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1. INTR0DUCCION 

With the introduction in 1976 of the Coals Park of "Abono" it 

was necessary for Ensidesa to use a coa l mix ing o~timization 

model in order to make coke. In fact, the storing 

installations, grinding, dosification and mixing o f the Coal 

Park of Abono allow us to wo::-k si.mul.taneously with a great 

n umber of coals in the coal blend. Such a number is norm.:illy 

geater than 18 coals, and in many cases i t r e ached the number 

of 22. In addition, the need to use up to a maximum national 

coa ls (at present it reaches 25 % in the blend) it demands 

that widely separated coals in the range scale be used and 

cons e::;.uen-tl.y, wj:c:. very dif f •:,ren t properties . So i n t);)e 

cok ing coal blend of Ensidesa we can finda semianthracitaus 

infusible coal, 11 % volatile materials and 2.0 % statistical 

r eflect anc c , as well as 35 % volatile matters coa l, 0.7 or 

o. 8 % reflectance anda maximum Giesel.er fluidit y greater 

t han 60.000 within these two types of coals, which in one way 

may be considered extreme s, there is a wide variety with 

intcrmediate properties, being either national, Polish, 

Austr~lian or North American, high, medium or low in volatil.es 

e ::- e ven in"-:.-t addj.t i ves, such as petroleum c c ::e . Gi ven the 

c omplexity of the raw material used, it i s indisp ensabl.e to 

use an optimization model, as otherwise the rigurous 

resolution of the probl.em would be practically i.mpossible, 

especiall.y if we bear in mind that, wheo calculating the 

mu.~ure of each month, we mu.st take into account thesituation 

that wil.l arise several months later, since the model oot 

onl.y provides the composition of the coal pRste which will be 

consumed in the actual month, but it must be useful to plan the 

buying of the oecessary coal.s io the near future, naturally, , 

respecting the stocks there wil.1 be in the p orts, the supply 

and the long-term contracts which we may have. 



147 

Besides, t h e optimization mode1 o f coking coal blends is not 

o nly usefu.1 to establ i sh the most e conomical _mixtu.r e among all, 

t hat fulfill de f initive quality specifications, but that in 

addition, may be used for solving a great number of p roblems, 

in which the r elationship of quantity to b e consumed, qua lity 

a nd p r ice of one or several coals intervenes . Thats to say, 

s uch questions which involve the preference in the buying of 

raw materials, penalization o f a coal when it does not fu.lfill 

specifications, partia l or total substitution o f a coal in the 

mixture certain condit ions being fulfilled, and more which will 

be laid out later. 

2. O.!'TD1ATION MODELS OF COKING COALS BLENDS 

Ensidesa has solved the opt:unization problems of coal cokin~ 

blends us i ng different models which differed one from the other 

fundamentally in the objective function, which depends on the -

different manufactu.ring processes which it contemplates. 0n the 

ot her hand they all have in common the function of giving as a 

5ol ution a coa1 col.:i~G l::!. e nà which: 

a) Is the most favourable from an economical point of view, 

although in this case the concept 11 most favourable from an 

economical point of view" is relative and depends on the 

Objetive function which is used. 

b) The paste and coke fu.lfill minimum quality especifications -

previously established. Once such especifications have been 

reached they must have a certain degree of freedom, whereas 

on the contrary we cou.1d not speak of optimization and the -

benefits achieved, on the whole, they will be greater is the 



degree of freedom in which the model moves, 

e) The quality o f paste be adequat e too, to the manufacturing 

conditions which exist i n the process (dangerous pushes in 

batte ries, P,lasticity , reflectance in terms of thefunction 

and working rat e of the batteries, etc.) 

Figure 1 shows schematically the si.mplest model of 

optimization of mi:>..-tures. The main rest r ic~ions i.mposed on -

the paste and on the coke can be seen, as well as t he funda-

mental relationships which exist between the individual coals 

and the c oke, I t :nust be p oint e d o c:."'.: '1:hat i.n -;:, ;: i,:; fi::, s -;:, model, 

the objective functio n i s the price o f mi:>..-ture , not takin6 

into account at all the qua lity of that col;: e in the blast 

furnace process. 

In the scheme of f igure 1 the statistical equations of the 

type 

r: 
i 

X ,2 r.-
l. • V Ai2 

have bee n omitted, whereasa'AB2 andqAi2 represent , respectively, 

the variance for the blend and for coal i of a certain property 

or analysis and Xi the proportion of coal i in the blend, 

which allow: 

1) To calculate with posterior the typical estimation error 

in the forecast of this specified property (for example, 

ashes of the coal blend), once the model has fou.nd the 

opt i.mum solut ion and the variants are Jmown for a property 

in the component coals. 

