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CH&PT, I
 

INTRODUCTION
 

This study presents a mixed integer progra--ing model for useiin 

theianalysts of investment plane in the steel industry. The model is 

constructed by modifying a linear progranuing model so as to constrain 

a small subset of the variables to take on Only the values of zero or 

one. There is one of these "integer" variables for eah of a group of 

investment projects from among which it is desired to chose the "best" 

combnition, The projects may be for the addition of capacity to various 

productive units within existing plants or for the construction of 

entirely new plants; they may consist of several alternative size pro

ductive units from which the model is to choose the "best" size and/or 

they may include projects for a number of different technologies for a 

particular productive unit from which the model is to choose the 

"best",'technology. 

The model is multi-period with the sub-model for each time period
 

being very similar to a linear programming transportation problem. Thus, 

Cthex gular variables (i.e. non-integer variables) which make up the 

largest part of the activities in the model are for production-trans

portation activities. In addition to the usual 'activities of shipments 

from plants to markets of final products, there are also activities for 

shipping intermediate products between plants, and activities for importing
 

and for exporting each of the intermediate and final products.
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SThe model is constraind to upply the requirements-in every 

time period to each 9f the market areas for each product hus the 

problem for the model is to6 select that combination of production

,transportation activities in each time period and that combination of
 

investments which minimize the present value of cost of meeting the
 

producttequirementi of the market areas.
 

Through the inclusion of activities for the shipment of inter

mediate products between plants and activities for importing both
 

intermediate and final products a mechanism is provided for studying
 

the piecemeal addition of production capacity in a system of plants.
 

For example, since there are economies of scale in the investment cost
 

of most of the major productive units of a steel mill, i.e. the blast
 

furnaces, steel furnaces, and rolling mills, it is onsidered desirable
 

One result of this phenomenon is that a subto install large units. 


stantial part of the capacity of the newly installed productive unit
 

may be unused until the product requirements in the nearby market
 

areas grow to the size of the unit. However, in a system of steel plants
 

it is possible for the capacity structure of the plants to change over
 

time in a way that makes the pleants complementary to one another. In a
 

region where two new steel mills are constructed the one mill might
 

begin by installing the rolling units and the other the blast furnace 

and steel shop. Then 1' intermediate product could be supplied from the 

one facility to another for atime until both plantsiere built to full. 

size#
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Imports of intermediate andfinal products, Just as shLpments of
 
intemediate products beween'plants, may enable the plants ".to -reduce
 

total'inveitment cost over time and to insure better utilization of 

capacity. Imports may be used either to supplydomest'ic requirements 

for final products for a time before the installAtion of a large productive 

unit to supply them and/or they may be used to supply intermediate pro

ducs until the requirements for the final product rise to asufft


cient level.
 

The mixed integer programing model presented here thus provides 

a tool for the analysis of investment plans within an existing system 

of plants. 

1. Background of the.Study 

During recent years the use of mathematical programing models
 

for economic analysis has been expanding rapidly. The continuing
 

advance in the efficiency of electronic computers and of the algorithms
 

written for them has made possible the solution of larger and larger
 

models. 

Models have been constructed for production units, plants,
 

firms, sectors, and for entire economies. However, economists have.
 

show greatest interest in recent years in the modelsat-on end of
 

this spectrum, the country-wide planning models.
 

Although the "Tableau Sconomique" of Quesnay, published in 1758, 

should be cited as the first step in the development of economy-wide 



by Leontiefmodels,'' th*;modern-day development of Input-output models 

was the spark that lit the fires of recent-day creativity in this 

field -The development of linear-programming and, in particular, of 

the simplex algorithm by George Dantzig in 1947 cleared the way for 'the 

application of input-outputmodels to country-wide planning. Since 

that date, ijnput-output models have .been constructed for, many, countries. 

2 
One of the best of these is Bruno's model for Israel. Another, the
 

moat recent and:most sophisticated, is an eleven sector dynamic (A.e. 

the Indian economy by, kaxus 
multi-time period) progravning model of 

and, Lefeber'. 3 

Concurrently with the development of input-output models for
 

!country-wide planning, there ,have been developments in "the use of linear,
 

prograuiing algorithms for:solving transportation problems.-4 Hitchcock 

4
 
originally formulatemd the transportation problem; Koopmanis clarifiie'4
 

5 6 
and amplified this formulation. In recent years Lefeber has applied 

WV. Leontief, "Quantitative Input and Output Relations in the 
Economic System of the United States," The Review of Economics and
 
Statistics, 1936.
 

2
Michael Bruno, Interdependence, Resource Use and Structural Change 

in Israel, Jerusalem, 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 Physics, Vol. 20, 1941.
 

5 T. C. Koopmans, "Optimum Utilization of the Transportation System$" 
Econometrics, Vol. 17, Supplement, 1949.
 

6 
L. Lefeber, Allocation in Space, North-Holland Publishing Company,
 

Amsterdam, 1958. 



this technique and.the use of Lagrangian multipliers to the problems
 

of the 'spatiallocation of productive units in an econoic systm. 

and separately2 3 haveVietorisz and Manne, working both together 


made advances on the problem of the spatial and time location of
 

productive units in one sector of an economy, for sectors characterized
 

by economies of scale and indivisibilities in investment.
 

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

of when and vhere to construct new plants, no oip,has yet given close
 

Oaiacitn tI
n,he
attention 'to investment problems where,additidnsio 

v*arious productive units in each plant 'onstitute 'giio a,go pai, .rt.


.truction of ,tments.yt. , rqetInew plants.of he *nvestment in the iodustq *- does t. 


The steel industry is sucq i indus-y. Fquently, Invst anpI

designed,to supplement the,capacity, of some foductive un.ts. in
 are 


the plant in order to make use',,ifxdesfkrcapaci. in Other artif
 

Also, even when new plans"are constructed, the instdalat.op..
 th plant. 


Prcoessi, Plgnt _vq.gclfi6t
Th6mas Vietorisz ,amdAlan'-Manne, "ho!caX 


and Economtes :of Scale in.ManneA',,S. adi N. o
 
J8,
I;e
Studies in Process Analysis, C'wles.,FoundAtion IMonograph No. 


136 4i58
 .NeW york, 1963, pp. .
 

s)wh" ..2omis'Vietorisz',. "'IndustrialDevelopment ,PanikrngMod 

"
 -:001Th gs)J. Watson Re,ofScale and IndiV'isibilities ," *mmograph&d, 


searchCenter, -Yorktown Heights, N.Y.,, presented at fthi "ThirdEurope&A
 
1ust nLund,,,,Sweden,.
Congress of the"Regional Scienca AsAh... A!'u t 2-29,, 1963 

,AlanS.Manna ',Plant' Location Under cOomies-6fa'Scale - DOcentraliza

6ion and Compaat ion,'" Management Science,, VQ,:,J N. , eJ,/ .po,, 

Alan S"Ma ne, "Plant Size, Lodation-, qand TIme<Phasing,'.23-35. 

neograp~ed,' Cent 'i'for Interhat onal Studes', . T'a,,, 4.9,4.
 

http:instdalat.op
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of the varibu"V-pfarti of the plant are usually phased over several years. 

Thi'-sort of "bottleneck investment" accounts for such a large part of 

that it can not be safely ignoredthe investment in thesteel indust 


'studies in this industry. Thus
in analytical models for investm' 

the models presented in this thesis are disaggregated to the extent 
of 

the capacty of)erh, of')Ahe major production units withinCAidering 

each plant and of consdering iequirements for four different final
 

product grops.
 

Thirs types of m~odels are-i*u in this study; (1) all
'jlded an 
O© . 

e ich all i6 t'e variables are constrainedintegeru;del (a modeTl 

)! "a linear programning model;to .o~t(posLt:6 e 

and'T mkoe:'. t et, pfogra'ming,,j*del (a model in which some, but 

n .A1,"of"'i )e.ariablee'are restricted to positive integer values). 

cost of the production and transportation,"O9-146,'21"iasef dita foithe 

, -_ 6a4tekl -productsoii-all..Of ,La__ii rica (the all integer model), 

in Brai, (,the line*r, and' the mixed integer programmingCOVtpet ally' 

C 

j) F . nbf£amilfar with mffbthematical programming, an effort has3Ao t 

( eiittiad'e to explain each conceft as it appears in the study. For
 

(exampe, in the section in the next chapter which gives a mathematical 
(it' t of th"e linear ..gra..ing model several paragraphs following 

(.he'cequations are devoted"to,rexp aining the purpose and nature of each
 

(04'fWei sets bf equations. Hwever;, no comprehensive attempt is made in 
Any number of books onC~;i's'%tEudy to explain mathematifcal programming. 


Ctie subject are widely available. See, for example, Linear Programing, 

Method and Applications,-:(McGraw-Hill) by Saul I. Gass, or Linear Pro

k mmink-,(Addison-Wes!.ey).> by, G. Hadley. 

not' ifiliar with the terminology of steel tech2 T9e--r~dei who 'is 


n o "isref'.
nOU e'd to,,pandix A which provides a very general des
tion o£,. flat steel products.
 

C) 0
 

http:mmink-,(Addison-Wes!.ey


The all integer model (Appendix G),was developed first. It
 

considers the case of a system of plants and .marketswith a single pro-O
 

duct, economies of scale in the investment'c/ost, fixed demand at the
 

market locations, a single time period,,and 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
 

Because this model
to computational experience with this'type of 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; a discussion of the relative merits of each
 

method is given.
 

The linear programming model.(Chapters II and III) is a single

time period model which is used formaking an economic analysis of the
 

present situation of the productioni)and transportation of flat steel
 

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

in the parameters was made. About,'twenty-five solutions to the pro

blem were obtained to'study theeffects of changes in cost of inputs,
 

changes in market requirements, and changes in transportation cost.
 

an
The mixed integer programming model (Chapters IV and V) is 


extension of the linear programning model to cover three time periods
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and to permit the introduction of investment variables into the-sytem. 

These investment variables are restricted to the values of wero or one. 

The production-transportation activities remain free to take on anVy 

Thus, the model has some regular variables and
.non-negative values. 

some integer variables and is therefore called a-mixed integer pro

grammiig model.1 

2, Assumptions
 

The assumptions made in this study fall into two general classes;
 

(1)assumptions which are necessary because of the structure of the
 

model, i.e. "model assumptions," and (2)assumptions which are necessary
 

inorder to construct a solveable-sized model :of one subsector of the
 

Brazilian econoqv, i.e. "institutional assumptions." These assumptions
 

referionly to the linear and mixed integer programmning models, as the 

of the "clean slate" model are discussed separately in thatassumptions 


paper in 'Appendix, G.
 

2.1 -Model Assumptions. The model assumptions stem directly from 

the'. structure of I the model. They,are; difficult to,alter in the sense
 

that the approaches presently known for modifying them are either
 

1Chapters IV and V have been written as a self contained unit so 
that the reader who is interested only in the mixed integer pro

graming model can skip directly from the end of this introductory
 
chapter to the beginning of Chapter IV. 



,
xpensive in.computational timor they may lead to unstable orother

wise unsatiefactory results.
 

A number of these assumptions are related to the price elasticity
 

of demand and supply of the commodities of the model. For example, it
 

is necessary to assume that the domestic.demand for final steel products
 

wil be unaffected by changes in the prices of these products, that is
 

that demand is perfectly inelastic and therefore is, in reality, a re

quirement. On the other hand the price elasticity of supply of raw
 

material, manipower, and capital is assumed to be one, i.e. that the
 

firms can obtain all the raw materials, manpower, and/or capital they
 

need if they are willing to pay a certain fixed price. Thirdly, it is
 

assumed that the supply of imports and the demand for exports are 

perfectly elastic. 

4 second group of the model asgumptions have to do with linearity. 

It is assumed that the non-capital cost of production is a linear func

tion of the mount produced, i.e. that the unit cost of production 

(other than capital cost) for producing one ton of steel products in a 

given plant is the same as the unit cost for producing 300 thousand tons 

of steel products. Capital costs are treated in a manner which permits 

the introduction of economies of scale and are, therefore, not subject
 

to this assumption.
 

The third group of model assumptions concerns the independence
 

of the cost of activities in the system. For, example, it is assumed
 

that the costeof production between plants and between productive
 

uni s in iha s plant are independent . Also, it i' assumed that the 
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cost of one'investment is not affected by whether or noc. another invest

.ment is accepted or rejected. However, this is not, to say that the 

"cost of operating the system is independent of the combination of 

investment projects that are accepted. Finally, it Is assumed that the 

.production cost in a given unit is not affected by whether or not a 

Thus, the choice of investgiven investment is accepted or rejected. 


ment projects affects the levels of the production-transportation acti

vities in the optimal solution, but not the cost of these activities.
 

Though the list of these assumptions is long, it will be shown
 

the body of this study that most of them are not too confining, so
in 

that it is possible to construct models which provide important insights
 

into the flat products section of the Brazilian steel industry.
 

2.2 instituional Assuptions. The construction of an optimizing 

model requires that certain abstractions be adopted. These assumptions 

are more easily modified than the model assumptions because they do not 

involve the development of new techniques, but rather the application 

of existing techniques to available data and/or the collection of addi

tional data. However, the conditions which make these assumptions
 

necessary are not only the availability of data, but also the cost of
 

computer time.
 

For example, though there are between five and ten plants in
 

Brazil that produce some flat steel products, the model described in
 

this study includes only three plants; (1)COSIPA, Companhia Siderurgica 

Paulista, at Placaguera near Santos; (2)CSII, Companhia Siderurgica 



Nacnion at, VoltaRedonda; and (3) USIMIAS, Usinas Siderurgicas do 

Minas Gerais S.A., near Ipatinga in the state of Minas Gerais.
 

Figure 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 plants. The model can be
 

expanded to include any number of plants, provided the data are available
 

and provided that the increase in the size of the model does not make it
 

computationally unwieldy. 

Secondly, the model assumes that the consumption of flat steel
 

Sao Paulo,
products is concentrated in Brazil's three largest cities: 


Steel men in Brazil estimate that
Rio de Janeiro, and Belo Horizonte. 


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 study assumes that 100 per
the consumption of all steel products. 

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 

mW .ion tons of final products. CSN, however,in 1965 of roughly half a 


In 1965 CON had a capacity of
produces both flat products and shapes, 


of ingot steel.
slightly less than a million and a half metric tons 


of that capacity is used for producing flat
Move than three-fourths 


the model for the fact
 
products. Some adjustments have been made in 
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that a part o0fcsN'l.steel makin capacity is used to supply steel for 

'sOhpeo rathert'ihn'for flat products. A more complete analysis could 

have been made if the study had considered both shapes and flat pro

ducs, oweveri such an expansion of the study would have necessitated 

the Inclusion of ten to fifteen products instead of the seven which are 

considered in the model. The model is perfectly general in the sense
 

that any mmber of final and/or intermediate products may be included
 

so 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 21 year periods provides asufficiently die

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.
 

If projections of the expected course of these prices over time were
 

available, they could easily be included in the model.
 

It is assumed that the cost of capital is the same for all
 

firms and that the cost is equal .to the discount rate. The diocouni.
 

,rate is used in the model to discount all cost to January 1 1965.
 

This'assumption can also be modified easily. 

Finally, the model assumes Independence of Investment decisions 

inteflat steel products sub-sector, from investment: decisioi n's.thp
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rit of the sub-sector and In othe1r sectors. This assumptonAis more 

,difficult to modify than those previously discussed because altarins it 

would require the construction of a model that included a number of 

If the same level of disaggregation as issub-sectors and/or sectors. 


used in the present model were used in such a multi-sub-sector model 

it would become large, i.e. computation time for a single solution of 

the model might rise from about one minute 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 steel mills in Brazil ia January
 

of 1965. In addition, parts of the data were obtained from the Banco
 

Nacional de Desenvolvimento (BNDE) in Rio de Janeiro, from the Latin 

American Iron and Stool Institute (ILAFA), and from the Economic Com

mission for Latin America (UCLA) in Santiago. Though the officials 

of these companies and institutions were generous in their assistance, 

the magnitude of the data collection effort to obtain the quantity 

and quality of information needed for a policy-making model exceeded 

1Appreciation is due the officials of Companhia Siderurgica Paulista
 

(COSIPA), Usinae Siderurgicae 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
 
the BNDE, Fernando Aguirre Tupperindebted to Joed Mariano Falc*o of 

of the ILAPA, and Bruno Leuschner, Armando P. Martijena, and Nuno
 

Fidelino Figueiredo of the ECLA for providing data and assistance.
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the time avoilable to the, authr. However, it was not the purpose 

of this study to develop a policy model. Rather itwas to explore
 

the usefulness of some types of mathmatical programming models for
 

investment planning.
 

1The highest quality data in the model are thpee 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 estimates
 

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 parttcular types of products are weak.
 

The transportatton cost data and the estimates of the cost of imports
 

and the profits to be made from exports are the weakest data in the
 

model.
 



SCHAPTER UI 

THS LIMAR PROGRMA*I MODBL
 

This section of the study presents a linear pro*re.ing rmpdel' 

.of the production and transportation of flat steel product* in Brazil 

While this linear model offers a useful analytical 
tool for, 

in 1965, 


making an economic study of the current situation of a part 
of the
 

rpose.Brazilian steel industry, it was not designed for this p 

Rather, itwas designed primarily to be the core of the non-Ulnoar 

mixed integer programing model which isused to study the problem 
of
 

when and where to build new plants or to add to capaQity in existing
 

a growing demand for the prodpct! 
qo t;e
 

facilities when there is 


industry.
 

.teps.
The development and use of the model consisted of five 


First, the distances between the plants and markets were measured plpng
 

extsting roads, railroads, and inland waterways, and estimates of
 

Then, a FORTRAN
transportation cost over these routes were made. 


program was written to calculate the cost of using various routes and 

modes of transportation and to select the least-cost routo in each case, 

This program, as all the programs for the Brazilian model, was written 

in a general form so that it could be expanded to perform the .necepsary 

calculations for any number of plants and markets. 

Secondly, prpduction cost estimates were mno4 for pi .rqn apd 

Ingot steel cost at each of the three plants The,.4ep. in third 

45-S 



teinear',pro rauming matrix Was, constructed bycombiti4ng th pro. 

duction 4ud transportation coat estimates 'withdata for capacities of 

the. major production units in each plant, and market, requirements for 

the products in each market area, FORTRAN programs were written to 

perform the required calculations and to set up and puncir out the input 

deck for the linear programing (LP) routine. Each of these steps. ls 

explained in detail in succeeding sections of the paper.
 

In the fourth step, the components of the output of the'lnear 

programing routine were examined to determine their usefulness in 

analyzing the operation of the industry. After this, about twenty- ive 

runs were made with the complete model, varying first one and hen 

another of the parameters of the model to test their effects on the 

results.
 

While many programming studies of various aspects of the steel
 

industry have been completed, relatively few have focused on operating 

or investment problems in a system of steel plants. An outstanding 

exception is the recent careful and analytical study done for the loci

2'
' 
tion of a now steel mill for heavy shapes in Mexico. This investi

gation used a complete enumeration of many possible combinations of 

1For 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.
 
Proaress in Operations Research, Volume 11, Wiley, New York, 1964.
 

2Comite para la programacion de la industria siderurgica (Coamittee for 
the Planning of the Steel Industry), Programacidn del desarrollo de la 
industria de aceros comunes laminados (The Planning of the Development of 
the Rolled Steel Products Industry), Nacional Financiera, Mexico, D.F., 
November, 1964. 



lOQsaji2'sihd technologies to find the least-costcombination of tech

of Cproducton and 
,nolop, ad location which would minimize the sum 

cost in the system.trapport tion 

Also, a linear programming study of the production and con

being done by the Compaitain Chile issumption f *eel products 

S.A., (CAP). This study reportedly includes
do Acero del Pacifico, 

both chemical and capacity constraints on production in the 
various 

veil as a veryproduction units of the Huachipato plant of this firm, as 

Regrettably, this detailed product breakdown for the Chilean market. 


report has not been made publicly available.
 

A brief descriptio4,of the objective function (1) 
and the sets of 

( ) and (5) is in order. The objective function 
constraints (2), (3), 


states that the problem is to minimize the total 
cost of producing


(1) 


and transporting intermediate and final products, 
plus the cost of
 

Term (a) of expression (1)
.Imports, minus the profits from exports. 


represents the aost of producing and transporting 
ingot steel between
 

Term (b) includes the cost of proplants as an intermediate good. 


l,2,...,n plants and shipping to all of the
 ducing in all of the 1.


3,4,...,p final products.
lJM,2,...,m market areas each of the k -

Tem (c) represents the cost of imports and term (d) 
the profits
 

fr.= exports (usually d 0) 



1.ThidNMddl 

+ ' nc ';vb- k 1Ab-P,.~ damk 

SL -l J-1 k,,3 cky 

.N7 

.6.ubject to: 

L'l n ' Mv~: 
12) )t .+ . , kl k< 

3)ke ,k,;,'- ke k<~ 
x, + v 

k=1' k-3., 

i~. ;2 

-n~j' 

(5) 

k -. 3 9""00 0 
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,s7;t k C wequires that in each of the n 

...... t!9f,,amaoun t 4eel shipped to other plants, minus 

, of ingOt steel reqeivd,,from other plants < 0), plus 

.lOUn used for prodic2i-j domsstically-used final products, plus 

Ne amount used for exp.-fte4 final products must be less than the
 

0 0 

.#t steel (cepi'cyi(of the)plant. This capacity is defined as the 

U.6ir (.pacities; (1) the ingot-steal-equivalent capacity of.o 

la'f 61asa nf cef66(a,) L(i.e. the pig iron capacity of the blast furnace(e) 

ItodOrmal input of pig iron per ton of ingot steel produced), 

0 
a2),t2e ingot steel capacity of the steel shop. 

iW. second set of constraints (3) requires that the amount of 

k,@jtj'lNproducts passing through each of the production units e o 2,3,...,z 

a.eaoh of the plants mupt be less than the capacity of that unit. For 

4 the capacity of the hot strip finishing mill must be sufficient 

to povide all of the final product of hot sheet and strp desirpd as 

'well as the~intermediate product needed.to produce the required quanti

time of both the cold sheet and strip and the tin plate. On the other 

16aZn he capacity of the tin m ill need be only large enough to pro-

We, Ti- esired;Tu .unt of ttinwplae 

6Si cq42 trai -V the problem in such a way that for each 

Citii$Wdl'aCg.fa rketi the~total amount produced domestically and 

CsgLkeIdD tj# the market areas plus the amount imported to the market 

+ ~~Vii- """,countrtes will' be greater than the requirement of 

& j .. ar'a for Ehat piodquct. 

http:Citii$Wdl'aCg.fa
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In greater detail:
 

z = the total cost (other than capital cost) in US$ 

of producing and tiansporting the required final 

bill of goods for one year. 

wi 
*2 

metric tons of ingot steel shipped as an inter

mediate product': from plant i to plant/e. 

ait = 	cost in US$meiric tons for each metric ton of ingot 

steel produced at plant i and delivered to plant/, 

minus thle cost of a metric ton of ingot steel from 

planttat plant,, i.e. the extra cost to the system
 

when planti uses ingot steel produced at plant i
 

rather than in its own facilities.
 k
 

x metric tons of product k produced at plant i and
 

* 	 shipped&to market area J. 

bij.-
k-

ui t~ t f-= coat in US$/metric ton of product k 

* producead at plant i. 

k 9 ~i ~ emti 
*i-h f~is-. - cost in US/ercton of product k 

produced at plant i. 

f-p 	ost -inUS$ per unit of factor input h at plant i. 

ih 
- apetific input in units of the factor input h per 

metric ton of product k at plant i. 

1All calculations are made in US dollars rather than in cruzeiros because
 

when the study wasbegun 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 inekxisiance at the time the data was created or published has been
 

It is 	assumed that the free
used to convert cruzeiros to dollars. 


market exchapge rates approximate to equilibrium exchange rate.
 

In fact, excluThe.termo"tons" in this paper always means metric tons. 


sively metric system units are used throughout the paper.
 



ia.portation.-corn:
t Uu9n qt ,2,.. r 

in vUU$/m.toun for Shipping products from plant i to 

market aroa J. 

ti - transportation cost in US$/m.ton for shipping product 

from plant I to market area j over route q, where 

route q may consist of transportatin by truck, train, 

barge, or ship or any combination of these modes. 

area J. yk Imports In metric tons of product k to market 
- delivered cost in US$/metric toi for Imports of product 

k delivered to market area J. 

vk - exports in metric tons of product k from plant I. 

dk -cost in US$/metric ton for exports of product k from 
di k 
plant 1. With di( 0 s long as it is profitable to 

export. Note that exports are treated here only as a 

of reducing the total cost of domestic production.means 

* shipment of ingot steel in metric tons from plant I 

to plant 4. 

Wi - shipment of ingot.steal inmetric tons from plant/f 

to plant i. 

,. := capacity of production unit.#l in plant I required per 
metric ton of ingot steel produced. Normally 0 1I 

or slightly greater than 1. The capacity of production 

defined as the lower of the two capacities,unit #1 is 

(1) the iugot-steal-equivalent capacity of the 

blast (or reduction) furnace(s), and (2) the Ingot

steel capacity of the steel shop.
 



1#-capacityof production unit #1 in plant i required per 

mtric ton of ingot steel produced. Normally 

since V~i is steel shipped to plant i from plant l, 

therefore, the shipment mst be added to te total 

ingot steel available at plant 1, i.e. added to the 

right-hand side, but this Is the same thing as sub

tracting it from the left-hand side of the constraint.
 

kl - capacity of production unit #1 in plant i required per 

metric ton of product k produced at plant i. Note that
 

the summation for k in this and the nextterm is from
 

This results from the fact that products 1
k = 3 to p. 


and 2 are intermediate products (pig iron and ingot
 

steel, respectively) rather than final products.
 

e - capacity of production unit a in plant i required per 

metric ton of product k produced in plant I. Note that 

these 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 final product hot sheet.
 

go= ingot steel equivalent capacity 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 futfade divided by th6e'dpecific input of pig iron
 

normally used per metric ton of steel produced at
 

plant i.
 

- capacity in millions of metric tons of ingot steel per 

year for the steel furnaces (normally open hearths. 

electric furnaces, or LD converters) at plant I. 
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- capacity in millions of mitric tons! per year- of pro

duction aut e 'at plant I.A-1 

*requirementin-milions 'of setric tone -'Per-'Year for. 

productk in market area-J. 

2. Transportation Cost 

The transportation cost function used for calculating rail 

transport cost iea simple linear function 

(6) 	 T- a + + u
 

whre:v 	 T- -transportation cost over a given route in US$/metric ton 

aand b parameters 

K = distance in kilometers over the route 

u - error term. 

The parameters in this function were estimated from data obtained ,from
 

-Annuario Estatistico Do Brasil. Annual observations for the five years
 

1959 to 1963 in cruzeiros per metric ton for shipments of steel bars
 

and plates on Estrada de Ferro Central do Brasil were used.1 The
 

data included the freight cost for each year for distances of 100,
 

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

'The data 	for 1959-61 were taken from p.152 of Annuario Estatietico
 
do Brasil for 1961, for 1962 from page 110 of the volume for 1962,
 
and for 1963 from page 208 of the volume for 1963.
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It was expected that a function of the form T ab O b< 1, 

e.0. a function that is linear in the logs of the two variables, 

would provide an adequate fit to the data. However, plotting the data 

revealed that the function (6) provided a closer fit. Regressions of 

the form (6) were run on the undeflated cruzeiro cost for the five 

years 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 finally the parameters 

were converted from druzeiros to US dollars by using the free exchange 

rate for the month in which the observations were made. The results are 

shown in Table 2.1. 

Table 2.1 

Parameters for the Railroad Freight Cost Function 

Current Deflated US 
PriceCruzetros Cruzeiros dollars Exchange 

Year a b a b a b Rate Index 

1959 354.53 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 658.67 2.570 71.3 0.278 1.79 0.00700 367 924
 

i963* 955.00 3.896 54.9 0.224 1.54J 0.00644 620 1740
 

*This last regression 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 International Financial Statistics, published by the
 
come from page 196 ofAitern'tinalil tof6terY Fund;. .Thaptio.indices 

Annuario HEstatistico do Brasil for 1963.
 



,.The 	fits were so go" (the minimum R square wes greater than 

one supposes that the rate makers set the rates proportional.991) that 

to tho length of haul with a fixed charge for handling and loading costs. 

IfIthe statistics presented inAnnuario getatistico do Brasil reflect 

the actual rates charged by Estrada do Ferro Central do Brasil, the 

,freight rates failed to keep up with the inflation. This phenomena 

has been observed and commented upon In detail inan article by Beer, 

Kerstenetuky, and Smotasn. 1 From Table 2.1 It Is apparent that the 

decrese in the deflated freight rates,ipflatioh resulted not only in a 


but that it also caused a change In the structure of the rates, i.e. 

the cost of long distance shipping relative to short hauls decreased 

the decline of the parameter b both indeflated cruzeiros and
(notp 

In Us dollars). 

For most of the experimental runs of the model, the coeffi

cionts for 1962 were used so that the function was T u 1.80 + 0.00700(X). 

Thus. for a shipment of a distance of 500 kilometers the railroad 

freight cost would have been estimated as US$5.30 per ton of steel 

set of runs were made using different values ofbars or plates. A 


these parameters. This is discussed in Section 6 of Chapter III.
 

'Werner Baer, Isaac Keretenatzky, and Marios Henrique Simonsen,
 
"Transportation and Inflation: A Study of Irrational Policy Making 
InBrazil," Economic Development and Cultural Change. Vol. XIII,
 
No. 2, January 1965, p.188.
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WhilelEstrada doFezto Central do Brasil Isprobably the 

railroadwhich carries the largest share of steel products inBrazil, 

a number of other railroad lines carry these products. However, as 

information was not available as to what part of the shipments is 

carried by each of these lines, the freight costs of Estrada de Ferro 

Central do Brasil have been used for all product shipments on railroads. 

Since insome 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 rest 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. In
 

each of these cases it isnecessary to transport the products across
 

the Great Escarpment (amountainous barrier which separates the south
 

central coast of Brazil from the interior). Similarly, toll charges
 

could have been placed on routes where there iscongestion.
 

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

estimated 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 



between 200 and 500 kilometers *i2 times the railroad freight coat; 

.and for distances greater than 500 kilometers,- 1.5 times-the railroad 

freight cost.1
 

Barge and ship freight rates have not been estimated.2 At 

present there is little or no shipping of steel products within 

Brazil by barges or ships; however, in the future there may be such 

shipments of final products from USININAS to Rio de Janeiro and to 

SXD Paulo. For the moment it has bein assumed that all product from 

the USININAS 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 follows: 

plant 1 - COSIPA, plant 2 - USIMINAS, plant 3 - CSN market area I -

Sao Paulo, market area 2 - Rio de Janeiro, and market area 3 - Belo 

orizonte. This table gives distances between the markets and plants
 

over feasible routes. The FORTRAN program written to calculate the
 

minimum cost route from each plant to each market employs the cost
 

function. shown above, in conjunction with the toll charges, and the 

ditacetable to calculate the cost over each of the possible routes, 

1The idea of using a step function came from Edgar M. Hoover's, 
The Location of Economic Activity, McGraw-Hill, New York, 1948,
 
pp.19-20.
 

2 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 information
 
could be used.
 



ud the silo' t the 140stwoost route. Table '244h~wl the results 

based o," the qost, parameters estimated for 1962. 

Inaddition to transportation cost for shipping final products, 

estimates pave been made for the freight cost of shipping ingot steel 

"itvsqu plapps. These costs are based on the roi~.road freight cost 

for final prodIucts and thus probably slightly overestimate the rates 

acoully phoroed fpr shipping theme intorpjodiate products, 

* Table 2.2
 

Distanes Between Ilgnts ggd Mar1~ata
 

Plnpt fairket Roiqte Truck 
Km. 

TraZ~i 
Rm. 

Barpe Ship 
(tautioal 14iss) 

1 8 P0 0 

121 
2 0 

5 
85 

0 
0 
0 

0 
220 

2 
1 35 

0 5§2 
0 

0 
o2 

0 
0 

'1 
1 

3 
3 
1 

1 
20 

64.2 

771 

0 
837 

0 

0q,
00 
0 0 

2 1 .2 0 846 00 
-1 3 85 451 4WP 
2 1 667 0 0 0 

22 0 640 00 
2 
2 

23 
1 1 

0 
214 

45i. 
0 

260 
0 

0 
0' 

2 
31 

31 

31 a 

2 

0 
353 

,0 

214 
0 

353 

0 
0 
0 

0 
101 
0: 

32 1 0 
3, 

3 
2 
3 

2 
1 

30473' 
473 

952 
0 

0, 
060 
0P 

-0 

0 
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Table 2.3
 

Tmanaportation Costs 

Pa Trans. Cost 'Louts}Trarnt 

1. 1 2.65 1 
1 +2 6.37 2 
r1 3 8.15 2 
2 * 7.72 2
 

22 6.282 2
3.292 3 
S+1 4.27 2 

.3 2 2.93 1 

3 3 5.11 

. Production Cost
 

3.1 Form of the Function. Production costq are caleplated as a 

lines; function of the inputs and the costs of these inputs, 
usin8 a 

function of the form 

k - )_qsl,...,n(7) h k -. 1,..,,p 

a t.n pf produtwhere u the cpst in, S$/netnio ton fqr prd.cn,i-s 

4npan .f is the cost in UB/unit" for~f .@tor input hb at plant 4, 

input h per metric
and' s to the spwific input in unips of the factoi 

ton of product k at plant i. 

the two elemupts of.A linear function has been used because 

cost that would appear to be the most itqportant non-linearcomponents

of post, capital cqst and lbor cost, are either exludedfrom the; 

a small share of total cost.,function or else theyv acco unt'for 
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capital coat. is treated as sunk costs and therefore excluded# 

assume that the interestThat is, for this first part of the study we 

charges on the loans secured to purchase the capital equipment 
must
 

not. Thus, the capital costbe paid, whether the equipment isused or 

to produce.is unaffected by decisions as to when, where, and what 

Labor costs, on the other hand, are assumed to be incurred 
in 

This may be
 
a linear relation to the scale of output of each 

plant. 


Data on labor costs in the production
 a serious departure from reality. 


of steel 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
 

is shown in the following sections to be calculated 
as the sum of some
 

This type of detailed breakdown of the eleten to fifteen elements. 

ments of cost at each plant is possible because technical information
 

on the specific consumption of blast furnaces 
and steel furnaces is
 

As it is move difficult to obtain this
 relatively easy to come by. 


type of information for each of the many rolling 
mills in each steel
 

plant, cost breakdowns for the products of each 
of these mills have
 

Rather it has been assumed that the greatest 
part of
 

not been made. 


the variation in the marginal cost of finished steel products, 
among
 

steel plants in Brazil, can be attributed to differences in raw
 

cost and to the different technologies used at the various
:material 

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

In the mixed integer programming model which follows in
Chapters 

and V, this admittedly weak assumption was dropped 
and detailed cost 

each stage of the process were 
calculations for the conversion cost at 


made.
 

IV 
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aloulations of the costs of final products are based only on their
 

ingot steel costs. The cost of each product is calculated as the
 

ingot steel cost at the plant times:the input coefficient for the
 

tons of ingot steel required to produce a ton of the final product.
 

Though there will be some variability in these coefficients from
 

p1lnt to plant; in this study they have been assumed equal for all
 

plants. The coefficients used are 1.28 for steel plate, 1.24 for hot
 

strip and sheet, 1.31 for cold strip and sheet, and 1.40 for tin plate.
 

Thee coefficients were estimated from data for the plant at Volta
 

Redonda in 1962. 

3.2 Specific Inputs. This section and the next consist of 

descriptions of the specific inputs and unit cost data used for 

calculating pig iron and ingot steel cost at each of the plants. The 

abbreviations used in the tables of these two sections are explained 

in Table 2.4. 

,Aset of specific inputs for the production of pig iron and
 

steel in the three major plants inBrazil is shown in Tables
to 


25and 2.. This set, which was used for most of the runs of the
 

sased on from the publications ofm..dlis b information obtained 

stituto Latinoamericanothe' .. del Fierro y el Acero, ILAFA (the 



Latin Aerica' .iroi.andSteel Institute) ; ? some tudie. of t.fe 

conomic Conisstion for.,Latin America, ECLA .annual reports.of.t
 

steel companies; and tdata collected by the tuthor vhil~ visiti, <Ag
 

eleven of the major steel mills inLatin "meric.ajdiring the latter
 

half of 1964 and rthei.rst month of 1965.. Appendix B includes.
 

tablesof the raw dAta.'accompanied by detailed .comments on the sources.
 

, Soe comments on the data in Tables 2.5'and 2.6 are inorder
 

at this point.' The'vectors of input coefficients£for',theiCOSIPA',L
 

plant near Santos are those anticipated by the engJneers,because
 

neither the blast furnace nor.the LD converters 'were ye-in 'opera-, ii
 

tion In January 1965! With the exception of the labor and maintenance.
 

inputs and the coke gas output the data come from engineeri:ng tudies
 

prepared by the firm and 'l-onsultantsfor the firi. The', labor anid.'
 

See Repertorio de las Empresas Siderurgicas Latinoamericanasi.
 
1962-63, published by ILAFA.(Casilla 13810, Santiago, Chile)'in0'l462,
 
A now edition of this report ihich gives names of officialsof the.:::
 
companies, descriptions of equipment, capacities, and product.ion is'_to
 
be published in 1965. Also, see the monthly magazine ofithis,'organi'-,. 
zation, Revista Latinoamericana de Siderurgia, and a study done..jointly 
by ILAFA and ECLA and sponsored by the Interamerican.'Development** 
Bank, Economia Siderurgica Latinoamericana, in ptartidular-the . 
'Monografias Nacionales" published by ILAFA in Santiago in'.963.. 

2
ECLA, ;Economia Siderurgica Latinoamericana, op.cit. Also,' Unit ed 

Nations, Interregional Symposium on the Application of.Modern,'Te'chni
cal Practices in the Iron and Steel Industry to Developing ounties' 
"The Iron and Steel Industry of Lptin America, Plans and.Perpetivi,30 October 963."' 
Steel Symp. 1963/Discussion Paper/ECLA 2, 
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Table 24 

Abbreviations Used in Tables 2.5 and 2.6 

ORE Regular iron ore 
OREF Iron ore fines 
SINTR Sinter 
PELLT Pellets 
RSCRAP Plant scrap or return scrap 

PIG Molten pig iron-
PIGIN Pig-iron in ingots 
SPONG Sponge iron 
COALN National Coal 
COALM Imported Coal 
DOLO Dolomite 
LIMST Limestone 
QLIME 
MNG 

Quicklime 
Manganese 

ALUM Aluminum 
FLUOR Fluorspar 
FMANG Ferromanganese 
FSILC Ferrosilicon 
FUEL Fuel Oil 
NAGAS Natural gas 
OXY Oxygen 
ELEC Electrical energy 
ELTRG Graphite electrodes 
ELTRP Paste electrodes 

*REFRA Steel furnace refractories 
BFGAS Blast furnace gas 
EFBAS Electric furnace gas 
CKGAS Coke gas 
DLAB Direct labor 
ILAB Indirect labor 
MAIN Maintenance 
TONS Metric tons 
1000M3 Thousand cubic meters 
1000KH Thousand kilowatt hours 

10NHOR Man hours 
UNITS Maintenance units (defined as 

US$ 1 of maintenance cost) 



mii4tenrahe cost Inputs come from the'ECLA study and'the_coe gas:
 

output statistic -comes from a study on the Mexican steel industry
 

2
 
mentioned earlieri The blast furnace at the COSIPA plant is not
 

iniilly equipped for fuel oil injection, thus the coke rate of
 

Once the furnace is modified to permit fuel
680 kgograms per ton. 


oil %njebtion one would expect this coefficient to decrease by about
 

100kilograms per ton'or more while the fuel oil coefficient will
 

It appears that there is
increase to between 50 and 100 kg per ton. 

/ 

ta r error in the COSIPA estimate of the specific input of water per ton
 

for the other two.of pig iron as this figure is much larger than 

The oiginal COSIPA estimate wasplants with no apparent reason. 


used ,for the linearprogramuing model but modified before runs were
 

begun with the mixed integer progravming model.
 
0 

,'The USIMINAS data reflect the actual operating conditions in
 

11id plant in the months prior to January 1965. At that time only one 

,*o~thetwo blast furnaces was in operoton and the plant was usng 
a
 

The data shown here assume that both
100 per'cent sinter charge. 


blhat furnaces are~in operation. A vector of input coefficients for
 

100 per cent ointer charge
tlo one blast furnace operating with a 

is shown in Appendix B. 

lECLA, 'Economic Sderurgica Latinoamericana, op.cit., Ch. 7
 

2comite para la Programacion de la Industria Siderurgica, o2.cit.,
 

Volume II, Appendix VIII.
 



Table 2.5 
Spe1cifi€ nuts - PIS 1ron 

(Units-per Ton of Produot) 

ORE tons 
OREF tons 
SINTR tons 
PEILT tons 
SCRAP tons 
RSCRP tons 
PIC tons 
pIGIN tons 
SPOWO tons 
COALN tons 
COALM tons 
COOC tons 
DOLO tons 
LDI4ST tons 
QLINE tons 
MANG tons 
ALUM tons 
PLUOM tons 
FmAm tons 
FBILC tons 
FUEL tons 
NAcAS 100013 

OXY 1000V3 

mLm 10001W 

ELTRO tons 

ELTRP tons 

WATER 1000H3 

STAM tons 

ERM tons 

BFGAS 100013 

MmAS 10003 

C ,GAS 1000143 

SLAG tons 

DLAB 

A MANHOR 


MAIN UNITS 


COSIPA 

.700 

0.000 

.760 


0.000 

0.000 

0-.000 

0.000 

0.000 

0.000 

0.000 

0.000 

.680 


0.000 

.400 


0.000 

.Q25 


q.O00 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

.007 


0.000 

0.000 

.650 

.020 


0.000 

-3.300 

0.000 

- 138 

-.430 

.390 

,650 


2.700 


USIMNAS CSN 

.470 .782
 
0.000 0.000
 
.1100 .794
 
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 .461 
.552 .589 

0.000 	 0.000
 
.035 .035
 
.132 .272
 

0.000 	 0.000
 
.040 .018
 

0.000 0.000
 
0.000 0.000
 
0.000 0.000
 
0.000 0.000
 
0.000 .050
 
0.000 0.000
 
0.000 	 O.0O0
 
.070 .070
 

0.000 0.000
 
0.000 0.000
 
.100 .015
 

0,000 0.000
 
0.000 0.000
 
-2.624 -2.624
 
0.000 0.000
 
-.138 -.138
 
-.476 -.476
 
,go .390
 
.650 .650
 

2.700 2.700
 



Table 2.6
 

Ton of Product)
- u~tSte csi8
(u~lPer 


Auaif 


.005 .11ORE 	 tons .040 

05E8 	 tons 0.000 0.000 0.000 

0.000 0.000
81M1f 	 tons 0.000 

0.000 0.000
IELLT 	 tons 0.000 


.276
tons .220 .187 

RCU tons 0,000 .014 .039 

PG tons .880 .929 .628 
0.000 .097
PIGZN 	 tons ,016 

0.000 	 0.000 0.000
SPOp 	 tons 

tons 0.000 
 0.000 0,000
COALY 
 0,000
COALM 	 tons 0.000 0.000 


COKE 	 tons 0.000 0.000 0.000 
.006 0.000
0.000
DOLO 	 tons 


LIST 	 tons .080 .001 .042
 
0.000
QLIZN 	 tons .080 .059 
0.000
HANG tons 0.000 0.000 


.004 
 0.000 0.000
ALUM 	 tons 

.004 0.000.008
LUOR tons 

0.000 0.000
IMANG 	 tons .007 
.001 	 0.000 0,000
FZLC 	 tons 

11m. 	 tons O.OOQ 0.000 .118 
0.000 0.000
NAAS 	 1000)13 0.000 
.050 ,004


OXY 	 1000M3 .057 

.012 0.000
81.0 	 I00KH .022 

ELTRO 	 tons 0.000 0.000 0.000 
0.000
ELBP 	 tons 0.000 0.000 
.020
.029
.016
WATER NO003 


STEAM tons 0.000 0.000 0.000
 
.007 .043.009
REPIA 	 tons


BYA 	 1.I000H13 O,000 0.000 0.000
SIM 	 1000)3 0.000 0.000 0.000 

0.000
0.000
CKU 	 1O00M3 0.000 

0.000 0.000
tons o.000
SLAG 
 ,167WmB 	 MASHOR 1.90 1.980 

.950
MAOR 0,000 	 0.000uA 
MAIN 	 UIT 4,500 4,500 6.340 
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The coke Input for the USIKXNAS blast furnace has been divided 

isto input coefficients for national and imported coal. The coke rate 

ws600 ks -- the low rate resulting from the high sinter charge 

.even without fuel injection. Sinter has some fuel mixed with it; 

therefore the lower rates. The labor and maintenance input coeffi

cients for all plants come from the ECLA study cited earlier and are 

based on operating experience of the Volta Redonda plant in 1962. Thus
 

they provide a very rough approximation. Fortunately labor costs 

are not an Important share of total cost inpig iron pnd ingot steel 

production. While technical information on raw materials inputs can
 

be readily obtained, the equivalent information on labor input is 

often more closely held, so that representative data iad to be used. 

As in the case of COSIPA the coke gas output coefficient comes 

from the Mexican study mentioned above. The same is true for the 

blast furnace gas. The dolomite input coefficient may be classified 

as author's guess.
 

The CSN input vectors are based on information taken from flow 

Charts for the operation of the plant in 1962, However, some modifi

cations have been made. The estimated cokeM rate for the blast fur

naces at Volta Redonda in 1962'4as 764,kilograms per ton of pig iron. 

