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Electricity is ome of several forms of encrgy that can be used to assist in
steolmaking. Although stecl can be made vithout the use of eleetrieity, yraticality
suggests that sbout 300 kwhr jer ton of hoterolled steel produets is a reasomable
minimum. Extensive use of electrical enorgy from ore to final product can lead to
consumptions over 2500 kwhr per ton of Boterolled product. The most officient snd
economical use of eleetricity in most situstions is likely to be between these two
extremes - for example, over-all sverage conmsumptions for 1962 in the U.S.a. and
Japan were abeut 460 and 735 hwhr per toa of product. Emphasis is placed on the
point that, teken by itself, the consumption of electrical energy in a steel plant
does mot tell either the efficiency or the economic soundmess of the plant,

| GE.63-13770




STEEL SYaP. l%)/
Technical Pa r/.. 2
.age 2

INTRODUCTIGLN

Electricity in soi. ancunt ecun be considered todsy as a practical necessity
for steelmaking, regardlvss of the location and size of the steel lant. In a
completely primitive eavironment vith absclutely no electrie power available, a
knowledgeable ,erson could mal.: steel (even Trom ore), but this condition is
suffieiently rarc that it can be neglected for the present pur,,oses,

A nation or locaiion that is deveioping its industrial resources usually looxs
first at a grou, of activities that includes (1) electric .ower, (2) transjortation,
(3) communication, and (4) sterl, These activicies must pe considered together
because they arc to a lacge degree mutually interdependent. Undue emphasis on one
of those four ficlds at the ¢xpense of the others will lead to imbalance that can
inhibit over-all industrial growth, *

In a develo, ing nation, cleotrieity for diversion to stecimaiking can be either
in short su)ply or can be readily available. Venezuela and New cesland are two
nations in which prior deveiu, ment of sourecs of cleetricity made it jossible to
consider clectricity, cven for ,rocess heat, dirvetly from the start of ,lsaning
for a new steel industry. In many other develo,ing countries, eclectricity is less

available and must be conserved for the more basic needs of lighting and horsepower,

FiAii OF REFERENCE

=

The analysis given in this japer concentrates on the use of, and the need for,
electricity in steel plants, Llectricity is, however, only one form of energy.
Ovher forms arv readily interchangcablc with eleetricity, Because of interchange-
ability, one should not considecr clectricity exeet in relation to other forms of
cnergy. However, in this japer we are attem,ting, to a large degree, to snalyse
electrical requirements without deteiled consideration of alternute forms of

energy or of total ¢nergy. Because it is vital for the audience to understand this

frame of reference, we are illustrating it with the analogy shown in Table 1.
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TaBLE 1. AlvaLOGY OF PROBLE:. In TXaNSHOLF TU .
FGBLli. I STTLLLLKING

Nature of Problem : ifrans ort j Steelmaiking
Starting point Small town in Ohio Source of iron units
2 / “x - ~\
! A z Ve
H } -
| i
Pinishing point | X ! Y
: /”
| B O
{ Small town in wixture of stecl yroducta
| Czechoslovakia i :
Kequirement i Trans, ortation ! Energy
H i
hicans Wali ; wiscle power
Drive an automobile Natural gas
. Ride a train ‘-——l—-’ Lleetricity
anide s boat ; Yater power
lide a bus ‘ Coal
ide an airplanc «tomic power

In our analogy, consider the problem of a man desiring transportation from a
small town in Ohio (Foint A) to a smell town in Czechoslovakia (Point B), lic has
available to him several methods of transport (walk, drive an automobile, ride a
train, ride a boat, ride a bus, ride an airjlane). No single method is sstisfactory
by itself. Some combinstion is meedod, The man vill select the combination which
best suits his partieular needs and resources at that time, He will make a
selection bused on a number of faetors such as distanee, speed, cost, availability,
and combort. Different men faced with the same _roblem will come up with different
combinutions, al! of which will get all the men from Point & to Point B, but aut
different s eeds, difforent costs, and different total distances travelled.

In the present analysis of a steel vlant, we have a _roblem of chemical
reaction rather than & ,roblem in transport. .s shown in Tuble 1, the problem is

to get from a source of iron units (Point C) to a mixture of steel yroducts (Point

D). PFor this, we need cnergy. .Je have available several forms of energy (muscle
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vower, naturul sas, :leetricity, watoerpower, coal, atomic ,ower)., as in the case
of the trans ort enclogy, th. scurces of encrgy arc largely interchangeable, and

no source is satisfactory Ly itsclf. Some combination is needed., In any ;articuler

N o A . Wy v -- - - - e e Y

situation, the best eombinut ion will degens upon faetors ;.o’cu‘liar to that aituation.

