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TOE ENERGETICS OP IRON AND STEEL PLANTS' A/ 
Evolution and application to developing countries 

by 

Jacques Astier and Paul Dancoisne, 

Prance 

SUMMARY 

Introduction:     Evolution of the energetics of iron and steel plants over the 

last  few years,   with average total  energy consumption figures per ton  of steel 

and breakdown of this consumption  by source of energy. 

Estimates of the  energetics  of modern plants using the most  recent techniques, 

for:   (a)   Blast   furnace 

(b) Electric pig iron furnace 

(c) Prereduction,  using oxygen-blast or electric furnaces. 

Application of the foregoing data to the concept of an iron and steel plant 

based on the use of coal (coking or non-coking), with a short examination of the 

possible  use  of charcoal. 

Application of the same data to the concept of an iron and  steel   plant based 

on the  uso   of  1 Litio,  or gaseous  hydrocarbons. 

*    This   is  a summary of the   oaper  issued under the same title as  ID/WG.I4/27 

l/ The views and opinions expressed in this paper are those of the authors and do 
not necessarily reflect the views of the secretariat of UNIDO. The document is 
presented as submitted by the  author,  without re-editing. 
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Application of the data to the concept of an iron and steel plant based on 

the use of electric power. 

Some remarks  on the  possible advantages of dividing an iron and steel  plant 

into an ore  production works .and a smelting and rolling works. 

Possible   advantages  of such a line  of action  for developing countries as a 

result  of transfers of investments and industrial   activities  from highly developed 

countries to  developing areas where there  are iron ore  deposits. 
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Introduction girine the evolution of energy  balances of iron and 

•tool works during the leat years, and the mean values of total oner.j coi>- 

•uaptlon per ton of steel,  aa well as its distribution among the various 

sourcss of energy. 

Provisional energy balance of modern works usin¿; the newest techno- 

logy and baaing on blast furnace, electric ironmaking furnace or pre-reduction 

«itb oxygen or electric ateel plant. 

Application of the above mentioned data to  the deaign of an iron 

•ad ateel ecaiplex oaaing on coal, coking or not, with a  brief diacuaaion of 

the caae it ahould be desired to use charcoal. 

Similar application to an iron and steel complex which would bane 

OB using liquid or gaseous hydrocarbons. 

Last application to the caae one would baae an iron and ateol oon- 

plax oa using electrical power. 

Haoarka about the expediency of dividing the   iron and steel conplaa 

iato an ore preparing worka unit and a smelting and rolling one. 

Interest of such an evolution for developing; countries, as resul- 

ting of investments and induatrial activities bein& transferred fron highly 

«•vsloped oountriea to developing ones where there are iron ore deposita. 

ÉaHllfeMaattfllMail^gaklMlMB 
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IHTRODUCTION 

Ito ««rgy balance of iron and Bteel plants in the whole world took 

duriM the last year« a course the nature of which is illustrated by neana of 

mmm exea^i.e in Tables I and II. ftr the »can values by county as ¿rivon 

thsre, one vili note  : 

- first 'of all the steady decline of the quantities of enere consu- 

med to produce a ton of raw' steel  } 

- then,  further,  the chanca which, took place in the distri! ution 

of this consumption among the various energy sources : ti^re are 

substantially  : 

- an increase on the consumption of electrical power and of 

liquid or gaseous fuels, and 

- a decrease of the consumptions of solid fuels and norc •paci- 

fically of coke  (or coking coal lines) 

It may be of intereot,  specially for iron and steel industrial pro- 

¿•eta in the developing areas,   to discuss : 

- at first the licita down to which thes«  consumptions are able to to) 

brought ; 

- and further the distributions to be considered for these ninioal 

consunptiona among the various energy sources. 

This last item is of special importance for developing countrieu, 

as «any of them lack coking coals, but instead of that,   they dispose of subs- 

tantial amounts of coala of various qualities, of liquid or gaseous hydrocar- 

bon« and of electrical energy. 1* shall therefore successively consider th« 

HaaMaal>1gajBBaMa 
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three cuei where, ovin* to plentiful local reaourcea, it is deairod to base 

an iron «od steel complex on : 

• coal, 

- liquid or gaseous hydrocarbon«! 

- slectrical power. 

Before discussing the three cases, we shall, in a first part, otata 

Um basic methods,and assumptions of our following calculations. 

To conclude this paper,   we shall discuss in the  last chapter the 

possibilities which,  from an energetical point of view, would arise  if the 

iron and steel compiei, should be divided into a reduction or jre-rcluction 

worka unit on the one side and a smelting and rolling one on the other aide. 

In the following exemplifications, unlike Tablea  1 and ?, we aliali 

consider total requireaenta, including those needtd by the coking plant, inso- 

far as this ia necessary. 

One will find in ktïilbuiX 2 the equivalente wa have aaauaed for the 

various energy supplies. 
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I - OAlEMPUTBD SCHEMES FOH 

THE VAKlüUS IKON AHI) STKiSL CofiPLtJüiS 

«. ^n .t fir.t „«11  «be enero »»»».. « -1»ted t0 the t0n 

Of .te.1. which « -»11 - for t» ««xiou, cases to ,« reviewed below   ; 

»„.„. .. ^11 -alder the ti-,., of rolli,* ,111. t-t .ill «"0 to lllus- 

trate those various cases. 

1  o i.nnirT ¡m-; "'" n i"kts ,acu'""jn BUT? "'^ w '>iir'Ei'5ïm 

HAW. 

The pro«•*,, realiwd on the field of burden preparation and of 

bl..t-furn.« uch»l«y a~ Wrrid«tl» -11 1•*. for -Itti* to review 

tk. «*.. » .»all content ourselves «th reetatin, data airead, obt^d 

.l-where  (,)  U) »d ^ ">'•"" "« «"^  fcJa"Ce* # relaUV6 *° ' 

- a modern coKin.' plant  (Table  ?)   ; 

- .interxng (i-ai,   ^    - neLLetizing (Table 4b)  of iron oree; 

< ,-r-r-   i.p suDDOsed to result   in producing the sintering w . .. i.  nwi,yr.   -o suppob«u 

«elf-fluxing or basic sinters ; 

- oxygen »tMl"aiting (Table  t»^ - 

*•     >    +-•*. th. factors used to convert the various Ut ue remind that Appendix ¿  state» the tactor» u»ea 

energetic supplies to thermitis. 
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TABLE 3 

BALANCE OF A COKING PLANT 

related to a ton of coke for blaat-furnace 

1                                                                                                 *      Inputs     \   uutputa 
1                                                                                                 \  (theraiee) \ (themies) 

1 Coal with 28 % of volatile component«                          x        „ „^     : 
j          t 380 kg                                                                    1*^1 

1 Cok« > 20 na  1  000 kg                                                             1                        1        7 000 

iCok«<20ani    63,5 kg                                                        t                      1          445 

t Tara                  48 kg                                                         i                     t          430 

t Banaol               16,5 kg                                                     1                     1           1G5 

1 Gae                    325 m3                                                       :                     1       ¿ 350 

¡ Heating of furnace a                                                            !           990     . 

t 3enaible heat of coke and by-producta                          :                      :           9J¿ 

s Various needs and loaaea                                                  <                      •'           30íJ 

t                                                                                             :      il ¿90     :      ;i ¿90 

: Various oonsuaptions :                                                    i 

t   - Electric power 35 KWh                                                1             96     « 

t   - Stesa 102 kg                                                              :           112     : 

l   - Prooesaing of by-product«                                         :            48     t 

Energy available as gaa 1 1  360 th   higher calorific valu« 

1 215 th   lower calorific value 
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TABLE 4 

iption for preparation of ths Vufdafl 

itt thermies for one  ton sifted self-fluxing sinter, 

prepared from hematite ore 

Table 4 a 

Solid fuel coke or coal-dust 

Igniting gaa or fuel-oil 

Elactrical energy 35 KHh 

gintariná¿| 

Total t 

490   themioa 

50 

96 

598 

Table 4 b 

ufAtt^igg 

Coaamption for heating - fuel oil or gaa - 

Elactrical energy 35 kWh - 

Total i 

¿90   thcmiea 

96 

348 

K.B.   Tba above stated conceptions do not involve any cruahing operation, 

that night occur. 

