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 THTRODUGTION

Thil etudy preeente a mixed integer progremming model for uee inl

1thefe lyeie of inveetment plene in the steel induetty. The nodel ie

'fconetructed by modifying e lineer progremning nodel eo as to conatrein
‘e emell lubeet of the variables to . teke on only the veluel of zero or
‘one. There s one of theee "integer" verieblee for eerh of a group of
‘inveltnent projectl from among which it is deeired to chose the "beet"
combination. The projecte mey be for the addition of capacity to verioue
productive unitn within exieting plants or for the construction of
'entirely new plente, they ney consist of several alternative cize pro-
v~ductive unitl ftom which the model is to choose the "best" size end/or
1they mey include projecte for a number of different technologies for a
particuler productive unit from which the model 1is to choose the
-;“beet" cechnology.

| 'The~mndel is multiiperiod with the sub-model for each time pe;iud

ﬂ:being vety similar to a linear programming transportation problem. Thua,

t:the regular varieblee (i.e. non-integer variables) which make up the

o5 largeet pert of the activities in the model are for production-trana-
;iportation activities. In addition to the usual ‘activities of shipnents
iffiumlplants to markets of final products, there are also activities for
’;shipping intermediate products between plents, and activitiee_for'impo:ting

and for exporting each of the intermediate and final éroduete.



_The model is constrsined to supply the requirements in every

m pe ?od to each of the market areas for each product. Thus, the

iproblemv or the model'is_to select thet combination of production- -
?trsnsportetion ectivities in each time period and thst combinetion of

;inv tments which mdnimize the present velue of cost of meeting the

;product requirements of the market eress._"

Through the inclueion of ectivities for the shipment of inter-
jmediate products between plants and activities for importing both -
fintermediate and final products a machanism is provided for studying
the plecemeal addition of production capacity in a system of plants.
;For example, since there sre economies of scale in the inwestment cost
1o£ most of the mejor productive units of a steel mill, i.e, the blast
furnacee, steel furnaces. and rolling mills, it is considered desirable

to install large units. One result of this phenomenon is that a sub~
fstential part of the capacity of the newly installed productive unit
"may be unused until the prcduct requirements in the nsarby market
fareas grow to the size of the unit. However, in a system of steel plants
;fit is possible for the capacity structure of the plants to change over
ptime in a way that makes the plants complemantary to one another. In a
'region where two new steal mills are constructed the one mill might
begin by instelling the rolling units and the other the blast furnacs
and steel shop. Then .{, intermediate ptoduct could be supplied from the
yone facility to another for a’ time until both plants were built to full

‘jsire,



Inports of 1ntermediate and finel produete. juet as ehipuente of’{

”intermediete products be weenlplante, may enable the plente to reduce ‘

"’totel‘inveltment ooet over time and to 1nlure better ntilization of ‘ :
_capacity. Imports may be used either to eupply doneetic requiremente’(
;}for finel produote for e time before the 1neta11ation of a lerge productive
funit to eupply them endlor they may be used to lupply intermediete pro-
;;ductl until the requiremento for the final product rise to a euffi- |
| cient level. | |
‘l.'he mi.xed integer progteming model presented here thue providel
a tool for the enelyeil of investment plans within an existing eyltem

0£~plenta.

1. Background of the Study
V poring recemt.yeere the use of mathematical programming models
for eoohomic analysis has been expanding rapidly. The continuing
- advance in the efficiency of electrohic computers and of the algorithms
'written for them has made possible the solution of larger and larger
nwdels.
| Hodelo have been constructed for production units, plents,
mfirms, seetorl, and for entire economies. However, economiete have
fﬁehnwn greeteet intereet in recent years in the nodele at one end of
4’this spectrum, the country-wide planning models. | w U
Although the "Tebleeu Economique" of Queaney, published 1n 1758;

ahould be cited ae the firet etep in the development of economy-wide



“"d'lef*the modern-day development of: input-output modele_bnyeontief

was he epark that lit the firee of recent-day creativity in 'hi{

The development of linear progremming and, in particular, of

‘implex algorithm by George Dentzig in 1947 cleared the wey for the
epplication of input-output modele to country-wide planning., Since et
the date, input-output models heve been conetructed for meny countriea.
;One of the beet of theee in Bruno 8 model for Ierael. Another,_the |

mol_ recent and moet eophiaticated, is an eleven eector dynemic (i e.

Tmulti-time period) programming model of the Indian economy by Eckaua
!and Lefeber.3 A [ " o

i7"13 Concurrently with the development of input-output models for
%country-wide planning, there heve been developments® in the use. of linearn‘
1programming algorithme for ‘solving transportation probleme. Hit'hcock
foriginally formulated the transportation problem,4 Koopmanl clarified

‘end amplified this formulation.5 In ‘Fecent years. Lefeber6 has epplied '

'lw W Leontief, "Quantitative Input and Output Relations in the
‘Bconomic System of the United Statea," The Review of Economics and
-Statistics, 1936.

- 2Hichael Bruno, Interdependence, Resource Use and Structural Change
in Israel, Jeruealem, 1962,

‘ »3Though the final version of this model has not yet been published
the model is a generalization of the model described in R. S. Eckaus
and L. Lefeber, "Capital Formation: A Theoretical and Empirical
Analysis," Review of Economics and Statistics, May, 1962.

4F. L. Hitchcock, "Distribution of a Product from Several Sources to
Numerous Localities," Journal of Mathematical Physice, Vol. 20, 1941,

5'r. C. Koopmans, "Optimum Utilization of the Transportation Syetem,

quEconometrice, Vol. 17, Supplement, 1949.

6L.*Lefeher, Allocation in Space, North-Holland Publishing Company,
_Amsterdam, 1958.




thiev eohnique and the use of Lagrangian multipliers to the probleno

of*the;spatial location of productive units in an economic system,

| 2,3

Vietorioz and Fanne, working both together1 and eeperetely have

made edvences on the problem of the spatial and time location of
productive units in one 8ector of an econony, for sectors characteriwed
by economies of scale and indivisibilities in investment.

Thus, while Manne and Vietorisz have made progrees on the problem

23‘-"

of when end vhere to construct new plants no one: has yet given close 4
attention’ to inveatment problems where additionsfto oepacityfdh,the

verioucaproductive units in each plant conetitute ‘88 impofgent e part4

&

of the‘inve:tment in the industry as doeu the construction of neWiplentl.

The steel industry is suchfaﬁ indusfry. Fnequently, investment--:

[ (.

are delignedlto supplement the. capacity of gome pioductive unite in

o A ]

the plent in order to make usewof excessucapacity in other parts\of

RN I Y [« - [
; L

‘the plant. Also, even when new plantsnare conatructed the inatallatiog

[
R

Thcmas Vietoriez and Alan Manne, "ChemicaL[Prccesoee, Plant D@cgﬁ 6“
and Economies of° Scale,' 1iii Manne, A. S. and H, M. Magkowitz, ‘edﬂn ?3@
Studies in Process Analysis, Cowles Foundacion'nonograph No. 18, ~yﬁ1ey,

New York, 1963 pp.136- 158.

2Thomas Vietorisz, “Industrial Development Tlanning Models;with Eéﬁnomieo
of ‘Scale and Indivisibilities,"’mimeographed o YBM' Thomas) J. Watson Rea
search Center Yorktown Heights, N presented at the’ihird Europeen
Congrese of the’ Regional Science Asen., Augusm.26-29, 1963°im4Lund (Sweden‘

(3()
< s "

~

-rAlan S. Manne, "Plan .Location Undér Economies<of:Scale - Mecentraliza-;f
tion and Computation;ﬁ Managenent Science; Vol llw‘No.'2»»Novembei¢’1964,
p 213-35. Alan S.. Manne, “"plant, Size, Locetion,randlTime“Phasing,W

mimeographed | Centgf: for International Studies? M. T Ty, d96A


http:instdalat.op

of the vnriééw%arts’ of the plant are usually phased over ‘several years.

%thiimaort of "bottléneck investment" accounts for such a large part of
the investment in thd}steel inddst@ that it can not be safely ignored
£,
in analytical models for fin\%restméf'q;ﬁstudies in this industry. Thus

v W,
the models presented in this thesis are disaggregated to the extent of

ccg%‘ii?idering the capaci&y' o@eﬁ:@ cﬂ@ﬁﬁ major production units within
each plant and of cons@e‘,’:{':l.’pg;}ﬁ‘e%iirements for four different final

product gro;ﬁ:s . /

Three types of wodels arég'ﬁ*d'l;@ed in this study; (1) an all
W

integﬁiédol (a model ei‘ﬁjiﬁ;j},ch‘ all @ﬁz {the variables are constrained

to gi}é:;;’g{“pOli;tiile oy g’e;ﬁfé’i;w;a‘fugs)ﬁg {&)“ﬁa linear programming model;

and"@ q;méﬁeﬁgﬁtgg:r S;‘fogramingiigdel (a model in which some, but
&/;l\o(glfl, of "the, iariables“-a;e u:"éltr.ic ;d to ppsitive integer valuea).1
.f.fﬁff{;é;l@og“é“lib@;j_é)cdita :fno{-.,.t,:he cost of the production and transportation
N SO0 s »

<

of Latim d@érica (the all integer model),

<
3

(R 5Ty o Lot e '

wg.;gl;pgggg}xly? 1:3 Brazll (the lined: and the mixed integer programming
. & C

@3&’317}/57,

OODY  mdn rwran e v e T .,

v TR T e

NS ¢ ° s o . .
) (?'Fg,p Ehoge not familiar with mathematical programming, an effort has
(he@maiade to explain each toncept as it appears in the study. For
(fi‘;?”h_fgl’e, in the section in the next chapter which gives a mathematical
(“l;;\t{a,ﬁfgﬁiéht of the linear ﬁrégt;ajj;ﬁg’tng model several paragraphs following
‘the cequations are devoted’ to €xpiaining the purpose and nature of each
(;f“Eie sets of equations. However, no comprehensive attempt is made in
(’g:h"‘i‘s @tudy to explain mathematical programming. Any number of books on
Cgﬁe subject are widely available. See, for example, Linear Programming,
Q’#thod and Applications, ‘(McGraw-Hill) by Saul I. Gass, or Linear Pro-
Cg“ifimin’g’ T;(Add;ison-Wes;\lgy): by 'G. Hadley.
Y,
2"!?1'0"’%8”@&& who_ is not' familiar with the terminology of steel tech-
‘Mology is referred’ to Appendix A which provides a very general des-

¢

ciiption oftheprodyctioyiaf flat steel products.

" ")
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The all integer model (Appendix G)gwas developed first, It
considers the case of & system of plants’ and markets with a single pro-

'4‘

duct, economies of scale in the investmentucost. fixed demand at the
market locations, a single time period,gand.no existing plants in the’
system., The problem is one of selecting that combination of plant
locations which can serve the market requirements in the system at
the minimum production and transportation costs. The model is presented
in this thesis because of its usefulness in analyzing situations in
which no plants now exist in the system&and because of its contribution
to computational experience with this type of model. Because this model
is restricted to studying that class of problems in which there are no
existing plants in the system, it could be called a '"clean slate"
model. Four different methods of solving this all integer variable
problem were employed; afdiscussion of the relative merits of each
method is gilven.

The linear programming mogel (Chspters II and III) is a single-
time period model whicn is used for, making an economic analysis of the

present situation of the production and transportation of flat steel

products in Brazil. A study of the response of the model to changes

1e; Aboutwtwenty-five solutions to the pro-

ady the, effects of changes in cost of inputs.

in the parameters was f
blem were obtained to 8

changes in market requirements, and changes in transportation cost.

The mixed inte {programming model (Chapters IV and V) is an,,

extension of the linearﬁprogramming model to cover three time: periods;;



~and to permit the introduction of inveatment variables lnto the system.'
lTheae investment variables are restricted to the valuea of zero or one.f
‘The productlon-traneportatlon actlvitlen remain free to take on any -
.non-negatlva values. Thus, the model has soma regular variables and
;soms 1nteger variablea and is cherefore called a mixed 1nteger pro-

fffgramlug model.t

2;‘Aeagggtions

k The assumptions made in this atudy fall 1nto two ganeral clasaes,
(1) assumptions which are necessary becauae of the atructure of the
mndel i.e. "model assumptions,” and (2) asaumptlons ‘which are necessary
in order to construcc a aolveable-sized mndel of one subsector of the

Brazilian economy.<1.e. "lnetltutlonal aaeumptions." These assumptions

referhonly to the linear and mixed 1nteger programming models. as the

'aesumptlons of the “clean slate" model are discussed separately in that

‘lerﬂin Appendlx 6.

2, 1 Model Aolumgtions.n The model aesumptions stem diractly from

ithehetructur Lof the nodeli;rrhey are dlfflcult to -alter in. the sense

ﬁthat the approaches preoencly known for modlfying them are either

1Chaptero IV and V have been written aes a self contalned unit so
that the reader who is interested only in the mixed integer pro-
gramming model can skip directly from the end of this 1ntrcductory
chapter to the beginning of Chapter IV.



;expenaive 1n computationel time or they mey leed to unoteble or othet-.
.wise unsetiefee:ory reaulco.

A number of these aeeumptionl are related to the ptice eleetiotey ‘
,of ‘demand and - supply of the commodities of the model. For example, it
18 necessery to aooume that the domestic demand for final steel products
w111 be unaffected by changes in the priceo of. these products, that is
that demand is perfectly inelastic and therefore is, in reality, a re-
quitement. On the other hand the priee elasticity of supply of raw
meterial, manpower. and capitel 18 assumed to be one, i.e. that the
.firms can obtein all the raw materials, manpower, end/or capital they
*deed-if‘:bey.ere willing to pay a certain fixed price. Thirdly, it is
eeaumedfohht the supply of imports and the demand for exports are
perfeetly eleetic.

A second group of the model asgumptions have to do with linearity.
It ia,aoeumed that the non-capital cost of production is a linear func-
oioe:o?“ohe amount produced, i.e. that the unit cost of production
foiheé”oeee capital cost) for producing one ton of steel products in a
31ven plent 18 the same as the unit cost for producing 300 thousand tons
of steel products. Capital costs are treated in a manner which permits
the 1ntroduotion of economies of scale and are, therefore, not. subject
deto thie~eoeunptton.
| The third group of model eeeumptions concerns the independence
,fof the coet of ectivitiee in the eyetem. rot exemple, it is eeeumed
ffthat the coata ot production between plents and between produetive

3'uniee 1n ehe same nlent are: 1ndependent. Aleo. 1t 1e eeeumed thet the



fcoet of one 1nveltnent 1- not effected by whether or no: enother 1nvest-
gment 1- eccepted or rejected. nouever, thie 1e not to say that the
fcoet of opereting the system is 1ndependent of the combination of
-1nweetment projects that are accepted. Finally, it is assumed that the
“production cost in a given unit is not affected by whether or mnot a
,given investment is accepted or rejected. Thus, the choice of invest-
meeﬁ’project- affects the levels of the production-transportation acti-
viﬁiee in the optimal solution, but not the cost of these activities.
Though the list of these assumptions is long, it will be showm
in the bedy of this study that most of them are not too confining, so
fﬁet it is possible to construct models which provide important insights

into the flat products section of the Brazilian steel industry.

2.2fInetituionel.Asegggtions. The construction of an optimizing
model requires that certein abstractions be adopted. These assumptions
eie‘mdre easily modified than the model assumptions because they do not
’1nv91§e the development of new techniques, but rather the application
of existing techniques to available data and/or the collection of addi-
tionsl data. However, the conditions which make these assumptions
'neceeaery are not only the availability of data, but also the cost of
‘jeoaputet time. '
| » - For~ example. though there are between f£ive and ten plants in
Braztl that produce some flat steel products, the model described in
- th;s e:qdyﬁtncludes only three plants; (1) COSIPA, Companhia Siderurgica

it?QPiiéﬁﬁgfat P1¢°38“°r3 near Santos; (2) CSN, Companhia Siderurgica



u

;Néc:pﬁé;gat;V6i£gug¢aonda; and (3) USIMINAS, Usinas Siderurgicas de
»H{n@a‘é&téié S.A., near Ipatinga in the state of Minas Gerais.

Fiﬁﬁte 1 shows the location of these plants. Since these plants have
better than three-fourths of the flat steel product capacity in the country,
it was decided to limit the model to three planta. The model can ba
expanded to include any number of plants, provided the data are available
and previded that the increase in the size of the model doas not make it
computationally unwieldy.

Secondly, the model assumes that the consumption of flat steecl
products is concentrated in Brazil's thraee largest cities: 8ao Paulo,
Rio de Janeiro, and Belo Horizonte. Steel men in Brazil estimate that
about 90 per cent of the consumption of all steel products is centered
in the area bounded by these three cities. The consumption of flat
steel products is probably more concentrated in the three cities than
the consumption of all steel products. The study assumes ﬁhgt 100 per
cent of flat steel product consumption occurs in these cities. Like
the previous institutional assumption, this one can be easily modified.

Thirdly, the study is confined to flat steel products. COSIPA
and USIMINAS produce only flat steel products, each having a capacity
in 1965 of roughly half a m” *ion tons of final products. CSN, however,
produces both flat products and shapes. In 1965 CSN had a capaoity of
slightly less than & million and a half metric tons of ingot steel.
More than three=fourths of that capacity is used for producing flat

p;odﬁctl. Some adjustments have been made in the model for tha fact



V Highwoys B D ’ \"',‘/’

——=——-=-= Roilroads C USIM:;A l ;“ [ |

‘=z==z==ss== Dppjected Roads {tobiro P2 2%, ; ) \~' SR
BELO ? o o ortingo ‘ 5‘\"' o

This nGp is bosed on 0 mop g S

done for USIMINA, Ipatingo,

Brozil.

PAULOY JANEIRO

COSIPANG

jy

ATLANTIC OCEAN -

ontos

ssggge;;,)m;q, Flat Product Steel Mills in Southerri_,_ifl'B’f@iilJf

=u



;ﬁﬁéﬁdi part of csu's ateel makins capacicy 15 used to supply ateel for

;ahapea ratheriuhan £or flat producta. A more complete analyate could

:have7been nmde if the etudy hnd connidered both shnpes and flat pro-

iducts. However, nuch an expanoion ‘of - the study would have neceaaitated
;:he incluaion of ten to fifteen producte instead of the seven which are ‘
considered in the model. The model 1is perfectly general in the sense
:that any number of f£inal and/or intermediate products may be included

80 long as their inclusion does not result in a computationally unwieldy
system.

Another assumption of the study is that dividing the time span
of the model into several 2%'year periods provides a sufficiently dis-
_aggregated analysis. One year periods are the more usual divisions
and could be used at the expense of longer computing time for each run
of the model.

The study also assumes that there is no change in the cost of
labor, or raw materials, or of capital over the time span of the model.
It projections of the expected course of these pfices over time were
available, they could eaaily be included in the model.

It is assumed that the cost of capital is the same for all
afirma and that the cost 18 equal to the discounc rate. The'diéhouné':ﬁ:
,{rate 15 used in the model to discount all cost to January 1, 1965.
;drhis aasumption can alao be modified eaetly.

rinally, che mndel -agsumes 1ndependance ot 1nveaeuent de-<m>

?iin the flat ‘etael products sub-sector. from 1nveatnnnt dectaionnfin‘thﬂ
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Test of the sub-sector and in other ‘vq_qc‘t‘aéés. This "aﬁl"sﬁiapuo:ifii ‘more
d:lfﬂcultto modify than thbée ‘éreﬁbﬁply vdi.acu'ned bécaﬁue lailit:’a’ri_ng 1:
would réq;:ire the construction of“a model that included a numbei of
'hﬁﬁ-sectora and/or sectors, If the same level of disaggregation aa’ ip
used in the present model were used in such a multi-sub-sector 'modél
‘j.t::would become large, 1.e. cbmputation' time for a single solution of
the model might rise from about one ‘mi'nute with an IBM 7094 to about

ten minutes.

3. The Data |
The data used in the model were obtained, in large part, by the
author while visiting the three major asteel mills in Brazil in January
(\o‘f; 1965. In addition, parts of the data were obtained from the Banco '
ngiénal de Desenvolvimento (BNDE) in Rio de Japeiro, from the Latin
American Iron and Steel Institute (ILAFA), and from the Economic Com~
n;iésiéni‘ for Latin America (ECLA) in Santiago.l Though the officials
';.'yio'f“ fi;eae companies and institutions were generous in thelr assistance,
ftlie "mégnit:uae of the data collection effort to obtain the quantity

;Va‘tid ‘_Quality of information needed for a policy-making model exceeded

1Apprec:la|:ion 18 due the officials of Companhia Siderurgica Paulista
(COSIPA), Usinas Siderurgices de Minas Gerais S.A. (USIMINAS), and
Companhia Siderurgica Nacional (CSN) for providing data to the author
and for permitting him to visit their plants. Likewise, the author is
indebted to Josd Mariano FalcZo of the BNDE, Fernando Aguirre Tupper
of the ILAFA, and Bruno Leuschner, Armando P. Martijena, and Nuno
Pidelino Pigueiredo of the ECLA for providing data and assistance.
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:ha5t@ﬁg;gvpilabléthﬁéhé}a@ﬁhbr.l However, it was not the purpose
6¥}€hi§*§tudy‘tdfdévé16§ a policy model. Rather it was to explore
thé uaé£u1nesa of some types of mathematical programming models for

investment planning.

1'rhe highest quality data in the model are thpse for the specific
consumption of materials in the production of steel products at the
three plants. The data for the unit cost of these inputs and the
data for capital costs are less reliable. The requirements eatimates
are based on the correlation between national steel consumption and
the contribution to GNP of the manufacturing-construction sector and

was the best projection available, - The assumptions about the regional

breakdown of the markets for particular types of products are weak.
The transportation cost data and the estimates of the cost of imports
and the profits to be made from exports are the weakest data in t

model. .



 CHAPTER II
THE LINEAR PROGRAMMING MODEL

This section of the study presents a linear prosrammins'mbdel -
-of the production and tramsportation of flat ateel products in Brazil
‘:tn 1965, While this linear model offers a useful analytical tool fo:
. making an economic study of the current situation of a part of the
Brazilian steel industry, it was not designed for this purpose..
Rather, it was designed primarily to be the core of the non-liugét
mixed integer programming model which is used to study the pxoblgm,of
when and where to build new plants or to add to caﬁacity_in existing g: 
facilities when there is a growing demand for the prodvcpq_qgﬂﬁbg [  |
industry. &
| The development and use of the model consiated of five stepa. -
"Firat. the distances between the plants and markets wape meapured alpﬁg
 existing roads, railroads, and inland waterways, and estimates of
trangportation cost ovaer these routes were made. Then, & FORTRAN
program was written to calculate the cost of using various rpuﬁes and
‘modes of transportation and to select the least-cost routc in gaqh case.
This program, as all the programs for the Brazilisn model, was written
in a general form so that it could be expanded to perform ;he-negepsa?y

calculations for any number of plants and markets.

Secondly, pxpduction coae escimates were mmde £or ptg #rqn and '

ingot steel cost at each of the th:ee planta.‘ Then. 1n a thtrd atep.fl
S vls- S
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ithe linaar;programning -atrtx;waa conatruceed by ccdbin;ng the pro~ ;~
duetd .t 0 at }1"$;eatimatea with data for capaeittes of
fiho_major production untts 1n each plant. and market requirementn for
;the producca in each market area, FORTRAN programs were written to
-per!orm the teQuired calculationa and to set up and “punch oyt the 1nput
deck for the~11naar programming (LP) routine. _Egch.of'thgse atepg'ia‘
esplétnéd in'dagaii in aﬁcceeding sections of'ﬁhp paﬁer.

'>In the fﬁhrﬁh step, the components of the output of the linear
4btogramming routine were examined to determine their usefulness in
éhalyzing the operation of the industry. After this, about twenty~five
runs were made with the complete model, varying first one and then
anbther of the parameters of the model to test their éffe;tszon the
:reaults. v

While many programming studies of various aspects of the uteel
iindustry have been completed, 1 relatively few have focused on ngrattng
lor,investment problems in a system of sgéel-plants. An outataﬁding
5ekcépti¢n 1s‘the recéﬁt careful and.analitiCal study'done for tha loca~
tion of | new ateel m111 for heavy ahapes 1u M’ex:lco.2 This 1nvesti-~

Jgacion uged a complete enumeration of many posaible combinationu of

1?0: a list of the published studies see S. L. Cook, “Applications in
the Steel Industry," Ch. 9 in David B. Hertz and Roger T. Eddison, eds.

Progress in Operations Research, Volume II, Wiley, New York, 1964.
2Com1te para la ptogramacion de la industria siderurgica (Committee for
the Planning of the Steel Industry), Progremacidn del desarrollo de la
industria de aceros comunes laminados (The Planning of the Development of
the Rolled Stesl Products Industry), Nacional Financiera, Mexico, D.F.,
November » 1964,
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f?locauona qnd t:echnologieo to £ind’ the leaac-coot ombinat:ion of ‘tech=-
;nol< y} and locat:i.on which would minimize the’ sum of production and
trmportation coat in the syatem.

; Alao, a li.near programning study of the product:ion and con-
.i,ounpti.on of aceel _products in Chile is. being done by the Compafiia

rdo Acero dol P;cifioo. S.A., (CAP). This study reportedly inc],,udeu
e‘both chemical and capacity constraints on production in the variouo
p:oduct.ton units of the Huachipato plant of this f:l.rm. as well as a very
dotatl.od product f_bjreakdown for the Chilean market. Regrettably, this
“report has not been made publicly available.

‘\ A btief”«_leooi"iption; of the objective function (1) and the sets of
_~eonatra£nto (2), (3‘)~. ((0) and (5) 1s in order. The objective function
-(f) gtates that the oroialem is to minimize the total cost of producing
ond transporting 1ut:ormed:late and final products, plus the cost of
‘{mports, minus thae profits from exports, Term (a) of expression (1)
represents the ‘:‘coat;of' producing -and transporting 1ngot: steel between
;ﬁplants as an- :l.ntemediat;e good. Term (b) includes the cost of pro-
:;;duc:l.nz in all of the 1 = 1,2,...,n plants and shipping to all of the

j - +2,+.0,m market areas each of the k = 3,4,...,P final products.
“""l'otm (c) repreoente the cost of imports and term (d) the profits

. £rom exports (umuy d <0).
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O
(he sat (f tTalnt ﬁ(@!:auh‘ea that in each of the n
o G a
g aniﬁf’\j ’t:"‘ot"al f: v.f i ngot t steel shipped t'o other plants. minus

® .
v‘vt“:"j(; m: of ingot at:e.el ::Jg eived from other plants ysx < 0), plus

-~y

«”Eho?@_nount uged for* ptoducd.f fg) domestically=~-used final products, plus
U a

(,Ehe munt uaod for exported u‘.inal products must be less than the
Q % )
:‘{:Lngot steel (capac’i.'ty/gof the)plant. This capacity is defined as the
‘él“éin;'g'g» twg) (,cﬁ’aﬁf{;;_;ft:fi"db; (1) the ingot-steel-equivalent capacity of
g

Jh’\f@]’.ut furnace(a) ¢(i.e. the pig iron capacity of the blast furnace(s)
@) O

% E.mmf p:) he normal input of pig iron per ton of ingot steel produced),

e O
n’i! (fZQ the; ' ingot ateel capacity of the steel shop,

exh‘”n ‘ngcond set of conat:rainta (3) requires that the amount of
fst:”‘" L\,producta passing through each of the production units e = 2,3,,..,z
(i;ggoaoh of the plants muat be less than the capacity of that unit., For
“N&)hﬁ? the capaéity‘of the hot strip finishing mill must be sufficient
Lo govide all of the final product of hot sheet and strip desired as
ull as th;):lnt:ermedi.ate product needed to produce the required quanti-
.@i’q of both the cold gheet and strip and the tin plate. On the other |
t?an’:!"’{ﬁhc capacity of the tin mill need be only large enough to pro-
vducy uco» W&esiredﬁmnnt Qof ebin: plat:e.
8¢t:o ¢4 ¢ construi"'\’thc problem in such a way that for each
Qﬁﬁ’c@ d»’ncmurkoc 'thentotal ampunt produced domestically and
C‘ﬁ?pcda toy the urkat areas plue the amount imported to the market
\‘g;r;ogn @r@%thog.c%pqtgig wiLl be greater than the requirement of

Jsach BaFket: afea for Ehat pr;g?!uct.
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In greater detail:

&

z = the ébﬁ;nggitf(otger than capital cost) in‘US$1
of prodﬁéin§ and @?énsporting the required final

bill 6f:gdods forione year.

w%! = metricftqns? ofxfhgot steel shipped as an inter-

mediate,ﬁrbduct%from plant i to plantf.

a,f= cost in Usﬁlpgéric tons for each metric ton of ingot
steel produced at plant i and delivered to plantf,
minus tﬁ%ﬁéoat of a metric ton of ingot ateel from
plant,(iat plant {, i.e. the extra cost to the system
when pléﬁg,f uses ingot steel produced at plant i
rather tﬁén in its own facilities.

i

x:d = metric.g;ps‘of.product k produced at plant i and
o shipped%?b market area j.