Continuing the transport analopy, one ecan analyze railrowo! tranagortation as
onc component in tine trans, ort mix, For wiunm le, we cun analyze trans,ort froo
Point 4 to Point B on the basis of the minimuw railroca mileage required if our
truveller dousn't like radlroads; we cun analyze on the baesis of moximum railroad
mileage if the traveller  refers coilroads;  or we can analyze on the basis of
the railroad mileage sciceted oy the avorape truveller from soint 4 to Point B, In
this analysis of railroud travel, we are recognizing the existenco of interehangeable ‘
forms of transyort, but w¢ are conecatrating on ene articular form without going
into detail om whet our selcetiona reparding railrocd travel do (for exemple) to
the total distanee to be covervd oi to the tolal eost of the tri,,

In the present anclysis on steul [ lants, we are considering the elaetrioity
component of total energy just as in the ucior .roblem w. considurcd the railroad
com,oncnt of total distance. Just ws our sclection to usc o trein to a larger or
lesser degrec will change the total distunce to be travelicd and the cost of travel,
s0 vwill our selection to use wlustrieity to a lurger or leaser degree change the total
encrgy needed and the cost of totcl cnergy.

Total energy is the logiccl basis to consider energy needs for a stecl plant.

Such analyses have been published and arc nccessacy in the design of a plant, Total ‘

g

requirements arc the starting point for anulysis of stevl-plant enwrgy requirements
(just as the distance from oint . to loint B is the starting ,oint for the transpert
analysis), In the jrescnt stecl-,_lant analysis, however, we arc for the present
purposes relegating total ¢nergy to the background and are concentrating on only the

one component - clectricity. Je iaust recopnize this background against which we are
‘ working, but we need refer to it no more oner the frame of refurence is thoroughly

understood,
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U LAEWeNTS FOR STLrLuskING

A—

The electricity uscd in o steel plant can be furnished entircly from outside
sources, can be generated untirely within the clant, or cun come both from outside
sources and internal generation. The latter combination is most common,

Drawing on the cone. .t thnt ¢ steel clant can gencrcate its own leetricity if
required to do so, one can talt: the viow that un cutside wurce of cleetricity is
not absolutely nocessery. ith this view, onc can list the basie tochnological
needs for steelmaking as followss

(1) Sources of the clements iron, carbon, mangunese, and others that are

necessary components of stuel, .lus neecssary fluxes

(2) Suitable equipnent, and encrgy to drive the equipment

(3) A suitable reducing sgent (if the starting material is other than

metallic iron)

(4) Energy for srocess heat

(5) sanpower

(6) Suitadle working conditions

(7) Suitable knowledge.

None of these basic nceds reguire cleetricity, but electricity can contribute
much to the satisfaction of scveral of them,

USES FOd ELECTAICITY

¥hat are the most dusireble uses fou electricity in e stecl plant? Three
categories cover the situation:

(3) Lighting

(2) Horsepower

(3) Process hect,

Lighting is jlacod first because it is likely that if only a small amount of
eleetrieity is available, th: first inerement will by used to provide light,

*

Horsepower via clectricity is ,;ldced socond becausce of the m;sortahce of
electrie motors to drive all ty,cs of mechanieel devices., io a large degree,
clectriecity for this urjos: is a substitute for aanpower. The extent of this

substitution depends in cach location on the relative availobilitics and costs of

eleetricity cnd manpower.,
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Proevss heat vie oleetricity is  Irecd third beeeuse it usually cnters
consideration only il furtin: cloetricity is available after the needs for light

and horscyower arce satisfied,

Two general situations can be visualizod to illustrote the oractical extremes
for use of clectricity in stoclmaning., Those wiil be discussed further, but are
summoariged herce for ar_oscs of orientation.,

C%l@ﬁﬁtﬂm of Llcetricity

The plant is illuminated by cleetricity., solid, liquid, or gascous fuels (e.z.