2) Bearing them in mind in the optimization calculat ions, 

l i ning approximately the equation 
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(JAB ~ ¼i2 • (rAi2 

with which predicted equations and limitation of tnat 

property ,."ili remain in the form of 

AB"' (Xi Ai - zpxi) ~ MA 

Symbolizing the lineal function which substitutes the quadratic, 

varying Z (taken from the normal distribution curve) accord~ 

to the typical error which is considered and MA, being the 

established maximwn/minimum values. 

The use of an objetive function which only takes into account a 

partial aspect of the process may lead to obtain solutions -

which, although being mathematically exact, are noteconomically 

valid. For example, in this case the optimization will give us 

a solution, within all the blends which fulfill the equations -

of an established condition, the one having the minimum price. 

This mixture, on the other hand, does not have to be the one 

that provides the greatest economics when it is included in the 

a nalysis of the l!lOSt advanc e d procezs of th~ blast f.::•nace. In 

general, it will be possible to f:i.nd another mixture that even 

having a price of mixture a little more e:i..,,ensive than the 

optimization, produces a better quality coke, such that savea 

amply in the blast furnace {in coke consumption) the excess in 

price which has been paid for the mixture. The same can be 

said if the esti.mation of the subproducts is considerate or not. 

A model vhich not only takes into account the prices, b~t alao 

the prices and performance of the materials in the global 

process must be used in both cases, above all if the same are 

related to the quality of the different coals used. 

According to the latter, the greater is the opti.mization model 
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used, the gre ater will be the obtained s avings. In figure 2 

the General Mode l of opt imization of raw materials used by Ens,:!_ 

desa has bee n repr esented, with which the coals of the battery 

blend s, the mineral fines to be sintéri zed, lump ores, pellets 

and fluxes a r e optimized e conomically. Now t hen in those cases 

in whi ch we only p r etend to optimize c oals and. not iron minerals 

a nd b e aring in mi nd that t he nature of the o.inerals does not 

exhert excessiv e influence ov e r the nature of t he coke the 

int ermediate model in figure 3 may be used, in which some 

constant condition s have been supposed for t he iron minerals 

and , ther efore, they do not h ave any influence in the optimiza

tio:-i . 

3. THE EFFECTIVE CA.RBON OF COICE 

It is obvius, the necessity which exists in connect the 

formation phase in ~he coal blend with the production process 

of pig iron in the blast furnace, since the latter is not 

independent of the former, if it is desired that the optimizatico. 

achieve :·eal savin._;.s , As ,..-e have a lre ady ,nen·~ i onec. p:;-e·d.ou.sly, 

it is no use obtaining b y optimization a very cheap mixture, if 

the coke resulting from it is such bad quality that it provokes 

in the blast furnace an additional r ise of the specific 

consumption of coke in the blast. furnace, such that on the whole 

less economy is obtained than if a somewhat more expensive 

mixture had been chosen, but in such a wa y that it yielded a 

better quality coke, which could compensate b y means of saving 

in consumption of coke in the blast furnace, the excess price 

paid for the mixture therefore, it is not enough to optimize 

the price of m.ixture, but that a model of equations of bond 

must be used between the mixture of batteries and the blast 

furnace process, especially as far as the relations of thc 
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quality of coke with the increment of specific consumption of 

coque is concerned. At this point the ªefective carbon• 

concept appears, developed by V. Flint as the carbon which 

remains really free to fu.1fill the reduction functions in the 

blast furnace, once the consumed carbon has been discounted i.n 

the slagging of its own ashes . and su.1phur. Such a concept is 

translated, in general terms, in knowing the influence vhich -

exherts the quality of the coke in the apecific coke consumptiaa, 

the rest of the factors of the blast furnace load remaini.ng 

constant. 

The -application of the incre,:ient of the speci=ic consu.cption -

of coke in the blast furnace given by Flint to the furnaces of 

Ensidesa has not been very satisfactory, giving errors of 

35 ~T in the forecast of the blast furnace coke rate 

(average monthly). 