Since that date fuel oil injection equipment has been installed. Thus, 

it is assumed here that 50 k of fuel oil isbeing injected per ton of 

pig iron produced, and that this injection has brought the coke rate 
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don to 686 kilogrsm per ton of pig iron. Table 2.5 shows the 

-entonal and Umorted coal ,inputrequired to produce 686 kilograms 

of 'coke. Ho42ou1tion of the other coefficients which may have 

occurred as a 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

ficients from the SCLA study. Since the NCLA statistics on labor 

input come from a survey conducted in 1962 at Volta Redonda, they 

offer a reasonable approximation to the present operating situation in 

the plant. 

The specific input coefficients for ingot steel production 

same sources as those described forshow~in Table 2.6 come from the 

theinput coefficients for the production of pig iron. The exceptions 

to this rule are the labor and maintenance input coefficients. The 

from the ECLA study but those for COSIPA andstatistics for CON come 

The 1.98 man hours per ton of ingot steel at USIMINABUSMRINS do not. 

to a number obtained by the author at the plant. The 4.50 units of 

maintenance is estimated to be somewhat less than the 6.34 for the 

equivalent input at Volta Redonda, since U8IHINAS isa new plant with 

The direct labor andLD converters instead of open hearth furnaces. 

maintenance coefficients for COSIPA (also a new plant) are assumed 

.equal to those for USIMINAS. 
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the case of the stinterExcept for exceptional cases such as 

charge at UaIHKb these input coefficients do not change markedly 

in the output level of the plant. At USMINAS the eWh changes 	 nter 

Oharge will decrease from the 100 per cent level now used to the 	level 

' e ° 
shown in Table 2. 5iwtos1;ad~beherca blti 1wtmcr:bftat II 

operation. 

The input coefficients may not be strongly affected by the 

level of output In a plant, but they do change significantly with 

MOdificatione to the equipment. Because of the discrete nature of 

changes in technology, these changes require the replacement of a 

vector of specific inputs by a new vector. The facility with which 

these vectors can be changed, new cost calculations made, and the
 

elements of the linear programming matrix revised, increases the 	use

fulness of this type of model in studying the effects of technical 

A series of tests with different technologies were conchanges. 

ducted on this model. They are discussed in section 3 of Chapter III.
 

3.3 Unit Cost of nputs. Table 2.7 gives the unit cost 

(delivered at the plant) of inputs used for most of the experiments
 

It has been assumed that the supply of
conducqed with the model. 

these Inputs isperfectly elastic at the prices shown. 

The unit cost vector for COSIPA is based on estimates of the 

Ccmpa w in 1964. The basic data were in cruseiros of July 1964 and 

were therefore converted to dollars at the free exchane rate of 
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that date, 13,000 cruzerios per. US dollars. The data for USIHINWA 

were for' January 1963 and vere in cruzeiros of that date. Therefore, 

they were converted to dollars at the free exchange rate of 475 

cruserios/U.S. dollar. The data for CSN were estimated by the author 

on the basis of the unit cost for inputs at USIHIS and COSIPA and a
 

knowledge of the source of the raw materials used at Volta Redonda. 

Labor and maintenance cost estlintes were taken from the ECLA study 

mentioned above. 

The cost of coke inputs at the different plants was calculated 

as a weighted average of the cost of national and imported coals 

delivered at the plant. The weights employed were the percentage of 

national and imported coala used in each of the plants. Both COSIPA 

and USIDIA8 used 40 per cent national and 60 per cent imported coal 

while CSN used 44 per cent national and 56 per cent imported in 1962.1 

Because of the tendency of most steel companies to prohibit 

the release of any cost information, it is difficult to obtain this 

kind of data. For planning models of this sort one needs not only ob

servations on present cost of inputs (and better yet, some measure of 

the variability of these costs) but also some projections about how 

-hese costs may be expected to change over the time period included in 

thea study. 

The present state of data availability in Brazil limits one 

to present (or recent past) prices in the form of single observations 

This information was obtained by the author in interviews at the 

steel plants and company offices. 



Table: 2.7 

Onit Cost of Inputs 
(Dollars per Unit) 

COSIPA USIHIAS, CON 

01 tons 5.69 2.84 3.50 

OW tons 0.00 2.27 0.00 
SIXTR tons 11.70 5.54 9.00 
PELT tons 0.00 0.00 0.00 

SCRAP tons 23.10 32.20 24.00 

RSCRP tons 25.00 35.00 26.00 

PIG tons 34.45 30.48 38.15 

PIGIN tons 31.00 27.43 34.34 
SPONG tons 0.00 0.00 0.00 
COALN tons 25.60 29.90 27.00 
COALM tons 21.00 18.35 22.00 
COKE tons 29.85 30.65 31.85 
DOLO tons 0.00 0.00 0.00 
LIMST tons 4.61 5.04 5.00 
QLINE 
MANG 

tons 
tons 

6.00 
42.30 

6.00 
35.00 

6.00 
35.00 

ALUM tons 0.00 0.00 0.00 
nUoR tons 20.00 20.00 20.00 
PANG tons 280.00 280.00 280.00 
VSILO tons 344.00 344.00 344.00 
rUEL tons 27.60 25.00 28.00 
NACAS 1000M3 0.00 0.00 0.00 
Y 

ELEC 
1000)3 
1000KB 

40.00 
16.70 

40.00 
14.00 

40.00 
16.00 

ELTRG tons 0.00 0.00 0.00 
LRP tons 0.00 0.00 0.00 

WATER 1000H3 6.05 5.00 5.00 
STEAM tons 3.60 3.60 3.60 
REPIA tons 117.00 117.00 117.00 
BFGAS 1000143 2.18 1.50 1.50 
EFGAS 1000M3 0.00 0.00 0.00 
ClAS 1000M3 12.60 7.00 7.00 
SLAG tons 0.00 0.00 0.00 
MUB MAoRO .42 .42 .42 
ILAB HANOR .50 .50 .50 
MAIN UIUTS 1.00 1,00 1.00 



without an indication of the variation of the prices. This situaLou 

ismade more difficult by the inflation. While one can deflate data 

obtained for different time periods or can use the free market exchange 

rate, these measures assume that there is no change in the relativa 

prices 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. More 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 relatively 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 so
 

great that even relatively large variations in cost would not affect
 

The same holds true for
competitive positions in key market areas. 


It may be that rates of exchange
variations in 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 

country, and until one knows something about the variation in ex

change rates and can test the stability of investment study models
 

within the limits of the variations that are known to take place.
 



The cost breakdowns given in Tables 2.8 and 2.9 provide a 

measure of the relative Importance of the different inputs in deter

mining the total coat of pig iron and ingot steel.
 

Though a systematic test of the model under changes in the 

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

cost parameters have been made to provide some indication of the pro-

The results of these tests are discussed in theparties of the model. 


next chapter. 

4. The Matrix. 

Once transportation and production costs are calculated, they
 

are input to a third FORTRAN program which uses these values to.
 

Other objective
calculate some of the objective function values. 


function values, constraint values, and matrix coefficients are read

in by the program. The program then punches out, in the required
 

format, the input deck for the linear programming problem.
 

A list of the abbreviations used in the linear programming 

%matrixis given In Table 2.10 and the matrix itself is shown in 

Figure 2.1.1 A brief introduction to the problem is followed by an 

explanation of each group of columns and rows in the matrix. 

1The page after Table 2.10 and prior to Figure 2.1 is a guide to the'", 

mnemonics which are most frequently used in this paper. 



Table 2.8
 

Cost Breakdown
 
(Dollars per Ton of Pig Iron)
 

Inmt USDEIRAS S 

OB0 '0 3.98
00.00 

1.33 
0.00 

2.73 
0.00 

8P 8.89 6.09 7.14 
PiLLT 0.00 0.00 0.00 
SCRAP 0.00 0.00 0.00 
RSCd 0.00 0.00 0.00 
PIG 0.00 0.00 0.00 
PICI. 0.00 0.00 0.00 
SPONG 0.00 0.00 0.00 
COALN 0.00 11.09 12.44 
COALK 0.00 10.12 12.95 
COKE 20.30 0.00 0.00 
DOLW 0.00 0.00 0.00 
LINST 1.84 .66 1.36 
QLIMH 0.00 0.00 0.00 
M 1.05 1.40 .63 

ALUM 0,00 0.00 0.00 
PLUOR 0.00 0.00 0.00 
MAN 0.00 0.00 0.00 
FSILC 0.00 0.00 0.00 
PUEL 0.00 0.00 1.40 
NACAS 0.00 0.00 0.00 
OIL 0.00 0.00 0.00 
EM .11 .98 1.12 

ELTPG 0.00 0.00 0.00 
LTIP 0.00 0.00 0.00 
WATER 3.93 .50 .07 
STEAM .07 0.00 0.00 
RElMA 0.00 0.00 0.00 
BFAS -7.19 -3.93 -3.93 

.AS 0.00 0.00 0.00 
CK AS -1.73 -.96 -.96 
SL .0.00 0.00 0.00 
DLAB .16 .16 .16 
fLAB .32 .32 .32 
MAI. 2.70 2.70 2.70 
TOTL 3434.45 30.48 38.15 



;Table 2.9
 

Cost Breakdo.
 
(Dollars per Ton of ingot Steel
 

ORE 

OREF 

SImt 


P3LLT 

SCRAP 

RSCBP 

PIG 

.P1G0I 

SPONG 

COALN. 

COM 

COlt, 

.OW 

LIMST 


QM 


ALUM 

FLUOR 

FMANG 


WFSILC 

FUEL 

NAAS. 

OXY 

ELEC 

ELTRG 

ELTRP 

WATER 

STEAM 

REFRA 

BIGAS 

EFGAS 

CKGAS 

SLAG 

DIAS. 

IAI 

MAIN 

TOTAL 


3OSutA.,A 


22 

0.*00 

0.00 


.00 

5.08 

0.00 


30.32 

.49 


0.00 

0.00 

0.00 

00.0 

0.00 

.36 

.48
0.00 


0.00 

.16 


1.96 

.34 


0.00 

-0.00 

2.28 

.36 


0.00 

0.00 

.09 


0.00 

1.05 

0.00 

0.00 

0.00 

0.00 

,83 


0.00 

4.50 

48.56 


CSN
USimINA 


.01 	 .38
 
0.00 0.00
 
0.00 000 

0.00
0.00 

6.62
 

.49 1.01
 
6.02 


Z3.96
28.31 

3.33.
0.00 

0.00
0.00 

0.00
0.00 


0.00 0.00
 
0.00
0.00 


0.00 0.00
 
.21
0.00 


0.00
.35 
 0.00
0.00 


0.00
 
.08 0.00
 

0.00 


0.00 0.00
 
0.00
0.00 


0.00 3.30
 
0.00
0.00 


2.00 	 .16
 
.16 0.00
 

0.00
0.00 

0.00 	 0.00
 
.14 .10
 

0.00 	 ,0.00
 
.81 5.03
 

0.00 40.00
 
0.00 0*O.O0
 
0.00 .100.00
 
0.00 	 V0.00
 
.83 P.07
 

0.00 	 .47
 
4.50 6.34
 
43.74 '51.01.
 



T~$le 2:10*- 1 

Abbreviations Used in the,Vinear'Programning Matrx
 

Abbreviation Explanation 

SA COSIPA plant near Santon 

US, usIMINAS plant near Ipatjnga 

VR CSN plant near: Volta Redonda , 

market area around Sao Paulox.. •SP 


RJ market area around Rio de.Janeiro. .
,.'"' .,,4 


market area around Belo Horfzont6BH 

S product index for ingot-ateel'
 

P product index for steel plate
 

H product index for hot sheet
 

. d' .
,,n i
 

C. product.index for cold sheet
 

*anad,strip, 

T product "index,for tin plate.
 

S steel,furnaces 

P piimary rolling mill 

R roughing izll' . 

.H hot strip finifhin. ill


€'cold, strip mi'i 

T inning line 

C 



USSAS 

VRSAS 


SASPP 

SARJP 

USRJP 

USBHP 

VRSPP 


VRRJP 


SASPH 

USRJH 

USBHH 

VRSPH 

VRRJH 


SASPC 

SARJC 

SABHC 

USRJC 

USBHC 

VRSPC 

VRRJC 

VRBHC 


SASPT 

USBHT 

VRSPT 

VRRJT 

VRBHT 


IMSPP 

nMRJP 

IMRJH 

IMSPC 

IMRJC 

IMSPT 

IMRJT 


SAEXH 

VREXH 

SAEXC 

VREXC 

VREXT 


guide to Mnemonics,
 

Column Mnemonics 


USIMINAS to Santos: ingot steel
 
Volta Redonda to Santos: ingot steel 


Santos to Sa Paulo: plate 

Santos to Rio de Janeiro: plate 

USIMINAS to Rio de Janeiro: plate 
USIMINAS to Belo Horizonte: 
Volta Redonda to Sao Paulo: 

plate 
plate 

Volta R. to Rio de Janeiro: plate 

Santos to SSo Paulo: hot sheet 
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Row Mnemonics
 

Capacity - Plants
 

SAS Santos: 

SAP Santos: 

SAR Santos: 

SAH Santos: 

SAC Santos: 

SAT Santos: 


USS USIMINAS: 

USP USIMINAS: 

USR USIMINAS: 


steel plant 
primary mill 
roughing mill 
hot strip mill 
cold strip mill 
tinning line 

ateel plant
 
primary mill
 
roughing mill
 

USIMINAS to Rio de Janeiro: 

USIMINAS to Belo Horizonte: 

Volta Redonda to Sao Paulo: 

Volta R. to Rio de Janeiro: 


Santos to Sao Paulo: cold sheet 

Santos to Rio de Janeiro: cold sheet 

Santos to Belo Horizonte: cold sheet 


cold sheet
USIMINAS to Rio: 

USIMINAS to Belo: cold sheet 


hot sheet USH USIHINAS: hot strip mill
 
hot sheet USC USIMINAS: cold strip mill
 
hot sheet UST USIMINAS: tinning line
 
hot sheet
 

Volta Redonda to Sib Paulo: cold sheet
 
Volta Redonda to Rio: cold sheet
 

VRS Volta Redonda: 

VRP Volta Redonda: 

VRR Volta Redonda: 

VRE Volta Redonda: 

VRC Volta Redonda: 

VRT Volta Redonda: 


steel plant
 
primary mill
 
roughing mill
 
hot strip mill
 
cold " " 

tinning line 

- Markets
Volta Redonda to Belo: cold sheet Requirements 

Santos to S~o Paulo: tin plate SPP Sa'o Paulo: 
USIMINAS to Belo: tin plate SPH Sao Paulo: 
Volta Redonda to Sao Paulo: tin plate SPC Sao Paulo: 

Volta Redonda to Rio: tin plate SPT STo Paulo: 

Volta Redonda to Belo: tin plate
 

steel plate.
 
hot sheet
 
cold sheet
 
tin plate
 

RJP Rio de Janeiro:, steel plate
 
Imports to Sao Paulo: plate RJH Rio de Janeiro: 

Imports to Rio de Janeiro: plate RJC Rio de Janeiro: 

Imports to Rio de Janeiro: hot sheet RJT Rio de Janeiro: 

Imports to Sao Paulo: cold sheet
 
Imports to Rio de Janeiro: cold sheet BHP Belo Horizonte: 

Imports to Sib Paulo: tin plate BIlH Belo Horizonte: 

Imports to Rio de Janeiro: tin plate BHC Belo Horizonte: 


BHT Belo Horizonte: 

Santos to Exports: hot sheet
 
Volta Redonda to Exports: hot sheet
 
Santos to Exports: cold sheet
 
Volta Redonda to Exporta: cold sheet
 
Volta Redonda to Exports: tin plate
 

hot sheet:-'
 
cold shebt
 
tin plate
 

steel plate
 
hot saheet
 
cold sheet
 
tin platil,
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The matrix conpisto of an objective CoW, "COSTtt thirty other 

rows and sixty-six columns. The columns fall into four groups. The 

first of these is the set of activities for producing ingot steel at
 

one plant and shipping i to another plant. The second group is pro

duction-trapeportation activities such as SASPPs ie. the production 

of steel plato at the Santos plant and its shipment to the market arrea 

of 826 Paulo. The third an4 fourth groups are, respetively, imports 

and exports. 

The row may be divided into athre groups The first group 

,.consists of a single row, which is the objective row, "CQOT The819 

second group of row is the set of proouctipn constraint rove, uhich 

prevents the output of each of the piroouct$on unitq from exceeding its 

capacity. The last group of rows requirer that the total preduction and 

tranpportation of products to each market area be at least sufficient 

to supply the requirements for each good. 

The problem presentqd in the matriX is akin tQ the clasqic 

maohine-scheduling problem. The pachine-scheduling problem is one of 

determining how much of each of a number of differept 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. Milarly, in our problem the capacities of 

the blast furnace-qteel shop, the primary mill, the roughirg mill, 



and the cold strip mill, and the tinning line for
thefLnishing mill, 

each of the three plants are given. The profits for each product 

are not given, but rather the problem is constrained (by the third 

in the matrix) to produce or import at least the re
group of rows 

quired quantity of steel plate, hot sheet and strip, cold sheet 
and 

strip, and tin plate for each of the market areas. And, in addition, 

to do this at the minimum possible cost, given the
it is required 

That Is,
 
cost of operating each of the activity vectors at unit 

level. 

the problem is to find that combination of production-transportation 

activities, exporting activities, and importing activities 
that will 

of flat steel products in Brazil, whileminimize the total cost 

meeting the requirements of each market area, and not exceeding 
the 

:capacity constraints of the existing production units in the plants. 

the matrix of Figure 2 will-clarifyAn explanation of the elements of 

the problem. 

The first six columns of the matrix are activity vectors for 

one plant and its shipment to anotherebe production of ingot steel in 

For example,
plant as an intermediate product. (Figure 2.1, Part 1.) 

SAUSS (colum #1) is the activity nea for the production of ingot 

Santos and its delivery to the USIHINAS plant at lpatina.steel at 


The cost of this activity is US$18.54 per metric ton. This is equal
 

steel at Santos, minus the
to the cost of producing a ton of ingot 


cost of producing a ton of ingot steel at USI M S, plus the cost of
 

http:US$18.54


transporting the ton of ingot steel from Santos to USDMIDIAS This 

Is the net cost to the system of this shipment of intermediate 

product. 

Proceeding down the first colum one finds a 1.00 in the* M vows 

This means that when activity SAUSS Is operated at level x1, that 

(l.00)(x) units of the available steel capacity at Santos are used. 

'
 
up. Thus, if x, .150, then 150 thousand metric tons of ingot steel 

are produced at Santos and shipped to USDIIAS, thereby reducing the 

quantity of steel available for producing final products at Santos by 

150 thousand tons. Page 6 of Figure 2 shows that the constraint for
 

the SAS row Is the miniumm of (.72)/(.88) and (.80). This requires
 

that the ingot steel used for shipment to other plants and for use in
 

final products, vhether consumed domestically or exported, must be
 

less than the minimum of the steel-equivalent capacity of the blast 

furnace or furnaces and the capacity of the steel shop. The capacity
 

of the blast furnace at Santos is 720 thousand tons, and the specific 

Input of pig iron to ingot steel production is 880 kilograms of pig 

iron per ton of ingot steel. The capacity of the LD converters in 

the steel shop is 800 thousand tons per year. 

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

This means that each ton of ingot steelminus one In the USS row. 


shipped from Santos to USIMINAS decreases by one unit the constraint
 

on steel capacity at USMNAS.
 

http:72)/(.88


The remaining five columns of this group (columns 2-6) repeat 

the pattern of column one for each possible combination of shipping 

and rrnceiving plantwith a plus one in the row for the steel shop of 

the shipping plant and a minus one in the row for the steel shop of
 

the receiving plant.
 

Column seven begins the second group of activity vectors.
 

This group includes column 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
 

includes (3)(3)(4) or 36 activity vectors.
 

The first vector SASPP (column 7) is for the production of 

steel plate at Santos and its shipment to Sao Paulo. Thus, UM67.12
 

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
 

required. 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 shipped. Likewise, before it is
 

finished and ready for shipping the plate must pass through the
 

roughing mill, but by the time the product reaches the roughing mill.
 

most of the scrap losses have already occurred. Therefore, only 1,10.'
 

tons of annual capacity at the roughing mill are required for each
 

ton of plate.
 



Turning to page six of the mtrix, we find that the capacity 

oftthe primary mill at Santos is 1.80 million tone per year and the 

capacity of the roughing mill is 1.00 million tons per year. It is 

interesting to observe the variation in the capacity of the five maln 

production units at the new steel plant at Santos. The steel equiva

lent capacity of the blast furnace is slightly more than 800 thousand 

tons per year, the capacity of the steel shop is 800 thousand tons, the 

primary mill 1.8 million tons, the roughing mill 1.0 million tons, Ond 

A part of this variation. s
the finishing mill 1.5 million tons. 


because each of these units is required to process different amounts
 

of product, even in a facility that isusing all of them at capacity.
 

However, a much more significant-part of the variation isdue to the
 

technology of the equipment. The high capacity of the primary mill
 

that the economies of scale in the investment
results from the fact 


cost of this type of mill are strong up to capacities in this range,
 

The same is true for the finishing mill, but not for the roughing mill "
 

5where it is possible to install more stands as they are needed to
 

increase the capacity. For the blast furnace and steel shop marginal 

can be made to increase substantially the present capacitieS."investments 

It is only mentioned here to point out why it is essential in a steel
 

mill study to have a constraint row for each of the main production 

to think of investment as breaking first one bottleneck andunits and 

then another, or as breaking two or three bottlenecks simultaneously.
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In.eolum 7 of the matrix there is a coefficient of4l.00,". 

row 19. This row is in the group of rows which requires that, any 

solution to the problem be one for which the requirements of'eachl 

market area for each product are satisfied. In this row, SPP, (fhe 

annual requirement for plate in So Paulo)there.are coefficientsW 

1.00 in columns 10 and 13. These two activities are also for the shp

mont of steel plate to Sao Paulo, the first being for shipments fromiq* 

USIMINAS and the second for shipments from Volta Redonda. The only,,,,:;, . 

other entry in this row is in column 43; it is for the importation off 

plate to Sao Paulo. The right-hand side value for this constraint ; . 

(on Part 6 of Figure 2.1) is .020. Thus, the annual requirement for. ,' 

steel plate in the S Paulo market area is 20 thousand tons, and this 

requirement must be fulfilled by shipments from some c6mnation.of ' 

the three plants and by imports. 

Columns 7 through 9 are activity vectors,for the production 
.ad c 'fthd' 

of steel plate from Santos to each of. the three market 

areas, Sao Paulo, Rio de Janeiro, and Belo Horizonte. Columns,10-12. 

and 13-15 are for shipments of plate from USIMINS and-from'Volia 

-andshipment 


ledondal respectively. 

Column 16, SAlPl, for the shipment from Santos to S6 Paulo 

of hot otrip and sheets, differs only slightly from column 7. ,he. 

,scrap losses for hot sheet and strip are slightly less than, for "" 

steel plate so the first three coeffizients in the column (after the 

objective function value) are slightly less than the corresponding 

values in column 7. Also, there is the addition of a fourth coefficient. 

http:c6mnation.of


Thi one being in row SAH; which is the capacity row fair t ii64""'Lq. 

' 
finshing mill atSantos. Plate is not required to pass thtglv b
 

hottrip inishing mill but hot strip and sheets arereb ',:
 

: passthrough 'this mill; therefore, the row SAa includes the do;f :
 

.cent shown.
 

Columns 16 through 24 are the activity vectors for the-pro*.
 

duction and transportation of hot sheet and strip, and columns 25
 

through 33 and 34 through 42 are the equivalent vectors for cold shee
 

and p rip and for tin plate.
 

:.This scheme portrays graphically the assumption of lneari i' 

ofeost and independence of activities which is required of any 

linear programming problem. The cost associated with eacV activity 1ts.% 

seen to be a linear function of the level of operatI6n .asiigned,4o
-'
 

that activity and is not affected by changes in the activity level 

o *any other vector. Thus, we are assuming that the q"u'antity Of 41n
 

plate produced by a plant does not affect the unit cost of the 'hoct;
 

,.-strip and sheet produced by the same plant.
 

The-third group of columns (columns 43-54) is the".64*tty.
 

vectors: for the importation of steel products. There
 

veptor for each product for each market, or (4)(3)-12.
 

The cost of imports was set arbitrarly somewhat.ab&v4\-oest 

cost for the equivalent product on the assumption that the' g ,entftent 

vould protect the industry. 1Tariffs collected by, the goverzant' are, 

assumed to be outside of thesystem and not used to minimize the totA4W 



,cstOf.steel in system@ A baeaheprice of US$00per ton for the,-'.
 

i portat~con of steel pltei,to RiodeJaneio'was se . "ot strip was 
assumed to be more expensive thanplate, and cold 'trtP and'tin P1te
 

were assuied to be progressively more expensive than hot strip. 

Because the cost desired was the cost of the product delivered to the. 

using firm in the market area, imports for the product' to S8o Paulo 

were pnade US$2 per metric ton more than for the equivalentA"import to. 

Rio de Janeiro. The similar differential between Belo Horizonteand a-

Rio de Janeiro was assumed to be US$8 per ton. 

While there isno constraint in this model on the total-amount' 
of imports, such a constraint could be proVided either b.puttg.S 

upper bounds on the activity levels of the i=#ort activitieu or by;-. 

addin another constraint row,
 

The last group of activity vectors(co unns 5566) Include one 

vector for the export of each of the four.products from each of the,
 

,,,-three plants. ,The coefficients within the matrix are4the avme as
 

,those for the production-for-,domestic-consumption vector'. The .ob

jective'function coefficients have been assigned negative values. 

Thus, exports are treated simply as a means of decreasing the tot.P 

'opet in the system. These values are the per unit prof.t .for ex'6t'" 
actiVities and have reater absolute value for products which require 

,pore proceqsin$. For the same product the profit'to be'gained by 2: 

each fira I s assumed -to 1.e the se.i 



*The availability of export profits induces the,.system to use
 

bdch.plent up to the capacity bottleneck of that plant, but since
 

these profits are relatively small, the system first supplies the
 

seeds of the domestic economy. The greatest profits are on those
 

roductsowhich require the most processing. Therefore, these are.the
 

preferied ,exports.
 

The less-than-or-equal-to elements of the right-hand side 16f
 

the matrix (the constraint values in TPrt; 6 of.Figure,2.1) are.the
 

annial capacities of:the production units,in January of 1965. The
 

tiree ,(exceptions to this rule are the blast furnace and steel shop 

at'Santos which- were, scheduled to go into operation in the summer of 

L965", the hot and cold :strip mills at USIMINAS which were also sche

luled to be put into operation sometime in 1965, and the tinning line 

Df Volta Redonda.which has-a capacity below the 280 thousand tons 

shown in 'thematrix,but which .will reach that capacity within a. 

year or so. 

oThough q apacity constraints ,are,given .here as a sigleumbr 

the capacity,of a production unit ina; steel mill is not-an unambiguous: 
Cc, 

concept.ojFirst, the capacity of output ofa rolling mill dependsupon
 

he product mix. A primary mill which is used for producing a high 

pdrcentage of slabs will have a higher capacity than the equivalent 

mill which is required to produce a high percentage of blooms. 

Secondly, the capacity of a blasi furnace or a steel furnace is
 

affected by changes injthe-±nputs. A blast furnace with a high
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more than.perceutage of sinter or pellet in the charge will produce 

the equivalent furnace charged with lump ore. Likewise, the per

centage of scrap charged to an open hearth furnace affects the output 

of the furnace. Thirdly, the capacity constraints are not really 

absolute bottlenecks. For example, ifa shortage of blast furnace 

capacity is the bottleneck in a plant the percentage of scrap in the 

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, itdoes not pro

vide for the purchase of other forms of intermediate products such
 

as pig iron, slabs, or coils of hot sheet. Fourthly, capacity in

formation given by a %ompany about its production units does pot
 

always agree with an economist's notion of what capacity is. Blast
 

furnaces which were installed with a given rated capaci-ty may, in
 

fact, produce as much as twice their rated capacity through increases
 

in their interior dimensions, fuel oil injection, higher blast tem

peratures and volumes, higher top pressures, more careful sizing of
 

ores, the use of sinter and/or pellets in the charge, or the control
 

of humidity in the furnace. Also, rolling mill capacities may be
 

given as the capacity of the smallest unit ina line. Thus, a hot
 

strip finishing mill of 2 million tons per year capacity which
 

follows a semi-continuous rougher of 1 million tons per year may be
 

classified as having a capacity of only one million tons. That is,
 

thA canni.tv stated is RLven according to the bottleneck. Fifthly,
 

http:canni.tv
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capacity figures usually tell nothing at all about the cost lif. the *, 

modifications required to change the capacity of the unit. For
 

example, a semi-continuous rougher installed so that additienal 

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 

can not be increased. 

The market requirements, shown as the constraint values for 

rows 19 thru 30, are based on an unpublished study of the Latin American 

Iron and Steel Institute, ILAFAp1 and are indeed a very rough approxi

mation of the reality -- especially so as a regional breakdown of the 

requirements for various products was not available. 

The ILAF& study gives the apparent consumption of flat pro

ducts 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 is 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. Itwas as

sumed that 200 thousand tons of this would be steel plate, 400 thou

sand tons would be hot sheet and strip, and 600 thousand tons would be 

cold sheet and strip. Also, it was assumed that the country would 

consume 250 thousand tons of tin plate in 1965. 

1 Instituto Latinoamericano del Fierro y el Acero, Series Historicas do 
o M Produccion. z Exportacion do Productosaregte mportacion 

PE!00n gn America Latina, Periodo 1 2, Santiago, Chile, January, 



Decause of the concentration of the ship-building industry in 

Rio do Janeiro, 80 per cent of the country's apparent consumption of 

steel plate was assigned to that region while the remaining 20 per 

cent was divided evenly between Sao Paulo and Belo Horizonte. 

sheet and strip requirment was assigned toForty per cent of the hot 

Rio and forty per cent to SCo Paulo, with the remaining 20 per cent 

going to Boe Horizonte. The centralization of the automobile industry 

around 8ao Paulo dictated the assignnt of 50 per cent of the demand 

that market area, with Rio de Janeiro andfor cold sheet and strip to 

Belo Vorizonte receiving 37 and 23 per cent respectively. Sixty per 

cent of the tin plate ruquirement was assigned to SCo Paulo, 24 per 

cent to Rio and 16 per cent to Belo Horizonte. 

5. 	 Th Alorithm 

All computation with this model was done on the IBM 1620 com

puter of the Sloan School for Industrial Management of M.I.T. 1 

This computer is equipped with two small disk drives permitting the 

use of the IBM 1620-1311 Linear Programming System. 

The input deck for use with this programing syetem was
 

punched out by the third of the three data organizing programs discussed 

above. Once the original data were read in and the problem solved (a 

process which required about ten minutes), the basis 
2 

of the solution 

1Appreciation Is due the M.I.T. Industrial Management Computer
 

Facility for use of the BM 1620.
 
2 " asis" means the subset of activity vectors that comprise the basis for
 

the optimal feasible solution to the problem.
 



was saved on the disk. Then to make additional test on the model 

some of the elements of the LP matrix were changed. The saved basis 

provided a starting point for the additional runs and permitted solu

tion of each of them within an average time of about five minutes. 

Actually the solution time was probably shorter -- on the order of two 

minutes for each revision of the input date -- but as a substantial 

amount of output was desired for each solution, the output time re

quired was two or three minutes. 

For an industrial model a single solution to a linear pro

gauming problem is of limited usefulness. Even when high quality
 

data are available for use in the model, uncertainty about the future
 

means that any one of the parameters of the model may change enough to
 

make an optimum solution no longer feasible or no longer optimal.
 

The great value to be gained from using computer models for investment
 

studies is that once the model is constructed, it provides an excellent
 

laboratory. It is possible to hold all other parameters constant
 

while varying one to determine its effect on the system. Thus, one
 

can use the model to study the effects of changes in the cost of one
 

of the inputs to steel production, or the effects of an investment in
 

transportation which decreases freight cost in one leg of the system,
 

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
 



models which require several hours of computation-timepreferred over 

for solution on the available equipment and which thereby permit only 

project.
two or three production runs in the course of a 

The 1620-1311 LP System permits the user to call for a number 

of types of output of which four were used by the author. The names 

of these four types of output offer little in the way of descriptive 

value, but are useful in identifying the types of outout. They are 

OUTPUT, CBECK, COS.R, and DO.D/J. 

The first section of-The OUTPUT output is shown in 'table 2.4. 

the output gives the names and activity levels of the variables in 

The type of variable is indicated by an F
the solution for the run. 

name shows whether the variable or W preceding the variable and simply 

is in the solution at an upper or lower bound or at some intermediate
 

its upper bound, the G a variablelevel. The W indicates a variable at 

its lower bound, and the F a variable at an intermediate level.at 

lower bounds were placed on the activity vectors inSince no upper or 


this run all of the variables are shown to be at intermediate levels.
 

of zero was setds is done for allActual3y an implicit lower bound 

linear programming problems. 

The variable names are the same as those used in the LP matrix.
 

The activity level is the number of millions of metric tvns shipped. 

For example 20 thousand tons of plate were shipped from Santos to the 

of steel plate were shipped from82b Paulo market area and 160 tons 


in this
Janeiro OneUSInMS to the Rio de market area. can see 



Tabe 11 .2. 

OUTPUT 

ATYPE' IiE ACTVM LEM 

PFSASPP 
PUSRJP 
FUSBHP 
FSASPH 
PUSRJE 
FUSBEH 
FVRRJH 
FSASPC 
FUSRJC 
FUSBKC 

FSASPT 
FUSBHT 
EVRSPT 
FVRRJT 
FVRBHT 
FDIRJ 
FSAgH 
FVREXH 
FSARXC 
FVREXC 

FIVtjl~. 

.020 

.160 

.020 

.160 

.064 

.080 

.096 
0300 
.006 
).140 
'.154 
.000 
.000 
•150 
.058 
.0o4 
.002 
.122 
.215 
.040 
.355 

SLACKS TUPB NM~ ACTIVTT LEVEL. SIHPLZ ILT. 

FCOST 
+WSAS 
+SAu 
+FSAR 
+FSAH 
+WACc:.,806 
4WSAT 
+WUSS 
+FUSPR 
+FUSR 

969066 

7.R-0980 
0280 

.824 

14200-
1.185 

2.419 

41.455 
7.460 

+WUST 41.830 

+WVp 
+FVRR 4020 

2419 

cant d. 
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Tablo 2.11 counued 

.BLACKS TMP1 NAM ~W2 UB SINFUKR M6LT. 

+WC 
+WVRT 
-WSPP 
-WSPH 
.WSPC 
-WSPT 
-WLr3 
-WRJH 
-WRJC 
-WRT 
-WDHP 
,WBfl 
-WBEC 
-WEIT 

806 
37.303 
70.217
68.170
72,570

120.750
73.438
71.390
75.960

120.000
70.458
68.410
72.980

121.590



particular solution a part of the division of labor that exists be

tween these three steel plants. USIMINAS has a relative specialization 

Lu steel plate, COSIPA at Santos in cold sheet and strip, and CSN at 

Volta Redonda in tin plate. 

Only a single import activity appears in this solution, IHRJT,
 

On the other hand
the importation of 2,000 tons of tin plate to Rio. 


four export activities appear -- the export of hot and cold sheet
 

and strip from both Volta Redonda and Santos. This corresponds
 

roughly to the present situation of the flat products part of steel
 

industry in Brazil. Once COSIPA and USIMNAS swing into full opera

ion there will be something of an excess capacity in hot and cold
 

rolled sheet and strip while tin plate capacity will continue to be
 

pressed by present consumption rates.
 

All variables not among the twenty-one in Table 2.11 are at
 

the zero activity level in this solution.
 

Activity levels and simplex multipliers are-given for the slack
 

the bottom half of Table 2.11. These variables are
variables in 

clled "slack" variables because in setting up an original tableau 

for solving a linear programing problem they are added to the matrix 

in such a way as to take up the slack in the inequalities and convert 

The reader will note that they are the constraints
them to equalities. 


of the LP matrix described in the previous section.
 

The first slack variable is COST, the value of the objective
 

This value is the total cost.
 function, and is given as US$96,066,000. 


for one year of the production and transportation of flat steel
 



products in Brai. plus the cost of Imots, 21=4 the profits foM 

ezkprts. It will be used repeatedly in later sections of the paper 

the total coat of various alternatives.for comparing 

The plus and minus signs preceding the row name for the remain-

Ing rows in this table indicate whether the row to lees-thanoOr-equal-to 

( ) constraint or a greater-than-or-equal-to (-) constraint. The 

capacity constraints are less-than-or-equal-to and the msrket re

quirement constraints are greater-than-or-equal-to. 

As was mentioned above those variajles in the solution at 

their upper limits are denoted by a Wpreceding the variable name. 

Those variables at intermediate levels are preceded by an F. Thus 

the Wpreceding SAS in the second row of the slacks shows 
that the 

being
steel shop (or blast furnace) at the COSIPA plant near Santos is 

used to capacity in this solution. 

The simplex multiplier (or shadow or dual price) shown in the 

third column of the table provides a measure of the economic value of 

onincreasing the capacity of the bottlenecks in the system. Thus 

the m each ton of additional capacity in the steel shop at the
 

COSIPA plant will reduce the cost in the system by US$2.42 per ton.
 

Glancing down the column of simplex multipliers we find the largest 

For example, a tinning line constructed
values for the tinning lines. 


at Santos (given the assumptions of this model) would decrease the 

cost in the system on t m by US$41.45 for each ton of capacity 

constructed. 

http:US$41.45


For those production units which do not constitute bocrieneca.a 

in the system and have excess capacity there Is no benefit to be 

gained from expansion, therefore the value of the simplex multiplier 

for these constraints is zero. The unused capacity for these pro

duction units is shown in the second column of the table. For example, 

980 thousand tons of the installed capacity of 1.8 million tons of 

capacity of the primary mill at Santos would not be used. 

The simplex multiplier has a slightly different interpretation 

for the market requirement constraints. It provides a measure of the 

cost to the system of an expansion in the requirement for a product 

in a market area. An expansion in the requirement of plate in the 

sab Paulo market area (SPP) would cost the system US$70.22 per ton. 

An expansion in the requirement for tin plate in SCo Paulo (due to the 

fact that Importation of tin plate is necessary in this solution) would 

cost the system US$121.75 per ton. 

So cost in the system can be decreased either through additional 

investment to increase the capacity of the bottleneck production units 

,or through the restriction of demand. The magnitude of the simplex 

multipliers gives an index of the effect that could be expected from 

each of the alternative measures.
 

The use of shadow prices in investment decisions must be done
 

with care. An example will suffice to show this. The current shadow 

prico 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
http:US$70.22


lines is in the neighborhood of US$40; however, 'if:thecapacty at auy 

one of these mills was expanded by more than 2,000 tons (the;.amountof-i 

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

shadow prlqes-.in the system was reduced by more than 2,000 tons, the 

wild fall to about US$80 per ton (near the domestic cost of product ion) 

and the simplex multipliers for the tinning lines would decrease.sub

stantially. Therefore, in using shadow prices one must be careful,to
 

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

la general, for larger systems with smaller discontinuities the pro

bability that a shadow price offers a good indicator for investment is7
 

Even In the case cited above they offer a goodndicator.'"
Increased. 


but only on the margin. 

The CHECK. section of the output (see Table 2.12)' 1 8' :lly'

used as a check that the size of computational errors in the-system 

ba not exceeded some desired level. Since we are working +witha ° 

relatively small problem the computation errors are not likely,t6 j7 

rMeh serious proportions. However, this part of the output provide 

a useful table to see to what extent the capacity of each
4 production .;, 

unit is in use in the system. The column UPPER LIMIT gives 'the vaue, 

of the capacity constra-nt on the unit and the column SOL, ' ALUE; 

l6 ton.(solution value) gives the level of activity used in the,. 

Tur we see that the steel shop at USIMINAS (USS) was used, toi:capacity. 

b~t only one-third of the 1.8 million tons of capacity of'the pmary 

mill (USPR) was needed.
 



TabU!2.12 

.CHECK, 

RW NNK, UPPER.LIf, - -SOL. VALUE LOWER LIMT ROW ERR.! 

COT 96.066 .000 .00000600 
SAS .820 820 .00000006 
SAR 1.800 .820 .00000010 
BAR 1000 .720 .00000007 
SAR 1.500. .676 .00000008 
SAC- 350 .350 .00000002 

SAT .000 .000 1.000 .00000001-
US .600 .600 .00000001 
USPR 1.800 .600 .00000000 
USR 1.000 .523 .00000002-
USH 1.500 .3;5 .00000000 
USC .150, .150 .00000002-

UST .000 .000 1000 .00000000 
VRS 1.590 1.400 .00000010-

VRPR 1.400 1.400 .00000000 
VRR 1,250: 1.230 .00000006 
VRH 
VC800 

10500, 1.195 
.800 

.00000008 

.00000000 

VRTS.P .260 .260 
.020 .020, 

.00000003 

.00000000 

SpHI. 
SpCS T 

.160 

.300

.150 

.160 

.300 

.150 

.00000000 

.00000001

.00000000 

1J. 160 .160 .00000002 

RJRK .160 .160 .00000000 

RC .160 .160 .00000000 

RJT .060 .060 .00000000 

BHP .020 .020 .00000000 

BM .080 .080 .00000000. 
Bfi .140 .140 .00000000 

BU O. . 0 .640 .o4o .0 0. 



The bottom part of the table showp b}'f' " he mar1et re

lu 0 eets were metlas required.' 

Table 2.13 gives one of the most inteA ' c s 

.DUtputtCOST.R. This table provides an indication of-,#ie stability 

.The column" 
6f the solution of the model to changes 

fr 	the pareeers 

CURRENT COST is the activity cost for the vector and.-the colun
 

HICHEST COST is the cost to which that activity could rise before it

would be replaced in the solution by another activity. 
I.r hC-urrent
 

lbeiLsAsg- ved by
solution the market.for plate inthe Sa'o Paulo-area is 

the syste)
the :COSIPA plant near Santos at a coot to 	the plant (ei'd 


of US$67.12 per ton. However, the plant could charge USP.	18'per ton
 

,at.Volta
 
for its plate delivered in Sao Paulo before its . mpeti 


Redonda (see column HI-VAR) could undersell 
it. From tks,tableone

could calculate the rents which may accrue to each! p4'Ot This type of 

both to private com dt- O and tio tivinformation 'can,be 'invaluable 

i shaSystem.
authorities who are eager to scoop up all rent 

One begifs to get some idea of the comple#*es of 'the-readjust

lo parameter-by.zents ,.iiin the system in response to a change aiA 

the fifth row in this table, USRJH.--If thecost or supply-'
looking at 

ing hot strip and sheet from USIMINAS to lU	o de Janeir6'
rosa#Above 

he sysjem by having USINkS'.US$66.65, then cost could be minimized in 


Some ot erfl 1nt,, 
useits capacity for supplying plate to Sao Paulo. 

perhaps the one:that lose'&i the. plate market in"Sao Psilo, Perhaps )ae, 

other, will pick up the extra requirement fo-i ,s and sh'.t,r*p 	 

,.nRio.di Janeiro.
 

http:US$66.65
http:US$67.12


COST.R : 

Nm CURRENT CT HIM1EST COST HI-VAR LO-VAR LOWEST COST 

S8PP 67120 71.180 VRSPP SPP 3.097-
USRJP .63'890t 63,978 VRRJP RJP 9,548-
USBHP 60.o910 65.568 VRBHP BliP 9.548-
SASPH 651,70 69.140 VRSPH SPH 3.000
7TSRJH 620140 66.656 USSPP VRRJP 62.054 
USBHH 59 .160 63.730 VRBHI BHH 9.250-
VRRJH 68. 39.0. 68.476 VRRJP USSP? 63.874 
SASPCUSRJC 68.5705 20.0 72.710

66.188 
VRSPC
usC 

SPCVRBHC 
4.00060,630 

USBHC 62.220 66.790 VRBHC BHC 10.760-
VRRJC T.11.960 72.110 SARJC Usc 70.972 
SASPT 7.2.940 77.230 SARJT INFINITY-
USBRT 66.160. 70730 SARJT INFINITY-
VRSPT Z7-7.300 78.550 IMSPT SARJT 73.010 
VRRJT' 7.6.55,0 80 840 sARJT nMSpT 75.300 
VRBHT 78!&140 82.630 SABHT USRJT 73,570 
i,.T 120 .0O0 121.250 IMSPT VRMLT 81.550 

.SAXH3.000-- 2.692- SARJP SAC 3.786-' 
VRmH ', 3.000- .1938, VREXP SARJP 3.308
SA!X .000- 3.850- SARJC VRSPC 80140
,VREXC 4.00:o-" 3o.16- VRC'6 SARJC .1



A quick glance down the two columns of current cost and highest 

cost reveals that the geographical spread of the three major steel
 

plants for flat products in Brazil gives the market situation (of the
 

model) a certain degree of stability. For eleven of the sixteen 

domestic market variables the separation between the current cost 
and 

At the same time this the higheet cost is greater than US$2 per ton. 


a position to reap
form of stability indicates that the plants are in 

iubstantial rents if provided a free enterprise situation in 
which 

:o do so. 