(•)    for instance 65 ki: of coke-dust. 
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v\m in 9«fifte 

(in thermies per ton of steel) 

Jata of                 1 Consumption 

I                                                 t          material balance        1 in Thercies 

1 See It iron                         t                  82<? kg                 : 
tit 
t Scrap                                  1                  260 kg                1 

1 Oxygen                                t                   41 •'                t 121 

1 Li*e and dolosità             1                    54 kg                 t n 
: Refractory lining             t                      4 kg                 1 1 

! Heating mixer                    t                                               1 u 
: Various heatings               t                                               1 75 

t Electricity                        :                    »kWh               1 P4 

1-oaeible re-entry in the case of gasea being 361 

t capted without combustion.                                              : 130 

1                                                      Net possible  :                   t ¿51 
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A. the blast furnace is by far the .oat important apparatus fron 

^, -v,„n  •n«id«r in Table 6 a certain nunber of the point of view of energy, we shall consider in 

•«riante as follows   : 

1.- using sinters   or pellets,   or,   to put  it more 

„actly, a .i.tu« of filets, classified ore, and basic sinters includi*; all 

fluxes, prepared on ^rate   ; 

¿.. sane  conditions as above with utilization of subsidiar,   fuel 

injection ; 

,.- a variant iavolvu«, ovcro»yg.nia>u »lut and a hi£h rato of in- 

action, in conjunction with a h*. bla,t tarature (t  >«•) an« cour.tor- 

pression ; 

4.- another variant involving loading a certain amount 

of prs-reduced ores. 

Startin* from these 4 variants and adding the needs of the stccl- 

„ork. and those of burden preparation, on. finds the total energy comptions 

as stated in Table  7. 

Taking into account both possibilities considered for the ;.roparo- 

*nof the burden, we oome to 8 oases. Wüh *. utilization of product, pr- 

oduced in the blast, furnace, one is confronted with new possibilities of va- 

riation according to the selected ,roceSses. We have considered here only tw 

of the. : reduction by aeans of coal or of gases, therewith subdividing cases 

4a and 4b into two sub-cases. 
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T/UU£ 6 

EMrgy oonauaptjon In blast fmmac« - in thenuiea par ton of melt iron 

Variant» as detailed in the text.  ^ 11 - 

(•) 

!     Variant. <#)      !             1           !     f    / .,      !             * 
..                        fuel-oil            overoxytfen. 

.                                     ,                             .        inject.       ,           blast 
<                 1       H , ¡ re-rcduood 
1       burden 

t Cok«                        j          3 750       1         3 360        :          2 4i*> 

1 Fuel-oil                :             0           :            440        :             930 

* Blast haating       1             490       1            495        «             470 
1                                1                         1                         : 
' Blasting energy    1             204       t            210        :             ¿,'4 
»                               »                         :                        1 
1 Oxygen                    :             0           :            0           t             11 ?. 
»                               1                         j                        : 

t Subeidiary needa :               45       :              45        «               33 

1          ¿ 130 

:             370 

1             352 
1 
!               14^ 
1 
t              0 
1 

36 

» Total                      J         4 4Ö9       :         4 550        :          1 ¿19 ;• l* 3b 

t Caa re-entry          :          1   360        :          1  436        :          11*) JLL 

t Hat oonsunption    :          3 129       J         3 114        »          3 02y <r   l;.o 

Detailed balancea of these four variants are ¿,iven in Appendix lv 

Tablea A1, A2, A3 and A4. 
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TABU 7 

TeWl imi» oon»u»ption for the combinaison blast furnace + oxycen 

steel  planten theimieB per ton of steel-ingot. 

Variant» (•) 
reference 

Burden preparation 

Blast furnace  (net) 

Steel plant » 
(without recuperation)  : 

1  a  *   1  b 

fue io il 
injection 

¿ a 

: 

/ b 

4 ¿9 

overoxy^eni-*  ;ív-reduced 
zed blast     \  burden    **) 

a  !     3 b        4 a *    4 b 
s • * _ 

736 736  : 4<*> :    736 
¡ : 

2 571       î        2 560        :        ¿4* 
: i 1 1 : 

361 
: t 

t 

t > 

4,'Sf  : ./'0  :    rjc, 
: : 
:        1 040 
: : 

: 

Total 13606 :33R1 3677 :  337U 
t 

3607 

s 

3300  : 2561   : .-419 
1 :       

•) excluding needs for preparation a - sinters 

b = pallets 

Incorporating these last needs, one gets : 

Pre-reduction in rotary kiln Pre-reduction 

•) Variants as detailed in text,  page 11 

1a, ¿a,  3a and 4a correspond to using sinter prepared on L
rrate and 

lb,  2b,  3b and 4b correspond to pelletized sinter. 
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X. 2) EJŒHCY BALANCE FOR A WORKS INCLUDING ELECTRIC 1HONMAKING FURKACE 

IUP OXYGEN STEEL PLANT 

We consider two cases, the one corresponding to utilization of Q 

«•11 prepared oxidised burden and the other to utilizing a pre-reduced and pre- 

heated burden. 

The present possibilities of the electric ironmaking furnace loaded 

with an oxidised burden and the impact of pre-reduction upon the operatine da- 

ta have been subjected to several investigations which allow to state with a 

good precision the attainable energy consumptions,  rbr the sake of hono^neity, 

ve convert the kWh into  thermies baaing on the requirements of a the mal power 

Station.  Indeed,  in the case of the electric furnace, one could assume that it 

operator with hydraulically produced power and take into account its true 

themal equivalence. 

We assuae for an oxidised burden consunptions of 3t>U kg coke and 

2 000 kWh per ton of saelt iron; with a pre-reduced burden,  we assume 110 kg 

coke and 650 kWh,  supposing that the materials are being loaded hot into the 

furnace as they cone from the reduction furnace. 

For the pre-reduction, we assume that removing 80 A of the oxygen 

oonsueea 60 % of the energy which should be required for total reduction. 