eoal, oil, or naturul gas) arv us.d to , roducec 1¥cess heat., Some of this process
heat is converted in the [ lunt to steam for meechanicel drives or to generate '
moderatc amounts of cleetricity for some cleetrie motors, lanpower is presumed
readily avoileble and is uscd freelv to minimize the number of clcetrie motors
and aids, Tue lent is oresuncd to be fairly small (say, 500 tons of steel per
day), becaus: this scelc of operation is riost consistent with the assumed conditions,
A flow sheet for such oo lunt might w. 11 contein th. following eleuents. Ore
is handled monuelly es much us possibl., Conccatretion or grinding (if necded)
is done mechanically or hydraoulienlly., The or is reduced in n %iln using coal or
nutural gas for heat, The :.mtullic’,roduct is melted in o eu.ola and converted
to steel in an air-blown converter or in a snmall ¢, en-hearth furnace, Conventional
stvel ingots are socked in fuelefired , its and are reduced to merchant shapes on
conventional but sin_.le¢ mills, ‘
Sueh & _laut would iavelve o yractieal mininum of consumption of eleetricity.
Consumption of fuels (coal, e¢il, or natural gas) and requirenents for manpower would
be high, . f
Extonsive Use of ~lectricity
The slant is illwainated by cleetricity, ,.robably to o higher foot-candle
ruting than for the _rior casu., Elvetrie motors arc used exteasively to speed
proccasing, to roduc. manpower requirements, and to imrove working conditions.
troeess heat is furnished clcetrieally wherever it can be ased to advantage.
« Flow sheet for saeh o lent would involv.: a high degre. of mechanization of

the trons, ort function, ven to the usc of eleetric loconotives. The ore or

concentrate would be rodaecd cleetrieally, say, in un . leetrie-are furnacc. The
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metal from the reductiun furncee would be sfoeessed to stoe bl in anotlvr cleetrie
furnace or in an oxygen convertoer roequicing cloetricity for the sroductlion ol
oxygen. Ingots would be hivated in oloetrie soesing puts aind worked to highecnergy
forms such as shcet and stri, .

Sueh a .lant would involv. . creeileal maximue of consumption of vleetbricity.,
Consunption of auxiliary fucls (coal, o0il, or noturdl vas) and requirements tor
manpower would L. rclatively low. Th vlant would be eleun, and the procuss
would be amenable to closc control,

Intermediate Use of ilcciricity

Most steel made in the world today involves ¢ usuage of eleetricity intermediate
between the two extremes just deseribed. It is likely thet future plants in
developing countries also will scttlc on some intermediate usage.,

If a developing nation must inelude extreme conservation of eleetricity as o
requirement for steelmasxing, then serious attention should be given to the
propoesition that o stecl ,lant in this location uwgy be a rematurce venture,

1f a developing nution is blessed with o genuine excess of low=cost vleetricity,
then further serious consideration must be given to how effcetively sdditional
increments can be used in a steel clant in com.arison to usc in other activities

(such as reduction of elumina) that consume large amounis of clectrieity,

The smallest steel | lont considered in the vresent analysis melts steel scrap
in an eleetric furnacc and converts this to about 100,000 tons* of merchant products
Per year. aslthough ,rocessing is fairly simple, the requirements for c¢lectricity
is dbout 84,000,000 kwhr jer ycar, or about 340 kwhr per ton of hotwrolled merchant
product. As will bc seen os the cnalysis develogs, this type of plant consumes o
relatively large amount of electiricity ,cr ton of product, even though the
sterting muterial is metallic (not orc). In this type of plant, the eleetrical
requirements per ton of ,roduct will not change much with o chang: in the size of
the plant. 7Tuis first case is the oaly one of the five that starts with metal

(steel scrap). all subsequent cuscs start with ore,

* All tons are metric tons of 2205 pounds, -
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If we ure stertiog our roevss with ore instead of steel serag, various
considerations outside the sco o of this eLer suegest that tie ~lant usually should
be larger thon tor o lent based on stocl sers, . For the next three ceses, we will
consider threo Lossible tyres of sucil  lints to econvert iron ore to 185,000 tons
of hoterolled merehent products ,.or your,

The first of itieso smell oro-bascd ;lonts smelts the ore in oleetrie furnaces
without any .rercduetion. The hot metal fro the cleetrie smelting furnace is used
with stecl scra,. in the ratio of /20 t, rowuct steel in ¢ busie oxygen (BOr)
furnace. Stecl ingots are converted in o acrehant mill to 185,000 topns per yeer of
simile hoterolled merchint sha.es. The eleetrieal requirement for this plant
soars to chout 2280 iwhr jwr ton of merchant .roduct.

