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SUMMARY

Introduction: BEvolution 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 usze of liyiia oy magseous hydrozarbongs.
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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 produsiion works and a smelting and rnlling 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 giving the evolution of enerzy balances of iron and
oteel works during the lest years, and the uean values of total €LeIy Ol
sumption per ton of steel, as well as its distribution awong the various
sources of energy.

Previsignal energy balance of modern works using the newest techno—
logy and basing on blast furnace, electric ironmaking furnace or pre-rcduction
with oxygen or electric steel plant.

. Application of the above mentioned data to the design of an iron
and steel complex oasing on coal, coking or not, with a brief discussion of
ﬁu case it ahould be desired to use charcoal.
| Similar application to an iron and steel complex which would base
OR using liquid or gaseous hydrocarbons.

Last application to the case one would base an iron and steol cone
plex on using electrical power.

Hemarks about the expediency of dividing the iron and stecl conplex
4nto an ore preparing works unit and a smelting and rolling one.

Interest of such an evolution for developing: countries, ns resul-
ting of investments and industrial activities being transferred from highly

developed oountries to developing ones where there are iron ore deposita,
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INTRODUCTION

The energy balance of ircn and steel plants in the vhole world took
during the last years a course the nature of which is illustrated by means of

some exampies in Tables I and 11. ror the pean vgluep by country as friven

there, one vill note :

- first ‘of all the steady decline of the quantities of energ consu-

med to produce a ton of rav steel ;

- then, further, the changes which took place in the distrilution
of this consumption among the various ensrgy sources : tiere are

substantially :

- an increase on the congumption of electrical power and of

liquid or gasecus fuels, and

- a decrease of the consumptions of solid fuels and morc speci=-

fically of coke (or coking coal fines)

It may be of interest, specially for iron and steel industrial ;ro=

Jocts in the developing areas, to discuss :

- at first the limits down to which these consumptions are able tobe

brought ;

- and further the distributions to be conaidered for these minimal

conguaptions among the various energy sources.

T™is last item is of special importance for developing countrics,
as many of them lack coking coals, but instead of that, they dispose of subs-
tential apounts of coals of various qualities, of liquid or gascous hydrocar-

bons and of electrical energy. We shall therefore successively consider the
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three cases vhere, owving to plentiful locsl resourcee, it is desired to Lase
an iron and steel complex on @

= coal,

= liquid or gaseous hydrocarbons,

= @lsctrical power.

Before discussing the three cases, we shall, in a first part, state
the basic methods and assumptions of our fc;l:loving calculationa.

To conclude this paper, we shall discuss in the last chapicer the
poseidilities which, from an energetical point of view, would arise 1t the
iron and stesl complex, should be divided into a reduction or pre=reduction
'om unit on the one side and a smelting and rolling one on the other side.

In the following exemplifications, unlike Tables 1 and 2, we ghall
consider total requirezents, including those needed by the coking plant, inso-

far as this is necessary.

Une will find in AKPENDIX 2 the squivalents we have assumed for the

various ener.y supplies.
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1 « COWTEMPLATED SCHEJES FOR

THE VARIOUS IRON ARV STELL Cumb LEXES

ve shall at first recall the energy valances, as related to the ton
of steel, which we shall uee for tne various cases to be reviewed below
then, we shall consider the types of rolling mills that will serve to 1llus=-

trate those various cases.

, FOR

The progresses realized on the field of burden preparation and of
blast-furnace technology are sufticiently well known for omitting to review
them again. we shall content ourselves with reatating data already obtoined
elsevhere (1) (2) and to recall tne energy uzlances * relative to ¢

- a modern coking plant (Tavle 3) 3

- sintering (il L) or pelletizing (Table 4b) of iron ores;
the sintering w..i alwiye e supposed to result in producing
self-fluxing or tasic sinters ;

- oxygen steelnaking (Table ).

.
Let us resind that Appendix < ctates the factors used to convert tne various

energetic supplies to thermiss.
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TABLE 3

BALANCE OF A COKING PLANT

related to a ton of coke for blast-furnace

: ' Inputs ' witnuts
. * (themies) ' (themies)
3 H :

t Coal with 28 % of volatile components : 10 300 3

: 1 380 kg t :

t g -3

t Coks > 20 ma 1 GO0 kg $ 3 7 000
g t H

t Coke << 20 mm 63,5 kg s : 445
L} ] L}

t Tars 48 kg : : 430
] t 3

t Bensol 16,5 kg 3 t 165
L} 3 $ g

t Cas 325 m 3 : < 3950
3 H H

: Heating ef furnaces ‘ 99%0 ‘

g : :

t Sengible heat of coke and by-products : : 5Ye
g : :

t Various needs and losses H : 3006
] : 11 2% ¢ RIS §)
$ s t

t Various consumptions : t :

] g t

t - Electric power 35 K¥h ] 98

] s $

t - Stean 102 kg g 112 1

t 3 H

§ = Prooessing of by-products t 48 13

' g g

Energy available as gas : | 360 th higher calorific value

1 219 th lower calorific value
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TABLE 4

——————

in thermies for one ton sifted self-fluxing sinter,

prepared from hematite ore

_'L‘able 4 a_

cinterink
$0lid fuel coke or coal-dust (+) 450 theruios
Igniting gas or fuel-oil Y -
Electrical energy 35 Kwh 98 -
Total 598 -
.I!ble 4 b
tizi
Consuaption for heating - fuel oil or gas - 29 themies
Electrical energy 35 kwh - 98 -
Total ¢ 548 -

N.B., The above stated consumptions do mot involve any crushing operations

that night occur.

(*) for instance 65 ki of coke-dust.
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: vata of Consumption
: material balance : in Theruies

: :
: :
Seelt iron 3 822 kg :
s ]
Scrap t 260V kg s
4 3 s

Oxygen : 442 : (P4
4 |

Lime and doloaite : % kg ' 7
' ]

Hefractory lining t 4 kg ! 1
' ]

Heating mixer s [} a2
H ]

Various heatings : [ (]
s 4

Electrieity : 30 k¥h H 684
:

Fossible re-entry in the case of gases being : 361

capted without combustion. : 130
:

Net possible : 251
3
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As the blast furnace is by far the most important apparatus fron
the point of view of energy, we shall consider in Table 6 a certazin nunber of
variante as follows !