The energy balance of the oxygen steel plant will be the same as in 

the aodel described under l.l). Under such conditions, one obtains for a ton 

of ingot steel the energy consumptions stated in the following Table 8. 
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TABLE 8 

(in thermies per tona of ingot steel) 

Burden preparation 

Coke 

Electrodes 

Electric energy 

Gas re-entry 

Net total at smelt 
iron level 

Steel plant 

Total per ton of ingot 

With hydraulically 
produced electric power 

1 

Electric furnace with 
oxidized burden 

736 

2 010 

56 

4 600 

880 

6 5¿2 

#t 

b 903 

3 713 

Electric furnace with 
burden ^re-reduced to 

80 i- 

: 
1 
1 
1 
t 
l 
t 
1 
s 

-1— 

1 680 

630 

56 

1 495 

265 

3 576 

3ü1 

3 lJ57 
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I - 3) KKEJCT BALANCE TOH A VUàXS BiCLUDIHC Pjg-HmJCTlOH + ELECTRIC 

V» oonaider now the cas« of the pre-reduction being carried up to a 

on aateriala containing little gangue. One get* then an iron apon- 

f» which say bs utilised directly in the electric steel making furnace.  In a 

proosas of this king, one by-pasaes the smelt iron phase and consequently the 

•tap of oxygen ateslaalrlng. The attainable results have been well ascertained 

by industrial experience or by experimenta on pilot plant acale (3).  It has 

b«*n possible to state the consumption and production data of electric fuma- 

os« according to the kind of product being loaded, the size of furnaces and 

tos «ay of operating theo. 

We shall restrict ourselves hare to giving an example consistine of 

a product with 4 A gangue having still 3 % oxygen bound to the iron. 

We consider two aethods of obtaining this product,  the first one 

usa of a rotary kiln and coal,  the other beine, by way of exemplifica- 

tion,  the Uy L process, based on utilization of natural gas. 

The burden of the electric furnace shall include ¿0 ;-• of scrap ; 

thonswith permitting to use the refuae of the plant. Table 9 shows the enercy 

OQiwptlona obtained per ton of ingot. 

With the choaen kind of product and in a large capacity furnace» one 

nay aaauae a ooneuaption of 650 kWh/t of ingot steel. The gangue interferes 

non only through ita quantity, but also through its basicity. An acid caneue 

which shall osad to be neutralised impairs the consumption wore than a neutral 
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TAIL! 9 

iPtion for ateel production bv the 

ira-reuuction + electric furnaca 

(in thermies per ton of u^jot ateel) 

1  ITa-reduction of burden :    hot&ry 
: 

kiln reduction    : Keduction ir. praetor 

¡              (840 ke re) type \\ -J  L 

¿ 860                     : ) 460 

I Electric furnace 

I          Carbon (¿4 kg)            ¡ 168                     l 166 

1         Liaeatone (25kg)      : 33                  t 33 
*                                  3                 ' 
1         Oxygen (5 a )             1 13                  t 13 
t                                              1 
I Electric energy (650 kWh« 
l                                                 j 

1 820                   1 1 820 

1                                             : 4 894 Th.            ' 7 494 Theraiaa 



ID/WG.l4/?.7 
Paga 21 

1 - 4) OraaCT CONSUMPTION OF ROLLING MILLS 

Although we caiuiot discuss all possible CAMS, we shall stats, by 

My of example, the energy consumptions which can be estimated for the four 

following cases : 

- rolling train for merchant steel products with a capacity of the order 

Of 300 OUO t/year,  supplied with billets fro« continuous casting, 

- double-plate rolling train with a capacity of 400 uOu t/yeax, 

- steel strip train with a t»a_¡<imal capacity of 4 million tons per year 

supplied with slabs from a conTentional casting installation, 

- steel strip train of the same kind as the former one followed by a 

cold rolling shop with completing facilities to obtain thin sheets for tin 

production. 

These four examples are treated is Table 10. They show that the 

•nsrfy requirements are largely divergeât dependlag on the type of finished 

product which is wanted. The more and more progressing automation and mecha- 

nization of all operations are  leading to an increase of electric power requi- 

rements.  Increasing the  rate of utilization of rolling sills tr  means of redu- 

cing the idling times and increasing the power factor contributes on the oppo- 

site  to a substantial decrease of the alectric consumptions.  A better control 

of heating furnaces results also in lowering thermal requirements. 

Une will get an idea of. the progresses accomplished during the last 

decsdes by considering the consumption of s steam powered rolling mill gl*** 

in Table I0e. 
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TABLE 10 

pt}on of rolling,  per ton 9f finiahad product 

1Ü a - »oiling train for merchant stael producta, 
supplied with billets from continuous casting 

(relative output 1/1,060) 

«••eating 

Jiolling 60 kWh/t rolled 

Handling   5 kWh/t 

Water 15 «3 (-4,4 kWh) 

10 b - double plate rolling train 

We •hall aaeume it to be supplied with slabs 

1 - relative output 1/1,12U up to 10 ma 

¿ - relative output  1/1,250 above 1Ü no 
one sheet only obtained fro« a slab 

••heating 

Rolline handling and 
shearing 

Circulated water 

1 

t>30 

232 (83 kWh) 

22  (26 a3) 

784 Theniies 

660 

yò2 (136 kWh) 

36 (45 m3) 

1 080 Theraiet 

10 e - broad strip« train - 
rolled fna «lab - •«•aring into sheets 

(nlativ* output 1/1,180) 

telling, shear ta«, handling, 90 kWh 

WaUr 42 a3 

540 

250 

35 

825 TiMialM 
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TABLE 10 (continued) 

10 d - Continuous atrip rolling train and cold rolling 
•hop for thin sheets to be tinned 

rolled from 1 2 

»htatings, annealings 850 

Klsctrical energy - 270 kWh 755> 
Steam   ¿Ou kg 200 

Water     60 a3 
50 

1 855 Theraies 

10 S - 10 mm thick sheets - 
Stsara powered rolling mill - r 

relatiTe output 1/1,250 

Reheating 700 Theraies 

Rolling - 1 400 kg stesa 1 540 

Shearing - 40 kg stew 44 

Water - 20 a3 - 60 kg stasa 66 

2 350 Theraies 

The steam is taken from the boiler assuming a loss of 15 ;• in tha 

distribution piping syst«. 



ID/WO. H/27 
Page 24 

II. »Hl*n BALANCE OF AN I RUN AND STEEL 

GOriíLüX iíAüING OM COAL 

Aeong the energy supplies available in the world, the ooal under it. 

various feme occupi« - important place,  .. shall therefor* discusa hero ti* 

•ivi     ir  it   <• <i*>sired  to found ar   iron arid steel possibilities which ar» available  if  it ia desirec 

coaplex baaing mainly on this kind of energy. 

indeed, one haa to dietician between aeveral cases accordine to 

the exact nature of the available fuel. 

At first, one »ay have to do with a ao called coking coal, it is 

then poaaible  to adopt the eodel of conventional eteelaaking,   i.e. blast fur- 

nace and oxygen plant. 

If,  on the contrary,   them   is an abundant supply of no colane coa., 

.uch as for instance using the blaat-fumace ia excluded, but one nay still 

rely on direct reduction processes in rotary kiln. 

At  laat, one may iispoae only of charcoal, either because of the 

existence of abundant forests or if it is possible to aet eucalyptus planta- 

tion«. This caae occurs chiefly when no aourcea of energy of any kind are to 

be found on the spot. 

The r*.ain within the frame of approved cocnercial processes, one 

aay eleo ooneider here the bleat furnace followed by a steel-works. 