‘bgj.- u: f t§§;= cost in US$/metric ton of product k
PR p;odubg@lat plant i.

V "lk 8. j 'fch

ui«a‘hgl fﬁﬁi = cost in US$/metric ton of product k

, prodqgga at plant i.
¢h

Lfi'- cost ip'US$ per unit of factor input h at plant 1.
sth = spg%iﬁic input in units of the factor input h per

. metric ton of product k at plant i

1A11vczlculation% are made in US dollars rather than in cruzeiros because
when the study was begun it was anticipated that it would be geographi-
_cally expanded at a later date to include all of the countries in the
Latin American Free Trade Area plus Venezuela. The free market exchange
rate in'existance at the time the data was created or published has been
used to conyert cruzeiros to dollars. It is assumed that the free
market exchapge rates approximate to equilibrium exchange rate.

B o - o
zThe.ierd’"tbns" in this paper always means metric tons. In fact, exclu-

vaqgvely metric system units are ueed,gbroughout the paper.
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g
1n Ustlm.tou for ahtpptns producto trom plant 1 to

market; ama 3.

‘- ttanaporcation cost 1n USSIm.ton for shipping product
o from plant { to market area j over route q, where

route q may consist of transportatién by truck, train,

= ‘barge, er ship or any combination of these modes.
.= imports in metric tons of product k to market area J.

= delivered cost in US$/metric ton for imports of product
: ,k' delivered to market area §.

- expozts in metric tons of p:oduce k from plant 1.

- coot in US$/metric ton for exports of product k from

~plant 1. With dl: < 0 80 long as it is profitable to
axport. Note that exports. are treated here only as &
mem of reduci.ng the total cost of domestic production.

~ 1-. lhtpﬂentof ingot steel in metric tons from plant i

 to plant A

';v]” - shipment. of ingot, steel in metric tons from plant/

t.o plant 1.

- capueity of production unit #1 1n plant 1 raqnired per
, mgtric ton of ingot steel produced. Normally OC =1

or slightly greater than 1. Thae capacity of produetion
unit #1 ie defined as the lower of the two capacities,
(1) the ingot-steel-equivalent capacity of the

blast (or reduction) furnace(s), and (2) the 1.ngot-
ateel capacity of the steel shop.



Jif?i‘ - capactty of productton unit #1 in plant 1 tequtred per

e 'fmntrie ‘ton of 1ngoc steel produced, Normally /%f ° .1

since Yfi 18 steel shipped to plant i from plant J,
thetefore, the shipment must be added to the total
ingot steel available at plant i, 1.ae. added to the
right-hand side, but this is the same thing as sub-
tracting it from the left-hand side of the constraint,

’Y?l = capacity of production unit #1 in plant 1 required per

metric ton of product k produced at plant i. Note that
the summation for k in this and the nextterm is from

k = 3 to p. This results from the fact that products 1
and 2 are intermediate products (pig iron and ingot
steel, respectively) rather than final products.

‘rﬁe = capacity of production unit e in plant i required per
metric ton of product k produced in plant i. Note that
thege coefficients will be zero for all production units
e, through which final product k is not required to pass,
viz. the coefficient for the tin mill production unit
with the £inal product hot sheet.

8; = ingot steel equivalent capacii:y of the blast furnace(s)
or reduction furnace(s) at plant i in millions of
metric tons per year, i.e. the pig iron capacity of
the ‘furnace divided by the dpecific input of pig iron
normally used per metric ton of steel produced at
plant 1.

Yl = capacity in millions of metric toms of ingot steel per
i b

year for the steel furnaces (normally open hearths,
electric furnaces, or LD converters) at plant i.
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81 - capactty !.n mi.luons of metri.c} tons. per: year of: pro-";
| ‘duction unit aat plant’ Ao ;g:j;

A= 1
d'? - req:nirement 1in- ni.lnona of ntr:lc tous per year for
‘ product’ k in mrket: area j

;{"2. Tranagrtatlon Cost
" The transportation coat £unccion uaed for caleulating rai.l g
tranaport cost 18 a aimple lincar funct:i.on o
i'(§)» o T'=a+bx+u
wherv '1' - traneportat:lon cost over a given route in US$/metric ‘ton
a and b = parameters
x di.atance 1n kilometers over the route
~ u = error term. |
‘f_'rhe parameters in this function were estimated from dat:a obt:ained from
%‘Annuario Estatistico Do Brasil. Annual observations for the f:lve years
.-‘.14.959 to 1963 in cruzeiros per metric ton_for, shipments of steel bars
-a_nvd‘:platea on Estrade de Perro Central do-Braﬁil were used.l The
}dﬁta_ included the freight cost for each year for distances of 100,

200, 300,...,1,000 kilometers.

l'l'he data for 1939-61 were taken from p.152 of Annuario Estatistico
do Brasil for 1961, for 1962 from page 110 of the volume for 19
and for 1963 from page 208 of the volume for 1963.
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It vas expected that a function of the forn T = &, 0¢bal,
{1§§:;§:£unction that is linesr in the logs of tﬁe‘tﬁé*v&riablea,
iﬁOﬁid'piovide an adequate £it to the data. However, plotting the data
1;tévééled that the function (6) provided a closer f£it. Regressions of
-thelform (6) were run on the undeflated cruzeiro cost for the five
'yggrs in order to obtain estimates for the parameters a and b for each
:of'the five years. Then the parameters were deflated, using a price
index for manufactured goods other than foods, and fin#lly the parameteta
were converted from cruzeiros to US dollars by using the free exchangé
tate for the month in which the observations were made. Tha results are

Shm in Table 2.1.

v Table 2.1
Parameters for the Railroad Freight Cosf Function#
Current Deflated us
_ Crugeiros Crugeiros dollars Exchange Price
Year a b a b a b Rate Iundex

1959 | 3%4.53| 1.205{ 98.5| 0.333| 2.61| 0.00896 136 | 360
1960 | 411.20( 1.456| 81.9] 0.307| 2.20] 0.00778| 187 | 473
1961 | 493.47] 1.747]| 73.6] 0.260| 1.87] 0.00662| 264 | 671
1962 | 638.67| 2.570| 71.3]| 0.278] 1.79| 0.00700| 367 | 924
1963* | 955.00] 3.896] s4.9| 0.224| 1.54] 0.00644| 620 | 1740

*This last regraession excluded the observations for 300 and 400 kilo-
meters.

#The exchange rates used in this table are the free market exchange rates
and were taken from Internmational Financial Statistics, published by tha
Interuicional Monétary Fund. ' Tha.pticd.indices come from page 196 of
Annuario Bstatistico do Brasil for 1963.
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'.l‘he fits were so good (the minimum R square was. greater than
;.991) that one supposes that the rate makers set the rateo proportional
tto tht length of haul witir a £ixed charge for handliug and loading costs.
1I£ ths atatistite presented in Anmuario Bstatiatico do Braail reflect
‘tpt attual rates charged by Betrada de Ferro Central do Brasil, the
fﬁteisht rates fafled to keep up with the inflation. This phenomena
has been observed and tommented upon in datail in an article by Baer,
'kbtetenetzky. and stmotsen.l Prom Table 2.1 it is apparent that the
fih!letioh raesulted not-énly in a decréase in the deflated freight rates,
_but that it also caused a change in the structure of the rates, i.e.
;ths coat of long distance shipping relative to short hauls decreased
t(nnte the decltne of the paramster b both in deflated cruzeiros and
:1n us dollars)
t Fcr most of the experimental runs of the model, the coeffi-
tciente £or 1962 were used so that the function was T = 1.80 + 0.00700(%).
bThna. for a shipmant of a distance of 500 kilometers the railroad
freight cost would thave bean estimated as US$5.30 per ton of steel
;bata or plates. A eet of rung were made using different values of

thgoe parametera. This is discussed in Section 6 of Chapter III.

‘IWhrner Baer, Isaac Kerstenetzky, and Marios Henrique Simonsen,
"Tranaportation and Inflation: A Study of Irrational Policy Making

in Brazil," Bconomic Development and Cultural Change, Vol. XIII,
No. 2, Jamuary 1965, p.188.
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 While Estrada de"Ferro Central do Brasil is probably the
_fgi}téadfwhlcﬁ éatfiég éhé‘liréeqﬁ share of afeel products in Bfazil.
" a number of other railroad linea'cdrrﬁ theﬁe products. However, as
1n£ofmntion was not available as to what part of the shipments is
carriad by each of these lines, the freight costs of Estrada de Ferro
Cantral do Brasil have been used for all product shipments on railroads.

Since in some cases the rates charged by a railroad or a
trucking concern may not reflect the real social cost of transportation
over a given route, the FORTRAN program written for this study permits
the introduction of toll cost on certain routes. For example, in the
experimental runs made with this model a toll charge of US$0.50 per
metric ton has been added to the freight cost for products transported
(by both truck and train) between Santos and the feat of the country,
and a charge of US$0.40 has been added to the cost for all products
transported between Rio de Janeiro and the rest of the country. 1In
each of these cases it is necessary to transport the products across
thé Creat Escarpment (a mountainous barrier which separates the south
central coast of Brazil from the interior). Similarly, toll charges
ccu;d have been placed on routes where there is congestion.

As data for truck freight costs were not available, they were

eﬁtimated from the railroad freight costs in the following manner.
For distances less than 200 kilometers the truck freight costs were

estimated to be 0.9 of the railroad freight costs; for distances
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5,5'batween 200 and 500 kumters. 1.2 t:i.mes the tai.l.road freight cosc;
-and for distances greater than 500 ld.lometera, 1. 5 timcs thc raﬂ.road |

| ,f:c:l.sht: cost.!

2

Barge and ship freight rates have not been estimated.” At

‘ cr‘eaent thera is little or no shipping of stesel products within
Brazi.l by barges or ships; however, in the future there may be such |
ffahi.pmenta of final products from USIMINAS to Rio de Jameiro and to
‘8% Paulo. For the moment it has beén assumed that all product from
:the USIMINAS plant will be shipped to these markets by either rail or
truck transport.

The plant and market indices used in Table 2.2 are as folldns:
plant 1 = COSIPA, plant 2 = USMNAS, plant 3 = CSN, market arca l=
83'0 Paulo, market area 2 = Rio de Janeiro, and market area 3 = Belo
}nﬁociﬁonte. This table gives distances batween the markets and plants
over fcasible routes. The FORTRAN program written to calculate the
min:l.mm cost route from each plant to each market employs the cost
‘,funct:ion shown above, 1n conjunction with the toll charges, and the

afd:lscance table to calculate the cost ovar each of the posa:lble routas;,

1'l.‘he idea of using a step function came from vEd‘gar M. llccver's, .

The Location of Economic Activity, McGraw-Hill, New York, 1968. .
pp. 19-20.

21 am grateful to Gonzalo Vargas for his assistance in studying :

ocean freight rates. I regret that the empirical part of the study
never advanced to the many=-country problem so that this informatiom
asould be used. _



:,{'buad oq'the' gost parmtaro estimated for 1962,

"

to. selést the lagst-cost route. Teble' 23 '*‘9"' "‘" “"'“'

In addition to transportation cost for shtpptng final products,

3elc1mntea have been made for the freight cost of shipping ingot ateel

petuaqn planta, These costs are based on tha railroad freight cost

for final products and thus probably altghtly ovaraotlmmte the rates

actually charged for shipping these 1nterqediata ptodueta.
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~ Table 2.3
| ‘nagggortauou Costs

glga ‘ M Trans, Cost Route
1 o 1 2.65 L
l 2 6.37 2
1 3 8.15 2.
2 : 2‘:' 6.28 : 2'
2 -3 3.29 2
< 1 4.27 2 .
3 2 2.93 1l
3 3 5,11 2

‘3. production Cost
3.1 Form of the Function. Production costs are calcplated as a
1inear function of the inputs and the costs of these inputs, using a

function of the form
o o dgeE f‘,‘a‘,“‘ L5100
SR . o ' 7 k‘-_.l".’co‘-,p.

fluharel ': !.l the cplt 1n usalmamc ton fqz productng a eon pt produgt:

iu plant 1. th io he colt £u Usslunit for faetor tqput h at: plant 1.
and lt ‘48 the opeqiﬂ.c 1nput in untpu of t:he £actor 1nput: h par net:ic
; ton of product k at plant {. ' ' ' ' '

A linear function has been used because the t:wo elemenuz'of C

- cost that would appear to ba the moat. 1wortant mn-ltmar conponents '

of cost, capital caost and lqbor coq; ara ei.thet exq:l.uded from "the :

function or else they account for a mn ahare of total cost..



icapital coat 1a treated aa sunk costs and therefore excluded.
fThat ta. for thie first part of the study we assume that the interest
'chatgea on the loans secured to purchase the capital equipment must |
vbe paid, whether the equipment is used or not. Thus, the capital coat
ts unaffecced by deciaions as o when, where, and what to produce.

Labor costs, on the other hand, are assumed to be incurred in
a linear relation to the scale of output of each plant. ‘This may be
a serious departure from reality. Data on labor costs in the production
of s;eei products is so incomplete that it is impossible at present to
judge the validity of this assumption.

The cost of production of a ton of pig iron and of ingot steel
id-sﬁowi in the following sections to be calcuiated as the sum of some
*tan to fifteen elements. This type of detailed breakdown of the ele-
;menta of cost at each plant is possible because technical information
on the specific consumption of biast furnaces and steel furnaces is
ralattvgly easy to come by. As it is more difficult to obtain this
typa of information for each of the many volling mills in each steel
,pi&hc; cost'breakdowna for the products of each of these mills have
‘not~beeﬁ made. Rather it has beern sssumed that the greatest part of
.lthe variation in the marginal cost of finished steel ptoducts, among
f»steel planta in Brazil, can be attributed to differences in raw
cimnterial cost and to the different technologies used at the various

fiplanta. e.g. the use of LD or open hearth furnaces.1 Therefore,

lin the mixed integer programming model which follows in chaptera IV
~and V, this admittedly weak gssumption was dropped and detailed cost

calculations for the conversion cost at each atage of the process were
made. o
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“ealoulations of the costs of final products are based only on their‘
Eingot ateel coata.} Thc cost of each product is calculated as the _
;insot steel cost at the plaut tinaa the input coefficient for the
ftons of ingot steel requitad to produce a ton of the final product.
{Though there will be some variability in these coafficienta from
fpinnc to plant° in this study they have been aaaumed equal for all
aplanta. The coefficients used are 1.28 for steel plate, 1.24 for hot
:ataip’and gheet, 1.31 for cold strip and sheet, and 1.40 for tin plate.
cThcie~cocffic£ents were estimated from data for the plant at Volta
:Rcdonda in 1962.

‘q:jl 3.2 Specific Inputs. This section and the next consist of
idcooriptions of the spacific inputs and unit cost data used for
?calcuiating pig iron and ingot steel cost at each of the plants. The
abbfoviations used in Ehe tables of these two sections are explained
1n€?able 2.4, |

\‘dA set of specific inputs for the production of pig iron and

gingoe ateel 4n the three major plants in Brazil is shown in Tables
'?2 6. This set, which was used for most of the runs of the
baaed on 1n£ormation obtained from the publications of

tha Inatituto Laﬁinoamcricano del Fierro y el Acero, ILAFA (the
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Latin Americaﬁ ”fron and Steel Inatitut:e), ? some Latud:l'ea of the w

..... 2\) . ’.u..'{'lb

Economlc Commiaaion for Latin Amerlca, ECLA,‘»annual reporta ofbthw
. & o g - AT EUY
ateel companiea\ and data collected by the autéor while visiting~ -
AR Ty s < /‘4 e o

eleven of the majoriateel mills in Latln America during the latter,‘

0. N S

half of 1964 “and rthe firat ‘month of 1965..‘Aopendix B mci{xdea o

» I
1, oy ’1 lA_,,w.

tablea,of the raw data accompanied by detailed éom&enta on-the aourceau
TS A i ‘ gt '

' Soma commente on the data in Tables 2. 5 and 2 6 are in order f

4 R -
,v‘ . A A wh oo

at thla point. The\vectora of input coefficientagfor %heJCOSIPA
X , e a.a a- PR (‘ \ *’7 \~

plant near'Santos are those anticipated by the’ enginceraf :

uc’ Lo 4. _— . ;

! & :

neither the blast furnace nor . the LD converters were yet in opera- ]

"‘— n","'

w1th the exception of the labor and maintenance;
qs” ] A%

tion 1n January 1965 c

1nputa and the coke gas output the data come from engineering atudiea

prepared by the firm and" conaultants for the firm. The labor and‘

‘L /_ ! 0

1See Repertorio de las Eggreaaa Siderurgicaa Latinoamericanaa, e
1962-63, published by ILAFA.(Caeilla 13810, Santiago, Chile):in 1962.¢

A new edition of this report which gives names of officials, of the .
companies, descriptions of equipment, capacitiea and ‘production is". to
be published in 1965. ‘Also, see the monthly magazine of 'this organi-.
zation, Revista Latinoamericana de Siderurgia, and a atudy done jointly
by ILAFA and ECLA and sponsored by the Interamerican’Development '
Bank, Economia Siderurgica ‘Latinoamericana, in particular the:"
nografias Nacionales publiahed by ILAFA in Santiago in: 1963.

Ll

2ECLA, ‘Economia Siderurgica Latinoamericana, op. cit. Alao, United
Nations, Interregional Symposium on the Application of. Mbdern Techni-
cel Practices in the Iron and Steel Industxy to Developing Countrleaq
"The Iron and Steel Industry of Latin America, Plans and. Perapeetiveo,
Steel Symp. 1963/Discussion Paper/ECLA 2, 30 October 1963.A R




ORE
OREP
SINTR
PELLT
RSCRAP
PIG
PIGIN
SPONG
COALN
COALM
DOLO
LIMST
QLIME
MANG
ALUM
FLUOR
FMANG
FSILC
FUEL
NACAS
OXY
ELEC
ELTRG
ELTRP
REFRA
BFGAS
EFBAS
CKGAS
DLAB

MAIN
TONS
1000M3
1000KH
MANHOR
UNITS

1.’ab'1e 2 54‘

il B e e e e e

Abbreviations Used in Tables 2.5 and 2.6

Regular iron ore

Iron ore fines

Sinter

Pellets

Plant scrap or return scrap

Molten pig iron -

Pig iron in ingots

Sponge iron

National Coal

Tmported Coal

Dolomite

Limestone

Quicklime

Manganese

Aluminum

Fluorspar

Ferromanganese

Ferrosilicon

Fuel 0il

Natural gas

Oxygen

Electrical energy
Graphite electrodes

Paste electrodes

Steel furnace refractories
Blast furnace gas

Electric furnace gas

Coke gas

Direct labor

Indirect labor

Maintenance

Metric tons

Thousand cubic meters
Thousand kilowatt hours

Man hours

Maintenance units (defined as
US$ 1 of maintenance cost)

31



matntendhce cost 1nputs come from the' ECLA atudy and‘!he coke gal

output statistic comes from a study on the Maxiean steelyindultry
mentioned iarlier.z The blast furnace at the COSIPA plant is not
1nt“i%11y equipped‘for fuel oil injection, thus the coke rate of
680 k;lograms per ton. Once the furnace is modified to permit fuel
011 %njeotion one would expect this coefficient to decrease by about
loookilograms per ton or more while the fuel oil coefficient will
ing?aaae to between 50 and 100 kg per ton, It appears that there is
mﬁgerror in the COSIPA estimate of the specific input of water per tom -
lof pfg iron as thisiftgure is much larger than for the other two
‘?lagfs with no appéient reason. The original COSIPA estimate was
used for the liﬁéaﬁrprogramming modei but modified before runs were
igegun with~the mixéd integer programming model.
‘ The USIMINAS data reflect the actual operating conditdons in
<Ehe plant in the months prior to January 1965. At that time only one
}nof;the two blast furnaces was in operation and the plant was us!ng a
100 per cent sinter charge. The data shown here assume that both
Ablant furnaces are:in operation. A vector of input coefficients for

the one blast furnace operating with a 100 per cent sinter charge

1a~shown~in Appendix B.

X;ECLA, 'ggpnomic Siderurgica Latinoamericana, op.cit,, ch. 7

'zbémite ara la Programacion de la Industria Siderurgica, op.cit.,

Volume II, Appendix VIIZL.




gmput

SINIR
PELLT

RSCRP
PIG

PIGIN
SPONG
COALN
CoALM

LIMST
QLIME

ALUM
FLUOR

FEILC

NACAS

ELTRG

WATER
- STEAM

BFGAS
'CRGAS
SLAG

MAIN

tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
1000M3
10003
1000KH
tons
tons
1000M3
tons
tons
1000M3
100013
1000M3
tons

MANHOR
UNITS

‘Table 2.5
Speci te - P1
- (Units per Ton o uat)
COSIPA USIMINAS
«700 470
0.000 0.000
+760 1.100
0.000 - 0.000
0.000 0.000
0.000 - 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 371
0,000 +552
.680 0.000
0.000 .035
.400 132
0.000 0.000
025 .040
0.000 0.000
0.000 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
007 .070
0.000 0.000
0.000 0.000
.650 .100
.020 0,000
0.000 0.000
«3,300 «2,624
0.000 0,000
Lol 138 e 138
"o 430 "';476
390 +390
.650 4650
2,700 2,700
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. Table 2.6
- Specific ts « Ingot Steel
Elmicp' per %5 n of Proﬁuccs '

Isput  COSIPA UBIMINAS sy

ORE tons 040 .005 111
OREF tons 0.000 0.000 0.000
SINTR tons 0.000 0.000 0.000
PELLT tons 0.000 0.000 0.000
SCRAP tons «220 .187 276
RSCRP tons 0.000 014 ,039
PIG tons .880 .929 628
PIGIN toms 018 0.000 .097
SPONG tons 0.000 0.000 0.000
COALN tons 0.000 0.000 0,000
COALM tons 0.000 0.000 0,000
COKB tons 0.000 0.000 0.000
DOLO tons 0.000 .006 0.000
LIMST tons .080 001 .042
QLIME tons .080 ,059 0.000
MANG tons 0.000 0.000 0.000
ALUM tons .004 0.000 0.000
FLUOR tons ,008 .004 0.000
FMANG tone .007 0.000 0.000
FSIIC tons .001 0.000 0,000
FUEL tons 0.000 ' 0.000 .118
NAGAS 1000M3 0.000 0.000 0.000
OXY 1000M3 .057 ' .050 .004
ELEC 1000KH 022 012 0.000
ELTRG tons 0.000 0.000 0.000
ELTRP toms 0,000 0.000 0,000
WATER 1000M3 .016 .029 .020
STEAM tons 0,000 0.000 0.000
REFRA tons .009 .007 043
BFGAS .. .1000M3 0.000 0.000 0.000
EFGAS 1000M3 0.000 0.000 0.000
CEGAS 1000M3 0,000 0.000 0.000
SLAG  tons 0.000 0.000 0,000
DLAB MANHOR 1,980 1.980 .167
ILAB MANHOR 0.000 0.000 .950

MAIN  UNITS 4,300 4,500 6.340
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" i‘he coke input for the USIMINAS blast ’fﬁmac; has -l.m:_énidivli;dgd'_
finto 1npul: coefficients for national and !.mport:ed coal. 'L‘hecoke raca
'fwas 600 kg -~ the low rate resulting from the high si.uter charge |
»eveu wtehout: fuel injection. Sinter has some fuel mixed with it;
.*cherdm the lower rates. The labor and maintenance input coeffi-
lclent:s for all plants come from the ECLA study cited earlier and are
based on operating experience of the Volta Redonda plant in 1962. Thus
ﬁhey provide a very rough approximation. Fortunately labor costs
are not an important share of total cost in pig iron pnd ingot steel
pzf@ctton. While technical 1n£orm#t:l.on 6n rav materials inputs can
be readily obtained, the equivalent information on labor imput is
often more closely hald, so that representative data Had to be used.