{.- using sinters or pellets, or, 1o put it more
exactly, a mixture of pellets, clussified ores and basic sinters including all
fluxes, prepared on grate ;

/.~ sane conditions as above with utilization of subsidiar, fuel
injection ;

3,- a variant involvitg overoxygenizeu blast and a high ratc of ine
jection, in conjunction with a high blast temperature (1 5w°) and counter=
pression ;

4.- another variant involving loading & certain amount

of pre-reduced ores.

Starting from these 4 variants and adding the needs of the stecl-
works and those of burden preparation, one finds the total energy congunptions

as stated in Table /.

Taking intc account both possibilities considered for the :recpara=
¥on of the burden, we oome to 8 cages, Wih the utilization of products pre-
reduced in the blast furmace, onc 1s confronted with new possibilitiecs of va~-
riation according to the selected processes. We have considered herc orly two
of them : reduction by means of coal or of gases, therewith subdividing cases

4a and 4b into two sub-cases.
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TABLE 6
t t fu - in t i r
Voriants ap detailed in the text, p, 11 -
$ : : : :
1 Variants (+) : ! : . : 3 N H 4
. . reference : fuel—oil . overoxygen. _ ,re-reduced
. inject. hblast burden
t : : : :
t Coke : 3 750 H 3 360 : 2 4% H 2 1%
3 : H : :
1 Pusl-oil 3 0 : 440 : 930 : 37
3 3 3 3 :
! Rlast heating 3 490 3 495 3 470 3 3492
t 3 t : 3
! Blasting energy 204 3 210 H 224 : 148
H 3 : t 3
t Oxygen 3 0 3 0 3 12 3 0
: 3 3 3 3
3 Subsidiary needs : 45 : 45 3 33 : 30
t : 3 H :
$ Total H 4 489 : 4 550 : 4 219 : KRS
3 H : : :
: Gas re-entry H 1 360 : 1 456 H 1190 : jue
3 : : : :
1 llet consummption 5129 H 5 114 t 3 U2y : PR 1Y
] : : : :
(*)
Detailed balances of these four variants are given in Appendix 1,
Tables A1, A2, A3 and Ad.
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TABLR 7

Totel energy oonsuaption for the combinaison blast furnace + oxygen

steel plant.n thermies per ton of steel-ingot.

: ' reference : fuei--0il overoxygeni-i . re=roduced
L] L[] i L] . . ~ **
. Variants (.) . : injection . zed blast . burden )
: et bl sa’ obl o al 3El Ga; 4b
t : $ : : : : : 3
$ : : t 3 : : t $
s Burden prepsrstion s 756 : 429 ¢ T36 3 429 ¢ 156 1 40y 3 FAVEE IR
: : : H : : : : s
: Blast furnace (net) s 257 1 2 560 s 2 4% : 40
t : s s : : : : t
t Steel plant : 361
: (without recuperation) : : : s : : :
: s : : s : : $ $
: : : : : : : H :
: Total 13688 15381 3 3677 & 3370 : 3607 3300 : 2561 ¢ 419
t 1 : : t : | 3 :
»*) excluding needs for preparation a = sinters
b = pallets
Incorporating these last needs, one gets ¢

4 H s

t Pre-reduction in rotary kiln : Pre-reduction :

H [ .

: 4 8/ : R 4 a2 4 b/2 z

3 3 966 : 3 124 : 4 911 : 4 769 3

H $ : : s

') Variants as detailed in text, page 11
ta, 2a, 3a and 4a correspond to using sinter prepared on ¢rate and

1b, 2b, 3b and 4b correspond to pelletized sinter,
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I. 2) ENERGY BALANCE FOR A WORKS INCLUDING ELECTRIC IRONMAKING FURKACE

OXYGEN

We consider two cases, the one ocorresponding to utilization of a
well prepared oxidized burden and the other to utilizing a pre-reduced and pre-
heated burden.

The rresent possibilities of the electric ironmaking furnace loaded
with an oxidized burden and the impact of pre-reduétion upon the operating da=
ta have been subjected to several investigations which allow to state with a
good precision the attainable energy consumptions. ror the sake of hono¢ceneity,
we convert the kwh into therwies busing on the requirements of a themal power
station. Indeed, in the case of the electric furnace, one could assume that it
operater vith hydraulically produced power and take into account its true
thermal equivalence.

Ve assume for an oxidised burden consumptions of %>U kg coke and
2 000 k¥wh per ton of emelt iron; with a pre-reduced burden, we assume 110 kg
ooke and 650 kwh, supposing that the materials are being loaded hot into the
furnaoe as they come from the reduction furnace.

For the pre-reduction, we assume that removing &0 ~ of the oxygen
consumes 60 % of the ensrgy which should be required for total reduction.

The energy balance of the oxygen ateel plant will be the mame as in

the model described under 1.1). 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

————

WWM

(in thermies per tons of ingot steel)

Epergy consuaptions for steel production by Zean ¢ of the combinalson
i + oxyZen

: 1 : 2
s Electric furnace with 3. glectric furnace with
: oxidized burden : burden pre-reduced to
: : 80 ¢.

Burden preparation : 36 H 1 680
H H

Coke : 2 010 : 630
s ' s

Electrodes ! 56 : 56
3 ]

Electric energy s 4 600 H 1 495
$ 4

Gas re—entry : 880 s 265
: H

Net total at mmelt H o : S

iron level H 6 522 s 3 576

Stesl plant x 581 f 301
s !

Total per ton of ingot 3 6 903 : 3 Uo7

With hydraulically . 5 M3 .
: H

produced electric power
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1 - 3) EMERGY BALANCE YOR A WORKS INCLUDING PRE-HRDUCTION + ELECTRIC
STERL PLANT.

We consider now the case of the pre-~reduction being carried up to a
high degree on materials conlaining little gangue. One gets then an iron spon=
@® which may be utilized directly in the electric steel making furnace. In a
proocess of this kipg, one by-pasaes the smelt iron phase and consequently the
step of oxygen steelmaking. The attainable results have been well ascertained
by industrial sxperience or by experiments on pilot plant scale (3). It has
been possible to state the congumption and production data of electric furna-
oes according to the kind of product being loaded, the size of furnaces and
the wvay of operating them.