M hav. finally three possible cases,  two of which are very closely 

releted in their principle, although they differ in the capacity of the--ajante 

that may be realAed. 
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To thoBe cases,  we shall add the case of the conventional electric 

ironmaking furnace which consumes more  electrical  energy than solid fuels.   It 

may be assumed either that  apart  from the coal,   one disposes ni' hydraul.ical l,y 

produ;ed power,   or  that   it   is  possible   to get  electrical  energy  for a reasona- 

bly  low price  in  a thermal   power  station  fired by  no  coking coal   fines.   For 

the electric furnace,   there  is no need  of a coke of the metallurgical   type, 

chiefly characterized   by  a  good mechanical   strength,   but   on  the  opposite,   one 

looks for a highly reactive  coke which,   as a rule,   is rather  brittle.   Coking 

processes  like  the continuous grate process give  products which are satis- 

factory from this point  of view and some coals which would not   permit   to turn 

towards blast  furnace  coke  production  nan  1'md  here  an  utilization«! '!'hus,   the 

electric  ironmaking furnace  provides  an  additional   free choice  parameter. 

We shall now examine what is obtainable from the point of view of 

energy by selecting the one or the other of the above considered solutions. 

Ve shall consider, by way of exemjlification,  the case of a works producine 

300 000 t of eteei sold as merchant steel  products. 

II.  2) BALANCES 0/ riATKitli.'J Alsü ShEMJÏ MR A TOI, OF STEEL. 

In a first step,  we shall examine the balances up to the ton of 

ingot steel. 

4L Conventional steelaakin* - blast furnace and oxygen ateol riant. 

*& have stated in the first part the basic consumptions we assume. 

IbP « «oiks producing 300 000  t/year,   it  i8 obvious that we are not in tlic 

ideal ease as viewed from the point of view of the sise of apparatuses,  .lie 

blast furnace and the oxygen of at least 6o0 000 t/year. As lor the encrtjy 

ooaausptiona, one may assume that they are not al te reu by this little aize of 

the works, but to attain them,  one must realize a very good operation. We 

shall suppose that continuous casting facilities are at hand and assuae the 

following relative inputs i 
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- 1,06 t liquid atoel for 1 ton of billet, 

- 1,06 t of billets for 1  ton of aerchant steel 

product., i... finally i, 12 t liquid .teal for 1 t of «ercnant »toel product«. 

The following Table 11  a gives the elements of material, balance for 

a ton final steel. 

TAB lis  n -a 

Elements, of aateriala balance blast furnace • oxygen steelwork - 

Thermie, per 1,1? t of «teal (i.e. for a ton of cossercial itoti bars,. 

variants 
reference 

coiling plant coal - kg 

coal for agglomeration : 
completing the dust kg 2 
fuel-oil - kg 

Available gas from co- 
king plant - thermies 

Available gas from blast 
furnace - thermies 

678 

598 

1   2*> 

fuel-oil injection 

blO 

61,0 
41,5 

1  320 

With regard to the small size of the «orks, we do consider only the 

u»t of sintered ore and only variants 1 and 2 for the blast furnace. 

- 1 - agglomerated burden - without ii.jection - 

- 2 - with fuel oil injection - 

rbr the energy consumptions, one coses to the balance of the follo- 

wing table 11-b. 
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TABLE 11-b 

Energy oonauaption - combination blaat furnace + oxygon steel plant 

- in thermies - for  1,1¿ t of stt-el (i.e.  1   ton of ccainerciai ctocl bars) 

t                 variant 1 
(reference) 

l cok» 5 455      : 

1 »interine coal                  t 401      : 

•interine eoa« tee«««  *' 219   ! 

: fuel-oil                             t 

1 ooklng plant fas              t 998      i 

t StMl obtained                   1 1        4 140 

1   multiplied by 1,12          1 
4 673      ¡        4 140 

Cxoaat                                ' 533 

: : (fuel-oil injection) 

:t 
3 095 

:: 
t: 424 
ti 
ti 196 

si 405 
ti 
11 537 
11 
11 1       A  120 

it 
:: 4 657 [        4   120 

:: 

t : 537 

In euch a plant, the energy supplie» are made up of  the celan*; coal 

the ooal needed for sintering. The gas from the coking plant and the ¿jaa 

fro») the blast furnace provide the possibility of producing the required «lec- 

trical energy and, at steel» level,  there reoains »till an excess of a little 

«or» than 500 thami»». 
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2-2. _ao y^"g ^ft1 - ^¿ucty" in rotary kiln. 

If one dispose, of coal,  but if this one is not fit for the fac- 

tion of a ooke .uitabl. for the blast furnace,  a possible way of obtaining 

.fl consists of accomplishing a reduction in a rotary kiln followed by a 

siting in an electric furnace.  Several reduction processes in rotary kiln 

per.it to use  .olid  fuel«  (anthracite,   limite, etc., and have been developed 

during the last years. One may mention,   for example,  the syffi. or Krupp proce- 

A8 in the  previously considered case, it requires 1,1¿ t of liquid 

.ts.l to «et a ton of comercial rolled product. In the steel production, one 

ues. 900 kg of reduced iron per ton of steel,   the rest beine made up of scrap« 

proceeding from refuses of the works. 

Assuming an iron sponge with a i > oxy¿en content and  ¡J ;< eanjio, 

on« »ay anticipate  the operating data shown in tables 12a and  1Ä. 

TABL¿ 1¿-a 

in 

Elements of materials balance. Hotary kiln 

and electric steelworks 

thermie» for i,w? t of e tee 1 (Le.lt of commercial rolled products) 

Cosi for pre-reduction 

Coxbon in electric furnace 

electrical energy 

671? kg as lignite 

or 495 kg as coal 

16 kg 

780 kWh, equivalent 

to 310 kg coal 

or 430 kg lignite 
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TABLE 12-b 

Enrrv balance - Rotary kiln and electric steel ulani 

la thiliiti for 1,12 t of steel (i.e. I  t of commercial rolled product») 

Inputs      m      outputs 

Ooml or lignite 5 58O 

Stsal obtained t> 3Ö0 

Jäxcess : nil 

2.3. utilization of charcoaj 

II  there are on the spot no energy supplies enabling to efi'cct the 

reduction of the iron ore,  and if the  conditions axe favourable, one r.a¿  thxnk 

to eucalyptus plantations  to provide charcoal, especially in tropical regions. 

Under such conditions,  using a blast furnace supplied with charoaal 

and using the same fuel for the sintering, one may now obtain the following 

operating results (Tables  13a, b and c). 

TABU: i;i.a 

Snsggy oonauBDtion for producing smelt iron - 

With Charcoal,  in theraiea uer ton of ynait imn. 

Burden preparation 

Charcoal for blast furnace 6¿ü kg 

Blatt heating - 1 000° C 

Blasting energy 

Subsidaries 

fias return 

Nst oonswpUoa 

957 'litorales 
3 eoo 

490 
100 

40 

b 467 

1  340 

4 127 
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TABLE 15-b 

fr|epsnta of materials balance - b.ipr»- f"niM with 

..    -.    1    * u~„ 1   u t nf q^ael    i.e.   1 t of conuaercial rolled pro- opygen at—1 Plant (for 1,12 toi   s.eei,  i.t. 

ducts). 