The last section of the output, DO.D/J (see Table 2.14), is. 

in that it shows how much the cost of,
IImiilar to the previous section 


tha
 
tn activity which is ihotsoluionmust be redcedbfrth' 


.From the discussion,abovewe knowr acetivity,-can. enter, the'soluitio~n. 


take .the plate market in rao Paulo awayLfrom
htA Volta Redonda could 

OkIPA'if itcould iidue its cost for producing plate to US$67.12.,i
 

tht fact' seePOwv.RSPP and column* BASIS VALUE)
 

xand even carries'out the sbitraction -to show that Volta Redonda would
 

e tIo reduce iscost US$4.06.'pe ton to 'secure the market. Like-


W1ble 2.14 'confirms 


Wise, thetable reveals how 1ow .'thecostof imports must go to compeqt6e',;
 

and hew 'high the prof.its from export.n..
Sthe domie'stic market 
+ . . ,,,* .. ..4-.-, 

inorder to make it profitable to;cport,a.. 
, 
produc wh. iy.n,,. .,y 

. - ' . -I.. . , 't- Iii-!. .A 

the. ,ort. . ,steep.iat.e,, from,e 't(Wouldbenefit 



Table -24 

VBLB TYPE NAME CURRMUT COST REDUCED COST BASIS VALUE 

WSAUSS 
WSAVRS 

18.540 
6.630 

13.500 
9.049, 

5.040 
2.419-

WUSSAS 8.900 13.940 5.040-

WUSVRS 2.900 10.360 7.460-

WVRSAS 11.520 9.101 2.419 

WVRUS-S 17.430 9.970 7.460 
WSARJP 70.660 .318 70.342 

"SABHP 72.440 5.078 67.362 

MS3PP 65.330 4.662 60.668 

MVRSPP 71.180 4.060 67.120 

WVRRUP 70.430 .088 70.342 

MVBP 72.020 4.658 67.362 

WSARJH 68.710 .320 68.390 

WSABHH 70.500 5,090 65.410 

'USSPH 63.580 4.660 58.920 

WVRSPH 69.140 3.970 65.170 

W'RBHH 
WSARJC 
WSABHC 
WUSSPC 

69.980 
72.110 
73,900 
660650 

4.570 
.150 

49'920 
4.840 

65.410 
71.960 
68.980 
61.810 

WVRSPC 
WVRBHC 
WSARJT 

72710' 
73.550 
76.480 

4,140 
4.570 
4,290 

68.570 
68.980 
72.190 

WSABHT 78.2799490 \4 73.780 

WUSSPT 70'.580 -. 260 65.320 
WUSRJT 69.140 ..4570 64.570 
WIHSPP 
WIMSPH 

102.000 
102.000 

31.783 
'33.830 

70.217 
68.170 

WIMSPC 112.000 39.430 72.570. 

WIMSPT 122.000 1.250 120,750 

WIMRJP 
WI RJH 

100.000 
100.000 

26562 
28 610. 

73438 
71.390 

WDIRJC 110.000 ,3.00 "75.960 

WIHBHP 
WIMBHH 
WNDBHC 

108.000. 
1083000 
118,. 000 

9590 
45.020 

70.458 
68.410 
72.980 

WIMHT 
WSAEXP 
WUSEXP 

.128.000 
"'2.000-

2.000 

'6,.410 
1097 
7.548 

121.590 
3.097
9.548-

WVREXP 
WUSEXH 
WUSEKC 

WSAEXT 

2.000-
3.000-
4#000-
50--481 

1.097 
6.250 
6.760 

3.097
9.250
10760
47o810-

0:Q~. .28450 



Table 2.14 conld..
 

AN~ 111R
ROW T~E VAUEDE 

+s~s •2-4 9''
 

+SAS 2.419
 
+SAPR
 
+SAR
 

RANGE+GAT 
 41.455
 
+uss ,
7.460

+USPR
 
+USR
 
+USH
 

PRAHG+UST 
 41.830
 
+VRS 
+VRR
 

+-VRH +qRC :..806,
 
-RT 
 37;30372
-SPP
-SPP 

-SPH 

-SPO 

-SP 

-RJR 

wR. "75. 


-RJT, 

IBP,1 

.Br 


-BE': 


CRI B ,VALVB. 

,70.217: 
68.170.-'
 
72.570.!
 

120.750
 
, 73.438
:171.390;,,
 

-960:
 
120.000
 
70.458
 
68.410'
 

1172;980

121.590
 



Santo i''f'the profits to be!g#insd from ouche0nterprisewe o 

US$.0 ter befit t ehdfro expotngea~er wube no 

tin~ plt price: inceae by foty to- fif tyunesteitraional 

dolltins perton. 

One parting comwent about the- first, six' rove ,of 'Part I'of thin: 

table.. The column REDUCED COST indicates the magnitude by .which the 

cost of shipping ingot steel would have to be reduced before it would 

be ,worthwhile to engage in the shipment of intermediate product. In 

one of the test runs we decreased steel capacity at the COSIPA plant 

and hot and cold ,strip mill capacity at the USIMIS plant to zero 

(the situation which existed in January of 1965) and just as might be 

expected we begin,to; get some."shipment of intermediate product inithe 

We will return, to this later, in'a discusslon, Of the teatssystem. 

thakwere cond ith the model... 
Part II of Table.14 simply repeatsa"part of. the,-Information 

gtv':Ln'.the OUTPUT, section., It,-givestte,dUAlpie.. 

http:Table.14


CHAPTER III 

TES WITH THE LIER PROGRAmmH moDEL 

Soe of the properties of the linear programming modela&nd its_ 

usefulness as an analytical tool for studying a variety of policy 

problems are shown in this chapter. The six tests discussed here 

involve changes in one or a group of the parameters .of the model 

while holding others constant to determine the effects of the changes. 

The tests were chosen both for their usefulness in investigating,the' 
properties of the model and for their similarity to economic 1oliy' 

:problems of the Brazilian flat-product steel industry. 

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

,on'the system of locating a new automobile plant in Brzil. The model 

was .run,repeatedly with the new plant located in first one market 

area,and then shifted,to each of the other market areas.in turn.
 

~ve~t~Aale a of 'the'changes in activity' levels6, shadow prices, 

.otal': system cO'si and-profits".accruing to the,,plantsas this "chunk 

o'fproduct requirements" wasimoved around in the system, 
S Increasie n the requirement levels in all marke'ts simultan

"oUly with "constant production, capaitywa th'sub'Jectot the second 

.,s.tdy .i, Parket, req.uikements ,were 
-

increased: ,in, f Ve. 8 ss frOm their 
g,*,4.1ee . 6 - d ., . a -t 

~-Origtital levels to.'thr~e ,and.i-half.:tines ,th f, original, levels.o 



In the third test changes in factor cost and changes in tech

nology were examined. For example, a test was made of the effects on
 

the system of the introduction of fuel oil injection In the blast
 

furnace at the COSIPA plant.
 

The ability of the model to respondwith shipments of inter

mediate products when part of the production capacity in the system 

was shut down was tested in the fouirth-test, 

If all three plants in the system should simultaneously request 

'Import permits to purchase a new tinning line and the government decided 

that ,onlyone new tinning line was needed in the country at the time,
 

which request should be.granted? This is the subject of the fifth
 

test. 

,Finally, a series of runs were made with the model to study 

the effects 'Of changes in the transportation cost for final' products, 

idUnlese specific mention .is.made of a change in a parameter or" 

.,.group Of parameters, their values willbe"the same as thos'shown in-
Sthe~'toles (of Sections 2, 3, and-4. 

: The "Requirement.Shift Test'
 

W,earAess to aut'omobile plants, 
wth their large requirements.
ot-* d e sheet and strip ss steel po

duti is.considered one of the prie ondeterminant'6f t.]eofp ita;,rof 


b	ty of a steel plant lpcdtjon.. To ob"in 4-mr'inih .ote 

tprameof this effect, we, 40cided.Uport an au~ b l pa j! ' 



"chun~oof product requirement" and moved it around in the system, 

then we doubled the size of the chunk and moved it around in the
 

system again, solving the linear programming problem at each step.
 

Assuming that a small automobile uses about a half ton of flat
 

steel protucts (three-fourths of this being cold rolled products and
 

one-fourth hot rolled products) and assuming that a reasonable size
 

automobile plant would produce 200 thousand units (production of
 

automobiles and trucks inBrazil in 1964 was about one million units)
 

an automobile plant size "chunk of product requirement" is determined t

include 25 thousand tons of hot rolled products and 75 thousand tons of
 

cold rolled products.
 

• These quantities were added to the existing requirements for
 

these 'products in first the 'Sao Paulo..market area, then the Rio de
 

Janeiro area a, The amount was then
nd Iially the Belo Horizonte area. 

doubled'to-50 'thousand tons of.hot 'rolled and.150 thousand tons of cold 

,rolledproducts and the,.tests repeated., 

-Table3.1 gives thovalue of-,the Objectivefunction for each 

step 0:filtaa ta average: cost"per ton ofiproduct'. 

'2Tie to!al cost of operating thi'steel system is seen.tobe 
e~at~voly unaffected b the location of the autoobile.plant',,!! 

?4ul .;.is the,best location by,.margin'of US7 Tthousan
 

!hlmit V81' per automobile. ,Thissmall effect:,is not a particu arly 

uprisng1 . is,.'a.siteel.mdl!located near the
result sincetiher '. !ecfi 


ket ,arras, ioegreat,andas;ce there isi aritione 

LhA*n aQ~~ n.e. ibetwede - thest.ha* 
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Table 3.1 

Requirement Shift Test 

Effect on Total System Cost and Average Cost per'Ton of Product 

New Auto Original . 100 thou. tons 200 thouo tons 
Plant at Solution SP RJ BH SP RJ BH 

Total Cost
 
(US$ million) 93.446 100.538 100.708 100.767 107.817 107.970 108.11
 

Average Cost
 
(US$.per metric
 

ton) ,. 64.44 -64.86 .'64.96 §5.01 65.34 65.44 65.53 

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

one of the southernmost states of Brazil or in the northwest part
 

of' he country the difference in the total system cost would have been
 

more striking. Also, even within the area considered, the difference* 

might have been more striking i.f all hot 'sheet and'strip ,andall'cold 

sheet and strip had not been treated as'homogeneous comnmodities. In
 

fact the width and quality of finish of.hot and cold rolled products
 

is amatter of paramount importan e-, to the automobile industry. A. re 

detailed product breakdown than'the four products used in this stdy 

v6uid be necessary to catch these.distinctions in types" of products. 
The increase in the averagecost per onofprouct(see Tal 

-fd ',xpot.proi:tsTable

3). reuulted'from the'lossi'of :4omeexport proits the, increase
t 
*in h _0 a : prod t . counr 

:in he'otal'prouct, requrement nte onr). 
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-Teble 3.2 shows the effect of the requirement shift on the
 

ativity levels of the variables. The first column gives the activity
 

levels of the variables in the original solution before the new auto

mobile plant was added to the system. All other entries 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
 

steel products) and the last three columns of the table show the
 

effects of the addition of an auto plant .oftwice that size.
 

In the first step the new auto plant was .located at Sto.Paulo 

and the extra product requirement in the system was met by decreasing.. 

exports. The COSIPA plant at Santos decreased its exports of hot 

sheet and strip (SAEXH) by 25 thousand tons'and it's exports of cold 

sheet and strip (SAEXC) by 39 thousand tons, and shippedthese. products 

instead to the S~o Paulo market area (SASPH):,and (SASPC), respectively.°1 

lWith the added market requirements the capacity of the cold strip-mill 

'atCOSIPA was not sufficient to permit all of the requirement for 

:cold--sheet and strip in::the Sib Paulo market area tobe satisfied 

by COSIPA:aloie .,Therefore it was, necessary for'.the CSN plant 'at 

,The 'uide. to. Mnemonics sheet contained in .the .- od. bh Pter,l.
 
bseful ih',',iading this ad t following tables,
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Table 3.2 

Requirement Shift Teat - Changes in Activity Levels
 
(Million metric tons)
 

av Plant 
Activity at Original,100 thou. ton increase 200 thou. ton increase 
vector Solution, S R E Sp BH 

SASPP .020
 
USRJP .160
 
USBHP .020 

SSH.200 +.025 +.050 
USJR .064 -.025 -.05 
USBUH .080 +.025 +.050 
VRRJH .056 +.025 +'.025 4#050 +.050. 

SA8PC.' .300 +.039 +.039 
SABHC +.039 +.039 
USRJC .005 . 005 -. 005 
USBHC ,140 +.005 +.005 
VRSPC +.036 +.ll 
VRRJC .155 +.075 +.05 +.150 +.005 
VRBHC - +.032 +.107 

SASPT .001'
 
USBHT .001i 
VRSPT .149
 
VRRJT 0060'
 
VRBET .090
 

SAEXH .02 -.025 !-.050 
VRXH .-. 025 -. 025 -05 
SAXC' .039 !!-.039-039' -. 39 -._039 
VWBC .0334 -036 -.075 -.06 -11 .150 -11 
VREXT ;019 



Volta Redonda to begin supplying a part of the requ rrent frico
 

sheet and strip to Sao Paulo. This was accomplished by.a,,redution,.of,.
 

the exports of that plant of cold sheet and strip (,VREXC) dian,eqtii 

lent shipment of that product to Sao Paulo (VRSPC). nly ,a 

in activity levels Including one new activity -ere,vnecssar;y,: 

to restore a least-cost equilibrium.
 

More complex readjustments were required .in't,hb",'cake 'where the 

plant w~ located at Belo Horizonte. :leven changes includingwauto 

the introduction of two new activities (SABHC), aiid,:(VRBEGC),,iere neces5-k
 

sary to restore the equilibrium.
 

The complexity of these changes shois theimportance o fle i

bility in an economic system. A slight change in dnepart of thw 

system may trigger changes that spread throughout thei4-'tre .systemc . 

before a new least-cost equilibrium is achieved. In aany-plant, 

alaost contiiuousmany-market, many-product economy these changes are 

-and"',the required-edjustments are of relatively small magntude. ,Bu
 

-ina"three-plant,,three-market', forproduct economy the,adjustments
 

are'discrete and".can be quite sharp.
 

:' :; ,,An of' this of henomexon may be seen in Toble 3.3,;example sort 

*hich showsthe effect: of the requilome phtf ,n shadow prie, 
i lat - oti the eli 

-for fihal-:products. ,As "inthe previous table the first c'olzmn.gives 

.'th Yalues 'for the crigina solution, and the other entries in thd; 

tges plus. or minus from-these vaues,. 



Table 3.3
 

Requirement Shift Test
 

::Changes in Shadow Prices for Products
 
.
(U.S.metric ton)
 

Niew Plant Original 100 thou..ton increase 20to.tonAcss
 
o Prices SP! I BH SP . I BH
 

SPP 67.92
 
SPH .65.87
 
Spe 70.27 +4.82 +0,15 +4.82 -0.1s
 

SPT 80.68
 

LIP 71.22
 

C 173.76
 
LIT 79.35,
 

BliP 68.24
 
BEE 66.21
 
AH !70.78 +5.15 +5.15
 
BHT 81,52
 

:"In the case of the new 100 thousand ton (200 thousand unit)
 
"to '.Dri* : ' 
auto plant at Sto Paulo, capacity constraints at the neabZy.Santos
 

mill of COSIPA required that a part of the additional cold sheet and
 

strip be obtained from Volta Redonda. Table 3.2 shows this change.
 

Since the Volta Redonda plant could not deliver cold sheet and strip
 

to the S2o Paulo market area for as little as the Santos plant, the
 

resulting shadow price for cold sheet and strip in Sib Paulo increased
 

by US$4.82 per ton.
 

When the new auto plant was added to the system in the'Rio de 

Janeiro market area there were no changes in the shadow prices, neither 

were there any new vectors in the basis. ,The original opt:imal basis 
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.remained a-feasible basis, and.itwas only necessary to change the
 

activity levels of so me of the vectors in the solution. Such, how

ever, swasnot the case when the auto plant was located at Belo Hori

zonte. The fourth column of Table 3.3 shows that the shadow price of 

cold sheet and strip in Sao Paulo increased by US 0.15 and the shadow
 

price for the same product in the Belo Horizonte market area increased
 

'by US$5,15 per metric ton. Before the addition of the new capacity
 

the market area at Belo Horizonte obtained all of its cold sheet and
 

strip from the nearby USIMINAS plant (see Table 3.2). 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
 

sheet and strip to Belo Horizonte). But the capacity at COSIPA was
 

not sufficient to supply all of the additional requirement so 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 strain on the
 

available capacity in the system than did the addition of an auto
 

plant half that size. The shadow price increases were identical to
 

those which occurred under the addition of the smaller plant to the
 

'See D. Gale, The Theory of Linear Economl.c Models, 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.
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system. This phenomenon occurred only because of the magnitudes in

volved. If a slightly larger 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"
 

were 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

portation and a part to production, they have been treated here as
 

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.
 

http:US$66.21
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Table 3.4
 

Requirement Shift Test
 

"Profits" Accruing-to Plants
 
(US$ millions)
 

Rio de Belo
Nw Plant Original 
at Solution Sao Paulo. Jneiro .....,t
 

Sub- ,Sub- sub'Plant Sub-

totals totals totals totals totals
Product 

COSIPA 
a. Plate 

totals-totatals 

.062 .062 
3.838i 

.062 
2.264 -2.264 

.062 
2.31 

b. Hot 
c. Cold 

.600 
1.200 

.675 
2.990 

.600 
1.200 

.600 
1.408 

d. Exports-
Hot .246 .171 .246 2" 

e. Exports-
Cold .156 - .156 -

2. USrWNAS 
a. Plate 
b. Hot 
c. Cold 

1.610 
1.250 
1.475 

4.335 
1.610 
1.250 
1.475 

4.335 
1.610 
1.250 
1.475 

4.335 
1.610 
1.250 
2.225 

5.085 

3. CSN 
a. Hot 
b. Cold 
c. Tin 

.168 

.620 

.740 

3.241 

.7 

.168 

.764 

.740 

3.241 
.243 
.920 
.740 

3.241 
.243 
.768 
.740 

3.245 

d. Exports-
Hot .282 .282 .207 .207 

e. Exports-
Cold 1.336 1.192 1.036 1.192 

f. Exports-
Tin .095 .095 .095 .095 

4.. TOTAL -
ALL PLANTS 9.840 11.514 9.840 10.64
 



90 

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 new auto plant is added to the system. The remaining three
 

pairs of columns give the same breakdown for the case in which a
 

200 thousand unit (100 thousand tons of steel products) automobile
 

plant is located first at Sio Paulo, then at Rio de Janeiro, and finally
 

at Belo Horizonte.
 

With the original conditions, the COSIPA plant't\at 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 prof-it about sue and a half tines 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.
 

COSIPA produced 641 thousand tons of producps, 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 USIHINAS 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
 

New Plant Unit Profits Product Shipments 

Plant & 
at (US/metric ton (milion metric tons) 

Ori
P.oduct Oriinal S? RJ BH ginal SY RJ BH 

1. COSIPA .641 .641 .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 - 4.00 - .039 - .039 

2. USIMHNAS .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 .144 .144 .144 .144
 
c. Cold 10.18 10.18 10.18 15.33 .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 
f. Exports-Tin 5.00 5;00 5.00 500 .019 .019'" .019 .019
 

each-ton of cold sheet or strip while USIMINAS gained US$10.10 on
 

each ton of the sam* 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
 

plants by distance. On the coast COSIPA and CSN both had excess
 

capacity and were forced to export; thereby bringing their unit profits
 

down to the level of the profits they gained from exporting. (The model 

didnot permit the plants to make greater profits on domestic sales than 

on exports.). 

http:US$10.10
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Another reason for the high profits of USIMINAS was that under 

thei assumptions of the model as to input cost and specific consumption 

of raw umterials as well as to transportation cost, etc., USIMINAS
 

could deliver steel products 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
 

plate (including the scrap losses). The result was that itwas neces-


SAry 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 incTeased to about
 

US$40 per ton. Since CSN was the only 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 automobile plant in one market area or another/we return to
 

Table 3.4. Column 4 of this table shows that locating the plant near
 

SIM 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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from the increase in the shadow price of cold sheet and strip at Sao 

The reader may recall thatTable 3.3)by US$4.82 per ton.
Paulo.'(ee 

this jump in the shadow price of colA sheet and strip 
at So Paulo 

occurred because the new auto plent at Sir Paulo 
caused the require

ment for cold sheet and strip in that market to 
exceed the capacity of
 

the cold strip mil1 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 itwas 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
 

Of the three possible locations
 profits for the other two plants. 

Paulo offered the minim0m total cost and the maximum profit to the 
Sa 


system. However, the location giving the second greatest 
profit to
 

the third ranking solution by the cost 
the system (Belo Horizonte) is 

minimizing standard. 

We now turn our attention from a study of the effects 
of "re

quirement shift" 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
 

Since capital costs are not
bottlenecks %y arise in the future. 


included in the model, the model can not be used for making exact
 

can
decisions on the time and place to add to capacity; however, it 


reveal future bottlenecks as indicators for 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, is identical to ONCE with
 

the exception that a slightly greater concentration of the national
 

The
requirement for hot sheet and strip at Sao Paulo is assumed. 


remaining vectors in Part I of the table were determined by increasing
 

the vector OVE by factors of l, 2, 2y, 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 thousand 
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.
 



Table 3.6 

kART I. 
rRe minntel' Levels (illion metric ton) 

ONE OMEA TWO ITOH TIREE 

SPP 
SP# 
SPC 
SPT 
RIP 

.020 

.160 

.300 

.150

.160.160 

.020 

.200 

.300 

.150
.160.120 

,030 
.300 
.450 
.225 
.240.180 

.040 

.400 

.600 

.300

.320 

.240 

.050 

.500 

.750 

.375

.400 

.300 

.060 

.600 

.900 

.450

.480 

.360 
RJC .160 .160 .240 .320 .400 .480 
RjT .060 .60090 .120 .150 .180 

BHIP 
BEH 

BIC 
BHT 

.020 
,080 

.140 
040 

.020 

.080 

.140 
.o4o 

.030 
,120 

.210 
.060 

.00 

.160 

.280 

.080 

.050 

.200 

.350
.100 

.060 

.240 

.420

.120 

PART IL. 

Product Breakdown of Requirements (million metric tons) 

plate Hot Cold Tin
 

= 1.450.600 .250
.200 .400
ONE 

(14P) (281) (411,) (1774 (1007g) 

- 2.175.600 .900 .375
.300 
 = 2.900OM 
.800 1.200 .500 


TWO.400 = 3.625
.625
1.500
1.000
.500
T'0H 
 4.350
.750 
.600 1.200 1.800
TER 


P T III. 

Transportation Cost (US$/metric ton) 

CostMarket
Plant 
4.95SPSA 8.49
SA LI 

10.27
BH 

SP 9.34
US 
R 7.90
US 

4.91
US B 

5.89
SP
VR 
 5.13LI4R
VR BEI 6.73 
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Thus in-the first test, that part of the capacity in the blast furnace,
 

steel shop, and primary mill at Volta Redonda which is used for pro

ducing materials for rolling into shapes instead of flats, was sub

tracted out of the total capacity available. All of these changes
 

were held constant over the six runs made in this test.
 

Lookinjofirst 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 result'ed 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, first 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.
 

Zowever, as the average cost of products in the system rose it becomes
 

economic to ship the intermediate product, and thereby to make more
 

efficient use of the excess rolling capacity at the COSIPA plant.
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Table 3.7
 

Requirements Increase Test
 

Activity Levels of Variables (millions of tons)-


Vector ONCE ONE tONEH TWO T1VOH TRE
 

objection Function i
 

(US$ million) 96.361196.220 155.776 226.889 304.749 383.352
 

Average Cost per toni
 
(U.S$/ton). 66.46 66.36 71.50 78.30 83.10 88.10 

VRSAS - .190 .1190 .1190 
SASPP .020 .020 .002 .040 - -

SARJP .0931 .054 - .014 - -

USRJP .0671 .106 .173 .125 - -

USBHP .020 .020 .030 .040 .050 .060 
VRSPP - - .028 - .043 -

VRRJP - - .067 .069 - -

SASPH .160 .200 .300 .400 .456 .456 
USRJK .160 .120 - - .076 .028 
USBHH .080 .080 .120 .160 .200 .240 
VRSPH - - - - .044 .144 
VRRJH - - .180 .240 .222 .166 

SASPC .300. .300 .340 .340 .340 .340 
SARJC .040 .040 - - -

USRJC .006 .006 - -

USBHC .140 .140 .146 .146 .146 .146 
VRSPC - - .110 .260 .305 .235 
VR JC .115 .115 .240 .115 - -

VBHC - - .064 .134 .204 .274 

VRSPT .150 .150 .188 .168 .148 .128 
VRRJT .058 .058 - - -

VRBHT .040 .040 .060 .080 .100 .120 

IMSPP - - .007 .060 
IHRJP - .113 .400 .480 
n- - .166 
IKSPC - - .105 .325 
IHRJC - - .205 .400 .480 
IMSPT 
no= .002i 

-
.002 

.037 

.090 
.132 
.120 

.227 

.150 
.322 
.180 

SAEXH .026 .o26, - - - -

VRMM .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
 

sinple expansion apace of the increase in total requirements 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 transporta

tion sector built into the model, the changes in the levels of the
 

activities would have been less sharp. Also, rigidities in the s/te 

such as taste preferences for the products of one plant over t.fl*se of
 

another plant would have reduced the sharpness of the changes shown by
 

Table 3.7. Finally, the magnitudes of the changes in product require

ment 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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Table' 3 also denstrates how useful' this kind of 'experiment 

could be.for the economist concerned with the balance of payments. In 

countries where steel products represent a substantial portion of 

iorts or exports, disaggregated projections on a product by product 

basis could be made with this type of moael. For such planning it
 

would be Important 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. 

Part I of Table 3.8 shows the increase in shadow prices as
 

the national requirement increased. Discontinuities in changes of the
 

shadow prices'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 ONEE 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 the productive units in the system. aa the 

tinning lines played a smaller and smaller part in restraining the 

system from reaching lower cost, their shadow prices fell. The steel 

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. 
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Table 3.8 

Requirements Increase Test 

PART I 

Shadow Prices 
(US$1ton) 

.,Run 
Market 

& Pro ONCE ONE - ONEH TNO i ,HLR 
Import 
Prices 

SPP 
SPH 
SPC 
SPT 
RJP 
RJH 
RJC 
LIT 
BliP 
BHH 
BHC 
BHT 

70.22 70.22 74.95 96.46 102.00 102.00 
68.17 68.17 72.95 93.59 99.00 100o75 
73.10 73,10 77.40 110.76 1.12o00 112.00 

120.75 120.75 122.00 122.00 122.00 122.00 
73.76 73.76 74.20 100.00 100.00 00o.00 
71.70 71.70 72.04 97.04 98.25 100.00 
76.64 76.64 76.64 110.00 110.00 110.00 

120.00 120.00 120.00 120.00 120.00 120.00 
70.78 70.78 71.28 97.02 98.18 99.99 
68.72 68.72 69.15 94.14 95.27 M97 02 
73.66 73.66 78.24111,60 112.84 112.84 

121.59 121.59 122.841122.84 122.84 122.84 

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

PART II 

ONCE -ONE ONER TWO ITWOH THREE 

SAS 
SAPR 
SAR 
SAH 
SAC 
SAT 
USS 
USPR 
USR 
USH 
USC 
UST 
VRS 
VRPR 
VRR 

2.42 2,42 6.12 22.92 27.28 28.70 

1.32 1.32 .80 11.81 7.47 5.67 
.40,,91 40.91 3 73 3.68 2.46 2,47 
7.71 7.71 8.05 28.21 29.12 30.53 

1.30 1.30 "5.31 12.06 1211 10.31 
41.14 41.14 37.63 3.62 2.35 2.37 

10.88 15.24 16.65 
2.42 2.42 2.42 11.70 8.31 8.31 

VRC 
VRT 

.81 
36.61 

.81 
36.61 

.81 
37.80i 

7.56 
3.78 

7.52 
2.52 

5.72 
2.54 
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Both this test and the previous one involved changes in 

product requirements The next test is one which employs a change in 

some of the cost parameters of the system. 

3. Changes in Cost Parameters Teat
 

The original calculation of the sinter charge at the Volta
 

Redonda plant of'CSN was .875 tons of sinter per ton of pig iron.
 

This 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 changes in the
 

unit cost or 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

d4lction to permit Volta Redonda to compete effectively with USIHINAS
 

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
 

Riu (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
 

Par1ete_ 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. USIHINS 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)
P 


Run 
Pl 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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Run #2 with the corrected sLnter charge then provided a basis 

for companrison for the other runs. In run #3 the cost of ore at the 

Volta Redonda plant was increased fromUS$3.50 per ton to US$4o50
 

per ton. This resulted in an increase of US$0.67 per ton in the cost
 

of ingot steel at Volta Redonda. Comparing runs #2 and #3 in Table
 

3.10 one sees that this change was, however, sufficient to cquse
 

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 effectsof 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 was 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 whole the decrease in annual cost resulting from this technical
 

change was US$686 thousand per year. However, the "profit" gain to 

less than the savingsCOSIPA from installing this technical change was 

for the entire country. Table 3.11 shows the unit profits and product
 

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

http:fromUS$3.50
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Table 3.10
 

Changes In Cost Parameters Test
 

Eifects on Activity Levels
 

1 2 3 4 5 

Objective function 
SASPP 

96.220 
.020 

95.938 
.020 

96.294 
.020 

95.252 
.020 

93.885 
.020 

SARJP .054 .054 .054 -
USRJP .106 .160 .106 .106 .160 
USBHP .020 .020 .020 .020 .020' 
SASPH .200 .200 .200 .200 .200 
USRTJ .120 .064 .120 .120 .064 
USBHH .080 .080 .080 .080 .080 
VERJH - .056 - - .056 
SASPC .300 .300 .300 .300 .300 
SARJC .040 .040 .040 -
USRJC .006 .006 .006 .006 .006 
USBHC .140 .140 .140 .140 .140 
VRJC .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 
VRBT .040 .040 .040 .040 .040 

TUT .002 .002 .002 .002 .002 

SAMEM .026 .082 .026 .026 .082 
VREXE .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
 
"IUnit Profits" and Product Flows 

Unit Profits Product Flows
 
un (US$metric ton) (million metric tons)

14iat & Product 2 4 5 2 4 5 

1, COSbSA - Santos 
O, Pliat 3.10 3.10 3.10 .020 .074 .020 

Hot. 3.00 3.00 3.00 .200 .200 .200 
. ok 4.00 5.03 4.00 .300 .340 .300 

d. Exo~ts - hot 3.00 3.00 3.00 .082 .026 .082 
e. Ex~ofts - cold 4.00 4.00 .040 - .040
 

a. pliti 9.55 8.71 13.93 .180 .126 .180 
b.IZi 9.25 8.44 13.49 .144 .200 .144 
o. Cold 0.76 10.76 15.24 .146 .146 .146
 

3:. CSN,,O olta Redonda
 
a. Plate'
 
b, HOvo 3.00 3.00 3.00 .056 .056
 
c. Cold 4.00 4.00 4.00 .154 .115 .154
 
ds T1nplte k3.45 43.45 43.45 .248 .248 .248
 
a. EXPOrs - hot 3.00 3.00 3.00 .255 .311 .255
 
f. Exp6is - cold 4.00 4.00 4.00 .355 .395 .355
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Table 3.12 

Changes in Cost Parameters Text
 

"Pcofits", Accurina to Plants 
(US$ millions) 

,1 

Run #2 Run #4 Run -#5 
...... .. Subtotal Subtotal Total i Subtotal Total.... Total 

1. COSIPA - Santos 2.268 2.617 2.268 
a. Plate .062 .229 .062 
b. Hot .600 .600 .600 
c. Cold 1.200 1.710 1.200 
d. Exports - hot .246 .078 .246 
e. Exports - cold .160 - .160 

2. USIHINAS 4.620 4.358 6.675
 
a. Plate 1.720 1.100 2.510
 
b. Hot 1.330 1.688 1.940
 
c. Cold 1.570 1.570 2.225
 

3. CSN - Volta Redon a 13.719 13.723 13.719
 
a. Plate 

b. Hot .168 - .168
 
c. Cold .616 .460 .616
 
d. Tinplate 10.750 tO.-IO3 10.750
 
e. Exports - hot .765 .933 .765
 
f. Exports - cold 1.420 1.580 1.420
 

4. Total Profit 20.607 20.698 22.662
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to ieach-plant. Comparing the profits for COSIPA for runs #2 and #4 

we find that the profit gain for that firm was US$349 hundred thousand 

annually. 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 3.11).' 

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 USIHINS 

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 permitted 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 

lThese 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 and 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 incomplete 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 production capacity at Santos and the full rolling capacity
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iat usD4NS were ,inoperatIon;.however, in one run the steel shop-blast
 
furnace capacity at Santos and the.hot andcold strip mills at US4INAS
 

were assigned zero capacity. Also the blast furnace capacity at USIKINAS
 

was reduced to 485 thousand tons per year to reflect the reality that
 

only one of the USININAS blast furnaces was in operation. All other
 

parameters of the model were the same as those for the first experiment
 

described, i.e. lover 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 was expected the model responded by a shipment of 229 thousand
 

tons of ingot steel from USININAS 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 ictual product flows in Brazil in
 

1964. Though some of the flows are known to correspond to reality,
 

complete statistics on the flows are not yet available. For example,
 

it is known that there were shipments of plate from USIHINAS to Rio 

ide Janeiro, of cold sheets and strip from COSIPA to Sa Paulo, and of 

tin plate from Volta Redonda to Sao Paulo. 

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

Though 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 
(million metric tons) 

Activity Original Modified 

USSAS - .229 
VRSAS - .203 

SASPP .020 -

USSPP - .020 
USRJP .160 .160 
USBHP .020 .020 

SASPH .200 .200 
USRJH .064 -
USBHU .080 -
VRRJH .056 .120 
VBHR - .080 

SASPC ;300 .140 
USRJC .005 -
USBHC .140 -
VRSPC - .160 
VRRJC .155 .160 
VRBEC - .140 

SASPT .001 -
USBHT .001 -
VRSPT .149 .150 
VRRJT .060 .060 
VRBHT .039 .040 

SAEXH .082 -
VREXH .094 -
SAEXC .039 -
VREXC .334 -
VREXT .019 -



of the change that would result in this behavior it shown in Table 

1. This 'table gives, in the column labeled "reduced cost," the 

reuired decrease in the cost of any activity for that activity to 

enter the basis, or in this case the required increase in the profita

bility of exports for these export activities to enter the basis.
 

In the case of exports 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
 

shipping bottleneck at the port of VVitoria which had not reached the
 

expanded capacity required to insure a smooth flow of products. Or the 

difference may have resulted from the decreased level of economic
 

activity in Brazil in 1965 which resulted from an effort to slow the
 

Inflation. Or the overestimate of the model may have resulted from
 

failure to account for operational difficulties inherent in the start
 

up of any new steel plant. Most likely the difference resulted from a
 

combination of these and other factors not included in the model.
 

1 ILAtA, 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 40.36 
USEP -2.00 1.14 -3.14 
VRE -2.00 3.65 -5.65 

SABXH -3.00 7.03 -10.03 
USEXE -3.00 13.29 -16.29 
VREXH -3.00 2.47 -5.47 

SAEXC -4.00 6.60 -0.60 
USEXC -4.00 13.35 -17.35 
VBI C -4.00 1.78 -5.78 

SAUT -5.00 6.33 -11.33 
USEXT -5.00 13.57 -18.57 
VmEXT -5.00 1.18 -6.18 
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secondly, the USIMNIS,0Ata show substantial exports of pig iron,
 

' ingot steel, slabs, and s teel plate: in 1964,-' none of which. wre pre

.]dicted by the-model. This result:shows the,,Importance in further 

developments of the model of including the posstibility-of the exporta

tion of.intermediate.-products such as'pig iron, ingot steel, and slabs 

as veil as the exportation of final products. 

5. Capacity Addition Test.
 

The cost of most capital equipment used in steel production is
 

so great that many Latin American governments require government ap

proval of all projects for any substantial investment requiring imported
 
1 

equipment,. In other cases part of the financing 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 government may be faced with the problem of de

ciding between two or three plans. This experiment shows how a linear
 

model may be used ,to provide a partial answer to this type of problem.
 

Here we consider the question of adding a new tinning line of
 

200 thousand-tons-per year capacity. A new tinning line is added to
 

.the capacity of each plant in turn to see where in the system it should
 

be located to minimise total operating and transportation costs.
 

(We assume that the capital cost of locating-the :new tin mill at each
 

of the. three-steel mills would be the same, so that we need only con

eider the differences in operating and transportation costs.) All
 

-parameters in the model are the-same as for thefirst'teet.
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The value of the objective function for the original solution
 

before the addition of the nev tinning line was US$93,446 million.
 

This amount 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 installing it at USIMINAS. Thus, there is a significant
 

annual savings gained by locating the new mill at the Santos plant.
 

The proximity of the largest market in the country for tin plate, the
 

SSr 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 line. The COSIPA mill could give up a portion of its 

share of the cold sheet and strip market in Sao Paulo to the Volta
 

Redonda plant at relatively little additional cost to the system,
 

and then use the cold strip mill capacity to provide input for the
 

tinning line, USIIMNAS 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.
 

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
 

installed at Santos but would only be used to 20 per cent of capacity
 

if installed at USIHINAS.
 



Since the profitability of installing a new tinning line is 

apparently strongly affected by the availability of cold strip mill
 

capacity, itwould 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 itwas observed that there had been
 

a secular decline in deflated railroad freight rates in Brazil over
 

the period 1959 to 1963. 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. Itwas 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 and 0.00700 for a and b respectively for most
 

of the experiments with the model. Table 2.1 shows that the maximum
 

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 about twice that of the range observed between 1959 and 

1963. 
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Table 3.15
 

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

Run a b 

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 cost 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 Hodel
 

The construction of an economic 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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to select from them the least-cost combinacombinations of i&ynas and 

tion. However, this type of exercise is prohibitv&yeW3Bd*ah sflean 

for relatively small models such as the one presented here. With 

sixty-six possible activities to chose from (the number of columns in 

the LP matrix) and with constraints and a matrix such that the rank of 

the matrix is twqnty-one (the number of activities in the colution), 

there are some (r1 - 9.05 x 10 possible extreme solutions. A linear 

prograuing 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-linearities in the system with linear functions and at the same
 

time to fit the other requirements of a linear programning problem, one
 

can take advantage of this powerful computational method. Various types
 

of non-linear progranuning models offer better approximations to the non

linear parts of the system but sacrifice computational efficiency.
 

Thus, one is faced with a choice of using a non-linear model which gives
 

a closer 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
 

model, or of using a linear model with more plants, markets, and products.
 

but with 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.
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Table 3.16 

Transportation Cost Test 

Changes inActivity Levels of Variables 
(million metric tons) 

Activity Original 1 2 

SASPP 
SARJP 
USRJP 
USBHP 

.020 
-
.160 
.020 

+.054 
-.054 

+.054 
-.054 

SASPH 
USRJH 
USBHH 
VRRTH 

.200 

.064 

.080 

.056 

+.056 

-.056 

+.056 

-.056 

SASPC 
SARJC 
USRJC 
USBHC 
VRRJC 

.300 
-

.006 

.140 

.154 

+.040 

-.039 

+.040 

-.039 

SASPT 
USBHT 
VRSPT 
VRRJT 
VRBHT 

-

.150 

.060 

.040 

SAEXH 
VREXH 
SAEXC 
VREXC 
VREXT 

.082 

.094 

.040 

.335 

.017 

-.056 
+.056 
-.040 
+.040 

-.056 
+.056 
-.040 
+.040 
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What then is'.the extent of the cost-of using a linear rather
 

Linear programthan a non-linear model for this part of this study? 


ming models require that all cost be linear functions of their activity
 

levels or use. As has been discussed earlier in this paper, this is
 

a violation of
not a restrictive assumption for raw material cost but is 


the reality 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
 

Also, in
productive units whether they are used to capacity or not. 


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
 

is less valid for independence among the activities within a given plant.
 

Even when using a linear programing model the rapidity of solu

tion sharply constrains the number of products, markets, and plants which
 

can be considered in a problem. Since it was desirable to have a mndil
 

that could be solved in five to ten minutes on the IBM 1620 (a small
 

omputer), the problem was limited to four products, three market areas,
 

and three plants. As was 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 is 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 is 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 problem 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
 

prevent the saoth flow of product over the course of a year. 

Though external economies and diseconomies have been excluded 

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

type of model. The requirements 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 is the real social cost of transporting 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

gramming model discussed in the following chapters deal with the problem 

of uncertainty except in a very limited fashion. Considering the limited 

time available for preparing the study itwas 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 runnin& the model
 

repeatedly with these changes. The tests described above for 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
 

prograumming."' 

1-See 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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8. Improvements in the Model
 

As yet there has been little opportunity to check the results of
 

the model against the actual product flows in the system. (This is not
 

to say that the theoretical product flows should exactly correspond to
 

the real flows, for example that all plant managers and consumers act in
 

an-opfimizing 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 has been possible has indicated the importance of a number 

of modifications in the model. 

First, the assumption of equal profits to all firms on exports
 

of the 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.
 

Secondly, the model should be modified to include domestic trade
 

-in and export of other intermediate products. The present model permits 

domestic trade but not export of ingot steel. Activities for export of 

ingot steel, slabs, and pig iron as well as for domestic trade of slabs 

and pig iron should be included in the model. Likewise, consideration 

should be given to the inclusion of activities for domestic trade in 

blooms. 

Thirdly, the detailed development of product cost which was ac

comlished in this model'for Dis iron and insot steel should be extended
 



to .cover the coat of slabs, blooms, plate, hot sheet and strip, cold
 

sheet 'and strip, 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 speed 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 their economic effects. 



CHAER IV 

-AMIXD INTEGR PROGRAMMIG NDDEL 

This.chapter presents a mixed integer programming model for 

studyiig the problem of when and where to add to capacity in an 

existing,System of plants. This multi-time period model uses an 

expanded version of the linear programming model of the previous 

chapter as. the submodel for eacdf time period. An investment matrix 

is appended to the multi-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 transportation

production activities of each time period free to take on any non

negative value and the investment activities constrained to 0-1 integer
 

values, the model becomes a mixed integer programming model.
 

The expanded version of thie linear programming model which is 

the sub-model for each time period permits the shipment between plants 

of the three intermediate products (pig iron, ingot steel, and slabs),
 

rather than only the single intermediate product (ingot steel) of the
 

previous model. Also, the enlarged version of the model permits the
 

importation and exportation of each of the three intermediate products.
 

As there is a substantial trade in intermediate products in the steel
 

industry, this added capability of the model adds significantly to its
 

realiim.
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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 is 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 chapter parallels that of the 

previous two chapters. In this chapter the model is written out in a 
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'series of equations and inequalities; then the components of the data
 

input to the model are discussed. In the next chapter the computational
 

The primary difference
methods are explained, the results analyzed. 


between this chapter and the chapter which described the linear pro

:gramming 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.
 

il k= i
1"1 k-l 


(A) (b) 

n ckt kt m dkt xkt+. 2E cij WiJ d 

i-l J-1 k-4 1k4 

(c) (d)
 

n p Icq

t kt)f
 

- qi frrrei 
i-1 k-l r-l
 

(e) W 

Subject to the following restrictions for each time period.
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(2) Capacity utilization constraint. 

n jlke kt keut 

(a) (b) 
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Ja~i k-4 

vekt 
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(3) Requirements constraints. 

kt kt ktV-1iL + xj r 

for 

k -Ig,..p 
J - l,
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(4)Non-negativity constraints. 

kt>0 
ul 0 k=i,..., 3 

i=l, ..o , 
t=2, ... 4 

kt 
vi 

kct 

wij 

0k=,...,3 

0 

i-i,...,n
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k4,...,p 

ti2, ..., 

kt> o 
Xkt > 0 

kt 

k pop 

t=2,...,4k=1,.. ., 

t=2, ..., 

t=2,...,4 

(5)Integer constraints. 

z 0,1 ,., 
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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 sumation 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 i and shipping it to plant 1.
 
kt


The word "extra" refers to the fact that the activity cost, aih, 

represents the difference between the cost of producing intermediate 

product k in plant i and shipping it to plant R and the cost of pro

ducing it in plant R. Term (b) includes tho "extra" cost to the system 

of importing intermediate product k in time period t rather than producing 

it in plant i. "Extra" here means the difference between the cost of 

importing intermediate product k and the cost of producing it at plant i. 

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
 
final products
6 cold sheet and strip 


7 tin plate
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Term,(C) of the equation (1) represents the cost of producing
 

1,2,...,=
in all of thei 1,2,...,n plants and shipping to all of the j 


Term (d) inmarket areas each of the k - 4,5,...,p final products. 

cludes the cost of importing each of the final products k = 

to each of the market areas j = 1,2,...,m. The negative sign preceding 

term (e) show that exports are treated as a way of decreasing the cost 

to the system of satisfying the domestic requirements. Finally, the 

term (f) represents the costs of investments r - 1,2,...,q. 

The capacity utilization constraints require that in each of the 

e - 1,2,...,s productive units in each of the plants in every time period 

that the capacity utilized to produce intermediate goods for other 

plauts,gfinal products for domestic consumption, and intermediate 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 easing 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 capacity (terms (b), (c), and (f) respectively).
 

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

ti for each final product k and each market area j the total amount
 

supplied domestically plus the amount imported will be greater than or
 

equal to the requirement.
 

The non-negativity constraints (4) require that all variables
 

in the problem be limited to values greater than or equal to zero. 
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One subset of the variables, the investment variables, zr , are limited
 

by the set of constraints (5)to take on only the values zero or one.
 

In greater detail:
 

Z - the present value in US$ million of producing and
 

transporting the required final bill of goods during
 

the time periods covered by the model.
 

kt

ai) - present value of cost (other than capital cost) in 

US$/metric ton for supplying over the 2A 
2 year length 

of time.period t one metric ton per year of product k 

produced at plant i and delivered to plant'1(, minus 

the cost (other than capital cost) of producing one 

metric ton per year of product k over the same length 

of time in plantj, i.e. the extra cost to the system 

when plant) uses intermediate product k produced at 

plant i rather than in its own facilities. 

kt 
uv - million metric tons/year of product k shipped as an
 

intermediate product from plant i to plant/A during
 

time period t.
 

kt -million metric tons/year of product k shipped as an
 
intermediate product from plant,Ato plant i during
 
time period t.
 

kt
 
bi - present value of cost (other than capital cost) in
 

US$/metric ton of importing over the 2f 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 cost (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 intermediate product k to plant i rather
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kt -million metric tons/year of product k imported during
 

time period t for use as an intermediate product at
 

plant i.
 