As in the case of COSIPA the coke gas output coefficlent comes
from the Mexi.can study ﬁant;ioned above., The same is trua for the
'Slé‘sé ‘furné.ée gas. The dolomite .i.npuc coefficlent may be classified
_,“ author 8 guess. |

The csu input vectots are based on 1nformat::lon taken from £flow
_-charts foz' the oyaration of. the plant i.n 1962. lbmer, aome modif:l.-
.:cac!.ono have boen nade.~ 'l'ha eat:tmated coka rate for the: blast fur-
fnaces at: Volta Redonda in 1962 waa 764 knograms per ton of pig irom,
Si.p_cev ‘that date fuel oil :I.njection_equi.paent has been installed. Thus,
lt is assumed here that SOkgof. fuel oil s being injected per ton of
pig iron produced, and‘;hgt_:jl;t}'.hijtvlj}jh.jéetton has brought the coke rate



*dmfto“‘SBG‘i‘kilogtm per ton of pig i.ron. Table 2.5 shows the

occurredas d“result of the injection has not been attempted here,

| As with the other two plants the gas output coefficients come
from the Mexican experience and the labor and maintenance input coef~
£i¢iehts from the ECLA study. Since the ECLA statistics on labor
l.npntcome from a survey conducted in 1962 at Volta Redonda, they
offer; a reasonable approximation to the present operating situation in
the: glgﬁt:.

v The specific input coefficients for ingot steel production
ohown in Table 2.6 come from the same sources as those described for
th;‘ iﬂp\it coefficients for the production of pig iron. The exceptions
to this rule are the labor and maintenance imput coefficients. The
statistics for CSN come from the ECLA study but those for COSIPA and
USIMINAS do not. The 1.98 man hours per ton of ingot steel at USIMINAS
{3 a number obtained by the author at the plant. The 4,50 units of
mainténance is estimated to be somewhat less than the 6.34 for the
equivalent input at Volta Redonda, since USIMINAS is a new plant with
A converters instead of open hearth furnaces. The direct labor and
maintenance coefficients for COSIPA (also a new plant) are assumed

‘equal to those for USIMINAS,



Mept: for except:!.onal cases such as the caae of the unter
,}'charse at. USIMINAS these input cooff:lci.enta do not change markedly '
‘?iwteh _chanses in the output: level of the plant. At: usmms tha sinter

tcharge will decreaae f:om the 100 per cent level now used to the level
'il_howu in Table z.snamwouf.achbhcmnmnaat furnacd -1k brought nisto
6§érauon. D

_ The input coéfﬁé:lent:anay not be strongly affected by the

‘ level of outpue in a planc , but they do change eignificantly with
E';md!.ticattone to the equipmont. Because of the discrete nature of

: 'ﬂchansea in technology, these changes require the replaeement: of a
“vect:or of specific inputs by a new vector. The facility with which
t;hale vectors can be changed, new cost calculations made, and the
“elements of the linear programming matrix revised, increases tha use-
fulness of this type of model in studying the effects of technical
v;,c‘hansel; A gseries of tests with different technologies were cone
ducted on this model, They are discussed in section 3 of Chapter IILI.
’ 3.3 Unit Cost of Inputs. Table 2.7 gives the unit cost:
(deltvered at t:he plant) of inputs uaed for most of the experimencl
iﬁ'}conduc:ad wi:h ‘the model. It has been assumad that the supply of
’:if‘ehue hputc i.s perfeetly elastic at the ptieea shown, _

h | 'I‘ha unit cost vector for COSIPA is basad on eal:imatea of the
company :ln 1964. ‘The basic data were in cruzei.ros of July 1964 and B ~’

:wore eherefore converted t:o donara at the ftee exchauae race o!
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}uhat date, 13 000 cruzertoa per. us dollars.‘ Tha data for USIHINAS
§wnre for Janmary 1963 and vere in cruzeiros of that date. Tharofore. '
ﬁthay were converted to dollars at the free exchange rate of 475
(c:uzerioslu.s. dollar. The data for CSN were estimated by the author
on the basis of the unit cost for inputs at USIMINAS and COSIPA and a
knowladge of the source of the raw materials ussed at Volta Redomnda.
Labor and maintenance cost estisstes were tzken from the ECLA study
mentioned abovs.

The cost of coka inputs at the different plants was calculated
as a waelghted average of the cost of national and imported coals
delivered at the plant. The weighte employed were the percentage of
national and imported coals used in esach of the plants. Both COSIPA
and USIMINAS used 40 per cent mational and 60 per cent imported coal
while CSN used 44 per cent national and 56 per cent imported in 1962.1

Because of the tendsncy of most steel companiaes to prohibit
the releass of amy cost informatiom, it is difficult to obtain this
kind of data. For planning models of this sort one needs not only obe
‘safvatioﬁa on present cost of imputs (and batter yet, some measurae of
thc variability of these coste) but also some projections about how
gtheae coate may ba expected to change over the time peried included 1n,
":Wt:he:.‘ study.

| The present state of data availability in Brazil limits one

'to present (or recent past) prices in the form of single obaervation§ 

lrhte information was obtained by the author in intexviews at the
steal plants and compeny offices.



Table 2.7

Unit Cost of Inputs
(Dollars per Unit)

‘fape  goSIPA

USIMINAS
ORE tons 3.69 2.84
 OREF tons 0.00 2,27
SINTR toms 11.70 5.54
PELLT tons 0 .00 0 .00
SCRAP tons 23.10 32.20
RSCRP tomns 25.00 35.00
PICG tons 34.45 30.48
PIGIN tons 31.00 27.43
SPONGC tomns 0.00 0.00
COALN tons 25,60 29.90
COALM tons 21.00 18,35
COKE tons 29.85 30.65
DOLO tons 0.00 0.00
LIMST tons 4.61 5,04
QLIME tons 6.00 6.00
MANG tons 42.30 35.00
ALUM tons 0.00 0.00
FLUOR tons 20.00 20.00
FMANG tons 280.00 280,00
FSILC tomns 344,00 344.00
FUEL tons 27.60 25.00
NAGAS 1000M3 0.00 0.00
OXY 1000M3 40.00 40,00
BLEC 1000KH 16.70 14,00
ELTRC tons 0.00 0.00
ELTRP tons 0.00 0.00
WATER 1000M3 6.05 5.00
STRAM tons 3 060 3 . 60
REFRA tons 117.00 117.00
BFCAS 1000M3 2,18 1.50
BFCAS 1000M3 0.00 0.00
- CKGAS 1000M3 12.60 7.00
SLAG tons 0.00 0.00
DLAB MANHOR A2 42
TLAB MANHOR 50 «50
MAIN UNITS 1.00 1.00



w:.‘chcut«ian indication of the variation of the prices. This situation
10 made more difficult by the inflation., While one can deflate data
obtained for different time periods or can use the free markec exchange
rata, these measures assume that there is no change in the relative
pr:lées of inputs to iron and steel production.

Difficulties of the type described above suggest that it is
wise to use the results of present planning models with care ~- but
not to abstain from building the models. The data are improving and
can be used with increasing confidence. Mora important, the models
provide insight into the relative importance of different types of
data. It may be that labor cost is such a small part of total cost
in the steel industry and so stable over time that relatiirely rough
measures may be used while coal costs are so volatile and vary so
much from location to location that detailed study of them is very
important., Furthermore, it may be that distances between plants are 8o
great that even relatively large variations in cost would not affect
compatitive positions in key market areas. The same holds true for
variations in rates of exchange. It may be that rates of exchange
vary so much that economic studies across national boundaries are
useless. This may be right, but this is something that one can not
‘be sure about until it is determined how closely competitive plants
| in various countries will be for market areas in one or the other
Av-_[é‘on‘ntry, and until one knows something about the variatfon in ex-
| "clihnge rates and can test the stability of investment study models

viq:hin the limits of the variations that are known to take place.



The cost breakdowns given in Tables 2.8 and 2.9 provide &

fmeoeui'o of the relative importance of the different 1npoto {n deter-

mlnlng the total cost of pig iron and ingot steel.
| Though a systematic test of the model under chansee ln the

pricee of inputs has not been made, a number of runs with different

cost parametere have been made to provide some indication of tho pro-,

pertles of the model. The results of these tests are dlacuseed 1n tbe ”

next chapter.

4, The Matrix.

Once transportetion and production costs are calculated, they
are input to a third FORTRAN program which uses these values to .

'oalculate some of the objective function values. Other objective

NI

function values, constraint values, and matrix coefficlents ere:teedi

iin by the program. The program then punchee out, in the requlred
;format, the 1nput deck for the lineer programming problem.  ;

»‘ "H; A 14st of the abbreviations used in the linear progremmlng
imatrlx is given in Table 2.10 and the matrix itself is shown in
;Flgure 2, l., A brief 1ntroductlon to the problem is followed by an

:explanatlon of each group of columns and rows in the matrlx.

ilTho page after Table 2.10 and prior to Flgure 2.1 is8 a gulde to thefj

'mnemonloa which are most frequently used in this paper. .
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fitabie 2.9

COst Breakdawn
(Dollars per Ton of Ingot Steel -

" Zaput COSIPA .. usznauas CSN-
" OREF 10300 o_oo, 0.00
'SINTR 10,00 0.00 0,00
PELLT 0,00 - 0,00 0.00
 SCRAP 5,08 6.02 6.62
RSCRP +0,00 49 1.01
PIG. . 30.32 28,31 23.96
PIGIN ] 0.00 3.33:
‘'SPONG. 0,00 0.00 0.00
~_COALN ‘0,00 0.00 0.00
COALM 0,00 0.00 0.00
COKE = 0,00 - 0.00 0.00
{-DOLO . . 0,00 0.00 0.00
_LIMST .36 0.00 .21
" QLIME - 48 .35 0.00
. MANG: 0.00 0.00 0.00
CALUM 0.00 0.00 0.00
" FLUOR .16 .08 0.00
 FMANG 1.96 0.00 0.00
‘T FSILC, . 1 0.00 0.00
- FUEL : . 0.00 0.00 3.30
| NAGAS . .0, 00 0.00 0.00
" ELRC-. .36 .16 0.00
ELTRG .0,00 - 0,00 0.00
ELTRP 0.00 0.00 0.00
WATER .09 14 .10

' STEAM " 0.00 0.00 10.00
REFRA 1,05 .81 * 5,03
BFGAS. 0,00 0.00 +0.00
EFGAS: '0.00 0.00 $0.00
CKGAS 0,00 0.00 +,0.00
SLAG 0.00 0.00 20,00

- 'DLAB' .83 .83 =07
CILAB .0.00 0.00 A7
MAIN 4,50 4.50 6°34
TOTAL - 48,56 43.74 51,01



bbreviatlons Uaed in the. Linear Programml_g Matrix E;

Abbreviat:ion Explanatio:x%
SA COSIPA plant near SantOu
.': . :? & ﬂﬁ'? ¢ :
Us: USIMINAS plant: near Ipa”‘linga N
VR CSN plant near Volta Redonda @
\_ o . o ; ’ gg : ‘L\‘
SP market: area around Sao l’aulo\u\~ .
%. e
RJ market: area around Rio de. Janeiro
= ' Ha {‘
BH market area around Belo Horizonte
St | ;3
s”"' iy o ' v
S product index. for ingot steelQé
‘Q ;,'r YJ % "‘f‘
P proguct index for steel plate
l, .
H product index for hot gheet =

‘Andes '-vfor cold’ sheet

C.
T | féir- tin plate
s et_eel furnaces
. ‘\(r‘ * N
P pri.mary rolling mill
. N ‘d} )
R roughing mill ’ .
. % .
‘H hot strip f:l.ni“hing mill
e ‘cold%at:rip miﬂ
T | ‘Pg.nning line
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cuide to Mnemonics

Eow Mnemonica

Capacity - Plants

_ Column Mnemonics

USSAS USIMINAS to Santos: ingot steel
VRSAS Volta Redonda to Santos: ingot steel SAS Santos: steel plant
SAP Santog: primary mill
SASPP Santos to S80 Paulo: plate SAR Santos: roughing mill
SARJP Santos to Rio de Janeiro: plate SAH Santos: hot strip mill
USRJP USIMINAS to Rio de Janeiro: plate SAC Santos: cold strip mill
USBHP USIMINAS to Belo Horizonte: plate SAT Santos: tinning line
‘VRSPP Volta Redonda to Sdo Paulo: plate
VRRJP Volta R. to Rio de Janeiro: plate USS USIMINAS: ateel plant
USP USIMINAS: primary mill
SASPH Santos to Sao Paulo: hot sheet USR USIMINAS: roughing mill
USRJH USIMINAS to Rio de Janeiro: hot sheet USH USIMINAS: hot strip mill
USBHH USIMINAS to Belo Horizonte: hot sheet USC USIMINAS: cold strip mill
VRSPH Volta Redonda to Sao Paulo: hot sheet UST USIMINAS: tinning line
VRRJH Volta R. to Rio de Janeiro: hot sheet
: VRS Volta Redonda: &gteel plant
SASPC Santos to Sao Paulo: cold sheet VRP Volta Redonda: primazy mill
SARJC Santos to Rio de Janeiro: cold sheet VRR Volta Redonda: roughing mill
SABHC Santos to Belo Horizonte: cold sheet VRE Volta Redonda: hot strip mill
USRJC USIMINAS to Rio: cold sheet VRC Volta Redonda: cold " "
USBHC USIMINAS to Belo: cold sheet VRT Volta Redonda: tinning line
VRSPC Volta Redonda to Sao Paulo: cold sheet
VRRJC Volta Redonda to Rio: cold sheet
VRBHC Volta Redonda to Belo: cold sheet Requirements ~ Markets
SASPT Santos to Sao Paulo: tin plate SPP Sao Paulo: steel plate.
.USBHT USIMINAS to Belo: tin plate 5PH Sao Pauloc: hot gheet
VRSPT Volta Redonda to Sao Paulo: tin plate SPC Sao Paulo: cold sheet
VRRJT Volta Redonda to Rio: tin plate SPT Sao Paulo: tin plate
VRBHT Volta Redonda to Belo: tin plate . .
' ~ RJP Rio de Janeiro: steel plate
IMSPP Imports to Saoc Paulo: plate RJH Rio de Janeiro: hot sheet:”
IMRJP Imports to Rio de Janeiro: plate RJC Rio de Janeirs: cold scheet -
IMRJH Imports to Ric de Janeiro: hot sheet RJT Rio de Janeiro: tin plate
IMSPC Imports to S3o Paulo: cold sheet : ' ‘ - ‘
IMRJC Imports to Rio de Janeiro: cold sheet BHP Belo Horizomte: steel plate
IMSPT Imports to Sao Paulo: tin plate BHH Belo Horizonte: hot shee€ ™
IMRJT Imports to Rio de Janeiro: tin plate BHC Belo Horizonte: cold sheet
BHT Belo Forizonte: tin plate’
SAEXH Santos to Exports: hot sheet -
VREXH Volta Redonda to Exports: hot sheet
SAEXC Santos to Exports: cold sheet
VREXC Volta Redonda to Exporta: cold sheet
VREXT Volta Redonda to Exports: tin plate



it 2 . 3 Z 5 6 -
3MUss T SAYRS' L4 S USVRS  VRSAS VRUSS

o COsT SRi5E L3 SR XS 2.9 sh52 2743

/. S4s’° Lo0. /oo ~/.0c. ~/.00

2. 3AP . ' ' T T

4 sAW

S JSAc

6 SAT

7. Uss  =/.00 /.00 /.00 ~/.00

& USSP

7 UsSR

10 UsH

N .use

/2 UsT :

2 YRs -/.00 ~/00 /.00 /.00

4. YRP

/s ~VRR

6 YRy

17 VRC-

1§ VRT

14 SPp

20 SPH

2/ sPc

22 SPT

Forgiwe 2.7 - The 4P SHAix

%



1 g q 10 1" 12 13 I 15 1A 17 13 14 29 2t
SEcep SAFTP SARBHP UsspP USRTP USBHP YRSPF VRRIP VR3K P SFSPE SERTF SABHE JSSPH USRIH [JSEHH

0 Cos7 tliz  7c.L. 12,99 053 LD.5! 71.i% 043 7202 LSe7 oS, TJosp €533 LUK 514
/ 35AS 1.23 .23 {.2% 1.2¢ /.24 124
2 s5P 1.2% ).2% 1.28 1.2¢ 1.24 L4
3 ShR lLlo 1.10 LIo /1.05 1.0% L0% -
4 SEH 1.08 l.os /.08
§ SAC
e SAT.
7 Uss ).2% [.2§ .29 L24 VAL 124
3 uUsp, — 1.23 [.2§ L8 l.2¢ L2 /.28
9 USSR ~ ) (.10 [.10 I.]o ' /.05 le7 Y ra
1o &sy . Los  los 1.05
It vsc
12 UST
13 VRS [,2% l.2% 1.23
14 VRP [.2% 1.2% .23
IS5 VRR 110 110 I.lo
16 VRY
17 VK¢
I  VWRT
19 SPP oo l.or oo
20 SPH oo i.co
21 SPC
22 SPT
23 GTr l.oo l.co oo
24 RTE - 0o i.oo
25 RIcC
26 RTT
27 BH? .09 1.Co !
285 BHuH ) _ l.oo 1.00
21 - . BHC -
30 BxT - ' - -

;_/-'75.; Ler € 2./



S_goo-.x\\u.t.wu._o

Cns7T
SES
oi?
SPX
SAH
SRC
SAT
J)SS
UspP
JSK
USH
usc
UST
VRS
VRP
VRR
VR &
VRC
VRT
i
SPE
SPC
sPT
RT P
RTu
JC
& T
BHP
BHE
Bhc
BT

.24
.2+
.99

1.05

Loo

23

VRR: &

6%.39

124
.29
l.oa
l.os

1.00

24 s 2 27 2¥
VREH! <hsvc SARTC SABHC US:HC

G ehsT o Far T390 antT

1.3l .31 L3
1.3 {31 L3
1.}« Lis {.1s
.12 L2 112
1.63 lLoa l.o3
.3l
.3)
143
.12
[.93
.24
{.24
l.o4
l.os
l.oc {.00
l.es
.00
.00

F;?;,./r( -2,/

29

USRFC UsBr¢

5.0

1.3]
.31
Lis
Liz
l.o3

l.oo

30

o2.44

.3}
1.31
J.is
.02

123

3/
Yasrc

T

[.31
131
745
/.72
/23

22

33

VRR7C VXESFC

131
/.37
A3
1.72
YAA]

| ra

cs,

L3/
r34
115
172
/.93



9534,:~'3577 36 37 3% 3\ o 4/, 42
SASPT sc,&rr SﬂBHT ussP-r us&rr USBHT VRSPT VRP\IT vasm- B

1294 Ao war st 71, ,“.;4 7230 miss W4
ldo ~‘jl4o{¢_114° R T S
Lo 140 140
R SRR K ¥ R EE
1%, f20. -,,11.10.,
K TR N | RS I | S
“Los  los les S
e L L S
ldo  Léo - Lo
l23 ‘Lzs L3
Lo .- ‘lae Lo’
[HTRS ¥ A N T}
kos . 'Los  Les e g
R T ke k4o T lee”
Clide lde 4o
23 L23 . la3
Lo L2o .. L2o
Y X/ AN N T XA
l.Los l.og - los

Voo _ Loo - Loo

“loo: Loo IOD

Fromee 207 T



8 #4544 dr 4 4 so s/ 52 s3 s& I
IMSPP IMSPH IMsSPc IMSPT IMRIP TMRIN IMRIC IMRIT ZIMBHP IMBHH IMBHC IMBWT:

1oz gpz.” Wz, j2a. loe.  leo loo, 120. [0} lor.  HI%. 2%
ST AT - 4
Loo
1.00
l.oo
l.00
{.00
oo
Loo
T l.oo
o

Fogure 2.4
Part &

‘Ae



55 s, - s1 5% &1 60 ér 62 3 & 5 6.
- SREXP USEX?P VREXP SAFEKH wexu vVREX M saexc vse‘xc VRExr. SAEXT ussx'r vkem

- €OST  -2.00 - -2.00  -2.00 -300 -300 -3.00 400 -400 -40o -S00  -505 500
'SAS  |.28 ' [T TR - L4

C AP Laxn 124 . L3 e

SR Lio EX. L5 123

SAN BN Los RN S & 1

" 3MC CoLe3 T

- Yss - L2+ 131, 140
USSP 123 L% 140
. USR. Uo 0% S ¥ &Y
usu .‘I.DS' l2w

. usT - RN

13 ¥RS ¥ '

14 VRP l.zt

{s -VRR: g0

1o TWRHE Ry E

17 VRC Loy NTA

1Y VAT o Los

<19~ SPP '

20  SPH

21 SPe

22 SPT

8

§

.36'
.00

2 B (19, osa]

.b -l g-l L L

o

-~
N-

140
123

4 RTH
25 UC; .
2% RIT
27 BHP
2f BHE .
19 BHC

30 Bkt

'-.‘;
.Fs
<
:ﬁ .
B X
:
.
K
<
&
5
..
<
<
K
<
e
3
3.
3
L
3
P
>
z

F;yare Z /
Wil 6



52"

m matrix consists of an objective roy, "COST"; thirty other
| rmv end 8ixty-six columns. The columne fall imto four groups. The
f£ivet of these is the set of activities for producing ingot steel at
| one plant_: and shipping it to another plant. The sacond group is pro-
duction=transportation activities such as S8ASPP, i,e. the produét:ton ‘
of atael plate at the Santos plant and iu shipment to the market un
of 820 Paulo, The third and fourth groups arve, raupeot_ivély. ﬁnporl_;i |
"and exports. o _ -
- The rows may be dtv;ded i.m:o thrae groupa, The ﬁnt gmp
" consists of a single row. whi.ch 10 :he object.tve m, "ccer."_,:mg
second gréup of rows is the aet ot proqluccipn cout:atnt rowp, ‘which
. prevents the output of each of t:he production units from exceeding its
' cdpacity. The last group of rows requires that the total prvduction and
trangportation of prédncta to each market area be at least sufficlent
to supply the requirements for each good.

| The p:obiem presented in the matrix is akin tq the classgic
‘machina-scheduling problem. Tha machine-acheduling problem is one of |
determining how much of each of a number of different products to
manufacture, given that each product requires a certain time to process
on each of a number of different machines. The capacity of each machine,
in hours of use, and the profit to be gained from the production of
each product are given, Similarly, in our problem the capacities of |

the blast furnace-gteel shap, the primary mill, the roughirg mill,



the finishing nill, and the cold strip mill, end the tinning line for
each of the thraec plants are given. The profits for each product |
are not given, but rather the problem is constrained (by the third
group of rows im the matrix) to produce or import at least the ra- |
quired quantity of steel plate, hot sheat and strip, cold sheet and
strip, and tin plata for sach of the market areas. And, in addition,
it 18 required to do this at the minimum possible cost, givaen the
cost of operating each of the activity vectors at unit level. That is,
‘t.be problem is to £ind that cozbination of production-transportation
activities, exporting activities, and importing activities that vtllk -
minimize the total cost of flat steel products in Brazil, while e
meeting the requirements of each market araa, and not excaeding the
capacity comstraints of the existing production units in the plant:a_;
An explanation of the elemente of the matrix of Figure 2 will—._cila;f#fi
the problem. A
The first six columns of the matrix are activity vééﬁdia for
_ the production of ingot steel in one plant and its shipment to another
plant as an intermsdiate product. (Pigure 2.1, Part 1,) For example,
8AUSS (column #1) is the activity name for the production of ingot '
| steel at Santos and its delivery to the USIMINAS plant at Ipatinga. |
The cost of this activity is US$18.54 per metric ton. This 18 equalr
to the cost of producing a ton of ingot steel at Santos, minus the

cost of producing a ton of ingot steel at USDMINAS, plus the cost of {:


http:US$18.54

ﬁranbpdrting the ton of ingot steel from Santos to USIMINAS: Tht@_
is fha net cost to the system of this shipment of intermediate
product.
Proceeding doww the f£irst column one finds & 1,00 in théfsgééiaéﬁ

This means that when activity SAUSS 1z operated at level Z), thhﬁi“
(1.00) (x;) units of tha available steel capacity at Bantoé'are uﬁéa :i

. Thus, if x; = .150, then 150 thousand metric tons of £ngot ateel
are ptoduced at Santoe and shipped to USIMINAS, thereby raducins the
quantiey of stsel available for producing final products at Bantos by,
150 thousand tons. Page 6 of Figure 2 shows that the constraint for
the 8AS row is the minimum of (.72)/(.88) and (.80). This requires
that the ingot steel used for shipment to other plants and for use in
final products, whether consumed domestically or exported, must be
less than the winimum of the steel-equivalent capacity of the blast
fu:gq;e‘or furnaces and the capacity of the steel shop. The capacity,
‘;fséhh ﬂlaat furnace at Santos is 720 thousand tons, aund the specific
‘input of pig iron to ingot stesl production is 880 kilograms of pig
-1ron per ton of ingot stesl. The capacity of the LD converters. 1n ff
the aceel shop 1is 800 thousand tons per year. |

Returning to column.#1 of the matrix we encounter a val?e of

hinus one in the USS row. This means that each ton of ingot steel
shipped from Santos to USIMINAS decreases by oﬁe uvait the conatraiﬁel

on steel capactty at USIMINAS.


http:72)/(.88
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Tﬁe remaining flﬁe éolumns of this group (columns 2-6) repeat
" the patﬁern of column ora for each possible combination of shipping
| ahd rrceiving plant,with a plus one in the row for the steel shop of
| the shipping plant and a minus one in the row for the steei shop of
the receiving plant.

Column seven begins the second group of activity vectors.
This group includes columns 7 through 42 and contains an activity
vector for the shipment to each of the three market areas from each
of the three plants for each of the four final products, and thus
Lwiﬁcludes (3)(3)(4) or 36 activity vectors.
| o The first vector SASPP (colummn 7) is for the production of
steel plate at Santos and its ahipmant'to Sao Paulo. Thus, US$67.12
| is the cost per ton for the production and transportation of the
product. The coefficient of 1.28 in the SAS rows means that for each
ton of steel plate produced at Santos 1.28 tons of ingot steel are
- vequired. Similarly, the 1.28 in the second row, SAP,. indicates
that 1.28 tons of capacity in the primary mill at Santos is required
for each ton of steel plate that is ehipped. Likewise, before it 10‘:1
finished and ready for shipping the plate must pass through the ; |
" voughing mill, but by the time the product reaches the roughing mill
most of the scrap losses have already occurred. Therefore, only 1;19;1
tons of annual capacity at the roughing mill are required for qadﬁi

“ton of plate.
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'iﬁining.ﬁo page atxfdf:cﬁb»hatrik, we f£ind zhat the capactty‘ 
o£ che primary mill at Santos is 1.80 million tons per year and the
capacity of the roughing mill is 1.00 million tomns per year. It 10
interesting to observe the variation in the capacity of the £1ve.magn
production units at the new eteel‘plant at Santos. The steel equtva-”'
lent capacity of the blaat furnace i slightly more than 800 chouaand
tons per year, the capacity of the steel shop is 800 thousand tons, the
primary mill 1.8 million toms, the roughing mi{ll 1.0 million tons, and
the finishing mill 1.5 million tons. A part of this veriation io "
,becaqse each of these units 1s required to process different amountl
'of product, even in a facility that is using all of them at capacicy.
However, a much more significant part of the variation is due to the
technology of the equipment. The high capacity of the primary |1:1_.11. ~i
results from the fact that the economies of scale in thebinveatmen€’ ‘
cost of this type of mlll are strong up to capacitiea in thio ‘range. f
“The same 18 true for the finishing mill, but not for the roughtng mm
:whare it 1s possible to install more stands as they are needed to
fincreaae the capacity. For the blast furnace and steel shop marginai‘ 
‘invaaementa can bg made to increase substantially the pregent capaciﬁiﬁi;}
It is only mentioned here to point out why it is essentiel in a steel
mill study to have a conatraint row for each of the main productlon
units and to think of 1nveatment ag breaking first one bottleneck and

then another, or as breaking two or three bottlenecks simnltancoubly.~



In eolum 7 of the mat:rix there is a coefficient: ofal.ootrf
irow 19. This row is in the group of rows which requites fhaﬁ‘any

eolutiou to tha problem be one for which the requirement:e offe'ac‘p‘

vmerket eree for each product are satisfied. In this row, SPP,»\(g:(}te
’ennuel requirement for plate in Sdo Paulo) there are coe"fieiente ’v;)fj

‘1 00 :I.n columns 10 and 13, These two activit:iee are. eleo for the efhtp-

ment of steal plate to g0 Paulo, the first betng for shipments from‘f 5
USIMINAS and the second for shipments from Volta Redonda. The only, mv
o rﬁ‘w‘z

other entry in this row is in column 43; it is for the importat:ion

Y

plate to Sao Psulo. The right-hand side value for th:ls conetra:l.nt ;-f g

B ey o

?"(on Part 6 of Figure 2.1) is .020, Thus, the ennual requirement: for ?-{"! :

-8teel plate in the 830 Paulo market area is 20 thouaand tone, and t‘hiosy
_;requirement must be fulfilled by shipments from aorne combination of K
;i‘}.tdhe_ three plants and by imports.
| Columns 7 through 9 are activity. vecl:ors for the production
'_fend shipment of steel plate from Santos to each of the three market:
5areee, Sao Paulo, Ric de Jansiro, and Belo Horizont:e. CQIumne 10 12
and 13-15 are for shipments of plate from USIMINAS and from Vol.ta
‘Redonda, respectivaly.