In our sceond ore=besed lont we resroduce the first, exce;t that en auxiliary
fucl (such as coal) is usod in auxiliary equinment (sueh o8 a kiln) to do some
prereduction and somc preheating of the ore bhefore it is charged into the cleetrie
smelting furnaec., Dopendin; u on roeuss detoils, we can lower the elcetrieal
requirement for the smelting ste . by oncehulf or more, In o ty; ieal case, elcetricel
usage is Jowercd to shout 1355 “whr Ler ton of nerchant yroducts,

For the third orcebased small Jlent, assune that cloetricity is in short
supply. In this cusc, we can ,roducc briquettes of sponge iron in a kiln from
orvy coul, and rclatively little clcetricity. The briqucties ecan be melted with
ecoke in o cupola, and the Hrot- mebak-thon processed -through- » 30F furnuce and
merchant mill us in ihulﬁficf‘{QSMEEB;Q."iné'fﬁdhirumsﬁi for electricity for the
clant now f£alls to about 370 twhr per ton of merchant yroduct - oﬁly about 16 per
cent of our first ore-bascd ; lant of the seme size. Bocause this third plant was
set uy to use ifucls such as conl und coke to sove electricity, and becouse these
fucls usually cannot be used qeteliurpicelly ot high efficiehcy, this plant will
generate a considerable amount of "nonmetallurgical“ heet, Doeisions on whether or
not to recover value from this ortion by producing stcam and/or electricity internally
will be o matter for detailed study of the ,urticular situation.

The three versions of tae BS,OOU-tén ore=based plant use 2280, 1355, or
30U iwhr er ton of the swae .roduct. This information, however, tell us nothing

about whicii .lant is choajest to construet, which conswncs the most energy, or




STERL SYMP. 1963/
Toehnieal Poor 4020
TTIC |

which is the cheapest to opercte. Tause further coints of infornation st be
obtained from other anclyses. For the vresent purposc, it is sufficient to huve
shown that it is possible to maie stevl over o witde and controllable range of
consumpt{?n of uleetrieal cneryay,

For our fifth and lust case, we consider cloetriend usage in o larger more
conventional type of stecl lant. In this casv, wov have o blast furnace (and
intograted coke plant) yroducing about 730,000 tons of hot metnl o ycor, This is
convéftod with Scrup in opun~hcarth furnaccs to about 1,000,000 tons of stecl ingots
per year., These ingots arc rolled to about 730,000 tons of steel produets, Because
of the larger scale of operation in comparison to the prior plonts, this plant has a
wider ronge of stucl products, somv of which (for exampl., sheet) reguire more
eaexgy than merchent shapes for rolling, 1In such a large integrated plant, the
usage of cleotrical cnurpy is likely to be anbout 400 kwhr per ton of finished product,
A parellel caloulation bnaed on the use¢ of BOP furnuees instand of open hearths
showed a total electricnl usagu 80 close to 400 kwhr per ton as to be judged not

significantly different,

The bases used for the calculations given in this seetion are summarized in
Tobles 2, 3, 4, 5, and 6.

TABLE 2,  TYPICAL ELECTRIC-ENERGY USAGE FOR PLANT PRODUCING
100,000 TONS PER YEAR OF MERCHANT PRODUCTS FROUM
SCRAP USING COLD-MELT ELSCTRIC FURNACE

Item Output, Kwhr/ Willion
.matric $ons/year Metrie Ton Kwhr/Year
i _ ———— : —ce———— —
Eleetrie stool.aking furnace 115,000 550 63
Merchant mill 100,000 80 8
Plant and auxiliary power - - 13
Total 84

Avafagé = 840 kwhr/ton of product
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TABLE 3, TYPIC.L ELECTRIC-ENERGY USAGE FUW PLANT PRODUCING
185,000 TONS PER YEAl OF LERCHANT PRODUCTS PROL:
Oi? USING ELECTRIC ShlhPING FURNACE W1THOUT
PREREDUCTION

Iten Outut, Kwhr/ Million
‘ metric tons/yoar  Letrie Ton Kwhr/Ycar
Electrie smelting furnue. 160,000 : 2200 352
BOP furpace (excluding oxygen) 200,000 20 4
werchant mill 7 183,000 8O 18
Plant and auwxiliory jower - - 0
(ineluding oxygen)

Total 421

Average - 2280 kwhr/ton of jroduet

TaBLe 4. TIPIC.L ELICTRIC~ENCRGY VSAGE PO PLANT PRODUC ING
185,000 TONS FEK YEAR OF MRCHANT PRODUCTS FRO.i
OHE USING ELECTRIC SWELTING PUKN.LCE WITH PRE-
REDUCTION WITE C..tBON