Other authors formu1as have been tried, such as Von Bogdandy -

or that of JISI, with better resu.1ts than Flint, but the best 

exactitude was obtained when a formula was established 

~djusting by mea ~ s of re =ressions the owns ~~ocess r c sults . In 

figure 4 we may observe in graphical form the good,.,c ~s -of t he 

adjustment of the specific monthly average consumptions 

forecasted to the real, using the Von Bogda~formu1as, JISI 

and Ensidesa. In the case of the Ensidesa formula, typical 

errors were obtained between 1 O and 12 1 5 r:g/T p.i. being in 

those terms related to the following coal and coke: 

CE - CE 0 + 8.0 * (Cz - Czo) + 50.0 * (S - S0 ) + 3,5 * 
* (A - Ao) - 4,.i..(I - Io) 

where Czo: So, Ao and Io are respectively the contents in ashes, 
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sulphurs and alcaline oxides of standard coke and Io its cold 

strenght (IRSID + 20 mm) and Cz, S, A and I are the 

corresponding coke values manufactured by the model. C.E 0 is 

a blast furnace coke rate constant instandard conditions. 

4. OUTLAY OF THE CURVES IN n sn 

Cj be the individual coal which we wish to study, and be Mj and 

mj; respectively, the maximum and minimum quantities which are 

possible to be engaged. 

0n applying the adequate Optimization Model, in which the coal 

Cj, which we wish to study intervenes, an optimized solution 

is obtained where CJ will take p art in a ·q 0 quantity. 

A diagram has been represented in figure 5 where the figures 

of the material quantities appear in order Cj which would 

apply in the abscissa solution t he prices which such raw 

rnateria l s m.ay have . 

The tracing of the curve ql, q2 ••• , qn 

figure 5 is done in the following way. 

q'1, q'2. • • q'n, of 

First of all the restrictions nó and Mj, of the opti.mization -

model are eliminated, which in other words means, on a new 

optimization being done, the coal Cj, does not have to fulfill 

the equation: 

mj .._; qj..;;; Mj 

anymore but _that any quantity ql, will be obtained, which will 

only coincide with qo in the case that the first opti.mization 

qo be between mj and Mj. 
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Figure 5 - Tracing of the curve qua1ity - quantity - pric e for a 
material that enters an optimized mixture. In this -
case 6j -= mj. 
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In the rest of the cases q1 will be different, being in general: 

if 

if 

If next we decrease the original price of coal Po, by a fraction 

of the same cC , 2 o( , •• (n - 1) CX , and we carry out succesive 

optim.izations ~ith these prices, keeping the rest of the start -

conditions const.an~ we will obtain a aeries of poi.nts q2, qJ, ••• 

qn, which represent the new quantities of the coal Cj which 

will optimize the mixture in these conditions. It ma.st be 

pointed out that: 

since the price of coal Cj is being lowered, the quantity in 

which it enters the mixture must not be diminished~ 

In general, the quantity will tend to atabilize itself starting 

from a certai.n value q, by technical limitations of the mixture 

e!' of ope::-ation which wil.l :,.ot be abl.e to overflow .:.:i.t :: ough its 

price may be null. 

In the same manner, on appl.ying the original price of the 

material to be studied, increments °' , 2°'- , ••• (n l)~ a 

subcession of poi.nts is obtained q'2, q'J, ••• which represent 

the new quantities of coal Cj which will opti.Jnize the mixture 

in these conditions. The succesion of poi.nts represented by q' 

is monotonous decreasing, .-nd in general will. be stabilized by 

a determined value q 1 k which may or may not be different from 

zero, dueto techical conditions. In the case that the 

stabilization is produced with q 1 k > º• The coal Cj mu.st come 



into the solution with a minimwn quantity although its price 

may be very high since its presence is necessary to reach the 

demanded characteristics • 

. ,. 5. APPLICATION OF THE CURVES IN II S 11 FOR THE VALUING OF COAL 

The curve previously traced divides the coal compsumption and 

plan in two regions. The upper region represents a zone in 

which the price of coal Cj is excessive in relation to the 

quantity consumed. This zone is represented by the point Q'1 

in fig.ire 6. 

In orde r f or the inclusion Cj to be favorable in the mixture 

i t must, either reduce the consumption up to the quantity of 

ql ar obtain a decrease of its price up to P'l. 

The zone of the lower region represents in case of 

infrautilization of Cj which is represented in figure 6 by the 

point Q
1
\ • In this case it only makes sense to increase the 

quantity to be co:.:isu.:.ed fror~ q"1 to ~ if it is possible. 

