value.

The average metal saving fram the use of thermally strengthened
rolled prcducts amounts to b;l7§ t/t of flats for tke ceastruction
steei structures, 0.28 t/t for transport machine-building, €.25 t/t
for autcmotive industry, 0.181 t/t for héavy end tractor machine-
building and rods, 0.277 t/t for reinforcing steel and 0.207 t/t
of long products for maéhine-building.

- OAe of the most efficlent waye of decreasing wastes is tﬁe
usage of dle-rolled sections made by helical rolling. The metal
savipg obteined frem using these.sections amounts on the averagse
_to 0.13 t/t incluéing for heavy, esergy and transport mgchine-

builéing ~ 0.122 t/t, automative industry - 1.109 t/t, tractor




and azricultural machine-building - 0.206 t/t, construction, road
and community machine-building - 0.236 t/t, electrotechnical in-
dustry - 0.139 t/t: |

The metal saving from using cold-rolled sheets instead of
hot-rolled sheets camprises saving on account of more -rigid tole-
rances (3-4%) and possibility of using thinner sheets in place of
hot-rolled sheets (15-17%). Bence, the average saving is evaluated
at 204, and the coefficient of saving is 0.25 t/t. Thus, the great
complex labour, erergy and capital expenditures for the production
of this type of iron and steel industry products is Justirfied frcm
the point of view of reducing tctal expenditures for the whole
économy of developing countries.

The coefficient cf metal saving due to wider use of hot-
rolled sheets of 1.2 - 1.8mm and 2 mm thick in comparison with
the use of sheets of wider range of thickness amounts to 0.25 t/t.
‘ The use of coiled rolled products allovs to reduce the con-
sumption of metal on account of imprcvement of cutting out and
related decrease in wastes.

In electrotechnical industry the use of colled steel makes
1% possible to save 5 - 8% metal, and in automative industry - 5%.
On the average the coefficient of metal saving from the wider use
of steel in coils is C.05%. When using this metal the labour in-
tensity of cutting werks decreases by 35-40%, and a great number
of cutting-out equipment is released. The use of colled rolled
producté craates also favourable conditions for 1n£}6ducing auto-
matic ferging.

The largest demand in coiled steel is observed in autama-
tive industry, egricultural, tractor and electrotechnical machine-

building.

_




116.

Conciusica

The conducted research allows to determine the technologi-
cal complexzity of the products of the iron and steel industry by
3 indices : complex labour, energy and capitel expenditures re-
quired for this product which give the possitility to determine
tte strategy for seiting up and prcgress of the irom andi steel
industry cf develcping countries, reguirements in latcur resources,
various icfinds of fuel and epergy end capital investments. In the
research . attention is attached to the influence of level of
product quality on the complexity of ics production in the iron
and steel industry and utilization in other industries of economy
of develcping countries, The distinguishing feature of the study
is the determination of lebous, erergy end capital expenditures
for the production of impcrtant types of metal products with due
regard to the most cheracteristic techrologicel routes in the
modern iron and steel inmdustry.

It has been found in the work that the simplest route for
introduction is the process one vith melting TFAF steel on the
base of scrap, but for this it is required to use sufficiently
lerge quantity of scrap and that is difficult tc carry out ia
the develoring countries which have low volumes of the metal
fucd.

The import of scrap requires high expenditures in currency
and this is not an effective solution of the problem of settiné-up
the iron and steel industry. Besides, the excessive import voluzes
could mcke the developing zountries dependent . . economically on
the developed countries and could not contribute to the achieve-
ment of their political independence. The use of at least 25%

of sponge iron in electric furnace charge makes the nosition




easier. All three indices of technologicél complexity of this

process route have comparatively low values and can be carried
ou¢ in the developing countries with considerable saving in
labour, energy and capital expenditures in comparison with the
classical route (blast-furnace - basic oxyzen urnace) and the
route based on the use cf sponge iron for charge of electric

erc furnaces. The realization of the later technological route
leads to the highest values on the retal products under investi-
gation. However, it should be mentioned that the calculations

of experts are based on thé teatative aversge values of direct
labour, energy and capital expemditures. in practice, depending
oo the capacities of iron and steel works to be set up these
values cen be changed to ome and the other side. The natural re-
sources available in various developirg countries also play a
great rcle.