Wo shall restrict ocurselves hare to giving an exaaple consisting of
Nglag a product with 4 » gangue having stili 3 % oxygen bound to the iron.

We oonsidsr two methods of obtaining this product, the first one
fsking use of a rotary kiln and coal, the other being, by way of exemplificae
tion, the Hy L process, based on utilization of natural gas.

The burden of the electric furnace shall include 2V ;- of scrap ;
therevith permitting to use the refuse of the plant. Table 9 shows the energy
conpumptions obtained per ton of ingot.

With the chosen kind of product and in a large capacity furnace, ons
Ray assume a oonsumption of 650 kWh/t of ingot steel. The gangue interfcres
non only through its quantity, but also through its basicity. An acid cangue

which shall need to be neutralized ispairs the consumption more than a neutral
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pre=reductjon + electric fuynace

(in thermies per ton of ingot steel)

! : !
$ Pre-reduction of burden : iotary kiln reduction : Neduction in rvactor
: (840 kg re) ' type L

: ; 2 860 : > 460

3 : :

t Electric furnace : H

s : ]

: Carbon (.4 kg) : 168 : 166

[} : ]

1 Limestone (25 kg) 33 $ 33

3 3 1 ]

8 Oxygen (S »”) : 13 : 13

s 1 3

1 Electric energcy (650 kwh: 1 820 3 1 820

] 1 :

: ) 4 894 Th. : 7 4% Thermies
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! = 4) ENERGY CONSUMPTION OF ROLLING AILLS

Although we camiot discuss all possible cases, we shall state, by
way of example, the eneryy consumptions which can be estimated for the four
following cases :

- rolling train for merchant steel products with a capacity of the order
of 300 OUU t/year, supplied with billets frde continuous casting,

- double-plate rolling train with a capacity of 400 WU t/year,

- steel strip train with a maximsl capacity of 4 million tons per year
supplied with slabs from a conventional casting installation,

~ steel strip train of the same xind as the former one followed by a
cold rolling shop with completing facilities to obtain thin sheets for tin
production,

These four examples are trested in Table 10. They show that the
energy requirements are largely divergeat depending on the type of finished
product which is wanted. The more and more progressing automation and neche-
nization of all operations are leading to an increase of electric powver requi-
rements. Increasing the rate of utilization of rolling mills br means of redus
cing the idling times and increasing the power factor contributes on the O ppo=
site to a substantial decrease of the electric consumptions. A better control
of neating furnaces results also in lowering thermal requirements.

Une will get an idea of.the progresses acoomplished duling the lasgt
decades by considering the consumption of a steam powered rolling mill givea

in Table 10e.
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TABLE 10
tion of i r_ton ]
10 a = Bolling train for merchant steel products,
supplied with billets from continuous casting
(relative output 1/1,060)
Reeating 3475 Thermies
Rolling 60 kwh/t folled 238 -
Handling 5 kWh/t 15 -
dater 15 m> (= 4,4 kvh) 15 -
741 -
10 b = double plate rolling train
We shall assume it to be supplied with slabs
1 « relative output 171,120 up to 10 mm
2 - relative output 1,1,250 above U am
one sheet only obtained from a slab
: 1 ] 2
H :
Meheating t 53X : 660
Rolling handling and X 232 (83 kun) : 382 (136 ki)
H H
shearing . .
Circulated water ! 22 (26 %) : 38 (45 n°)
H :
1 784 Therauies @ 1 080 Thermies
s H

10 ¢ = broad strips train -
rolled frem slab - shearing into sheets -
(relative output 1/1,180)

Rehoating 540
Molling, shearing, handling, 30 kih 2%
Vater 42 n° 35
825 Themaiee
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TABLE 10 (continued)

10 d - Continuous strip rolling train and cold rolling
shop for thin sheets to be tinned

rolled from 1 220

Reheatings, annealings 850
Rlectrical energy - 270 kWh 55
Steam 200 kg 200
; Water 60 a’ 50

i 1 855 Thermies

10 @ = 10 mm thick sheets -
Stean powered rolling mill - r

relative output 1/1,2%

Reheating 700 Thermies
Rolling - 1 400 kg steam 1 540
Shearing - 40 kg stean 44
w.u:-zo-’-wkg-to- 66

2 35 Thermies

T™e stean is taken from the boiler assuming a loss of 15 ;. in the

dietribution piping systeam.
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I1. ENENGY BALANCE OF AN IRON AND STEEL

COMFLEX BASING UN COAL

11, 1) CONSIDERED CASES

Among the energy supplies available in the world, the coal under its
various forms occujpies an important place. we shall therefore discuss here the
possibilities which are available if it is desirec to found ar iron and steel
complex basing mainly on this xi1nd of energy.

Indeed, one has o distinguish letween geveral cases accordirn to
the exact nature of the available fuel.

At first, one may have to do with a so called coking coal, 11’: is
then possible to adopt the model of conventional steelmaking, i.e. biast fure
nace and oxygen plant.

If, on the contrary, there 1s an abundant suppiy of 10 coking C2ai,
such as for instance using the blast-furnace is excluded, but one nay still
reily on direct reductlon procesees 1n ruiAary kiln.

At last, one way dispose only of charcoal, either because of the
existence of abundant toreats or 1f it is possible to set eucalyptus planta-
tions. This case occurs chiefly when no sources of eneryy of any xind are %o
be found on the spot.

The remain vithin the frame of approved compercial procéssec, one
may also oconsider here the blast furnace followed by & steel-wvorks.

Wwe have finally three possible cases, two of which are very closely
related in their principle, although they differ in the capacity of the plants

that may be realPsed.
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To those cases, we shall add the case of the conventional electiric
ironmaking furnace which consumes more electrical energy than solid fuels. It
may be assumed either that apart from the coal, one disposes of hydraulically
produed power, or that 1t 1s possible to get electrical energy for a reasona-
bly low price in a thermal power station fired by no coking coal fines. For
the eleciric furnace, there i1s no need of a coke of @hg metallurgical type,
chiefly characterized by a good mechanical strenglh, but on the opposite, one
looks for a highly reactive coke which, as a rule, 1s ruther 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 can tind here an ubtilizutiond Thus, the
electric ironmaking furnace provides an additional free choice parameier.