Column 16, SASPH, for the shipment from Santos to s"' o Paulo
'of hot: otrip and sheets, differs only slightly from eolumn 7 '.l'he
'lerep losses for hot sheat and strip are slightly 1ees than, fer
ateel plate so the first three coeffizients in the column (after che

objective function value) are slightly less than t:he correeponding _

values in coluem 7. Algo, there is the addition: of a f.’ourt:h coefﬂeient:.


http:c6mnation.of

3

vThi‘Hone being,i"row SAH. uhichlie’the capacity row foi th hﬁQ‘atrip

iﬁfiniohing mill et Sa tos. ‘Plate:iw,not required to pass thggughﬁthgv
v 0

ﬂhot atrip_finiahing mi11 but hot etrip and aheeta are requ;@ﬁ&»to\'J

* he o0 8

fpala through thie mill therefore, the row SAH includea the do%£££~ g
| cient ahown.

Columna 16 through 24 are the activity vectora ‘for ‘the" proo
:fduction and traneportetion of hot sheet and atrip, and columne 25 :
¢ through 33 and 34 through 42 are the equivalent vectors -for cold ;heeb
f:and ptrip and for tin plate.

Thie echeme portrays graphically the assumption of lineariéyVEQ,
.‘of colt and independence of activities which is required of eny ¢

‘linear programming problem. The cost aeeociated with. each ectivity ia:ﬁ

‘ ” '.}‘* -3
-1aeen to be a 1ineer function of the 1eve1 of operation aeeigned bo?:’
Y 9“7‘ Y

izthat activity and ie not affected by changee in the activity level 5
T:of any other vector.» Thus, we are aaauming that. the quantity of tin
;iplate produced by a plant doee not affect the unit cost of the\hotc;{
;ﬁetrip and aheet produced by the same plant.

o The third group of columna (columna 43-54) is the‘aég}Vity

:ivectora for the importation of eteel producte. There ie*ﬁﬁ& activlty

(S Y2

ffﬁector for each product for each market, or (4)(3)-12.
The coet of importe ‘'was eet arbitrarily aomewhat abdverﬂomeatic

fcoat for tha equivalent product on the aaaumption that the'goveﬁhme

) euld protect the induetry.‘ Tariffe collected by the government’are ”

;elaumed to be outeide of the- eyatcm and not ueed to minimize the totelt
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sel . 1n :he uyltem. ‘base. price of uss1oo perﬂton !ot tbewv§

vtimporce:1on of ateel plete co Ri de Jeneiro was IGQ.; Hoe lcrtp weu |
ealoumed to ba more expenaive thanﬁplate, and cold ptrip and tin plate f
;were aleumed to be progreelively more axpenoive then hot lcrip. | fifT‘
'iBeclule ‘the coat desired was che cost of the product delivered to the |
5:uling firm in the merket Area, 1mporte for the produeta to Sao Peulo
were mede US$2 per mecric ton more than for the equivalent’import to g
i?Rio de Jeneira. The nimilar differential between Belo Horizonte and<~‘
fRio de Janeiro was eesumed to be US$8 per ton, -

o While there is no constraint in thie model on - the to:el amounu

;}of 1mporcn. such a conatraint could be provided either by putt;ng
}fuppox bounde on che activity 1eve13 ‘of the import’ activitiel ov by
_? ddins another conotraint TOW. -

fiThe lelt group of. eccivity veccoref(columns 55-66) 1nclude one -

fvector for the export of each of the foux products from each of the

gthree plentn. The coefficiente within the matrix are. the eame ae

Ao

f'k

f;hb‘ for the production-for-domeatic-conuumption veecore. The ‘ob-

ﬂjecttveﬁfunetion coefficienta have been aneigned negative veluee.
- ¥

"Ufi,"exporte are treated eimply as a means of. decreasing the totafy

fcpet 1n the system. Theae values are the pexr unit profft for eprrt‘
ﬂactivitieo and have greater absolute value. for producca which require

fmore proceqeiug. Fo: the seme ptoduet the profit to be galned by -

fe_chhfirm gc aulumed to be the -ame.
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oThe availability of export profits induces the.system to use .

»

aach.plant up to the capacity bottleneck of that plant. but since

these pxofite are relatively small, the system first supplies the

.
01‘

aeede of the domestic economy The gieatest profite are on thoce
:roducts which require the- moet proceesing. Therefore, these. are the'ﬁ

preferred exports.

The leas-than-or-equal-to elementa of the right-hand side of

the matrix (the constrain“ valueﬂ‘in Part 6 of Figure 2 l) are the

annnal capacitiea of the production unita in January of 1965.~ The'
three(exceptione to thie rule are the blaet furnace and oteel shop

at’ Santos which were echeduled to go into operation in the summer of
l965h the hot end cold etrip mille at USIMINAS which were alao eche-‘ :
duled to he put into Operation eometime in 1965, and the tinning line;_
of Volta Redonda which hae a capacity below the 280 thouaand tona e

ehown in’ the matrix, but which will reach that capacity within a

°
'0
)

year or so. ”J
- P 0 -: fj; ) ‘ :
P aThough capacityxconetrainta are:given:here as a aingl

the capacity of a production unit in

9.“"

concept.‘lFirst the capacity of output of'a rolling mill depende upon”'

the prodnct mix. A primary mill which ie used for producing a highf'

gnw«:h

percentage of alabe will have a higher capacity than the equivalenti

mill which is required to produce a high percentage of bloomo

a, 0

Secondly, the capacity of a blas. furnace or a steel furnace 18

< L\"

afﬁected by changee in the ‘nputs._ A blaat furnace with a high
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’ _pexzent#ge of sinter or pellet in the charge will produce more Ehaﬁj_
a,the equivalent furnace charged with lump ore. Likewise, the pérf f

~ centage of scrap charged to an open hearth furnace affacts the output
‘of the furnade. Thirdly, the capacity constraints are not reallj ,
absolute bottlenecks, For example, if a shortage of blast furnace -
capacity is the bottleneck in a plant the percentage of scrap in t;hej
steel furnace charge can be increased, or intermediate products of"
any desired degree of processing may be purchased. While the model
permits the shipment of ingot steel between plants, it does not pro-
vide for the purchase of other forms of intermediate products sych; 5
as plg iron, slabs, or colls of hot sheet. Fourthly, capacity:in;‘-f
formacion given by a company about its production untts dogs not ; :
always agree with an economist's notion of what capacity is. Blaac.:
furnaces which were installed with a given rated capacity may, in
fact, produce as much as twice their rated capacity ﬁhrough incregjéé
in their interior dimensions, fuel oil injection, higher biasc'tem;:f
peratures and volumes, higher top pressures, more careful sizing éf'x
ores, the use of sinter and/or pellets in the charge, or the contrdl
of humidity in the furnace. Also, rolling mill capacitles may be
given as the capacity of the smallest unit in a line. Thus, a hot
strip finishing mill of 2 million tons per year capacity which |
follows a semi~continuous rougher of 1 million toms per year may be
classified as having a capacity of only one million toms. That is,

tha canacitv stated is given according to the bottleneck. Fifthly,


http:canni.tv
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fcapacity figures usually tell nothtng at all about the cost of che ESe
‘modifications required to change the capacity of tha untt. For ;
example, a aemi-céntinuous rougher installed so that additicnal
stands can be easily added to increase the capacity is really some-
_thing quite different from a continuous rougher of the same capacity
which was installed in such a small working area that its capacity |
“£¢h not be increased. N
| The market requirements, shown as the conatrainé values for ’
| :Sﬁn 19 thru 30, are based on an unpublished séudy of the Latin American
Iron and Steael Institute, ILAFA.1 and are indeed a very rough approxi-‘
ﬁation of the reality -- especially so as a regional breakdown of the
requirements for various products was not available. |
The ILAFA study gives the apparent consumption of flat bro-
',dhcta in Brazil in 1962 as 860 thousand tons and shows a growth rate
of around 100 thousand tons per year over the period of the previous
few years. Assuming that steel consumption i{s growing at an increasing
rate in Brazil, a figure of 1,200 million tons was decided upon for the
apparent consumption of flat products in Brazil in 1965. It was as-
sumed that 200 thousand tons of this would ba steel plate, 400 thou-
sand tons would be hot sheet and strip, and 600 thousand tons would be
cold sheet and etrip. Also, it was assumed that the country would

consume 250 thousand tons of tin plate in 1965.

1

Inlcttuto Latinoamericano del Fierro y el Acero, Series Historicas de
.1on ortacion de Productos

L 2, Santiago, Chile, January,




o

:ihééauad of tha;concentrétion ot the‘sﬁipébuilding industry 1hv
Rio de Janeiro, 80 per cent of the country's apparent consumption of
‘aﬁéél plate was assigned to that region while the remaining 20 per
cent was dividad evenly batwaen S40 Paulo and Belo Horizonte.

FPorty per cent of the hot shsat and strip requirerent was assigned to
ﬁlo and forty per cent to 8§80 Paulo, with the remaining 20 per cent
going to Belo Horizonte. The centralization of the automobile 1ndustryil
around 836 Paulo dictated the assigmment of 50 per cent of the demand |
for cold sheect and strip to that market area, with Rio de Janéiro and
Belo Norizonte raceiving 37 and 23 per cent respectively. Sixty per
cent of the tin plate requirement was assigned to Sao Paulo, 24rpgr”f

cent to Rio and 16 per cent to Belo Rorizonte.

5. The Algorithm ; .

ALl computation with this model was done on the TBM 1620 com-
puter of the Sloan School for Industrial Management of M.I. 7.l .‘id
This computer is equipped with two small disk drives permitting the %
use of the IBM 1620-1311 Linear Programming System. ' e
.‘ The ioput deck for use with this programming syetem was
‘punphed out by the third of the three data organizing programs discussed
ébove. Once the original data were read in and the problem solved (a

‘pfoéees which required about ten minutes), the basisz of the solution

Appteciaeion is &ue the M,I.T. Industrial Management Computer
Pacility for use of the IBM 1620. v

z"Basis" means the subset of activity vectors that comprise the basis for
the optimal feasible solution to the probiem.



‘was saved on the disk. Then to make additional test on the xuedei e
‘some of the elements of the LP matrix were changed. The saved baa‘ie: _‘ _
urovi.ded a starting point for the additional runs and permitted solu-
tion of each of them within an average time of about five mimutes. |
Actually the solution time was probably shorter -- on the order of t:wo
minutes for each revision of the input date -- but as a eubetanci‘e'l‘,“f*_i
amount of output was desired for each solution, t:he output tiine»_ueé e
quired was two or three minutee. | o
For an 1nduet:r1e1 model a aingle eolul:i.on to a 1:l.near pro-

'sramming problem is of limited usefulness. Even when high qualit:y
~data are available for use’ :I.n the model, uncertainty about the future
‘means that any ona of tha perametets of t:he model may change euough t:o
make an optimum solution no longer feae:lble or no longer opt::lmal. - |
The great value to be gained from using computer models for 1nvestmeu£
_sl:udi.ee is that once the model is constructed, vit provides an exc'ellevn"t: :
laboratory. It is possible to hold all other paramaters constant
while varying one to determine its effect on the ayete_m. 'J.'hus,oue
can use the model to study the effects of chauges in the coyst:’o‘f one
‘of the inputs to steel production, or the effacts of an investment ‘:f.n,‘ '
t:anaportation which decreases freight cost in one leg of the syst:em,j
'or the impact of a new steel using industry being located in one
market area rather than in another. -

| Models which are small enough that they require only a few -

minutes for solution on the available computer are thus much to be
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preferred over models which require several hours of computation-ctme
;:_for golutfon on the available equipment and wh:lch thereby permit only
‘two or three production runs in the course of a project;. |

The 1620-1311 LP System permits the user to call for a numbér
| of types of ocutput of which four were used by the author. ' ’rhe namesj
of these four types of output offer little in l:he way of deacript:lve‘
value, but are ueeful in identifying the typea of out:nut. /'rhey ata:‘
OUTPUT, CHECK, COST.R, and BO.D/J.

The OUTPUT output 1s shown in ‘fable 2.4.- Tha £:|.ra|: sece:lon of
the output gives the names and activity levels of the variables :l.n (i :
the solution for the run. Tha type of variable 13 ind:lcated by an F
or W preceding the variable name and simply shows whether the variable -
is in the solution at an upper or lower bound c;r at some intermediaté
level, The W indicates a variable at its upper bound, the G a var:l.ablé, ‘
at its lower bound, and the F a variable at an intermediate level.
S8ince no upper or lower bounds were pl#ced on the activity vectors in - -
‘this run all of the variables are shown to be at intermediate levels.
Actually an implicit lower bound of zero was set s is done for all |
linear programming problems.

The variable names are the same as those used i.n the LP matrix.
The activity level is the number of millions of metric tons shipped.
Fof example 20 thousand tons of plate were shipped from Santos to the
S35 Paulo market area and 160 tons of stael plate wera shipped from

USIMIMAS to the Rio de Janeiro market area. One can seé in this



 VARBLS ' TYPE." NAME AC’HVITY LEVEL

* 'F8ASPP .020
FUSRJP +160
FUSBHP .020
PSASPH .160
FUSRJH .064
FUSBHH .080
FVM 0096
FSASPC 300
FUSBHC “140
FVRRJC w154
FSASPT .000
FUSBHT .000
"FVRSPT 130
FVRRJT 058
FVRBHT .040
FIMRJT .002
FSAEXH 122
FVREXH 215
FVREXC - .355

SLACES TYPE MAME Ac'rmn mm  SDMPLEX MULT.

FCOST 96 066{';», e
+WSAS o 2,419
+FSAPR .980
+FSAR ©,2800
+PSAH 5 -324»1‘1% W
PISAC v 7 .806
+WSAT 41,435
+USS . 7.460
+FUSPR 1,200 o
+FUSR
+FUSH

90
+JUST 41.830’

+FURS

+FVRR
- +FVRH
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1’\2&51& 2,11 eonciuﬁedf ,

SLACRS TYPE NAME AGTIVITY LEVEL ~ STPLEX MILT.

+WVRC 806

+WVRT 37,303

-WsPP 70 . 217'
-WSPH 68,170~
~WSPC 72,570~
-WSPT 120,750~
-m‘ 73 0“8"
WRJH 71.390-
-WRJC 75,960~
-WRJT 120.,000-
-WBHP 70,458~
~WBHH 68,410~
=WBHC 72,980~

~WBHT 121.590-
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particular solution a part of the division of labor that exists be-.
bﬁeén’theae three steel plants. USIMINAS has a relative spéclaltzatlon‘f
In steel plate, COSIPA at Santos in cold sheet and strip, and CSN at
Volta Radonda in tin plate. |

lll Only a single import activity appears in this solution, IMRJT,
Ehé 1mpoitatlon of 2,000 tons of tin plate to Rio., On the other hand
four axbort activities appear -- the export of hot and cold sheat

and strip from both Volta Redonda and Santos. This corresponds
:oushly to the present situation of the flat products part of ateel
industry in Brazil. Once COSIPA and USIMINAS swing into full opera- |
lon there will be something of an excess capacity in hot and cold
rolled sheet and strip while tin plate capacity will contlnue to be
preased by present consumption rates. - |

All variables not among the twenty-one in Table 2 11 are at

tha zero activity level in this solution. ‘ P

l Activlty levels and simplex multipliers are- given for the slack;;
variables in the bottom half of Table 2.11. These varlables are "lwiﬂl
called "slack" variables because in setting up an orlglnal tablean ; l;
for solving a linear programming problem they are added to ths matrix
1n such a way as to take up the slack in the inequalities and convert 1l
ehem to equalities. The reader will note that they are the censttatnts
of the LP matrix described in the previous section.

 fThe first slack variable is COST, the value of the ebjective
function, and is given as 1S$96,066,000. This valve is ghe»td?dlfﬁqiﬁf

fdr one year of the production and transportation of/flaﬁfqgegl



iptoducta in Brazil. plua the cost of imports, ‘minue the profits: ftoa
'esporca. 1t will be used repeaeedly in later seotions of the paper E
for comparing the total cost of varicus alternatives,
| The plus and minus signs preceding the row name fot.the remain-.‘
'ing yows in this table indicate whether the xow 1s less-than-ot-eﬁual-ta‘
(+) conetraint or a greater-than-or-equal-to (-) constraint., The
eapacity constraints are legs~than-or-equal-to and the market re=
quirement comstraints are greater-than~or-equal-to.

As was mentioned above those varisbles in the solution a£
their upper limits are denoted by a W preceding the variable name.
Those variebles at intermediate levels are preceded by an F. Thus
‘the W preceding 8A8 in the second row of the slacks shows that the.
steel shop (or blast furnace) at the COSIPA plant near Santog 1g.bg£ﬁgff
 used to capacity in this solution. o
| The simplex multiplier (or shadow or dual price) ahown 1n ehe
third column of the table provides a measure of the economic valuo of
llncreaetng the capacity of the bottlenecks in the system, Thus on
ghe maxgia each ton of additional capacity in the steal shop at the
COSIPA plant will reduce the cost in the system by 18$2.42 per ton.
Glancing down the column of simplex multipliers we find the largest
velues for the tinning lines. For example, a tinning line constructed
at Santoe (given the asgumptions of this model) would decrease the
cost in the system on the margin by 118$41.-45 for each ton of capacity

constgucted.
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'“Fbt tﬁoée'ptoduction units which do not constitute borcienecks.
| iﬁlthe system and have excess capacity there is no benefit to be o
édtned from expansion, therefore the value of thé simplex multipligr;i
for these constraints is zero. The unused capacity for thaae‘prpé:ﬂ; 
duction units is shown in the second column of the table. ‘F9r1§¥§@§i§;;
980 thousand tons of the installed capacity of 1.8 m1111on,tong'q£f5f? 
capacity of the primary mill at Santos would not be used, .ZiVi )ft'
The simplex multiplier has a slightly different 1ntetpte§ati§§:;i
for the market requirement constraints. It provides a meaéureldfiﬁﬁéiit
‘ébac to the system of an expénsion ih the requirement for # produét" 1
iﬁva market area. An expansion in the requirement of plate in the
lsﬁb Paulo market area (SPP) would cost the system US$70.22 per tom.
An expansion in the requirement for timn plate in Sao Paulo (due to thé  5
fact that importation of tinm plate is necessafy in this solution) would
1coa§_the'§ystem US$121.75 per ton.

8 ’So cost in the system can be decreased either through sdditional
}1n§estment to increase the capacity of the bottleneck production units
‘or through the restriction of demand. 1The magnitude of the simplex |
multipliers gives an index of the e?fact that could be expected ftoﬁ‘ 
each of the alternative measures. . | o

The use of shadow prices in investment decisions must be done
with care. An example will suffice to show this. The current shadow
price for tin plate in each of the three markets is about US$120 per

ton and the value of the simplex multiplier for each of the tinning


http:US$121.75
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V:ltncl is in the netghhorhood of USH40; however, if the capacity at any

‘”one of these mills was expanded by more than 2, 000 tons (the ambunt ofﬂx

oo b

tin that ie being imported) or if the market requirement for tin plate

',.s’

fn the ayatem was reduced by more than 2,000 tons, the ahadow piices

1 /.

would fall to about US$80 per ton (near the domestic cost of productiono
and the simplex multipliers for the tinning lines would decrease uub-i
atuncially. Therefore, in using shadow prices one must be’carefﬁl to

investigate the quantity for which the shadow price is likely to hold.

"' ', r~~

Ia general, for larger systems with smaller discontinuities the pro-»
bability that a shadow price offers a good indicator for investment is

{ncreased. Even in the case cited above they offer a good- 1ud1cator,

but only on the margin.

The CHECK . secticn of the output (see Table 2. 12) is,normally
) ;’r4.'.

used as a check that the size of computational errors in the ayntem
has not exceeded some desired level. Since we are working with a

relatively ‘small problem the computation errors are not likely to i

41 .

veach serious proportions. However, this part of the output providea

o

,x x'

a useful table to see to what extent the capacity of each pibduction "

unit is in use in the system. The column UPPER LIMIT givea the valuen

 of the capacity constraint on the unit and the column SOL. JALUE'

lution.

-

(solution value) gives the level of activity used in the,_
47’9,’*

Thus we see that the steel shop at USIMINAS (USS) was. uaed to capacity«

but only one-third of the 1.8 million tons of capacity of the priﬁary

mill (USPR) was needed.



‘Table2.02

NAME UPPER LTMIT .}j~'~'1-:1:"s’b£;”;-'VAr;tjz LOVER LIMIT " RoW ERROB"

U 96,066 .ooo 00000600 .
. .820 . - ".820 P ©,00000006
- 1,800 - +820 ", a .00000010
.1.000:. «720 . - .00000007
1.500 .676 | .00000008
. .000. , .000 1,000 .00000001~
.600. 600 o .00000001
1,800 .600 p 00000000
1,000 ' 523 » : . ,00000002-
1,500 - - .15 " .00000009
© 150 - , 150 _ R 00000002 -
L000 0,000 1,000 .00000000
1,590 1.400 . U ,00000010-
1.400° 1.400 I .00000000
1,250 ¢ 1.230 R .00000006
1.500° 1,195 - .00000008
8000 800 R ,00000000
L2600 .260 . .00000003
160 160 .00000000
+300 +300 . 00000001~
- .150 .150° ,00000000
.160 . .160 .00000002
+160 160 .00000000
.160 .160 ,00000000
.060 . .060 .00000000
.020 020 .00000000
.080 . .080 : .00000000.
140 .140 .00000000 .
4040 . - .040 00000000 -

.00000600



The bottom pert of the table showe-mhaﬂ:all of, the market ‘re=-

1uirements were met as required.

Table 2 13 givee one of the most intetaaﬁing gections of the’

\',,-.

output, COST.R. This table providee an indication oﬁ the stability

-"x

of the oolution of the model to changes ir the paremetere.;

The column

GURRENT COST is the activity cost for the vector and the column

HIGBEST COST is the cost to which that activity could rise bef re it

uould be replaced in the solution by another activity. I, the current
colution the market for plate in the Sao Paulo erea ie being se:vad by
the CDSIYA plent near Santoa at a coct to the plant (and to the systeno
of US$67 12 per ton. Hnwever, the plant could charge US§71 18 per ton
for its plate deliveted in Sao Paulo before its competx,oigat Vo1ta '

Redonde (see. column HI-VAR) could undersell it, From this teble one
¢ ‘\91‘

could calculate the rents which may accrue to each plant. This type o£;

o ol @ .

informatiou can’ be: invaluable beth to. private coupetitorp and to tax

1}

&uthoritiee who are eager to ecoop up ell rentg in&the'ayatem.
, One begina to get some idea of the complegicies of the reedjuot-'
mente in the aystem in reeponae to a change iﬁ‘ﬁwpingle parameter by &‘

jlooking at the fifth row in thia table, USRJHfﬂ}If ‘the. cost for supplyv

Al
\ ) L [ 4 °

}ing hot strip aud aheet from USIMINAS to Rio de JaneirA rose above :
%
US$66 65, then coot could be minimized in the system by having USIMINA&

l"'&\’ 4
o

o

uoe ito capacity for eupplying plate to ‘Sao Paulo. SOmefother prent 3

porhapa the one thet lost”the plste market in’ Sao Ptulo, pexhapa:aomehz

,other.”will pick up the‘extre requirement £%:$§ot&strip and -hc.t’;fﬂh;
n : Y1 T (* & ,f

;in Rio de Janeiro. o
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Table'2:13.
| G0ST.R

NAME cunnzuricusw HIGHEST. cosr HIfVAR Lo-VAR{;y”ga;Lownsr cosr

L ,

SASPP ”,;.;‘.71 180 f,_'» vnsrp SPP 3. 097-
USRJP " 63.978 VRRJP RIJP '9,548-
USBHP 65.568 .~ - VRBHP BHP 9,548~
SASPH 69.140 - VRSPH SPH 3.000~
ISRJH 66,656 USSPP VRRJP 62.054
USBHH 63,730 VRBHH BHH 9,250~
VRRJH 68,476 . VRRJP USSPP 63.874
SASPC 68.,570° 72,710 ' VRSPC SPC 4,000~
USRJC ;ﬂssazooa;j“- 66,188 Usc VRBHC 60,630
USBHC 62,220 . 66,790 VRBHC BHC 10,760~
VRRIC  71.960 . 72.110 SARJC Usc 70.972 -
SASPT 72,940 ¢ 17230 SARJT INFINITY~
USBHT 66,160 : = 70.730 SARJT ( INFINITY-
VRSPT  77.300 ~ 78,550 IMSPT SARJT 73.010
VRRJT: . 76.550 80840 _SARJT IMSPT 75,300
VRBHT 78,140 . 82,630 'SABHT USRJT 73.570
IMRJT'  120.000 . . 121, 2507 IMSPT VREXT 81,550 -
SAEXH,  3.000-. 2,692-. SARJP. SAC 3.786=
VREXH:  3.000-" ' - VREXP SARJP .. 3.308-
SAEXC® . 4.000- - SARJC VRSEC . 83140=
VREXC' ' 4.000<" “VRCY ~ SARJC R l150e




‘ ;A‘quick glance down the two coluuns of currsnt‘cost and highest'
2'¢dsc reveals that the geographical spread of the three major steel
plants for flat products in Brazil gives the market situatlon (of the
model) a certain degree of stability. For eleven of the sixteen
domestic market variables the separation batwaen the current cost sndi
‘the higheet cost is greater than U3$2 per ton. At the same time this,
form of stability indicates that the plants are in a position to rsap”
" jubatantial rents if provided a free enterprise gituation in which |
:0 do so.

The last section of the output, no D/J (see Table 2.14), 1s

' ”:evious sectionwin that 1t shows how'much the cost of

is not in theﬁsolution'must be reduce beforeit at

activity ‘can’ enter the solution. From the discussion above we know ;f




.ﬁazggsﬁxgi;

DO D/J

VBLB TYPB NAME CURRENT COST

WSAUSS
WSAVRS
WUSSAS
WUSVRS
WVRSAS
WVRUSS
WSARJP
VSABHP
NUS3PP
AVRSPP
NVRRJP
NVRBHP
WSARJH
WSABHH
WUSSPH
WVRSPH
WVRBHH
WSARJC
WSABHC
WUSSPC
WVRSPC
WVRBHC
WSARJT
WSABHT
WUSSPT
WUSRJT
WIMSPP
WIMSPH
WIMSPC
WIMSPT
WIMRJP
WIMRJH

WIMRJC .

WIMBHP
WIMBHH
WIMBHC
WIMBHT

WSAEXP |

WUSEXP
WVREXP

WUSEXH
WUSEXC

'18.540
6.630
8.900
2,900

11,520
17.430
70.660
72.440
65.330
71,180
70.430
72.020
68.710
70.500
63.580
69.140
69.980

72,110

.73:900
166.650
72.710
73.550

76,480

178,270
70580
69.140

102.000

102.000

112.000

122.000

100,000

100.000

110.000

108,000".
108.000; -
118000
128,000
*.72,000-
2,000+
.2.0004
3,000~

4,000~

f5 ;000-
V5 000~
5000~

Tbble 2 14

RBDUGED COST

13 500
9,049,
113,940
9.101

- .318
5.078
4,662
».4 060
S 0088
" 4,658
,.320 ‘
5,090
4,660
3. 970
f 4 570
.,150
~:4 920
4,840
Y4140
_- 4,570
g 290
‘\4 490
i85 260
4 570
‘31 783
,3:.830
-39./430°
il 250
_26 562
128,610
1343040
-37. 542’
,39 590
45, 020
56 410
,1 ,097.
7.548.
1,097
. 6,250
6.760
50,439
38,450

7.