110 k£ Charcoal  for sintering "• 

Charcoal for blast fumaca 57ü ** 

üas available from blast furnace 1 2» 'fheraies 

TADLE 1>C 

ÜTffi.^ bplATice - ffM furnace with charcoal jn. tmilttJ Í9MsU I 

Qf ,t—1 (i.«.  1 t of ccaaercial rolled products). 

Inputs Outputs 

Charcoal 4 100 

Steel iron production 
3 800 

Steel plant 
428 

4 140 4 228 

86 
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2-4 - Slectrtc ironaakin« furnace - 

A 1« have already sentionned it, this CAM may be of interest under 

oartain circumstances. 

One asy aeaune the availability, apart iron the coal, of hydrouli- 

cally generated electric power  ;  we anali then take  the real thermal e uivalent 

of the kWh. une can alao conaiaer establishing a thermal  f>ower station staplied 

with coal or residues of its winning. 

Depending on the  coat oí the kWh,  it will be auvantafceouo or uot to 

effect s pre-raduction of the burden (3) (4). This is a hypothesis wliich we 

•hall alao take into consideration. 

The eleaenta of materials balance corresponding to these various 

possibilities are shown in the following Table 14 a. 

The snergy coosuaptions resulting therefrom are ^iven in Tabic 14 b. 

One will see in this Table energy surpluses which «ay be considered 

M fictitious in the case of using thermally generated electrical energie, for 

they oorreapond to gases which are not utilizad, while thjy could replace coal 

la the power atatlen. 
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TABLE 14 a : Electric ironaaking furate« • oxygen steelvcrka - elanents of 

materiale balance relative to 1,12 t of steel (i.e.  1 t of commercial rolled 

producta). 

Oxidised burden pre-reduoed burden 

kWh then !    kWl hydr kWh thera t 
1 :Uh hvdr 

1 coal for coke 444 444 139 
: 

1 X 

ooal for pre-reduction 
and burden preparation 

H6 8¿    ; ¿39 i 
1 

239 

t ooal for thermal power 
1  station 

796      , 1 300 t 
t 

- 

available gas th. 1  365      ! 1 365      \ 4Q7 
: 

407 

TABLE 14 b  : Electric ironmaking furnace • oxygen steel plant energy consump- 

tions for 1,12 t of steel (i.e.  1  ton of commercial rolled products. 

aysreulic electricity 

•tael elaboration 
(ace Ubi. 8) 

axosss : 

Oxidized burden 

kWh the roi 

9 300 

9 300 

1  550 

7 750 

7 750 

kWh hydr 

3 720 

1  660 

5 360 

1 400 

3 9b0 

3 9äU 

prc-reduced burden 

kïh therm 

4 750 

4 750 

310 

4 440 

4 44Ü 

V',1, hydr 

¿   OJV 

'A*' 

3 226 

13B 

0 100 

o 100 

I • input 

0 • output 

Jfc*  fm-tf Htf -r tàtWii 
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II. 3) OŒHOT BALANCE OF COMPLETE WORKS 

Wt have just seen which energy and coal conaumptiona were required 

to obtain 1,12 t of steel according to various production schemes. 

It is interesting to assess the result for the works  & a whole, 

wherefore it is necessary to select a determined finished product. 

Taking the assumption of a works producing  50u 000 t/year, the ner* 

cheat rolled steel is incontestably the type of product most fitting to the 

else of the works and to a developing country. 

la this case,  one disposes,  after the steel making plant of conti- 

amoti« casting facilities and of a rolling mill for merchant steel ¡roducta. 

To the specific consumptions as previously ascertained,  it is fair 

to add the requirements of the continuous casting as well as those of rolline 

•od finishing. 

for the continuous casting, we shall assume 3 a   of oxygen and 10 

ktti per ton of billet,  that is a total equivalent of 13,5 kWh per ton of final 

product. 

The requirements of rolling are those given by Table 10a in the 

first part of this paper, i.e. 741 thermies or 475 thermies more 89,5 kWh. 

Assuming that the electric power is of thermal origin, the total 

requirements after the steeleaking plant amount to 779 thermies, ooaparoble 

to the available surplus at liquid steel level. 

The following Table 15 shows the results obtained in the four coats 

that have been considered. 

We have aasused the possibility of reoovering the energy surplus 

samt of aakiaf up for the deficit by Baking eoapleaeatal use of coal. 

. tàOÊÊÊÈk &autilmsà*4L. ••i&tiÊaLààÊàiJjiËLjtfij?' J*-, Jmaallut'. aày._k» ,-„ ¿aj* x «* -. ^ J- m, Ä,, 
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Ttftf¡ n r ,MIV oonamptione for a ton of merchant rolled products. 

5 HI. >\irn. • oxy.J 
|        Steel Plant    J 

jirect.' 
reduct.[ 

and   /m 

electrié', 
furn.   ¥ 

¡il.   r.   [ 
charcoal] 

+ u¿ ; 
ateei    : 
plant    : 

¿lectric iron- 
makin{; furnace 

+ oxy.Ton 

variant               ! nteTm | fuel-oil1. 
steel  plant 

t               : 
inject., 

reredu- 
*eod  load 

total energy                   :    4 919 : 
con»i»pticn          : 

4 899  : b   -559  J 5 0U7 : 
t 

r; 219 

available aurplus  th.  \               , 

2A¿  1 

34,4  ' 

T71 ; 

deficit in th.,  or        :        ¿46  : 

in k« coal                    35 

779 

111 

:        b67 

;      142 1   0 
1 

469 

;       67 

total coal conauaption:        771 
(7 th/k«)              1 

:    695,4 
1 

;   41,5 

!        934 
t 

:        ñ¿¿ :    1   5 50 i        745 

fuel-oil - k« 
:                : 

(•) It 1. here charcoal with 77 /• carbon constant that ia beuv; considered 

The annual fuel consumptions m fona oí   coal for the JOÜ 0^  t/yoar 

«orke capacity correaponU to the data of  the following  i'able  16. 

yABLS 16 : coal conaumptlon of the worke in thouaands of tons per year. 

, Direct 
reduction and 

«lectrtc 
•aelting 

t 
Charcoal 

: 

Llectnc ironoakin¿; fumaoe 

1 Blaat furnace  : oxidized      ] 
burden 

pre-reduced 
burden 

1             :             * 
1 * 231    s    209    : 
1             1             » 

200 
t 
: 

1 

246,5 
: 

399 l          ¿23 
l 
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It is intersatine to note that the results of the electric iroii- 

•aklng furnaoa using pre-reduced burdens are equivalent to those of tlie blast 

furnace. Utilization of oxidized burden, if one does not dispose of hydrauli- 

cally produced electric power, nay be advocated only in very particular con- 

texts. 

In the case of existing hydraulic supplies, one may also consider 

the solution of the second case ; then, the coal requirements are   out by 

about 340 kg par ton of and product,  i.e. about 100 t/year. However, this 

solution is te be acaparad to the electric ironmakin# furnace vhich loads to 

a «sal oonsusption of 47Ü kf par ton of rolled product,  i.e. 140 000 t/ycor 

«hila requiring a coke production vhich on the other hand do not demand a 

ooavsntional »kin* plant. 
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III - ENERGY BALANCE OF AW IRON AND STEEL COHPLBI BASING OH LIQUID OR CASBPUS 

HYDROCARBONS. 

Ill - 1. CASES CONSIDERED. 