We shall now examine what is obtainable from the point of view of
nergy by selecting the one or the other of the above considered solutions.

We shall consider, by way of exemjlification, the case of a works producing
300 000 t of steel sold as .serchant steel products.
1. 2) BALANCES OF JATEiLG AnD ENERGY FUR A TOL UF STEEL.

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

ingot steel.

a1, tee ing - blast furngce and oxygen gtecl plant.

Wo have stated in the first part the basic consumptions we assune.

Yor a works producing 300 000 t/year, it is obvious that we are not in tlc
idesl case as viewed from the point of view of the size of apparatuscs. .le
blast furnace and the oxygen of at least 6U0 0VU t/year. As for the enery
consumptions, one may assume that they are not altere: by this little size 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 assune the

folloving relative inputs i




ID/WG.14/27
Page 26

- 1,06 t liquid steel for i ton of billet,
- 1,06 t of billets for 1 ton of merchant steel
products, i.e. finally 1,12 t liquid steel for 1 t of merchant steel products.
"he following Table 11 a gives the elements of materials Lalance for
a ton final steel.

TABLE 1'-a

Elements of materials balance biast furnace + oxygen steclworks -

Thermies per 1,12 t of steel (i.e. for u ton of commercial steel bars,.

[ : :

H variants H 1 : ¢

H : reference : fuel=0il injection
' coking plant coal - kg | 678 : 610

t coal for agglomeration @ :

t completing the dust kg 3 %8,0 : 61,V
s fuel-0il -~ kg : 3 41,5
s . : s

. Available gas from co- :

; king plant - thermies | 598 : 231

: Available gas from blast: . s

: furnace - thermies H 12% H 130

$ : :

with regard to the small size of the works, we do consider only the
upe of sintered ore and only variants 1 and 2 for the blast furnace.
- 1 - agglomerated burden - without inection -
~ 2 - with fuel oil injection =

For the energy consumptions, one comes to the balance of the folloe

ving table 11-b.
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TABLE 11-b

Energy consumption - combination blast furmace + oxygen steel plant

- in thermies - for 1,12 t of steel (i.e. 1 ton of cowmercial ctoel L*:u‘s)

s : i3
L[] ‘ L 3 2
: variant : (reference) .7 (tuel=oil injection)
: : : ¥ :
$ coke : 5455 s 4099
3 H 3 [ ] H
t sintering coal t 401 ! 12 424
, sintering - ooke btreese 219 | " 196 !
: fuel-oil ] ! 11 405 1
: $ $ 83 :
t ooking plant gas : %8 i1 537 1
! : : 11 :
! Steel obtained t ! 4 140 ] 1 4 120
] ('ll\.. of Table 7, r $ 38 3
: multiplied by 1,12 : 4673 1 4140 ': 4 657 4 120
H H H HH H
: Excese ! 533 :‘ 537

In such a plant, the energy supplies are made up of the coi.ing: coal
and the coal needed for sintering. The gas from the coking plant and tie a8
from the blast furnace provide the possibility of producing the required €lec-
trical energy and, at steels level, there remains still an excess of a little

aore than 500 themmies.
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2 - 2. w0 _goking cogl - Heduction in rotgry kiln.

If one disposes of coal, but 1f this one is not fit for the jroduc=
tion of a ooke suitable for the blast furnace, a possible way of obtaining
steel oconsists of accomplishing a reduction in a rotary kiln followed by a
smelting in an electric furnace. Several reduction processes in rotary kiln
permit to use solid fuels (anthracite, lignite, etc./ and have been develcped
during the last years. One may mention, for exanple, the SL/Ry or Krupp proces=
ses.

As in the previously considered case, it requires 1,12 t of liquid
stesl to get a ton of commercial rolled product. In the steel production, one
uses 900 kg of reduced iron par ton of steel, the rest being made up of scraps
proceeding from refuses of the works.

Assuming an iren sponge with a 2 ~ oxygen content and Jj ;- ganguey

one nay anticipate the operating data shown in tables 12a and 12b.

TABLE 12-a

—

Elements of materials balance. dotury kiln
and electric steelworks

in thermies for 1,12 t of steel(i...lt of comnercial rolled prcductl)

Coal for pre-reduction 675 kg as lignite

or 495 kg as coal

Carbon in electric furnace 16 kg

Electrical energy 780 kwh, equivalent
to 310 kg coal

or 430 kg lignite

o 00 00 0o 00 0O e 00 00 oo B =
o oo 00 ®o S0 Se S0 0s Gs 04 oo v
es 00 oo 00 00 we 00 oo se oo oo oo
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TABLE 12-b

- Rot kiln electric gtee lant

ia thermies for 1,12 t of steel (i.e. ! t of coumercial rolled ,roducts)

Inputs : vutputs

OCoal or lignite 5 580

Steel obtained 5 580

Excess : nil

2.3. Ltiligation of charcosd

I1 there are on the spot no energy supplies enabling to efrect the
reduction of the iron ore, and if the conditions are favourable, onc -y think
to eucalyptus plantations to provide charcoai, especially in tropical re_ions.

Under such conditions, using a blast furnace supplied with charcaal
and using the same fuel for the sintering, one may now obtain the follouing

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

TABLE 1%.8
O roduci elt -

with charcoal, in thermieg per ton of gmelt iroam.
Burden preparation : 957 Thornies
Charcoal for blast furnace 620 kg 3 800
Blast heating ~ 1 000° C 490
Blasting energy 180
Subsidaries 40

5 467
GCas return 1 340

Net consumption 4 127
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TABLE 13D
Elementy of materials balance - blagt furngce with charcoal and

mﬂ;ﬂ_p}mﬁ_ (for 1,12 t of steel, i.e. ! t of comperciel relled pro=-
ducts).

Charcoal for sintering 110 kg

Charcoal for blast furmnace 570 kg

Gas available from blast furnace 1 2w Thermies

TABLE 1%=c

rgy b - furnace with chgreco i

of atee} (i.e. 1t of commercial rolled products).