BABIS VALUE

3. 040
2.419-
.5.040"
70460"
2.419
7.460
70.342
67.362
60.668
67.120
70.342
67.362
68.390
65.410
58.920
65.170
65.410
71.960
-68.980
61.810.
68,570
68.980
172.190
-73.780.
165.320
64,570
70.217
68.170
72.570
120.750

'73.438

71.390
.75.960

70,458
- 68.410

72.980
121 590



 Rable 2,18 cont*d.

g AS n

+8AS
+SAPR
+SAR
+8AH

+US8
+USPR
+USR
+USH
+U8C
RANGEHUST
+VRS
+VRPR

. *WRT
=-SPP
-=SPH

'=SPC
.~SPT
RP
{eRJH
=RJC °
-RJT B
nBﬂy’
-Bmi
bnnn
-Bm

s
41 455
7o 460

: .959
41 830

2, 419

‘;4- .806
37 303 |
f&70.217:;

68,170

72 570

120,750
« 73 4389?
71,330,
"75 .960
1120,000 -
70‘458
fﬁg‘QIQ%i
72,980
121;599b
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tlnxplate unleea the 1nternetionel,pr1ce increased. by'forty to fifty
dollere per ton.H:

“One parting comment sbout the ﬂrst eix towa of Part 1 of chui@k

{

tnble. '!.'he column nmmcnn COS‘I' i.ndicatea the magnitnde by which the
cost of ohi.pping 1ngot steel would have to be reduced before 1t would*:%
be wotthwhile to engage in the ehipment of intemediete product. | In
one of the ‘test: rune we decreased eteel cepacity at the COSIPA plent
and hot nnd cold etri.p mill capacity at the USIMINAS plant to zero

(the sttuat:l.on which existed in January of 1965) and just. ae might be‘
expected we begin to get some- shipment of intermediate product in, the.

oylten. We wﬂl return te this later in a discuseion of the “teste

:thet were condncted‘ w‘.th the model.
Part II of 'rable 2 14 eimply repeeta a; pert of the information

.....

siven 1n the OUTPU'J.‘ eection. Ri% givee the dual pti.cee.
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Some -of the properties of the lineer programming model and its
fusefulness as an analytical tool for studying a variety of poliey |
nproblems are shown in this chapter. The six tests discussed here f;;*

involve changes in one or a group of the paremeters of the model
while holding others constant to determine che effects of the changes.
lThe tests were chosen both for their usefulness 1n investigating‘the
iproperties of che model and for their similerity to economic policy
problems of the Brazilien flat-product steel induetry. | '.

The first test "requirement shift," was a study.of the effects

on che‘system of locating a new eutomobile plant 1n Brazil. The model

& riginal levele to thrée and a half timee thelr‘originai 1eve13.~
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In the third test changes 1n factor coet and changce in tech-i‘
‘1nology waere examined. For example, a teet was made of the effecta cn
}the system of the introduction of fnel 011 1njection in tne blant |
_ furnace at the COSIPA plant. | R
The ability of the model to reapond with shipmente.ef inter- nf
;mediate products when part of the production capacity in the ayetem
;wes ehut down was tested in the fourth test. ‘ |
R If ‘all three plants in the system should eimnltaneoualy requeet'
import permite to purchase a new tinning line end the government decided}
ﬁthat only one nevw - tinning line was needed in the country. at the time, '
;which reqneet should be granted? This is’ the subject of the . fifth
;teet. S -

Finelly, a eeriea of rune were made with the model to ctudy

gthe'effect;/of changes in the tranaportetion coat for final productn.

ﬁ}Unlees'apecific mention 13 made of a change in a paremeter or

J"»

_group of parametera, their valuea will be the same as thcse chown in

\\r y(

,gm tables (of Sections 2, 3, and b

_1 The Reqnirement shift Test

,.

Nearncas to automobile plants, with their large requirementa

}w S ! o

:Eot‘ \hot: and celd rolled sheet and scrip a8’ we11 vas other ateel pro-




e

"ehuuxeof product requirement" and moved it around in the system.
then we doubled the size of the chunk and moved it around in the
eyetem again, solving the lingar programming problem at each step.

| Assuming that a small automobile uses about a half ton of.fleti'
steel protucts (three-fourths of this being cold rolled products and '
one-fonrth hot rolled products) and assuming that a reeeonable elze»
automobile plant would produce 200 thousand units (production of :
eutomebilee and trucks in Brazil in 1964 was about one million unite)o

. .an sutomobile plant size "chunk nf product requirement" is determined tt
: ‘include 25 thousand tons of hot rolled producte and 75 thousand tone of=
cold rolled produeta.i ‘

Theee quentitiee were added to the exieting requlremente for

theee producte in firet the Sao Peulo market area. then the Rio de

e'Belo Horizonte area. The amount was then

Janeiro eree. and"lnally."
:doubled to 50 thoueend tone‘of hot rolled and 150 thousand tons of cold

rolled products end the teate repeated. o

"o

;:;;f; Table 3 l givee tbe value of the objective function for eech

abbnt US$1 per eutomobile., Thie emell effec' is o t f' r

maiket areee, and\eince ‘there im ﬁot g eat variation between these'

plente da; the<coe§,©£ produeingﬁﬁteel‘
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Table 3.1

Requirement Shift Test . o
stem Cost and Average Cost per Tbn of Productﬁ'

Effect -on Total

New Auto Original| 100 thou. toms 200 thou. .tons

Plant at ' Solution| SP RJ BH sp RJ BH
Total Cost

(Us$ million) 93.4461100.538 1100.708 |1100.767 |107.817 {107.970 1108.11

Average Cost o
(US$. per metric ‘ 1 o T
~ton) | 64.44 | 64,86 |.64.96 | 65.01 | 65.34 | 65.44 | 65.53

If on the other hand the automobile plant had been located in

one{;f the southernmost states of Brazil or in the northwest part

"oountry the difference in the total system cost would have been

', \

:morn,striking. Also, even within the area considered the difference

}might have been more striking if a11 hot sheet and strip and a11 cold

:sheet and strip had not been treated as homogeneous commodities, In

fact the width and quality of finish of hot and cold rolled proaucca'fﬁ

fi a matter of paramount importance to the automobile industry. A more
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!hble 3.2 shows the effect of the requirement shift on the
ffaotlvity levels of the vatiables. The first column gives the activity
eievelo_of the variables in the original solution before the new auto-
mobiie plant was added to the system. All other emtries in the table
give changes from the activity levels shown in the first column. The
second, third and fourth columns show the effects of the addition of
- an auto plant of 200 thousand units (100 thousand tons of flat |
.eteel products) and the last three columne of the table ehow the
'effectn of the addition of an auto plant of twice that size. i

In the first step the new auto plant was located at s$b Paulo o

{[and the extra product requirement in the syetem was met by decreaaing

~?exporto._ The COSIPA plant at Santoe decreaeed 1ta exports of hofi,f
}fsheet and atrip (SAEXH) by 25 thouaand tone and 1te exports of cold

i oheet and strip (SAEXC) by 39 thoueand tons, and ahipped_these producte}e'
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" Table 3.2

(Million metric tons)

0r£gina1!100 thou, ton increase[200 thou. ton increasel

Solution, sp RJ ' BH SP RJ BH

Activity
- vector

SASPP 020
USRJP .160
USBHP .020
SASPH <200  |[+.025) 1 +.050
'USRJH 1 .064 c =025 |
USBHH 08 |} 4025 |
VRRJH 056 | | #.025(+,025

| -0s0 |
" k ""’: Y+0050 "
| #4050 +.050 1 .-

SASEC. .300  |+.039| ° o BN
SABHC . ] e 3 He, 039 : 1l . | +.039
USRJC 005 | | -.ii]-005 0 ) o 1 ] -.005
USBHC JA40 - I - |4.005 - | ST 4005
VRSPC cot o e.036) 0 ) (R B
VRRJC 1 +155 | +4.07504.005 | < | 4,150 +.005
VRBHC o= | w032 | +.107

SASPT B IR [+ ) Y R S R R
USBHT }e00L ) S ! EEUR IROER
VRSPT |o.149 A e
VRRJT | -060
VRBHT 1 <039

SAEXH 4082 |-.025| il ]~-.050
VREXH 0094 | ) -.025(-,025 bl
SAEXC". 2|039  1-.039) 711-.039

VREXC * | 4334 " 1=,036] =.075{=:036

VREXT £ 2 T D PR K

-,039 [
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J?VOlta Redonda to besin supplying a part of the requirement ﬁor cold

"S \J'L\ -

" .gheet and strip to Sdo Paulo. This was accomplished by a reduction of.

} SL

the exports of that plant of cold sheet and strip (VRBXC) andﬁan equiva-
AR

lent shipment of that product to Sdo Paulo (VRSPC). Only six.chengée?

v }v”; _f"\ 1

n activity levels including one new activity (VRSPC) werekneceaearyhf-
' to restore a least-cost equilibtium, -
More complex teadjustments vere required in thekcase where the '

e u.t7:
’_new auto plant was located at Belo Horizonte. Eleven changes'including

N

‘.r“" ; iy

the introduction of two new. activities (SABHC) and (VRBHC) were neces-”

sary to restore the equilibtium."

The complexity of these changes shows the importance of flexi-

bility in an economic system. A slight change in one part of the

before a new leaat-coet equilibrium is achieved. In a many-pla
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Requirement Shifc Telt

,Cha /ee in Shadow Prices for Producte
B (U.S $/metric ton)

i New Plant Original 100;chou.,ton increase {200 thou. ton increase °
Pxodyc vPrices SP RJ BH SP RJ _BH
SPH 65.87 | . '}, ‘ ‘ )
‘SPT 1 80.68 - . :
RIP 71. 22
RIA 169.19
‘RIC | 73.76
RJT 79.35.
BHP 68.24
BHH 66.21 i '
BHC 70.78 45.15 ‘ +5.15
BRT . | 81,52 S .

*In the case_of the new 100 thousand ton (200 thousand unit)
;;;2 pi;dé ;E éé; P;ulo, capacity constraints at the neaxby .Santos
mill of COSIPA requiréd that a part of the additional cold sheet and
e:rip.be obtained from Volta Redonda. Table 3.2 ahowe/chie change,
Since the Volta Redonda plant could not deliver cold sheet and strip
'to ehe Sdo Peulo market atea«fet‘as little,es the Santos plant, the
~ resulting shadow price for eoId;eheet»and‘etfip in Sfo Peulo 1nereeeed
by US$4.82 per ton. | ‘ | | |
' When che new auto plant was added to the system in the’ Rio de

Janeiro: markat aree there were no changee 1n che ehadow ptieee, netther

were there any nev vectore in the beeie. The original optimel beeie



i#remained a feasible baais, and 1: was . only necessary ‘to . change the
Hiactivity 1eve1e of some. of the vectors in the solut:lon.1 Such, how-
:iever, waa not the case when the auto plant was located at Belo Hori-
'egonte.» The fourth column of Table 3.3 showa that the shadaw price of
-‘ee;dbpheec anﬂ,strip in S8o Paulo increased by US$0.15 and the shadow
epficéfgpr the game preduct in the Belo Horizonte market area increased
fSy ﬁS$5;15 per metric ton. Before the addition of the new capacity
the merkeﬁ area at Belo Horizonte obtained all of its cold sheet and
st:ip from the nearbleSIMlNAS plant (see Table 5.2). However, the
market requirements added by the new auto plant made it necessary to
purchase product from COSIPA (the second lowest cost supplier of cold
viaheet and strip to‘Belp Horizonte) . But the capacity at COSIPA was
not sufficient to supply all of the additional reqnifement go addi-
tional product had to be purchased from Volta Redonda.

_The addition of an auto plant of 400 thousand units (200
thousand tons of final products) produced no more atrein on the
‘evailable,capacity in the system than did the addition of an auto
plant half that size. The shadow price increases were identical to

thoeefwhich occurred under the addition of the smaller plant to the

';éee D.eGale, The Theory of Linear Economfc Mcdels, McGraw Hill Book

Company, 1960, page 304 for a proof that an optimal basis remains
optimal under a change in the right-hand side (constraint coeffi-
cients) so long as the basis remains feasible. The same proof shows
that the shadow prices also remain unchanged under these conditions.




'syeteh. This phenomenon occurred only because of the magnitudes in-
volved., If a slightly lérger auto plant had been added to the system,
or if one of the productive units in one of the plants had had |
slightly less capacity than it had, a different combination of acti-
vities would have been needed to produce the least-cost solution.
Table 3.4 shows the "profits" accruing to the steel plants
under different locations of the new automobile plant. The "profits"
wére calculated as follows. The cost of each activity in the solution
was subtracted from the shadow price for the appropriate good and
market to give a unit "profit."1 For example, in the original solution
the activity cout for the production and transportation of hot sheet
and strip from USIMINAS to Belo Horizonte was US$66.21. Thus, the unit
profit for this activity was US$8.67. To calculate the total profits
accruing to each plant, the unit profits were multiplied by the
activity levels of the solution and the profits for each plant were
summed. Though a part of the profits should be attributed to trans-
ﬁortation and a part to production, they have been treated here ae

though the steel plants owned the means of transportation.

1These "profits" are not the same as those normally discussed, but
are rather more like rents. Normal profits are calculated by sub-
tracting total cost (including capital cost) from total revenues.

In this definition of "profits" used here the cost (other than capital
cost) of producing and transporting a good are subtracted from the
shadow price in the market area.
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Table 3.4

Requirement Shift Test

"profits" Accrui

to Plants

(US$ millions)

New Plant! Original Rio de Belo
at | Solution Sg@o_Paulo , Janeiro _Horizonte
Plant & Sub- Sub- iSub= i Sub- .
Product totals totals 'totals |totals totals totals jtotalstotals
_ t :
1. COSIPA 2.264 1 3.838: 2.264 2,316
" a. Plate .062 .062 . ,062 .062
bo HOI'. 0600 .675 ' 0600 0600
c. Cold 1.200 2,990 1.200 1.408
d. Exports- '
Hot «246 171 «246 +246
- -Cold .156 - .156 -
2. USIMINAS 4,335 4,335 4,335 5.085
a. Plate 1.610 1.610 1.610 1.610
b. Hot’ 1.250 1.250 1.250 1.250
c. Cold 1.475 1.475 1,475 2,225
3. CSN - 13.241 3.241 3.241 3.245
a. Hot .168 .168 .243 .243
b. Cold .620 .764 920 .768
¢. Tin 740 (.7 « 740 . 740 .740
d. Exports-
Hot .282 .282 207 .207
e. Exports-
Cold 1.336 1.192 1.036 1.192
£. Exports- :
Tin .095 .095 ,095 .095
4.0 m -
ALL PLANTS 9,840 11.514 ' 9,840 10.646
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The first and second columns of Table 3.4 show a breakdown of
the profits by product and by. plant for the original solution before
the ne§ auto plant is added to the system. The remaining three
pairs of columns give the same breakdown for the case in which a
200 thnusgnd unit (100 thousand tons of steel products) automobile
plant.is located first at Sao Paulo, then at Rio de Janeiro, and finally
at Belo Horizonte.

With the original conditions, the COSIPA planékat Santos would
gain a profit of US$2.264 million, the largest part of its profit
coming from the sale of cold sheet and strip. USIMINAS on the other
hand would have a profit almost twice that of COSIPA, and Volta Redonda
a profit about eéme and a half times that of COSIPA. Table 3.5 shows
why this would occur.

The first four columns of Table 3.5 give "unit profits" for each
product and the last four columns show the equivalent product flows.

In the product flows section of the table the first row for each

plant gives the total output of the plant in million metric tons

and the following rows the amount of each product produced at each
plant. The plants produced at full bottleneck capacity in every case
but the product destination changed slightly from solution to solution.
cosirA produced 641 thousand tons of produc;s, USIMINAS 469 thousand
tons and CSN 806 thousand tons (flat products only).

Returning to the first column of Table 3.5 we find that the
unit profits of USIMINAS were much higher than those for COSIPA and

CSN. For example, in the original solution COSIPA earned US$4.00 on
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Table 3.5

Requirement Shift Test
Unit "Profits" and Product Flows

Unit Profits Product Shipments
o >., (US$/metric ton) (million metric tons)
,‘Plnnt & ) Ori-
‘ Product Oxiginal] SP RJ BH {ginal | SP RJ | BH
1.'COSIPA 641 | .64)1 |.641 |.641
a. Plate 3.10 3.10{ 3.10} 3.10} .020 | .020 ]|.020 }.020
b. Hot 3.00 3.00{ 3.00} 3.00] .200 { .225 {.200 |.200
c. Cold 4.00 8.82] 4.00] 4.15] .300} .339 |.300 |.339
"d. Exports-hot | 33,00 3.00{ 3.00] 3.00] .082 | .057 |.082 |.082
e, " COld 4.00 - 4000 - . 039 - 0039 -
2. USIMINAS .469 | .469 |.469 |.469
a. Plate 8.95 8.95| 8.95| 8.95] .180 | .180 {.180 |.180
b. Hot 8.67 8.67] 8.67] 8.67] .l44 | 144 |.144 |.144
c. Cold 10,18 (10.18110.18115.33| .145 | .145 |.145 |.145
3. CSN .806 { .806 ].806 }.807
a. Hot 3.00 3.00] 3.00] 3.00| .056 |.056 |.081 ].081
b. Cold 4.00 4,00} 4.00] 4.00] .155 |.191 |.230 |.192
¢c. Tin 5.00 5,00] 5.00] 5.00] .148 | .148 |.148 |.148
d. Exports-Hot 3.00 3.00] 3.00] 3.00] .094 |.094 |.069 ].069
e. " cold 4.00 4.00] 4.00} 4.00] .334 |.298 |.259 ].298

£. Exports-Tin 5.00 5.00f 5.00{ 5500¢{ .019 {.019"}.019 |.019

each_ton_bf cold sheet or strip while USIMINAS gained US$10.1: on

each ton of the samé product. This situation arose because of the low
assembly cost of raw materials‘at USIMINAS and its proximity to the

Belo Horizonte market, which was protected from the products of other
flants by distance. On the coast COSIPA and CSN both had excess
;jcapacity and were forced to export; thereby bringing their unit profits
.fdown to- the level of the profits they gained from exporting. (The model
ffdid not permit the plants to make greater profits on domestic sales than

ffon exports )


http:US$10.10
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Aﬁbfher reéibn for the high profits of USIMINAS was that under
‘the assimptions of the model as to input cost and specific consumption
of'raW'miterials as wéll ;s to transportation cost, etc., USIﬁINAS
could deliver steel prodycts to Rio de Janeiro for less than Volta
Redonda. For example, USIMINAS could deliver hot sheet and strip to
Rio de Janeiro for about US$6 per ton less than Volta Redonda. Thus
USIMINAS could garner the high profit domestic markets and -force CSN
into the lower profit export markets.

In an earlier run of this same experiment, the capacity of the
tin plate mill at Volta Redonda was assumed to be 260 thousand tons
per year, or just slightly less than the domestic requirement for tin
glate (including the scrap losses). The result was that it was neces-

‘#ary to import a few thousand tons of tin plate at a cost of US$120
per ton. The shadow prices for tin in all market areas jumped from
around US$80 per ton to about the level of the import price, and the
unit profits gained by Volta Redonda on tin plate incveased to about
US$40 per ton. Since CSN was the orly plant in the system with a
tinning line, the profits gained by that firm on the one product ex-
ceeded their profits on all other products together.

Proceeding with our analysis of the impact on profits of locating
a new gutomobile plant in one market area or another)we return to
Table 3.4. Column 4 of this table shows that locating the plant near
S&b Paulo added substantially to the profits of COSIPA, increasing
them from US$2.264 to US$3.838 million. This resulted in large part
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:ffrom the 1ncrea§e in thé’dh&dow,price of cold aheet and strip at Sao
’faraulo (lee ‘Table 3.3) by US$4 82 per ton. The reader may recall that
‘pthia jump 4n the shadow price of col? sheet and strip at Sao Paulo
occurred because the new auto plent at S6o Paulo caused the require-
ment for cold sheet and strip in that market to exceed the capacity of
the cold strip mill in the nearby Santos plant of COSIPA.

Locating the auto plant at Rio de Janeiro rather than at Sao
paulo resulted in no changes of profit from the original solution.
Though at first this seems to violate one's intuition about the matter,
it follows from the fact that the original solution remains feasible
under the change in the demand conditions. Readjustments could be made
in the levels of activities already in the solution and it was not
necessary to introduce any of the more expensive activities that had
been excluded from the original optimal solution.

Building the new auto plant at Belo Horizonte resulted in a
substantial increase in profits for USIMINAS and a slight change in
profits for the other two plants, Of the three possible locations
S8 Paulo offered the minimim total cost and the maximum profit co the
system., However, the location giving the second greatest profit to
the system (Belo Horizonte) is the third ranking solution by the cost
minimizing standard.

We now turn our attention from a study of the effects of "re-
quiremehc ghift" to an analysis of the effects of increases in total

product requirement.
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2. The Requirement Increase Test
Holding capacity constant while increasing the product require-

ment in the entire system provides insight into where in the system
bottlenecks may arise in the future. Since capital costs are not
included in the model, the model can not be used for making exact
decisions on the time and place to add to capacity; however, it can
reveal future bottlenecks as indicators foi investment.

Part I of Table 3.6 gives the requirements vector used in each
run of the experiment. The vector ONE, which is used as the base for
the increase shown in the remaining columns, s identical to ONCE with
the exception that a slightly greater concentration of the national
requirement for hot sheet and strip at Sao Paulo is assumed. The
remaining vectors in Part I of the table were determined by increasing
the vector ONE by factors bf ll, 2, 2%3 and 3. Part II of the table
shows the product breakdown for each step.

. All parameters of the model were the same for this test as
for the previous test, with the following exceptions. The capacity of
the tinning line at Volta Redonda was assumed to be 260 thousana tons
per year instead of 280 thousand tons per year. This assumption re-
sulted in the tin imports discussed above. Also, a somewhat higher
transportation cost was used (see Part III of Table 3.6) and the capacity
of the blast furnace-steel shop and of the primary mill at Volta Redonda

was assumed to be 200 thousand tons greater than in the previous runs.
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Requirements Incresse Test
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.400
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.600
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480
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1.450
(1007

2,175
2.900
3.625
4,350
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Thua 1n"che fitst test,.that part of the capacity in the blast furnace,
steel shop, and primary mill at Volta Redonda which is used for pro-
'ducingvmntérials for rolling into shapes insﬁead of flats, was sub-
tracted out of the total capacity available. All of these changes
ware held constant over the six runs made in this test.

Lookingofiirst at the effect on total cost in the system,
one observes (see the last two rows of Table 3.7) that total cost
increased and that average cost per ton of product also increased,
but at a decreasing rate. This resulted from the decrease in exports
(until they ceased altogether) and the steadily increasing share of
imports in total national consumption.

The lower part of Table 3.7 shows that as the market require-
ments increased, f£irst tin plate, then cold sheet and strip and steel
plate, and finally hot sheet and strip were imported. This pattern
resulted from the relative shortage of tin plate capacity and the
relative surplus of hot strip mill capacity. Moving to the top of the
table one can see the effect on the activity vector for the shipment
of ingot steel from Volta Redonda to the COSIPA plant at Santos (VRSAS).
At the original level of demand and at one-and-a-half times that level
it was not efficient to make the shipment of the intermediate product.
riowever, as the average cost of products in the system rose it becomes
economic to ship the intermediate product, and thereby.to make more

efficlent use of the excess rolling capacity at the COSIPA plant.



 -Activity Levels of Variables (millions of tons)

Vector

Table 3.7

Requirements Increase Test

i

|

ONCE __ ONE ONEH i TWO TWOH ,
Objection Function | A ‘
(US$ million) 96.361(96.220}155.776|226.889]304.749|383.352
Average Cost per ton;
(U.S$/ton). 66.46 166,36 | 71.50 | 78.30 | 83.%0 | 88.10
VRSAS - - - 190} .1290| .1190
SASPP ,020; .020 .002 .0640 - -
SARJP 0093 0054 - 1014 - -
USRJP «067{ .106 .173 125 - -
USBHP .020: ,020 .030 .040 .050 .060
VRSPP - .- . 028 - . 043 ' -
VRRJP - - 067 .069 - 7 -
SASPH .160}. .200 300 .400 .456 456
USRJH 160 .120 - - - .078 .028
USBHH .080| .080 .120 .160 .200 . 240
VRSPH - - - - . 044 . 144
VRRJH - - .180 <240 222 .166
SASPC .300f .300 .340 «340 340 340
SARJC 0401 .040 - - - -
USRJC 0006 . 006 - - - -
USBHC 140 ,140 .146 . 146 +146 .146
VRSPC - - . 110 .260 o305 0235
VRRJC 115 .115 «240 .115 - -
VRBHC - - 0064 .134 0204 0274
VRSPT . ° 150 » 150 ° 188 . 168 3 . 148 . 128
VRRJT . 058 ) 0058 - - - -
VRBHT 0401 .040 .060 .080 .100 .120
- IMSPP - - - - .007 .060
IMRJP - - - . 113 . 400 ° 480
IMRJH - - - - - . 166
IMSPC - - - - .105 «325
mc - - - . 205 . 400 . 480
IMSPT - ' - 037} .132| .227] .322
IMRJT .002; .002 .090 .120 .150 .180
SAEXH 02| .0261 -
VREXH' 311 .311 .033
VREXC 395 .395|  .095] '
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The amount shipped was in this case determined by the fact that the
blast furnace and steel shop capacity at Volta Redonda was 190 thou-
sand tons greater than the capacity of the primary mill.

The activity levels of the variables showed a tendency, as
the requirements increased for each plant, to concentrate on serving
the nearest market area, for interior markets to be served by domestic
production, and for imports to go to markets near ports.

The change in flows in various parts of the system was not a
simple expansion apace of the increase in total requirementa in the
system, What appeared was a transportation planner's nightmare.

Some flows increased, then leveled off and decreased, others started
and stopped and started again, others remained static, and others rose
steadily. Certainly had there been a price response of the tranasporta-
tion sector built into the model, the changes in the levels of the
activities would have becen less sharp. Also, rigidities in the gwrisn
such as taste preferences for the products of one plant over tnose of
anotﬁer plant would have reduced the sharpness of the changes shown by
Table 3.7. Finally, the magnitudes of the changes in product require-
ménc used here were large. Changes of the magnitude shown in the table
would be expected to require fifteen to twenty years.

For planning over shorter periods of time an experiment of this
type could be most helpful to transportation planners. Also, the
experiment could be easily modified to account for increases in

capacity over time, with an LP run being made for each time period,
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‘able 3.7 also demonstrates how useful this kind of experiment
"cohld'b;ifbr:thé déonomidt'cohcerned with the balan?é of payments. In
’ficountriel where steel producca tepresent a substantial portion of
:‘Qimporto ‘or exports, disaggregated projections on a product by product
bg:is could be made with this type of model. For such planning it
uould be 1mpbrtadt to make a modification to the model by adding a
constraint row for each imported raw material used in the production
of steel products. Then the solution would provide estimation for
the total amount of each of the raw material imports required.