In many countries which do not dispose of an iron and steel industry, 

while having iron ore supplies, liquid or gaseous hydrocarbons are available. 

In contexts of this kind,   the processes which enable  to obtain steel 

by using these sources of energy ;nust be  taken into account.  The  ,,encrai ciodel 

that aay be considered comprises producing an iron sponge which subsequently 

vili be smelt in a suitable apparatus. 

Anong these,   the electric furnace is surely the most conventional, 

but it is also possible to consider using apparatuses of the rotary kiln type, 

auch as is the case with the bOUCHET process,  thereby allowing to replace 

•lactrica 1 energy by a hydrocarbon (5). 

Among the possible reduction processes, one finds all  the processes 

turning to use of fluid beds and those using a shaft furnace.  Numerous pilot 

plants exist or are being erected, but the  Hy L process 13 the only one to be 

able to pride itself of an important commercial experience. 

In this paper,  in which we endeavour chiefly to give exam plea of pos- 

sible energy conauaptions,  we shall consider only this process.  We dispose 

there of actually attained values. 

We shall therefore discuss in this chapter two schemes of steel pro- 

duction using the same pre-reduction procesa, but differing in the smelting 

•tap, the one baaing upon the electric furnace and the other on a rotary kiln 

haatad by a hydrocarbon - oxygen burner. 

,__MMa_aaaataaMMtfliBaËM 
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Aa in Chapter II, we take the case of a work« producing only bar 

and shaped products with a relative input of 1,12 ton liquid steel per ton of 

and     product. 

If considerine a plant of higher capacity,  it would be possible to 

rerert to the conventional  iron and steel manufacturing process uairvr blast 

furnace and oxygen steel plant. For the blast furnace, one should adoj>t an 

operation with over-oxygenated blast and injection of important quantities of 

hydrocarbons, a type of operation ve have already discussed in Chapter I. 

However, this solution requires the utilization of relatively important quan- 

tities of coke, as may be seen on Fig. 4. 

Ill - ¿. KNBHCY CONSUMPTION PEK TON OF STfcEL. 

2. 1. Production of iron sponge. 

The elements of the materials balance and the re sul tin,; cner^-y con- 

•UBptions are given in. the following Table  17 a. 

The energy consumptions of the riy L process may appear hi&h, but as t 

•attar of fact, taking into account the price of natural gas, it has not been 

tried to lower them.  In a less favourable utilization context, it would be pos- 

sible to reduce subs tanti ably the needs. 

TABLE 17 a : Energy consumption for 1 ton of iron aponga - Hy L process - 

residual oxygen 4 Í*. 

elements of materials                                    ..      .., :                                                »vi                         *    energy consumption th. balance                  ,            *** 

: natural gas                        t                 710 a3                :                  5 6U0 

a electricity                        i                 30 kWh                i                       b4 

!                                             !                                             |                  5 764 

HMaÉMSl mmmm 
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2.2. siting in electric arc furnace. 

In conventional commercial practice, one will UM electric power to 

achieve seelting of the iron aponte. 

This energy ie produced in a thermal power station supplied with 

hydrocarbons. 

As far as there is no other source of electricity available and it 

is therefore necessary to erect a thermal power station,  the electric smelting 

furnace is the alluring solution inasmuch as it is of interest to provide a 

power station of important capacity. 

With an iron sponge having a 4 % oxygen content and 2 )- gantée,  il 

will be consumed for a ton of stesi 720 kWh and 4u kg carbon, i.e. a total of 

2 300 thermies. 

875 kg of iron are loaded in form of sponge and the rest is made up 

with scrap originating substantially from the works, the subsidiary supply 

from the exterior being assumed to be extremely small» 

In such a case where one shoud dispose of a high capacity power sta- 

tion, the kWh should be produced more cheaply. 

A total requirement of ¿ Obu thermies should be more realistic. 

For a ton of end product,  one comes thus to an energy consumption 

Of 7 960 thermies used for elaborating the liquid steel. 

2.3. aasltln* in rotary kUn, 

Using a rotary kiln for the smelting, as in the BOUCHET process (5) 

makes it possible to us« directly in a burner a big part of the hydrocarbon, 

the electrical  energy being used only for oxygen production and in various 

applications of little in portane*. 

This solution «ay in some    ases allow to dispense with investing in 

a power station and moreover, it leads to a smaller thermal consumption. 

Table 17 b gives the attainable <. nanaption values I 
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TABU 17 b i »el ting of reduced products In rotary kiln - balance in thtain 

per ton of steel. 

data of 
*       materials balance 

: 
consumption 

the raies 

t carbon 

natural gaa 

:                   75 kg 

¡                  55 «3 

t 

¡ 
590 

440 
i oxygon J                 180 a3 

i 450 

electrical energy ¡                   50 kWh i 
i 
i 

140 

1   580 

Of course, the scrap produced in the works is recycled with the iron 

sponge. Por the sake of homogeneity, we hare kept the same values as in the 

oase of electric furnace operation. 

for a ton of end product, consequently, one consunte up to the 

production of liquid steel : 7 450 thermies. 

Ill - 3. TOTAL CONSUMPTIONS PEK TON UF HüLLfiU PRODUCT. 

Still placing ourselves in the frame of a works producine 300 UüO t/ 

year of bar and shaped products,  one disposes after the steel smelting plant 

of a continuous casting plant and of a rolling train for merchant steel pro- 

ducts. 

A« ws saw it the previous chapter,  these installations require a 

oonauBption, under various foras, of 780 thermies per ton of merchant product. 

Tha total requirements of the work amount therwith to B 70O thermies 

per ton sold in the case of an electric steelaaking plant and to 8 230 ther- 

•its In too case of a smelting in rotary kiln. 
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3 
Asauaing • natural gaa with a haat valu« of C theraiaa/m , as w 

have supposed up to now while taking the «exican exemplification,  the requir»- 

aanta of the works will be,  in millions of m ,   528 in one case ani .507 in th« 

other. To these gaa requirements, one 'oust add  in the  first case  1'5 'jOO t of 

carbon and 1  boo to ¿ OuC t of electrodea,  and in the second case ¿5 500 ton« 

of carbon. 
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IT - BMffT MUf 7E 9P hn IH0N **"> sr^^ COMPLEX BASING ON ELECTRICAL BSUCT 

Whatever schemes are contemplated for steel production, all of than 

involve a certain amount of electrical energy. 

When using electric furnaces,   the part of this energy increases 

highly and plays a decisive role  in selecting the pattern of the works. 

Ons may dispose of hydraulically produced electric power, have a 

surplus thermal power station or dispose of poor fuels whicn can nevertheless 

be used to supply an suitable power station. In all such cases, it is of inte- 

rest to take into consideration the metallurgical scheme e which grant a big 

place to the electrical energy. 

All of then have been reviewed in the previous chapters, whereas 

the aeoent vas put on other energy supplies. 

Two kinds of processes can be aade out : those using an electric 

furnace reduction.and those using an electric arc furnace aore specially ap- 

pointed to eaelting and refining operations. 

In the first kind of processes, one finds again t 

• the conventional electric ironmaking furnace, supplied with oxidized burden« 

- the electric smelting furnace supplied with pre-reduced and pre-heated bur- 

dens. 