Inputs Outputs

Charooal 4 100
Steel iron production 3 800
Steel plant 428
4 140 4 228

Deficit 1@ 88
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2 - 4 - Blectric irongaking furnace -

A wo have already mentionned it, this case may be of interest under
osrtain circumstances.

Une may assume the availability, apart from the coal, of nydrauli-
cally genserated electric power ; we shall then take the real thermal e. uivalent
of the kwh. Une can also consiuer establishing a thermal power ststion sgplied
with ooal or residues of i1ts winning.

Jepending on the cost of the kWh, it will be advanta,eous or .ot to
effect a pre-reduction of the burden (3) (4). This is a hypothesis whici we
shall also take into consideration,

The elements of materials balance corresponding to these varions
possibilities are shown in the following [able 14 a.

™e energy consumptions resulting therefrom are given in sgble 14 b,

One will see in this Table energy surpluses which may be considered
as fictitious in the case of using thermally generated electrical eneric, for
they correspond to gases which are not utilized, while thay could replace coal

in the power statien.
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JABIE 14 g : Electric irommaking furnace + oxygen steelwrks - elements of

materials balance relative to 1,12 t of steel (i.e. 1

%t of comaercial rulled

products).

: : Uxidized burden : pre-reduced burden
: ! kvh therm ° kvh hydr ° k#h therm ' iih hidr
H H H : :

¢ coal for coke : 444 ¢ 444 139 120
| coal for pre-reduction | v g2 39 ! 239
, 8ad burden preparation : : ; .

¢ ooal for thermal power : T8 - H 300 3 -

: statiomn : : s t

| available gas th. P65 L 1365 07 ] 407

TARIE 14 b : Electric irommaking furnace

+ oxygen steel plant ener¢ consunpe

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

: : Uxidized burden ‘ pre-reduced burden
: : kh therm ' kwh hydr : Kah themm : % hydr
' 3 ' 3 A )
' 3 I : Vo I x__(:__x I s v : I 3 0
(] : H : : : s : H
t ecal 19 300: 25 1203 4 790 ¢ LU
] H H 3 : 3 H : :
t hydraulic electricity H t 31 6601 H : -V 9
(] : : 3 s s H H :
t steel eladoration : ¢ 7501 $3 903 14 4403 3 100
t (ese tadbl. 8) : : : : : : : :
H 3 : : : : : : :
H 19 30037 7950315 3680:5 98034 T750:4 44035 2263 100
e 3 : i 3 s S 3
3 : s s 3 3 H 3
: excess ! 11 5% t1 4003 : 3101 1 1381
! ' : 3 : : : : 3
I = input

0 = output
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I1. 3) EMENGY BALANCE OF COMPLETE WORKS

We have just seen which energy and coal consumptions were rcquired
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 00 tfyear, the mere
chant rolled steel is incontestably the type of product most fitting to the
sise of the worke and to a developing country.

In this case, one disposes, after the steel making plant of contie
Buous casting facilities and of a rolling mill for merchant steel pruducts,

To the specific consumptions as previously ascertuined, it 1s fair
t0 add the requirements of the continuous casting as well as those of mlling
and finishing.

Por the continuous casting, we ahall assume 3 13

of oxygen and 10
k¥h 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 Tapble 10a in the
first part of this paper, i.e. 741 thermies or 475 thermies more 89,5 kih,

Assming that the electric power is of themal origin, the total
requirements after the steelmaking plant aaount to 779 thermies, comparable
to the available surplus at liquid steel level.

The following Tgble 15 shows the results obtained in the four cases
that have been oconsidered.

¥e have assumed the possibility of recovering the energy surplus

and of saking up for the deficit by making complesental use of ooal.
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TABLE 15 & energy consumptions for & ton of merchant rolled products.

: : Bl. Fum. + ny.f Jlrect.f sle o zlectric :ixon=
. : Steel Flant . reduct..charcoal making lurmace
. . - ©oand . +0, . toxyen

. variant . refer. =f-fel-011:electrlé: ateel gteel plant

: : : inject., furn. | plant :

} » . . : . ammd“l-
. . : ; ‘ced load
s s 3 : : : H

¢ total energy . 4919 : 4899 : b6 3991 H00T: €9 D 219
s consumption : : : : : :

s : : : :

: available surplus th. : ‘T

: ! : : : 1 :

$ deficit in th., or : 246 242 3 9z 567 @ : 469
X inkg coal . %, 34,4 o w2l oo ] 67
0 - : t : : : :

§ total coal consumption: T ¢ 695,4 @ 354 3 Bel s 1 3% 8 45
$ (7 th/xg) : 1 : : : s

] : H H : H H

s . : : : : : :

: fuel-oil ~ kg : T4,5 ) . :

(’) It is here charcoal with 77 carbon constant that is bein congidered

The annual tuel cousumpticns in foru of cual for the W UL t/ycar

works capacity corresponut to the data of the following latle 1b.

JABLE 16 : coal consumption of the works in thousands of tons per year.

' X Direct : * hlectric irommaking furnace
! * reduction and X

: Blast furnace electric ‘ Charcosl : oxidized pre-reduced
. melting ) burden . burden

: : : : : :

s 229 280 2 246,5 : 399 : 223

) $ 1 : : :
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It is interesting to note that the results of the electric iron-
making furnace using pre-reduced burdens are equivalent to those of the blast
furnace. Utilization of oxidized burden, if onme does not dispose of hydrauli-
cally produced electric power, may 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 per ton of end product, i.e. about 100 t/year. However, this
solution is te be compared to the electric ironmaking furnace which leads to
a eeal consumption of 470 kg per ton of rolled product, i.e. 140 000 t/year
while requiring a coke production which on the other hand do not demand a

comventional ocoking plant.
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I1I - ENEKGY BALANCE OF AN IRCN AN iG_Cit I
DROC .

I11 - 1. CASES CUNSIDERED.

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 tiis kind, the processes which ernable to obiain steel
by using these sources of energy must be taken into account. The ,encral nodel
that may be considered comprises producing an iron sponge which subscquently
will be smelt in a suitable apparatus.