-ktpresent value of cost (other than capital cost) in
 

US$/metric ton for producing at plant i over the
 

2f1 year length of time period t one metric ton per
 

year of product k and delivering it to market area J.
 
kt 
wt - million metric tons/year of product k produced at 

plant i and delivered to market area j during time
 

period t.
 

dj
dkt . present value of cost (other than capital cost) in
 

over
US$/metric ton for importing to market area j 


the 2i year length of time period t one metric ton
 

per year of product k.
 
kt
 

xj -million metric tons/year of product k imported to
 

market area j during time period t.
 
kt 
ite - present value in US$/metric ton of export profits 

1 
gained by the system for the 21 years of time period 

t from exporting one metric ton per year of product k 

from plant i. 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). 

kt 
million metric tons/year of product k exported from
yi 

plant i during time period t. 

f - present value of cost of investment r, in US$ millions 

z - an integer variable which is restricted to the values 

zero or one.
 

ke - metric tons of capacity required in production unit e 

of plant i for each metric ton of product k produced 

at plant i. 
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t
i= million metric tons of capacity created in production
 

unit e of plant i in time period t (and fn all time
 

period after t) by investment r.
 

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

unit.
 
kt
 

dkt = 	 requirements of market area j for product k during 

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

2. The 	Matrix and the Right Hand Side
 

Figure 4.1 shows the structure of the mixed integer prograuming
 

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, 2b represent the correspondingly
 

lettered elemengs in the objective functions. For example the vector
 

bk2 is composed of the elements bk2 . The same is true of the column

i.
 

vector of unknowns, that is the components of the vector z are zr.
 

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

quality sign. It consists of the i vector which contains elements
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for the capacity of each productive unit in each time period and elements
 

for the requirement of each market area for each product in each time
 

period. The J9 vector is the lower part of the right-hand side and
 

contains elements used to constrain 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 is 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
 

mulf -time period matrix used by Vietorisz in his fertilizer plant
 

location ptudy.
 

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

4.2 shows the arrangement of the matrices Ai in the A matrix. The
 

notation at the top of the matrix PIP2, P1P3, etc. indicates the
 

direction of product flow in that section of the matrix. For example,
 

p3.P' is for shipments from plant 1 to plant 2. Thus, shipments from
 

.plant 1 to plant 2 use up capacity of the productive units in plant 1
 

1Vietorisz, Thomas, "Industrial Develipment Planning Models...."
 
opi.cit., p.32 .
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Figure 4.1 

The Multi-Period Matrix anid the Right Hand Side
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Figure 4.2 The Single Period Sub-matrix 
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the elements of A1 in this series of columns are positive), and they
 

add to effective capacity in plant 2 (the elements of A2 in this series
 

of columns are negative). The elements of the matrices Ai 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 elements akt in
i
 

the vectorr t in the right-hand side, are the requirements for market
 

area j for final product k in the tth time period. The V vector is
 

composed of elements, Y '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 IP1 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 Ci 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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unit e of plant i for
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Figure 4.3 

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 C in the C matrix is shown in 

Figure 4.2. The notation P1 1 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 PIM 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, , 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 final products. These
 

activities affect only the satisfaction of market requirements.
 



The activities for exporting both intermediate and final pro-


The notation EPI at the top of
ducts are included in the H matrix. 


the matrix indicates that the activities in that section or the matrix
 

are for the exportation of products from plant i. In the E matrix the
 

sub-matrices Ai and Ci are placed side by side to create triangular
 

matrices.
 

Figure 4.4 is a picture of a print-out of the matrix for the
 

second time period. This print-out of the matrix was made with a
 

program which is a part of the LP/ll 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.
 

Figure- shows that the investment matrix, F, is appended to the
 

right-hand side of the multi-period model. The details of this matrix
 

Part I of the figure
are shown in Parts 1,12, anditof Figure 4.5. 


contains the rows for the second time period as well as the corresponding
 

Parts II and III of the figure show the similar sections
right-hand side. 


In the matrix the parts of the figure would be
for periods 3 and 4. 


arranged in a column with Part I on top.
 

The first seven rows of Part I of Figure 4.5 represent the pro

duction units of the COSIPA steel mill at Santos (SA) near Sab 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 Si' Paulo.
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22223333333444444444444 R 
I I I I I I I I I I I I I I I I I I I I I I I H 
SUSVS US UVSVSUVSUV S SUV SV S 
ASARASA SRARASRAS RAASRAR 
SSTTBBS SSTTBBBSSSRCCCTT 

1 2SAB .720 

2 
3 

2SAS -,80-
2SAP 

.800 
1.800 

4 2SAR 1.000 

5 2SAH 1.500 
6 2SAC .350 
7 
8 

2SAT 
2USB 

-,18. .000 
.900 

9 2USS -.80 .600 
10 2USP 1.800 
11 2USR 1.000 
12 2USH 1.500 
13 2USC .150 
14 2UST .000 
15 2VRB 1.000 
16 2VRS 1.420 

17 2.RP 1.220 

18 2VRR 1.250 

.19 2VRH 1.500 
20 2VRC .800 
21 2VRT . .170 
22 2SPP -.131 
23 2SPH -.347 
24 2SPC -.476 
25 2SPT -.217 
26 2RJP -.218 
27 2RJH -.145 
28 2RJC -.147 
29 2RJT -.062 
30 2BHP -.087 
31 2BHH -.087 
32 2BHC -.111 
33 2BHT -.031 

Figure 4.5 - PART I 

The Investment Matrix "F", and the Right-Hand Side 

Period 2 
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IIIIIIIIIIIIIIIIIIII II H
 
sUSVSUSUVBVSUVSUVS SUVSV S
 
ASARA SA SRARASRASRAASRAR
 
S STTBBSS STTBBBSSSRCCCTT
 

3SAB -.28 .720 
3SAS -- .800 
3SAP .800 
3SAR 1.000 
3SAH 1.500 
3SAC .350 
3SAT -.18 .000 
3USB -.36 .900 
3USS -.80 -.80 .600 
3USP 1.800 
3USR 1.000 
3USH 1.500 
3USC .150 
3UST .000 
3VRB 1.000 
3VRS "1.o0 1.420 
3VRP 1.220 
3VRR 1.250 
3VRH 1.500 
3VRC .800 
3VRT -.18 -.18 :170 
3SPP .164 
3SPH -.433 
3SPC .598 
3SPT -.274 
3JP -.274 
3W e.181 
3RJC -.184 
3=3T -.078 
3BHP .109 
3BHt -.108 
3BHC -.138 
3BHT -.039 

Figure 4.5 - PART 11 

The Investment Matrix "F", and the Right-Hand Side
 
Period 3
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Fikute 4.5 - PART III
 

The Investment Matrix "F", and the Right-Hand Side
 

R
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The next four rows (22.25) are requirement rows for the market area of
 

Sla'o Paulo (SP), and the eight final rows are the correspotidlng require

ment rows for the market areas of Rio de Janeiro (RJ) and Belo Horizonte
 

(BR). The map near the beginning of Chapter 'I' shows the location of these
 

plants and market areas.
 

The same mnemonics are used to identify the twenty-three investment
 

opportunities. Thus, the variable name 2ISAS in the first column of the F
 

matrix represents an investment in the steel furnaces at the plant at Santos.
 

This 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 the vector h) are the capacity 

of each productive unit in 1965. The entries in the last twelve rows of the 

RHS column (which make up the ;2 vector) reflect the market requirements in 

the second-time period. 

The entry of -.80 in the row 2SAS 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 until'the beginning of
 

the third or the fourth time period have no effect on the capacity 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 I3I and EIoT Figure 4.5 

shows that the capacity vector k remains constant over the time periods
 

while the requirements vectoryt 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 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 h, which fit beneath 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 4.6). 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:
 

21SAS Alternative Right-Hand Side Values 

O21SAS 1 e 1 1 0 

121SAS -1 0 -1 0 

value of the variable 02ISAS1I 2ISAS I 21SAS-O 

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.
 

1This 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 operating each of the activities of the
 

model at the unit level. These coefficients were calculated in three
 

steps. First, the cost of producing 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 production

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
 

+ + 1+(6) DISFA (K) 11 1 1 
(1+R) 5(K-1) + l (I+R) 5(K-1)+2 (I+R) 5(K-1)+5 

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
 

six 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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at. the pnd of each two and a half year period. Also, it is assumed that
 

the discount rate, R, does not change over time. This assumption could be
 

easily modified if projections of the discount rate over time were made
 

available.
 

Third, the activity cost per year is divided inhalf. 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
 

value 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 at Santos and its shipment to
 

Sao 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 S~o
 

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 6 + 1 7 + des + 105 + (l+.05) (1+.05)10)
(T,3+.(l 

0' = (30.3) (.746 + .711 + .677 + .645 + .614) 

C' - (30.3) (3.393)
 

CO = 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
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The method of discounting for the activity cost of the investment
 

opportunities was somewhat different and will be aiscussed 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 progran~ing 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,
 

.'dependingupon the amount of ingot steel required to fabricate the final
 

For the mixed integer
product, as a constant times the ingot steel cost. 


programning 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 conversion cost at each step in the
 

process of producing flat steel products.
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
 

breakdown of the component parts of conversion cost was not available,
a 

itwas noted that aboutUS$17 of the conversion cost of US$24.93 for
 

electrolytic tin was due to tin cost.
 

http:US$24.93


153
 

halve been-used in this paper as the basis for the cost calculations for
 

rolled products for the mixed nteger model. Since the'1962 study did not
 

give a breakdown of conversion cost into its component parts and since
 

data on conversion cost for final products in the other two plants were not
 

made available, the conversion cost in all three'plants was assumed to
 

be the same. This assumption would appear to introduce some bias in
 

favor of Volta Redonda because the two pewer plants would be expected
 

to be capable 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 Volta Redonda and multiplying the coefficient for the amount
 

of scrap generated times the value of scrap at the plant concerned.
 

Table 4.1 gives the results of these calculations, as well as the conver

sion 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
 

thirteen productive units listed in Table4.lis calculated by multiplying
 

,the specific consumption times the cost per metric ton of the product
 

leaving 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.
 

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
 

Scrap Credit and Conversion Cost for Flat Steel Products
 

Specific Scrap Credit Conversion Cost 

Process 
Consumption 
Product COSIPA 

US$/metric ton 
USIMINAS CSN 

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 .77 

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.
 



Table 4.2
 

Production Cost
 
(US$ per metric"ton)
 

Hot Cold Tin
 

Plant Pis Iron ingots Slabs Plate Strip strip Plate
 

62.00 72.91 125.02
COSIPA (SA) 31.97 46.34 51.07 57.95 


56.63 	 116.84
USImINAS (US) 29.47 42.80 46.32 52.78 	 66.41 


54.80 61.75 65.84 76.95 129.37
CSN (VR) 36.52 49.84 


Since capital cost on all installed equipment is treated as sunk
 

excost and therefore beyond the control of the decision makers, it is 


The cost of working capital is also excluded
cluded from these estimates. 


but should not be.
 

A change in the method of calculating the transportation cost for
 

In the previous
shipping intermediate products between plants was made. 


model these costs were estimated from the transportation costs for final
 

Now they are calculated as follows:
products over certain 	routes. 


T - .7 (a+ bX) 

where Y is the transportation cost per metric ton over the distance X
 

between plants and the parameters a and b are as estimated in Chapter II.
 

..
The resulting transportation cost for shipping intermediate products
 

between plants is as follows:
 

Cost
From 	 To 

(US$/metric ton)
 

COSIPA 	 USIMINAS 7.63
 

CSN 3.37
COSIPA 

5.51
USIMIMAS CSN 


The rates 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 includes 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 is necessary to subtract the costs
 

of producing the products in the receiving plant from the costs of pro

ducing the goods in the shipping plant and 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
 

Sio 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 were 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. 
Thus, the costs for these activities, the
 

kt
coefficients af, is the extra cost to the system of producing the inter

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

this activity cost may be a 
negative number in cases where the difference
 

in the cost 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 filling the requirements of the market areas, plus the fact that
 

all exports,also have negative activity cost may caise the model not to
 

choose the activity. Rather, these intermediate product shipment activi

ties.are used by the model when there is an imbalance in the capacity
 

structure of 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) and a second plant has a large primary mill, but insufficient
 

steel making capacity -- then the activity will be chosen if it ismore
 

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 of the intermediate
 

product shipping activities in each of the time periods. The first three
 

columns of the table 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

parison with the previous model, a number which is easier to compare to 

prices -- 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 range of intermediate products to Volta Redonda less expensively than
 

they can be produced at Volta Redonda. However, As was noted above, this is
 

notto say that they should supply intermediate products to Volta Redonda,
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Table 4.3 

Activity Cost for Intermediate Product Shipment Activities
 
(US$/metric ton)
 

"Tim Period 

**ieAnnual


Activity 2nd 

SAUSC 17.18 

SAUSS 18.94 

SAUSL 21.01 


SAVRG -2.02 


SAVRS -.22 


SAVRL -.61 


USSAG 8.70 


USSAS 6.94 


USSAL 4.87 


USVRG -2.61 


USVRS -2.58 


USVRL -5.03 


VRSAG 13.44 


VRSAS 11.65 


VRSAL 12.03 


VRUSG 21.32 


VRUSS 21.29 


VRUSL 23.73 


Present Value of Cost Undiscounted 

3rd 4th Activity Cost 

13.46 10.55 10.12 

14.84 11.63 11.19 

16.46 12.90 12.41 

-1.58 -1.24 -1.19 

-.18 -.14 -. 13 

-.47 -.37 -.36 

6.82 5.34 5.13 

5.44 4.26 4.10 

3.82 2.99 2.88 

-2.05 -1.60 -1.54 

-2.02 -1.59 -1.52 

-3.94 -3.09 -2.97 

10.53 8.25 7.94 

9.12 7.15 6.88 

9.42 7.38 7.11 

16.70 13.09 12.58 

16.68 13.07 12.57 

18.60 14.57 14.00 
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.:b~iaua the total -cost 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
kt
 

cients bi ,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) is necessary for the same 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 eatimate 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 corverted to US$/metric ton to give 
the following prices:

1
 

pig iron US$70.50/metric ton
 
t88.30 " ingots 

R92.50 " slabs 


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


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
 

1
 
Buenos Aires.
 

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, cik were calculated by adding
 

the production costs at plant i (see Table 4,4to the transportation
 

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 slo Paulo 2.66 

COSIPA Rio de Janeiro 6.37 

COSIPA Belo Horizonte 8.16 

USIMINAS Sgo 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. Milano, October 1964.
 



For tables of distances between plants, and between plants and
 

markets, as well as tables of specific inputs, costs of inputs, and
 

cost breakdowns for pig iron and ingot steel. in each of the three plants,
 

see Appendix D.
 

2.2 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 sum for the cost of transportation from the port to the market
 

area.
 

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

1
 
follows:
were as 


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 Horizonte.
 

2.2.7 Activity Cost of Exportation of Intermediate and Final
 
kt
 

Products. The profits, ei , from export activities were calculated
 

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

68
 .
1Steel, The Metalworking Weekly, May 17, 1965, p.
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portation to the nearest port and the f.o.b. price for Brazilian exports
 

in 1964' Table 4.5 shows the quantity, value, and the unit value of
 

these exports.
 

The transportation cost between the plants and ports exporting
 

activities is assumed to be US$3/metric ton for the Volta Redonda and
 

USIMINAS plants and US$1/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,
 

itwould 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
 

assumptions 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 pex 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.Exports of Selected Steel.Products in 1964
 

Product Quantity* Value* FO.B.Unit Value
 
(thbusand metric ton) (thousand US$) (U$/metric ton)
 

Pli Iton 1.48!.9o 584. 34.80
 

Ingots 10.2 360. 35.30
 

Slabs,blooms,etc. 38.6 3,115. 80.60
 

Plates 12.4 1,344. 108.30
 

Hot & Cold Sheets
 
between 3m & 4.75 um 7.9 1,043. 131.90 

Hot & Cold Sheets 
2.0 233. 116.50
less than 3m 


.012 1.3 109.20
Tin Plate 


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

Table 4.62*
 

Comparison of Brazilian f.o.b. Prices with Japanese and
 
Uhited States Prices
 

(US$/metric ton)
 

Brazilian f.o.b. Japanese U.S.-Pittsburg U.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, 1965o p.68. 

http:1.48!.9o
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Table 4.7 

Calculation of Undiscounted Annual Activity Cost 

for Export Activities 

Production Cost+ 
F.O.B. plus transportation Undiscounted Annual 

Unit Value cost to port Activity Cost 
(US$/metric ton) (US$/metric ton) (US$/metric ton) 

SAEXQ 34.80 32.97 -1.83 
SAEXS 35.30 47.34 12.04 
SAEOL 80.60 52.07 -28.53 
SAEXP 108.30 58.95 -49.35 
SAMEH 115.32 63.00 -52.32 
SAEXC 142.32 73.91 -68.41 
SAEX 191.00 120.02 -64.98 

USEXG 34.80 32.47 -2.33 
USEXS 35.30 45.80 10.50 
USEXL 80.60 49.32 -31.28 
USEXP 108.30 55.78 -52.52 
USEXH 115.32 59.63 -55.69 
USEXC 142.32 69.41 -72.91 
USEXT 191.00 119.84 -71.16 

VREXG 34.80 39.52 4.72 
VREXS 35.30 52.84 17.54 
VREXL 80.60 57.80 -22.80 
VREXP 108.30 64.75 -43.55 
VREXH 1X5.32 68.84 -46.48 
VREXC 142.32 79.95 -62.37 
VREXT 191.00 132.37 -58.63 

+"Production cost" here does not include capital cost.
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receive very small gains fr6m the exportation of.pig-iron and no gains
 

atall from exports of ingot steel. On the other hand, Table 4.7 shows
 

that in the short run the system could make large gains from exporting
 

slabs, plates, hot strip, cold strip, and tin plate. However, in the
 

long run, the system weighs both the gains from exporting and the neces

sity of meeting domestic requirements in deciding when and where to
 

add additional capacity.
 

There is a certain level of export profits at which the model
 

would decide to import the domestic requirements and to export domestic
 

production and/or the model would decide 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,
 

the 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 exporLs and
 

imports of flat steel products, that the government 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 differenee between f.o.b. prices and the cost (with
 

capital cost excluded) of producing the products and loading them on
 

ships. With this sort of a model if there is excess capacity in any
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of the productive units after the domestic requirements have been satis

fied there is an incentive for the country to sell its excess abroad
 

so 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 (including 1Qading 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
 

available and foreign prices are above marginal production cost plus
 

transportation cost. 
In the long run, capacity will be installed for*
 

exportingactivities 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 technology) but rather were a linear function
 

of the size of the productive unit, then investment activities could
 



be treated- like"any other activity'obf the model. However,' the technolo

gical reality of the steel industry is not only that nvestment costs 

are characterized by economies of scale.:between certain size limits, but 

Also that many itAvestment decisions are discrete: im that the problem 

is to decide when and where to install aL new productive unit of a.size 

determined by other*considerations.
 

For.example, the present steel shops at the USIMINAS and COSIPA 

plants both-consist of a pair of LD converters, Since it is necessary 

to reline these convirters once every two or three weeks (an operation 

which takes several days to complete) and since it is desirable to
 

maintain a steady flow of product through the plant, only one converter
 

ismaintained in operation at a time. Therefore, the effective capacity
 

of the steel shops of these two plants is that of a mythical single
 

converter which could be maintained in continuous operation without
 

the necessity of relining the vessel.
 

When additional capacity is required in the steel shops of 

these plants a third converter of the same size as the first two will 

be installed. Then two converters will be maintained in operation

at a time while the third converter is being relined. -Thus, for less 

than half the cost of£- thd original investment in the steel shop, the
 

companies will be.able to double the effective capacity of this part of
 

their plants. So the question facing the investment planner for the'
 
Brazilian steel companies in the case of these particular units is
 

not one of.what site,of converter to install but rather of when and where
 

to install the new converter(s).
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A similar situation arises in investments in some rolling
 

mills. The roughing mill presently installed at the Santos plant of
 

COSIPA is a reversing rougher. However, the plant was constructed so
 

that at a later date additional 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 USIHINAS. Both blast furnaces were installed without fuel injection,
 

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 injection 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 considering both the question of when and where to make
 

additions to capacity and the capability of considering the question
 

of what size of unit to install. The investigation described in this
 

paper has focused on the question of when and where to install units
 

of.given capacity. However, the method used here could be easily
 

adapted to-tudy the problem of investments under economies of scale.
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.This could be done by providing the model with projects for units of
 

various 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
 

This class of matheto capacity is a model of the mixed integer type. 


matical progrmming 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 of the model, pro

jections of requirements for flat steel products in Brazil up to 1975
 

were compared to the capacity presently installed in the major pro

ductive units in each of the three plants. These rough calculations
 

plus the experience from the linear programming model described in
 

http:sizes.at
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the previous chapters gave 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 time
 

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. Thus, the
 

project 2ISAS would be completed and in operation by the beginning
 

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:
 

B blast furnace 

S steel shop 

P primary mill 

R roushing mill 

H hot strip mill 

C cold strip mill 

T tinning line 
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Table 4.8
 

Investment Opportunities
 

Addition to Gestation Life of 
Pro~ect Capacity Cost Time Equipment 

(million metric tons) (US$ million) (years) (years) 

21SAS .80 7.90 2 	 18
 
18
2IUSS .80 7.90 2 


2ISAT .18 8.00 2 20
 
21VRT .18 8.00 2 20
 

20
3ISAR .28 	 1.80 1 

1 	 20
31USB .36 2.40 


31SAS .80 7.90 2 18
 
3IUSS .80 7.90 2 18
 

31VRS 1.00 34.50 4 18
 
31SAT .18 8.00 2 20
 
31VRT .18 8.00 2 20
 
41SAB .80 28.00 4 20
 

20
4IUSB .80 28.00 4 

4IVRB .80 28.00 4 20
 
4ISAS .80 23.60 4 18
 

4IUSS .80 23.60 4 18
 

4IVRS 1.00 34.50 4 
 18
 

4ISAR 1.00 25.00 3 20
 
4ISAC .35 10.00 2 20
 

4IUSC .35 10.00 2 20
 
2 20
4IVRC '35 10.00 


41SAT .18 8.00 2 20
 
4 VRT .18 8.00 2 20
 

Relatively few .projects are considered for the second time
 

period because the present capacity will be sufficient (under the assump

tions of the model) to serve most of the requirements and because the
 

time between now (September 1965) and July 1967 is not sufficient to
 

carry out a very large project.
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Theffour 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 converter
 

of the same size at USIHINAS, (3)the addition of a tinning line of 180
 

thousand 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 furnace 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
 

USIINAS plant. This investment, it is assumed, would add 300 thousand
 
1
 

metric tons per year to the capacity of these furnaces.
 

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
 
experience at the blast furnace of the Chilean steel company, CAP.
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The third and fourth investments in the third time period,
 

3ISAS and 3IUSS, are identical to the projects for addition of a third
 

LD converter to the steel shops at Santos and USIMNAS 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 second time
 

period. 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-


Sinning of the fourth time period in July of 1972. The first three
 

of these projects are for the installation of blast furnaces with
 

annual capacities of 800.-thousand metric tons at each of the three
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plants. The next two projects, 41SAS and 41USS, are for the installa

tion of a pair of LD converters at Santos and/or at USIMINAS. It wab
 

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
 

second or third time period so that further increments to capacity
 

in the steel shops of these plants for the fourth time period-would
 

require the 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, 4ISAR, is for the installation
 
4' 

of an additional stand in the roughing mill at the COSIPA Plilt it
 

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 capacitycof 350 thousand metric tons per year of cold
 

sheet and strip. The last investments, 4ISAT and 4IVRT, provide the
 

model with another opportunity to install tinning lines of 180 thou

sand metric tons per year capacity at Santos and/or Volta Redonda.
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3.2 Treatment of Investment Cost-in the Model. Data on the 

cost of productive units used in the manufacture of flat steel products 

and a description of the use of this data for estimating the cost of
 

the investment opportunities is given in Appendix E.
 

Once the cost of an investment project was determined it was
 

necessary to discount these costs to obtain the present value of cost
 

of the project. Since the outlays for the project are normally made
 

over a period of several years while the project isbeing planned,
 

equipment designed and constructed, buildings erected, and equipment
 

installed and tested, the present value of cost calculations should
 

be made by obtaining data on the stream of payments over time and
 

discounting all of the payments to the present (January 1, 1965 in 

this model). However, as this sort of data is difficult to obtain, 

it is assumed that..the payments are fairly evenly distributed about 

the mid-point of the "gestation period" for the project. As an approxi

mation to this distribution, itwill be assumed that all capital cost 

is concentrated at the mid-point of the gestation period, and this cost
 

will then be discounted to January 1, 1965. If data were available to
 

support them, more detailed expressions of construction cost profiles
 

a
could be introduced into the model. Given the data at hand, this is 


satisfactory approximation.
 

1Though he can not claim credit for any.of the remaining errors in this 
section of the paper, I am greatly indebted to Henry Jacoby for his 
assistance in guiding me over the pitfalls of capital theory. 
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For example, Table 4.8 lists the gestation period for the
 

project 2ISAS as two years. That is, it is estimated that two years
 

would be required to plan, construct, and install a third LD converter
 

at the Santos plant of COSIPA. Since the project is to go into opera

tion at the beginning of the second time period on July 1, 1967, it is
 

assumed that the US$7.9 million outlay for the project is all made on
 

July 1, 1966 (the mid-point of the two year gestation period.)
 

Since the model has a fixed horizon, one further modification
 

in the treatment of capital cost was necessary in order to avoid dis

torting edge effects. For projects in the latter time periods of the
 
a 

model there would be/bias against making the investment and in favor of
 

importing products or increasing interplant shipments,, In order to avoid
 

these effects, capital costs have been converted to the equivalent uniform
 

payment series, and the payments have been cut off at the end of the
 

period covered by the model.1 So, in effect, the system is only forced
 

to pay for that portion of capital services which are utilized within
 

the fixed time horizon of the model. Or, to express it another way,
 

it is as though the system paid a rent for the use of the capital equip

ment during the life of the equipment.
 

1l am indebted to Steve Marglin for the suggestion that capital
 
cost be converted to the equivalent uniform payment series and
 
the payment series cut off at the end of the time period covered
 
by the model.
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of the
 
Let C be the arithmetic sum/capital costs for the installation
 

of a project, R be the discount rate per six-month period, NZ be the
 

expected life of the equipment in number of six-month periods, and L
 

be the size of the payments in the uniform series. Then
 

R)ZRI +L = C 

(I + R)NZ -1
 

Furthermore, let CO be the present value of the cost of the 

project, Mbe the number of the six-month period (assuming January 1, 

1965 to July 1, 1965 is the first six-month period -- January 1, 1965 

being the date to which all costs are discounted) which is the mid

point of the gestation period of the project, and let NQ be the number 

of six-month periods in the time spanned by the model. Then 

Looo+L +L +C1 

n (M + NZvNQ)

(1+ R)M (I + R)M + (1+ R)m 

Take for example the investment project 41VRC. For this project
 

- 20. The gestation time of
C - 10.0, and NZ - 40. For this model NQ 

the project is two years; thus, the time from the mid-point of the gqsta

tion period to completion of the project is two six-months periods.
 

Since the project is to be completed by July 1, 1972 (the 16th six

month period of the twenty six-months periods between the date to which
 

all costs are discounted and the end of the time span covered by the
 

model) the investment can be treated as though all payments were made
 

at the beginning of the 14th six-month period. Actually, however, an
 

error was made Inwriting the programs to perform these calculations,
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with the result that all investments are treated as though they were 

made six months before the proper date. 1 Therefore, the project is 

treated as though all payments were made at the beginning of the 13th 

six-month period, and M - 13. R is assumed equal to five per cent (a 

discount rate of 10 per cent per year). Then 

[.05(1 + .05)401
 
L - 10.0 [(1 + .05)40 -1
 

L - (10.0) (.0582)
 

L = .582 

and 

C' -.582 [ 1 1 +,+ 1 1 
(1 + .05)20
(1+ .05)13+ (1+ .05) 


C' - (.582) (3.598)
 

C' - US$2.095 . 

Though empirically the difference is not large between the dis

counting method used and the method shown below, it would have been
 
2 

better to use
 

1This error resulted in an over estimation of capital cost by approxi
mately 9, 11, and 17 per cent for projects for the second, third, and
 
fourth periods respectively.
 

21 am indebted to Henry Jacoby for suggesting this treatment of the
 
discounting.
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• ' C() M [ .1.!1,,Q] FR(1+R)NZ I€ 

tuN (1+R) tall (+R)Z-l (R)3 

(a) 	 (b) 

where C' is the present value of cost of the project 

C is the undiscounted cost of the project
 

R 	 is the discount rate per six-month period 

M ts the number of the six-month period which is at the 

mid-point of gestation period of the project. If G is 

the gestation period of the project in number of 

six-mionths periods, then M - H G 

H 	is the number of the six-month period in which the project
 

is put into operation
 

NZ is the life of the equipment in number of six-month periods
 

NEQ is the number of the six-month period which is the last 

period covered by the model. 

Ii this equation the term (a)represents the discounted cost of 

using the resources between the mid-point of the gestation period and 

the beginning Of the operation of the project, and term (b)represents 

the ,iscounted cost of the uniform series of payments. The uniform 

series of payments is cut off at the end of the period spanned by the 

model or at the end of the life of the equipment, whichever occurs 

first.
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4. The Right Hand Side of the Model, Capacities and Requirements
 

The vector of the right hand side of the model consists of a
 

series of elements specifying the capacities of the productive units
 

and the requirements of the market areas in each time period. This
 

was shown in Figure 4.6 of this chapter. Also, the right-hand side
 

vector includes in its bottom section elements designed to constrain
 

the integer variables to zero-one values. (See Figure 4.7).
 

The vectors of capacities are constant in all time periods 

unless it is anticipated that some productive units will be forced to 

shut down during the period covered by the model. A discussion of 

the meaning of the capacities is contained in Chapter II. 

The market requirements in each time period stem from pro

jections for the consumption of rolled steel products. A number of
 

studies have been made to forecast future consumption of steel pro

ducts in Brazil. The results of three of these are shown in Table
 

4.9. The first of these was reported in a study mimeographed by
 

ILAFA;1 the second J.s an unpublished study done for the Brazilian
 

Iron and Steel Institute;2 and the third is an unpublished study done
 

by Osao Kome of the Banco Nacional de Desenvolvimento (BNDE) of Brazil.
3
 

1lnstituto Latinoamericano del Fierro y el Acero, "Estimacion del
 
consumo probable de acero laminado para los a'ros 1965, 1970 y 1975,"
 
Santiago, Chile, 1964.
 

2Instituto Brasileiro de Siderurgia, Viaduto Dona Paulina 80 - 190
 
ands"a Paulo, Brasil, 1964.
 

3Banco Nacional de Desenvolvimento, Economic Department, Rua Sate de
 
Setembre, 48, Rio de Janeiro, Brasil.
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Table 4.9 

Projections of Steel Consumption in Brazil
 

For Rolled Steel Products
 
(in million ingot metric tons)
 

1965 1970 1975 

IAWA 4.374 7.173 11.723 

OCHOA 4.863 7.857 12.750 

BNDE 4,382 6.841 10.630 

The BNDE study was chosen as the basis for the market require

ments used in this study. The basic equation of the BNDE projections
 

is 

log y - 1.41393 log x - 1.72297 

where y is the expected consumption of rolled steel products in mil

lions of ingot metric tons and x is the amount of the gross national 

product which is generated in the construction and manufacturing in

dustries. 

The BIDE study assumes the following breakdown of demand 

between flat products and shapes: 

1965 1970 1975 

shapes 531. 51& 507, 

flats 47& 497 50o 

This breakdown was applied to the projection given in Table 4.9 and
 

separate calculations were made for tin plate to obtain the following
 

projection for final products (in millions of inotuetric togs):
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1965 1970 1975
 

plates, sheet, strip 1.709 2.805 4.465
 

tin plate .351 .547 .850
 

These data are converted to projections in million of metric
 

tons of final products by dividing the plates, sheets, and strips by
 

1.28 and the tin plate by 1.40. The results were then plotted on
 

graph paper and smooth curves drawn between the points so as to obtain
 

the values of the projections for 1967y and 1972y Table 4.10 gives
 

the results.
 

Table 4.10
 

Prolection of Consumption of Flat Steel Products in Brazil
 
(in millions of tons of final products)
 

1
1965 1967t 1970 1972
2 

1975 

plates, sheet, strip 1.332 1.750 2.190 2.770 3.490 

tin plate .250 .310 .391 .490 .607 

total 1.582 2.060 2.581 3.260 4.097 

Of the total amount of plates, sheets, and strips it was assumed
 

that 25 per cent would be plate, 33 per cent would be hot sheet and
 

strip and 42 per cent would be cold sheet and strip. Applying this
 

percentage breakdown to Table 4.10 yielded Table 4.11, which follows
 

on the next page.
 

Two further assumptions were needed to complete the calculation
 

of the market requirements. The first of these was that 100 per cent
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Table 4.11
 

Projection of Brazilian Consumption of Flat Steel Products
 
(millions of tons of final product)
 

1965 1967t 1970 1972Y 1975
 

Plates .332 .437 .547 .693 .872
 

Hot Sheet
 
and Strip .440 .579 .722 .914 1.150
 

Cold Sheet
 
and Strip .560 .734 .920 1.162 1.468
 

Tin Plate .250 .310 .392 .490 .607
 

Total 1.582 2.060 2.581 3.260 4.097
 

of the consumption of flat products in Brazil occurs in the "Southern
 

Triangle" of Brazil bounded by Sao Paulo, Rio de Janeiro, and Belo
 

Hortzonte. This assumption doubtlessly overstates the concentration of
 

flat product using 1ndustries in Brazil, but only slightly. Secondly,
 

it is necessary to make assumptions about the distribution of consump

tion for flat steel products among the three market areas which comprise
 

the "Southern Triangle." These are shown in Table 4.12 and are based
 

on some guesses about the distribution which were made by Brazilian
 

steel men and given to the author. The application of these assump

tions to the results obtained above yielded the market requirements
 

used in the model. Table 4.13 shows these requirements. The way in
 

which these were incorporated into the model is shown in Figure 4.6.
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Table 4.12
 

Regional Breakdown of Consumption of Flat Steel Products
 
(in'per cent of total consumption in the Southern Triangle)
 

Sao Paulo Rio de Janeiro Belo Horizonte
 

Plate 30 50 20
 

Hot Sheet and Strip 60 25 15
 

Cold Sheet and Strip 65 20 15
 

Tin Plate 70 20 10
 

Table 4.13
 

Prolection of Product Requirements for Flat Steel Products
 
(millions of tons of final products)
 

Market and 1

ProdutProduct neoi1965 19671 1970 1972t 1975
Mnemonic2
 

1. Sro Paulo 
Plate SPP .100 .131 .164 .208 .262 
Hot SPH .264 .347 .433 .548 .690 
Cold SPC .364 .476 .598 .756 .94 
Tin SPT .175 .217 .274 .343 .42k 

2. Rio de Janeiro 
Plate RJP .166 .218 .274 .347 .436 
Hot RJH .110 .145 .181 .228 .288 
Cold RJC .112 .147 .184 .233 .294 
Tin RJT .050 .062 .078 .098 .121 

3. Belo Horizonte 
Plate BEP .066 .087 .109 .139 .174 
Hot BEE .066 .087 .108 .137 .172 
Cold BHC .084 .111 .138 .174 .220 
Tin BET .025 .031 .039 .049 .061 
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As more detailed studies of Brazilian steel consumption
 

become available, the assumptions made in this section can be modified
 

or computor runs of the model can be made under a variety of assump

tions about the growth of steel consumption in Brazil to determine how
 

these assumptions affect the investment policy for the expansion of
 

capacity in the industry.
 



CHAPTER V
 

SOLUTIONS TO THE MIXED INTEGER MODEL
 

The model was first solved without any constraints on the in

vestment variables, i.e. the system was allowed to install 3.4 blast
 

furnaces if it so desired. Then, the problem was solved again with the
 

investment variables constrained to be less than one, but permitted to
 

take on any values between zero and one. Next, a mixed integer solution
 

to the model was obtained, forcing the investment variable to take
 

on only the values zero or one. Then with the mixed integer solution
 

as a starting point, some additional lattice point solutions to the
 

problem were obtained through the use of the time-sharing system of
 
1
 

Project MAC.


1. Solution with No Upper-Bounds on the Investment Variables
 

In an investment problem where there were no indivisibilities
 

and/or no economies of scale in the investment cost, a solution without
 

upper bounds on the investment variables would be optimal. For the
 

model of this paper the s6lution shown in Table 5.1 is not optimal,
 

but it is interesting. The values of the investment variable provide
 

an indication of how much capacity the system would like to have in
 

each productive unit in each time period. However, it is a distorted
 

1Appreciation is due to Project MAC at M.I.T. for permitting the use
 

of the compatible time-sharing system to solve the model.
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picture because the system will make repeated modification to the
 

same blast furnace (the value for 3ISAB is 2.766), i.e. additional
 

capacity can be obtained much less expensively through modification
 

of existing blast furnaces than through addition of new blast furnaces
 

to the system.
 

The value of the objective function for this run was US$725.91
 

million.
 

Table 5.1
 

Solution with No Upper-Bounds on the Investment Variables
 

Activity Levels of Investment Variables
 

Second Third Fourth 

Time Period Time Period Time Period 

ISAB - 2.766 .000 

IUSB 2.152 .000 

IVRB - " .000 

ISAS 1.086 .000 .000 

IUSS 1.500 .000 .000 

IVRS - .000 .000 

ISAR - .949 

ISAC - 1.186 

IUSC " 1.357 

IVRC - " .000 

ISAT .976 .000 .577 

IVRT .360 .000 .000 

http:US$725.91
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2. Solution with an Upper-Bound of Unity on the Investment Variables
 

Additional rows were added to the matrix to constrain the invest

ment variable to values less than or equal to one. The new constraints
 

resulted in an increase in the value of the objective function to US$759.45
 

million.
 

Table 5.2 shows the activity levels of the investment variables.
 

The dashes in the table denote lack of a project for a particular pro

ductive unit in a given time period. Of the twenty-three projects, six
 

are at the upper bound; eight are at the lower bound, and the remaining
 

nine are at fractional levels.
 

Weingartner points out that the shadow prices on the rows used to
 

constrain the investmenc variables to be less than or equal to one and
 

the "reduced-cost" on the investment variables may be useful for ranking
 

1

projects. 


For values at their upper bounds in the optimum solution to the
 

continuous problem, the cost to the system of pushing these variables
 

below the level of unity will be proportional to the shadow price on the
 

row which constrains them to be less than or equal to zero. Likewise,
 

for those values at the lower bound of zero in the continuous solution,
 

the "reduced-cost" serves a function like the shadow price for the variables
 

in the continuous solution at their upper bounds. That is, in a marginal
 

1H. Martin Weingartner, Mathematical Programming and the Analysis of Capital
 

Budgeting Problems, Prentice-Hilkl, Inc., Englewood Cliffs, N.J. 1963, p.55.
 

http:US$759.45
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Table 5.2 

Solution with an Upper-Bound of Unity on the Investment Variables
 

Activity Levels of Investment Variables
 

Second Third Fourth 

Period Period Period 

ISAB - 1.000 .548 

IUSB - 1.000 .576 

IVRB - .000 

ISAS .003 1.000 .000 

IUSS .500 L.,),O .000 

IVRS - .000 .000 

ISAR - - .949 

ISAC - - 1.000 

IUSC - - 1.000 

IVRC - - .543 

ISAT .864 .000 .000 

IVRT .000 .473 .578 

sense, the change in the value of the objective function which will result
 

from increasing one of these variables from the zero level will be pro

portional to the value of the reduced-cost for the variable.
 

3. Mixed Integer Solution to the Problem
 

A new algorithm written by Norman Driebeek was used for obtaining
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1 
the mixed integer solution to the model. This algorithm utilizes and
 

expands upon the results pointed out by Weingartner.
 

3.1 Driebeek's Algorithm. Driebeek's algorithm is a search
 

routine for finding that lattice point which is the global optimum of
 

the problem. It begins by calculating a continuous solution to the pro

blem with the integer constrained to take on values less than or equal
 

to one (and greater than or equal to zero -- by the non-negativity con

straint). From this solution a set of penalties is calculated. For a
 

cost minimizing problem these penalties represent the additional cost
 

(over and above the value of the objective function for the continuous
 

solution) to the system of forcing the integer variables to take on
 

integer values.
 

Two classes of penalties are calculated, "trt" and "pseudo"
 

penalties. The true penalties are associated with those variables which
 

are in the continuous solution at the upper and lower bound. For those
 

variables in the continuous solution at the upper bound the shadow price
 

on the row which constrains the variable to 1.0 represents the minimum
 

amount that the functional value would have to increase if the variable
 

were forced from one to zero. The change in the functional value will be
 

greater than the magnitude of the associated shadow price if forcing the
 

variable to zero results in some infeasibilities. Then the value of the
 

objective function will be forced even higher in the effort to restore
 

feasibility.
 

1Driebeek, Norman, 2.cit. 
The author is most grateful to N. Driebbek for
 
making his algorithm available for use.
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Table 5.3 

Table of Penalties
 

Variable Penalty Type Variable Penalty Type 

02ZSAS -.00081678 Pseudo 041SAB -.16786252 Pseudo 

42ISAS-1.4566695 141SAB -.13010491 " 

0213uss -1.5214000 ,04USB -.16576417 " 

121USS - True 14IUSB -.15594265 " 

02ISAT 7.6962725 Pseudo 041VRD - True 

121ISAT .2482545 14IvRB 1.2800000 " 

02IVRT - True 041SAS -

121VRT .00608250 14ISAS 3.1610000 

031SAB 11.355522 04IUSS -

1$ISAB - 141USS 1.7000000 

031USB 15.218798 " 041VRS 

131USB - " 14IVRS 9.8800000 

031S/AS .4090000 " 041SAR -13.289987 Pseudo 

1313S8 - " 141SAR -.30777554 " 

03IUSS 1.8700000 " 04ISAC 1.8950715 True 

1iIUSS - 141SAC -

0IIVRS - " 041USC 1.4542383 

13IVRS 16.960000 14IUSC -

OISAT -" 04IVRC -.34415418" Pseudo 

1318iaT .01880407 " l41VRC - .66487139 

03IVRT -.86180102 Pseudo 041SAT True 

131VRT -.75323275 141SAT .01673345 " 

04IVRT -.82462921 Pseudo 

14IVRT -.7027302 
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When another lattice point is selected, dual iterations are per

formed to restore feasibility. If the value of the objective function
 

goes above the value of the functional obtained with the previous integer
 

solution, the trial is cut off and another lattice point is selected.
 

The algorithm proceeds in this fashion until all of the eligible lattice
 

points have been tested.
 

The success of this sort of algorithm depends heavily on the method
 

of choosing the lattice point for the original integer solution and
 

the method of the search. Driebeek's method of choostng the fix-st lattice
 

point has a great deal of intuitive appeal. Though he does not reveal
 

the search routine used, its performance has been impressive on a number
 

of problems.
 

3.2 Computational Experience. Two versions of the model presented
 

in this paper were solved with Driebeek's algorithm. The first of these
 

contained eleven integer variables and the second twenty-three integer
 

variables. In neither case did the first lattice point chosen turn out
 

to be the optimum. In the first case, the computer run was cut short
 

after only a few trials and subsequent calculations showed that the opti

mum had not been found at the time of cut off. The solution which it is
 

now assumed is the optimum for this problem would have been tested on the
 

sixteenth trial. The problem had used about four minutes of computer
 

time on an IBM 7090 at the time itwas cut off (itwould likely have
 

required several more minutes to reach the solution which 1n*%.*gaded
 

as the optimum). In addition to the eleven integer variables, the pro

blem contained 122 rows, 433 other columns, and slightly less than 1800
 

matrix entries.
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In the second version'of the- model which was solved with the 
algorithm, the number of integervariables was inreased to twenty-three; 

the number of rows was increased lto 146; the number of other columns
 

remained at 433, and the number of entries was 1800. 
 The value of
 

the objective function for the continuous solution was US$759.45 million.
 

The lowest functional value found by the algorithm was US$776.34
 

million. Later, Driebeek reported to the author that there had been a
 

bug in the program on this run --
a bug which resulted in poor performance
 

of'the algorithm.
 

After this solution was obtained from the algorithm, additional
 

calculations were made by the author which showed that there was a
 

feasible solution at the objective function value of US$769.49. The
 

author reported the lattice point which yielded this solution to Drie

beek. Driebeek then checked the output of the algorithm run and reported
 

that if the bug had not been present the lattice point attempted on
 

about the 95th trial would have yielded this solution. While it is very
 

difficult to estimate the computation time that would have been required
 

by the algorithm to arrive at this solution, a half an hour on an IBM
 

7094"appears to be a reasonable guess.
 

3.3 The Results. Table 5.4 provides a comparison of the activity
 

levels for the investment variables for the continuous and the best
 

integer solution. The dashes, as before, are used to denote the lack
 

of an investment project for a particular productive unit in a given 

time period. 

http:US$769.49
http:US$776.34
http:US$759.45
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Table 5.4
 

Activity Levels for the Continuous and Mixed Integer Solutions
 

to the Twenty-Three Integer Variable Problem
 

Investment Activities 

Second Time Period Third Time Period Fourth Time Period 
Continuous Integer Continuous Integer Continuous Integer 

ISAB = - 1.000 1 .548 1 

IUSB - - 1.000 1 .576 1 

B - - - - .000 0 

ISAS .003 0 1.000 1 .000 0 

IUSS .500 1 1.000 1 .000 0 

IVRS - - .000 0 .000 0 

ISAR .- - .949 1 

ISAC .... 1.000 1 

IUSC .... 1.000 1 

IVRC - - - - .543 1 

ISAT .864 1 .000 0 .000 0 

IVRT .000 0 .473 0 .578 1 

Objective
 
Function 759.45 769.49
 

In this particular case, the best integer solution found to date
 

was obtained by rounding off the values of the variables obtained in the
 

continuous solution.
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For the.second time period the model chose to install the third
 

LD6converter at USIMINAS and not to install the one at Santos. Then
 

for the third time period it chose to install another third LD converter
 

at USIKINAS and a third LD converter at Santos. Since a third converter
 

can not be installed at USIMINAS for both the second and third time periods,
 

additional runs were made later to remove this inconsistency from the
 

results. As was suggested earlier, the inconsistency could have been
 

avoided by inserting a constraint in the model to prevent its setting
 

both 2IUSS and 3IUSS equal to one.
 