Paxt I of Table 3.8 shows the increase in shadow prices as
the national requirement increased. Discontinuities in changes of the
shadow pricéa'occurred between those steps where importation of a given
product becomes necessary. For example there was a sharp jump in
the shadow prices for steel plate, hot sheet and strip, and cold sheet
and strip between steps ONEH and TWO, which corresponded to the initia-
tion of imports of steel plate and cold sheet and strip in step TWO.

Part II of this table displays the effects on the shadow prices
associated with each of éhe productive units in the system. as the
tinning lines played a smaller and smaller part in restraining the
ayateﬁ from reaching lower cost, their shadow prices fell. The oteél
shops, which acted as constraints on all final products, became in-
creasingly the most important bottlenecks in the system and were

assigned higher and higher shadow prices.



Table 3.8

Requirements Increase Test

Shadow Prices

(USS$/ton)
PART I
Run
Market
0 ONE ONEX| TWO | TWOH ! THREF |
SPP 70.,22| 70.22| 74.95] 96.46102,.00{102.00
SPH 68.17| 68,17} 72.95] 93.59| 99.001100.75
SPC 73.10| 73.10| 77.40|110.76}112.00}112.00
SPT 120.75]120.75|122,00}122.00]122.00]122.00
RJP 73.76| 73.76| 74,20]100.00{100,00 }10G.00
RJH 71.70| 71.70{ 72.04) 97.04} 98.25]1100.00
RJC 76.64| 76.64] 76.64)]110.060]110.00]110,00
RJT 120.00(120.00}120.00]120.00]120,00]120.00
BHP 70.78] 70.78) 71.28] 97.02] 98.18] 99.99
BHH 68.72) 68.72| 69.151 94.14| 95.271°972062
BHC 73.66| 73.66| 78.24111.60112.841112.84
BHT 121.591121.59122.841122.841122.84(122.84
PART II
Run
Production Unit ONCE| ONE | ONEH] TWO { TWOM |THREE
SAS 2,521 2.42) 6,12] 22.,92127.28(28.70
SAPR
SAR
SAH
SAC 1.321 1.32 -80] 11.81| 7.47] 5.67
SAT 40,91140.91|37473]| 3.68] 2.46]| 2.47
Uss 7.71] 7.71{ 8.05] 28.21]29.12}30,.53
USPR
USR
USH .
usc 1.30| 1.30] 5.31] 12.,06|12.11|10.31
UST 41.14141.14)37.63] 3.62| 2.35| 2.37
VRS 10.88]15.24116.65
VRPR 2,42) 2.42] 2.42] 11.70] 8.31| 8.31
VRR
VRH '
VRC .81 .81 81! 7.56]| 7.52| 5.72
VRT 36.61136.61)37.80: 3,78| 2.52| 2.54

Import

Prices

102
102
112
122
100
100
110
120
108
108
118
128

100
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_ “Both this test and the previous one involved changes in
’ pidduct'requiiementai The next test is one which employs a change in

~ gome of the cost parameters of the system.

3. Changes in Cost Parameters Test

The original calculation‘of the sinter charge at the Volta
Redonda plant of CSN was .875 tons of sinter pér ton of pig iron.
Tﬂis later proved to be in error and was corrected to .794 tons of
sinter per ton of pig iron. This mistake provided us with the first
test of the sensitivity of the results of the model to change; in the
unit cost br changes in the specific consumption of inputs.

Part I of Table 3.9 shows the parameters for the various runs
in this experiment and Part II gives the cost of ingot steel at each
plant for each run. The parameters other than those shown are the
same for this test as for the preceding test.

The CSN sinter charge for the first run was .875 and that for
the second run was .794. All other parameters were held constant.
The effect of the correction was to decrease the cost of ingot steel
at CSN from US$52.20 to US$51.01 per ton, a sufficiently large re-
duction to permit Volta Redonda to compete effectively with USIMINAS

" for a share of the hot sheet and strip market in Rio de Janeiro, and
with COSIPA for a larger share of the cold sheet and strip market in
Riv (see columns 1 and 2 of Table 3.10)., Exports of COSIPA were

accordingly increased and those of Volta Redonda decreased.


http:US$51.01
http:US$52.20
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Table 3.9

Changes in Cost Parameters Test

PART I ~ Values of Parameters

Run .
Parameter -1 2 3 4 5

1. CSN Sp.C of sinter| .875 .794 794 «794 794

2. CSN Ore cost
(us$/ton) 3.50 3.50 4.50 3.50 3.50

3. COSIPA Sp.C of
Coke .680 .680 .680 .600 .680

4. COSIPA Sp.C. of
Fuel oil .000 .000 | .000 | .050 | .000

5. USIMINAS Sp.C.
of sinter 1,100 1.100 | 1.100 | 1.100 | 1.500

(for all these runs SPH = ,200 and RJH = .120)

PART II - Cost of Ingot Steel (US$/metric ton)

Run
Plant. ——u0u | 1 2 3 4 5

1. COSIPA 48.56 48.56 | 48.56 | 47.66 | 48.56
2. USIMINAS 43.74 43.74 | 43.74 | 43.74 | 40.32

3. CSN 52.20 51.01 | 51.68 | 51,01 | 51.01
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% ‘gﬁﬁf#é*with the corrected sinter charge then provided a basis
 £6:55§§é§riio; for the other runs, In run #3 the cost of ore at the
Vbléa Redonda plant was increased from US$3.50 per ton to US$4.50
per ton. This resulted in an increase of US$0.67 per ton in the cost
of ingot steel at Volta Redonda. Comparing rums #2 and #3 in Table
3,10 one sees that this change was, however, sufficient to cause
Volta Redonda to lose again just those gains it made in the correction
of the sinter charge error. Thus a difference of US$0.67 is shown to
produce a response in the system.

Run #4 examines the effects of the installation of fuel oil
injection in the COSIPA blast furnace, assuming that this would
result in a decrease of the coke rate from .680 to .600 tons of coke
per ton of pig iron and an increase from .000 to .050 tons of fuel
oil per ton of pig iron. This change enabled COSIPA to decrease its
ingot steel cost by US$0.90 per ton, and Qas sufficient to permit
this firm to gain 100 thousand tons of the Rio market as well as to
increase its profits on all existing sales.

A comparison of the objective function values for runs #2 and
#4 (see Table 3.10) shows that from the point of view of the system
as a vhole the decrease in annual cost resulting from this technical
change was US$686 thousand per year. However, the "profit" gain to
COSIPA from installing this technical change was less than the savings
for ﬁhe entire country. Table 3.1l shows the unit profits and product

flows for this experiment, and Table 3.12 shows the profite accruing


http:fromUS$3.50

Changes in Cost Parameters Test

Table 3.10

Effects on Activity Levels

n |

Vector — 1 2 -3 4 5
Objective function | 96.220 |95.938 :196.294 195,252 [93.885
SASPP .020 .020 .020 .020 .020
SARJP 054 .054 .054 -
USRJP .106 .160 .106 .106 .160
USBHP .020 .020 .020 .020 020"
SASPH .200 .200 .200 .200 .200
USRJH .120 .064 .120 .120 064
USBHH .080 .080 .080 .080 .080
VRRJH - .056 - - .056
SASPC +300 300 .300 .300 .300
SARJ C . 040 . 040 . 040 -
USRJC .006 .006 .006 .006 .006
USBHC .140 .140 .140 .140 140
VRRJC .115 154 .115 .115 .154
SASPT .000 .000 .000 .000 .000
USBHT .000 .000 .000 .000 .000
VRSPT .150 .150 .150 .150 .150
VRRJT .058 .058 .058 .058 .058
VRBHT .040 .040 .040 .040 .040
IMRJT «002 .002 .002 .002 .002
SAEXH +026 .082 .026 .026 .082
VREXH 311 +255 311 311 «255
SAEXC - 040 - - 040
VREXC 395 .355 .395 .395 .355
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Table 3,11

~ Changes in Cost Parameters Test

"Unit Profits" and Product Flows

i
Unit Profits
(US$/metric ton)

2 4 )

Product Flows

million metric tons)
2 4 5

»1. COSIQA - Santos
p. Plate
b, Hot:
&, colu
d. Exhotts = hot
e. Exﬁdﬂts - cold

‘)

2. usttfas
a, Plite

b.uuqt
c. Cold

3. CSN . Lolca Redonda

a, Pllﬁc

b. Hog .

¢. Co a

d. Tinplate

e. Exports - hot
£. Exports - cold

3.10| 3.10} 3.10
3.00( 3.00] 3.00
4,001 5.03] 4.00
3.00| 3.00] 3.00

4.00 4.00
9.55| 8.71]13.93
9.25| 8.44]13.49
10.76 | 10.76 } 15.24

3.00{ 3.00] 3.00
4,00 | 4.00| 4.00
13.45 | 43.45 | 43.45
3.00| 3.00] 3.00

4,00 4,00} 4,00

.020 ] .074 | .020
.200 | .200} .200
.300 | .340 | .300
.082 | .026 ( .082
L] 040 - . 04‘0

.180 | .126 | .180
144 | 200 ]| .144
146 | 146 | .146

.056 .056
154 | .115] .154
248 | .248 ] .248
«255 | .311] .255
355 | .395] .355
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Table 3.12

Changes in Cost Parameters Text

"Pbdfita" Accuri

to Plants

(US$ millions)

Run #2
Subtotal Total

"
»
]

106

1.

2.

3.

4,

COSIPA -~ Santos
a. Plate

b. Hot

c. Cold

d. Exports - hot
e. Exports - cold

USIMINAS
a. Plate
b. Hot

¢, Cold

CSN - Volta Redoud
a. Plate

b, Hot

c. Cold

d. Tinplate

e. Exports - hot
£. Exports - cold

.062

.600
1.200
«246
.160

1.720
1.330
1,570

.168
.616
10.750
«765
1.420

Total Profit

2.268

4,620

13.719

20.607

Run #4 f Run .#5
Subtotal Total ] Subtotal Total
2.617 2,268
.229 .062
.600 .600
1.710 1.200
.078 +246
- .160
4,358 6.675
1.100 2,510
1.688 1.940
1.570 2.225
13,723 13.719
- .168
460 616
10075020 10,750
.933 +765
1,580 1.420
20.698 22.662
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'to}géchhplant; Comparing the profits for COSIPA for runms #2 and #4
ﬁé?fiﬁﬂ~thhtxthe‘profit gain for that firm was US$349 hundred thousand
annualiy. Also, USIMINAS suffered a loss in profits of about US$262
thousand annually, as a result of a decrease in the shadow prices in
markets in which it competed with COSIPA (see Table 3.1l).'

Thus, in this situation there is a sharp difference between
the possible benefits to the country and to each of the plants from
the technical change in one plant. The country at large would do well
to subsidize COSIPA to make the investment. USIMINAS on the other
hand would be wise to pay a fee to COSIPA to prevent the installation
of the fuel oil injection,

A rather different situation arose when consideration was given
to the effects of providing a large enough sinter plant to USIMINAS
so that a 100 per cent sinter charge could be used there for both
blast furnaces., It is seen by comparing run #5 with run #2 in Table
3.9 that this change pern:itted USIMINAS to produce ingot steel for
.US$3.40 less per metric ton than the cost when the plant used a specific
consumption of sinter of 1.100. This result is largely attributable to
the lower coke cost incurred when using a high-percentage sinter charge.

Table 3.10 shows that the annual saving to the system of the
introduction of this change was US$2.035 million (the difference in

the objective function values for runs #2 and #5).1 Table 3.12 shows

1Ihese changes in costs are changes in operating cost only as there. are
'no capital changes included in this linear ppogramming model.
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that the increased 'profits'" accruing to USIMINAS as a result of having
sufficient sinter capacity to provide a 100 per cent sinter charge to
its blast furnaces were US$2.055 million per year. Thus in this case
the private benefit gnd the public benefit are shown to be almost the
same. (A sinter plant large enough to provide a 50 per cent sinter
charge for a one million ton per year plant involves an investment of
roughly US$9 million.)

This analysis of the effects of some technical innovations pro-
ducing changes in the cost structure of the system is very rough and
rests on 1nc§mp1ete technical information. Also, this type of analysis
assumes that the prices actually charged for the products are the same

as their shadow prices.

4. Test of Shipments of Intermediate Product

As of the beginning of 1965 COSIPA had its rolling mills in
operation but had not completed the construction of the LD converters
and the blast furnace., USIMINAS, on the other hand, had completed the
installation of its steel shop and its blast furnaces but did not have
all of its rolling mills in operation. This situation gave rise to a
shortage of ingot steel at COSIPA and a surplus at USIMINAS. The result
was that COSIPA was buying ingot steel from USIMINAS as well as from
CSN.

Most experimental runs made with this model assumed that the

ingot steel productibn capacity at Santos and the full rolling capacity



109

"‘“SIMINAS were in operation, however. i1 ‘one run the steel shop-blast

)ﬁfurnace capacity at’ SAntoa and the hot and cold strip mills at USIMINAS
’vere acaigned zero capacity. Also the blact furnace capacity at USIMINAS
ﬁfwas reduced to 485 thousand tons per year to reflect the reality that

« ccly)one of the USIMINAS blast furnaces was in operation. All other
parameters of the model were the same as those for the first experiment
described, i.e. lower transportation cost, higher tinning line capacity
at Volta Redonda, and lower blast furnace-steel shop and primary.mill
capacity at Volta Redonda (this last item accounting for the fact that

a part of the capacity of these two units at Volta Redonda is used to
produce shapes rather than flats).

As wes expected the model responded by a shipment of 229 thousand
tons of ingot steel from USIMINAS to COSIPA and a shipment of 203 thou-
sand tons of ingot steel from CSN to COSIPA, Table 3.13 shows the
activity levels for the original run (same as the original run of the
first experiment) and of the modified run. The results of the modified
run should correspond roughly to the éctual product flows in Brazil in
1964, Though some of the flows are known to correspond to reality,
:cpmplete ctatiscica on the flows are not yet available. For example,
;cit;ipfknown‘that there were shipments of plate from USIMINAS to Rio
fdeijeheito, of cold sheets and strip from COSIPA to S80 Paulo, and of
fggc»plate from Volta Redonda to Sao Paulo.

- There were some exports of steel plate from USIMINAS in 1964.

Aihccgh{the results of the run do not show such shipments, the magnitude
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Table 3.13

Intermediate Product Shipment Test

Activity Levels of Variables
(millign metric tons)

Run

Activity ~ v Original Modified
US SAS - . 229
VRSAS - .203
SASPP .020 -
USSPP - .020
USRJP .160 .160
USBHP .020 .020
SASPH .200 .200
USRJH .064 -
USBHH .080 -
VRRJH .056 .120
VRBHH - .080
SASPC +300 .140
USRJC .005 -
USBHC 140 -
VRSPC - .160
VRRJC .155 .160
VRBHC - . 140
SASPT O 001 -
USBRT .001 -
VRSPT 149 .150
VRRJT .060 : .060
VRBHT .039 .040
SAEXH . 082 -
VREXH . 094 -
SAEXC .039 -
VREXC 334 -

~ VREXT 019
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: of the change that uould renult in this behavior is shown in Table
;3 14. Thic table givea, in. the ‘column labeled "reduced cost,” the
.:required decrease in the cost of any activity for that activity to
en;er:the-baais, or in this case the required increase in the profita-
| biiify of exports for these export activities to enter the basis.
In the case of expofts of steel plate from USIMINAS (USEXP) the required
increase in profitability was only US$1.14, i.e. an increase in the
profit per ton on the exports of steel plate from US$2.00 per ton to
US$3.14 per ton. Likewise, the exports of hot and cold sheets and
strip and of tin plate from Volta Redonda are shown to have very low
‘"reduced cost,"
The partial figures on USIMINAS production and exportation in
19641 point out some of the modifications which should be made in
this and future models. First, pig iron production was substantially
below the anticipation of the model. This may have resulted from the
shippiﬁg bottleneck at the port of *Vitoria which had not reached the
a;panded capacity required to insure a smooth flow of products. Or the
difference may have resulted from the decreased level of economic
“gct;vity 1h"8idzil in 1965 which resulted from an effort to slow the
{”iﬁflafidn,: dr fhe‘overestimate of the model may have resulted from
7‘f§£1uge to account for operational difficulties inherent in the start
| uﬁ’@f.qu new ateellplant. Most likely the difference resulted from a

'3€dmb£nation of these and other factors not included in the model.

T~IILAEA, Revista Latinoamericana de Siderurgica, (monthly) Santiago,
. chile. No. .59, March 1965. p.18.
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Table 3.14

Intermediate Product Shipment Test

Cost Reduction Required for Activities Not in Bases to Enter Basis
(US$/metric ton)

Current Reduced Basis
Activity Cost Cost Value
SAEXP -2,00 8.36 <10,36
Usm "'2 . 00 1 . 14 "3 . 14
VREXP -2.00 3-65 -5065
SAEXH -3.00 7.03 -10.03
USEXK '3 000 13 029 -16 029
VREXH -3.00 2.47 =5.47
SAEXC «4,00 6.60 -10,60
USEXC -4.,00 13.35 -17.35
VRExc '4.00 1.78 -5078
SAEXT =5,00 6,33 «11,33
USEXT =5,00 13.57 -18.57

m "'5.00 1.18 -6.18



Secondly. tho USIHINAS nhta ohow aubotantial exports of pig iron, B

;;insotﬂ”tee ,~claba, and oteel plate in 1964 - nonezuﬁ which were pre-

.idicted,byfthe model. Thio result ahows the 1mportance in further B
fdevelopmento of the model of inoluding the poaoibility of the exporta-
'tion of 1ntermed1ate producta ouch as pig iron‘ 1ngot oteel, and slabs

aoiwoll as the exportationvof £inal p:ogucts.

5.C agacicx Addition Test.
" The cost of most capital equipment used in steel production is

80 great that many Latin American govérﬁménto fequire government ap-
proval of all projects for any substantial investment requiring imported
'eqoipment. In otier cases part of the fiﬁancing’of the investment comes
from the government. In these instances there may at times be rival
claims from several companies who want to expand their production
'facilities. Then the govermment may be faced with the problem of de-
oi&ihg between two or three plans. This experiment shows how a linear
‘model may be used to provide a partial answer to this type of problenm,
Here we=qohoidef’the question of adding a new tinning line of
2@@ oﬁooqood”tooogpotiyeat capacity. A new tinning line is added to
_j?héﬁéﬁégéiﬁxf°f'§§°h7?1§nt*1n turn to see where in the system it should
;zﬁoﬁiooaﬁedoto*ﬁihimiae fotol operating and transportation costs.
fi(wa aoaume that the oapital cost of locating the new tin mill at each
‘%of the three steel milla would be the same, 80" that. we need only con-

vaider the differences in operating and transportation cooto ) All

l_paramaterl 1n the model ate the oame as for the firot teot.



The value of the objective function for the original solution
before the addition of.the new tinning line was US$93,446 million.
Thia‘ampunt was decreased by US$270 thousand by locating the new line
at Santos, US$136 thousand by placing it at Volta Redonda, and US$50
thousand by'inatalling it at USIMINAS. Thus, there is a significant
annual savings gained by locaéing the new mill at the Santos plant.
The proximity of the largest market in the country for tin plate, the
Sfo Paulo market area, was the key factor in determining the cost-
minimising effects of installing the tinning line at the COSIPA plant,
Another important factor was the availability of capacity in the cold
strip mill that could be used for providing the raw material input
for the tinning 1line. The COSIPA mill could give up a portion of its
share of the cold sheet and strip market in S80 Paulo to the Volta
Redonda plant at relatively little additional cost to the systen,
and then use the cold strip mill capacity to provide input for the
tinning line. USIMINAS on the other hand could not so easily give up
the capacity of its cold strip mill, since it was providing cold sheet

and strip to the Belo Horizonte market area that no other plant in

the system could provide for anything like as little cost to the system.

114

Thus, the result of the runs was that a new tinning line of 200 thousand

tons capacity would be immediately used to 80 per cent of capacity if
insfalled at Santos but would only be used to 20 per cent of capacity

if installed at USIMINAS.
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’Siﬁce the pfofitability of installing a new tinning line 1is
~app§tént1y strongly affected by the availability of cold strip mill
'éapacity, it would appear wise to make additional tests to consider the
addition of a new tinning line together with an additional cold strip

mill in each plant.

6. Transportation Cost Test

In Section 2 of this paper.it was observed that there had been
a secular decline in deflated railroad freight rates in Brazil over
the period 1959 to 1965. In this test the parameters of the railroad .
transportation cost function were varied to see what might have been
the effects on the steel industry of this decrease in railroad freight
rates. It was assumed that truck freight rates decreased at the same
rate as railroad freight rates.

| In the railroad transportation cost function T = a + bX + u

we used values of 1,80 ahd 0.00700 for a and b reSpectivelylfor most
 of the experiments with the model. Table 2.1 shows-that the maximm
value for the parameter a was 2.61 (1959) and the minimum value was
1.54 (1963). Similarly the maximum value for the parameter b was
0.00896 (1959) and 0.00644 (1963).

The values of the parameters a and b used in the experimental
runs are shown in Table 3.15. Note that values used in the experiment
have a_range abou; twice that of the range observed between'i959 and

1063,
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Table 3.15

Values of the Parameters "a" and "b" used in
The Transportation Cost Test

Run - L
Original 1.80 0.00700
1 0.90 0.00350
2 1.35 0.00525
3 2,25 0,00875
4 2,70 0.01050

Table 3.16 shows that when the transportation cost was decreased
from the original level there were some readjustments, but when the
cost was increased there was no change in the activity levels. When the
transportation‘cosc decreased Volta Redonda lost part of its nearby
market in Rio de Janeiro to the more distant plants of COSIPA and

USIMINAS.,

7. Limitations of the Model

The construction of an economfc model may be compared to an
optimizing problem where the objective is to approximate the reality
with the strongest possible analytical tool and where this objective is
constrained by (1) the rapidity of solution of the model, (2) the availa-
bility of data about the present, and (3) uncertainty of projections for
the future.

7.1 Rapidity of Solution. If rapidity of solution were not a con-

straint one could simply write programs to consider all the possible
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combinations of évents and to aelec: from them the least-cost combina-
‘tiqn. However, this type of exercise is prohibitﬂvé}yeeppentﬁcg.oavan
'fotiielagively small models such as the one presented here. With
lixty-biﬁ,ponsible activities to cﬁose from (the number of columns in
the  LP. matrix) and wiﬁh constraints and a matrix such that the rank of
the matrix is twenty-one (the number of activities in the colution),

16 ossible extreme solutions. A linear

there are some ('1) = 9,05 x 10
programming algorithm is simply a way of beginning with one of these
extreme solutions and considering only a small subset of them in arriving
at an optimum solution.

So when a problem can be structured so as to closely approximate
the non-iinéaritiea in the system with linear functions and at the same
time to f£it the othér réquirements of a linear programming problem, one
can take advantage of this powerful computational method. Various types
of_non-linear-programming models offer better approximations to the non-
linear parts of the system but saérifice computational efficiency.

Thus, one is faced with a choice of using a non-linear model which gives
a clogser fit to a part of the reality but which limits very sharply the
number of plants, markets, and products which can be included in the
gbdgl, or of using a linear model with more plants, markets, and products,
‘Bhﬁlwich a poorer approximation to the non-linear parts of the system.

For this part of the study a linear model has been used; for the next

part a non-linear model will be used.



Transportatiou Cost Test

Changes in Activitx Levels of Veriables

Table 3.16

(million metric tons)

Activity Original 1 2
SASPP .020

USRJP 0160 -0054 -0054
USBHP .020

SASPH +200

USRJH .064 +.056 +.056
USBHH .080

VRRTH 0056 - .056 - 0056
SASPC 300

SARJC - +.040 +.040
USRJC .006

USBHC «140

VRRJC .154 -.,039 -.039
SASPT -

USBHT -

VRSPT .150

VRRJT .060

VRBHT +040

SAEXH .082 -.056 -.056
VREXH .094 +.056 +.056
SAEXC +040 -.040 -.040
VREXC .335 +.040 +.040
VREXT 017
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:]fﬂﬁgtéhehfinﬁthh~e;ﬁégc'Qthhé cost:' of using a linear rather
 f£ﬁ§nf§:;on311heat hbdel fbtfthiafpart of this study? Linear program-
miné_ﬁbdela redu;re‘tﬁat all cost be linear functions of their activity
levels orvuse. As has been discussed earlier in this paper, this is
hot a restrictive assumption for raw material cost but is a violation of
the realit& of labor cost. |

Labor cost is a non-linear function of the level of production
in that a certain number of men are needed to operate and maintain the
productive units whether they are used to capacity or not. Also, in
most steel mills the firms are constrained by strong unions from laying
off and adding to the labor force in the plant at will. However, the
non-linearities in labor cost do not cause a significant bias in the
results because the component of labor cost in total cost is small.

The linearity of the model also requires that the cost of each
activity be independent of the level of activity of all other activities.
This problem was mentioned earlier in the paper. The assumption would
seem to be valid for independence in the cost of activities in different
‘plants or in the cost of importing and exporting activities; however, it
1s‘le§a valid for independence among the activities within a given plant.

| Even when using a linear programming model the rapidity of solu-
'_ition sharply constrains the number of products, markets, and plants which
can be considered in a problem, Since it wes desirable to have a modél
| '1tﬁaﬁicould be solved in five to ten minutes on the IBM 1620 (a small
ooﬁputer), the problem was limited to four products, three market areas,

‘and three plants. As wae mentioned earlier the limitation to four
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products prevents the model from catching in its analytical net many
important distinctions. For example, the differentiation between heavy
and light, narrow and wide steel plates is not considered. Likewise,
there 18 no consideration in the model of the quality or width of hot
and cold rolled sheets and strips. Also, the problem has been limited
to a consideration of only flat steel products.

The limitation to three market areas prevents the model from
considering the fact that a portion of the requirement for steel pro-
ducts 18 located in parts of the country distant from the southern
triangle of Sao Paulo, Rio de Janeiro, and Belo Horizonte. However, in
the case of flat steel products, which are used almost entirely as inter-
mediate products for manufacturing other goods, the assumption of point
concentration of markets in this area provides a close approximation to
the reality.

Limiting the analysis to three plants excludes from considera-
tion a number of other plants that produce flat products. However, aside
from the firm Belgo-Mineria which has been producing about 100 thousand
tons of flat products a year, none of the excluded plants is a large
volume producer of flat steel products.

The desire for rapidity of solution of the proglem also limits
its ability to consider scheduling problems or fluctuations in require-
ments and output over the course of a year. The model permits no con-
sideration of the fact that during a certain part of the year a consumer

of steel products may be willing to pay a premium in order to have the
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- products available sooner. LiKewise, transportation bottlenecks may
'pééyé;éffh§°§ﬁdoth'f10w of product over the course of a year.
3 Thoﬁgﬁ eiterna1 economies and dlseconomiea have been excluded

from implicit consideration in the model, they can be studied with this

type of model. The reqﬁirements shift test described earlier is an

example.