In case of a revision in prices, if the coal Cj is situated in 

point Q "i of the lower zone the buyer may ad.mit an increment of 

price from P1
1 , as long as the tonage qV 1 is not modified since 

the substitution of Cj, fc,r other coal of the already inclu.ded 

in the optimizations wi11 be more unfavourable economically 

speaking. 

According to the former, an availability of coal being given, 

the most favourable relation amongst the quality to be consumed 

and the price to be paid for Cj, is obtained when corr esponding 

.. /., 
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Q!' 1 
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Figure 6 - Use of the 11 curves in sn for the acquisition .of raw 
materia1s. The materia1s situated in the field above 
the curve are expensive. The price must be 1oweredor 
its consumption restrained. 

The materia1s situated in the 1ower part of the curve 
are cheap. Its consumption nru.st -be raised up to the 
1eve1 marked by the curve. 
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Q to that material is situated on the curve on 11 S11 • 

Really the curves on 11 S11 do not present the continnous aspect 

which figures 5 and 6 have but staircased, as the one which 

may be seen in figure 7. In this figure, the horizontal traces 

represent mixtures with the same composition, for this reason -

the lowering of price of raw materials in these traces is due, 

solely, to t he diminishing price of Cj. When the optimized 

solution changes its base the quantity of Cj rises, the lowerig 

in price -which is obtained already has two components: one duo 

to the decreasement in price of Cj, and the other produced by a 

new :•egroup ü,g of raw ::tl'lterials, with which the total reduct i on 

in price is, in this case, proportionally superior to the one -

obtained in the horizontal traces. 

The practical application of the curves in 11 S11 may be carried 

out on any of the models of optimation of coals which is 

available, although it is preferible to carry out the study 

over the most evolved model, that is, the one which takes more 

into account the quality of the products obtained over latter -

processes. 

6. PRACTICAL APPLICATION OF CURVES IN 11 S11 TO THE VALUING OF COALS 

The tracing of curves ih 11 S11 previously exposed is really the 

most simplest and elementary case. The study of the price 

consumption relationship, may be complemented simultaneously 

with other questions related with the coal studied as well as 

other parameters relative to the mixture, individual coals, 

coke etc. 
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Figure 7 - Real aspect of an opti.mization curve 
"quantity - quality - pricen. 
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As examples of application of the .curves in 11 511 may be 

indicated, without exahusting the subject, are the following: 

a) Curves in 11 5 11 of a coal, modifying the availability limits 

of other coals. 

b) Curves in 11 5 11 of a coal, modifying the price of other coals. 

c) Curves in 11 511 of a coal valuing the modification of some of 

their characteristics for example, ashes and sulphur. 

In fig~re S a rea l example o f the eval u a t ion ~f the 

price-conswnption relationship for a coal is represented, 

using as an objective function the minimum price of the 

mixtu.re which fulfills determined characteristics to gi~e out 

a desirable quality coke. 

The fine trace line which cuts the curve in 11 5 11 (thick trace) 

represents the total price of the mixture, in millions of 

dollars . 

The real point of work (T) i s found above the curve n5rr f or 

which reason the consumption of this coal in the misture 

should be drasti~ally lowered, or rather lower in the order of 

2 dollars its price , maintaining its consumption practically -

constant. 

In figure Bb the curve in 11 5 11 is represented by the same coal, 

applying , in this case, a mathematical model which includes 

the valuing of the influence of the quality of coke in the 

Blast Furnace (Model 3 of Ensidesa). Dueto the fact that 

such a coal is extraordinarely high in ashes and sulphur, 

while the position of the working point was near the curve in 
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nsn when it was optimized strictly to the price of the m.ixture 

(Model 1), when the inf1uence of coke is valued in the B1as 

Furnace, the position of the working point is very far from 

the curve in 11 sn, understanding that the use of this coal is 

uneconomical. 

The comparison between figures Sa and Sb is an example of the 

imPortance which the application of one or the other model may 

have when valuing a definite coal. 

In figure 9 different curves in 11 S11 are studied of the coal 

from the previous example, keeping within. t ne variacion f i.eld 

to a sru:ia.11 environment of the real price, with different 

availabilities of an average coal, which intervenes 'with it in 

the mixture. 

In figure 10a the evo1ution of coa1 consumption is represented 

· (A-1·3, U. s. A. 1ow in vo1ati1es) in terms of . the price of -coa1 

situated in the 11 Abofio11 Coa1s Park. In figure lot, the 

para11e1 evo1ution of 5 coa1s is represented when price of 

coal "'.,raries'"' 
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