In the exemplification of Chapter ¿, we have considered the reduction with 

coal which corresponds to the present projects or realizations. As a matter of 

fact, it would be as veil possible to use a pre-reduction by means of casos. 

•Mass 
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The second kind of processes includes all the combinations involving 

• high degree of pre-reduction of the ore and smelting of the iron sponge in 

an electric furnace. 

Among all the posai ble combinations,  we  nave examined two cases 

using aa a reducing means carbon for the one and gas for the otner. 

The following Tabi»  16 summarizes all the obtained results, while 

setting off the ictfh requi rumenta. 

Fron a purely energetical point of view,  the balance favours the 

electric ironmaking furnace,  but  this solution implies an oxygen steel plant« 

TABLE 16  :  Knerpy consumption per t of commercial  product - Processes using 

an inportant part of electrical energy. 

t                               processe!                               ¡ 
kWh 

consumption 
'energy 

and 
consumption over 

above - thermies 

1 Electric ironmaking furnace                     ¡ 

: - oxidized burden                                         1 2 060 ¿ 000 

- burden pre-reduced to Í-SO > and 
preheated 

!            670 2 7Ö0 

1 Electric steelmakers furnace 

1            683 
: - pre-reduced burden 
t      0- » 2 "A-,  gangue * 5 'A 3 ÖüO 

t - pre-reduotion by neans of coal 

- pre-reduced burden 

1      0    » 4 * - gangue « ) S' «          935 6 140 

x pre-reduction by aeana of gases 
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y , gPEDimCT Ü? DIVIDING THE lip Afln 

ÄJL Dffl? AH ORE PREPARATINE TWIT 

AMD A 9USLTIHC AM) HULLING POT: 

The conventional iron and steel industt7 using the blast furnace fol 

lov»4 by an oxygen steel plant,  and all  the other schemes involving an inter- 

mediary «Mit iron phase lead practically to the design oí" works precessine 

the product from tht ore stag« to  the rolled product.  Although ont- is from now 

onward exporting pi« iron,  it is more natural to contemplate a partition at 

seal-finished product's level and,  if one will separate at this point, to 

devise t 

- an Iron an steel works with ore preparation, coking plant, blast furnaoe, 

oxygen steelaaking plant and continuoua or conventional casting in a develo- 

ping country having abundant ore supplies (6). 

- the transportation of s*ai-finiahed products, slabs or billets, by apocially 

adapted aeans, specially by means of slaps designed for such handlings (7), 

- th« rolling mills near the consumer centers,  in industrialized areas. 

Froa the energetical point of view, one ooaes to the division accor- 

di«« ItfelsUi : 

TABLE 19 

ce of the s—1-oroducta work« (|,12 t of steel for 1 t of billets) 

Upwt 4 673 output 1 steel, 4 140 
blooming and 
billets train 533 

4 673 4 673 

par ton of rolled products. 

according to nature of products, fro« 740 to 1 855 thermies 
comprised of 

fuel« (substantially liquid or gaseous ones) from 500 to 1  100 theraios 

«lectrioal energy 80 to     270 thesis« 

_ jfct-     -1. -.A@&fe&-jij#J ^"TTT
5
**       .^Sfogâ   .ç^^jijjjL   n?in'»^ „ ^g^„ ..skkiiszgssàai:.î. .¿-. ^¿jA.i^i'j'.^ s. =" "" .¡g*^**-.-'        -       -'=<' _ÌJÌÉ5fib.i  -    "T* „Z..*•*-- 
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OD» «111 Mta «hat tha |M amralaa af taa aMi-produata worka i« 

dapaadlng on UM proiuatiaa prograM- Aoooralag to tha part of oold ingota 

baiag loadad tato th» pit«, tha thiiul oonavaption will b» «or» or lesa la- 

portant. In th« gi*»n »xaaplification, th. anargy fio» of th» worka ar» ba- 

lanced , in fact on» a«y «Min«, a thi cm Mï b«, i all«ht ««rar deficit 

or surplus. 

A schM« Including prereduction followed by a «Mlting, on the op- 

poait» allow,  to turn wry aaailj (at leaat if th« riaka of ra-oxidiaation of 

tha pra-raduoad or« are «roldad) two atagaa of production which aay be Geogra- 

phically Mparatad. 

un «ay than contaaplat» pre-raduction work» whoa» location can ba 

dietaWd by tha poaaibiliti«« of or« and »nargy «upply. 

11 will ba furthar poMibla to provid» awaiting and rolling work« 

whoa» location will ba war» atrongly influanoed by tha aarkat of tha and pro- 

Aucta. 

Thla aohaM aay ba applied M »all inaid« tha SBM country M in a 

group of oontriaa far apart frca» »ach oth«r. 

On« lay alao contoaplate pre-raduction worics of big production oapa- 

Oity intandad to aupply Mvaral »melting  «J»d rolling work», 

Tha Malting and rolling work» will of tan ba ab la to be locatad oa a 

saast, aaainff on «lactri cal «n«rgy. 

froa tha point of viaw of energy, tha diatributiona U »ade accor- 

ala? to tha following Taele ¿0. 

TAÜLE 20 

_gX tfta Lf-ra«action work« (par ton of pre-raauaa* i*oa) 

a) raduction by ooal in rotary kiln 

4t0 - 5U0 kg ooal 
y> -   45 kw aakiac ^ 34W to ) W^ 
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b) iMaatioa by natural CM 

710 a3 of 

90 »Hi 
makiag aa 5 745 

par toa of billata (analtia« + oaatlAf) 

2 100 to 2 300 thamiaa 

asá than, for a too of rollad product, aaoortlaf to ta* klad of 

étto to, aatvaaa 740 and 1 855 thamiaa 

•aaprlaiac 500 to 1 100 thtraiaa aa fuala 

aad 80 to     270 kVh. 

iter a aaaltlaa; aarka, a* aay oonaldar that It is poaaibla to aupply 

it fraa a blf tharaal powar plant, not axcadlng a oonauaptloc of 2,4 tharalaa 

aa* kit. Oaa eaaaa thia «ay to aaargy raaulraaanta loaar than in Tabla 20 

by 300 to 400 tharalaa aa tha oaaa aay ba. 

Oaa aaaa by «zaalrloa tba Tabla 20 that tha anargy eonaunptlona la 

tha tranaforalnf aorka ara cut by naarly tha half.  It boooaaa than poeaibla 

to looato auoh «orka avan la araaa vhara only liai tad anargy auppllaa ara 

arailabia. 
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COICLUSIOIS 

The «bol« aaalyeia »ade in thie paper confirma vary wall the decrea» 

of eaergy consuaption per ton of raw or roiled ateel, which have boon aa- 

oortained on the national mean value», une haa been able to eeen down to which 

level it ia aaay to coae for a ton of raw ateel in the oaee of an integrated 

works producing aerchant rolled products. 

Let ua reaind,   according to the valuee of Table 15, that one can 

attain, for auch an integrated works, including the coking plant, about 4 900 

taeniae/ ton of rolled ateel, I.e. hardly 4 400 theraiea par ton of raw ateel. 

There are ho werer eeveral points to note  : 

- aa ia eoet clearly to be eeen on Table 10,  theee consumptions vili poaeibly 

be aubetantially different if the works produce different rolled producta a« 

for ina tance thin cold rolled sheet« ; 

- The situation, on the other hand,  would  be very different ii,   instead of an 

integrated works,  one should contanplate works baaing on scrap  ; 

- and laatly,  the criterion of thernal consumption cannot be considered aa a 

ualque eleaent of eelection between various processes or varioua pattarne 

ef work*. 