7.2 Availability of Data. The treatment of transportation cost

in this paper provides a good example of the limitations placed on this
type of study by the availability of data. The information which would
ideally‘be used 1is the real social cost of tramsporting the products.
These real social costs should reflect capacity constraints as well as
other variables. That type of information not being available, one may
" resort to the rates actually charged to each steel company for shipment
of each product over a wide variety of routes via three or four different
means of transportation, That not being available, one may approximate
these costs by using published data for railroad rates for steel products
and estimating the functions described in an earlier section of the paper.
One of the most serious data constraints on the model is the lack
of a detailed breakdown by type of product, market area, and year, of
consumption of flat steel products. The availability of this information
plus product flows in the system would enable one to test the model

against the reality.
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7.3 Uncertainty. Neither this model nor the mixed integer pro-
gramning model discussed in the following chﬁpters deai with the problem
of uncertainty except in a very limited fashion. Considering the limited
time available for preparing the study it was decided to concentrate
first on the preparation of the mixed integer programming model under
uncertainty and to postpone the added complication of uncertainty.

Uncertainty can be dealt with in this type of model by varying
the parameters of the model within expected limits and running the model
repeatedly with these changes. The tests described above fior changes in
transportation and other cost parameters and for changes in requirement
levels are of this type. The facility with which the original elements
of the matrix can be stored on disks or magnetic tape and then modified
one at a time or in groups without the necessity of reloading the entire
matrix for each run is a great aid in conducting this type of test.

A more systematic treatment of uncertainty may be made through

the use of a modification of linear programming called "chance constrained

programmingo"l

LSee Charnes, A. and W. W. Cooper, ''Chance Constrained Programming,"
Mgmt, Science 6, pp.73-80, and an application of this technique to
transportation investment planning by Pedro N. Taborga '"Determination
of an Optimal System of Transportation for Chile," mimeographed,
Department of Civil Engineering, M.I.T., January 1965.
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Improvemente in the Model

;  As yet there has been little opportunity to check the reeults of
:‘the model against the aetual product~flowe 1n the system. (Thia 13 not
,to say that the theoretical product flowo ohould exactly correspond to
iﬁthe real flows, for example thet all plant managers and consumers act in

: aegopﬁtmizing fashion, but rather that the burden of proof is on the
‘model to show its relevance to the situation.) However, the slight com~-
parison that hae been possible has indicated the importance of a number
of modifioations in the model.
First, the assumption of equal profits to all firms on exports
of tﬁe same product must be altered to provide larger profits to those
firms which produce at lower cost and which have good transportation
access to foreign markets. This could be done by subtracting the esti-
mated product cost (delivered to the nearest port) from the world price
for the product.
‘Seeondly, the model should be modified to include domestic trade
‘fio apd export of other intermediate products. The present model permits
~domestic trade but not export of ingot steel. Activities for export of
lipgot steel, olabe;aaﬁd pig iron as well as for domestic trade of slabs
i=fapa pig iron ohould;be.ipcluded,in the model. Likewise, consideration
:.eﬁoold be given to the 1nolueion of activities for domestic trade in
bloome. | |
| fhirdly, the detailed development of product cost which was ac-

'compliehed 1n this model for pig 1ron and ingot steel should be extended
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: to&éovéfftﬁezgdﬁtfofiSIabs, blooms, plate, hot sheet and stfip; cold

shée;‘andvptpip, and tin plate.

9. Conclusions

The linear programming model of the production and transporta-
tion of flat steel products presented here has shown itself to hold
great promise as an analytical tool for studying the operation of this
sector of the Brazilian economy. Furthermore, it appears that a model
which places capacity constraints on a number of the principal pro-
duction units in each plant, disaggregates final product requirements
into a number of different:goods, permits shipment of intermediate
products between plants, divides product requirement on a market area
basis, includes transportation cost for final products to these market
areas from the respective plants, and permits both exports and imports
of the products, can provide a reasonably good approximation to an
industry while remaining small enough to permit solution on a small
computer in a short period of time.

The qﬁeed with which the model can be solved, coupled with the
capability of the computer to store the input data on disks for modifi-
cation of elements of the input without reloading the entire program,
increases the usefulness of the model as an analytical tool. Repeated
runs of the model can easily be made to test the effects of changes in

the parameters and thereby to determine theif economic effects.



A'MIXED INTEGER PROGRAMMING MODEL

'Tbiaﬁéhgpter'prenénés«a mixed integer programming model for
_sthﬁyiﬁgffhe ﬁrdblem of when and where to add to gapacity in an
qgisqggg;;jbtem-of plants. This multi-time period model uses an
eipahaed version of the linear programming model of the previous
chaptér.;s,the submodel for each time period. An investment matrix
is appended to thevmulti-time period model and additional rows are added
to the bottom of the matrix to constrain the investment variables to
take on only the values of zero or one. Thus, with the tramsportation-
production activities ofreach time periad free to take on any non- °
negatiye value and the investment activities constrained to b-l integer
values, the model becomes a mixed integer programming model.

The expanded v;rsion of the linear programming model which is
‘the sub-model for each time period permits the ahipment between plants
of;chetthtee iﬁtermeéiate products (pig iron, ingot steel, and slabs),
.iathet than only the single intermediate product (ingot steel) of the
lpgpvious_model. Adso, the enlarged version of the model permits the
f;iﬁféﬁtation and axpottatidn of each of the three intermediate products.
Ag;fherggia a éubptantiai trade in intermediate products in the steel
1;§d§;t;y. this added capability of the model adds significantly to its
”if;éiigﬁ° |
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In the previous version of the linear programming model, the
blast furnace and steel shop were treated as a single productive unit.
In the new version these two processes are treated as separate pro-
ductive units.

The investment matrix consists of a separate activity for
each of'twenty-three investment opportunities. Four of the invest-
ment opportunities are for projects which could be completed by the
beginning of the second time period, seven are for projects which could
be completed for the third time period, and the remaining twelve are
for projects which could be completed for the fourth time period.

Thus, the problem of the model 19 one of choosing that combination of
investment projects, of domestic production, of exports, and of imports
which minimizes the present value of the cost of meeting the product
requirements in each market in each year during the period July 1, 1967
to January 1, 1975 covered by the model.

The notation of the model was set up for a ten year span con-
sisting of four time periods, each of two and a half years duration. The
first time period of January 1, 1965 to July 1, 1967 was excluded from
the model because investment decisions made now will not affect the
structure of the industry for some years to come. Therefore, the model
includes period 2 (July 1, 1967 to January 1, 1970); period 3 (January
1, 1970 to July 1, 1972); and period 4 (July 1, 1972>to January 1, 1975).

 The form of this and the next ghapter parallels that of the

previousrtﬁo chapters. In this chapter the model is written out in a
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| “fgsg{?;és.o'f‘ equations and inequalities; then the components of the data
:I.nput: to the model are discussed. In the next chapter the computational
methods are explained, the results analyzed. The primary difference
between this chapter and the chapter which described the linear pro-
';g.:;aming problem is that here a discussion of the component parts of

the matrix and the right-hand side of the problem is to be used as the

vehicle for carrying the discussion of the data used in the model.,

1. The Model
(1) The Objective Function.

a n 3 n 3
kt _kt kt _kt
2 2 au ui} + 2 = bi vy

4
Min Z =
t=2 \i=1 f=l kel i=l kel
pic!
(a) (b)

n m p m
+ 2 2= cl;.;wl;g + é dl;txl;t

=1 3=1 k=4 1=1 *
(c) (d)
2 kt _kt 3
) 12-1 kz-l SR *g
(e) )

Subject to the following restrictions for each time period.



(2) Capacity utilization constraint.
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(3) Requirements constraints.
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(4) ﬁon-negativ:ltz constraints.
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The objective function (1) states that the object of the
problem is to minimize the present value of the cost of producing and
transporting the required final bill of goods during the time periods
covered by the model. The first summation in the.equation sums the
cost over the three time periods, t = 2,3,4. Term (a) of the equation
represents the "extra" cost to the system of producing intermediate
product k in time period t in plant { and shipping it to plant ﬂ.
The word "extra" refers to the fact that the activity cost, at},
represents the difference between the cost of producing intermediate
product k in plant i and shipping it to plant ﬂ and the cost of pro-
ducing it in plant . Term (b) includes the "extra" cost to the system
of importing intermediate product k in time period t rather than producing
it in plant 1. "Extra" here means the difference between the cost of
importing intermediate product k and the cost of producing it at plant 1.
In both term (a) and term (b) the k index runs from 1 to 3, while in
terms (c) and (d) it runs from 4 to 7, and in term (e) it runs from 1
to 7. The products corresponding to each of these indices are as follows:

1 pig iron
2 ingot steel intermediate products
3 slabs

4 plate

5 hot sheet and strip
6 cold sheet and strip

7 tin plate

final products
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| :tét@;(é) of ‘the equation (1) represents the cost of producing

in'illféf“éhg“i\- 1,2,¢..,n plants and shipping to ali of the j = 1,2,.,.,m
, matkbt«areas each of the k = 4,5,...,p final products. Term (d) in- |
cludes the cost of importing each of the final products k = 4,5,...,p
to each of the market areas j = 1,2,...,m. The negative sign preceding
term (e) shows that exports are treated as a way of decreasing the cost
to the system of aatisfying.the domestic requirements. Finally, the
term (£) represents the costs of investments r = 1,2,...,9.

| ihe capacity utilization constraints require that in each of the
e = 1,2,...,8 productive units in each of the plants in every time period
that the capacity utilized to produce intermediate goods for other
plants,:final products for domestic consumption, and interme&iate and
final products for exports (terms (a), (d), and (e) respectively) , must
not exceed the capacity available. The negative terms in this set of
constraints represent the means of'eaaing these capacity bottlenecks
through the receipt of intermediate products from other domestic plants,
through imports of intermediate products, and/or through the construction
of new capécity (terms (b), (c), and (f) respectively).

The set of constraints (3), requires that in each time period

t; for each £inal product k and each market area j the total amount
_,;gpplied domestically plus the amount imported will be greater than or
" equal to the requirement.
The nca-negativity constraints (4) require that all variables

'~£;n’the problem be limited to values greater than or equal to zero.
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One subset of the variables, the investment variables, z,, are limited

by the set of

constraints (5) to take on only the values zero or one,

In greater detail:

Z =

kt

3%1 -

Kt
i

kt

UX’. =

the present value in US$ million of producing and
transporting the required final bill of goods during
the time periods covered by the model.

present value of cost (other than capital cost) in
US$/metric ton for supplying over the Zé»year length
of time.period t one metric ton per year of product k
produced at plant 1 and delivered to plant/(, minus
the cost (other than capital cost) of producing one
metric ton per year of product k over the same length
of time in plant,f. i,e. the extra cost to the system
when plant,? uses intermediate product k produced at
plant 1 rather than in its own facilities.

million metric tons/year of product k shipped as an
intermediate product from plant i to plant/( during
time period t.

million metric tons/year of product k shipped as an
intermediate product from plant,( to plant 1 during
time period t.

present value of cost (other than capital cost) in
US$/metric ton of importing over the Zé-year length
of time period t one metric ton per year of product k
for use as an intermediate product at plant i, minus
the coat (other than capital cost) of producing one
metric ton per year of product k over the same length
of time in plant i, i.e. the extra cost to the system
of importing 1ntegmed1ate product k to plant 1 rather

- . —_—— £ 2180
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= million metric tons/year of product k imported during
time period t for use as an intermediate product at

plant 1.

= present value of cost (other than capital cost) in
US$/metric ton for producing at plant i over the
Zl-year length of time period t one metric ton per

2
yeer of product k and delivering it to market area 3.

= million metric tons/year of product k produced at
plant 1 and delivered to market area j during time
period t,

dkt = present value of cost (other than capital cost) in

US$/metric ton for importing to market area j over
the Zé-year length of time period t one metric ton
per year of product k.

= million metric tons/year of product k imported to

market area j during time period t.

= present value in US$/metric ton of export profits
gained by the system for the 2%-years of time period
t from exporting one metric ton per year of product k
from plant 1. Export profits per metric ton are defined
as the f.o.b, prices for Brazilian exports of product k
in 1964 less the sum of the production cost (other than
capital cost) and the transportation cost to the Bra-
zilian port (including loading cost).

= million metric tons/year of product k exported from

plant i during time period t.
= present value of cost of investment r, in US$ millions

= an integer variable which is restricted to the values

Zero or one.

= metric tons of capacity required in production unit e
of plant i for each metric ton of product k produced
at plant 1.
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77?2 = million metric tons of capacity created in production
unit e of plant 1 in time period t (and in all time
period after t) by investment r.

X: = capacity in 1965 of production unit e in plant i, in
millions of metric tons of product produced by the

unit.

(fkt = requirements of market area j for product k during

]

time period t, in millions of metric tona per year.

2, The Matrix and the Right Hand Side

Figure 4.1 shows the structure of the mixed integer programming
model. The upper case letters represent matrices, the underlined
lower case letters represent vectors, and other lower case letters repre-
sent elements. The superscripts on the variables show the time period.
No time superscripts are placed on the matrices because it is assumed
that the capacity utilization aspect of the technology remains con-
stant over time.

There are three large vectors and one large matrix in Figure 4.1.
The row vector just above the matrix is the vector of activity cost.
Its component vectors a®, b2, c2,... represent the correspondingly
lettered elements in the objective functions. PFor example the vector
b? is composed of the elements bta. The same 1s true of the column
vector of unknowns, that 1s the components of the vector z are z..

The right-hand side vector is shown to the right of the ine-

quality sign., It consists of the E:vector which contains elements
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i;égg:tﬁé'capacity.of each productive unit'in eagﬁ?tipe,pqtidd and elements
f%fgryﬁhe requirement of each market area for each pfbdpct iri each time
péﬂod. The h vector is the lower part of the right-hand side and
cbﬁ:aiﬁa elements used.to‘conutrain the investment variable to integer
values.

The principal components of the matrix are the three stair steps
and'the F and Q matrices. The F matrix is the investment matrix, and
the Q matrix is the integer constraint matrix. Each stairstep consists
of five matrices. The A matrix is for intermediate product shipments,
the B matrix is for imports of intermediate products, the C matrix is
for domestic production-transportation activities for final products,
the D matrix 1s for imports of final products and the E matrix is for
exports of both intermediate and final products.

The structure of this matrix is in many aspects similar to the
muléi-time period matrix used by Vietorisz in his fertilizer plant
'ldgation pt’udy.1

2.1 The Elements of the Matrix and the Right Hand Side. Figure

-f4;2~shows theiarranement’of the matrices A1 in the A matrix. The

1‘q§cgt1on at the top éf-the matrix Py,Pas, P1P3, etc. indicates the
‘ d;fecﬁibn 6£7ptbduct flow in that section of the matrix. For example,
‘,Biréiis for shipments from plant 1 to plant 2, Thus, shipments‘from

 1§;§§: 1 to plant 2 use up capacity of the productive units in plant 1

";Vietbrisz. Thomas, "Industrial Development Planning Models...."

_ oe'.c‘-to » p0320
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the elements of A; in this series of columns are positive), and they
add to effective capacity in plant 2 (the elements of Ay in this series
of eolumns are negative). The elements of the matrices A1 are shown
in Figure 4,3.

The large zero in the bottom half of the A matrix indicates
that inter-plant shipments of intermediate products have no effect on
the satisfaction of final product requirements. The glementsc?lzt in
the vector_E; in the right-hand side, are the requirements for market

th tine period. The k vector is

area j for final product k in the t
composed of elements, X:, which give the capacity of productive unit e
in plant i at the beginning of the time covered by the model.

The B matrix represents imports of intermediate products. The
matrices Ai in the B matrix are identical to those in the A matrix
(except for sign) and consist entirely of negative elements because all
imports of intermediate products serve to ease capacity constraints.
The notation IP, indicates that the series of columns in that section
of the matrix are for imports of intermediate products to plant 1.

The next section of the matrix, the C matrix, is the familiar
linear programming production-transportation problem. Figure 4.3 shows
that the elements of the matrices c1 are the metric tons of capacity

required in productive unit e at plant i for each metric ton of final

product k produced. The final products and productive units are:
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= metric tons of capacity

required in production
unit e of plant i for
each metric ton of pro-
duct k produced at
plant 1.

The Capacity Utilization Submatrices A and C.
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Product Indices Productive Unit Indices
index final product index productive unit
4 steel plate 1 blast furnace
5 hot sheet and strip 2 steel furnaces
6 cold sheet and strip 3 primary mill
7 tin plate 4 roughing mill
5 hot strip mill
6 cold strip mill
7 tinning line

The arrangement of the matrices c1 in the C matrix is shown in
Figure 4.2. The notation P;M; indicates that the series of columns in
this section of the matrix are for shipments of final products from
plant 1 to market area 1. The subscripts on the identity matrices, I,
indicate the number of rows and columns in these square matrices.
Thus, the activities in the series of columns headed by P;M; use up
capacity in the productive units of plant 1 and at the same time satisfy
the final product requirements of market area 1. The negative sign on
the identity matrices and on the lower portion of the right-hand side
vector, E} exist because all elements in these rows have been multiplied
by minus one in order to reverse the inequality. ‘

The D matrix represents the importation of f£inal products. These

activities affect only the satisfaction of market requirements.



, The'aQtiiities for‘éxpdrcing both intermediate and final pro-

’ ddctl’are‘included in the ﬁ'matrix. The notation EPi at the top of
the matrix indicates that the activities in that section of the matrix
are for the exportation of products from plant i. In the E matrix the
sub-matrices Ai and c1 are placed side by side to create|triangu1ar
matrices.

Figure 4.4 is a picture of a print-out of the matrix for the
gecond time period. This print-out of the matrix was made with a
program which is a part of the LP/1l system developed by Norman Drie-
beek of the Arthur D. Little Co. The guide to mnemonics contained in
Chapter III is helpful for reading this picture., The legend gives the
key to the magnitudes of the numbers shown in the picture.

Figure4l.shows that the investment matrix, F, is appended to the
right-hand side of the multi-period model. The details of this matrix
are shown in Parts I,II, and If of Figure 4.5. Part I of the figure
contains the rows for the second time period as well as the corresponding
right-hand side, Parts II and III of the figure show the similar sections
for periods 3 and 4. In the matrix the parts of the figure would be
arranged in a column with Part I on top.

The firat~aeyen rows of Part I of Figure 4.5 represent the pro-
duction units of the COSIPA steel mill.at Santos (SAQ near Sao Paulo.
The second seven rows are for the USIMINAS (US) plant in Minas Gerais
state and the third group of seven rows are for the Volta Redonda (VR)

plantuof CSN located between Rio de Janeiro and Sao Paulo.
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Figure 4.4 A Picture of the Single Period Sub-matrix
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The next four rows (22-25) are requirement rows for the market area of
Sao Paulo (SP), and the eight final rows are tpe corregpond;ng require-
ment rows for the market areas of Rio de Janeiro (RJ) and Belo Horizonte
(BH). The map near the beginning of Chapter 'I. shows the location of these
plants and market areas.

The same mnamonics are used to identify the twenty-three investment
opportunities. Thus, the variable name 2ISAS in the first column of the ¥
matrix represents an investment in the steel fﬁrnacea at the plant at Santos,
Thie project would be completed and ready to begin operation by the begin-
ning of the second time period. Similarly, the variable 3IUSB represents an
investment to be completed by the beginning of the third time period in the
blast furnace at the USIMINAS plant.

The column name RHS is for the right-hand side. The entries in the
first 21 rows in this column (which make ‘up ;ﬁe vector E} are the capacity
of each productive unit in 1965. The entries in the %gst twelve rows of the
RHS column (which make up the Eé vector) reflect the m;fket requirements in
the second~time period.

The entry of -,.80 in the row 25AS and the column 2ISAS indicates
that the investment opportunity 2ISAS would add 800 thousand metric tons to
the capacity of the steel shop in the Santos plant. In the same way, the
project 2IVRT is for the installation of a tinning line of a capacity of
180 thousand metric tons of tin plate per year. The capacity of the
existing electrolytic tin line at the Volta Redonda plant is 170 thousand
metric tons per year, so the proposed investment would more than double

the capacity of the tinning section of this steel mill,
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Investments which would not be completed untilithe beginning of
the thirxd or thg fourth time period have no effect on the c#pacity re-
strictions during the second time period. Therefore; the only entries in
this top section of the F matrix are in columns for investment activities of
the second time period. Part 1Iof Figure 4.5 shows that projects completed
at the beginning of both.the second and the third time periods affect the
capacity available in the third time period.

A comparison of the RHS column in Parts I,II and [lco% Figure 4.5
shows that the capacity vector E remains constant over the time periods
while the requirements vector f; varies with the time period (per the
subscript). The capacity vector remains constant unless some of the
original (i.e. 1965) productive units decrease in capacity due to aging
and wearing of the equipment and/or are shut down and removed from the
plant. Since two of the plants considered in this model have only been
in operation for one or two years and the third plant is not likely to be
forced to shut down any of its present production units during the next
ten years, it is assumed that none of the major productive units in the
existing plants will be removed or will decrease in capacity during the
period covered by the model (1967 to 1975).

The requirements vector E; changes over time because requirements for
steel products in the market areas are expected to increase during the
time period covered by the model. Section 4 of this chapter contains

a discussion of the derivation of these market area requirements.
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The integer constraint sub-matrix Q, and the corresponding right-hand
side vector E; which fit heneath the F matrix and the top part of the
right-hand side are shown in Figure 4.6.1 Two additional rows are added
to the matrix for each variable which is to be constrained to the values
zero or one. The only entry in each of these rows is a one or minus one
in the column of the variable which is to be constrained to Zero or one
(see Figure %:6). The right-hand side values are then changed as follows to
force the variable to take on (1) continuous values between and including

zero and one, (2) exactly one, or (3) exactly zero:

2ISAS Alternative Right~Hand Side Values
021I5AS | 1 1 0
12IsAs -1 < 0 -1 0
value of the varisble 0<2ISASS1  2ISAS=1 215AS=0

The advantages of using this system for forcing the integer variables
to take on the values zero or one is the facility with which right-hand
sides can be changes in a series of linear programming runs with most

linear programming codes.

lThia method of constraining a subset of the variables in the model to
integer values is outlined by Norman Driebeck (in a paper which is to be
published in Management Science), "An Algorithm for the Solution of
Mixed Integer Programming Problems," memo, Arthur D, Little, Inc.,
Cambridge, Mass. 1965.
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2,2 The Coefficients in the Objective Function.

2,2,1 Discounting of the Cost for Production-Transportation

Transportation Activities. The coefficients in the objective function are

the present values of the costs of aperating each of the activities of the
model at the unit level. These coefficients were calculated in three
steps. First, the cost of p;bducing and transporting a product, or ex-
porting or importing it at a rate of one metric ton per year was calcu~
lated. Second, a discount factor was calculated for the productione-
transportation activities of each time period to discount all cost back
to January 1, 1965 as follows:

R = discount rate per six month period

DISFA (K) = discount factor for the production-transporation cost

incurred in the Kth time period
(6) DISPA (K) 1 + 1 Fooen b L
(1+R)5(K-1)+1 (LER)S(K'1)+2 (LHR)S(K-1)+6

The reader may recall that each time period is made up of two and
one-half years or 5 six months periods; therefore it is necessary to
generate a discount factor for periods which are not annual., The func-
tion (6) adds up the five components of the discount factor of each time
period. Thus the components for period 2 are the sixth through tenth
8ix months periods.

It is assumed that all activities operate at a constant level

within any single time period, i.e. the level of activities changes only
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ﬁ'g¢ﬂ§ﬁ§g§§§ o£.each two and a half year period. Also, it is assumed that
“éﬁgidiﬁbohﬁt‘rate, R, does not change over time, This assumption could be
~eaéiiy'ﬁpdified 1f projections of the discount rate over time were made
aVaiique.

Third, the activity cost per year is divided in half. This gives
the cost of operating the activity at that level for six months instead
of for one year. Then the discount factor is applied to give the present
vaiue of the(cost of operating the activity over the two and a half years
covered by the time period in which the activity takes place.

For example, the cost of producing a ton of steel plate at the Santos
plant is calculated to be US$57.95 and the transportation cost from Santos
to SAo Paulo is US$2.66, Therefore, the activity cost for SASPP (the
production of one metric ton of steel plate ﬁt Santos and its shipment to
S0 Paulo) is US$60.61. Then, the cost of supplying steel plate for six
months at an annual rate of one million metric tons per year to the Sao
Paulo market area from the Santos plant would be US$30.30 million.

The present value of the cost of this activity, 2SASPP, in the second time

period would then be (assuming a discount rate of 5 per cent per six months

of 10 per cent per year):

C' "30.3( 1 6+ 1 ’7'"" eee +_"L"'1_0'>
(1+.05) (1+.05) (1+.05)

6! = (30.3) (.746 + .11 + .677 + 645 + .614)
c' = (30.3) (3.393)

c!'= US$102.80 million per million metric tons = the present value
.of the cost of the activity 2SASPP.


http:US$102.80
http:US$30.30
http:US$60.61
http:US$57.95

152

" The method of discounting for the activity cost of the investment
opportunities was somewhat different and will be discussed separately later,
The method of discounting described above was used for all pro-
duction-transportation activities, including the trade in intermediate
products, and the importation and exportation of all intermediate and
final products. With an annual discount rate of 10 per cent, the dis-

count factors for the three time periods were;
DISFA (2) = 3.393
DISFA (3) = 2.658
DISFA (4) = 2.083

2.2.2. Cost Calculation for the Production-Transportation

Activities. For the linear programming model of the previous chapter
detailed cost calculations were made for the cost of pig iron and ingot
steel at each plant, Then, the costs of other'products were approximated,
‘depending upon the amount of ingot steel required to fabricate the final
product, as a constant times the ingot steel cost. For the mixed integer
programming model the detailed cost calculations made for pig iron and
ingot steel cost at each plant have been extended to include a detailed
production cost of slabs, steel plate, hot “sheet and strip, cold sheet
and strip, and tin plate.

A study was made at the Volta Redonda plant of CSN in 1962 to
determine the scrap credit and the coﬂvérsion cost at each step in the

process of producing flat steel producta.1 The results of that study

1The scrap credit is the value of the scrap generated at each point in
the production process. The conversion cost is the labor, energy, and
material costs of processing the product at each production unit. Though
a breakdown of the component parts of conversion cost was not available,
it was noted that about US$17 of the conversion cost of US$24.93 for
electrolytic tin was due to tin cost.


http:US$24.93
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;ihaveﬁbeen used in this paper as’ the basis for the cost: calculations for

grolled products for the mixed 1nceger model. since the 1962 study did not
give a breakdown of conversion cost into 4ts component parts and since
dsta on conversion ‘cost for final products in the other two plsncs were not
made svailsble, the conversion cost in all three plants was assumed to

be the same. This assunption nould appear to introduce some bias in

favb: of Volta Redonda because the two nawer plants would be expected
tO‘Be'cspable of producing with lower conversion cost.

Since scrap prices differ significantly at the three plants,
separate estimates for the scrap credits at each stage in the process at
each plant were made. This was accomplished by using the specific consumption
data from volts Redonda and multiplying the coefficient for the amount
of'scrhp generated times the value of scrap at the plant concerned.