In addition to the new converter at USIMINAS, the model decided
 

to invest in a tinning line at Santos -- both the converter and the tin

ning line to be installed by July 1, 1967.
 

For the third period the model decided to install the modifications
 

to the blast furnaces at both Santos and at USIMINAS. As mentioned before,
 

it decided to install a third LD converter at both USIMINAS and at Santos,
 

but it decided not to install the two new converters at Volta Redonda.
 

This probably occurred because the capacity could be obtained for much
 

less cost by installing third converters at the newer plants. It might
 

also have been due to the fact that the model was not provided the
 

opportunity to invest in a project to increase the blast furnace capa

city at Volta Redonda for either the second or third time periods.
 

Also, for the third period, Table 5.4 shows that the model re

jected a project for the installation of additional tinning lines at both
 

the Volta Redonda and the Santos plants. The model then chose in the
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fourth period to install another tinning line at Volta Redonda. The
 

fact that the model chose to install a tinning line at Santos for the
 

second time period and at Volta Redonda for the fourth time period
 

seems logical because the greatest part of the requirement for tin pro

ducts is in Sao Paulo very near to Santos, and Santos has a cold strip
 

mill but no tinning line at present. Once Santos had been chosen as
 

the site for a new tinning line for the second time period, it did not
 

have enough excess capacity in its cold strip mill to be able to supply
 

yet another tinning line, but Volta Redonda had some extra capacity in its
 

cold strip mills.
 

For the fourth time period, the model chose to construct new
 

blast furnaces at Santos and USIMINAS and rejected the same project at
 

the same cost at Volta Redonda. Also, it rejected projects for the con

struction of new pairs of LD converters at all three plants, probably
 

because sufficient steel making capacity was installed in the second and
 

third time periods. Given the opportunity to install new cold strip
 

mills of identical capacity and for the same cost at the three plants,
 

the model accepted all three projects. Finally, as was mentioned above,
 

the model decided to install an additional tinning line at Volta Redonda
 

for the fourth time period. These results offer a good opportunity to
 

In this case,
make an analysis of why the model chose the options it did. 


the model systematically rejected investment projects in the blast furnace
 

and steel shop at Brazil's oldest integrated steel mill, Volta Redonda, in
 

favor of additions to capacity in these primary units at the two newer
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plantslat-Santos and USIMINAS. There are at least three possible explana

tions. for this propensity of the model, two of which are fairly obvious 

and a thirdwhich in not so obvious. 

Themost:obvious explanation is that, under the assumptions of
 

the model, the cost of production for steel products isgreater at
 

Volta Redonda than at either Santos or at USIMINAS. The difference is
 

so large that even with the proximity of Volta Redonda to the large
 

market area of Rio de Janeiro, USIMINAS can produce and deliver steel
 

products to Rio for less than Volta Redonda. Thus, itmay be that the
 

model wanted to install new capacity at those plants which, over the long
 

run, would be able to supply the market areas at less cost to the country.
 

Secondly, the investment projects in the primary units at Volta
 

Redonda may have been rejected in favor of those at Santos and USIMINAS
 

because of the present structure of capacity in the three plants. As
 

the oldest plant of the three, Volta Redonda is presently using almost
 

all of the capacity in its primary productive units to the fullest
 

extant. Thus, if more capacity is installed in the steel shop, addi

tional capacity must at the same time be installed in pig iron production,
 

and in a new primary mill. The plants at Santos and USIMINAS, on the
 

other hand, have excess capacity in a number of units and the capability
 

of making relatively inexpensive modification to existing primary units
 

to add substantially to their capacity. Thus, increments to national
 

capacity can be made at least cost to the country in the short run
 

through additions to capacity in theselplants.
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The phrase "in the short run"' in the previous paragraph is the key 

to the third and less obvious explanation for the model's behavior. The
 

model is instructed to minimize the total cost of the production and
 

transportation cost of meeting the steel requirements of the country
 

during the period covered by the model. Therefore, the cost of meeting
 

the steel needs of Brazil in the period 1975 to 1985 is of no interest to
 

the model. Thus, if the model can meet the needs of the system in the
 

short run by expanding piecemeal the existing plants rather than con

structing the basis for even greater expansions in the distant future,
 

it would be expected to follow the first strategy. For this reason, there
 

is a great deal to be said for building a model to cover a period of time
 

somewhat longer than the period for which investment decisions must be
 

made.
 

Table 5.5 gives the activity levels for the production trans

portation activities in the three time periods. 
The model appears to
 

have taken good advantage of the capability of shipping intermediate
 

products between plants. The products shipped and the sending and re

ceiving plants change from one time period co another as new production
 

units are installed, thereby shifting the capacity bottleneck in the plant
 

from one productive unit to another.
 

There is one interesting imprt activity of a type that one might
 

expect to see more of if impoctcosts were somewhat lower than those
 

used in the model. In the third time period the model chose to import
 

some tin plate to Rio de Janeiro (see the activity IMRJT near the bottom
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Table 5.5
 

Activity Levels for the Continuous and Mixed Integer Solutions
 

to the Twenty-Three Integer Variable Problems
 

Production Transportation Activities
 

Second Time Period Fourth Time PeriodThird Time Period 

Continuous Integer Continuous Integer Continuous Integer 

SAVRG .002 

SAVRL 
USSAS 
USSAL 

.084 .084 

.336 

.200 
.337 

USVRG 
USVRL 
VRSAS 

.063 

.220 

.062 

.220 

.097 

.135 
.097 
.135 

.047 

.177 

.198 
.176 

IHSAL .015 .017 .045 

SASPP 
SASPH 
SASPC 
SASPT 
SARJP 
SARJH 

.131 

.347 

.021 

.148 

.131 

.347 

.167 

.126 

.433 

.180 

.148 

.121i 

.4,3 

.155 

.171 

.,208 
548 
.396 
.148 
.213 
.100 

.208 

.548 

.342 

.157 

.259 

.100 

USRJP 
USRJH 

.074 

.145 
.074 
.145 .166 .167 .128 .128 

USRJC 
USBHP 
USBHH 
USBHC 

.087 

.087 

.111 

.087 

.087 

.111 

.008 

.109 

.108 

.138 

.008 

.109 

.108 

.138 

.139 

.137 

.174 

.139 

.137 

.174 

VRSPP 
VRSPC 
VRSPT 
VRRJP 

.455 

.069 

.144 

.476 

.050 

.144 

.038 

.418 

.126 

.274 

.038 

.442 

.102 

.274 

.360 

.195 

.134 

.413 

.186 

.088 

VRRJH 
VRRJC 
VRRJT 

.147 

.062 
.147 
.062 

.015 

.097 

.078 

.014 

.159 

.020 

.233 

.098 
.233 
.098 

VRBHT .031 .031 .039 .039 .049 .049 

IMRJC .079 .017 

IMRJT .058 

SAEXG .363 

SAEXC 
USEXG 

.159 .159 .124 .167 
.200 

USEXL .072 .071 

USEXH 
USEXC 

.174 

.035 
.176 
.035 

.379 .379 
.311 .311 
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of Table 5.5) rather than to install a new tinning line at Volta Redonda.
 

The reader may recall from the earlier discussion that the model was
 

offered the option of installing tinning lines at Santos and at Volta
 

Redonda in each of the time periods. However, it chose to install only
 

two units -- one at Santos in the second time period, and one at Volta
 

Redonda in the fourth time period. Therefore the conclusion of the model
 

in this case was that it was less expensive to postpone the installation
 

of the added tinning line at Volta Redonda from the third to the fourth
 

time period and to import a small amount of tin plate to Rio de Janeiro
 

in the third time period.
 

The activity levels for exports approximate expected developments
 

for the decade to come. For example, all of the exporting is done by
 

Santos and USIMINAS, the two plants which are in the best locations for
 

exporting. It does not appear that under the present assumptions of the
 

model there is sufficient incentive for Brazil to build up a large export
 

industry in steel products. If the model had not rejected a number of the
 

investment opportunities available to it, and if it did not have the in

centive to export all products except ingot steel (recall that ingot steel
 

exports had positive rather than a negative activity cost), the failure
 

to build up capacity for exporting would be less convincing. A study of
 

the effects on the model of increases and/or decreases in the profitability
 

of exporting should prove to be interesting.
 

Among the domestic production-transportation activities, Santos
 

originally served only the market area around Sao Paulo, but in the fourth
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time period itbegan to take a larger share of the Rio de Janeiro market
 

as well. USIMINAS devoted itself to Belo Horizonte and to exports with
 

some shipments to Rio; Volta Redonda shipped to both Sio Paulo and Rio,
 

but lost a part of both of these markets in the fourth time period.
 

3.4 The Use of Time Sharing to Improve on the Algorithm Results,
 

When a search routine isused to solve a problem and when the problem is
 

too large to make an exhaustive search, one feels uncertain about the
 

result no matter how impressive the performance of the algorithm has been
 

on similar problems with known solutions. Also, with this type of mixed
 

integer problem inwhich there are a relatively small number of integer
 

variables, the model builder often has an intuitive feel for those combi

nations of integers which are most likely to form the optimum combination.
 

When this intuition is aided by an algorithm to guide the model builder to
 

a lattice point, which if it is not the optimum isvery close, the result
 

may be much better than using simply the algorithm or simply intuition.
 

The capabilities of a time sharing system lend themselves very
 

well to this kind of algorLthm-LntuitLon problem. With the results from
 

the use of Driebeek's algorithm in hand, a program was written to permit
 

the console operator on the time sharing system to modify the right-hand
 

side of the problem so as to force the solution to a chosen lattice
 

point.1 Appendix F contains listings of (1)this program (INTRHS), (2)
 

1This program as well as the input smoothing and output smoothing pro

grams prepared for the mixed integer programming model were written by
 
David Kelleher to whom the author is indebted for excellent programming
 
work.
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the input smoothing program (TRANSM and subroutines), which performed all
 

the transportation and production cost calculations, carried out the dis

counting, and punched out the input deck for the linear programning 

routine, and (3) the output smoothing program (OUTPUT), which read the 

output from the linear programming routine and organized it into output 

formats which were more easily read and analyzed.
 

The program INTRHS and the linear programming routine, 11FOR, 

with which it is used, have the capability of using multiple right-hand 

sides, i.e. of solving a linear programming problem, altering some or all 

of the elements in the right-hand side and running the program again. 

With this model the linear programing routine required about 90 seconds 

with an IBM 7094 to reach the first solution but only ten to twenty 

seconds to obtain each additional solution. Thus the model builder can 

begin with the lattice points and the other results of the algorithm solu

tion and try in rapid succession a number of lattice points that he feels
 

offer a better solution than that obtained by the algorithm.
 

a
An economic planning office, be it in a private firm or in 


national government, is often faced with the task of presenting alter

natives and the associated cost of each alternative. The time sharing
 

system offers the capability of obtaining results from a number of com

binations with the opportunity to look at the results almost immediately,
 

and to choose on the basis of those results other combinations of invest

ments which might be interesting to examine.
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With *the results from the use of Driebeek's algorithm in hand to 

one case to find a better lattice pointstudy, the author was able in 

than the algorithm-solution. This occurred in the results from the eleven 

integer variable problem. (The eleven integer variable problem was 

identical to the twenty-three integer variable problem except that none
 

of the investment projects for the fourth period was included in the model.)
 

An analysis of the results showed that the model chose to invest in addi

tional tinning lines for the Santos plant for both the second and third
 

time periods, but used less tin capacity at Santos in the third and fourth
 

time periods than was used in the second time period. A run was made with
 

the new lattice point, which excluded the investment in the tinning line
 

at Santos in the third period; and the result was a decrease in the
 

functional value from the algorithm value of US$806.82 million to the new
 

value of US$803.72 million. This is by no means to demean the value of
 

using the algorithm, however. Without the algorithm solution in hand to
 

begin with, itwould have been virtually impossible to choose this Oar

ticulaz lattice point from the 2048 possibilities. Since the continuous
 

solution functional value for this problem is US$799.93 million, the
 

chances of finding a better solution are relatively small.
 

The time sharing system was used on the results of the twenty

three integer variable problem with two different purposes in mind.
 

First, an attempt was made to check the results of the algorithm and
 

to see if a better solution could be found, and second, the time sharing
 

syetem was used to remove an inconsistency from the results.
 

http:US$799.93
http:US$803.72
http:US$806.82
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Had the algorithm not had a bug in it, it is unlikely that the use
 

of time sharing system would have resulted in an improvement on the
 

algorithm solution. However, because of the bug, a lower solution was
 

obtained. That solution was the round-off solution, i.e. rJ2etIazt~tJdioint
 

for the solution was obtained by rounding off the values of the investment
 

variable obtained in the.continuous solution. The functional value for
 

this round-off solution was US$769.49 million. The functional value for
 

the continuous solution was US$759.45.
 

The time sharing system was also used to remove an inconsistency
 

from the results. To prevent the model from installing a third LD con

verter at USIHMNAS in both the second and third time periods a solution
 

was run which permitted the installation of a third LD converter at
 

USIMINAS in the second time period, of a third LD converter at Santos in
 

the third time period, and of an additional pair of LD converters at
 

USDIINAS in the fourth time period. This solution yielded a functional
 

value of US$773.06 million.
 

4. A Sensitivity Test on the Discount Rate
 

Since it is very difficult to estimatenexactly what discount rate
 

should be used for this type of study, a sensitivity test was made by
 

using discount rates of five, ten, and fifteen per cent per year.
 

Though the value of the objective function changed very sharply (from
 

US$1026.42 million for the five per cent discount rate to US$759.45
 

million for the ten per cent rate, and US$572.39 million for the fifteen
 

per cent rate), the investment projects chosen by the model did not
 

http:US$572.39
http:US$759.45
http:US$1026.42
http:US$773.06
http:US$759.45
http:US$769.49
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change very much. The first three columns of Table 5.6 show the resulting 

values of the investment variables (inthese solutions the investment
 

variables were given an upper bound of one, but permitted to take any
 

value between and including zero and one). The most noticeable change is
 

that with a five per cent per year discount rate the model chose to
 

install a tinning line at Volta Redonda for the second time period and
 

to reject the equivalent project at the same cost at Santos. With a ten
 

and fifteen per cent discount rate this decision was reversed. The explana

tion for this is that even though the two projects cost the system the
 

same, the added steel capacity required to make the projects useful
 

required much more capital cost at Volta Redonda than at Santos.
 

The fact that the investment decisions of the model are relatively
 

insensitive to changes in the discount rate stems partially from the
 

treatment of capital cost. One normally expects that with an increasing
 

discount rate, projects in the later time periods will become relatively 

less expensive in present value terms and the model would shift to 

choose more projects in the later periods. That does not occur in the 

model because the system is only charged for capital services within 

the time horizon of the model. In calculating the amount which must be 

paid in each time period by the uniform payments series formulas, the 

payments per period are an increasing function of the discount rate within 

the relevant range. For exampie, with an equipment life of 20 years, 

NZ =40 six-months period, with R equal to the discount rate per six

month period; and Q equal to the uniform series payments, where 

Z_
 

(I+R) N 1 
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Table 5.6 

Effect on Investment Decisions of Changes in the Discount Rate
 
Present Value of 

Variable 57 107o 157, 
No Discount 

Coot 
.Cost of Investments 
57o 107o 157 

2ISAS .082 .003 - 7.90 4.58 5.06 5.37 

2USS .500 .500 .500 7.90 4.58 5.06 5.37
 

21SAT - .864 .864 8.00 4.35 4.94 5.34 

2IVRT .864 - 8.00 4.35 4.94 5.34 

31SAB 1.000 1.000 1.000 1.80 .60 .63 .62 

31USB 1.000 1.000 1.000 2.40 .80 .84 .83 

3ISAS 1.000 1.000 .975 7.90 3.10 3.19 3.13 

3IUSS 1.000 1.000 1.000 7.90 3.10 3.19 3.13 

3IVRS - - - 34.50 16.03 16.96 17.18 

31SAT - - - 8.00 2.94 3.11 3.11 

3IVRT .473 .473 .473 8.00 2.94 3.11 3.11 

4ISAB .619 .548 .523 28.00 7.63 7.74 7.40 

41USB .517 .575 .597 28.00 7.63 7.74 7.40 

4IVR - - - 28.00 7.63 7.74 7.40 

4ISAS - - w 23.60 6.85 6.76 6.37 

41USS - - - 23.60 6.85 6.76 6.37 

4IVRS - - - 34.50 10.01 9.88 9.31 

41SAR .949 .949 .949 25.00 6.05 6.05 5.71 

4ISAC 1.000 1.000 1.000 10.00 2.12 2.10 1.95 

4IUSC 1.000 1.000 1.000 10.00 2.12 2.10 1.95 

4IVRC .543 .543 .179 10.00 2.12 2.10 1.95 

8.00 1.70 1.68 1.56
 

.578 .578 8.00 1.70 1.68 1.56
 

41SAT - - 

4IVRT .578 


Objectiv7/O26.42 759.45 572.39
 

http:Objectiv7/O26.42
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Then Q- .040, 058, and .079 when R - .025, .050, and .075, respectively. 

Therefore; with the present value of cost of an investment activity
 

equal to the undiscounted cost of the activity times the discount factor
 

(which is a decreasing function of the discount rate) and times the uni

form series payment factor, Q, (which is an increasing function of the
 

discount rate) there is no clear-cut effect on the present value of
 

costs of investment activities which results from an increase in the
 

discount rate.
 

Another possible explanation for the relative insensitivity of
 

the model to changes in the discount rate is that there is no great
 

difference between the capital costs and the operating cost among the
 

alternative projects.
 

5. Conclusions
 

The primary conclusion of this study is that computer speeds and
 

algoritbm efficiencies -- for both linear programming and mixed integer
 

programming -- have advanced to the point that it is possib.e to con

struct multi-period, multi-product, sectorial models for studying dis

crete additions to capacity through investments in existing plants and/or
 

the addition of new plants to the system. Furthermore, computer speeds
 

and algorithm efficiencies are sufficient so that the models may include
 

shipments of intermediate products between plants, exports and imports
 

of intermediate products, and exports and imports of final products.
 

This flexibility of the models makes them powerful tools for studying
 

questions of investments under economies of scale, discrete investments,
 

import subLttut.ion, installation of domestic capacity for exporting
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intermediate and final products, and choice of technology.
 

A second conclusion of this study is that the advent of time
 

sharing systems for large computers adds another valuable tool to the
 

available methods for studying investment problems. The combination
 

of algorithm-intuition which these systems offer is shown to be a very
 

useful device in helping to solve mixed integer programming problems.
 

Also, time sharing systems are shown to provide the possibility of
 

obtaining cost estimates on a great variety of investment strategies
 

within a few minutes. Thus, it becomes easy for an analyst to make
 

the calculations for a wide variety of choices which can be submitted
 

to the decision makers (be they corporate managers or p6liticians)
 

for decision.
 

Thirdly, programming models are ideally suited for studying the
 

operation oi! an economic system to decide which elements in the system
 

are of greatest importance in determining the conclusions of the model,
 

and thereby for pointing the way to the parts of the system that de

serve more detailed investigation. For example, the magnitude of
 

economies of scale in investment cost is a problem that appears to
 

merit"much more careful attention than it has yet been given by
 

economists. It will be a relatively simple matter to run a model of
 

the sort discussed in this paper under a variety of assumptions about
 

the magnitude of ecodomies of scale in investment cost in the steel
 

.industry. If the results of the model are very sensitive to changes
 

in these parameters, then more empirical research on economies of scale
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will be in 9rd4r; bOWeve?,ifI he effects are $aI, theu the efforts
 

of Lnveqttgatorp are more wiely devoted to other problems.
 

this type of wodel is shown to be most useful for
Finally., 

studying the effects on 4n economic system of changes in tranupqrtation
 

cost, shifts in demand, and chpnzs in the cost of inputs. 



APPENDIX A
 

A BRIEF DESCRIPTION OF THE PRODUCTION OF FLAT STEEL PRODUCTS
 

As our purpose here is only to provide the reader with the neces

sary glossary for understanding the terms used in this paper, the per

son who is interested in making a detailed study of steel technology is
 

referred to a puhlication of the United States Steel Corporation, The
 

Makig-r, Shaping, and Treating of Steel (originally written by Camp and
 

Francis).
 

The production of steel products may be divided into four basic
 

processes; (1) the mining and preparation of raw materials, (2) the re

duction of iron ore to pig iron, (3) the refining of pig iron to steel,
 

and (4) the rolling of the steel ingots to shape them into final products.
 

1. The Mining and Preparation of Raw Materials.
 

Iron ore is mined in open pit mines and is usually crushed and
 

sized near the mines. The ores are transported to the steel mill where
 

the lump ores may be charged directly to the blast furnace and the ore
 

fines (fine particles of ore) are mixed with coal fines and agglomerated
 

to produce a high quality and uniformly-sized input for the blast furnace.
 

This mixture of ore fines and coal fines, called sinter, is widely used in
 

Latin America. Also, a few pelletizing plants are being constructed to
 

concentrate the ores into uniformly-sized pellets. Pelletizing has not
 

been rapidly adopted in the region because Latin American ores are generally
 

of such high iron content that pelletizing has not been deemed economic.
 



I-n many dountries in the region national: coals contain such a high
 

percentige. of volati1.le materialthat it is necessary to mix them vith.
 

imported coals in order to have a cokable- mixture'. The coalU are mixed
 

before they are heated in coke ovens to produce coke and coke ga. A
 

number'of chemical by-products are extracted from the coke gas and the 

remaining gas is used for heating purposes elsewhere in the plant. 

2. iThe Reduction of Iron Ore to"pit Iron. 

Coke, iron ore (and/or sinter and/or pellets), and limestone consti

tupe the principal materials charged-to the reduction furnace, which is
 

usually a blast furnace, though at least two major plants in Latin America
 

have electric reduction furnaces.
 

The ore and coke is charged at the top of the blast furnace and a
 

blast of heated air is forced in through opening in the sides of the
 

furnace near the bottom and up through the charge. Often petroleum or 

natural gas is injected through these openings along with the blast. The 

ore. are reduced (i.e, oxygen is removed from the iron oxide ores to reduce 

th m to purer forms of iron) in the furnace and molten 2A& iron is tapped 

from-the bottom of the furnace. Also, molten slag iS tapped from the bottom 

6fr the furnace, and y be sold for use in cement manufacturing or for 

other industrial purposes.
 

The blast is converted to blast furnace gas, a relatively low 

specific heat gas, as it is forcedup through the fdrnace. The gas leaves 

the furnace at the top, is cleaned, and is then-passed through a series 

http:volati1.le


of heatl.exchangers which are used to heat the incoming blast. Only
 

about one-third of the blast furnace gas is required to heat the incoming
 

blast. Therefore, the remainder is used elsewhere irt the plant or sold
 

to other plants for use as a fuel.
 

3. The Refining of Pig Iron to Steel.
 

The molten pig iron is transported in special railroad cars to the
 

steel furnaces (sometimes called the steel shop). 
 There it is poured into
 

huge ladles and transported to the furnaces. The majority of the inte

grated steel plants in Latin America have open hearth steel furnaces.
 

These furnaces are shaped like great baths. 
They are charged with molten
 

pig iron, scrap, ferroalloys, iron ore, and limestone. Then hot air or
 

flames are blown across the bath to maintain it at very high temperatures.
 

Fuel oil is often used as a fuel though a mixture of coke and/or blast
 

furnace gases or other types of fuels may be used.
 

The average time for a heat, i.e. the time from one charge to the
 

next, averages from eight to eleven hours. 
Many plants have reduced this
 

time by a matter of hours by injecting oxygen through lances in the roof
 

of the furnace.
 

There is a marked tendency for new plants to install LD (Linz-


Donawitz) converters rather than open hearth furnaces. 
An LD converter
 

is something like the more familiar Bessemer converter except that oxygen
 

rather than air is injected into the furnace and the injection is through
 

a lance from the top rather than through openings in the bottom of the
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converter. The LD converters, because of very short heat-time, have
 

substantially smaller capital cost per unit of output than the open
 

hearths. The open hearths on the other hand are said to be able to
 

operate with higher percentages of scrap content in the charge than
 

the LD converters.
 

A few steel mills in the region use electric steel furnaces.
 

These furnaces are charged from the top with molten pig iron, scrap, 
etc.
 

Carbon electrodes protrude through the roof of the furnace down into the
 

charge and electric current is arcked between these electrodes to heat
 

the charge.
 

The hot metal is discharged from the steel furnace into a ladle,
 

and the ladle is transported by an overhead crane to an area where its
 

The molten metal is allowed to
contents are poured into ingot molds. 


cool sufficiently so that when the mold is stripped off it leaves a solid
 

ingot of steel. The ingot is usually of rectangular cross-section and
 

about eight to ten feet high.
 

4. The Shaping of the Steel Ingots to Make Final Prcducts.
 

Within the last few years a few steel plants in Latin America
 

In these plants the molten
have installed continuous casting plants. 


metal is poured from the ladle into a container which feeds a continuous
 

flow of liquid steel into a vertical column. The steel hardens as it
 

Though first used
descends and is cut off at the bottom of the mold. 


only for light shapes, this method is now being adopted for the pro

duction of large slabs as well.
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In the more conventional mills the ingots are transported to
 

soaking pita where they are heated until they attain uniform temperatures
 

throughout. The ingot is removed from the soaking pit by overhead cranes
 

and taken to the primary mill, where it is flattened and elongated by being
 

rolled back and forth through the mill as the rollers are brought closer
 

togebhepy6naegchi*iss. The process forms the ingot into either blooms
 

or slabs. Blooms are square in cross-section and are used for producing
 

shapes (angles, rods, beams, pipe, rails, etc.), while slabs are rectan

gular in cross-section and are used for producing flat products (sheets,
 

strip, plate, coils, tin plate, etc.). A primary mill which is used
 

principally for producing blooms is called a blooming mill, and a mill used
 

ukaly for shaping slabs is called a slabbing mill.
 

Since a continuous casting unit replaces the ingot molds, soaking
 

pits, and primary mill, it offers large savings in capital cost over
 

conventional methods. Also, because of reduced scrap losses, it reduces
 

operating cost.
 

The slabs produced either by the conventional method or by ton

tinuous casting are allowed to cool, and then are cleaned, checked, and
 

stacked in the slab yard to await further rolling. There are several
 

reasons for permitting the product to cool at this point. First, it is
 

important to check carefully the slabs for flaws that may have resulted
 

from faults in the ingots. Second, the outside edges of the slabs may leave
 

slight marks on the rollers so it is desirable, when possible, to schedule
 

the rolling in such a fashion as to roll from wide to narrow, i.e. to roll
 

tho widest products first and then move down to the narrower products.
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Once the slab is selected for rolling it is shoved into a
 

reheating furnace where it remains until it is uniformly heated. It is
 

then passed through a small mill called a scale breaker before entering
 

the roughing mill (or plate mill). This mill may be either reversible,
 

semi-continuous, or continuous, A reversible rougher passes the product
 

back and forth through the mill as it rolls it thinner with each pass.
 

This mill may be either a two-hjih or a three-high. The two-high mill
 

has two rollers which are reversed each time the product is reversed.
 

The three-high mill does not require reversing the three rollers. Rather
 

the tables on each side of the mill lower or raise the product to feed it
 

through the mill first in one direction, then in the other.
 

A semi-continuous roughing mill usually consists of a reversing
 

rougher followed by a single,-pass mill. In some of the newer mills either
 

a reversing or a semi-continuous rougher has been installed with space
 

provided for the addition of more mills to the line. Thus, a semi

continuous mill may be easily converted to a continuous mill in which the
 

product moves continuously through a number of mills (or stands). As a
 

rough estimate one might say that a plant with a capacity of less than
 

half a million metric tons per year would be equipped with a reversing
 

rougher, a one million ton plant with a semi-continuous rougher and
 

plants greater than one-and-a-half million tons of capacity would have
 

a continuous rougher.
 

That part of the product which is to be sold as plate leaves the 

main line at this point and is passed through a plate mill where very 



little reduction in thickness takes place but where the product is
 

smoothed before being cut, checked, and prepared for shipment.
 

That part of the product which continues down the main line
 

from the roughing mill passes to the finishing mill, which may be
 

either reversible or continuous.' A reversible finishing mill is often
 

called a Steckle mill, after its inventr. A Steckle mill is a four-high
 

mill (two smaller working rolls through which the product passes, backed
 

up by two larger rollers) with a coiler on each side of the mill. 
The
 

product is passed back and forth through the mill until-it is reduced
 

enough to be rolled up on one of the coilers. Then it is reversed,
 

being unrolled from the one coiler, reduced as it passes through the
 

mill, and then rolled up on the coiler on the other side. Because of their
 

relative slowness Steckle mills are ordinarily used in plants of less
 

than half a million tons per year capacity.
 

A continuous finishing mill (sometimes called a hot strip mill)
 

consists of four, five, or six stands placed about twenty feet apart.
 

Each of these stands is a four-high mill. The product shoots through
 

these stands at a speed of about 25 miles per hour, being slightly re

duced in thickness at each stand. 
The product leaving the mill is
 

called hot sheet or hot strip. After leaving the hot strip mill it is
 

either cut and packaged or it is rolled up into coils. 
The sheet may be
 

as mouch as six feet or more in width, though four feet is 
a more common
 

width. The largest users of this product are automobile and appliance
 

factories.
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The product which is destined ,for further processing is trans

ported in coils to the pickling line, a sulphuriLc acid-solution bath which
 

cleans and-deoxidizes the product. Most pickling lines are continuous,
 

Then at
i.e.,.the.end okone coil is welded to the beginning of the next. 


the other end of the bath the product is cut again and re-rolled in
 

coils.'
 

The coils .then advance to the cold reduction mill (often called a
 

cold strip mill). Cold reduction mills normally consist of three to five
 

stands (each stand being a four-high mill) placed about six feet apart.
 

As with'the continuous hot strip mill, the product is reduced slightly
 

in thickness as it passes through each mill.
 

Since in the cold reduction mill the product is rolled at room
 

temperatureo it is hardened and becomes somewhat brittle. Therefore, the
 

coils are taken from the cold reduction mill to the group of£annealing
 

furnaces, where they are soaked in heat for a number of hours in order to
 

provide the desired degree of ductility. The coils are removed and are
 

givena finishing pass in a temper mill -- a single stand mill. The cold
 

sheets and strip may then be sold as coils; they may be cut and packaged
 

f6risale or they may be sent on to the tinning line or to the galvanizing
 

line
 

The galvaniting line prepares the product to be sold as galvanized
 

sheetsi,mostly for construction purposes. The tinning line may be either
 

batch:or continuous. -f a batch line the product is cut into
it is 


small sheets before it'is dipped inmolten tin to be coated. The
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continuous linesare. referred to as electrolytic tinning lines as the tin 

plating. is accomplishe.d by an electrolytic process. Since a large per

centAge of tin products are used for making food containers, very careful 

inspection of the tin plate for pinholes or other defects is necessary. 

Electronic devices to do this checking have not yet been perfected; there

fore, it must be done by hand, thereby increasing sharply the labor inten

siveness of tin products. 
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APPIENDIX, B 

RAW DATA FOR -SPECIFIC INPUTS; AND UNIT COSfT OF iNUTS 

l1 Specific Inputs.
 

Table B.1 gives the raw data for specific inputs.
1.1 Blast Furnaces. 


The information for COSIPA was supplied by the firm and is theoreticalp
 

as the blast furnace at the plant was not yet in operation in February
 

of 1965 when the data was received. This vector of specific inputs does
 

not include fuel oil injection since this equipment was not originally
 

installed on the blast furnace.
 

It appears that there may be an error in the estimate of the
 

specific consumption of water. The estimate is 650 cubic meters per ton
 

of pig iron as compared to the normal estimate of 100 cubic meters or less.
 

Therefore it appears that this is a decimal point error in these esti

mates and that the figure should be 65 cubic meters per ton of pig iron.
 

Their estimate of electrical energy consumption may also be off by a
 

factor of ten; however, this is less certain. The estimate of-COS'PA
 

is 7 kilowatt hours per ton of pig iron. Comparing this to an estimate
 

of 70 kilowatt hours per ton of pig iron for the new USIMINAS blast furnace
 

and an estimate of 35 kilowatt hours per ton of pig iron made in an un

published Mexican study, leads one to believe that this statistic may be
 

off by a decimal point.
 

The data for USIMINAS were collected by the author while visiting
 

the plant near Ipatinga in January of 1965,. Two vectors of specific
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Table B. 

SPECIFIC INPUTS 4- BLAST FURNACES 

(Units of input per metric ton of pig iron) 

USIMINAS U§IMINAsS
 
with 701.withilO07b CSN CSN CSN
 

Units COSIPA sinter sinter -.-.-


Metric
 
Iron Ore(regular) tons .700 .470 40% .782
 
Iron Ore(fines)
 
Sinter o .760 1100 1.500 60% .794 .692 

"
 Pellets 

"
 Scrap(regular 

"
 Return scrap 

"
 Pig Iron(liquid) 

Sponge Iron 
National Coal 407D .513 
Imported Coal 60% .655 
Coke .680 .600 .560 .631 .764 .78 
Dolomite .035 
Limestone .400 .132 .100 .272 
Quick Lime 
Manganese .025 .040 .030 .018 
Aluminum 
Fluorspar 
Ferromanganese 
Ferrosilicon 
Fuel Oil 3 16.6" 
Natural Gas 1000 M3 

"
 Oxygen 
Electrical Energy 1000 kwh .007 .070 
Graphite Electrodes Metric tons 
Electrodes de Pasta " 

Water 1000m3 .650 .100 
Steam Metric tons .020 .003
 
Steel Shop refrac
tories 3
 

Blast furnace gas 1000 m -3.300 -3.715
 
" Electric furnace gas 

it
Coke Gas 


Slag Metric tons -0.430 -0.476
 
Direct Labor Man hours
 
Indirect labor US$
 

"
 Maintenance 

Blast Temperature 980 800 800
 
Blast Volume 1000 /min
 
Top Pressure
 
Production capa- million metric
 
city of unit tons/year
 

*in liters
 



inputs are shown, one for a 70 per cent sinter -chargeand one for a 100
 

'
 
per centasinter charge. The blast'furnace had'been.-operatedwith sinter
 

charges of both percentages so this data reflect the actual operating
 

experience of the plant. Neither of these input vectors includes petroleum
 

injection. Engineers in the plant estimated that the coke rate could 4e
 

lowered to less than 500 kilograms per ton of pig iron once fuel oil in

jection was used.
 

The three columns of inputs shown for the blast furnaces of CSN
 

at'Voita Redonda are for observations from three different sources. The
 

left-hand column is information collected.by the author while visiting
 

the plant in January of 1965. However, this information is not of the
 

same technical quality as that obtained at the USIMINAS plant. Higher
 

quality information is shown in the middle column. These data were calcu

lated from a flow sheet showing total input and output flows at the
 

Volta Redonda plant in 1962. Since that date fuel oil injection has
 

been installed in the blast furnaces at this plant so there have probably
 

been significant changes in the specific consumption of a number of the
 

inputs. The data in the third column were taken from an article published
 

in the May 1964 issue of the Revista of the Latin American iron and Steel
 

Institute (page 22).
 

1.2 Steel Furnaces. Table B32 gives the specific inputs for the
 

production of steel in the LD furnaces of COSIPA and USIMINAS and in the
 

,open hearth furnasces of CSN at Volta Redonda.
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Table B.2
 

SPECIFIC .'INPUTS 'STEEL FURNACES
 
(Unit s of per metric ton of ingot steel)
-otinputP 

COSIPA 

LD 
Furnace 

USIMIRNAS 

+LD 
Furnace 

USIMINAS 

LD 
Furnace 

CSN CSN 
Open Open 

Hearth Hearth 
Furnace Furnace 

Iran Ore(regular) 

Metric 
tons 
o .04 .020 .005 .106 .111 

Scrap(regular 
Return scrap 
Pig Iron(liquid) 
Pig Iron(in ingots) 

.22 

.88 

.016 

.169 

.015 

.959 

.187 

.014 

.929 

.35Q 

.698 

.276 

.030 

.628 

.097 

Dolomite 
Limestone 
Quick Lime 

.08 

.08 .054 

.006 

.001 

.059 
.042 .042 

Aluminum 
Fluorspar 
Ferromanganese 
Ferrosilicon 
Fuel Oil 
Natural Gas 
Oxygen 
Electrical Energy 

1000m3 

" 
10OOkwh 

.045 

.008 

.007 

.0006 

.057 

.022 
.055 
.019 

.004 

.050 

.017 

Water 1000m3 .016 .029 

Steel Shop Refractories Metric tons .008 .007 .035 .043 

Coke Gas 1000m3 .020 

Direct labor 
Indirect labor 
Maintenance 

Man hr.. 
US$ 
" 

1.98 

Capacity of furnace 
Number of furnaces 

Metric tons 
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The data for COSIPA in the first column of the table are theoretical 

as theLD furnaces of the plant were not yet in operation at the time
 

the company prepared the data in January of 1965. Though the data are
 

theoretical;they compare closely with the operating experience of
 

USIMINAS in the LD furnaces in operation at that plant.
 

Two vectors of inputs are shown for USIMINAS. The left-hand
 

column of data was given to the author by officials at the company head

quarters in Belo Horizonte. The right-hand column of information was
 

obtained at the plant near Ipatinga in January of 1965. It is supposed that
 

the 4ata supplied by the company headquarters represent the experience
 

of an earlier period in the performance of the furnaces.
 

The left-hand column of observations for CSN are from data col

lected by the author at the Volta Redonda plant in January of 1965. The
 

right-hand column of figures were calculated from the flow sheet for the
 

plant for 1962. The data calculated from the flow sheeft provide a more
 

detailed breakdown of the metallic charge to the open hearth furnaces
 

than do the data collected at the plant. Neither vector shows oxygen in

jection to the open hearth furnaces. In January of 1965 three of the
 

eight open hearth furnaces were equipped with oxygen injection equipment.
 

The oxygen plant had sufficient capacity to provide injection to only one
 

of the three furnaces at a time. One would suppose that the capacity of 

,the oxygen plant will be expanded to provide sufficient capacity for 

injection of oxygen to all eight furnaces.
 



2. Unit Cost ofInputs
 

Columns of unit cost information for the inputs to both pig iron
 

and ingot steel production are shown in Table B.3. No information is
 

shown for CSN because the only data available on unit cost for the inputs
 

of the Volta Redonda plant of that firm are contained in an as yet un

released study of the Economic Commission for Latin America* The esti

mates used in this study for specific input cost at Volta Redonda are
 

based on the ECLA study and on the information collected by the author
 

on input cost at the COSIPA and US14INAS plants.
 

The data for the COSIPA plant were provided by officials of that
 

company and were given in cruzeiros of July 1964. In this table the data
 

have been converted to cost in US dollars per unit using the free market
 

exchange rate of 1300 cruzeiros/US dollar which prevailed in July 1964.
 

The data for USIMINAS were also provided by officials of that
 

firm. The information provided was in cruzeiros of January 1963.
 

Consequently these data were converted to US dollars at the free market
 

exchange rate of 475 cruzeiros per US dollar which held in January
 

of 1963.
 

Since price indices on each of the types of inputs were not
 

available, no attempt was made to deflate the data in cruzeiros to a
 

common base before converting it to dollars.
 



iron Ore(regular)
Iron Ore(fines) 
Sinter 
Pellets 
Scrap(regular) 
Return scrap 
Pig Iron(liquid) 
Pig Iron(in ingots) 
Sponge Iron 
National Coal 
Imported Coal 
Coke 
Dolomite 
Limestone 
Quick Lime 
Manganese 
Alur num 
Fluorspar 
.Ferromanganese
 
Ferrosilicon
 
Fuel Oil 

Natural Gas 

Oxygen 

Electrical Energy 

Graphite Electrodes 

Paste Electrodes 

Water 

Steam 
Steel Shop Refractories 

Blast furnace gas 

Electric furnace gas
 
Coke Gas 

Slag 

Direct labor 

Indirect labor 

Maintenance
 

Exchange Rate Cruzeiros 

,Metric 
tos'L6 

At 

" 

" 
i 

'S 

1 


I 

100a3
 

" 
lOOOkwh 


Metric tons
 
16
 

1O00m3 


Metric tons 

" 

lO0m
 

" 
Mettiektons
 
Nan hrs.
 

US$
 

per US$ 

c6sIPA USININAS, 
rily, 1964 Jan 196 

p/ntU /ut 
284 
2.27 

11.70 5:54 

23 -O '2.20
 

25,60 29.90
 
21.o 18.35
 
33.00 35.10 

4.61 5.04 

42,30 

27.60
 

40.00
 
16.70 14.00
 

6*05 0.17
 
3M60 

117.00
 

12.60
 

1300. 4754 
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APPENDIX C 

UALE FOR MATHEMATICAL NOTATION 

PO1,TRAN VARIABLE NAMES 

INDICES 

WORTRAN 
Index Explanation 

SA COSIPA plant near Santos
 
US, USIMINAS plant near Ipatinga
 
VR CSN plant at Volta Redonda
 

SP market area around S9o Paulo
 
RJ market area around Rio de Janeiro 
BH market area around Belo Horizonte
 

product index for pig iron
 
S product index for ingot steel
 
P product index for steel plate
 
H product index for hot sheet and
 

strip 
C product index for cold sheet and 

strip 
T product index for tin plate 

reduction furnaces (usually blast) 
S steel furnaces 
PR primary rolling mill 
R roughing mill 
H hot strip finishing mill 
C cold strip mill 
T tin mill 

NP number of plants 
NM number of market areas 

number of products
 
NPROC number of processes
 
NI number of inputs
 
NUM(I,J) number of alternative routes
 

from plant I to market J 
NC number of columns in LP matrix 
NRP positive rows in LP matrix, i.e. 

the number of rows for which.*
 
holds
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VARIABLES
 

Mathematical FORTRAN
 
Variable Variable
 
game Name 
 Explanation
 

w eleae3e4S where eje2 are identification initials for
 

the steel plant i and e3e4 are identifica

initials for the steel plant 1, viz.
 
SAVRS, shipment from Santos to Volta
 
Redonda of ingot steel.
 

xk eeae e 
 where eje2 are identification initials for
34'5 the steel plant i and e3e4are identifica

tion initials for the market area j and e5
 
is for product k, viz. USBHP, shipment from
 
USIMINAS to Belo Horizonte of steel plate.
 

ao COLCOS, or BAT(l,J) ingot steel shipment activity cost
 

bk COSL(IJ,K) I factivity cost for producing product k at
iJ COLCOSBAT(l,J)J [Plant i and delivering it to market area J.
k
 

uk COST(IJ) production cost for product k at plant i.
fh C(I,K) 
 unit cost of factor input h at plant i.
 

8kh S(I,M,K) 	 specific input of factor input h for
i
 
product k at plant i.
 

t* BTRACO(IJ) 	 minimum transportation cost from plant i
to market 
area J.
 

tq TRACO(I,J,L) transportation cost from plant i to market
area j over route q.
 

PTRACO(IJ) 	 transportation cost for ingot steel from
 
plant i to plant J.
k
 

Yj IMeJe 2e3 	 imports of product k to market area J,where eje2 are identification initials for
the market area and e3 is the identification 

initial for the product, Viz. IMSPT, the
 
imports of tin to So Paulo.
 

BAT(IJ) 	 activity cost for importing product k
 
to market area j.
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Mathematical FORTRAN 
Variable Variable 

Name 
k 

Name Explanation 

Vk e1e2 EXe3 exports of product k from plant i, wheree1 e2 are identification initials for the 
plant and e3 is the identification initial 
for the product, -'iz. VREXH, the export of 

dk BAT(I J) 
hot strip and sheet from Volta Redonda. 
profit for exporting product k from plant i. 

o4 UNITY the number one, 

the number minus one. 
" i COEF apacity of production unit e in plant i 
i COFN 

BAT(IJ) 
required per metric ton of product k 
produced in plant i. 

ye RSl capacity of production unit e at plant i, 

Ok RS1 

top group of elements in the right-hand 
side of the linear programming matrix. 
requiremenc for - tk in mark: area J, 
bottom part of the vector for the right
hand side of the linear programming matrix. 

ROW(I) row names fo'r the linear program (LP)
matrix BAT. 

COL(I) column names for the LP matrix BAT 
FOBJ row name for the objective row, COST 
Ml,M2,M3 indices used to control amount of output 

from programs 
SROW(I) names of factor inputs 

UNITS(I) names of units for factor inputs 
SUBCO(I,J,K) component of cost for plant I, process M, 

and factor input K. 
PERNC(I) percentage of national coal used in coke 

production of plant i. 
PERIC(I) percentage of imported coal used in coke 

production at plant I. 
DTel(I,J,K) distance in kilometers on means of transport 

el from plant I to market area J along route 
K, where el = K for trucks, R for railroads, 
B for barges, and S for ships. 
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Mathematical FORTRAN 
Variable Variable 
Name Name Explanation 

CTej(I,JK) cost in US$/metric ton for transporting 
steel products from plant I to market J 
along route K for that part of the cost 
arising from the use of means of trans
portation e1 , where el = K for trucks, 
R for railroads, B for barges, and S 
for ships. 

AAA element of transportation cost function 

BBB element of transportation cost function 

TOLLe, a toll charge in US$/metric ton charge 
for using certain legs of the transpor
tation el. 

TRANSM name of transportation cost program 

PCOSTM name of production cost program 

LINERM name of program for setting up the LP 
matrix and punching out an 
for the LP routine. 

input deck 
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_______ ____ ___ CALL LINK (PCOSTV') _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

2 5:tCONTINUF _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

END__ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

. . . . . . . . . . . . . . . . . . . . . . .
 



_ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ 

-- ___________________ 

ZZJ0PJ 312601161563r,2-614
 

zz KFNnPICK PCOe.ST,' _______________ 

.*FANnK12$)4
 

*LD ISKPCOSTm
 
PR0lUCrTI IN 'C9FT PCUTIIF 4
 
D IMFNS I ON S( 92,4") 9C ( 1,4fl)IC75TC 96)
 

____ _______ ____ ___ DI-MENSION PFN'C( '-),PFF'I-( 3) ..
 

-c 


IIMFNSI?N PT ACq( 3Is3
 

rPIMFNSI?7N UNITS (6) . 