Lten Qutjut, Kwhr/ Million
' motrie tons/year setrie Ton Kwhr/Year
Elcotrie smelting furneeo with - - - - 160,000 +1200 o o192
prereduction
BOP furnacc (excluding oxygun) 200,000 20 4
Werchant mill ' 185,000~ 7 g0 ) 15
Plont and auxiliary ;ower (ineludi - - 7 K}
oxyren
Totul 251
averagre 1355 kwhr/ton of produet
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TABLE 5, TYPICAL ELECTRIC-ENERGY US.GE FOi PLWNT PRODUCING
185,000 TONS PER YFAR OF iERCHANT PHUICTS FHO.
URE USING CARBONACEOUS PEDUCTION TO SPONGL IRON
IN » KIIN

Itom Output, Kwhr/ Million

metrie tons/year ctrie Ton Kwhr/Ycar
Sponge iron plant 200,000 1% %
Cupola 200,000 10 2
BOP furnace (exeluding oxygen) 200,000 2 4
Nerchant mill 185,000 80 15
Plant and suxiliary power — - Yy
Total | 68

Average = )70 kwhr/ton of product

TABLE 6, TYPICAL ELECTRIC-ENERGY USLGE POR PLLNT PRODUCING
730,000 TONS PER YEAR OF STEEL PRODICTS FRO4 ORE
USING BLAST PURNACE AND OPEN HEARTH PHOCESSES

Iten Output, Kvhe/ xillion
metric tons/yuar sctrie Ton Kwhr/Year
m SR _
Blast furnace and cok: plant 730,000 26 19
Open hearth 1,000,000 2 F 1]
Rolling (bar, plate, sheet, 730,000 188 137
structurals)
Plant and auxiliary power — - 07
Total ( 2%

it P L e b e s T B
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The forcpuing caleulations bascd on hy,othetieal installotions ean be coiparsd
with ‘atual olvetricity usage for large steel industrics in highly developed
countries, ,

In the United States, the reported annusnl usage of cleetrieal cnorgy by the
steel industry has varicd over the period from 1958 to 1962 from about 416 to about
457 kwhr jer ton of roduct, with no consistunt pattern of ineresss or deercase
during this period, 1n 1962, the manufactur: of ubout 68 million mutric tons of
finishcd produet requircd cbout 31 billion kwhr, o whout 457 lwhr ,or ton of
finished produet, Of this total usape, about 21,2 billion kwhr (or 68 Lvr cent) was
pyurchasud, end the bulune: wus pencrated internally. This average cleetrieal
usage for thy vntire United States is for un industry that docs praetiecally mo
reduaetion of ircn orc by cleetricity ond uses e¢leetric stuvolmaking furnases for
ebout 9 Ler cont of its toted slecl roduction,

In Japan, more use is mude of elcetrie energy in steclnaking., Some iron ore
is reduecd in cleetric furncees, and cbout 21 per eont of total stee) is made in
- electrie farnscos, For this reason, their coussmption of about 16 billion kwhr for
about 21,7 million tons of finished produects uvcrages sbout 735 kwhr per ton of
finished product,

These two examplos, basud on statistiecal summirius for two large national
stecl industries, illustratc the considurabic megnitudc of variation of cleetrical
usage actuelly cneountured in practiec whoen local conditions are takun into account
in determining the most cconomical und most offcctive bhalaneu betweon optionel

sourecs of enerpy,

ELECTHICAL REUVIRSMENTS POR SriCIFIC Pi

e e e o
. [ ond o - c e en - -—

a8 one breaks the .roblum of vleetriesl usagn into siell units for considerae
tion, the dependability nad eomparubility of datu degrade. In dealing with complete
clants or nationul industrics as we have to this joint, diffcercenees botween speeific
eperations tend to average out, In dealing with s, ceifie |, roecsses, however,

virtetions betweon dififerent units of the sone proecss can be lurg:, For example, in

plust durnce  reeticr, oleetvical usage will bo affeeted by turace: size, quelity
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and n: turcof ore and coke, injeetion of hydroecrbons or oxygen, and other factors,