Among these, the electric furnace is surely the most conventional,
but it is also possible to consider using apparatuses of the rotary xiln type,
such as is the case with the BOUCHET process, thereby allowing to replace
electrical energy by a hydrocarbon (5).

Among the possible reduction processes, one finds all the processes
turning to use of fluid beds & those using a shaft furnace. Numerous pilot
plants exist or are being erected, but the Hy L process 1s the only one to be
able to pride itself of an important oommercial experience.

In this paper, in which we endeavour chiefly to give examples of pos=
sible energy consumptions, we shall counsider only this process. We dispose
there of actually attained values.

We shall therefore aiscuss in this chapter two schemes of ateel pro-
duction using the same pre-reduction process, but diifering in the snelting
step, the one basing upon the electric turnace and the other on a rotary kiln

heated by a hydrocarbon - oxygen burner,
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As in Chapter 1I, we take the case of a works producing only bar
and sheped products with a relative input of 1,12 ton liquid steel per ton of
end  product.

1f consgidering a plant of higher capacity, it would be possible to
revert to the conventional iron and steel manufacturing process uaing blast
furnace and oxygen steel plant. ior the blast furnace, one should ado;t an
operation with over-oxygenated blast and injection of important quantities of
hydrocarbons, a type of operation we have already discussed in Chapter I,
However, this solution requires the utilization of relatively important quan-

tities of coke, am may be seen on lig. 4.

III - 2. ENERGY CONSUMPTION PEit TON OF STEEL.

2. 1. Production of iron gponge.

The elements of the materials balance and the resultin; cnergy cone-

The energy consumptiona of the Hy L process may appear high, but as s
matter of fact, taking into account the price of natural gas, it has not been
tried to lower them. In a less favoursble utilization context, it would be pose 3

sible to reduce substantiably the needs.

JIABLE 17 & : Energy consumption for | ton of iron sponge - Hy L process =

smptions are given in the following Tgble 17 a. l
!

J

|

|

|

|

residual oxygen 4 #%. {
1

: : :
s : olements of materials t energy consumption th,
s : bala.ice : :
s H 3 H *i
$ natural gas t AI'E | : 5 680 1
! : $ 3
3 electricity ] 30 kWh s 64
s H :
s H s .,

. : . 5 164
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2.2. t electric f ce.

In conventional commercial practice, one will use electric power to
schievs melting of the iron sponge.

This enerxy is 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 thermsl 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 ;. gancue, il
will be consumed for a ton of steel 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
vith scrap originating substantially from the works, the subaidiary 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 nroduced more cheaply.

A total requirement of 2 ObU thermies should be more realistic.,

For a ton of end product, one comes thus Lo an anergy consuaption
of 7 980 thermies used for elaborating the liquid steel.

2.3. gmelting in rotary kaln.

Using a rotary kiln for the smelting, as in the BOUCHET process (s)
sakes it possible to uge directly in a burner a big part of the hydrocarbon,
the electrical energy being used only for oxygen production and in various
applications of 1little importance

This solution may in some ‘:sses allow to dispense with investing in
a power station and moreover, it leads to a smaller thermal consumption.

Table 17 b gives the attainable « nawmption values 3
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JABIE 17D : Smelting of reduced products in rotary kiln - balance in themies

per ton of steel.

: data of ' consumption
. ’ materials balance thernies
H H H

§ carbon : 7 kg : 590

: natural gas : 55 ll3 i 440

¢ oxygen : 180 13 t 450

: electrical energy : 50 kwh : 140

t H t

: : . 1 580

0f course, the scrap produced in the works is recycled with the iron
sponge. For the sake of homogeneity, we have kept the same values as in the
case of electric furnace operation.

rfor a ton of end product, consequently, one consumes up to the

production of liquid steel : 7 450 thermies.

111 - 3. TUTAL CONSUMPTIONS PER TON UF ROLLED FRUDUCT.

Still placing ourselves in the frame of a works producing 300 (00 t/
yoar 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.

As we sav it the previous chapter, these installations reqguire a
ocongumption, under various forms, of 780 thermies per ton of merchant product.

The total requirements of the work amount therwith to 8 76C thermies
per ton socld in the case of an electric steelmaking plant and to 8 230 ther-

mies in the case of a melting in rotary kiln,
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Assuaing a natural gas with a heat value of & thomiu/m’, as ve
have supposed up to now while taking the wexican exemplificaticn, the require-
ments of the works will be, in millions of mj. 5¢8 1n one case and 507 in the
other. To these gas rejuiremernts, one wust add in the first case '3 %00 t of
carbon and 1 HW to 2 Oue t of electrodes, and in the second case 25 500 tons

of curbon.
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IV IRON D P NG ON E RICAL El!

Whatever schemes are contemplated for steel production, all of them
involve a certain amount of electrical energy.

When using slectric furnsces, the part of this energy incrcases
highly and plays a decisive role in selecting the pattern of the works,

One may dispose of hydraulically produced electric power, have a
surplus therual power station or dispose of poor fuels which can nevertheless
be used to supily an suitable power station. In all such cases, it is of inte-
rest to take into consideration the metallurgical schemes which grant a big
place to the electrical energy.

All of them have been reviewed in the previous chapters, whereas
the acosnt was put on other energy supplies.

Two kinds of processes can be made out : those using an electric
furnace reduction.and those using an electric arc furnaocs more specially ap-
pointed to smelting and refining operations.

In the first kind of processes, one finds again :

« the oconventional electric irommaking furnace, supplied with oxidized burdens

- the electric smelting furnace supprlied with pre-reduced and pre-heated bur-
dens.

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

coal wvhich corresponds to the present projects or realizations. As a uatter of

fact, it would be as well possible to use a pre-reduction by means of gases.
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™e second kind of processes includes all the combinations involving
a high degree of pre-reduction of the ore and smelting of the iron sponge in
an electric furmace.

Among sll the possible combinations, we have exanined iwo cases
using as a reducing means carbon tor tne one and gas for the other.