FAD 11, NPP ThN__I_ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ 

_--. . .. . . . . . . . 10 FOPIVAT (314) __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

11, (PFRNC( I),PFrIC(1),I=1,NP)-READ) 

------------------ 11 F9PAAT(2r04)__________ ___________________ 

- ~~~RFAn 15,(''() = 
F2)Rt-'AT (10(A6,1X))
 
RFAD 159 0INITr,(),l1,NI) 

D95 12 1=1,-NP

.15 


READ 16(9 ( 1,9"9K) go%=!,riP!??'C)

-- ;=00-VAT (2c'0*4)__ _ _ _ _ _ _~~~~~16 
CONTINIJF ____________________~~~~12 

_ 

-

RFAO ', Ct( IDP KI 

19 FORMAT (3P8o4) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

00~ 38 1=1,ND
~~~~~EOPNC=1.392*'c(I1,910) 


* ~. PCO1N=PFP4CcI)*EPIC+PFiOIC(I)*C(I,11) 
C(I,912)=P( AIN+1 

__SUBCQM IM )S(I_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_____________ ~36 5 UM= ; ly+ '1C hT <____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 



PUNCH-81
"__81 	 FORMAT (14X,44H-COST BPFAKD0WIN D2LL "..'sPEP,TON Of PIG IRON)-
 "" 
PUNCH 64 -

PUNCH 69 ,{SP0W(K), (SUBC.(IIU),I,),a ,I
69 	 FORMAT f 1XsA6v9XC?8.*2,5x)h;*8 ,,F'..5__________
 

PUNCH 77,(C.STfIl),I=I,NP)__-_ 

_

77 FORIMAT {IX,5HTOTAL,1OXFP25XF2,XFp,2 
_ 

.......
 
_ __ PUNCH 110
 

"__ PUNCH q3
 
. 83 FORMAT (12X,47HCOST PPEAKn)OWN - DZLLArS P-E-?-T-N-FINGT'..STEEL)',
 

PUNCH 64
 
PUNCH 69,(SROWtK),(SUBCuI,2,K),I=1NP).,K=,NI.
 
PUNCH 77,(COST(I,2),I=1,NP)
 

99 PUNCH 1o
 
PUNCH 100
 

................
100 FORMAT (28X,15HPODllCTIrI4N CVST)
 
- PUNCH 102
 

. 102 F.RMAT (27X,17H(DOLLAS PFR T..N4)......... PUNCH 72
...
 . .	 ....:..

72 	FORMAT (IX,5HPLANT91OX,53HPIG 
 ING' T PLATF H!T STRIPCOL
 

ID STRIP TIN)
 
;: lr)o I=1,NP
75 

74 	FBOP AT (13,'7 X92Flf.2)
 

.75 CONTIN 
 .UF
 
255 CONTINUF .:
 

PUNCH 011
 
S. .	 CALL LINK (LINERM)1: 

. . ... v.END 
" "... ..
 

.. 
 . .... . . . . ..... ....:.
 

.... 
 .	 . ..... . ...-.. .. . . ...._ . . - --_
 

5 _ _ __ ___ __ _ _ _ _._ _ _ _ _ _._ _- -_ -_ _ _ _ _ _ _ _ _.- -	 .. . .. ... . ........ . ... ........ .. .. .. .
 _ _ _ __. .... .
 



__ __ __ __ __ __ _ __ __ __ __ _ __ __ __ __ __ _ __ __ __ __ _ 

13'2 
IF (K-1i)_11291119,A3? 
C91SL (Is J,) P9Kj+~~K~rK(,) 

__ _ __ _ _ 

______ 

_ _ _ __ 

____ 

_ _ _ 

____ ______ ___ ___ 

N7, 142 1=1,NP 
flS:142 J=1,NP__ 

___ IF ( -J) 140,147,140 
140 COL_________________________XCP(19J 

_ ___ 

_ _ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ _ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

__ _ __ 

*~c 
____ _ __ _ 

142 

_ 

CINTINIJF __ _ _ _ _ 

KW =NP*(NP-I)+1 
fl~" 134 K=295 
r)7 114 T=1, P 
fl5971134_J=1,NM 

r~fr,(KW)=M~SLcIqJsK) 
KW=KW i 

_ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ 

.-

_ 

-

_ _ _ _ _ 

7 

N"!= ('41) +16 9 4 1 0 

149 9 FT1 NP 7 RA N) 

-152 F AQMAT (12XA6) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

*PUNCH !569fOMW(I),1=NQPNP) 
156 F9IRAT cTlX,'H-,A6) 

PUJNCH_158 _ _ _ _ __ _ 

158 FlPmAf (AHrML.Tfl) _ 

PUNCH 1~VLI,=,~ 

_ 

_ 

_ 

_ 

_ 

__ 

_ _ _ _ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ _ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

1 6NrHJ~ 16 

to 

0~~ ~~~ ~ 

M7 
fl~" 

~~~~~~C 7____________ 

157 I=19N7 
75 = , C--

')~ j'=--! 9 
_______T______ 

_ __ 

___9____________________ 

_ _ _ _ __ _ _ _ _ __ _ _ _ _ 

4__ ____ ____________ ____ __ __ __ _ __ __ __ __ __ _ __ __ __ __ __ __ ____ 



-:"2 .,.- • 
IF (I-J) 153,155,151 

.153 m7= 1+6* (1-].)+1 .. - ....-- . . .. 

-. 

, . . ' 

-~~~A VAZ K=---
'i--

155C.TNUF...... 

151 CqNT TNUE" .. 

no 1(, J=i NC 

166 BAT(1,J)=COLCOS(J). 

tINITVY= I 
Nr)=NP-2 
"172 1 1 

*$ . 

PP6-6 

::....~.. :.;. ~ ~~;: . 
,

2:.T= 

N~m+N)
fl}I 170 J=MN 

~~~T+1 
-.. 

- , .. .... . .:.. 
-

-"..T7IM .. 
*." -RAT(ITJ)=IINTT%? 

170 C;NTINUF
k,+MP-!"" 

.172 CINTINIJF 

-

• :- : -:.-.: M..P-4:P*(NP-...1...+... .. M= NP*iN P- )+ . " - . " .,- . -"-" ; . - .: .. " 

nofl186 L=194 
NK1,; * 

I A!14 K=1,NP .

* k1. 
NMM=NK+LN-l-. 

, 

-.. .. 

' .- 

.. . r 182 T=NKNMM 
N=M+NM-1 . 

DO 180 J=MN 
I==T+l 
AT(IIJ)=COEF(KM9LM) 

180 CONTINUE 

.. .+ 
182 C NTINUEM-*--M . . 

. - *- . 

N =NK+6 

184 CONTINOE 
KM=KM+1 

LN=LN+1 

--. ". S-.. 186 CO'NTINIJE- -. .. -



M=Np*CNP-i )+l1
 
NP P =NPPp+
 
flq 102 I=NPP,NO'______
 

N=M+NP* Nm- I _ _ _ _ _ ___________________ 

190 (7fNTIN!JF 
M=NAI 
M=M+NP*Nki z-t

. t 

V 

IF(M-42) l9291929,l3 -

P "I - -- I 
- - I.* 

N T: ND*CNPF5-1 )+NP*NA*4+I-I. 

NtL=NT+N"*4-1 -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

195 

fll 194 1 =N0 0 ,NP 
DO0. 194 J=-NTNIL 

IW-J-i NT-NOO) 
IF (I-TW) 1")791059107 
11-1+1 
RAT(Il ,J)=19 

194 CONT INUF 

M=Np NP- I )+MP*NM4+ 4+ 

- NMNL-1 

I2" 



PAT( I I ,g)=r,F7F(Kt,LM) 

I' = L ,+ 222 Cq)MT !Ntr 

221-
NK=NK+6 
(-7NT I N II-

226 rNT I N, I ... I -

161 rq 1r,! J=!,Nr 
PUNCH 164, 91L(J),F3JBAT(19J) 

__ _ _ 

!A-7 nr l6 q I=2N7 

169 
T16R8 
161 

IF (qAT(TJ)) 1 ;5 , 
PIJNCH 16, C4L(J , Dw{

NT 1~t'41 
CONT1IUF 

16-. 
T)AT(lJ) 

- . 

..... 

S. 

164 Fq PAT (6X,?A6,2X,P7102) 
O~FIAt I OR, j P-S1 ( I) ,17=l 9!. 

19R FORMAT (10F6.1) 
IF ("-) 2209199),22' 

190 PINCH 20"_ 
2O2n F9PYAT (l1HPIO.STPNCF) 

PUNCH 20 , ---W I I,- ( I 
202 AT-T~A~~-M 1h3 

PUNCH 206 

RN 

-7 
. 

206 

200 

' AT (6HFNlATA) 

PUNCHFF 
C9DMAT (11-I4,!N 
PItIICH 21_ 

ONr 

21n F.RMAT (6HCrITPI IT) 
P! !,Nr 2 ! 2 

? 12 A-AT - (6HrFr ,) 
Pi INC 214 

214 CrADVAT (, Hr "A, TqP) 

!INCH 2 
21; -q MAT (O;)V7'. n/j) 

PUNCH 21 

2IPF r-m- L__q-__(6_ _ _ _ _ _ _ _ _ _ _ __R_ _ 
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Z7XFOSTPANSM 

-
: " 
- - .- - -3 

1 *1 

~~2" 
3 

i 

2 
2 

0 

.. 
... 

-

4 
"::.: , 

-
:. -- . 

'5 50 
.* , -. . .	 85 

5 "".. 

642
 
S - • .. .	 837
.-

771
 
T7L8 46 


- -- 8 491 


667 

6 4 0 

. ... - 22144 214-

..-	 473 

146

* 	 252.
 
447
 

3- 2 36 
40 60 

-4 q1 60 
44 56-

ORE. OREF SINTR 
COALM CO'KF DQoI.-I 
FUEL NAGAS OXY 
EFGAS CKGAS SLAG 


TONS TONS TONS 

TONS TONS TONS 

TOaNS 1000M3 1000M3 


-0. "0 10 -1 TONS-
0-M-4 .

* 40. 

2... 

480
 

-

:": 

PELLT 

LIMST 

ELFC 

flLAR 

TONS 

TONS 

1000KH 


94
 

220 


SCRAP 

OLIME 

tLTRG 

ILAct 

TONS 

TONS 

TONS 

MANH" 


"i 

.". .. 

: 

RSCRP 

MANG 

FLTRP 

MAIN
 
TONS 

TONS 

TONS 


TS
 

*... .........-

.. *. 

..... 


. .... 

"*: " •-. 

_ 

PIG PIGIN 
ALUM~ FLUOR 
',,ATF SHtAM 

TONS 'TONS 

TONS TONS 

1000'43 TONS 


.ANH..I 


.. .. 

. . - ..	 ..... ..
 

. ..... ." ..
 

. . : ..- . - - . 

. ." 

.-

SPONG -COALN
-FMANG FSILC 
RtFHA E3 FGAS 

TONS TONS
 
TONS TO~NS
 
TNS 1000O13
 



700 

760 -" 

22 

88 

016 ___. 

400 

025 

08 
08 

004 

007 
057 
022 

-- .... . 

:.-3300-

. ... 

65) 
020 
. . . . 

016 

0 09 
.. -

-138 

-43,1 

6B 
270 

470 
. 450 

005 

• " 110 .. . .. . 

187 
014 -

---------------



929 

371 . 

035 n-I ....006~~132 I:.001 
2 .01 

4 0; 

100 029 0I ! .: . 

-2624 

-138-476 

39 1 g 8s 
65 

•2-10 450 

782 111 

794 

276 
....- 039 

628... 

461 
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l35 - 1 

272 042 

,18 .
 

070 

_ _ _-0 

- I 

1 '5 
020--.

A2 0, 
-

.. .. .. - ' 

- - -.-

*7 

-2624 

-1387 

'-476 

*65 
270 
569 

- 170227 

6 - t 
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634 
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. 

" 

0 

- -

-. 

.-
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.: 

" -

2310 
2500 

3220 
3500 

2400 
2600 
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*--133f0 

2560 
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1835 
13510 

270n 
2200 

461 
60) 
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60o 

3500 

500 
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3500 
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2000 2000 2000 
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____________ 

28000 
14400n 

276n 

280no 
344 00 

?Snn 

28000 
14400 

?ant 

________________________ 

4000 

1670 

4'V'0 

140 

4010 

1600 
"_' 

6(5 
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117nn 

5nn 
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1170n 

500 
360 

11?nn 
.. 

_-_.) 

126n 70O 7on 

42 4? 4. 

100 100 100 
30 1S 66 

r, -APO qAD CAH4 
!i IC IST VP' VPPP 

SPC SPT RJP RJH 
SAIIFS SAVjD !cAS IwcfPc 

tISPJP 1J58HP %/RSPP VPPJP 
UISHH VRSPH VRPJH VRRHH 
VRSPC VPRJC VRRHC qASPT

-PJ __~H 

lMFHP FVRHH. IMPHC IMQHT 
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VPc 

RJ 
lVDcA 

VOPHP 
SASPC 
S A -JT 

SAFXP 

.A T t ISC,.PCC 
VC 
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\pODglz eAjpp 

!A-PH 5A'JH 
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____________A x 110CvR5'SFX ~Xr ~

124 124 lno 105 

-
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-2 
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-2 
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? 

-3 
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n 

-3 
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APPENDIX D 

TRANSPORTATION AND COST DATA FOR THE MIXED INTEGER PROGRAMMING MODEL 



T0295 3017 TAK.'o, L.ONG FOR T0295 3017 
PLANT MARKET

1 - 5?- -
TRANS COST 
- -2,6561_ 

PfluI E 
- _

-  --. . . .- -.. . . 
1 

.... ... 
2
3 .. 

R: 
. H . .. 

6.31
1. 6 . . . 

2 
2 . ... . . . . . . .. . ... . .. . . .. . .. ... ... ... .. . . . . 

2 1 7.72 2 
-------------- -2 ------- 6 .2 8 2 

2 3 3.30 2 
3/R, t -4 27 

3 2 2.94 133 5 	 ---------------------------- "3 ....... -------	 -5;y----------


TRANS CCST FRCM PLANT TO PLANT 
----------------------- 7 ,263-- 2 ---------------- -..------------------------

3.37 	 1 3 
i .-6-3 	 12 
5.51 2 3 

------------------------ 3 .3 7 ------------------------------------------------
5.51 3 2 

-------------- DIST ANCES- BE-TWEEN -PLANTS- -AND MARKETS ------........ ....... .. .. .. .... .. .. 

"LANT MIARKET ROUTE TRUCK TRAIN BARGE SHIP 
KM KM"'-TI9ATJCAL MILMSI 

1 	 1 1 85 -CO -CO 
--------. 1 .. 2.------- -CO.-----------------------85 ------- 

1 2 1 5 -00 -00 
------ 2 ---------- .2 -------------- 00--- -58 2 ......- 00 

1 2 3 5 -00 220 
S1 -64 -- 0 0 - 00 

1 3 2 -00 837 -00 ------------ 0 --------------------------------------- -- - - - - -I 771 - 

-00
0 	 -00 846 4802 t 2 85 ------ - 1- ..................
---2 f------------3 -------------

2 2 1 667 -00 -00
2 2 2 a 40-00 

2 2 3 -00 451 260 
2- 1- -- - -- -- ---- - - - - - -- -- - - - -- -- - - - - --- -- 

2 -0 24 0----------------------14--------00c 
3 - ---- -31.....-...--....--- 2 353..... -00-- - -.....-000 0:-. . . . . . . . . . . . . . . . . . . . . .
214 

3 1 2 -00 353 -Co 

3 2 1 146 -00 -CO 
3 2 2 -00 252 -00 

-. 3 -- ------- -----------473'....-.00-- -...---
2 4733 3 -00 -00	 .......... .........
 ... .. ..- -	 B PLANTS ... .......... ......... ..........
- ..-- DIST-ANCES- BE -TWEEN ....... 


_3_.0_FRO V PLANT TC PLANT DISTANCE (KM) _ 

- -"2 	 T3 -COO0 

1 3 	 430.00 . . ------------------- - " . .. l . ... . 130 C . 0 0-----. 

868.002 	 3 .. . . .. . .. . .. . . . .. -..----	 - --- - --. . 41 "0"7- - - --- . . .. . . . . .- 3 . . . . . ... . . .. . -- - - ---- ---... 1 - - - - --.. 

86d6.00
3 	 2 

-PR0DUCTI0 N-CTTS013 
(DOLLARS PER TON)
 

-----PLANT P1C IRCN- .... INGCTS SLABS . .PLATE -HOT STIRIP COLD STRIP TIN Pt 

1 31.97 46.34 51.07 57.95 62.00 72.91 125. 

----- -2 - 29.47. 42.80 460-32' . 52.78". 56.63' '66.41 - 116. 

3 36.52 49.86 54.80 61.75 65.84 76.95 129d
 



----- --- 

- ----------

----------------------------------

------------------------------------------------------------------------- --- -----------------

--- -------------------------------------------------------------------------------

--------------------------------------------- 
-------------------------------

---------- -------------------------- -------------

---------------------------------------- - -

--------- 

CCSIPA US Ii INAS CSN 
470 .-

INIP-UT 

782
RC-----TONS -. 700 .# 


-0.
RF TONS -0. 	 -0. . . . . . . . - - - - - - - - - - - - 6D ".-- .. . .
S I[NT R-- -TONS------------";7 -- .---.
 

-0.
-0.
VIE UL T TONS -0. 

00
-----------.-------------
VCR.AP I---TONS- c. 


-0. -0. 	 -0.
RSCRP TONS 

'0•
P I G T--N 0-S-	 -0 

-'0. -0.o*.. . ..PIGIN TONS -0. 	 --0 .---- ---------.. ;0 .------------S PONG ..TO NS 
.371 .461TONS -0.COALN 	 .589 -------------------------.552-----------
---- ------.
CCALM-.TONS-.
 

-0.
.680 -0. 

.U35 .03 "


COKE TONS 

DOLO, T INS -- -0-

.272
.4C0 o132
LIMST TONS 

*-------------------------------------
N=S------------------


.040 	 .018 . . . . . . . . . . . . . .
PANG TONS .025 .. .. . -0 .. . . .. . . . zo_;. . . . . . . .
'ALUM.......TONS ... ..--0--.. ..

ON------ -----	 ---------------------------;O..*------------


-0.
FLUOR TONS -0. -0. 


T ANG -Tn NS -0. -0. -.0
 
-0. -0.
FSILC TONS -0. 


FUEl.....-TONS------ ......--- .
 . . .050
 
-0.
NAGAS 1000M3 -0. 	 -0. ----------- ----..-- --;-
---...
O ---- ----	 . .
 

----.I OOC-3 . 0.0 ----....-.-.-.----.- .
[xY 

.070 :070
ELEC 10OCKH .070 

-0• 	 -o•
-EL-RG"--TCNS -0. 

-0.
ELTRP TONS -0. 	 -0. 0 3-0 - - ---------------------- -
TO ----------------------- 6T ---------.... C000P3 


-0. ' --------
'VATER 
STEAM TONS .020 	 -0. 0 * ------------- " , *-------.--'-a .......... ... 
. .TON -------- = SC .R _ .


-3:715
IFGAS O000M3 -3.300 	 -3.300 

-00 • 	 -u_.-TF G*ATS---].00(]P 3 -0 . 

-. 138 -. 138
CKGAS 1O0V3 -. 138 
 -.7476 - ...............................
 
. . 43------- --- .476
SLAG- TONS 


.390DLAB MANHOR .390 .390 


1LAB ---- MANOR.-------.650----------.--- 650-----------. -65U' 

2.700 2.700
MAIN UNITS 2.700 


~~-------

7----------------------------	 '............- ---- .... .........
 

:-.............................
.-................
-.... 


-

------------------------.------------------------------------------



---------------------------------------------------------------------------- ------

---------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------

------------------- -------------------------- -----------------------------

---------------------------------------------------------------------------------------

bFtLtLII1 INPUl b - INGUT STEEL 
INPUT CCSIPA US[MINAS CSN 

-R E ILUNS4-0 .05 5 - i 
Y R 4F TONS -0. -0. -0. 

ST TR "0 -.. 0-----------CTONS-------.. ---
PELLT TONS -0. -0. -0. 

"SCRAP....TONS .. 2 . 187-------.. .276 ---------------
RSCRI' TONS -C. .014 .039 

-P TG 'T S 8-0 92' a 
11IGIN I{(NS .016 -0. .097 

- H' iPNs -0--- - ---------------------

CIALN TONS -0. -0. -0.
 
-C0AL ...TN S------ 0.- ---- 0--.......0 ............ ---------- - - --.......-................. 
COKE TONS -0. -0, -0. 

-o n O--- NS -• q'06 0. 
LIIPST TONS .080 .OCl a042 
'QLIM-E . TONS--- .------------ 59--------- 0--........................ 

PVANG TONS -.0. -0. -0. 
--ALU-M ----- TONS . .- 9----....---------- 4- . ----------- o•-0 -----------------------
FLUOR TONS . 008 .004 -0. 
-FTANG--TONS 0-7 -0-0. 
FSILC TONS .001 -0. -0. ------.. --...----------..------..--........ . -----------------..... ....... .---...
-FU TTONS ---....- 0 -a... ---....
FU~~~~L~T&---------=0-------------

NAGAS 1000M3 -0. -0. -0'
 

-1&7___000P3 05 -----------------0 V4 -----------------------------~ 
ELEC 1000KH :022 .012 -0. 
-ELTRG---T 0 1S -0 0, -0 
ELTRP TONS -0.. -0. -0. 

;4A T ER- -_.10 0O-M 6V ------------ ---------- -- - ----------------"-------- ;V21 . 022 
TEAV TONS -0. -0. -0. 

REFRA TONS ............... 009 .- . ------- ,--------------------
HFGAS 00O0M3 -0. -0, -0. 

GST0fE0OF---O o. -
CKGAS 1OOCIY3 -0. -0. -0.
 

------- 7--... 0--------------

DLAB MANPOR 1.980 1.980 o167
 
"SL AG TONS ........ - - ................-----------------------

-I-l ~~ ~ ~ ~ ~ ~ ~~~~~--------- );..........T... V -7------------- --.........----.Nl-IR...-0........ r-


MAIN UNITS 4.500 4.500 6.34O 



--------- 

---

-------------------------------------------- ---------------------------------------------------

------------ ------------------------------------------------ -------------------- -----------

---------------------------------------------------------------------------

-------

--- -- ------------ - -

------------- ------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-pu i ...... COSTPW-" --- S I N A S._CSN" . 

TONS 5,69 ?•84 3.50 ' . . . .--------.
fnR . .- " . . . . " 2'o 27 -------- .'OR F------ TONS .. .. 


5.54 9.00
SINTR TONS I.70 .. .... .- 0.•-,, :-.
"ELUL ----. TONS : --<0 ) . ":r . . ..-0•'PLTOS~& 0------------0.--------

2340 32.20 24.00
SCRAP TONS 

o 6-RSCR'P- T NS '".. 5 

31.97 29.47 3.6.52
PIG TONS 
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APPENDIX E 

EVIDENCE ON EQUIPMENT COST 

Steel companies and equipment manufacturing concerns so zealously
 

guard information on equipment cost that the information which is publicly 

available is precious little. However, there are a number of places to
 

search for the evidence.
1
 

The Instituto Latinoamericano del Fierro y el Acero has recently
 

made a survey of the major companies in Latin America to obtain informa

tion on equipment cost. Data from this survey are helpful for estima

ting costs of coke plants, blast furnaces, and oxygen converters, but
 

are too aggregative to be of any help in estimating the costs of rolling
 

mills and other equipment.
 

The Wall Street Journal also provides some clues about equip

ment cost in the steel industry. However, the stories in this newspaper
 

usually carry incomplete technical descriptions of the equipment and
 

usually explain that the cost of the equipment was not announced by the
 

company but that "industry sources" estimated that the amount was so much.
 

Also, some of the technical publications of the industry occa

sionally provide some cost information. The Revista Siderurgicas of
 

ILAFA and Blast Furnace and Steel Plant are two of the most helpful.
 

Studies of the United Nations, particularly of the Economic
 

Commission for Europe and the Economic Commission for Latin America,
 

1For reference citations, see Table E.l.
 



also provide some information. However, the results of these studies
 

areu.usually-to -give an equation of the form
 

c ax 

whereC is.the cost of the equipment, a is a constant, X is the anaual 

capacit-yof the unit, and b is a constant such that O b 1. Sources
 

fromwhich the data to estimate the function were obtained are vague and
 

the data are not usually published.
 

Finally, there are feasibility studies. These studies are always
 

confidential, are difficult to obtain, and can not be quoted. 
Also,
 

the data they contain are expectations about what equipment costs will
 

be rather than statements about what the costs were.
 

Table E41 contains the evidence which the author was able to
 

oltain. Some of the companies are referred to with letters of the
 

alphabet'in ordernot to violate the confidence of the institutions which
 

supplied the data. The investment cost given in the second column of
 

the data should be regarded as the cost of purchasing and installing
 

theunit, unless otherwise noted.
 

The estimates of capital costs for the projects included in the 

.model'were made on the basis of the information contained in Table E.1 

and on some additional information which will be discussed in the section 

to follow. 

The estimates of the cost of modifying the blast furnaces at
 

COSIPA and USthIN&S to increase their productivity were based on
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Table E.1
 

EVIDENCE ON-EQUIPMENT COST FOR THE MAKING OF STEEL
 

AND THE ROLLING OF FLAT PRODUCTS
 

PART I. 

Data
Unit Plant Location 
 Capacity Investment Source
 
(million metric tons/yeak)(US$ million)
 

1. COKE PLANT
 

(a) A 
 .487 	 15.7 ILAFA
 
(b) B 
 .250 	 17.2 ILAPA
 
(c) COSIPA Santos, Brazil 
 5.9* 	 Revista
 

#45 p.15
 
(d) C - (43 ovens, 15 tons each) 
 .220 	 13.9 ILAFA
 

(e) D 
 11.8 ILAPA
 
(f)Jones & Laughlin - (59 ovens) .360 6.0 WSJ 

12/1/58 
19;2 

(g) Bethlehem Steel Co. - (76 ovens) 
 7.5 	 WSJ 
12/15/59
 
2;4 

(h) E - (74 ovens) 	 .450 18.6 AID
 

2. SINTER PLANT
 

(a)Pittsburg Steel, Monessen, Pa. .500 3.5 WSJ 
3/6/62
 

(b) COSIPA Santos, Brazil 
 4.4*
 
(c) The experience of German plants "small" plants - US$13-14/metric UN Steel 

ton of capacity Symp.1963 

"large" plants - US$1165-12.5/metric Tech
 
ton of capacity Paper/A.7
 

*equipment 	cost only - f.o.b.
 



.Etable E-.I continued 


-PART I.
 
Data 

Unit Plant Location CA'pacity, Invdstmbnt- Source 
(million metric tone'/ear) (US$ milion) 

3.s BIAST :FURNACES 

(a). A .515 23.7 ILAPA 

C .220 12.4 ILA 

() F .450 12.0 IA 

(d) D (2 blast furnaces) .464 9.4 ILAFA 

(e) E .440 13.2 AID 

(g) G 1.220 43.7 

(h) Propulsora, La Plata, Arg.(P) .635 20.0 Project 
Study 

PART III. 

4. OXYGEN CONVERTERS 

(a) B -2 LD's, 45 tons each 
2 mixers,800 tons each .600 16.9 ILAPA 

(b) F 2 LD's .500 20.0 ILAFA 

(c) E 2 LD's,80 tons each .470 15.3 AID 

(d) G 2 LD's,170 tons each 1.400 51.4 

(e) G first two vessels 
add a third vessel 

1.400 51.4 29.6+ 
130 7.5+ 

add a fourth & fifth 39.5 23.1+ 

(f) COSIPA 2 LD's .800 7.6+ Revista, #45, 
p.15 

(g) US Steel GaryIndiana 
3 7,D's 30.0 

WSJ  9/24/63 
32;2 

(h) National Steel, Weirton, Pa. 
2 B.D.F. 1.5/2.0 30.0 WSJ - 8/12/60 

20;2 

(i) Republic Steel-2 B.D.F's, 
220 tons each 40.0 

WSJ  3/25/64 

+ Equipnt cost only, purchase price
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Table E.l continued
 

PARTI. 
Data
 

Unit Plant Location Capacity Investment Source
 
(million metric tons/year)(US$ million)
 

5. OXYGEN PLANTS 

(a) COSIPA - for 2 LD converters
 
with a capacity of 
800 thousand metric
 
ton/year 2.6+ Revista, #45
 

p.15 
(b) Wheeling Stel Company .150 6.0 WSJ 6/18/59
 

16;3 

6. CONTINUOUS CASTING 

(a) F slabs .200 4.0
 
bars .200 3.0
 

(b)National Steel,Weirton,Pa.
 
(4 stand low overhead) slabsl.500 10.0 WSJ 3/25/64


(slabs up to 9" thick NYT 3/18/64
 
& 40" wide)
 

7. PRIMARY MILL 

(a) G 46"x90" slabbing mill 4.000 57.0 

(b).'COSIPA Santos, Brazil 
44" wide 1.800 5.7* Revista,#45, 

p.15 

8. PLATE MILL 

(a) G 140" wide plate mill 

(b)I OSIPA,ll0" wide plate mill 

82.0 

7.8* Revista,#45, 
p.15 

+ Equipment cost only, f.o.b.
 

* Mechanical equipment only - f.o.b. 
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Table ;E.. continued
 

PART V.
 Data
 

Investment Source
unit Plant Location Capacity 

(million metric tons/year)(US$ million)
 

9. HOT STRIP HILLS
 

1.7 45.0 WSJ-5/15/59
(a)Pittsburg Steel Co. 56" wide 

7;1
 

55.0 WSJ-6/23/60
(b)Republic Steel Corp. 

6;4
 

WSJ-11/18/61
(c)Jones & Laughlin-Cleveland 

60.0 8;3
Plant 


J.5 92.0
(d) G 80" wide 

4.6* Revista,#45
(e)COSIPA 66" wide 1.5 


p.15
 

125.0 BF&SP,Jan.65
(f)Armco - Middletown 3.6 

Vol.53,#l,p.81
 

10 COLD STRIP MILLS 

WSJ 12/17/63(a) US Steel Corp. - 6 stand 20.0 
17;3
 

(b)Inland - 54"-3 stand-5,000 ft/min.
 
coils up to 48,000 lbs. 5.0+ WSJ 5/6/63
 

10;5
 

WSJ 3/25/64
(c)Kaiser - 3 stands for light tin 

15.0 8;
plate 


.350 1.9* Revista,#45,
(d)COSIPA Santos, Brazil 

p.15
 

(e)Propulsora, La Plata, Argentina
 
Project
(may include shearing line 


and/or pickling line) .300 20.0 Study
 

- Mechanical equipment only, f.o.b.
 

- Mechanical and electrical equipment only.
 

http:Vol.53,#l,p.81
http:BF&SP,Jan.65
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Table E.l continued
 

PART VI. Data
 
Capacity Investment Source
 

Unit Plant Location (million metric tons/year)(US$ million)
 

11. TINNING LINES 

(a) F .100 5.0 

(b) Kaiser Steel Corp. - thin WSJ,6/13/63 
tin plate 3 stand 15.0 3;4 

(c) Republic Steel Corp., Warren 10.0 WSJ,5/6/63 
54"  2 stand 5.0+ 10;5 

(d)National, Weirton, 2 stand 15.0 WSJ 3/24/65 
8; 

12. GALVANIZING LINE 

(a) F .100 3.0 

(b) Bethlehem, California .280 20.0 BF&SP,Jan 1965 
54" wide 400 to 500 ft/min Vol.53,No.lp.59 

+ Mechanical and electrical equipment only
 

Key to references:
 

1. ILAFA = unpublished survey by the Instituto Latinoamericano del 
Fierro y el Acero, "Inversiones Siderurgicas Latinoamericanas," 
Santiago, Chile, 1965. 

2. Revista = Revista Siderurgicas, monthly magazine published by ILAFA
 

3. WSJ - The Wall Street Journal
 

4. UN Steel Symp. = United Nations, "Interregional Symposium on the
 
Application of Modern Technical Practices in the Iron and Steel
 
Industry to Developing Countries," 1963.
 

5. AID = The Agency for International Development, Washington, D.C. 

6. NYT = The New York Times
 

7. BF&SP - Blast Furnaces and Steel Plant. 
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estimates of the cost of modifying a large blast furnace in another Latin
 

American country. Data from that estimate is shown in Table E.2. Though
 

the blast furnace at COSIPA has just been installed and probably already
 

contains some of the features in the list of modifications in Table E.2,
 

it is assumed that all of the modifications could be added to the COSIPA
 

blast furnace at a cost of US$1.8 million with an increase in the capacity
 

of the furnace from .720 to 1.000 million metric tons per year.
 

Since there are two blast furnaces at US3IIINIS and space for one
 

additional stove (to heat the blast air), it is assumed that the modifi

cation cost would be double for increasing the top pressure, adding
 

humidity control, and the injection of petroleum, but that all other
 

components of the cost would be as shown in Table E.2. Thus it is as

sumed that the output of the two blast furnaces could be increased from
 

a rated capacity of .900 to 1.260 million metric tons per year with an
 

investment cost of US$2.4 million.
 

To estimate the cost of the investments for building new blast
 

furnaces Yigure E.1 was constructed from the data inTable E.l. The
 

letter on the points in the plot are for the corresponding plant name in
 

the table. In addition there are two points labeled "Muller." These
 

two points were calculated from the function
 

6 0C = 40 (x) 

where C is the capital cost for the investment in millions of US dollars
 

and x is the capacity of the blast furnace in millions of metric tons
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Table E.2 

COST OF MODIFICATIONS TO A BLAST FURNACE
 

TOTAL COST -- DOMESTIC AND FOREIGN IN THOUSANDS OF US DOLLARS
 

Modification Cost 

1. Increase Top Pressure 402.0 

2. Humitidy Content 8.5 

3. Addition of a Fourth Stove (25' diam., 
1101 high) 891.0 

4. Injection of Petroleum 200.0 

5. Distribution of Electrical Energy 9.0 

6. Parts 45.0 

7. Engineering 50.0 

8. Contingencies 160.0 

Total 1,765.5
 

of pig iron per year. This function was taken from a study by Gunther
 

Muller1 based on an earlier study by the Economic 
Commission for Europe.

2
 

In recent years a series of modifications in blast furnace design
 

and operation have resulted in significant increases in the productivity of
 

existing blast furnaces, and, one would suppose, decreases in the cost
 

per ton of capacity in new blast furnaces. For this reason greater
 

1Muller, Gunther H., "Aspectos Economicos del Proceso HyL," ILAFA, Cuarto
 
Congresso Latinamericana de Siderurgia, Mexico City, D.F. 1964.
 
2United Nations, Economic Commission for Europe, A Comparison of Steel
 
Making Processes, New York, 1962.
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weight should be given to the points E and P in Figure E.1, as they repre

sent projects recently completed or not yet begun while the other points
 

in the graph represent blast furnaces of slightly greater vintage than
 

F and P. With greatest weight given to the four points, F,PG, and E
 

and making a very rough projection, a capital cost of US$28 million is
 

chosen as the capital cost for the installation of a blast furnace of 800
 

thousand metric tons per year capacity. Though there would be some
 

difference in the cost of erecting a blast furnace of this size at the
 

three different plants and there would be some differences in the cost of
 

capital to the different companies, those differences are assumed away
 

in the model.
 

A plot of investment cost versus capacity for a pair of LD con

verters is shown in Figure E.2. As with the previous graph, the letters
 

and names refer to plants listed in Table E.l. Muller's equation for
 

converters is
 

C = 19.5 (x)
71 

The equation for the points marked ECLA is not given in the study.
 

From Figure E.2 it appears that a fair guess for the capital cost of
 

a pair of LD converters with a capacity of 800 thousand metric tons per
 

year would be US$21 million. Since it is also often necessary to add to
 

the infrastructure of the plant when new productive units are installed
 

1United Nations, Economic Commission for Latin America, Economia
 
siderurgica latinoamericana, informe regional, Santiago, Chile
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and since infrastructure investment in .a new,-plant may account for almost 

half of the total investment, butwill certainly beless in the usual 

addition to plant capacity, it is assumed that the total investment cost
 

associated with the installation of a pair of,LD converters of 800
 

thousand metric tons is 1.5 (21) = US$31.5 million.
 

Table E.A shows that in the case of plant G where plans were made
 

for the installation of two LD converters, then a third, and then two
 

more, that the capital cost of the third LD was roughly one-fourth of
 

the cost of the original pair and that the cost of the final pair was
 

about three-fourths of that of the original pair. Applying these pro

portions to the US$31.5 million for a pair of LD converters yields a
 

cost of US$7.9 million for a third converter and of US$23.6 for a fourth
 

and fifth.
 

The scant data obtained on the cost of plate mills makes it
 

difficult to estimate the cost of adding a stand to the existing reversing
 

rougher at COSIPA. The cost of the 140" plate mill at plant G is shown
 

by Table E.1 to have been estimated at US$82 million, and according to a
 

report in Revista Siderurgicas (see Table E.1) the cost of only the
 

mechanical equipment of the 110" plate mill already installed at COSIPA
 

was US$7.8 million. So, taking a wild guess it is assumed that the
 

total cost of the equipment and the modifications required to increase
 

the capacity of the roughing mill at COSIPA by one million metric tons
 

from its present annual capacity of one million metric tons will be
 

US$25 million.
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APPENDIX F 

COMPUTER PROGRAMS .,AND DATA,. INPUIT FOR THE MULTI-PERIOD 14DEL, 



. MAIN PROGRAM FOR ,INPUT SMOOTIHING
 
_:_C TRANSPORTATIO-C0T-ROTINE 00010
 

DIMENSION NUM(S 7-,7 DT(3,3,3) 00020 

DIMENSION DTB(3,3t3)9 DTS(3,3,3) .... 00030
 
DIMENSION CTR(3,3,3)#CT 3s,3,3hCTB(3#393)tCTS(3,q33) 00040
 
DIMENSTON TRACO(3,3,3), BTRACO(3,3) 00050
 
DIMENSION COST (397) , PTRACO (3,3) 00060
 
DIMENSION C (3,40) , BAT(34,100) 9DBPR(393) 00070
 
COMMON MIBTRAC0,M2,COSTqNPNMqM3 9PTRACO.C , BAT 9M4 00080
 
COMMON IBASEITAPEITABITAK 00090
 
IBASE=0 00100
 
ITAPE=IBASF+2 00110
 
ITAB =IBASE+6 00120
 
ITAK=IBASE+5 001O
 
PRINT 501 00140
 

501 F0KMAT(8HM1-4,412/ 00145
 

124HM1 (TRANS) O:=UT,1=N0NE,/ 00155
 

225HM2 (COST) 0=FULLl=5HORT./ -00165
 

348HM3 (MATRIX) O=COMPLtlT W/F,-=WIF'q1=ILOI ONLYs/ 00175
 

431HM4 (LP) 0=MF0R',I=LP/909-1=B0THe) 00185
 
READ 502, MI sM29,4 00195
 

502 FO|HNAT(41Z). OOZO
 

READ INPUT TAPE ITAPE, 29 NP9NM 00215 

.2 F-ORMAT (Z14) 00Z25 
READ INPUT TAPE ITAPE, 4q((NUM(Ij)qJ=1,NM),i=NP) 00235 

4 FORMAT(314) 00245 
READ INPUT TAPE ITAPE, 1i(AAAdbB -. 00255 

17 FORMAT (2F10.5) 60265 
READ INPUT TAPE ITAPE, 117 9 ((DBPR (IgJ) *J=1,NP ),I=1NP) 00275 

117 FORMAT O9F6.0) 00285 
00295WRITE OUTPUT TAPE ITABt 96 


96 FORMAT (SX,32HPLANT MARKET TRANS COST ROUTE) 00305
 

READ INPUT TAPE ITAPE, 5, TOLL19TOLL2s TOLL3* TOLL4 00315
 

5 FORMAT (4F8 2) ..... 00325
 

C SETS NUMBER OF ALTERNATIVE ROUTES TO BE CONSIDERED FOR 00335
 

C EACH LEG OF SYSTEM 
 00345
 

-7 - .,. --... .. . . .. 



,')0 30 1=1,NP . 00355 

DO 30 J=1,NM 00365 

NUMr) = NUM(IJ) 00375 

DO 30 L=1 NIJ.iD ..... 00385 

READ INPUT TAPE ITAPE, 6, DTK(IJL),DTR(IJL),DTB(1JL)hDTS(IgJ 00395 
I1L) 00405 

C CALCULATES TRANSPORTATION COST FOR RAILROADS 00415 

6 FORMAT (4F8.0) 
CTR(IJ,L)= AAA+BBB*DTR(IJL) 
IF (TR(IJL)) 510,510 512 

- 00425 
00435 
00445 

C CALCULATES STNSPCT'R TRUCKS 00455 

510 CTP(1sJL)=O. 
512 cTS=AAA+BB*t)TK(1IJL) 

IF(DTK(I,J,L)) 5149514s516 
514 CTKS =0, 

00465 
00475 
00485 
06495 -

516 U)TKS=DTK {I JqL) ,-- 00 5 

5 
IF (DT!S -
CTK(IJsL) 

200.) 19 1.8 

= 1.*2cIKS 

00515 

600525 

i LClTIiJgLIGO 10 14 = Oog TK -O-5 00555 

14 It- i JI~b -LCiIJL) 5 oo. I i 1 8~9= I°0*CTs5I KS .. . .-= - 0 0 56 5 

1. CONTINUE 00 D)Z 

C AUUS TOLL COST TO TRUCK IKANSP U05T 00 

42 
IF(CTK (IiJ9L)) 40940,4L 
IF (1-1) 46s4446 

--.-. -4 

'0015 

00605 

44 CTKtl[gJqL) 

GO T 40 
= I0LLl+C.IK.lIJ9LJ 006b 

00635 

46 IF (1-3) 40948940 
48 IF (J-2) 40- 1)40 
7/ CTK([iJL) = ILL3+CIKIsJqL) 

00645 
00655 
00665 

-L ADDS-TOLL CT TO RAIL TRANSP COST 00675 

40 IF(CTR(IJL)) 27*27,9 00685 

IF -9(1- ) 21,20,).Z 00695 

2U (TK(IJgL) : |OLLZ+CI'IJL) 00 ._. 

a. 



0_715G5 TO 27 " 
00725
22 IF(I-3) 27,23,27 

00735
21 IF(J-2)27,25,27 

00745
25 CTR(IJL) : T7LL4+CTP(I,J,L) 


C SETS BARGE AND SHIP TRANSP COST ARBITRARILY HIGH 00755
 
00765
27 CTB(IJL) 9-*DTB(IJL) 

00775
CTS(IJ.)_= 9o.*DTS(IJL) 


C CALCULATES TRANSP COST FOR EACH OF THE ALTE-R-NA-TIVE ROUTES 00785
 
00795
WST C0ST 
00805 

C AND CHr2SES LO.E ROUTE 


TRACO(19JL) = CTK(IJL)+CTR(I,J,L)+CTB(IJL)+CTS(IJL) 

00815
IF (L-1) 28,28,21 

00825
28 TR'IN = 99999o 

00835
21 IF (TRACO(I,JsL) - TRMIN) 24,24,26 

00845
24 TRMIN = TRAC9(IJL) 

00855
LS=L 

00865
BTRACO(I,J) = TRMIN 
00875
26 CONTINUE 

0088-
F CL - NUM(I,J)) 30,29,29 00895
 

C ST OVER LOWEST .OST ROUTE 

C OUTPUTS TRANSP-OTAT 


I ,J) ,LS 00905
29 WR-TTE -TW--TA-PE1ITAB--, IYTJBTRA(W 
31 FOR MAT (6X, 2-6-,4T-X-,FR8--2-4X,-.1 0915 

. 0092530 CONT INUE 
00975
 

c TRA TSP-RTA-TY COST B E_.N PLANTS 

00945wRI EOUTPUr TAPE ITAB, 115 
00955115 FORMAT(IOX,1OHTRANS C0S1,3X,10HFROM PLANT,3X98HTO PLANT) 

00965
DO 102 I=1,NP 

00975
DO 102 J=INP 

00985


*PTRAC0(I,J)=O, 

IF(I-J) 101,102,101 00995
 

101 PTRAC-I,J)= .-- (AAA+BB*DPR(IJ)) 01005 

WRITE OUTPUT TAPE IlAB , 116 , PTRACO(IJ) 9,1J 01015 

116 FR . ,F- 2, 7X,16,5X,16) 0102 
01035102 CONTiNUE 
01045
IF (111) 87,87,34 
01055C OUT PUTS D-T-rA9NNC ATA 

87 WRTUGPUT--APE ITAB, 90 01065 



90 FORMAT C 9X,36HDISTANCEiS PETWEEN PLANTS ANCD 
WRITET-T-JT-TN-T B, 

MARKETS) 01075 
01085 

32 F RFi -- P L----T-------KE -- E TRUCK TRAIN BA-GE SHTP) 01095 

WRITE OUTPUT TAPE ITT, 01105 

92 FfRTA- i(92 xt 28 rKM 
DO 80 I= -) 

K-7-N'AUTICAL MILES)) 01115 
01125 

tvD80 J=1,NW 01135 
NUMD = NUWM{IJ) 01145 

131 80 LNINJ1'D 01155 

WRIItL UIPUI lAPM IIAigb 939 LJLDI&t1iJL)JDIRtIJL),OIB(IJ9L) 0116b 

93 Fi1AT (1T3TB3X9487c) 011(5 
- 0 C21NTINUE 01185 

*. WRITE -UTPUT iAPt IIAB9119 01195 

119 FOPMAT (9X924HDISTANCES BETWEEN PLANTS) 01Z05 

WI T UTPLTTAE ITAB,120 02T5-

120 "RMAT(9X10HhROM 
Do 12IT=9T 

PLANT13X9BHTO PLANI,3X9,1HDISTANCt (KMI) 01225 
01 23-

DO 121 JINP - 01245 

122 
S123 

IFCI-J)122,121,122 __25 
WRI 'OUTPUT TAPE ITABI2 ,IJDBPR(1,J) 
OtRMAIT(13XI67XI6,IOX913IeZ) 

01265 
0175 

izi CNT INUE 01285 

-. 34 CONTINUE 01295 

CALL PCOSTM 01305 

CALL LINERM 01315 

253 CONTINUE 01325 
CALL EXIT 01335 

EN 01345 



SUBROUTINE PCOSTM - " 00010 ._ 
C PRODUCTION COST ROUTINE 00020 r:_ 

DIMENSION S( 3,2,40),C( 3,40),COST( 3,7) .. 00030 
-.f).IIMENSION PERNC( 3),PERIC(.3 .. 00040 
DIMENSION SUBCO( 392,40T71 00050 
DIMENSION BTRACO( 3,3) . 00060 
DIMENS1N SROW(36) 00070 
DENS'IO-N UNITS (36), BAT(34#100) .... 00080 
DIMENSION PTPACO (3,3) - 00090 
COMMON M1, BTRACOs M2,LOSTNPNMM3,PIRACOLC ATM4-. 00100 
COMMON IBAS,ITPrsITAB,ITAK 00110 

READ INPUT TAPE ITAPE, 10, NPROC,NI0... ..... 00120 
10 FORMAT (314) . 00130 

READ INPUT TAPE ITAPE, 11, (PERNC(I),PERIC(1),I=INP). 00140 
11 FORMAT(F6*2,2XF6.2) ....... ... .. . 00150 

READ INPUT TAPE ITAPE, 159(5ROW(1),1,9NI) 00160 
15 FORMAT (10(A6,1X)) 00170 

READ INPUT TAPE ITAPE, 159 (UNITS(I),I=I,NI) 00180 
DO 12 I=19NP 00190 

. ... DO 12 K=1NI- 00200 
READ INPUT TAPE ITAPE9 16v(S(IMK),M=1,NPR0C) . 00210 

16 
12 

FORMAT (F7*3,1X*F73)
CONTINUE 

... .. 
..... 