For this rcason, the cluctrxc usag: figurcs Livbn in Teble T arc 111ustrat1v of

typieel practices, and arc subjuet to conudx.rubln ‘variotion in s‘xcihc cascus,
Deta of the type givon in Table 7 arc useful mainly to indieate the order of
magnitude of likely clectrical consumptions for typieccl items in typicel plants,
These data suggest the ,rocesscs that arc hiph consumers or low consumers of
eleetriéal cnergy. 1ln no way do thuy tell which srocesses are "most efficient”,
Such decisions on officicney must be based on the interrclation of yroeusses and ,
units as they arc actually assemblcd ix;to the -.lant.
Presentations such os Tauble 7 must not be uscd to estitate totel vlectrical
needs in any partieular [lant. The dote are not sufficicntly cohurent for this
purpose. Por example, the nature of the denominator of the relationships
(energy/product) changes in Toble 7 with the nature of the groduct, Determination

whole, not as o scrivs of unrcleted procussing steps, This situntion is illustrated
also by the lorge valuc and wide variction listed in Teble 7 for "olant and
suxiliary power". This component of the total energy mix can be either relatively i
large or relatively small in any particular plant, and any gencral statement on how
to estimate it would be of quostionable value,

One final illustration shows the typc of hazard inherent in dealing in
generulitics, Consider a hypothetical but not unusuel: situation wher: we want to
minimise e¢lectrical usage in the produetion of hot metal from ore because vlectricity
is expensive in the particular case under discussion, Examination of Table 7 might
lead vo the gencral statement that cleetric smelting oupht to be avoided beecausce it
requires a large amount of clectricity end, henee (in this casc) leads to high cost,
This generality is bascd on the corrvet idea that the rclationship between procuss
cost and the percentage of metallic iron in the charge to an cleetrie furnace is
about as shown schumatically in Figure la. The cleetrical requirement and the cost
of operation of the cluctric furnace drops from o mauximum when the furnace is

charged with orc to o minimum when it is cherged with nictal,. The gencrality

says Tuse only metol in the c¢leetric furnaec". Forycttmgv the gencrality for o

moment, we can now ask o question agbout the cost of obtalnln," this m:tal, If we

r
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Tyrieal Elcetrie Usage

Item

T T S —

Sintoring of ore

Coko plant for blast furnoe.

Blaost furnac. (uxclusive of cok. lant)
Eloetrie smclting (without yror-duetion)
Eleetric smclting (with .r.roduetion)
Sponge iron (kiln roduction with earbon)

Basie oxygen furnseo (uxeluding oxygen)
(ineluding oxyr.n) -

Ooon hearth furncec (without oxyspon)
(vith sor.. oxygen)

Eleotrie stuclmaking furncec (sera, charg:)
Cupola
Small merchant mill
Blooming mill
Billet mill
Bar mill (12 inch)
Plate mill
Elcetrie scaking ,its

Plant and suxiliary power (for ecor.l.t.
ylant)

e ——— e—————

Kwhy L‘nﬁ(”

e ——————

15 to W Ton of sinter
13 te 18 Ton of hot metal
} (VIR O § | Ton of hot metal
2000 t¢ 23 Ton of hot wotal
1000 4. 2000 Ton of hot wetal
100 to 2w Ton of sgyomge iron
15 %o 25 Ton of molten stevl
W oto 60 Ton of molton steel
7 to 15 Ton of molten steel
13 to W Ton of moltun stecl
WU vo T00 Ton of molten steel
5 to 15 Ton of hot metal
70 to MO Ton of product
0 to W Ton of blooms
23 to 45 fon of billots
63 to 85 Ton of bars
U tce 110 Ton of Llate
o to 35 Ton «f ingots
100 t¢ 300 Ton of roduet

(1) ‘JJ Luns GF .

motris tons of 2205

L wadnds
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think for the prosent in torms of doin~ sonm. or complete jrercduetion in o prier
step, we might comc up with » rotroatment cost similar to thet shown in Firur. 1b,
By itsclf, this tulls as Jittle - xcopt thet Jv. eroctment alse cdn be CRp LRSIV .
¥hon the costs in la end 1b ore ad :d, the rosult for this vurticular situation is
somcthing like Figure le, The joancrality ("as. only nmetel in the cleetvie furnace™)
works out for this ,articulur oxam:l¢ to pive us th. highest ecst for the combined
processus, The lowust cost for this usempl. £alls somevhere between nllecre and
all-netal,

This type of snalysis invclving the eombining of yrocess ste,.s should be
continucd for the particulir situction. ¥hen other ap ro,riate faetors and
altornatives arc fod into the ,roblum, we may find that for the overenll plant our
bust solution is to usc alleorc, ulletictal, or somc mwixturc in botween; or we moy
find that it involvus som+ entircly diffoerent proeeessing route,
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FIGURE 1. SCHEMATIC REPRESENTATION OF COST OF PROCESSING
IRON IN ELECTRIC FURNACE