Table 4.1 gives the results of these calculations, as well as the conver-
‘slon cost at each step.
The costs of pig iron and ingot steel at each plant are calculated
-as described in Chapter II. The cost of the product leaving each of the
Ehirteen ﬁroduccive units 1isted in Table 4l is calculated by multiplying
'ﬁthe specific ccnsumption times the cost per metric ton of the product
'uleaving the previous ‘productive unit in the line, subtracting scrap credit,

and adding the conversion cost. The results of these calculations are

shown in Table 4.2 and in greater detail in Appendix D.1

1The cost of pig iron and ingot steel at the three plants is slightly dif-
ferent in this table from the cost shown in the previous chapter. This is

due to a change in the specific consumption of water in the production of

pig iron at COSIPA from .650 to .065. Similarly, there is a change in the
specific consumption of electrical energy in the production of pig iron at
COSIPA from .007 to .070, and a change in the specific consumption of blast
furnace gas at USIMINAS from -2,624 to -3.300 and at CSN from -2.624 to -3,715.
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Table 4.1

Scfap Credit and . Conversion Cost for Flat Steel Products

Specific Scrap Credit Converaion Cost

Process Srodues " cosTeA "Siiﬁiﬁié" "o co Us$/metric ton
1. Primary Mill 1.090 2.25 3.15 2.34 2,81
2. Scarfing 1.000 - - - 1.03
3. Reheating 1.000 - - - 2.56
4, Roughing Mill 1.028 .70 .98 .73 2,46
5. Hot Strip Mill 1,013 .32 45 34 3.62
6. Pickling Line 1,068 1.70 2,38 1.77 2.39
7. Cold Strip Mill 1.005 .12 .17 .13 5.79
8. Electrolytic
Cleaning 1.017 42 .59 44 2.18
9. Annealing 1.000 - - - 2.13
10, Temper Mill 1.014 .35 .49 .36 2.83
11, Cleaning of
Coils 1.071 1.77 2.48 1.85 W77
12, Electrolytic
Tinning .996 - - - 24,93
13, Inspection &
Packaging 1.000 - - - 14.04

Note: The cost shown in this table are based on a study done of the
Volta Redonda plant of Companhia Siderurgica Nacional in 1962.
The free market exchange rate of 359 Cruzeiros/US$ which existed
in May 1962 was used to convert Cruzeiro cost to dollar cost.
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Table 4.2

‘Production Cost
(US$§ per metric ton)

Hot Cold Tin
Plant Pig Iron Ingots Slabs Plate Strip Strip Plate

COSIPA (SA) 31,97 46,34 51.07 57.95 62.00 72,91 125,02
USIMINAS (US) 29.47 42.80 46.32 52,78 56.63 66.41 116.84
CSN (VR) 36.52 49.84 54.80 61.75 65.84 76.95 129.37

Since capital cost on all installed equipment is treated as sunk
cost and therefore beyond the control of the decision makers, it is ex~
cluded from these estimates. The cost of working capital is also excluded
but should not be.

A change in the method of calculating the transportation cost for
shipping intermediate products between plants was made. In the previous
model these costs were estimated from the transportation costs for final

products over certain routes. Now they are calculated as follows:
T = .7 (a + bX)

where T is the transportation cost per metric ton over the diatahee X
between plants and the parameters a and b are as estimated in Chapter II.
The resulting trangportation cost for shipping intermediate products

' between plants is as follows:

From To Cost
(US$/metric ton)

COSIPA USIMINAS 7.63

COSIPA CSN 3,37

' USIMINAS CSN 5,51

| gthg}xhcgl both to and from a given pair of plants are assumed to be the

*same; there are no back haul rates.
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2,2,3 Objective Function Coefficients for Intermediate Products

“Shipments. The activity cost for all production~transportation activities
delivering final products to market areas inciudes the cost of producing
the pig iron, ingot steel, and slabs required to manufacture the final
product, Therefore, when a plant receives shipments of one of the inter-
mediate products from another plant, it 18 necessary to subtract the costs
of producing the products in the receivirg plant from the costs of pro-
ducing che goods in the shipping plant end transporting them to the receiving
plant. For example, the activity cost of SASPP includes the total cost
of manufacturing a metric ton of steel plate at Santos and shipping it to
Sao Paulo, i.e. including the cost of producing the pig iron ingot steel,
slabs, etc. If Santos receives a part of its pig iron from USIMINAS
there would be double accounting if the cost of producing that amount of

‘ pig iron at Santos wera not subtracted out. Therefore, in calculating
the activity cost for USSAG it is necessary to add together the cost of
producing the pig iron at USIMINAS and the cost of shipping it from that
plant to Santos and then to subtract from the sum the cost of producing a
ton of pig iron at Santos. Thue, the costs for these activities, the
coefficients aiﬁ, is the extra cost to the system of producing the inter-

mediate product k in plant i and shipping it to plant Q. Of course,

this activity cost may be a negative number in cases where the difference
in the éost of raw materials at the two plants is so large that the
transportation cost between the plants is not sufficient to absorb the

difference.
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Even when the activity cost for an intermediate-product-shipment
activity takes on a negative value, the capacity constraints and the neces-
sity of £1lling the requirements of the market areas, plus the fact that
all exports.alsolhave negative activity cost may cause the model not to
choose the Qctivity. Rather, these intermediate prodﬁct shipment activi- |
ties are used by the model when there is an imbalance in the capacity
structure 6f two plants in their basic production units. Thus, if one plant
has an excess of steel making capacity (relative to the capacity of its
primary mill) sud a second plant has a large primary mill, but insufficient
steel making capacity =-- then the activity will be chosen if it is more
profitable to the system to do this than to export the excess ingot steel
from the original plant and/or import ingot steel to the second plant.

Table 4.3 shows the activity cost for each 6f the intermediate
product shipping activities in each of the time periods. The first three

columns of the tablé give the present value of the cost of performing the
activity at a level of one metric ton per year over the two and a half
years of the time period. The fourth column gives a reference for com-
. péarison with the previous model, a number which is easier to compare to
p;ices'-- the undiscounted annual activity cost in US$/metric ton.
This table shows. that under the assumptions of the model and

‘independent of capital cost both COSIPA at Santos and USIMINAS can supply

: the rénge of intermediate products to Volta Redonda less expensively than
'they can be produced at Volta Redonda. However, ds was noted above, this is

' not to say that they should supply intermediate products to Volta Redonda,
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Table 4.3

Present Value of Cost

Activity Cost for Intermediate Product Shipment Activities
(US$7metr1c ton)
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Undiscounted
Annual

3rd 4th Activity Cost
SAUSG 17.18 13.46 10.55 10,12
SAUSS 18.94 14.84 11.63 11.19
SAUSL 21.01 16.46 12.90 12.41
SAVRG -2.02 -1.58 -1.24 -1.19
SAVRS -.22 -.18 -.14 -.13
SAVRL -.61 =47 -.37 -.36
USSAG 8.70 6.82 5.34 5.13
USSAS 6.94 5.44 4.26 4.10
USSAL 4.87 3.82 2.99 2.88
USVRG -2,61 -2,05 -1.60 -1.54
USVRS -2.58 -2,02 -1.59 -1.52
USVRL -5.03 -3.94 -3.09 -2.97
VRSAG 13.44 10.53 8.25 7.94
VRSAS . 11.65 9.12 7.15 6.88
VRSAL 12.03 9.42 7.38 7.11
VRUSG 21,32 16.70 13.09 12,58
VRUSS 21.29 16.68 13.07 12.57
VRUSL 23.73 18.60 14,57 14.00
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“jfBaéﬁﬁn&,tha‘totalﬂcost to the system may be less if the capacity in the
basic production units, i.e. the blast furnace, steel shop, and primary
mill, at COSIPA and USIMINAS is used to meet their own requirements for

intermediate products.

2.2.4 Objective Function Coefficients for Imported Intermediate

Products. The annual undiscounted cost for these activities, the coeffi-
cients btt, were calculated by (1) using Pittsburgh prices for pig iron,
ingot steel, and slabs, (2) adding intercontinental transportation cost
by ship, (3) adding transportation cost from the port to the plant, and
(4) subtracting the cost of producing the intermediate product in the
importing plant. Step (4) 1s necessary for the eame reason that it is
necessary in calculating the activity cost for the production and trans-
portation of intermediate products between plants. This procedure yields
an estimate of the added cost to the system of importing the intermediate
product concerned rather than producing it domestically.

Pittsburgh prices for May 12, 1965, were obtained in US$ per ton
and converted to US$/metric ton to give the following prices:1

pig iron US$70.50/metric ton
ingots 88.30 " "
slabs 92,50 " "

The transportation cost used was US$15.00 per metric ton. This estimate

was based on one used in the TECHINT  study for the Propulsora plant in

1
Steel, May .7, 1965, p.68.


http:US$15.00
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Argentina for the transportation cost from the Benelux countries to
Buenos Aires.l

The transportation cost from the port to the plant was assumed to
be zero at Santos, since the plant is right on the water's edge; it was

assumed to be US$3.00 per metric ton for USIMINAS and Volta Redonda.

2.2.5 Activity Costs for Production-Transportation Activities for

Final Products. These activity costs, ctg were calculated by adding
’ > ’-._.v»- . - . . .

the production costs at plant 1 (see Table 4 to the 'i:ransportat:ion
costs for final product k from plant i to market area j. The transpor-

tation costs were estimated as discussed in Section 2 of Chapter II..

Table 4.4

Transportation Cost

Plant Market Area Cost
(US$/metric ton)

COSIPA Sao Paulo | 2,66
COSIPA Rio de Janeiro 6.37
COSIPA Belo Horizonte 8.16
USIMINAS Sdo Paulo 7.72
USIMINAS Rio de Janeiro 6.28
USIMINAS Belo Horizonte 3.30
CSN Sao Paulo 4,27
CSN Rio de Janeiro 2.94
CSN Belo Horizonte 5.11

1Propulsora Siderurgica,"Proyecto de un establecimiento siderurgica a ciclo
integral," by TECHINT, Buenos Aires. Milamo, October 1964,
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“For tables of distances between plants, and between plants and
'matkEte;;ab‘well as tables of épédific inputs, costs of inputs, and
cost breakdowns for pig iron and ingot steel in each of the three plants,

see Appendix D,

2.2.6_Activity Costs of Importation of Final Products. These

activity costs, d?t, were calculated by taking (1) Pittsburgh prices of
the products, (2) adding transportation cost to Brazilian ports, and (3)
adding a aum.for the cost of transportation from the port to the market
area.

The Pittsburgh prices in US$/metric ton as of May 12, 1965

were as follows:1

Plates US$122/metric ton
Hot rolled sheets 117
Cold rolled sheets 144
Tin Plate, elect. 201

The transportation cost was assumed to be US$15 per metric ton and the
cost from the ports to the market areas was assumed to be zero for Rio
- de Janeiro, US$2 per metric ton for sao Paulo, and US$8 per metric

ton for Belo Horizonté.'

2.2.7 Activity Cost of Exportation of Intermediate and Final

Products. The profits, e:t, from export activities were calculated

by taking the difference between the cost of production plus trans-

lgieel, The Metalworking Weekly, May 17, 1965, p.68.
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portation to the neafes; pOrc and the f.o.b. price for Brazilian exports
in 1964, ‘Tdbie'4.5 shows the quantity, value, and the unit value of
these expofts.1

The transportation cost between the plants and ports exporting
activities is assumed to be US$3/metric ton for the Volta Redonda and
USIMINAS planﬁa and US$1l/metric ton for COSIPA at Santos.

Table 4.6 shows the resulting assumptions as to Brazilian
f.o.b. prices in comparison with selected U.S. and Japanese prices.
Since steel prices differ with different sizes, shapes, and qualities
of products and the results shown in the table are also sensitive to
the choice of exchange rate, the comparison is very rough. However,
it would appear that the assumptions used in the model underestimate
the price which the Brazilian steel companies could obtain for exports
of pig iron and ingot steel. In fact, Table 4.7 shows that under the
agsumptions of the model as to export prices and costs of production,

that in the short run the system, once the capital is installed, would

1Since hot and cold sheets were included in the same category but
divided between thick and thin sheets, an aggregate price was first
obtained by weighting the unit price of the thick and thin sheets by
the amount of each exported and dividing by the total amount exported.
This yielded an aggregate export price for hot and cold sheets of
US$128.82. Observing that the difference between the prices of hot
and cold sheet in Pittsburgh was about US$27 per metric ton, the amount
of US$13.50 per metric ton was subtracted from and added to US$128,82
to obtain prices of US$115.32 and US$142.32 for hot and cold sheet and
strip respectively.

The amount of tin plate exported was so little and the price so far
from US prices that it was decided to put the f.o.b. price for tin
plate at US$10 under the Pittsburgh price, i.e. at US$191 per metric ton.


http:US$142.32
http:US$115.32
http:US$128.82
http:US$13.50
http:US$128.82
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| ‘Table 4.5 |
Brazilian Exgorts'of Selected Steel~ProdndtSziﬁ’1964

{§:¢d¢9gy ' | ' Quantity* Value*  F.0.B.Unit Value
l,'ff”a““ (thoueand metric ton) (thousand US$) - (Usslmatric ton)
Pig Tron 148.92 5,184, 34.80
1ingots 10,32 360, 35.30
s;abs.blooms,etc. 38.6 3,115, 80.60
Plates 12.4 1,344, 108.30

Hot & Cold Sheets

between 3mm & 4.75 mm 7.9 1,043, 131.90

Hot & Cold Sheets

less than 3mm 2,0 233, 116.50

Tin Plate .012 1.3 109.20

*From Revista Latinoamericana de Siderurgia, published by the Instituto
Latinoamericano del Fierro y el Acero, No. 62, June 1965, p.24.
Santiago, Chile.

Table 4.6

Comparison of Brazilian f.o.b. Prices with Japanese and
Ukited States Prices
* (US$/metric ton)

Brazilian £.0.b.|Japanese|U.S.~Pittsburg|VU.S.-Birmingham

prices, 1964 | 1965+ 1965% 1965+

Pig Iron 34.80 70.50 65.00
Ingots 35.30 88.30
Slabs 80.60 92,50
Plates 108,30 102.78 122.00
. Hot Strip 115.32 117.00
‘Cold Strip 142,32 125.00]  144.00
" Tin Plate 191.00 201.00

+ From Steel, May 17, 1965 p.74.
* From Steel, May 17, 1965, p.68.


http:1.48!.9o

SAEXG
SAEXS
SAEXL
SAEXP
SAEXH
SAEXC

USEXG
USEXS
USEXL
USEXP
USEXH
USEXC
USEXT

VREXG
VREXS
VREXL
VREXP
VREXH
VREXC
VREXT

Calculation of Undiscounted Annual Activity Cost

Table 4.7

for Export Activities

F.0.B,
Unit Value

Production Cost+

plus transportation Undiscounted Annual

cost to port

(US$/metric ton) (US$/metric ton)

34.80
35.30
80.60
108.30
115.32
142.32
191.00

34.80
35,30
80.60
108.30
115.32
142.32
191.00

34.80
35.30
80.60
108.30
115.32
142.32
191.00

32.97
47.34
52.07
58,95
63.00
73.91
126.02

32.47
45.80
49.32
55.78
59.63
69.41
119.84

39.52
52.84
57.80
64.75
68.84
79.95
132.37

Activity Cost
(US$/metric ton)

-1 083

12,04
-28.53
-49.35
-52.32
"68.41
-64098

-2.33

10.50
-31.28
-52.52
'55069
"'72 091
-71.16

4.72
17.54
"22 080
'43 055
-46.48
"62 ] 37
-58.63

+'"Production cost" here does not include capital cost.
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Liiéééiﬁéf&étyiémail gdi@é f:bﬁfiﬁé,é?poftﬁciéhtoflpigaifOniand nO‘ghinn
’[;@i;ii;frqﬁ-e#pores»of?1n35£»agegl. On the other hand, Table 4.7 shows
H\Eﬁgﬁ7iﬁ:thé§hottw;gn the~sy§£ém coul@ make large gains from exporting
‘éiiba,.pléées, hot strip, cold strip, and tin plate. However, in the
long run, the system weighs both the gains from exporting and the neces-
sity oflﬁeeting domestic requirements in deciding when and where to

add addifional capacity.

There is a certain level of export profits at which the model
would decide to import tﬁe domestic requirements and to export domestic
production and/or the model would deecide to install all the new capacity
possible in order to reap the large profits from exporting. However,
as the results will show, and even though the author has little confi-
dence in the data inputs to the model on import prices and export profits,
qhe conclusions of the model roughly approximate a reasonable estimation
of how this part of the Brazilian steel industry may be expected to
perform during the next ten years.

The international trade model implicit in this model is that
the government of Brazil is in a position to control all exporcs and
imports of flat steel products, that the govermment wants to minimize
- the total use of Brazilian resources to satisfy the steel requirements
“of the country, and that export "profits" to the system are, in the
short run, the difference between f£.0.b. prices and the cost (with
f:@éﬁigal cost excluded) of producing the products and loading them on

jéﬁips. With this sort of a model if there is excess capacity in any
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of thérproductive,units after the domestic requirements have been satig-
fiéd the:e is an incentive for the country to sell its excess abroad

80 long as the price to be obtained for it is above the cost (with
capital cost excluded) of production and transportation cost to the
port (inc;uding loading cost). Thus the model permits a practice which
is called "dumping,”" i.e. one country selling its excess in another country
at a price below the domestic price plus transportation charges between
countries. Decisions on whether or not to install new capacity are
made on the basis of minimizing total cost in the system over time.

In the short run exports will be made whenever excess capacity is
avallable and foreign prices are above marginal production cost plus
transportation cost. In the long runm, capacity will be installed for’
exporting activities provided the revenue to be gained from such enter-
prise is sufficient to cover the capital cost of the equipment, and the
production and transportation cost.

2.2.8 Activity Costs of Investment Opportunities. The method

used in calculating these costs is discussed in the following section

of the paper on the treatment of investment decisions in the model,

3. Treatment of Investment in the Model.

If investment costsper ton of product were not a decreasing
function of the size of the productive unit (between certain limits
prescribed by the existing technologyj but rather were a linear function

of the size of the productive unit, then investment activities could
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at _ ‘ ‘activit 0¢ "‘However, the technolo-
;gical reality of the eteel industry:iffnot only that investment coeta

,;haracterized by economiee of scale,between:certain slze limita, but

ieleoythat‘many 1hvestment decieione are discrete in that the problem |
lis to decide when end where to 1netall a new productive unit of a eize
idetermined by other coneideretions. | o |
N For example, the present eteel ehopa at the USIMINAS and COSIPA
;plants both consiet of a pair of LD convertere. 81nce 1t 1¢- ‘necessary
jto reline these converters once every two or three weeks (an operation
twhich takes severel days to complete) and " since it is desirable to
gmaintein a steady flow of product through the plant, only one converter
Lie melntained in operetion at a time. Therefore, the effective capacity
Jof-the'ateel ahope of theee two plents is that of a mythical single
converter which could be maintained in continuoue operation without
1the neceaoity of relining the vessel,

p ' When edditional cepacity is required in the steel shops of
Athese plants a third converter of the same size as the first two will
,be instelled. Then-tWO*convertere will be maintained in operation.
;et a time while the third converter 1s being relined. - Thus, for less
-then helf the cost of the originel investment in the steel shop, the
,companiee will be eble to. double the effective capacity of this part of
cheir plante.. SO the question facing the inwestment planner for the:
‘Brezilian tteel companiee in the caee of these particuler units 10

7not‘one¥of what aite of converter to install but rather of when and where

?t -1nsta11 the new converter(e)
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A ' Aydiﬁii&r,situation arises in {nvestments in some rolling

mills. The roughing mill presently installed at the Santos plant of
COSIPA 18 a reversing rougher. However, the plant was constructed so
that at a later date a&ditional roughing mills can be installed to
convert the reversing rougher to a continuous rougher. Here once again
the question facing the investment planner is not size but rather when
to make the installation of the additional capacity.

A third example is presented by the blast furnaces of COSIPA
and USIMINAS, Both blast furnaces were installed without fuel injectionm,
so it would be anticipated that when additional capacity is desired
in either of these furnaces that this modification will be made. The
amount of oil 1njection will not be at issue as much as when to install
the modification.

For other investments scale is a factor of major importance.

For example when a new blast furnace is installed at Volta Redonda,
the company officials will be able (within certain limits) to buy any
size of blast furnace they desire.

So it seems useful for investment planning models to have the
capability of conaidéring both the question of when and where to make
additions to capacity and the capability of considering the question
of.vhag,éize of unit to install. The investigation described in this
paper has focused on the question of when and where to install units
oﬁ,givéﬁ}cgpgcicy. However, the method used here could be easily

;aéﬁﬁﬁﬁ#ﬁf@wégpdy“tﬁe,p:oblem.of investments under economies of scale.
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‘;iﬁibwc0u14,be done by providing the model with projects for units of
V§§ri6ﬁ; sizes at the same plant in the same time period, and letting;
‘the model chose the desired size.

Also, it would be useful to explore the utilization of models
in which investments in the near future, which are constrained by the
technological situation of the existing productive units, would be
assigned integer variables and projects for the more distant future

would be assigned continuous variables, within certain bounds.

3.1 Selection of Investment Opportunities or Projects. The

model most appropriate for considering the location of discrete additions
to capacity is a model of the mixed integer type. This class of mathe-
matical programming models is not difficult to formulate, but they are
very difficult to solve when a large number of integer variables are used
in the models. Even with recent advances in computation speeds and a
new algorithm employing a very successful search technique, mixed

integer problems with more than twenty or thirty integer variables are
very expensive to solve.

This limitation of the number of integer variables makes it

necessary to formulate the problem carefully before attempting to
~solve it. Thus, as a preliminary to specification 6f the model, pro-
jections of requirements for flat stee} products in Brazil up to 1975
‘vwaré compared to the capacity presently installed in the major pro-
’duétive unita 1n each of the three plants, These rough calculations

" plus the. experience from the linear programning model described in


http:sizes.at
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the pievious chapters”ggve an indication of what the bottlenecks in the
system would be in 1967 or 1970 or 1972.~ Also, the expansion plans of
the three companies were reviewed and estimates were made of the éime
required to complete various projects for additions to capacity.

As a result of this exercise some 23 "investment opportunities"
were chosen to include in the model. Table 4.8 gives a listing of
these projects, the number of metric tons they would add to present
capacity, the cost of the project, the gestation time for the project,
and the expected life of the equipment once it is installed.

The leading number in the mnemonic of the project name is the
time period in which the project would go into operation., Ihus, the
project 2ISAS would be completed and in operation by the beginniﬁg
of the second time period (July 1, 1967). The letter "I" in the
project name indicates that this variable is for an investment activity.
The second and third letters in the mnemonic in the project name in-
dicate the plant at which the investment would be made, and the last
letter indicates the productive unit in which the investment would
be made., The symbols for the productive units are as follows:

blast furnace
steel shop
primary mill
roughing mill
hot strip mill
cold strip mill
tinning line

H O M ® Y n w



Project

215AS
21USS
2ISAT
2IVRT
31ISAR
31USE
315AS
31USS
3IVRS
31ISAT
3IVRT
4ISAB
41USB
4IVRB
4ISAS
41USS
4IVRS
4ISAR
4ISAC
4TUSC
4IVRC
4ISAT
4IVRT

Table 4.8

Investment Opportunities

Addition to
Capacity

- (million metric tons)

.80
.80
.18
.18
.28
.36
.80
.80
1.00
.18
.18
.80
.80
.80
.80
.80
1.00
1.00
.35
.35
.35
.18
.18

Cost
(US$ million)"

7.90
7.90
8.00
8.00
1.80
2.40
7.90
7.90
34.50
8.00
8.00
28.00
28.00
28.00
23.60
23.60
34.50
25.00
10.00
10.00
10.00
8.00
8.00

Gestation

Time
(years)

NN HEENNDOND

Life of
Equipment
(years)

18
18
20
20
20
20
18.
18
18
20
20
20
20
20
18
18
18
20
20
20 .
20
20
20

Relatively few projects are considered for the second time
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pétiod‘bécaQaé the present capacity will be sufficient (under tke assump=-

‘giqpa of the model) to sexve most of the requirements and because the

:imé'bétween now (September 1965) and July 1967 is not sufficient to |

Ea:;y,out a very large project.
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Theifour projects considered for the second time period are
(1) the installation of a third LD converter of an annual capacity of
800 thousand metric tons, (2) the.installation of a third LD cdnverter
of the same size at USIMINAS, (3) the addition of a tinning line of 180
thnusan& metric tons per year capacity to the rolling mill section of
the COSIPA plant, and (4) the addition of a tinning line of the same
size to the plant at Volta Redonda. So the problem of the model for
this time period is to decide whether to install a third LD converter
at COSIPA or at USIMINAS, at both, or at neither, the converters to be
in operation by July 1, 1967, Also, the model must decide whether to
install a new tinning line at Santos or at Volta Redonda, to install
both, or to install neither.

Seven investment. possibilities are considered for the third
time period. Two of these are for investments in blast furnaces, three
are for investments in steel shops, and two are for investments in
tinning lines, The first project is for the installation of petroleum
injection in the blast furna;; at Santos. It is estimated that this
would add 280 thousand metric tons per year to the present 800 thousand
metric tons per year capacity of the furnace. The second investment is
for the installation of fuel injection in the two blast furnaces at the

USIMINAS plant. This investment, it is assumed, would add 300 thousand

metric tons per year to the capacity of these furnaces.1

1These estimates of the increase in capacity that could result from
fuel injection are at best guesses and are based in a rough way on the
experiencg at the blast furnace of the Chilean steel company, CAP.
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The third and fourth investments in the third time period,
318AS and 3IUSS, are identical to the projects for addition of a third
LD converter to the steel shops at Santos and USIMINAS in the second time
period. Since it is the usual practice to add a third converter and then
to add a fourth and fifth as a pair, the model should have been constrained
to prevent it from investing in a third‘LD converter at Santos in the
second time period and the doing the same thing again in the third
time period.

The fifth investment in this time period, 3IVRS, is for the
installation of a pair of LD converters at Volta Redonda. The present
steel shop at Volta Redonda consists of 8 open hearth furnaces, but it
has been assumed that when additional capacity is installed in the steel
shop at this plant, it will be in a pair of LD converters.

The last two projects for this period, 3ISAT and 3IVRT, are
identical to the two investments in tinning lines in the gsecond time
pgtiod. The constraint to prevent the installation of a tinning line
at Santos or at Volta Redonda in both time periods is not necessary
because the cost of an additional tinning line is relatively indepen-
dent of the number of tinning lines already installed at a particular
plant, |

There are twelve projects which could be completed by the be-

. ginning of the fourth time peripd in July of 1972, The first three
of these projects are for the installation of blast furnaces with-

annual capacities of 800¢thous§nd metric tons at each of the three



174

plants. The next two projects, 4ISAS and 4IUSS, are for the installa-
tion of a pair of LD converters at Santos and/or at USIMINAS. It was
assumed, and this time with good results, that the model would cHoose
to install a third LD converter at each of the plants for either the
aecqnd or third time period so that further increments to capacity

in the steel shops of these plants for the fourth time periodjiould
require thé addition of new pairs of LD converters.

The investment 4IVRS is identical to the investment for the
previous time period in the steel shop at Volta Redonda.

The next project in the list, 4XSAR, is for the ingtallation
of an additional stand in the roughing mill at the COSIP; plaiit ar
Santos. This mill was referred to earlier in a discussion of the
discrete nature of many investments in the steel industry in the short
run. The investment would convert the mill from a reversing mill to
.a continuous mill, and is estimated that it would increase the capacity
of the present unit from one million metric tons per year to two
million metric tons per year.

Projects for the installation of new cold strip mills at
Santos, USIMINAS, and/or Volta Redonda follow. Each of these mills
would have a capacity.of 350 thousand metric tons per year of cold
sheet and strip., The last inJeatments, 4ISAT and 4IVRT, provide the
model with another opportunity to install tinning lines of 180 thou-

sand metric tons per year capacity at S