00220 
230 

READ INPUT TAPE ITAPE, 19,(tC(IK)I=I,,NP ,N P),K=I| 00240 
19 FORMAT (F6.2,2XF6.2,2XF6,2) 00250 

C CALCULATION OF COST OF INPUTS 00260 
DO 38 I=1,NP 00270 

C * COKE INPUTS IN PARTICULAR 00280. 
........... EOPNC=1 392*C(I,10) 00290 

PCOIN=PERNC(I)*EQPNC+PERICI.}*C(UIl1 00300 
C(I.,12)=PCOIN+ 3. 00310 

C * ALL OTHER. INPUT COST 00320 
DO 38 M=1,NPROC 003 0 
SUM=O. 00340 
DO 36 K=1,NI 00350 
SUBCO(ItM,K)=S(IqM9K)*C(IK) 00360 

. . . . . . . . .. 



36 SUM=SUM+SUBC0(I,MK) 
CP)S T( I -)MT-UW 

00370 
0038 

3V 

It- (M -1)L A1N99I 13I.06590IN 
c 'K* ML~t:INUI Pb. 

C ( ) CST(I pM) 
C(I98)=*9*COSTfTMI, 

ANfo~ 
LI5.. 
COS 

- ,. ~ T p 
-700400 

0041 
6..0420 

38 CO NTINUE 00430 

C.ALL NtWPC 004 

lF CM2) 51951999' 00450 

c UTFUIS SPECIFIC INPUTl UATA. 00450 
51WRIft OUTPUT TAPE I FAb, 110 . C04 f0 

110 I-ORMAT (lIi) 
WKIIL OUIPUl iAPt iIA59 

.

---
0480 
649 

89 FORMAT (22X926HSPECIIC(INPUTS -PlG IRON) - . 050 

WRITE OUTPUT TA.jkp-E'TTAB, 2 00510 

WRITE OUTPUT TAPE ITAB3, 64 -- -- *00520 

WRITE-OUTPUT TAPE ITABq 66 9 5ROW K 9UNIT5( 1UII KSi,,IhINP) qK1 00530 

b60RM1 (X9Ab,2 
1,Nk)
A,1X 

.00540 

S*3,5)XF5*3,bXf-be3J *. 005U) 

* .. WRiTE OUJTPUT TAPt AA jJ- -i.006 

* - ~ i 

WRIJEt [UIPLI! -FPh .'B, 

I-OKMAT (ZpX9Z9H.SPtEll-Il 

91 
INPUTS IIWb I b1CCLY, . 

00510 
05E0 

WRITE OUTPUT TAPE ITAB,9 52 .00590 

WRILt [eOUIPUT 
WRIIE UPItP 

TAPt 11AS, 
ITAb* 

b4 .*00600 

KOW(JUNIrJKT*T(t.IrlgI 1NPIsK=I 00610 

-I . - 1NI .F 00 

WRt UIFUI FRYE IlAbf 11 063 

60 rioRMA 1 1 Z51-7M 1 COS eIOF I-UIS)- 0~ 

____-~~ WRilE -OUTV~rI 1..E IIAS9 O62p,7 

62 t-OKMAT (LXIMVtL~< 'K UNIt) 30680 

wRilt Ouiput IAPE IILAb, S4 .uc 

WIlt (OUtPUl tAPE ItAbi 68(Kw~g~i()(CiK9=#Pg=g 00710 

-- .). 00120 



68 F"R"AT (1X A 6 2xv A6 1X F 8 2 5,' F862 6X F 
_ - -WP i T E .UTPUT T APE -TA ,P 1.-. 1 ,  - - - -- -- -- --
c ....."-, _",, 

_ _ _ _TE r LUVI U TAPE I T :. 
P1. ..'. , r ( 14X Z'T NDr, - -LA'PDEAK_ 

28 

.E TDc 

- - - -- -

-PIGI N - -

00730 
00 740 
0 r750 

- ' 60-6- -66 
00770 

___ ~69 

W TF - T E-A- I T FJ; 64 .. . . .. . 
UT UI TI 

FOR"AT (xoXr~.~P .XF.?-

...... ... - .. ....AL....... ...S.. ,.,T(2K)0820.... 

WR IT E OUTPUT , -E1TA - -
['7 _-, ....f.:,T ( ,. ,.FT A. L i, ...S . .___ -

m-,,,.f t T 1 T" 

.0 
1 N-

780 
7 

0O 
008 0 
00820 
0083-0 

_______ 

-

! -I-TE-fT~i - 7G2 I1F- , T a* 

____,_____ _ 7,7l E '::U 
_ _ _ _ _ 9 9 ,P,' T -

9 CT,--UN 

T ,T TTA 
T --T ;TAP E -

PU TTA E_ 

--- TAq%- -/
I 1 0TTAA P. .. 

-C > .T-Y t-2 
. .. . .... 

- Y-,-i-=-_-__ 
I} I-71. __-_ 

_ _ _ 

0 0 08-8 
0 

0 0C;0" 
__,__. ........................ 00920 



_____________SUBROUINNL 'IWPC 00010 

Ui W4 ST 1Tli 
DT Ef,8 T T5PC fl-

i i 
U 

I 
51 

,.t~
C CI 

1 
5T~V 

)0 
-T3Y 0 

0040 
000050___ 

VA'~!I9M1B I RAU49.,ts(fS I)NPFt,M3pt ACj~sCtbA I 4 000(c 

READ IMPUTTP7TN,602TpCNKTCN7h K3=3 
bzO 1K AI (3) 
00 600 =IT P 
07 610 K=3915 
IF (SM70?N(K)-l.) 60596051608 

608 ScPC R MTK =C~iT6 )* ( 
Gq! TO~ 610 

605 SCRCP?(19K)=0. 
610 CO'ITIVUP 

P R C0 5TTP CN-CTWC0--3V-) -- S-CRCWUH )+ C0 NCfo (1 
Do 604 K=491* 

b JCV7PRPcSTY~P~~SI K1 C CRTT-9KITC0WNQ 
C ST 1 3 0C(S TI 31 
C0ST 1 94)=PCOSCb1-96-
COST (195)=PRCqS(I1) 
COST (I96):P 19(I9) 

K 

00090 
00100 
00110 
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00130 
00140 
00150 
00160 
00170 

00190 
002 00
o0z1 -_ 

02 

00240 
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______ __ ___ __ 
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176 CONTINUE 01090 " 
171 CONTINUE 01100 
170 CONTINUE O,011 
C MATRIX COEFFICIENTS FOR IMPORTS OF INTERMEDIATE PRODUCT','. 01120 

KR=NP*(NP-])*3+1DO01130 01 
10160 I=1,NP 01140 

MY=(I-1)*7+2 ..- 0115001160 
DI 162 K=193 01170 
KM=MY 01180 
DO 164 M=1 3 ....... ... . . . 01190 
BAT(KMKR)=-COEF(I*MK) 01200 
KM=KM+l .. . 

01210 
164 CONTINUE 01220 

KP=KP+' 01230 
162 CONTINUE 01240 
160 CONTINUE 

C SETS UP MATRIX C0EFFICIENTS FOR FINAL PRODUCTION SECTION 01250 
C ** CAPACITY COEFFICIENTS 01260 

KR=NP* (NP-I )*3+NP*3+1 0127001280 
DO 182 I=INP 01290 
MY=(I-1)*7+2 01300 
Do 182 L=1,NM 01310 
LN=4 
00 182 K=4#7 01320 
KM=MY 01330 
DO 180 M=1,LN 01340 
BAT(KMgKR)=COEF(ItMgK) 01350 
KM=KM+l 01360 

180 CONTINUE 01370 
LN=LN+I 0138001390 

18 2 
KR=KR+l 
CO N T IN U E 

. . . ... ... 0 1 00 

C **REOUIREMENT COEFFICIENTS 014-1-0 
KR=NP*(NP-i)*3+NP*3+1 01420 
MX=7*NP+2 01430 
ME=MX+4*NM-1 01440 



DO 190 I=1,NP 01450
 
D_ 190 J=MXME 
 01460
 

______KR=KR+101480 
190 CONTINUE •_..... _____9 

C MAT X C-FFVCTET---FOR--MP-.R-----F-r INWL PRODUCTS pio100 
D0 196 J=MXME' 01510
01520
 
BATJKR)-.

KR=-.+ 1 0T53
 

196 CONTINUL 
 - 01540 
C MATRTX C(FFVC1NT FOR ALL EXPO'RI5 0550 

W72-6 I=INP - -1560 
_ "-.,01570LN=I 


MY:l-=-T--*7-+2 015-3-

DO 224 K=1,7 01590
 
K\A=MY 01600
01610
 
DO 222 M=1,LN 
 01620
 
BAT(KMKR)=CEF(IMK) 

K_=KM+l 
 01630 

222 CONTNIIUE 01640 
KR=KR+1 01650 

t LN=LN+- 01660 
224 CONTINUE 01670
 
2' CTINUE 01680
 
C READS IN DATA FOR INVtbSVTIT ACTIVITItS 01690
 

R E-A-D-T T-T -- 2 3-0---R--N T 017006
-7 A-P-E-TAP-

230 FOR..T (F6*2,14) 01710
 

- READ INPUT TAPE ITAPEt 232, NIV9 (NI (K)qK:2,Nli 01120
 

23Z FRMAI (1514) 01'30
12 01140
 

tDO 238'K=2 -NT 
 01 '50 .
 

NX=NT-K- 01 760
 
9, i 1-- 01770
YNX 
a READ INPUT TAPE"ITAPE9 240,ICOL(KW),F(IKW),NES(LK),ADCAP(KW),NI 0180 

1 NrU--NI-q FEKW 017901T(KW )NTPTK-W) 

K W+1 01800 

4 

3 

2 



238 CONTINUE 01810
 
240 FORMAT(lXA5,F6.2,16,F6.2,41-6) 01820
 

C MATRIX COEFFICIENTS FOR INVESTMENT ACTIVITIES 01830
 
DO 108 KW=1,NIV 01840
 
NO=NIT(KW) 01850
 
DO 108 L=NONT 01860
 
NIR=NIU(KW)+(NIP(KW)-I)*7+(L-2)*NR+I 01870
 
F(NIR,KW)=-ADCAP(KW) 01880
 

108 CtNTINUE 01890
 
C READS IN RIGHT HAND SIDE VALUES 01900
 

READ INPUT TAPE ITAPE,228,(RSI(I),I=lNRR) 01910
 
228 FORMAT(1IF6°3) 01920
 

CALL DISFAC (R9NTNIFNGESCATNCqNLIFE) 01950
 
C RFADS IN BASIS 01940
 

READ INPUT-TAPE--T-A-E--24, NEB 01950
 

244 FORMAT (14) 01960
 
READ INPUT TAPE ITAPE, 2489 (BA(I)0,I=1NEB) 01970
 

248 FORMAT (6XI1A6) 01980
 
CALL LPOUT (COL,ReWRS1,FOBJFNIVNRNCNT,NRR,NCCCATICOLBANE 01990
 
1B,NPP) 02000
 

220 RETURN 02010
 
END 02020
 



.	 SUBROUTINE DSFAC (RNTPNI FqNGLStCA.T:*KNCqNL ]E) . - 00.020 

CALCULATION OF AND APPLICATION OF DISCOUNT.FAC. S .- .. 00010 

DIMENSION BTRACO(3,3)9PTRACO(3 3) CQ5T.(3f7,C-13.0 7. 000307
 

DIMENSION BAT (34, 100) .. .. 00040
 
O-0150
DIMENSION NI(7),NGES(30,7) 

DIMENSION DISFA(7qDF(30,7) . "0007 

..- - F(I00t50),NLIFE(100) ... . . .- --000070"- -DIMENSION 

DIMENSION CAT(I,300. 00080
 

C 

- .... COMMON MIBTRACOM2,COST,NPNM,M-3,PTRACO. bATM4 . " . 00090 

.. V.. . 00100COMMON 	IBASEgITAPE'ITAB9ITAK 

.. 00105NQ=NT*5 


C DISCOUNT FACTOR FOR PRODUCTION AND TRANSP RTATIN.-COST . 00110
 
.- 00115
KW=, 
- 1 00120D 710 	K=2,NT 


00130
LT=(K-1)*5+1 

-T 	 00140
 

... ... :.... 	 00170-.- T CATCH=O T..l 
. OISFA(K)=CATCH. . . 00180 

C DISCOUNT 1A(ITOR5.-f1 INYESTMrN .	 00190 

..-. 	 . U0200--	 00O00
 - NX=NIIK) . 

DO 720 1=1,NX . . . --- 00210. 
M=(K-I)*5-NGES(I9 K) . 00Z2 

00230u.
NZ=NLIE(KW. 

00Z40
NW=I 


_- 0260
t~u 9 	=t O 0025T
 
- ')~uo(~.=~ 	 OOL (O- . UMS=OI.it1.--* 

5uM=5um+(l*7(le+R** ! ... -. 002 70 

00280
IF iNW-N) 7L139fit 	 7fi 

'a (13 NW=NW+I 	 .. . 00290 

to 119 CONTINU

,o (I1 DF(ItK)=sUM 00310 
00320KW=KW+1 

00330
S. 	 720 CONTINUE 

710 CONTINUE .- 00340 
.6 	 - -

S . . . . . . . . . . . . . . . . 



WPITE OUTPUT TAPE ITAB9716i(DISFA(K),K=2,NT) 00350 
716 FORMAT (IX95HDISFA, 7F8.4) 00360 

DO 718 K=29NT 00370 

- NX=NI(K) 00380 
718 WRITE OUTPUT TAPE ITAB,722q(DF(IK),I=INX) 00390 

C 
722 FORMAT (lX2HDFOF8.3) -

DISCOUNT OF OBJECTIVE FUNCTION VALUES "-1 
00400 
00410 

DO 730 K=2,NT' 00420 

DO 734 J=!,NC 00430 
ML=J+NC*(K-2) .. .. . 00440. 

734 CAT(1iLL)=DTSFA(K)*(RAT({9JI/2o) -. 00450 
730 CONTINUE 00460 

L= 00470 

DO 740 K=29NT 00480 

NX=NI(K) 00490 
DO0 744 I=1,NX 00500 
NZ=NLIFE(LM)
F 1 ,L T--- 1{ ,K Ff L -- W-R-ffN Z)/ (1.+R)**NZ-I.) 

00510
00520 

744 LM=LM+l 00530 

740 CNT I NUE 00540 
RETURN 005570 
END 00560 

z. ... . . . 

. ... 'a .
 

7o 

I . .. . . . 



SUBROUTINE LPOUT (C0LR0WgRSI#FOBJF NIVtNRNCgNTNRRgNCCtCATIICOL 

- . ,ltBANEBNRP)DIMENSION BTRAC (-1-3)9 ST(397} PTRACO(393),C(3,40)gB'AT(3491O0) 
000200000 

D)IMENSION C0Li96)qR0W(33)tRS1(99) .. .......... .... 66600040 
DIMENSION ICOLtIOO)gF(lO0,50) 
DIMENSION CAT(1,300),ICOL(100) 

00050 
000601 

DIMENSION BA(140) ,FPC(100) 
COMMON MI BTRAC0,M2,COST,NPNMM3,PTRAC0,C,BATM4 

00070>! 
00080 

COMMON IBASEITAPEITABITAK 00090 
UNITY=I- 00100 

UNITM=-.- 00110 
IOUT=O 00120 
IF(M4)49492 00130 

c OUTPUT OF LP INPUT DECK FOR MFOR 00140 

4 IF(M3)610,6019602 00150 

610 WRITE OUTPUT TAPE ITAKO,10 

10 FORMAT(5HbEGIN/6HEXTKA3/11HROW 
KR=. 

IC0ST/3HRHS1 001(0 
00180 

DO 15 N=2,NT .- O019 

U 

DO 15 I=1NR 
WRITE OUTPUT TAPE 

-
ITAK49NROW(I)KRSl(KR) " 

00200 
OzjO 

S. .. ... KR=KR+. 00220 

15 CONTINUE 00230 

14 FORMAT(12X llA592XFlO*3) 
GO TO 602 

00240 
00250 

601 WRITE OUTPUT TAPE ITAK40 0020 

4.40 FORMAT(5H5EGIN/bHEXTRA3/11HROW 1C05T/4HIAPt/ZH07) 00270 

WRITE OUTPUT TAPE 7-902... 00280 

902 FORMAT(3HRHS) .. ... ...... ..... 00290 

KR=I 00300 

'= Do 901 N=29NT 00310 

" 

7 901 

Do 901 1=1NR 
WRITE OUTPUT TAPE 7,I4,NR0W(I)RS1(KR) 
KR=KR+-
CONTINUE 

00320 
00330 
00340 
00350 

. WRITE OUTPUT TAPE 7 903 - 00360 

s 

£ 



903 Fr4RMAT(3HE.F) flA'1fl 
WRITE OUTPUT TAPE ITAK,904 00380 

904 FORMAT(6HMATRIX) 00390 
GO TO 363 00400 

C INSERT F' RHS RESTRAINTS -. 00410 
620 CONTINUE - . . 00420 
602 WRITE OUTPUT TAPE ITAK,18 00430 
18 .F9FRAT(3HEND/6HMATRIX) 00440 

GO TO 363 00450 
. .24 IFV13)32,32928 __-_00460 

32 WRITE OUTPUT TAPE ITAK,384,UNR0wI),NROWfI),UNITYI=1,NR), 00470 
1 N=2,NT) 00480 

- IF(M3)603,604,604 00490 
o604 WRITE OUTPUT TAPE ITAK 9 42 (IC0LU1),ICL(I)gUNITY, 0 

I ICOL(1),ICOL(I),UNITY, I=1,KNIV) 00510 
42 FORMAT(6Xt1HO,A5,1HOA5,F7,2/6X,1H1,A5,1H1,A59F72) 00520 

GO TO 630 00530 
C INSERT F' DUMMY SLACKS 00540 

603 CONTINUE 00550 
m 630 PRINT 632 00560 

0 
632 FORMAT(15HRASIS TAPE (12)) 

READ 633,MK5 
00'70 

. 633 F RMAT2) 00590 
IF(MK5)639Y37,639 00600 

639 IF(MK5-2)636,631,636 00610 
636 WRITE OUTPUT TAPE ITAK9637#MK5 00620 
637 FORMATi3HEND/4HTAPE/12/6HINVERT/5HCRASH/2HGO) 00630 

GO TO 640 -- -. .00640 
631 WRITE OUTPUT TAPE ITAK, 44 . .... 00650 

2 44 FORMAT (3HEND/5HBASIS) 00660 
WRITE OUTPUT TAPE ITAK, 48,(BA(I),I=INEB) 00670 

48 FORMAT (6X,11A6) 00680 
9 WRITE OUTPUT TAPE ITAK, 52 00690 

a GO TO 640 00700 
7 -'52 FORMAT (3HEND/6HARTROW/3HEND,'6HINVERT/5HCRASH/2HG0) 00710 

- 37 WRITE OUTPUT TAPE ITAK,36 00720 

4 



36 FORMlAT(3HEND/5HS0LVE) 00730 

640 1- TE OUTPUTAPE--T-A-,-913 60740 

913 FORMAT(4HTAPE/2HO9) 00750 

END FILE ITAK _ 00760 

PRINT 550,1TAK 00770 

550 F0RMAT(8HEND FILE,13) 0080 

IF (M4) 2,420,420 00790 

C OUTPUT OF LP INPUT DECK FOR LP9O 00800 

2 ITAK=ITAK+1O 00810 

1UT=I 00820 

WRIP OUTPUT-APE ITAK, 350 00830 
.350 FGRMAT(6HR0W ID) 00840 

WRITE OUTPUT TAPE ITAK,352,tOBJ 00850 

352 FRAT(--2X A) 00860 

DO 354 N=2,NT 00870 

WRITE 0UIPUI IAPE IIAK,93b,(NqKW(IJ,1=1*NRJ 00880 

356 FSMAT{I(1Xg1H+,I1,A5) 090 

354 CONTINUE 00900 
WRIt WUIPUI IAPE IAK, 35,3sll LJI=l9NIV; 00910 

353 F'-MAT (11X,1H+,A--TIH+ 00920 

WRITE OUTPUT TAPET-ACV355 00930 

355 FORMAT (29HINTEGER VARIABLES USING RHS 1) 00940 

WRITE OUTPUT IAPE ITAK, 3579(ICOL(1),1=1,NIV) 00950 

357 FORMAT (7XqA5,2H,1) 00960 

WRITE OUTPUT TAPE ITAK, 362 00970

362 FORMAT(6HMATRIX) 00980 

363 NZ=NR+1 00990 

KR=1 01000 

DO 364 N=2,NT 01010 

DO 366 J=1lNC 01020 

IF(CAT(1KR) 36993679367 
367 WRITE OUTPUT TAPE ITAK9- 365,N9COL J)I-OBJLAT 1,9 KH 

01030 
01040 

G TO 371 01050 

369 IF(IOUT)5109367510 
510 X=-CAT(19KR) 

WRITE OUTPUT TAPE ITAK9 373,NCOL(J),-ObJ9X 

01060 
01070 
01080 

- -

I 



373 FORMIAT (X,!,A5oA61H-,F6.2) ____________-0102.0 

371 KR=KP+1 01100 
368 FORMAT(6XII,/ ",A6,F7o2) 01110 

IF(M3)3729372 i66 01120 

372 DO378 I=2,NZ 01130 
I=!-1 01140 
IF(BAT(IJ))375,3789376 01150 

376 WRITE OUTPUT TAPE ITAKt 384NCL(J),NRW(II)tBAT(IJ) 01160 
G91 TO 37R 01170 

. 384 FORMAT (6XI1,A5,IA5,F7.2) 01180 
375 IF(IOUT)512,376,512 01190 

512 X=-BAT(I,J) 01200 
WRITE OUTPUT TAPE ITAK9 3859 NC0L(J),NROW(II1,X 01210 

385 FORMAT (6XI1 A5,I1,A5,1H-,F6°2) 012]0 
378 CONTINUE 012 0 

366 CONTINUE 01240 
364 CO-NT I NE 01250 

NTC -N-P* (NT- 1 012-6-0 
C READ FTTACTIVITY COSTS 012f/ 

EWR-TPiIT YAWEI -----WF TEiT1-5-FPI), I = I ,NT FC) 01 2O 

715 FO.--,.AT( 10F7.2) 01290 
IF(M3)7019 (02,702 01300 

701 KC3=1 031 ___ 

DO 800 K1=2,NT 01320 

00 800 K2=1,NRP 01330 
WRITE Ft ACTIVITY COSTS 013O 
WRITE 0UTPUT-A-PE ITAK9 20,KIRW(K2),FOBJFPC(KC3) 01350 

720 F0RMAT(7X, IIHIA3,A6,1XF6.2) 01360 

KC3=KC3+1 01i- _0 

C INSERT Ft MATRIX ENT-qES 01380 
DO 800 K3=KlNT 01390 

800 WRITE OUTPUT TAPEITAK801 ,K1,-RVO(K2)TK3R0W(K2),UNITM
801 FO MAYT7,I1,HIA3,11,A3,3XFSo2) 

01400 
01410 

GM TO 721 01420 
702PRINT 82 o- 01430 

820 FR--T(25HNUBMER--.0FINVESTMENTS( 12) 01440 



HEAD 633,KNIV 

DO 392-W---:--91KN IV. 


95U WRI HI APt IlAr,, 3949 IL0L(KWJf0-tJt-(I-pKW) 
3 947XM A'57 ATA6- qF6 62) 

3'7 95--
951 wtrTE-U I I I A K' V)L KL(W- bJ f-t1,WITIFIAPEt 95JI Kw I 

952 1FUM3139TN397-93Y2-

391 KX=2 


D0 3q9Tg-: 2, NI 

L00 39-9Th--:-1-jNR 

IF (F (NXq~W) )41 3,416,414 

960 WRTEUTPUrAPE-TACs422qtCDUtKW ) rKOVtLJ9F(KxqRwJ 
QiO TO 416 

961 w TU A -1 9Z1OLK~~Hw~9T9w 
96Z FORMAT6XA5,XI1,A,1X~.-F602) 

GO TO 416 
422~RcWMT (7X ,A5, YTxr67 


413 IFRFVUT)5 4996 1 514 

514 X=-F(KX?.W) 


WRITE OUJTPUT TAPE ITAKq 473, IC0L(KW)-)N,9N01(LJ,#X 
4Z3 t-ORM-t (fXT7(5As, TlA5TTFFTF-672) 
416 CONTINUE 

KX=KX+l1 

399 CMMTNUt 


w C(OE MTT1TIN1T 

3V Rn-T A)1" ~Aq-,7xA9 lA972 

39Z2 CONTINUE 

(21 IF tT1 T 3-59"9 3-I 
1099 IF- (M4) Ti4,24Y395-

1 O LLUWJ 

43395 II- 1M) J98,398,396 

3 98WP-T1E0UTPT-rTNPE-TTAK74070 

40 o0ATTR~fRTBF~01800 

01450 
46

01460
 
0 149-U

4,1500 

01530
 
01540
 
0 1550
 
01 560
 

01510
 

01590
 
01600 
01610~ 
016z0 
01630
 
T4 
0160 

01660
 

01b(0
 
016580 
01690 
01(0 
01(10 

011 50 
al 4~0 

u0150
 
-16
 

01170
 

01(80 
01 (v0 

0 



KM= 1 01810 

DO 406 N=29NT 01820 

DO 406 I=,NR 01830 

I IF(RSl(K-l)l407,405,405 
405 WRITE OUTPUT TAPE ITAK, 408,N,ROW( I:),RsI(KM) 

01840 
01850 

GO TO 409 01860 

__ _407 _IKFA) 

171-

X=-_ 
WRITE OUTPUT- TAPE IT-A--A41itNROWI}X---- R Tt { 12 X, -11-pTA5-;i H-: --- -. ) 

01870 
0188001890 

=408 FORMAT (12XII9ASF7,3} 01900 

409 Y, =Kr.A+I 01910 

406 CONTINUE 01920 

WRITE OUTPUT TAPE ITAK, 4259(ICOL(I)tUNITY,1=19NIV)
425 FORMAT (12XA5,iHR,F62) 

01930 
01940 

0 
WRITE OUTPUT TAPE 

412 FORIAT(3HEOF) 
END FILE ITAK 

ITAK,412 01950 
01960 
01970 

U 

PRINT 550, 
28 CONTINUE 
396 CONTINUE 
420 Rt URN 

ITAK 01980 
01990 
02000 
02010 

END 02020 

z 

t2 

It 

:0_ 

9 

B 

7 

a 

2 



3 3 00020 
2 3 2 0003 
3 3 2 00040 
2 2 2 00050 
1.80 s007 00060 

0 1300 430 13-00 0 868 430 U60 00070 
.50 .50 *40 .40 00080 
85 00090 

85 00100 
5 220 00110 

582 00120 
-- ... . 5 220 00130 

642 00140 
837 00150 

771 00160 
846 00170 

85 451 480 00180 
667 06T- -

640 00200 
D 
U 
ui 214 

451 

214 

260 
O0L'
00230 

z 353 00240 

353 00250 
146 - 00260 

252 00270 
473 00280 

413 00290 
2 36 003--0 
40 60 O031O 

I 40 60 00320 

to 
ORE 

44 
OREP 

56 
SINTR PELLT SCRAP PSCRP PIG PIGIN--SPONG COALN 

00330 
00340 

a COALM COKE D0L0 LIMST OLIME MANG ALUM FLUOR FMANG FSILC 00350 
FUEL NAGAS OXY ELEC ELTRGELTRP WATER 5TEAM REFRA BFGAS 00360 
EFGAS CKGA SLAG -IA LWAB-- MAIN 00370 

4 



.TONS TONS TONS TONS TONS TONS TONS TONS TONS T0NS 00380 

T0S TONS TONSS TTOS T NSTONS NS 00390 
___TNS ]OOOM 3 -O~Of3 IO00H T0NS§ T0NS -0---M3 TWNS TONS 1000M3 00400 

1000M3 1000M3 TONS MANHO"R MANHOR UNITS 00410 

"_ 700 040 00420 
00430 

760 00440 
00450 

220 00460 
00470 

880 00480 

016 00490 
00500 

b000510 

it 00520 
0 680 00530 

00540 . 

400 080 00550 
080 00560 

0 025 00570 
004 00580 
0080059 
007 00600 

001 00610 
00620 
00630 .... 

057 00640 

070 022 00650 
00660 
-00670 

065 016 00680 

to 
9 

020 
009 

00690 
00700 

-3300 00710 
00720 

7 -138 00730 

3 



-430 
390 
650 

2700 

470 

100790

1100 


371 

552 


I0

035 

132 


040 


z 

010 


I2 

It 100 

i0 

9 
-3300 


B 

-138 

6 

3 

2 

1980 

4500 

005 


187 

014 

929 


006 

001 

059 


00O4 


050 

012 


029 


007 


00740 
00750 
00760 
00770
 
00780
 

00800
 
00810
 
00820
 
00830
 
00840 
00850
 
00860
 
00870
 
00880
 
00890
 
00900
 
00910
 
00920
 
00930
 
00940
 
00V50
 
00960
 
00910
 
00980
 
00990
 
01000
 
01010
 

01020
 
.01030
 
01040
 
01050
 
01060
 
01070
 
01080
 
01090
 



7 

-476 
_______9 1980 01100 

30o1o 
650 01320 

2700 
782 

4500 
ill. ...... . 

- 01130 
01140 

01150 
794 _ ___ _ _01160 

01170 
276 01180 
039 01190 

628 01200 
097- 01210 

01220 
461 01230 
589 01240 

01250 
03 01260 
272 042 01270 

0 1280 

01310 
01 2-0 

050 118 01340 
01350 

004 01360 

070 01370 
01380 

12, _015 020 
01390 
01400 -

to, 11 4 014 1 001420 
9 -3715 043 01430 

a_ - 01440 

6 -138 01450 

3 



-476 

390 

650 


2700 

569 


1170 


2310 

2500 


2560 

2100 

3330 


461 

600 

4230 


2000 


28000 

34400 

2,760 


4000 

1670 


605 

360 


11700 

218 


1260 


167 

950 

6340 

284 

227 

554 


3220 

3500 


2990 

1835 

3510 


504 

600 


3500 


2000 


28000 

34400 

2500 


4000 

1400 


500 

360 


11700 

150 


700 


350 


900 


2400 

2600 


2700 

2200 


500 

600 

3500 


2000 


28000 

34400 

2800 


4000 

1600 


500 

360 


11700 

150 


700 


01460
 
01470
 
.01480
 
01490
 
01500
 
01510
 
01520
 
01530
 
01540
 
01550
 
01560
 
01570
 
01580
 
01590
 
01600
 
01610
 
0162C
 
01630
 
01640
 
0?65-0
 
01660
 
01F,7
 

01680
 
01690
 
01700
 
01710
 
01720
 
01730
 
01740
 
01750
 
01160
 
01770
 
01780
 
01790
 
01800
 
01810
 



O182 0 -
42 -- 42 42 01830 

50 50 50 01840 
100 100 100 01850 

1.090 2,811 01860 

1.000 1.028 01870 

10.00 2.557 01880 

1.028 2.460 01890 

1.013 3.621 01900 

1.068 2e390 01910 

1.00519017 5,7912.IRI 
01920
01930 

1.000 2.134 01940 

1.014 2,833 01950 

1,071 
_996 

.772 
24.928 

01960 
01970 

1.0 00-1-4-.0-39 01980 

33 21 96 4 01990 

SAUSG SAUSS SAUSL SAVRG SANIRS SAVRL USSAG USSAS 02000 

UJSSAL USV 9 G , SV -L--VPG VA S VSAL V.U.,( 02.,10 

V/-USS ,i-tSL I 'sAG I N-SS .. ,A -!SG I~ISS ISUSL 02020 
IMVRG IPIVRS I. VRL SASPP S-AS 
SARJH S A JC--S JT ...SA HP- -5-H-

-. 
---S-

PrSS_ 
-:---S--# 

SARJP 
-- 5#P0 

02030
040_ _ 

USSPH USSPC USSPT -U5P -US -- US-JC--SJT USRNP 02050 

USSHH USRBHC USFHT VPSPP ---V V -SP -,-P VRRJP 02060 

VRRJH VPRJC VPP'JT VOr3"HPV D2- DRHH VC.HC--- H T IMSPP 02070 
I.SPH I ffSPC IMSPT I ,P - p IiPJH -I""Cic I?4JT R-KYH. 02080 

I ..'.;BHH I F,£HC 1 M~nHT SAEXG SAFXS SAEXL SAFXP SAFXH 02090 

___________SAEXCSAEXT US EX SEXS USFX EP USEXH SE-- 02100 

USEXT VREXG VREXS VEXL \IPEXP .- EXH -PEX C vE-xT 02110 

_S SA.5SP SAR . SAP SaC SAT USp USS USP 02120 

USR USH USC UST VR VS !PP T/R V ---RC 02130 

VRT SPP SPH SPC SPT PJP -JH RJC RJY BHP 02140 

BHH SHC SHT 02150 

1COST 02160 

1.00 .90 1.15 1.15 1.11 1*18 1.26 02170 

3r 



1000 1.28 1928 1.24 1.31 1.40 02180 
1628 1.28 1.24 1.31 1.40 02190 

1.10 1.09 1.15 1,23 02200 
1.05 1.12 1.20 02210 

1.03 1.11 02220 
1.05 02230 

1.00 .93 1.19 1.19 1*15 1.22 1030 02240 
1.00 128 18 11-*24 li, 1.40 02250 

1.28 I2 124 1,3 1.40 02260 
110 1.09 1.15 1.23 02270 

T 112 1.20 02 2807 
1.03 1111 02290 

1.05 02300 
1.00 .75 .96 .96 *93 098 1,05 0231

1,00 1.28 ,28 1.24 i.31 140 02320 
1.28 1.28 1.24 1.31 1.40 02330 

1,10 1*09 e*15 1.23 02340 
1.05 1.12 1.20 02355-0 

1.03 I.I1 02360 

85.50 103.30 108.00 88.50 106.30 111.00 88.50 106.30 111.00 02380 
139.50 134.50 161.50 238.50 137.50 132.50 159.50 236.50 145,50 02390 
143.50 167.50 244.50 02400 

Ioco 3300 300 02-+10 
34.bO ,30 b0a60 106,30 115oZ 14Z,.3 191,00 02420 

.05 4 0-4-0 
Z3 4 1 Iz 02440 
21AS 1,90 2 08O 2 1 z 30 02450 
IUSS 7,90 2 .80 z z z 6 0460 
ZISAT 8.090 2 .18 2 1 f 40 024 TW0 
ZIV! T b.90 .1 z 3 t 40 o0460 
31 5 A 3 0 1 o--28 3 1 1 40 02490 
3IUSB 24O 1 a3 3 2 1 40 02500 
31SAS 7.90 2 .80 3 1 2 36 02.510 
3TUS 7o90 2 080 3 2 2 36 025Z0 
31VRS3-5O 4 1.00 3 3 2 36 0230 --

I-. 
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31SAT 8.00 2 .18 3 1 7 40 02540 

31VRT e. -0 2 .18 3 3 7 40 02550 

41SAB 28 .10 4 .80 4 1 1 40 02560 

4IUSB 28.,)0 
4IVPB 28.!0 

4 
4 

.80 

.80 
4 
4 

2 
3 

1 
1 

40 
40 

02570 
02580 

41SAS 23.60 4 .80 4 1 2 36 02590 

4IUSS 23.60 4 *80 4 2 2 36 02600 

41VcS 34.50 4 1.00 4 3 2 36 02610 

41SAR 25.00 3 1.00 4 1 4 40 02620 

4ISAC 10.00 2 .35 4 1 6 40 02630 

41USC 10.0 2 .35 4 2 6 40 02640 

41VP'C 
41SAT 

10.0 
8.00 

2 
2 

.35 

.18 
4 
4 

3 
1 

6 
7 

40 
40 

02650 
02660 

41VRT 8.00 2 .18 4 3 7 40 02670 

.720 
1.500 

.800 1.800 1.000 1.500 .350 
9150 .000 1.000 1.420 1.200 

.000 .900 
1.250 1.500 

.600 1.800 1.000 
.800 .170 -*Ill 

02680 
02690 

-.347 -.476 -.217 -e218 -. 145 -.147 -.062 -.087 -.087 -.Il -.031 02700 

.720 
1.500 

.8('1 

.150 
1.?00 1.000 1.500 .350 

nOOO 1.000 1.420 1.200 
.000 
1.?50 

s900 
1.500 

.60n 1.800 1.000 

.00 .170 -o164 
02710 
02720 

-.433 -. 598 
.720 .890 

-.274 
F.-0T 

-274 -. 191 -.184 
TOOl0 5-

-.078 -. !09 
.000 .900 

-.108 -.138 -. 039 
*600 1.800 1.000 

02730 
02740 

0 1.500 .150 
-.548 -.755 

*000 10.'00 1*420 
-. 343 -. 347 -o228 

1200 1*250 1.500 *800 
-.233 -e098 -. 139 -137 

.170 -o208 
-174 -049 

02750 
02760 

99 02770 

2USSPH 21SAS2SASPP2SAP 2SAH 2SAXC2SASPT2USVRG2USS 2USP 2USR 

2USH 2USEXC2USFHT2US5HP2VRSAS2V R JP2USR JP2VRH 2VRSPC2VRSPT2SAR 
02780 
0219 

2SASPH31INRJC 21SAT2V--RP2USRJH2VRRJC2VRHJT2USEXH2USBHH2USBHC2VRBHT 
4VRRJC3SASPP3VRSAS3SAV'9L3SAH 2VRT 3SASPT4VRSAS3UStXL 31US53USBHP 

3USH 3VRRJT3USBHT 31US83.RS 3VRSPP 31SAB3VRH 3VRSPC3VRSPT3VRRJ 

02800 
02810 

0 

,..4VRS 

" 

3SASPH 3 SASPC3USPJC3V PJP3LUSRJH3VPqJC4SASPC3USEXH3UJSBHH3t)SBHC3VRBHT 
45AEXC45ASPP 41SAP2SAS 4SASPT 41SAT 4ISAC4VRRJH3USSAS4SARJP 

4USH 4USBHC4USBHT 3SAEXL4LUSVPG4USSAL4USVRL4VRH 4VRSPVr4T-R3SAVRG 
4SASP--S-VRJ1-VRJP4USEXC4SARJH 2IVRT4USBHP4USBHH IUSC4VRBHT 

02830 
02840 
02850 
02860 

1. 2. 3. 4. 5o 6s 7a 8. 9. 10. 02870 

lie 12. 13. 14. 15. 16. 17. 18. 19. 20. 02880 

21a 22. 23. 24. 25o 26. 27. 28. 29. 30. 02890 

5 



31. iio .330 4', 35o 3i 31, 380 
 390 40o 02900
 
41o 42. 43. 44. 45. 46o 47. 48, 
 49a 50. 0291
 

_ 51. 52o 53- 54. 55o 56* 57, 58o 59. 
 60. 02920

61. 62. 63o 
 - 02930 



C PROGRAM.FOP ALTEPING RHS VALUES ON INTEGER CONSTRAINT ROWS 
IEOF=23] 92079408 
DIMFNSION NAME (100), VALI(100)tVAL2(1O0) 
DI!-ENSION COPY(100,5) 
NIV=-] 
DO 600 J-l-,0 


600 RFAD INPUT TAPE 7,6019(COPY(JI),I=1,5) 

601 FORXAT(5A6) 

401 	 READ INPUT TAPE 7,403,IFNAME(NIV+2),VALI(NIV+2) 

403 	 FORYAT(A6,7XA5,F12,1) 


NIV=NIV+] 

IF( IF-IEOFi,)5009420,500 


500 READ INPUT TAPE 7,405,VAL2(NIV+ ) 

405 FORMRAT1SXF12,1) 


Gq TO 401 

420 PRINT 5,NIV 


5 F-_RAT(3-.-B E~P---INVESTT-S N ITNP'UTPTE =913) 
REWIND 7 

>PINT 701 


701 	 F.RFRTAL 31- TERTR--AT-P,9T RLTEPB)
 
READ 11,ITAP 

IF( ITAP-7 )99,702,99 


702 CALL -E-TE- - -2--P70-22-
99 P-INT 9 

9 FORAl"(42H1 TO ADD, 2 'T ALTER, 3' TO0 LOOK, 4 10 DROP) 


RE A-D-I-1-,-J_0-_-_-_ 

11 FORPAT-f!i1) 

IF (J-2) 10,20,20 

19---P-P~ TT13 

13 F-0MAT( 4HNAVE) 


N.IV=NiV4 1 

READ 15,NAME(NIV) 

NI=NIV 

GO T0 102 


15 FORMAT(A5) 

36 PRINT 17 


00010
 
00020
 
00030
 
00040
 
00050
 
00060
 
00070
 
00080
 
00090
 
00100
 
00110
 
00120
 
00130
 
00140
 
00150
 
00-6 
00 7-.
001p0 

00200
 
00210
 

000 
00240
 

_ 
00-216-0 
002'76
 
00280
 
00290
 
00300
 
00310
 
00320
 
00330
 
00340
 
00350
 "t) 



....117 .FORMAT(31HVALUE (.0,1, 	 00360
-- " OR 2 F0R CONTINOUS)) 

"_REAbI"IISW t -- .I 00370.
 

IF(ISW-~iTO0, 101 ,102 --.-.. -O03B. 8i "
 

10C0 VAL1(NI)=O .. 00390
 
VAL2(NI)=O3 004009
 

0T 99 ... 00410 

'101- :AL1(NI 1 .00420
 
S. 	 VAL21NI)-1.I.. -f.--. 004-30
 

GO TO 99 " --. ...- 00440
 
102.VALI(NI)=I, "...00450
 

VAL2{NI)=O. 00460
 

GO TO 99 00470
 
20 PRINT 7 00480 

7 FORMAT(16HENTER INVESTMENT) 00490 
READ 159IX - 00500 
DO 24 K=I.,NIV ; 00510 
IF NAM9KC-K X)24 26-24 .0 2 

24 CONTINUE. . .. 00530 
... I .00540 

:L2=N IV 	 ;. .,-- : ,'.. i:: . O...C.1
.. . . 0 550
 
; "
 GO TO 320 :" .. .'"c . .. - 00560 

26 1F(J-3 366-9 38, 5- . . 00570 
366 N I=K --. -00580 o" o 

GOTO36 00590 
250 NIV=NIV-1 00600 

Do 251 N=KgNIV. 00610 
NAME(N)=NAME(N+) 00620 
VALI(N):VAL1(N+I) 00630 -.. 

251 VAL2(N)=VAL2(N+l) 00640
 
GO TO 99 00650
 

38 LI=K 00660
 
L2=K 00670
 

-. ..... 320 PRINT 17 00680 
IF(NIV)999t99*350 00690 

350 DO 340 KOUNT=LIL2 00700 
IF(VAL1(KOUNT)-10* VALZ(KOUNTI)-I)3Z1I3ZZ,3Z3 00710



00720
 
00730
 
00740
 
00750
 
00760
 
00770
 
00780
 
00790
 
00800
 
00810
 
00820
 
00830
 
00840
 
00850
 
00860
 
00870 _
 

08e0__ 
00890
 
00900
 

00910
 
00920
 
00930
 --4

00.
 
00960
 
00970
 
00-80
 
00990
 
01000
 
01010
 
01020
 
01030
 
01040
 
01050
 

01070
 

r)
321 ISv:=.