The f.llowing Tgble |8 summarizes all the obtained results, while

setting off the xvwh requirenents.
Prom a purely energetical point of view, the balance favours the

electric i1ronamaking furrace, but this solution implies an oxygen steel plant,

TABLE 18 : Energy consumption per t of commercial product - Processes using

an important part of electrical energy.

kWwh energy consumption over

processes congumption and above - themmies

Electric irommaking furmace

- oxidized burden

- burden pre-reduced tc U » and
preheated

2 060 2 000

870 2 T

tric ptee 1 {

- pre~reduced burden

02-2?. gangue = 3 2

- pre-reduction by means of coal

683 3 880

= pre-reduced burden

0, =47 - gangue = 3 x 935 6 140

pre-reduction by meauns 0f gases

OB S0 S0 0o OB G0 S0 GV S0 G0 G0 OG5 00 09 G5 VB VL S3 Fe G B G
G0 OB S0 G5 G0 - G0 GO G0 OB S0 D VS G O° VB G5 G0 G2 e G w0 e
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Ve P DIV N

ORE TING UNIT
AND A SMELTING AND ROLLING ONE

The oconventional iron and steel industry using the blast furnace fol
lowed by an oxygen steel plant, and all the other schemes involving an intere
sediary smelt iron phase lead practically to the design of works processing
the product from the ore stage to the rolled product. Although one is from now
onward exporting pig iron, it is more natural to contemplate a partition at
sed -finighed product's level and, if one will separate at this point, to
devise 1
= an iron an steel works vith ore preparation, coking plant, blast furnace,

oxygen steelmaking plant and continuous or conventional casting in a develo=
ping country having abundant ore supplies (6).
« the transportation of seai-finished products, siabs or billets, by specially
adapted means, specially by ueans of ships designed for such handling:s (7),
= the rolling mills near the consumer centere, in industrialized areas.

From the energetical point of view, one comes to the division accors

ding Iable 19 :

TABLE 19
ARarsy balance of the semi-products worka (1,12 t of steel for 1 t of billets)
iaput 4 673 output : steel, 4 140
blooming and
billets train 533
4 673 4 673
ARanxy helance of the re-rolling works per ton of rolled products.
according to nature of products, from 740 to 1 855 thermies
comprised of
fuels (substantielly liquid or gassous ones) from 500 to 1 100 thernios
electrical energy 80 to 270 themies

.

M* G
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Ooe will mote that the gas surplus of the ssmi-products works is
depending on the productiom program. According to the part of cold ingots
being loaded into the pits, the thermal congmption vill be more or less im-
portant. In the given sxemplification, the energy flows of the works are ba-
lanced ; in fact ons a2ay assume, as the case may be, a slight energy deficit
or surplus.

A schese including pre-reduction followed by a smelting, on the op-
posite allowe, to turn very easily (at least if the risks of re-oxidisation of
the pre-reduced ore are avoided) two stages of production which may be peogre—
phically separated.

un may then contemplate pre-reduction works whose location can be
dictated by the possibilities of ore and energy supply.

11 will be further possible to provide smelting and rolling works
whose location will be were strongly influenoed by the market of the end pro=
ducts.

This scheme may be applied as well inside the sase country as in a
group of contries far apart from each other.

One vay also contmaplate pre-reduction works of big production cape~
eity intended to supply several smelting and rolling works,

The smelting and rolling works will of'ten be able to be located ot &
ooast, desing on electrical energy.

From the point of viev of energy, the distributions is made acoor-

ding to the following Iable <V.

IABE 20
Ieagsy Malsage of the ire-redustion worka (per ton of pre-redussd iron)

a) reduction by coal in rotary kila

480 - SO0 kg ooal
35 - 45 kb aaking up 3 46V to 3 625 themmiee
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b) reduetion by matural gas

To l3 of gas

30 kv
aaking wp 5 765 thammise

Jacxx_dalance of the smeltiag end rolling works

« por toa of billats (smelting + casting)
2 100 to 2 300 thermies

« gad then, for a ton of rolled product, ascording to the kind of pro=-
dusts, detween 740 and 1 855 thermies

esmprising 500 to 1 100 thermies as fuels

ond 8 to 270 kWh.

Por a melting wrks, ea nay congider that it is posaible to supply
it frem s big thermal power plant, not exceding a conmmption of 2,4 thamies
por kih. One comes this way to emergy requirements lower then in Jpble 20
by 300 to 400 thermies as the case may be.

One seee by exmmiring the Table 20 that the energy consumptions in

the transforming works are cut by neerly the half. It becoses then possible

to locate such works even in areas where only limited energy supplies are
available.
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CONCLUSIONS

T™he whole analysis made in thie paper confirms very well the decrea-
o8 of emergy consumption per ton of raw or rolled eteel, vhich have been as-
oertained on the national mean values. une hae been able to seen down to which
level it ie easy to come for a ton of raw steel in the case of an integrated

works producing serchant rolled products.

let us remind, according to the veluee of Table 15, that one can
ettain, for such an integrated works, including the coking plant, about 4 900

thomies/ ton of rolled steel, i.e. hardly 4 400 thermies per ton of raw steel.

There are howvever ssveral points to note :

= @8 is most clearly to be seen on Table 10, these consumptions will poasibly
e substantially different if the works produce different rolled products as
for instance thin cold rolled sheete ;

= The situation, on the other hand, would be very different 1f, instead of an
integrated works, one should contemplate works basing on acrap ;

- and lastly, the criterion of thermal consumption cannot be considered as a
waique element of selection between various processes or various patterns

of wrks.

Besides, we purposedly stress this last remark, for a high energy

ocongmption may well be advocated if :

= it is relative to cheap and abundant energy supply,

= it lesds, all calculations being made, to investments, and above all %o

eosts, whiech are foic1.ntl, low.
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A secomad conclusion of the present analysis is that it is quite pos~
sidle to contemplate, according to the available energy supplies, an iron and
eteel works vith a capacity of a fev thousands of tons yearly, which would

rely for its energy . supply 3

= either on coal, coking or not, or charcoal, for 100  of its requirements ;

- or on hydrocarbons (liquid or above all gaseous ones) for sore than 95 & of
its requirements (see Fig 5 and 6).

= Or on electric energy, hydro-electric or nuclsar for instance, but here, on
can oover at best only 2U % of the requirements with this source of energy

(wes Pig 8).