Beeidea, we purposedly etreee thia laat ree ark, for a hi«h energy 

ooaovaption aay well be advocated if : 

- it ia re latiré to cheap and abundant energy eupply, 

- It laada, ail calculât ione being aade,  to inveateente, aaá above all to 

eaata, ehieh are sufficiently low. 
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A wooaá concluaion of the preeaat analysis la that it la quita poa> 

albi* to oontaaplata, according to tha available energy euppliee, an iron and 

eteel works with a capacity of a few thouaanda of tona yearly, which would 

raly for ita energy    aupply i 

- althar on ooal, coking or not, or charcoal, for 100 >« of ita requiraunta j 

- or on hydrocartoona (liquid or above all gaaeoua onaa) for aora than 95 ¡* of 

ita raquiraaanta (eee Fig 5 and 6). 

- or on alaotric anargy, hydro-a lac trie or nuclaar far inatanoa, hut her», on 

oan oower at boat only 20 <k of tha raquiraaanta with thia eouroa of enercy 

(aaa Fig 8). 

ws auat at last inaiat on a third concluaion : with the procraaaion 

of iroiw>r* aining in developing countriaa, one aay contemplate a new exten- 

aion of industrial activity in theae areas. That would be the production of 

pre-reduced iron oree, in caaes of pig iron or eren of seal-finished producta, 

slabs or billets. 

To keep aha point of view of energy, auch proapecta would lead to 

in iaportant transfer of hydrocarbon coueuaptiona or of coal fron tha indus- 

trialised araaa to the developing countries. 

While not intending to discuss thoroughly this matter which in 

i tee If would deaerve a long analyeia, we have purpoeedly tried to giwa a full 

picture of all theae proapecta. 
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Figur» 2 

noti—tic diagras of the utilization of energy in a combination 
rotary kiln electric eteelmaking plant 
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Figure 3 

Coapariion of there»! oonnunptiona of production ach«—g baaed on 
oo*l - ooneumption in thermie« - 
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Distribution of tharnal suppliée for three otti of copT»pUon1 
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IntMitl0 HLrra« of the utilisation of taâtg in a cotMnat^ 
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Figure 6 
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TABLE A-1 

DATA ABOUT wiyr» »rBWim 

Blast furnace loaded with agglomerated product«, 

operatic on coke without injection 

Materials 
balance data 

j 

:    Thenaies i    kWh 

* Ore preparation storing and crushing : 
5 

i Agglomeration                                              " 
1,5 t 

j           fuel and ignition                           ' 
I         750        : 

» electrical energy                                      ¡ 
40 

: Blast furnace                                            ! 

coke                                                    i 
535 |     3 750       ¡ 

j Blast heating (l 000° C)                         * 

J           steam — kg                                         . 

,           blasting                                            » 
30            ¡ 

1 240 m3       : 
30       t 

4*       * 73 
Subsidiaries                                                I 

*           cooling water                                   , 
6 

,           granulation water                             ' 

«           purification of gases                     | 
3 

5 

2 
loading                                              I 

*       - gas re-entries -                              t 
'           losses deducted                                 . 

1 740 m3       : 1 360       ¡ 

, Gross consumption                                       * 
5 ü¿0       : 

: Balance 
:                                                                 J 3 660        j 

: Effectively available thermies              : 
870        : 
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TABU k-2 

Blut furnace aupplied with rich agglomerated or* 

Heaatite iron produced 

.                                                                                      Consumption          _.        ,                 , ._ 
1                                                                       :            . ,.              :    Thermies    J     kWh .                                                                                    t/iron 

i Ore preparation                                       :                             :                      : 
t         storing and crushing                         i                              j                       :       5 

j Agglomeration                                            i            1,5 t         i                       : 

fuel axid   ignition                           !                             \           750      j 

i         electrical energy                              i                              I                       :     40 

t Blast iurnace                                               t                               l                         i 

¡         coke kg                                              J            400           :       3 360      \ 

x         fuel-oil kg                                         i               45           :           440      : 

j         blast heating (l 000* C)                  '          1 275 a3      \           495      * 

X          steam kg                                                S                14            i              14      S 

blasting                                              '                              *                       *     75 

Subsidiaries                                               '                              *                       * 

:         cooling water                                     l                              i                       t       6 

granulation water                                                                                      '       3 

1         purification of gases                       I                              1                       (5 

loading                                                                                                                       2 

t                                                                           1                       Ì      J                        i 
- gas re-entries -                                                1 760 m                  1  436 

losses deducted                                                                                             * 

t Gross consumption                                       :                               :        5 049      * 

« balance                                                        :                              :        3 613      :    136 

1 Effectively available thermies in        ¡                               1                         : 
t gas                                                             :                             t                      x 
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TABLE A-3 

Blast furnace supplied with agglomerated rich or» - 

using high blast temperature« - counter-preasion - 

oxygen - fuel-oil 

Burden preparation 
(with 40 ib pellets) 

Blast furnace 

coke 

fuel-oil 

blast heating (l 300° C) 

steam 

(*) oxygen 

blasting 

Subsidiaries 

cooling water 

granulation 

purification 

loading 

- gas re-entries losses deducted 

Gross consumption 

Balance 

affectively available  thermies in 
gas 

ConcjBiption 

350 

96 

892 a3 

10 

62 ra* 

1 460 B- 

Theroies 

750 
(480) 

2 450 

930 

470 

10 

1   190 

4 610 

3 420 

720 

kWh 

47 
(30) 

40 

ooO 

4 

3 

3 

2 

179 

(*)      The oxygen used ie assumed to have a purity of 70 >. 
The energy part related to pure oxygen can be evaluated to 0,65 kWh/ 

Nu    0    by equivalent. 

(**)    Counter pression 1,2 kg/m    - Through recuperation of expansion onorgy 
of the «outh-gases,  one could dispose of 50 kWh. 
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TABLE A-4 

Easily conwsiption for snelt iron production 

Addition of pre-reduced producta to the burden 

Burden preparation 

filast furnace 

metallic iron in burden 

coke 

fuel-oil 

blaat heating (1 000° C) 

blasting 

Subsidiaries 

cooling water 

granulation water 

purification of gassa 

loading 

- gas re-entries 
losses deducted 

Gross consumption 

Balare« 

¿ffectiYely available thermies 
in gas 

Data of 
Materials 
balance 

407 

304 

38 

910 

1 290 m- 

The unies 

405 

2 130 

370 

352 

900 

3 257 

¿ 357 

548 

kWh 

24 

53 

4,5 

3 

3,5 

2 

90 

90 
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APPENDIX      2 

ASSUMED EQÍITV^tf MTg 

Mi hav* aaauMd      the following equivalents  : 

1 kg coal » 7 thermies 

1 kg coke = 7 thermies 

1 kg lignite =5,1  thermies 

1 kWh - 2,8 thermies 

3 
1 •    natural gas - 8 thermies 

1 kg fuel-oil - S,b theraies 
3 

1 a    oxygen = 0,9 kWh 

•   «xoépt when otherwise staded (especially Tabi«. I and II) 
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