G9 TO 324 


322 1511=2 

G.4 T0 324 


323 ISW=11 

324 PP.!MT 325,NAME(KOUNT),ISW 
325 FOP'AT(A5,2H =,12) 
34C C0.NT I UE -

I F (J-3) 99, ?04,99 


204 IF(L2-NIV)99,201,999 

201 PPIT 200 

200 FOR--AT (35-H6 TO C6-NTINUE,] TOg QUIT2 TO S-T-ACKO) 


REAr) 11, ISW 

IF( S4) 999, 9 425 


425 PPlNT 428Nf IV 

'R INVEST;IENTS ON OUTPUT TAPE =,13) 

IF(ITAP-9)703,704,703 .... _0 


704 WPITF .UTPUT TAPE ITAP,705 

705 FCP-AT (6HALTEPB) 


G__Tf 855 
703 D7 602 J=I,1 0 

428 	 ?F.,.(38H"JU',TFR 

602 	 WRITE ?UTPUT TAPE ITAP,601t(CrPY(JqI),1=1,5)
855rIF(-N IV })9-9,-42 00 . ....... .0 

8---I TE 
 9TP-uT-TAPE--TA P-801- -A: E-( I-v-A-L 


I I=1,NIV) 

801 	 F( R4AT(i2X,IHO,A5,F12. 1/I2X,!H1,A5,12,1) 


426 	 IF(ITAP-9)710,711,7I0 

710 	 WRITE OUTPUT TAPE ITAP,802,IEqF 

END FILE ITAP 
G3 TO 888 

711 WRITE OUTPUT TAPE ITAO,715 

715 FOA TR(3HE-N-D/614I-NVER-f-5 HCRASH /2HG 


802 FCRP.!AT (A6) 

888 !TAP=9 


IF( ISY-1 901060
 
999 CALL EXIT 


FI};,1MFi-T-V A L2 (I, 



---------------------------------------

END 01080
 



C OUTPUT SM.OOTHING PROGRAM-
DIMENSION NAME(150),VL(l50t3)tNA(12),A(12),VLX(1293) 00010 
EOUIVALFNCF (ANAMF9INAME)i(NAA) -.. 00020 
ANAME=6H NAME 00030 
A(1)=4HISAS 00040 
A(2)=4HIUSS 00050 
A(3)=4HISAT 00060 
A(4)=4HIVRT 00070 
A(5)=4HISAP 00080 
'A(6)=4HIUSB 00090 
A(7)=4HIVRS 00100 
A(8)=4HIVRB 00110 
A(9)=4HISAR 00120 
A(10)=4HISAC 00130 
A(11)=4HIUSC 00140 
A(12)=4HIVRC 00150 

22 1=0 00180 
I0=0 00190 
ISW=I 00200 
JJ=2 00210 

2 READ INPUT TAPE 6., 1 9 ITEST 00220 
1 FORMAT(lXA6) 00230 

IF(ITEST-INAME)29492 00240 
4 READ INPUT TAPE 6 , 1 , ITEST 00250 

PRINT 103,1 00260 
10 READ INPUT TAPE 6 , 3 , j , NAM 9 VAL 00270 
3 FORMAT(lX9IlA5,F18*6) 00280 

IF(J-1) 898,6 00290 
6 IF(J-JJ)34932930 00300 
34 Ie=I 00310 

GO TO (36930)9ISW 00320 
36 ISW=2 00330 

JJ=2 .. . .00340 
DO 40 K=1912 00350 
DO 40 KK=193 00360 

40 VLX(KKK)=-1. 00370 



A
 

46 DO 42 ?'=112 00380 

* .1 IF(NA(K)-NAM)'42,44942 00390 
. 42 C9NTINUE 00400 

PRINT 103,1 00410 
i ISW = 1 00420 

GO TO 8 00430 
-; 44 VLX(KtJ-1)=VAL 00440 

JJ=J 00450 
READ INPUT TAPE 6b39JNAMsVAL 00460 
IF(J-JJ)30t46946 00470 

30 I=1 00480 

JJ=J _. 00490 

32 1=1+1 00500 
o J=-1 00510 
le NAM (I)=NAM O05z0 

VL(I J)=VAL 00530 
G0 TO 10 00540 

B WRITE OUTPUT TAPE 11.1 00550 
11 FORMAT(3H1 98HVARIA5Lt,5X96HSECND9X5HIHIK91OX96HBURTH//) 00560 

DO 50 K=1,12 0-570 
0 

50 WRITE OUTPUT TAPE 19 139NA(K)9(VLX(KgKK)*KK=193) 00590 
0 DO 20 K=1,I 00620 

IF(VL(K,1)+VL(K92)+VL(K3))18,20,18 00630 

18 WRITE OUTPUT TAPE 1 T 13, NAME(K),(VL(KKK),KK=I,3) 00640 
13 I-0HRNAl(3X9At)93(3XsF1.6)) 00650 

20 CONTINUE 00660 
PRINT 10391 00670 

103 FH1AI(ZHI=9I ) 00650 

( TO (999922)1,5W 00b90 
999 CALL EXIT 00700 

it 

Io 

t.0 

o -
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APPENDIX G
 

A PLANT LOCATION MODEL WITH ECONOMIES OF SCALE-


SOME COMPUTATIONAL EXPERIENCE
 

Introduction
 

In industries characterized by strong economies of scale, decisions
 

as to the location of new plants or the expansion of existing facilities
 

involve consideration of the swap off between the lower productipp cost
 

and the higher transportation cost which result from concentrating pro

duction in fewer locations. The model outlined in this paper uses data
 

from the Latin American iron and steel industry as a case study to find
 

the most efficient combination and location of plants to serve fixed market
 

requirements for a homogenous good in a given year in the future. A later
 

part of this project will include the development of a multi-period model.
 

The Model
 

As with the linear progranmming transportation problem the model
 

used here assumes fixed requirements, rj, for a homogenous good at a number
 

of market locations, J. The amount of the good shipped from each production
 

point, i, to each market is denoted, xii. The cost of shipping the final
 

goods is assumed to be a linear function of the amount shipped over a
 

given route and iswritten, tij. However, unlike the linear programning
 

transportation problem this model assumes that the total amount available
 

to be shipped from any given plants is not fixed but rather unrestricted.
 

The total cost function at each plant i, is characterized by economies of
 

scale and is approximated by a function of the form
 

ci = aiy i + bixi
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where 
c - total cost of steel production at location I, millions 

of dollars per year
 

ai - fixed charge portion of total cost, millions of dollars 
per year 

Yi = an integer variable restricted to the values 0 and 1 
such that 

yi = 0 when xi 0 

Yi = 1 when xi> 0 

bi - linear portion of total cost, dollars per ton 

xi aiJ = production at location i, tons per year. 

This type of model was applied by Vietorisz and Hanne (1963) to the
 

chemical industry in Latin America.
 

The problem is solved by minimizing the total transportation and
 

production cost subject to the constraints that all xij 2 0 and that the
 

requirements of each market are fulfilled, i.e.
 

min Z xX +faiyi +1bixi 

subject to
 
Xii 0 for all i,J 

g x r for all J.
 

The scale of production at any one plant location is unconstrained,
 

i.e. it is assumed that in the long run considered here that a plant of
 

any size can be constructed at any location. This assumption, when coupled
 

with those of linear transportation cost and decreasing unit cost of
 

production produces the result that no market is ever served by more
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than one plant. This result will hold so long as each market is free
 

to buy from the plant of its choice. If at any point in time a market
 

found itself buying from two different plants at the same price, the
 

market would benefit by concentrating all of its purchasing from one or
 

the other plant. This would enable the plant chosen to produce at a
 

lower unit cost and enable the market to fulfill its requirements
 

at a smaller total cost.
 

The Data.
 

The data presently available on the production and transportation
 

cost of flat steel products in the Latin American Free Trade Area is neither
 

of the quantity or quality to justify their use in a twelve plant, twelve
 

market model of the industry. Therefore, heroic assumptions were made
 

where necessary in order to construct a model of this size. Because of
 

the small quantity of data on which this model was based only the most
 

limited policy conclusions can be drawn. In particular, itwould be unwise
 

to draw conclusions from this data as to the relative efficiency of
 

various locations for steel mills. It is anticipated that more data of
 

better quality will be available in a later phase of this project. For
 

now it is deemed desirable to obtain computational experience with a
 

model of this size.
 

1. Transportation Cost. Twelve plant sites and twelve market areas
 

were chosen and estimates were made of the cost of transportation be

tween the plants and the markets. The twelve production sites chosen
 



are locations where flat steel products are already produced or locations
 

at which it appears likely that a steel mill might be constructed at some
 

future date. There are already steel works of one sort or another at
 

ten of the locations. The other two locations, Buenos Aires and Veracruz
 

were chosen to determine the viability of seacoast locations near major
 

market areas. The twelve locations and the number and symbol assigned
 

to them for use in the remainder of the paper are:
 

1. San Nicolas, Argentina (SN) 7. Huachipato, Chile (HA)
 

24 Buenos Aires, Argentina(BA) 8. Monclova, Mexico (ML)
 
3. Volta Redonda, Brazil (VR) 9. Monterrey, Mexico (MT)
 

4. S~ao Paulo, Brazil (SP) 10. Veracruz, Mexico (VC)
 

5. Belo Horizonte, Brazil (BH) 11. Chimbote, Peru (CH)
 

6. Paz del Rio, Colombia (PR) 12. Orinoco, Venezuela (OR)
 

The twelve market locations are major industrial centers where flat
 

steel products are used. Since the bulk of flat products are inter

mediate products used in either the automobile, appliance, or container
 

industry 	the assumption of point consumption is a close representation
 

The markets chosen, their number and alphabetic abbreviaof reality. 


tion are listed below.
 

1. Buenos Aires, Argentina (BA) 7. Santiago, Chile (SG)
 
8. Mexico City, Mexico (MC)
2. Montevideo, Uruguay (MV) 


3. Rio de Janeiro, Brazil (RJ) 9. Monterrey, Mexico (MT)
 
4. Sao Paulo, Brazil (SP) 10. Lima, Peru (LI)
 
5. Belo Horizonte, Brazil (BR) 11. Caracas, Venezuela (CA)
 
6. Bogota, Colombia (BG) 12. Orinoco, Venezuela (OR)
 

Transportation costs were calculated by measuring the distance
 

over which the finished products must be transported by rail, inland
 

water, or maritime transport and then multiplying by the appropriate
 

rate for each type of transportation. Also trans-shipment costs of $1.20
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per ton (one loading and one unloading) and Panama Canal charges of $1.25
 

per ton were assigned where appropriate.1 Since the trans-shipment cost
 

often amounts to 20 per cent or more of the total transportation cost the
 

number of times which goods must be trans-shipped is an important factor
 

in determining the most efficient production locations. Table G.1 is the
 

transportation cost matrix obtained from these calculations.
 

2. Production cost. Cost data for use in this model were based on
 

information taken from a recent UN publication (1963) on the iron and steel
 

industry of Latin America. In this study the Economic Commission for Latin
 

America (ECLA) made a breakdown of cost for pig iron, steel, and flat rol

ling production cost for hypothetical plants of 100, 200, 400, 500, 800,
 

1,000, and 1,500 thousand tons per year. Within these categories cost
 

elements are further subdivided into salaries and wages, capital charges,
 

raw materials, fuel, etc. In addition the report includes cost data for
 

alternative methods of steel production, i.e. open hearth, electric furnace,
 

and LD process; however, in this paper only the data for the open hearth
 

method was used.
 

The ECLA data are used to separate production cost into three com

ponents, capital charges, labor cost, and other cost. For each of these
 

three elements of cost, curves were plotted and linear approximations were
 

made by cutting the curve at plant sizes of 200 and 1,500 thousand tons per
 

year. This gave a reasonably close fit in every case. (See Figure G.1.)
 

1The cost for freight rates, trans-shipment cost and Panama Canal charges
 

were obtained from the unpublished paper of Ana Maria Hartirena-Mantel,
 
"Integration and Economies of Scale: the Steel Industry." Yale University,
 
1963. The freight rates which Mrs. Martirena-Mantel took from an ECLA
 
study are railway transport 0.00848 dollars per ton-kilometer
 

inland water tran 0.00399 " " " i 
" " maritime transportO.00234 " " 
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Table G-1 

TRANSPORTATION COST
 

(Dollars per ton)
 

Market Plant 

SN BA VR SP BH PR IHA IML MT VC CH OR 

BA 1.68 .00 4.93 5.52 7.44 24.50 7.40 23.20 21.50 16.80 11.45 12.98 

MV 2.16 1.68 4.70 5.30 7.25 24.30 7.20 23.00 21.30 16.60 11.25 12.78 

RL 4.68 4.20 2.05 4.18 4.60 20.70 10.00 19.40 17.70 14.50 14.00 9.10 

SP 6.00 5.52 3.58 .00 6.70 21.20 11.30 19.90 18.20 15.00 15.30 9.60 

BH 7.92 7.44 3.60 6.70 .00 24.45 13.20 21.60 19.90 16.70 17.20 11.30 

BG 23.30 22.82 21.50 20.55 23.60 2.90 18.75 16.70 15.00 12.30 11.50 12.00 

SG 11.45 10.57 13.27 13.00 15.80 20.32 4.36 10.87 19.17 16.67 7.81 14.62 

HC 21.42 20.04 19.20 19.70 21.75 17.30 16.90 .70 8.00 4.'L5 11.65 11.40 

MT 22.00 21.50 19.70 20.20 22.25 17.80 17.40 1.70 0.00 7.,25 12.15 11.90 

LI 12.35 11.85 14.55 14.30 17.10 16.65 6.00 13.10 11.40 9.15 2.77 9.25 

CA 13.46 12.98 11.20 11.70 13.75 12.80 12.95 14.54 12.84 7.40 7.65 3.90 

OR 13.46 12.98 11.20 11.70 13.75 12.80 12.95 14.54 12.84 7.401 7.65 .00 

A closer approximation to the cost curves can be obtained by fitting
 

curves, but this increases the complexity of the computation problem con

siderably since marginal costs are no longer constant. If a smooth curve
 

were used rather than the linear approximation itwould be necessary to
 

calculate the unit cost of production for all plants each time that the
 

plants are surveyed to see which can supply the various markets at the
 

When better cost data is available some regressions will be
minimum cost. 


fitted and a program written and tested to determine the sensitivity 
of
 

the results to closer curve fitting and the additional computation 
time
 

required to obtain this improved approximation to reality.
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Capital cost and labor cost were assumed to be the same for all
 

production locations. ( This assumption will be modified later when more
 

Costa other than capital or lhbor (referred
complete data is available.) 


to hereafter as "other cost") were corrected for the cost of assembling
 

raw materials at the different production locations under consideration.
 

Curves of the type shown in Figure G.-I.wer.ktheplpotded:for':the
 

capital cost and labor cost elements and the following parameters were
 

obtained: 

fixed component Variable component 
million $ per year $ per ton per year 

capital cost 5.0 12.9 

labor cost 2.2 1.8 

The cost data in the UN steel symposium paper mentioned
 

earlier were based on an assembly cost of raw materials of $28.30 per
 

ton of pig iron. This is the cost of raw material assembly at the
 

The assembly cost at other locations were
Huachipato plant in Chile. 


Siveal In the UN paper as follows:
 

San Nicolas, Argentina $41.82
 
Monclova, Mexico 23.78
 
Chimbote, Peru 37.43
 
Orinoco, Venezuela 22.44
 

Using these assembly costs as guidepost estimates for other locations
 

were made as follows:
 

Buenos Aires, Argentina $39.00
 
Volta Redonda, Brazil 28.30
 
Sao Paulo, Brazil 30.00
 

Belo Horizonte, Brazil 27.00
 
Paz del Rio, Colombia 28.30
 
Monterrey, Mexico 25.00
 
Veracruz, Mexico 38.30
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Then calculations were made for "other cost" for each of the seven plant
 

sizes in each of the twelve locations and cost curves were plotted and
 

the linear approximations made, as was done for capital and labor cost.
 

Table G.2
 

"OTHER COST" 

Location 
fixed component 

million $ per year 
variable component 
$ per ton per year 

San Nicolas 10 90 

Buenos Aires 10 87 

Volta Redonda 9 76 

Sao Paulo 9 79 

Belo Horizonte 9 76 

Paz del Rio 9 76 

Huachipato 9 76 

Monclova 9 71 

Monterrey 10 73 

Veracruz 9 83 

Qhimbote 9 75 

Orinoco 9 70 

Since the fixed component of cost differed from $9 million per year in
 

only three cases, was relatively small in comparison with the variable 

of cost, and the margin or error in the method of estimationcomponent 

was at least $1 million per year, it was decided to use a fixed cost compo

nent of $9 milliou per year for all plant locations. Also,using the same
 

fixed cost component for all plants substantially reduces the calcula

tion time in parts of the problem. Thus the fixed component of cost is 
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the smne for all twelve plants and is equal to the sum of the fixed compo-


The ai in the equation
nent of capital, labor, and other cost. 


+ bixi is then ai - 5.0 + 2.2 + 9 = $16.2 million per year 	with
ci -aiy1 

the same for all i. The parameter bi is equal to the sum of theai 

variable components of capital and labor cost ($12.9 and $1.8 per ton per
 

year) plus the variable component of other cost for each plant.
 

The variable-conponent-of-cost parameter, bi, and the transporta

tion cost matrix, tij, are added to give a linear cost matrix, dij,
 

Table G.3. This matrix gives the linear cost component at which a ton of
 

flat steel products can be manufactured at plant i and transported to market
 

J. 

3. Market requirements. The market requirements, r1 , were ob

tained 	from demand projections made by ECLA in the UN study (1963) for 

arethe consumption of flat products in 1970. The projections for 

countries rather than for cities, but due to the intermediate product
 

nature of flat products, the consumption is so highly centralized that
 

it is assumed in this study that all the cimand for the country is con

centrated in the major cities. Thus for countries in which there are
 

several major industrial centers the projection for the country's con

sumption was rather arbitrarily divided among these centers; in the case
 

of Brazil; 40 per cent, 40 per cent, 20 per cent between Rio de Janeiro,
 

Sa Paulo, and Belo Horizonte; of Mexico, 75 per cent, 25 per cent between
 

Mexico City and Monterrey; and of Venezuela, 87 per cent, 13 per cent
 

between Caracas and Orinoco. (See Table G.4.)
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Table G.3 

LINEAR COST MATRIX 
(Cents per ton) 

PLANT 
SN BA VR SP BH PRI HA ML MT VC CH OR 

BA 10638 10170 9563 9922 9814 115201 9810 10890 10920 11450 10115 9768 

MV 10686 10338 9540 9900 9795 11500 9790 10870 10900 11430 10095 9748 

LT 10938 10590 9275 9788 9530 11140 10070 10510 10540 11220 10370 9380 

SP 11070 10722 9428 9370 9740 11190 10200 10560 10590 11270 10500 9430 

BH 11262 10914 9430 10040 9070 11515 10390 10730 10760 11440 10690 9600 

BG 12800 12452 11220 11425 11430 9360 10945 10240 10270 11000 10120 9670 

SG 11575 11227 10397 10670 10650 11102 9506 10657 10687 11437 9751 9932 

MC 12612 12264 10990 11340 11245 10800 10760 9540 9570 10185 10135 9610 

MT 12670 12320 11040 11390 11295 10850 10810 8740 8770 10495 10185 9660 

LI 11705 11355 10525 10800 10780 10735 9670 9880 9910 10685 9247 9335 

CA 11816 11468 10190 10540 10445 10350 10365 10024 10054 10510 9735 8860 

OR 11816 11468 10190 10540 10445 10350 10365 10024 10054 10510 9735 8470 

Note that the Table is in cents per ton. Thus the linear cost in
 

dollars of manufacturing a ton of flat products at San Nicholas (SN)
 

and sending it to Buenos Aires (BA) is $106.38.
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Table G.4 

M/RKET REQUIREMENTS - 1970 

(million of tons of
 
flat products per year)
 

1.65
Buenos Aires 

Montevideo 
 .14
 

Rio de Janeiro 
 1.25
 
1.25
Sao Paulo 


Belo Horizonte 
 .66
 
.57
Bogota 


Santiago .47
 
1.20
Mexico City 


Monterrey .49
 
.28
Lima 


1.20
Caracas 

.18
Orinoco 


ThA Computational Experience
 

Since economies of scale introduce non-linearities into the
 

problem, the standard linear programming techniques can not be used
 

to find the most efficient combination of plants. Therefore integer
 

Variables, yi, which are restricted to the values 0 and 1 are used to
 

make a linear approximation to the cost functions, and computational
 

methods to permit integer values are required. Three different types
 

of algorithms for integer programs have been or will be applied
 

to the model. Complete enumeration and steepest ascent one point
 

move algorithms (SAOPMA) have already been written and applied. An
 

integer programming algorithm developed by Gomory and applied by
 

Vietorisz to plant location problems has been used to a limited extent.
 

1. Complete Enumeration. In problems involving a small number
 

of 0-1 integer variables it is possible to make a complete enumera

tion of the possibilities; however, the number of enumerations required
 



G-13
 

doubles each time a new integer variable is added so the computation time
 

for anything more than the smallest of problems is very large. Vietorisz
 

and Manne (1963) made a complete enumeration for a plant location problem
 

involving five plants and two processes, which involved ten integer
 

1024 iterations. Martirena-Mantel (1963)
variables and required 2 


has done five and seven plant, single process models for the Latin
 

American iron and steel industry.
 

A Fortran program was written to accomplish the complete enumeration.
 

The first step is assigning zeros and ones
It proceeds in several steps. 

to the twelve integer variables. A set of twelve nested DO loops are used 

to generate the 212 = 4096 combinations of zeros and ones. Those plants 

to which zero variables are assigned are omitted from the problem 
and
 

those to which ones are assigned remain in the problem. Each market is
 

served by that plant of those remaining in the problem which can serve
 

the market at the least linear cost. The requirement for the market is
 

This is done for each
then multiplied by the linear cost component. 


market and the total linear cost is summed and added to the product 
of
 

the fixed cost per plant times the number of plants in the problem. 
In
 

this procedure a plant which is assigned a one, and is therefore 
in the
 

problem for the iteration, may not have low enough cost to serve any of
 

When

the markets; i.e. there may be a lower bidder for each market. 


this occurs the solution will be dominated by another solution, 
in
 

particular it will be dominated by that solution which includes 
all
 

the plants which are assigned to the problem but which do not 
serve any
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of the markets. The program written for the complete enumeration prints
 

out only those solutions which are not dominated. In the complete enumera

tion runs discussed later only about one tenth (roughly 400) of the 

solutions were printed out. 

The program was first-run on the IBM 1620 and required a computation
 

time of.6 seconds per iteration. The time to complete the 4096 itera

tions would have been about 61 hours on the IBM 1620 or about 8 minutes
 

on the IBM 7094. A program of this length is so expensive as to dis

courage one from using it to run a series of calculations based on
 

changes in the cost parameters of the model. Also expansion of the program
 

to handle more variables would not seem wise.
 

Professor J. C. Emery of the School of Industrial Management at
 

M.I.T. became interested in the program and rewrote it, improving its
 

efficiency by a factor of ten. The complete enumeration program was then 

run on the IBM 1620 in forty-five minutes, roughly one-half second per 

iteration. Then the same program with a change in the parameters of the
 

model was run on the IBM 7094.1 It required a little more than one
 

minute for the entire program and less than half a minute to complete
 

the iterations once the program had been compiled. With this more
 

efficient program the model could be expanded to 16 integer variables
 

and still run in roughly eight minutes on the IBM 7094, or with fifteen
 

integer variables the time required would be small enough to permit the
 

change of variables desired. All this attention to the details of run
 

time is needed because the size of model to be used in a later phase of this
 

study depends critically,on the time required to complete the calculations.
 

1Thanks are due to the M.I.T. Industrial Management Computer Facility for
 
o 

1 
,a -. nu :* s Timh i~on nvA f-n ,U -T 1IV inmnift-14nn 110*ya fnv, +.kaii 1 
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Allowance for different fixed components of cost at various plantr
 

locations would add slightly to the time required for running the program
 

but this addition is not expected to increase the run time significantly.
 

Since the other algorithms used for solving problems involving
 

integer variables either often find local optima (SAOPMA) or show poor
 

convergence characteristics (integer programming algorithms) the complete
 

enumeration technique provides the only sure way of finding the optimum.
 

Actually it has been proven that the integer programnming algorithms now
 

in use will converge within a finite period of time, but for large
 

problems there is not yet sufficient experienee with these algorithms to
 

estimate the length of time required.
 

There is an additional benefit to be obtained from using the
 

complete enumeration method. One finds not only the most efficient
 

combination of plants but also a ranking of all combinations by the value
 

of the minimand (the total cost required to meet the market demands when
 

a given subgroup of the twelve plants are in operation). In a world
 

where many considerations other than economic efficiency are involved in
 

plant location and size decisions, it is valuable to know the ranking by
 

relative efficiency of various combinations of plant locations and to
 

be able to estimate the difference in efficiency between various combina

tion of plant locations.
 

For.the original data input given in Tables G,l;Q.2,Ga3dafdtCe4 the
 

most efficient combination of plants is that of a single plant located
 

in Venezula.(See Table G.5).This result is based on the very low assembly
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Table G.5 

OUTPUT OF COMPLETE ENUMERATION PROGRAM, ORDERED BY VALUE OF MINIMAND 

ORIGINAL DATA 

Minimand Plants in Solution Plant Which Serves Market J 
1 2 3 4 56 7 8 9101112 1 2 3 4 5 6 7 8 9 10 11 12 

901.82 0 0 0 0 0 0 0 0 0 0 0 1 12 12 12 12 12 12 12 12 12 12 12 12
 
911.89 0 0 1 0 0 0 0 0 0 0 0 1 3 3 3 3 3 12 12 12 12 12 12 12
 
912.68 0 0 0 0 0 0 0 10 0 1 12 12 12 12 12 12 12 8 8 12 12 12
 
913.18 0 0 0 0 0 0 0 0 1 0 0 1 12 12 12 12 12 12 12 9 9 12 12 12
 
914.53 0 0 00 1 0 0 0 0 0 0 1 12 12 12 12 5 12 12 12 12 12 12 12
 
916.02 0 0 0 0 0 0 1 0 0 0 0 1 12 12 12 12 12 12 7 12 12 12 12 12
 
916.26 0 0 0 0 0 1 0 0 0 0 0 1 12 12 12 12 12 2 12 12 12 12 12 12
 
916.760 0 0 0 0 0 0 0 0 0 1 1 12 12 12 12 12 12 11 12 12 11 12 12
 

12917.27 0 0 0 1 0 0 0 0 0 0 0 1 12 12 12 4 12 12 12 12 12 12 12 

922.74 0 0 1 0 0 0 0 1 0 0 0 1 3 3 3 3 3 12 12 8 8 12 12 12
 
923.25 0 0 1 0 0 0 0 0 1 0 0 1 3 3 3 3 3 12 12 9 9 12 12 12
 
925.38 0 0 0 0 1 0 0 1 0 0 0 1 12 12 12 12 5 12 12 8 8 12 12 12
 
925.72 0 0 1 0 1 0 0 0 0 0 0 1 3 3 3 3 5 12 12 12 12 12 12 12
 
925.89 0 0 0 0 1 0 0 0 1 0 0 1 12 12 12 12 5 12 12 9 9 12 12 12
 
926.09 0 0 1 0 0 0 1 0 0 0 0 1 3 3 3 3 3 12 7 12 12 12 12 12
 
926.32 0 0 10 0 1 0 0 0 0 0 1 3 3 3 3 3 6 12 12 12 12 12 12
 
926.83 00 1 0 0 0 0 0 0 0 1 1 3 3 3 3 3 12 11 12 12 11 12 12
 
926.87 0 0 0 0 0 0 1 1 0 0 0 1 12 12 12 12 12 12 7 8 8 12 12 12
 
927.11 0 00 0 0 1 0 1 0 0 0 1 12 12 12 12 12 6 12 8 8 12 12 12
 
927.37 0 0 1 1 0 0 0 0 0 0 0 1 3 3 3 4 3 12 12 12 12 12 12 12
 
927.38 0 0 0 0 0 0 1 0 1 0 0 1 12 12 12 12 12 12 7 9 9 12 12 12
 
927.61 0 0 0 0 0 0 0 1 0 0 1 1 12 12 12 12 12 12 11 8 8 11 12 12
 
927.62 0 0 0 0 0 1 0 0 1 0 0 1 12 12 12 12 12 6 12 9 9 12 12 12
 
928.12 0 0 0 0 0 0 0 0 1 0 1 1 12 12 12 12 12 12 11 9 9 11 12 12
 
928.13 0 0 0 1 0 0 0 1 0 0 0 1 12 12 12 4 12 12 12 8 8 12 12 12
 
928.63 0 0 0 1 0 0 0 0 1 0 0 1 12 12 12 4 12 12 12 9 9 12 12 12
 
928.72 0 0 0 0 1 0 1 0 0 0 0 1 12 12 12 12 6 12 7 12 12 12 12 12
 
928.960 0 0 0 1 1 0 0 0 0 0 1 12 12 12 12 5 6 12 12 12 12 12 12
 
929.460 0 0 0 1 0 0 0 0 0 1 1 12 12 12 12 5 12 11 12 12 11 12 12
 
929.98 0 0 0 1 1 0 0 0 0 0 0 1 12 12 12 4 5 12 12 12 12 12 12 12
 
930.10 0 0 1 0 0 0 0 1 0 0 0 0 3 3 3 3 3 8 3 8 6 8 8 8
 
930.46 0 0 0 0 0 1 1 0 0 0 0 1 12 12 12 12 12 6 7 12 12 12 12 12
 
931.19 0 0 0 0 0 1 0 0 0 0 11 12 12 12 12 12 6 11 12 12 11 12 12
 
931.28 0 0 1 0 0 0 0 0 0 0 0 3 3 3 3 3 9 3 9 9 9 9 9
 
931.47 0 0 0 1 0 0 1 0 0 0 0 1 12 12 12 4 12 12 7 12 12 12 12 12
 
931.71 0 0 0 1 0 1 0 0 0 0 0 1 12 12 12 4 12 6 12 12 12 12 12 12
 
931.81 0 0 0 0 0 0 1 0 0 0 1 1 12 12 12 12 12 12 7 12 12 11 12 12
 
932.21 0 0 0 1 0 0 0 0 0 0 1 1 12 12 12 4 12 12 11 12 12 11 12 12
 
934.84 0 0 1 0 0 0 0 0 0 0 1 0 3 3 3 3 3 1111 11 11 11 11 11
 
936.57 0 0 1 0 1 0 0 1 0 0 0 1 3 3 3 3 5 12 12 8 8 12 12 12
 
936.82 0 0 1 0 0 0 0 1 0 0 1 0 3 3 3 3 3 11 11 8 8 11 11 11
 
936.94 0 0 1 0 0 0 1 1 0 0 0 1 3 3 3 3 3 12 7 8 8 12 12 12
 
937.07 0 0 1 0 1 0 0 0 1 0 0 1 3 3 3 3 5 12 12 9 9 12 12 12
 
937.18 0 0 1 0 0 1 0 1 0 0 0 1 3 3 3 3 3 6 12 8 8 12 12 12
 
937.33 00 1 0 0 0 0 0 1 0 1 0 3 3 3 3 3 11 11 9 9 11 11 11
 
937.45 0 0 1 0 0 0 1 0 1 0 0 1 3 3 3 3 3 12 7 9 9 12 12 12
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cost of raw materials estimated by ECLA for a plant located at Orinoco
 

(often called the Matanzas plant) $22.44 per ton of pig iron at Orinoco
 

as compared to $28.29 per ton of pig iron at Huachipato. Secondly, it is
 

assumed in this set of calculations that the Orinoco plant is located on
 

a river of sufficient depth that the final products from the plant can be
 

loaded directly onto ocean going vessels, thus avoiding the trans-shipment
 

cost involved in first transporting the products by rail or inland water
 

routes and then trans-shipping them to an ocean liner.
 

Since a single plant at Orinoco would have to produce 9.34 million
 

tons per year to meet the requirements of all the markets in the region
 

while the largest steel mills in existence are somewhat smaller than this
 

size, there is no data available which would confirm or negate the assump

tions used here about the cost of production in a plant of that size.
 

However, since the cost data used in this study reflect cost in a plant
 

up to a size of only 1.5 million tons per year the empirical basis in this
 

model for making policy decisions on plants is very weak. Yet in all
 

plants over 1.5 million tons per year the linear approximation causes an
 

overestimation of cost of production if the process continues to show
 

economies of scale. The overestimation of production cost would cause a
 

bias in favor of less concentration of production.
 

The second ranked solution (at only one per cent greater total
 

cost) includes two plants -- one at Volta Redonda and one at Orinoco.
 

The plant at Volta Redonda serves the five markets in Brazil, Uruguay, and
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The Orinoco plant
Argentina --requiring a plant of 4.95 million tons. 


(4.39 million tons) would serve Mexico and the north and west coast of
 

South America.
 

At an increment in total cost of less than one per cent more,
 

and the tenth ranked solution, there are three plants in the solution,
 

Volta Redonda, Orinoco, and Monclova. The Mexican plant would serve the
 

two Mexican markets at Mexico City and Monterrey (totaling 1.69 million
 

tons per year), the Volta Redonda plant would serve the markets of Brazil,
 

Uruguay, and Argentina, and the Orinoco plant would be reduced to 2.70
 

million tons per year and would supply the north and west coast of South
 

Even with the quality of the data input for these calculations
America. 


it seems likely that the flat steel product requirements of the region
 

could be met with considerably increased efficiency if production of these
 

types of steel products were concentrated in relatively few locations.
 

Changes in technology may certainly alter this conclusion in the future,
 

but it is not clear that such changes are likely to occur in the near
 

future. Continuous casting has been mentioned as one technology that
 

might make small steel plants more efficient vis-a-vis their larger
 

brothers. However, even with continuous casting the economies of scale in
 

hot and cold rolling of flat products appear to weigh heavily in favor of
 

large plants.
 

Perhaps at a later point in the study it will be possible to
 

obtain cost data for continuous casting operations and thus test the
 

reasoned judgment advance in the previous paragraph.
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To test the sensitivity of the results to changes in the parameters
 

a ten per cent increase in the variable component of production cost at
 

Orinoco was made. This raised the linear production cost component for
 

that plant from $70 to $77 per ton. Production cost at Orinoco were then
 

about average for the region.
 

With this change in data the single-plant-at-Orinoco solution
 

drops from its first-ranked position to that of 190th and the value of
 

the minimand at that point is 4 per cent above that of the new global
 

minimum.
 

The most efficient solution with the new parameters is a two
 

plant solution a 5.42 million ton per year plant at Volta Redonda serving
 

the east coast plus Santiago and a 3.92 million ton per year plant at
 

Monclova serving Mexico, Venezuela, Colombia, and Peru. (See Table 0.6.)
 

With the change in parameters the highest ranked three-plant solu

tion ranks 4th in the total listing (less than 1 per cent above the minimand
 

of the optimum). It adds a plant at Chimbote (Peru) to that of the two
 

plant optimum. The Chimbote plant (2.70 million tons per year, then
 

serves Chile, Peru, Colombia, and Venezuela, while the Monclova plant
 

serves only Mexico and the Volta Redonda plant only the east coast of
 

South America.
 

The isolated nature of the Bogota market up in the mountains
 

with the Paz del Rio plant nearby is shown by the fact that a fourth plant
 

can be added to the three-plant solution above with that plant serving
 

only Bogota and the value of the minimand is less than 2 per cent above
 

that of the optimum.
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Table G.6
 

OUTPUT OF COMPLETE ENUMERATION PROGRAM, ORDERED BY VALUE OF MINIMAND 

CHANGED DATA 

Plant Which Serves Market JMinimand Plants in Solution 
5 6 7 8 9 10 11 121 2 3 4 5 6 7 8 9101112 1 2 3 4 

930.11 0 0 1 0 0 0 0 1 0 0 0 0 3 3 3 3 3 8 3 8 8 8 8 8
 

3 3 33 3 9 3 9 9 9 9 9931.28 0 0 1 0 0 0 0 0 10 0 0 
3 11 11 11 11 11 11934.85 0 0 1 0 0 0 0 0 0 0 1 0 3 3 3 3 11 

936.83 0 0 1 0 0 0 0 1 0 0 1 0 3 3 3 3 3 11 11 8 8 11 11 11 
3 3 3 3 3 11 11 9 9 11 11 11937.33 0 0 1 0 0 0 0 0 1 0 1 0 

3 8 3 8 8 8 12 12
939.20 - - 1 0 0 0 0 1 0 0 0 1 3 3 3 3 

9 12 12939.96 0 0 1 0 0 000 1 0 0 1 3 3 3 3 3 9 3 9 9 

940.51 0 0 0 0 1 0 0 1 0 0 0 0 5 5 5 5 5 8 5 8 8 8 8 8 
3 3 3 3 3 6 3 8 8 8 8 8
941.29 0 0 1 0 0 1 0 1 0 0 0 0 

1 0 0 0 0 0 0 0 0 1 3 3 12 12 12941.52 0 0 3 3 3 3 12 12 12 

941.53 0 0 1 0 0 0 1 1 0 0 0 0 3 3 3 3 3 8 7 8 8 7 8 8 
5 5 9 5 9 9 9 9 9941.68 0 0 0 0 1 0 0 0 1 0 0 0 5 5 5 

942.30 0 0 1 0"0 1 0 0 1 0 0 0 3 3 3 3 3 6 3 9 9 9 9 9 
3 9 7 9 9
942.62 0 0 1 0 0 0 1 0 1 0 0 0 3 3 33 7 9 9 


3 3 3 5 8 3 8 8 8 8 8
943.93 0 0 1 0 1 0 0 1 0 0 0 0 3 
1 0 0 5 5 5 5 5 11 11 11 11944.06 0 0 0 0 0 0 0 1 0 11 11 11 

945.11 0 0 10 1 0 0 0 10 0 0 3 3 3 3 5 9 3 9 9 9 9 9 
945.58 0 0 1 1 0 0 0 1 0 0 0 0 3 3 3 4 3 8 3 8 8 8 8 8 

5 8 11 11946.04 0 0 0 0 10 0 1 0 0 10 5 5 5 5 11 11 8 11 
0 0 0 0 1 0 0 0 10 10 5 5 5 5 5 11 11 9 9 11 11 11946.54 

3 3 3 3 3 6 11 11 11 11 11 11946.71 0 0 1 0 0 1 0 0 0 0 1 0 
3 9 9 9 9 9946.76 0 0 1 1 0 0 0 0 1 0 0 0 3 3 3 4 3 9 

947.47 000 100 0 10000 4 4 4 4 4 8 8 8 8 8 8 8 
1 1 3 3 3 3 3 11 11 11 11 11 12 12947.93 0 0 1 0 0 0 0 0 0 0 

1 0 1 0 3 3 11 11 11 11 11 11948.67 0 0 1 0 0 0 0 0 3 3 5 11 
1 0 1 0 0 3 3 3 3 3 11 8 11948.69 0 0 0 1 0 1 0 6 8 11 11 

4 4 4 4 4 9 4 9 9 9 9 9
948.71 0 0 0 10 0 0 0 10 0 0 

6 11 9 9 11 11 11949.20 0 0 1 0 0 1 0 0 1 0 1 0 3 3 3 3 3 

0 0 5 5 5 8 8 12949.52 0 0 0 0 1 1 0 0 0 1 5 5 8 12 8 12 
3 3 3 3 3 11 7 11 11 11 11 11949.89 0 0 1 0 0 0 1 0 0 0 1 0 

3 11 11 8 8 11 12 12949.91 0 0 1 0 0 0 0 1 0 0 1 1 3 3 3 3 
5 12 12,12950.28 0 0 0 0 1 0 0 0 1 0 0 1 5 5 5 5 9 9 9 9 

0 0 0 0 1 0 3 3 3 4 3 11 11 11 11 11 11 11950.32 0 0 1 1 0 0 
3 3 3 3 3 6 3 8 8 8 12 12950.38 0 0 1 0 0 1 0 1 0 0 0 1 

1 1 3 3 11 9 12950.42 0 0 1 0 0 0 0 0 1 0 3 3 3 11 9 11 12 
3 3 3 3 3 8 7 8 8 7 12 12950.63 0 0 1 0 0 0 1 0 0 0 1 

3 5 11 11 8 8 11 11 11950.65 0 0 1 0 10 0 1 0 0 10 3 3 3 
5 7 8 8950.67 0 0 0 0 011 1 0 0 0 0 7 7 5 5 8 8 8 7 

1 0 0 1 0 0 1 3 3 3 3 3 6 3 9 9 9 12 12950.98 0 0 1 0 0 
4 11 11 11 11 11 11 11950.99 0 0 0 1 0 0 0 0 0 0 0 4 4 4 4 

951.16 0 0 1 0 10 0 0 10 10 3 3 3 3 5 11 11 9 9 11 11 11 
0 1 0 1 0 0 1 3 3 3 3 3 9 7 9 9 7 12 12951.30 0 0 1 0 0 

5 6 5 8 8 8 8 8951.69 0 0 0 0 1 1 0 0 0 0 0 5 5 5 5 
951.76 000010101000 7 7 5 5 5 9 7 9 9 7 9 9 

0 0 0 0 0 0 1 5 5 5 5 5 12 12 12 12 12 12 12951.84 0 0 0 0 1 
3 3 3 3 3 11 7 8 8 11 11 11951.67 0 0 1 0 0 0 1 0 0 1 0 
3 3 3 3 3 6 3 12 12 12951.96 0 0 1 0 0 1 0 0 0 0 0 1 12 12 
5 5 5 4 5 8 5 8 8 8 8 8952.08 000110010000 

952.26 O01000000000 3 3 3 3 3 3 3 3 3 3 3 3 
n I n n q A i a 11 11nAe a n i n n n1 n 1 q q 1it 11 
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2. SAOPMA. The "steepest ascent one-point move algorithm" intro

duced by Reiter and Sherman (1963) and applied to a plant location problem
 

by Manne (1963) was tested on this model. The algorithm uses an arbi

trarily chosen initial combination of plants, i.e. one of the 4096 pos

sible choices. Then a one-point move is made in each of twelve directions
 

by changing each of the twelve integer variables from a zero to a one or
 

from a one to a zero, depending upon its original value, making the cal

culation for the new combination of plants, resetting the integer at
 

its original value, and then moving to the next of the twelve variables
 

and repeating the operation. For example in a four-plant case with an
 

arbitrarily chosen original combination 0 1 0 0, the first step would
 

involve calculating the value of the minimand for the combinations
 

1 1 0 0, 0 0 0 0, 0 1 1 0, and 0 1 0 1. Then the one of the four combi

nations which provided the lowest cost would be chosen for the new setting
 

and the stepping process would be repeated. If none of the steps from
 

the original value produced a lower value of the minimand then that value
 

would be assumed to be the optimum. As was mentioned earlier this type of
 

algorithm may often find local optima.
 

The efficiency of a SAOPMA-type algorithm in locating the global
 

optimum was tested by writing a Fortran program which was used to make six
 

In the first three runs the original data was
test runs on the IBM 1620. 


used and in the second three the changed data (reflecting a 10 per cent
 

increase in the linear cost component of the Orinoco plant) were used.
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In each of the first three runs a different batch of ten randomly
 

selected original settings of plant combinations (with twelve 0-1
 

variables in each setting) were used as starting points for the algorithm.
 

The same three batches were used for the second three runs with the
 

changed parameters.
 

The global optimum was reached with at least one of the ten
 

original settings in all six runs, but the probability of the global
 

optimum being found with any given original setting was strongly affected
 

by the change in the parameters of the model. With the original data
 

the global optimum was found with each of the ten original settings
 

for all three runs, but with the changed data the global optimum was
 

found with only 4 out of 13, 5 out of 10, and 2 out of 10 original set

tings for the three runs.
 

Though the performance of the algorithm was relatively poor with
 

the changed data, the magnitude of the difference between the local opti

mum and the global optimum was never large. The mean value of the dif

ference was five-tenths of one per cent of the value of the global
 

minimand and the largest difference was one point five per cent of the
 

Tu the 19 out of 30 cases in which a local rather than
global minimand. 


the global optimum was found, the second rank solution (from the complete
 

enumeration) was found in 9 cases, the third ranked in 4 cases, the ninth
 

ranked in 5 cases, and the sixteenth ranked in I case.
 

Thus, if the SAOPMA could be run on the computer in much less 

time than the complete enumeration its use could be recommended for
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large problems; however, with the experience obtained here, using ten
 

different original settings in each run, the computation time on the
 

IBM 1620 was about thirteen minutes per run, of which five minutes was
 

This compares with forty-five
spent in compiling the Fortran deck. 


minutes for the complete enumeration run of which three or four minutes
 

were used to compile the program; the result being that in our experience
 

with large programs the SAOPMA reduces the computation time by a factor
 

of five but may fail to find the global optimum.
 

3. Integer Programming. An integer programming algorithm de

veloped by Gomory and applied by Vietorisz to plant location problems
 

was used on the data developed for this model. The FORTRAN program used
 

was written for the IBM 7094 by H. Serenson and Vietorisz. It was
 

applied to two ten-plant problems and to two twenty-plant problems.
 

The ten-plant problems were identical to the two twelve-plant problems
 

used in the complete enumeration runs except for the exclusion of the
 

plants at Buenos Aires and Veracruz. For the twenty-plant cases cost
 

estimates for an additional eight plat.ts were made.
 

In both the ten and the twenty-plant problems, runs were made
 

for the original cost data and for the increased-cost-at-Orinoco data.
 

Convergence was obtained in both runs with the ten-plant problem, the
 

first run in one integer program (IP)iteration and the second in
 

1Thanks are due to both Thomas Vietorisz and to Herb Serenson for
 

assistance inmaking the integer programming calculations and to the
 

Thomas J. Watson research labs of IBM for the use of their IBM 7094.
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173 IP iterations. The second run took an estimated 1.7 minutes on the
 

IBM 7094. For the twenty-plant problem convergence was obtained im

mediately with the original data but had not been reached after more
 

The ease
than 300 IP iterations once the changed data input was used. 


with which convergence was obtained with the original data in both the
 

ten and twenty-plant problems can probably be attributed to the fact
 

that the global optimum in each case is a single plant location while
 

for the changed data the global optimum includes two-plant locations.
 

as yet too limited
Experience with the IP plant location algorithm is 


to determine definitely whether or not the number of IP iterations re

quired for convergence is a function of the number of plants in the
 

global optimum.
 

David Kendrick
 
Cambridge, Massachusetts
 
June 29, 1964.
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