We must at last insist on a third conclusion : with the progreseion
of iron-ore aining in devaloping countries, one may contenrlate a nevw exten-
sion of industrial activity in these areas. That would be the production of
pre—=reduced iron ores, in cases of pig iron or even of semi-finished products,

slabs or billets.

To keep ®he point of view of energy, such prospects would lead to
in important trarfsfor of hydrocarbon cousumptions or of coal from the induge

trialised areas to the developing countries.

Whils not intending to discuss thoroughly this uatter which in

1teslf would deserve a long analysis, we have purposedly tried to give a full

picture of all these prospects.
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Pigure 2
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Figure 3
of thermal con tions of production schemes based on
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2igure 4
but thermal s lies for three case
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t
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DATA_ABOUT BLAST MURNACES
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Blast furnace loaded with agglomerated products,

operating on coke without injection

H
H
H
H
H
H
H
H
H
H
H
H
H

H
H
H

:
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
:
]
H
:
H
H

: . : 3
. Materials & . . 1
. balance data : Thernies ; kvh
Ore preparation storing and crushing : : : 5
: : :
Agglomeration H 1,5 ¢ H H
fuel and ignitiom ! M P X
electrical energy H H : 40
H 3 H
H : :
Blast furnace ] H H
coke . 535 ; 3750
Blast heating (1 000° ) : X :
steam - kg H 30 : 30 H
blasting Y1007 T I
Subsidiaries : : :
cooling water $ : s é
granulation water : : : 3
purification of gases : : : 5
loading : : 2
- &a88 re-entries - : 1 740 n3 ¢ 1360 :
loases deducted : H 3
: : :
Gross consumption : 5 00 '
Balance : t 360 :
Effectively available themies : H 870 H
: $ ]
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TABLE A-2

Plast furnace supplied with rich agglomerated ore
Hematite iron produced

+ Consunption

t/iron kih

Thermies

Ore preparation
storing and crushing
Agglomeration
fuel and igmition
electrical energy

1’5 t

Blest 1urnace
coke kg
fuel-o0il kg
blast heating (1 000° C)
stean kg
blasting

3 360
440
495

14

4

1 275 o’
14

5

Subsidiaries
cooling water
granulation water
purification of gases
loading

[ASIERS RV B -,

- gas re~entries - 1 760 n3 1 436

losses deducted

Gross consumption 5 049

balance 3 613 136

Effectively available thermies in

gas

]
s
t
]
t
3
3
H
H
H
H
H
t
H
3
H
H
s
H
t
t
H
t
t
t
t
t
t
H
H
H
H
H
H
H
H
s
¢ 931
3

$F S0 e 00 40 24 B0 0 40 4o B0 B0 20 O 00 GO TP GO GO GO GO GO GO GO GO 00 0O 50 S0 SO TE TE OO 00 00 we B6 S0 e Be ea e
TE 80 S° 00 BE as 4% Bs 40 G0 S0 B0 B0 S0 S0 P VO GO OGP TR TG TP GO 5O S B0 B TO P B¢ T GO GO GO OO 06 S0 Ge Be e e s
TG S0 00 B0 56 00 B8 00 G4 S 43 B0 S0 90 SE SO SO G0 SO OF SU GO B0 GO T DO B0 0 GO 5O GO OO GO GO TS SO S0 e G0 6 ve e
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TABLE A-3

Blast furnace supplied with agglomerated rich ore -
using high blast temperatures - counter-pression -

oxygen - fuel-oil

: Conegumption ; Thermies : kwh
H : ¢ :

¢ Burden preparation : H 70 ¢ 47
t (with 40 » pellets) : : (480) :+ (30)
H H : :

t Blast furnace H : H

H $ : :

: coke : 350 . 2 450 .

! fuel-0il : 96 H 930

: blast heating (1 300° C) : 892a’ * 40 |

: stean ! 10 : 10 1

* (*) oxygen : 62 n3 : : 40
: blasting $ : 1 G0(es
1 t t $

$ Subsidiaries | $ t

$ ] ] !

? : cooling water ‘ . . 4

H granulation H ] H 3
H Lo . s H $
: purification : : : 3
H loading H : H 2
H H 3 $
! - gas re-entries losses deducted : 1 460 m” 1190 : 1719
¢ : : :
! Gross consumption : : 4 610 :
¢ Salance : : 3 42 :
! uffectively available thermies in : : 120 :
: gas : : :
!

—~
*
~——

: The oxygen used is assumed to have a purity of 70 ;.
; The energy part related to pure oxygen can be evaluated to U,65 kwh/

N|3 02 by equivalont.

(") Counter pression 1,2 k@;/m'2 - Through recuperation of expansion enargy
of the mouth-gases, one could dispose of 50 kwh.




in gas
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TABLE A4
Energy congumption for smelt iron production
Addition of pre-reduced products to the burden

: © bataof ! :

: Materials ' Themies kwh
: : 3 :
L3 ‘ bdwce . 13
: $ : $
¢ Burden preparation H : 405 ¢ 24
3 : H :
: Blaat furnace t H t
: metallic iron in burden : 407 ' :
g coke : 304 H 213
; fuel-oil X -
t blast heating (1 000° ) H 910 13 t 352 1
s . t $ s
: blasting . : : 53
: . : : '
: Subsidiaries . : :
t cooling water g s s 4,5
: granulation wvater : : : 3
s purification of gases s s s 3,5
: ] $ $
. loading : : : 2
= g8 re-entries ' 3 ! :
: losses deducted : 120 ‘ %00 :
: s : :
! Gross consumption s : 3257 ¢+
¢ Balance : H 2357 ¢ 9
: : : <
t cffectively available thermies H H 548 :
: : : :
: : : ]




APPENDIX 2

IV

¥o have assumed * the following equivalents :
! kg coal = 7 thermies
! kg coke = 7 thermies
! kg lignite = 5,1 thermies
! kWh = 2,8 thermies
1 13_natural gas = & thermies
1 kg fuel-oil = 9,4 thermies

1 n3 oxygen = 0,9 kwh

® except when otherwise staded (especially Tables I and 11)

m
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