For instance, when consideratle resources of rich iron
ore and natural gas are available and their prices are relatively
low the devélopment of steel iron and steel industry on the basis
of direct reduction prrocess can score significant adventages.

The systeh of comrlex labour, enérgy and capital expendi-
tures makes it po3ssible to assess bcth totally and by 3tzges the
demand in amanpower, to ildentify the requirement in the number 6r
higher and secondary education speclalists and the requirements
in ail kinds of fuel, energy and capital investments. Thus, for
a works.with a capacity of 1 mln t/year of steel sections opérating
with the use of tbhe route "blast furnace - basic oxygen furnace”
it will be recessary to have 5,000 viorkers, 300 engineers and

600 technicizns, tc consume l.l mln t of primary fuel in coal

equivalent ; the construction of the works will demanda 400-5C0 min §.

’

ol .
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In case with a works of the similar ocutput producing cold-
rolled sheets in accordance with the same technological route the
above mentioned figures will be inﬁreased correspondingly up to
8,000 workers, 450 englneers, sbout 1,000 technicians, 1.25 mln &
of primary fuel and 600 mln §.

When the technological route is based on the use of electric ’
arc furnaces operating on the sponge iron the above figures will
‘be increesed by 25%.

The develoring countries will benefit a great deal 1if they
use the system proposed by the Soviet experts for the determination
of carplex expenditures for raw materials, energy and semi-finicshed
products required for the prodqction of intermediate and final
products. This system allows to observe certein ratios vhen calcuiaﬁng
the requireménté of the indicated resources, to meke calculations
with the elimination of same technologlcal steges and substitution
of some kinds of fuel by others, to establish ratiomel relation-~
ships between certain kinds of raw materials (pellets, cinter, pre-
reduced pellets and soc on.;} Finally, this system allows to deter-
mine with the use of direct labour and capital expenditures proper
ratios when calculating the requirements in these resources.

' Taking into consideration concrete conditions‘of the deve-
loping countries the technological complexity of iron and steel
industry products which is determined by three indices comprising
camplex labour, energy and capital expenditures can be varied '
witnin rather wide limits. Tt: values of these indices obtained
by the experts on the basis of average data are necessary for the
arientation and approximcte calculations, the final calculations
must be perforred with due corrections of initial data. .

wnile making these calculations it 13 essential to know the




technologicel complexity of the production methods used by metal

proddct consumers including suppliers of equipment and machines
for iron and steel industry. It is worthwnile to obtain Lereafter
the unified indices of technologiceal complexity ir all branches

of the national ecoaomy.bTotal lsbour, energy and capital expendi-
tures can be used as these indices. These expenditures are of

the same nature as complex expendituree, but embrace a wider
range of industries within the limits of the national eccnomy.

The merit of these indices consists in their reality and
high utilization significance.

The development of iron and steel industry is connected
with a wide range of problems, concerning technique and production
technologies, rroduction organization ard Eontrol, social problems
end,fipnally, finzncing problenms.

The priority of production costs and financing ié cf zreat
’mportance for the developing countries. .

The development of_;ron and steel industry in the developing
countries tcday is going on due to various financing forms :
state, private and complex. The most reliable and objectively
sound form is the state centralized financing which contributes
main.y to the independence of the country.

The participation of the state in financing corresponding
programs on plan basis provides for the proper orientatisa in
the development of the national economy, end particularly of
iron and steel industry, in developing countries with due consi-
deration of the national interests.

It should be ncted that as a rule in the developing
countries there is not production base for the constrpction of

necessary equipment and for this reason they have to address




industrial countries and to buy the ejuipment on credit. Under

these conditions industrial countries must play their positive

role either in one form or another.
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